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Abstract 

Music is a unique communication system for human beings. Iconic musical meaning is 

one dimension of musical meaning, which emerges from musical information resembling 

sounds of objects, qualities of objects, or qualities of abstract concepts. The present study 

investigated whether congenital amusia, a disorder of musical pitch perception, impacts 

processing of iconic musical meaning. With a cross-modal semantic priming paradigm, target 

images were primed by semantically congruent or incongruent musical excerpts, which were 

characterized by direction (upward or downward) of pitch change (Experiment 1), or were 

selected from natural music (Experiment 2). Twelve Mandarin-speaking amusics and 12 

controls performed a recognition (implicit) and a semantic congruency judgment (explicit) 

task while their EEG waveforms were recorded. Unlike controls, amusics failed to elicit an 

N400 effect when musical meaning was represented by direction of pitch change, regardless 

of the nature of the tasks (implicit versus explicit). However, the N400 effect in response to 

musical meaning in natural musical excerpts was observed for both groups in both types of 

tasks. These results indicate that amusics are able to process iconic musical meaning through 

multiple acoustic cues in natural musical excerpts, but not through direction of pitch change. 

This is the first study to investigate the processing of musical meaning in congenital amusia, 

providing evidence in support of the “melodic contour deafness hypothesis” with regard to 

iconic musical meaning processing in this disorder.  

Keywords: Congenital amusia; Iconic musical meaning; Pitch direction; Implicit task; 

Explicit task; N400  
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1. Introduction 

Congenital amusia (hereafter amusia) is a neurogenetic disorder of pitch processing 

(Ayotte, Peretz, & Hyde, 2002; Peretz et al., 2002). Research has suggested that there are two 

core aspects of musical pitch deficits in amusia. One is the deficit in discriminating 

fine-grained musical pitch (Foxton, Dean, Gee, Peretz, & Griffiths, 2004; Hyde & Peretz, 

2004; Jiang, Hamm, Lim, Kirk, & Yang, 2011), and the other is the deficit in perceiving 

melodic contour or pitch direction (Foxton et al., 2004; Jiang, Hamm, Lim, Kirk, & Yang, 

2010; Liu, Patel, Fourcin, & Stewart, 2010). Amusic individuals also show elevated 

psychophysical thresholds for pitch change detection and pitch direction discrimination and 

identification (Foxton et al., 2004; Jiang, Lim, Wang, & Hamm, 2013; Liu et al., 2010; Liu, 

Xu, Patel, Francart, & Jiang, 2012; Loui, Guenther, Mathys, & Schlaug, 2008; Williamson, 

Liu, Peryer, Grierson, & Stewart, 2012). The hypothesis of a short-term pitch memory deficit 

in amusia has been proposed (see Tillmann, Lévêque, Fornoni, Albouy, & Caclin, 2016 for a 

review), despite the fact that pitch perception and memory are interwoven in the processing 

of music (Cook, 1987; Huron & Parncutt, 1993). Neuroimaging studies suggest that amusia is 

associated with reduced connectivity between the auditory and inferior frontal cortices in the 

brain (Albouy et al., 2013; Hyde, Zatorre, & Peretz, 2011; Loui, Alsop, & Schlaug, 2009).  

Implicit and explicit processing of sound sequences involves distinct neural mechanisms 

(van Zuijen, Simoens, Paavilainen, Näätänen, & Tervaniemi, 2006). It has been reported that 

amusic individuals can perceive harmonic structure implicitly (Tillmann, Gosselin, Bigand, 
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& Peretz, 2012), but cannot perceive tonality and musical syntax in an explicit manner (Jiang, 

Liu, & Thompson, 2016). The dissociation between implicit and explicit processing of 

musical structure has also been shown in other studies (Omigie, Pearce, & Stewart, 2012; 

Tillmann, Lalitte, Albouy, Caclin, & Bigand, 2016; Zendel, Lagrois, Robitaille, & Peretz, 

2015). For example, Zendel et al. (2015) found that an early right anterior negativity (ERAN) 

in response to melodic deviants was only present in amusics when they attended to non-pitch 

information (i.e., a click), but not when they attended to pitch (i.e., a note). It may be the case 

that amusics acquired implicit knowledge of musical structure through passive exposure to 

music in daily life, despite not being able to show explicit knowledge in laboratory 

conditions.  

Music is an important communicative system for human beings, and deciphering 

musical meaning is a primary motivation for music listeners. From the perspective of 

evolution, both primates and humans have the tendency to imitate observed movements for 

the purpose of communication (Meltzoff & Prinz, 2002; Nagy, 2006). This is the case in 

music. Iconic musical meaning, a dimension of musical meaning, emerges from musical 

information resembling sounds of objects, qualities of objects, or qualities of abstract 

concepts, while other forms of musical meaning such as intramusical meaning arise from 

structural relations between musical events, e.g., indexical and symbolic sign quality of music 

(Koelsch, 2012). In particular, the direction of pitch change (upward or downward) induces 

iconic musical meaning by imitating an upward or a downward staircase in pitch, while chord 

sequences ending on a music-syntactically regular or an irregular chord give rise to different 
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intramusical meanings. Given amusics’ deficits in perceiving pitch change direction (Foxton 

et al., 2004; Jiang et al., 2013; Liu et al., 2010; Liu, Xu, et al., 2012; Loui et al., 2008; 

Williamson et al., 2012), it would be worthwhile to examine whether amusic individuals 

exhibit deficits in the processing of iconic musical meaning conveyed by the direction of 

pitch change. Exploring this hypothesis would provide evidence for or against the “melodic 

contour deafness hypothesis” proposed by Patel (2008) for amusia.  

The aim of the present study was to examine the presence/absence of an 

electrophysiological correlate of iconic musical meaning processing in individuals with and 

without amusia. Given the dissociation between implicit and explicit processing of musical 

structure in amusia (e.g., Tillmann, Lalitte, et al., 2016; Zendel et al., 2015), we included both 

implicit and explicit tasks in our experiment. Cross-modal semantic priming has been widely 

employed in previous investigations of extramusical meaning, in which music excerpts were 

used to prime semantically congruent/incongruent words (e.g., Koelsch et al., 2004; Painter 

& Koelsch, 2011) or images (e.g., Kamiyama, Abla, Iwanaga, & Okanoya, 2013; Zhou, Jiang, 

Delogu, & Yang, 2014). An N400 effect has been observed in both implicit (recognition) and 

explicit (semantic relatedness judgment) tasks (Koelsch et al., 2004; Zhou, Jiang, Wu, & 

Yang, 2015). In the present study, we used the cross-modal semantic priming paradigm to 

study musical meaning processing, by including musical excerpts and images as primes and 

targets in both implicit (recognition) and explicit (semantic congruency judgment) tasks. In 

Experiment 1, we investigated whether the direction of pitch change would prime 

semantically congruent/incongruent images in amusia. We predicted that the amusic brain 
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might respond abnormally to musical meaning representated by direction of pitch change, 

given their pitch direction deficits. In order to fully understand iconic musical meaning 

perception in amusia, Experiment 2 examined whether amusic individuals would be able to 

process iconic musical meaning embedded in natural musical excerpts. We predicted that the 

amusic brain might respond normally to meaning in natural musical excerpts in which 

non-pitch based cues (tempo, rhythm, dynamics, and timbre) were available.  

2. Method  

2.1 Participants 

Participants were recruited through advertisements in the bulletin board systems of 

universities in Shanghai. Their musical abilities were measured by the Montreal Battery of 

Evaluation of Amusia (MBEA; Peretz et al., 2003). Twelve amusics and 12 matched controls 

took part in the experiments. Table 1 shows the participants’ information and the mean scores 

of the MBEA for the two groups. We also calculated the d’ of the MBEA for each participant, 

and the d’ for each amusic was below the cutoffs in previous studies (Henry & McAuley, 

2013; Pfeifer & Hamann, 2015). All participants were native speakers of Mandarin, 

right-handed, with normal hearing, normal or corrected-to-normal vision, and no history of 

psychiatric or neurological diseases. None of them had received any extracurricular training 

in music. Hand dominance was assessed by the Edinburgh Handedness Inventory (Oldfield, 

1971). Ethical approval was obtained from Shanghai Normal University, and all participants 

signed a written consent form before the experiments were conducted.  
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-------------------------------------------------------- 

Insert Table 1, about here. 

-------------------------------------------------------- 

2.2 Electroencephalogram (EEG) recording and analysis 

EEG data were recorded from 64 standard scalp locations (International 10–20 system), 

digitized at a rate of 500 Hz, with a 0.05 Hz low cutoff filter and a 100 Hz high cutoff filter. 

The data were referenced off-line to the algebraical mean of left and right mastoid electrodes, 

filtered offline with a band-pass filter of 0.1 to 30 Hz (24-dB/oct slope). Trials were averaged 

offline with an epoch length of 900 ms, including a baseline from 100 ms to 0 ms before the 

target onset. Trials with artifacts exceeding the amplitude of ±75 µV in any channel were 

rejected. After statistical evaluation, event-related potentials (ERPs) were, for presentation 

purposes only, low-pass filtered at 11 Hz (41 points, FIR).  

Based on previous research on the N400 (see Koelsch, 2011 for a review), the time 

window from 300 to 500 ms after the onset of target stimulus was selected for statistical 

analysis. The selected electrodes are shown in Figure 1. Separate repeated measures 

ANOVAs were conducted for the midline and lateral electrodes. For the midline electrodes, 

group (amusics, controls) was considered as a between-subjects factor, whereas congruency 

(congruent, incongruent), task (implicit, explicit), and anteriority (anterior, central, and 

posterior) were considered as within-subjects factors. For the lateral electrodes, hemisphere 

(left, right) was added as an additional within-subjects factor.  

-------------------------------------------------------- 
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Insert Figure 1, about here. 

-------------------------------------------------------- 

The mean of the respective electrodes in each region of interest was computed for 

analysis. Only the significant effects containing the main experimental variables (group, 

congruency, and task) were reported. Overall ANOVAs were followed up by simple effects 

tests if there were significant two-way interactions between the main experimental variables. 

All pair-wise comparisons were adjusted by Bonferroni correction. Greenhouse-Geisser 

correction was applied when the degree of freedom in the numerator was greater than 1; in 

such cases, the original degrees of freedom with corrected p values were reported.  

3. Experiment 1: Musical meaning represented by direction of 

pitch change 

The aim of Experiment 1 was to investigate whether amusics would activate the iconic 

representation of musical meaning when it was represented by the direction of pitch change 

in both implicit and explicit tasks. Musical excerpts served as prime stimuli, which were 

constructed by successive notes with either an upward or a downward direction (see Figure 2 

and Supplementary Material for examples). Half of the melodies were composed with small 

pitch distances no more than 2 semitones, whereas the other half were composed with large 

pitch distances more than 4 semitones in order to ensure that pitch direction changes were 

distinguishable to amusics. Real-world scene images depicting an upward or a downward 

movement served as target stimuli (see Figure 2 for examples). Given that the dissociation 
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between implicit and explicit pitch processing in amusia has been found in a previous ERP 

study (Zendel et al., 2015), it was expected that amusic individuals would elicit an N400 

effect in the implicit task, but not in the explicit task.  

-------------------------------------------------------- 

Insert Figure 2, about here. 

-------------------------------------------------------- 

3.1 Stimuli and procedure 

A total of 240 musical excerpts were composed as potential prime stimuli and 240 

images were constructed as potential target stimuli. Two pretests were conducted to assess 

whether the musical excerpts were semantically congruent or incongruent with the images, as 

well as to ensure that there was no influence of emotional congruency on the music-image 

pairs. In the end, 160 musical excerpts were selected as the prime stimuli and 160 images 

were used as the target stimuli, resulting in 320 music-image pairs. The 320 prime-target 

pairs were assigned to two lists for implicit and explicit tasks, respectively (see 

Supplementary Material for details).  

In the implicit task, the stimuli were split into 20 blocks, each containing 8 stimulus 

pairs. For each block, participants were instructed to focus on both the musical and pictorial 

stimuli. After each block, a probe stimulus (either a musical excerpt or an image) was 

presented, and participants were asked to judge whether the probe stimulus had been 

presented in the preceding block by pressing one of the two response buttons.  

For the explicit task, participants were instructed to focus on the semantic congruency 
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between the musical and pictorial stimuli. After the presentation of each prime-target pair, 

they were required to judge whether the music-image pair was congruent or incongruent by 

pressing one of the two response buttons.  

Consistent with previous studies (e.g., Zendel et al., 2015; Zhou et al., 2015), the 

implicit task was conducted first so as to prevent participants from using conscious strategies 

to associate the prime with the target during implicit processing. The entire experiment lasted 

for approximately 1.5 h, including preparation, instructions, practice, and experimental 

sessions.  

3.2 Results and discussion 

3.2.1 Implicit judgment task 

3.2.1.1 Behavioral results 

Recognition accuracy of all probe stimuli, visual (images) and auditory (musical 

excerpts) modalities combined, was calculated. An independent samples t test revealed no 

significant difference in recognition accuracy between the two groups (t(22) = 1.75, p = .09; 

amusics: M = 91.25%, SD = 4.83; controls: M = 95.00%, SD = 5.64). Furthermore, we also 

calculated the accuracy of recognition of the musical excerpts that served as probe stimuli, 

and found no significant difference between the amusics and controls (t(22) = 0.30, p = .76; 

amusics: M = 95.00%, SD = 6.74; controls: M = 95.83%, SD = 6.69). This indicates that both 

groups attended to and were able to recognize the prime and target stimuli in the recognition 

(implicit) task.  
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3.2.1.2 Electrophysiological results  

Figure 3 shows the grand average waveforms elicited by target images following the 

congruent and incongruent priming of musical excerpts at 9 representative electrodes in the 

implicit task. The incongruent condition elicited a large negativity with a peak latency of 

approximately 400 ms relative to the congruent condition for controls, but not for amusics.  

-------------------------------------------------------- 

Insert Figure 3, about here. 

-------------------------------------------------------- 

This was supported by statistical analysis of the standard N400 time window of 300 to 

500 ms, which revealed significant three-way interactions among group, congruency, and 

anteriority, for both lateral (F (2, 44) = 6.85, p < .05, ε = .61, partial η2 = .24) and midline (F (2, 44) 

= 6.90, p < .01, ε = .70, partial η2 = .24) electrodes. Separate two-way ANOVAs were 

performed for amusics and controls, with congruency and anteriority as within-subjects 

factors. For amusics, the analysis did not reveal any significant main effect or interaction, for 

either lateral or midline electrodes (ps > .26). However, for controls, there was a significant 

interaction between congruency and anteriority, for both lateral (F (2, 22) = 11.85, p < .01, 

ε = .59, partial η2 = .52) and midline (F (2, 22) = 10.72, p < .01, partial η2 = .49) electrodes. 

Further simple effects tests showed that, for controls, the incongruent target elicited a larger 

N400 than the congruent target over the anterior (lateral: F (1, 11) = 30.40, p < .001, partial η2 

= .73; midline: F (1, 11) = 21.56, p < .001, partial η2 = .66) and central (lateral: F (1, 11) = 11.11, 

p < .01, partial η2 = .50; midline: F (1, 11) = 8.51, p = .01, partial η2 = .44) regions, but not over 
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the posterior region (lateral: F (1, 11) = 1.44, p = .26, partial η2 = .12; midline: F (1, 11) = 1.08, p 

= .32, partial η2 = .09).  

To further examine whether pitch distance impacts iconic musical meaning processing, 

ANOVAs taking pitch distance (small versus large) as an additional within-subjects factor 

were performed. The analysis did not reveal any significant main effect or interaction related 

to pitch distance, in either lateral or midline electrodes (ps > .14).  

3.2.2 Explicit judgment task  

3.2.2.1 Behavioral results  

Accuracy of semantic congruency judgment was calculated. ANOVAs taking group and 

congruency as factors showed a main effect of group (F(1, 22) = 43.97, p < .001, partial η2 

=.67), but no effect of congruency or congruency × group interaction (ps > .20). Controls 

outperformed amusics in judging semantic congruency between the primes and targets 

(amusics: M = 54.42%, SD = 6.88; controls: M = 81.33%, SD = 12.41). However, accuracy 

rates were comparable between congruent and incongruent conditions, for both amusics 

[congruent: 56.88% (SD = 13.73); incongruent: 51.77% (SD = 12.73); t(11) = 0.78, p = .45] 

and controls [congruent: 83.75% (SD = 14.08); incongruent: 78.75% (SD = 14.70); t(11) = 

1.20, p = .26]. 

To further investigate the role of pitch distance, ANOVAs taking pitch distance as an 

additional within-subjects factor were performed. However, there was no significant main 

effect or interaction related to pitch distance (ps > .32).  
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Correlation analyses revealed that participants' performance on semantic congruency 

judgment was significantly correlated with their scores on the contour subtest of the MBEA 

(r(22) = 0.66, p < .001), their melodic scores of the MBEA (r(22) = 0.71, p < .001), and their 

global MBEA scores (r(22) = 0.72, p < .001). However, these correlations failed to reach 

significance when only the amusic or control group was considered (ps > .22).  

3.2.2.2 Electrophysiological results  

Figure 4 shows the grand average waveforms elicited by target images following the 

congruent and incongruent priming of musical excerpts at 9 representative electrodes in the 

explicit task. Similar to the implicit task, the incongruent condition elicited a large negativity 

with a peak latency of approximately 400 ms relative to the congruent condition for controls, 

but not for amusics.  

-------------------------------------------------------- 

Insert Figure 4, about here. 

-------------------------------------------------------- 

Statistical analysis revealed a significant main effect of congruency (lateral: F (1, 22) = 

7.67, p < .05, partial η2 = .26; midline: F (1, 22) = 5.07, p < .05, partial η2 = .19). Moreover, a 

significant two-way interaction was found between group and congruency, for both lateral (F 

(1, 22) =17.09, p < .001, ε = .61, partial η2 = .44) and midline (F (2, 44) = 9.14, p < .01, partial η2 

= .29) electrodes. Further simple effects tests revealed a significant effect of congruency in 

controls (lateral: F (1, 11) = 24.66, p < .001, partial η2 = .69; midline: F (1, 11) = 12.43, p < .01, 

partial η2 = .53), but not in amusics (lateral: F (1, 11) = 0.89, p = .37, partial η2 = .07; midline: F 
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(1, 11) = 0.34, p = .57, partial η2 = .03). Furthermore, ANOVAs taking pitch distance as an 

additional within-subjects factor did not reveal any significant main effect or interaction 

related to interval distance, in either lateral or midline electrodes (ps > .20).  

3.2.3 The impact of task on musical meaning processing 

To investigate the impact of task on musical meaning processing, five-factor and 

four-factor ANOVAs with task (implicit versus explicit) as an additional within-subjects 

factor were conducted for lateral and midline electrodes, respectively. No significant effect of 

task or interaction was observed for either lateral or midline electrodes (ps > .14).  

The abovementioned results demonstrated that incongruent targets did not elicit a larger 

N400 compared to congruent targets in either implicit or explicit tasks of iconic musical 

meaning processing for amusics. These EEG results are consistent with amusics’ low 

accuracy in semantic congruency judgment in the behavioral task, indicating that amusics 

cannot associate direction of pitch change with iconic musical meaning. However, for 

controls, incongruent targets elicited a larger N400 than congruent targets over the anterior 

and central regions in the implicit task. Although the scalp distribution of this N400 effect 

also extended to the posterior electrodes in controls, no significant difference in the 

distribution of this N400 effect was observed between implicit and explicit tasks. The N400 

effect observed for controls in both implicit and explicit tasks are consistent with what was 

reported for normal adults in previous studies (e.g., Daltrozzo & Schön, 2009; Koelsch et al., 

2004; Zhou et al., 2014; Zhou et al., 2015). Furthermore, our analysis did not find any effect 

of pitch distance on iconic musical meaning processing. This might be due to the fact that all 
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of the melodies had a linear upward or downward trajectory, and the pitch distance between 

the first and last pitches was larger than one octave, which exceeded the pitch direction 

detection thresholds of amusic individuals (Jiang et al., 2013; Liu et al., 2010; Liu, Xu, et al., 

2012).  

4. Experiment 2: Musical meaning embedded in natural music  

In Experiment 1, while controls showed a larger N400 effect in response to the 

incongruent condition relative to the congruent condition, amusics’ brain activities did not 

differ significantly between the two conditions. This suggests that amusia is associated with 

reduced sensitivity to direction of pitch change at the cognitive level. Given that a variety of 

acoustic cues (such as pitch, tempo, rhythm, dynamics, and timbre) may contribute to iconic 

musical meaning processing (Zhou et al., 2015) and amusics are impaired primarily in the 

dimension of pitch perception, we predicted that amusics would be able to process meaning 

in natural musical excerpts where musical meaning can be interpreted using non-pitch-based 

cues, such as rhythm, dynamics, and timbre. Based on this hypothesis, Experiment 2 

examined whether amusics would be able to activate the iconic representation of musical 

meaning in natural musical excerpts for both implicit and explicit tasks.  

4.1 Stimuli and procedure 

A total of 240 natural musical excerpts and 240 images were chosen from our previous 

stimuli (Zhou et al., 2014; Zhou et al., 2015). Images were semantically congruent or 



16	

	

incongruent to musical excerpts (see Figure 5 and Supplemental Material for examples). As 

in Experiment 1, a pretest was conducted to ensure that the final selected 160 musical 

excerpts were semantically congruent or incongruent with 160 images. To rule out the 

influence of emotional congruency, which might be confounded with iconic musical meaning, 

another pretest was conducted to evaluate the emotional valence of each image (see 

Supplementary Material for details). No significant difference in emotional rating was found 

between the images in the selected pairs (ps > .05), indicating that emotional valance was 

balanced between the congruent and incongruent conditions.  

-------------------------------------------------------- 

Insert Figure 5, about here. 

-------------------------------------------------------- 

The experimental procedure was identical to Experiment 1. Furthermore, an 

identification test was conducted after the EEG experiment in order to control for the 

familiarity effect of the musical excerpts (see Supplementary Material for details).  

4.2 Results and discussion 

4.2.1 Implicit judgment task 

4.2.1.1 Behavioral results 

Recognition accuracy of all probe stimuli (visual and auditory combined) was calculated. 

Participants provided correct responses to 88.54% (SD = 8.66) of the probe stimuli, and no 

significant difference was found between the amusics and controls (t(22) = 0.58, p = .57; 
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amusics: M = 87.50%, SD = 9.89; controls: M = 89.58%, SD = 7.52). This indicates that both 

groups attended to and were able to recognize the prime and target stimuli in the implicit 

task.  

4.2.1.2 Electrophysiological results 

Figure 6 shows the grand average waveforms elicited by target images following the 

congruent and incongruent priming of musical excerpts at 9 representative electrodes in the 

implicit task. The incongruent condition elicited a larger negativity with a peak latency of 

approximately 400 ms relative to the congruent condition for both groups. With such effects, 

the standard N400 time window of 300 ms to 500 ms was selected for statistical analysis.  

-------------------------------------------------------- 

Insert Figure 6, about here. 

-------------------------------------------------------- 

The analysis revealed no significant effect of group, for either lateral (main effect of 

group, F (1, 22) = 0.01, p = .94, partial η2 = .0002) or midline (main effect of group, F (1, 22) = 

0.31, p = .58, partial η2 = .014) electrodes. In addition, no significant interactions were 

observed between group and any of the other factors, for either lateral or midline electrodes 

(ps > .48). Thus, the musical impairments that characterize congenital amusia do not seem to 

have a significant impact on the processing of iconic musical meaning in natural music.  

The N400 amplitude was larger under the incongruent condition than under the 

congruent condition, for both lateral (main effect of congruency, F (1, 22) = 10.70, p < .01, 

partial η2 = .33) and midline (main effect of congruency, F (1, 22) = 16.58, p < .01, partial η2 
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= .43) electrodes. In addition, we observed significant interactions between congruency and 

anteriority for both lateral and midline electrodes (F (2, 44) = 6.71, p < .05, ε = .56, partial η2 

= .23, and F (2, 44) = 9.32, p < .01, ε = .66, partial η2 = .30). Results from further simple effects 

tests showed that incongruent targets elicited a larger N400 than congruent targets over the 

anterior (lateral: F (1, 23) = 14.47, p < .001, partial η2 = .39; midline: F (1, 23) = 19.31, p < .001, 

partial η2 = .46) and central (lateral: F (1, 23) = 9.93, p < .01, partial η2 = .30; midline: F (1, 23) = 

18.06, p < .001, partial η2 = .44) regions, but not over the posterior region (lateral: F (1, 23) = 

2.25, p = .15, partial η2 = .09; midline: F (1, 23) = 1.74, p = .20, partial η2 = .07).  

4.2.2 Explicit judgment task 

4.2.2.1 Behavioral results 

No significant difference was found in the accuracy of semantic congruency judgment 

between the amusics and controls (t(22) = 1.61, p = .12; amusics: M = 76.83%, SD = 5.67; 

controls: M = 81.00%, SD = 6.95). Furthermore, no significant correlation was found 

between the global score of the MBEA tests and the accuracy of semantic congruency 

judgment, for amusics (r(10) = 0.11, p = .73), controls (r(10) = 0.02, p = .96), or both groups 

combined (r(22) = 0.32, p = .13), indicating that musical abilities are not related to semantic 

congruency judgment.  

4.2.2.2 Electrophysiological results 

Figure 7 shows the grand average waveforms elicited by target images following the 

congruent and incongruent priming of musical excerpts at 9 representative electrodes in the 
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explicit task. Similar to the implicit task, the incongruent condition elicited a larger negativity 

with a peak latency of approximately 400 ms relative to the congruent condition for both 

groups. With such effects, the standard N400 time window of 300 ms to 500 ms was selected 

for statistical analysis.  

-------------------------------------------------------- 

Insert Figure 7, about here. 

-------------------------------------------------------- 

The analysis revealed no significant effect of group, for either lateral (main effect of 

group, F (1, 22) = 0.47, p = .50, partial η2 = .02) or midline (main effect of group, F (1, 22) = 0.86, 

p = .36, partial η2 = .04) electrodes. In addition, no significant interactions were observed 

between group and the other factors for lateral or midline electrodes (ps > .22). Thus, the 

musical impairments that characterize congenital amusia do not seem to have a significant 

impact on iconic musical meaning processing in natural music.  

The N400 amplitude was larger under the incongruent condition than under the 

congruent condition, for both lateral (main effect of congruency, F (1, 22) = 16.77, p < .001, 

partial η2 = .43) and midline electrodes (main effect of congruency, F (1, 22) = 11.65, p < .01, 

partial η2 = .35). In addition, significant interactions between congruency and anteriority were 

observed for the lateral electrodes (F (2, 44) = 4.68, p < .05, ε = .56, partial η2 = .18). Results 

from further simple effects tests showed that, for the lateral electrodes, the incongruent target 

elicited a larger N400 than the congruent target over the anterior (F (1, 23) = 17.76, p < .001, 

partial η2 = .44) and central (F (1, 23) = 18.16, p < .001, partial η2 = .44) regions, but not over 
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the posterior region (F (1, 23) = 2.80, p = .11, partial η2 = .11).  

4.2.3 The impact of task on musical meaning processing 

To investigate the impact of task on musical meaning processing, ANOVAs with task 

(implicit versus explicit) as an additional within-subjects factor were conducted across all 

participants. There was a significant interaction between task and anteriority (lateral: F (2, 44) = 

4.69, p < .05, ε = .64, partial η2 = .18; midline: F (2, 44) = 5.34, p < .05, ε = .67, partial η2 = .20). 

Further simple effects tests showed that the explicit task elicited larger ERP amplitudes than 

the implicit task over the central (lateral: F (1, 23) = 18.08, p < .001, partial η2 = .44; midline: F 

(1, 23) = 17.94, p < .001, partial η2 = .44) and posterior (lateral: F (1, 23) = 7.40, p < .05, partial η2 

= .24; midline: F (1, 23) = 7.97, p = .01, partial η2 = .26) regions, but not over the anterior 

region (lateral: F (1, 23) = 0.002, p = .96, partial η2 < .001; midline: F (1, 23) = 0.08, p = .78, 

partial η2 = .003). Although this indicated a slight centro-posterior weighting in explicit 

relative to implicit processing, the factor of task did not interact with other factors (ps > .26).  

These results showed that, for both groups, incongruent targets elicited a larger N400 

than congruent targets over the anterior and central regions in both implicit and explicit tasks. 

Moreover, the observed N400 effect in amusics and controls was consistent with their 

behavioral judgment of semantic congruency. Overall, these results indicated that, like 

controls, amusics were able to process iconic musical meaning in natural musical excerpts in 

both implicit and explicit tasks. Critically, there was no significant group difference in the 

amplitude or scalp distribution of the N400 effect, indicating that the processing of iconic 

meaning in natural musical excerpts was intact in amusics. These findings are consistent with 
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previous results on preserved perception of musical emotion in amusia (Gosselin, Paquette, & 

Peretz, 2015).  

5. General discussion 

The present study investigated the processing of iconic musical meaning in individuals 

with amusia, using implicit (recognition) and explicit (semantic congruency judgment) tasks 

in a cross-modal semantic priming paradigm. Unlike controls, amusics failed to elicit an 

N400 effect when iconic musical meaning was represented by direction of pitch change, in 

both implicit and explicit tasks. However, similar to controls, amusics demonstrated intact 

musical meaning processing for natural musical excerpts during both implicit and explicit 

judgment, as reflected by the elicitation of the N400 effects and their behavioral performance 

in the explicit task. Moreover, although explicit processing elicited larger ERP amplitudes 

than implicit processing over the centro-posterior regions, the nature of the tasks had no 

impact on iconic musical meaning processing for either amusics or controls. To the best of 

our knowledge, this is the first study to investigate the processing of musical meaning in 

amusia. Our results provide evidence in support of the “melodic contour deafness hypothesis” 

(Patel, 2008) by extending it to aspects of musical meaning perception.  

A main contribution of the current study is to show abnormal brain activities underlying 

meaning processing elicited by direction of pitch change in amusia. Since we controlled for 

the changes of non-pitch-based acoustic cues in Experiment 1, the iconic musical meaning 

only resulted from the direction (upward or downward) of pitch changes. Although the 
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deficits in discriminating pitch direction or melodic contour have been revealed in amusia 

(Foxton et al., 2004; Jiang et al., 2013; Liu et al., 2010; Liu, Xu, et al., 2012; Loui et al., 2008; 

Williamson et al., 2012), our results extended this finding by showing that amusics failed to 

process iconic musical meaning conveyed by direction of pitch change. Moreover, our 

correlation results indicated that participants’ scores on the MBEA were not associated with 

their performance on semantic congruency judgment. This is consistent with previous studies 

suggesting that deficits in pitch perception are not related to short-term memory for tone 

sequences (Albouy et al., 2013), pitch expectations (Omigie et al., 2012), or musical syntax 

and tonality performance (Jiang et al., 2016), and implies that the amusic deficits may be 

pitch-relevant at both low and high levels of music processing. Thus, there may be a neural 

network that is specific to pitch processing in music. Although a recent study has begun to 

explore this issue (Norman-Haignere et al., 2016), more studies are needed to fully answer 

this question.  

However, iconic meaning processing of natural music may be intact in amusia, as 

demonstrated by the N400 effects elicited by natural musical excerpts in both groups. This 

may be because amusics are capable of using non-pitch-based cues to decode iconic musical 

meaning. Indeed, our previous study showed that iconic meaning in natural musical excerpts 

was well predicted by non-pitch-based acoustic and structural cues, e.g., tempo, spectral flux, 

register, and intensity flux (Zhou et al., 2015). It has been reported that amusics are capable 

of decoding musical emotions expressed by multiple acoustic cues, although they showed 

reduced sensitivity to musical emotions when pitch-based musical mode was manipulated 
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(Gosselin et al., 2015). Given that the expression of musical emotions belongs to indexical 

musical meaning, a dimension of extramusical meaning (Koelsch, 2012; Steinbeis & Koelsch, 

2008, 2011), it could be suggested that amusics have preserved ability to process 

extramusical meaning conveyed by natural music.  

Although present in controls, the N400 effects in processing musical meaning through 

direction of pitch change were not observed for amusics in either the explicit or implicit task. 

This finding is contradictory to previous results of preserved sensitivity to musical structure 

(Tillmann et al., 2012; Zendel et al., 2015) and pitch expectations (Omigie et al., 2012) in 

implicit tasks in amusia. There are two possible reasons for this discrepancy.  

One possible explanation may relate to the processing difference between musical 

structural regularity and musical meaning. The processing of musical structure and the 

expectation of melodic pitch is based primarily on musical structural regularity, which may 

be acquired through exposure to music (Rohrmeier & Koelsch, 2012; Rohrmeier & 

Rebuschat, 2012). On the contrary, musical meaning does not always represent a single 

concept, and the diversity of music makes implicit learning of musical meaning impossible 

(Patel, 2008). In our current study, iconic musical meaning is referred to as the association 

between music and extramusical iconic signs, and this kind of association is based on 

imitation. Alternatively, it might be the case that amusics fail to develop cross-modal 

associations between direction of pitch change and visual information necessary for semantic 

priming. Indeed, behavioral findings have demonstrated that even when auditory stimuli are 

concurrently presented with visual cues on a computer screen, amusics show worse 
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performance than controls on melodic contour identification (Jiang et al., 2010) and pitch 

direction judgment (Liu, Jiang, Francart, Chan, & Wong, in press), although they may benefit 

from using simultaneous visual stimuli to detect pitch changes (Albouy et al., 2015). An ERP 

study (Lu, Ho, Sun, Johnson, & Thompson, 2016) confirms that amusics lack an enhanced 

N2–P3 response to incongruent audio-visual pairings in judging direction of pitch change in 

an implicit task. Given that the absence of N2–P3 complex is likely due to an unconscious 

neglect of audio-visual conflict (Lu et al., 2016), our current findings suggest that this neglect 

is likely to be also associated with reduced sensitivity to musical meaning represented by 

direction of pitch change in amusia.  

The second explanation may come from the different stages of music processing. Using 

an implicit task, a previous ERP study reported an ERAN elicited by pitch deviants in 

amusics, suggesting that amusics show automatic brain response to musical structure (Zendel 

et al., 2015). ERAN is an electrophysiological index of syntactic processing in music, 

occurring in the early stage of syntactic processing (Koelsch, 2009). In contrast, the P600, an 

ERP component occurring at a relatively late stage of syntactic processing, was not found in 

amusics (Peretz, Brattico, Järvenpää, & Tervaniemi, 2009; Zendel et al., 2015). Similarly, the 

processing of musical meaning in the present study, as reflected by the N400 effects, 

occurred at a temporally later stage of processing. It has also been suggested that top-down 

controlled mechanisms generally act more effectively when the target is primed with a long 

SOA (e.g., Anderson & Holcomb, 1995; Lau, Phillips, & Poeppel, 2008), although increasing 

the SOA of pitches per se (i.e., tone duration) might enhance the ability of pitch perception in 
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amusics (Albouy, Cousineau, Caclin, Tillmann, & Peretz, 2016). Given that we examined the 

N400 effect using a relatively long SOA (800 ms; see Supplementary Material for details), it 

was less likely for the brain to respond to the prime-target congruency automatically. 

Consequently, amusics exhibit impairment in processing musical meaning represented by 

direction of pitch change, even in the implicit task.  

To conclude, our findings suggest that individuals with amusia are capable of extracting 

iconic musical meaning from natural musical excerpts, although they showed abnormal brain 

responses to the expression of musical meaning through direction of pitch change. Given that 

pitch is only one of the many perceptual cues contributing to music comprehension, it is 

understandable that deficits in pitch processing in amusia may only have minor impact on 

iconic musical meaning processing. From the perspective of meaning communication in 

speech, although changes in tone influence word meaning in tone languages, 

Mandarin-/Cantonese-speaking amusics could still speak and understand 

Mandarin/Cantonese (Liu et al., 2016; Nan, Sun, & Peretz, 2010). Three possibilities may 

account for this phenomenon. First, pitch variations in language are coarse compared to those 

used in music, and this is true even for tone languages in which tones are differentiated by 

both contour and register (Liu et al., 2016; Liu, Jiang, et al., 2012). Second, speech 

communication relies not only on pitch variations, but also on other acoustic cues such as 

intensity, tempo, and timbre (Ilie & Thompson, 2006). Third, segmental information and 

lexical constraints provided by sentence context may also aid speech intelligibility (Liu, Jiang, 

Wang, Xu, & Patel, 2015). Indeed, even monotone sentences (with flattened F0) can be as 
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intelligible as normal speech when heard in a quiet background for both normal and amusic 

individuals (Liu et al., 2015). Overall, our findings suggest that, although pitch is not an 

exclusive cue for communication in music and speech, it provides a unique perspective to 

investigate neural mechanisms of meaning processing in amusic as well as typically 

developing individuals.  
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Table 

Table 1. Participants’ characteristics and mean scores of the MBEA for each group. Standard 

deviation values are shown in parentheses. 

  
Amusic                       
(n = 12) 

Control                     
(n = 12) t-test 

Mean age (SD) 23 (1.7) 23 (1.4) n.s. 

Sex 9F, 3M 9F, 3M  

Years education (SD) 17 (1.4) 18 (0.9) n.s. 

Melodic score of MBEA (SD) 17 (3.2) 27 (1.2) p < .001 

Global score of MBEA (SD) 18 (3.6) 28 (0.7) p < .001 

d' of MBEA (SD) 0.91 (0.25) 2.87 (0.32) p < .001 

Note: F = female; M = male. The "Melodic score of MBEA" refers to the mean score of the 

three pitch-based subtests.  
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Figure captions 

Figure 1. Electrode layout on the scalp. The electrodes selected for statistical analysis were 

grouped into six regions for the lateral electrodes: left and right anterior, left and right central, 

and left and right posterior. For the midline electrodes, three regions were defined: 

midline-anterior, midline-central, and midline-posterior.  

Figure 2. Design of the cross-modal semantic priming paradigm in Experiment 1. Musical 

excerpts characterized by direction (upward or downward) of pitch change with a tempo of 

70 beats per minute were used as primes, and images depicting upward or downward 

movements were used as targets. According to the rating results of semantic congruency, 

target images are congruent or incongruent to the prime music. SOA: stimulus onset 

asynchrony.  

Figure 3. Grand mean ERPs recorded during the implicit (recognition) task in Experiment 1. 

(A) Grand mean ERP waveforms elicited by congruent and incongruent target images at 9 

electrode sites for amusics and controls, respectively. Gray-shaded areas indicate the time 

window used for statistical analysis. (B) Incongruent-minus-congruent difference waves for 

amusics (solid line) and controls (dotted line). (C) Scalp distribution of the 

incongruent-minus-congruent difference waves in the 300 – 500 ms latency range for amusics 

and controls, respectively.  

Figure 4. Grand mean ERPs recorded during the explicit (semantic congruency judgment) 

task in Experiment 1. (A) Grand mean ERP waveforms elicited by congruent and incongruent 
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target images at 9 electrode sites for amusics and controls, respectively. Gray-shaded areas 

indicate the time window used for statistical analysis. (B) Incongruent-minus-congruent 

difference waves for amusics (solid line) and controls (dotted line). (C) Scalp distribution of 

the incongruent-minus-congruent difference waves in the 300 – 500 ms latency range for 

amusics and controls, respectively.  

Figure 5. Design of the cross-modal semantic priming paradigm in Experiment 2. Musical 

excerpts selected from natural music with a duration of 3 s were used as primes, and images 

were used as targets. According to the rating results of semantic congruency, target images 

are congruent or incongruent to the prime music.  

Figure 6. Grand mean ERPs recorded during the implicit (recognition) task in Experiment 2. 

(A) Grand mean ERP waveforms elicited by congruent and incongruent target images at 9 

electrode sites for amusics and controls, respectively. Gray-shaded areas indicate the time 

window used for statistical analysis. (B) Incongruent-minus-congruent difference waves for 

amusics (solid line) and controls (dotted line). (C) Scalp distribution of the 

incongruent-minus-congruent difference waves in the 300 – 500 ms latency range for amusics 

and controls, respectively.  

Figure 7. Grand mean ERPs during the explicit (semantic congruency judgment) task in 

Experiment 2. (A) Grand mean ERP waveforms elicited by congruent and incongruent target 

images at 9 electrode sites for amusics and controls, respectively. Gray-shaded areas indicate 

the time window used for statistical analysis. (B) Incongruent-minus-congruent difference 

waves for amusics (solid line) and controls (dotted line). (C) Scalp distribution of the 
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incongruent-minus-congruent difference waves in the 300 – 500 ms latency range for amusics 

and controls, respectively.  
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