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Abstract

Adolescents seem to absorb popular music with the ease of 

children acquiring language. The linguistic ability has long 

been associated with a pre-adolescent sensitive period of 

plasticity for language acquisition. Here we raise the 

possibility of a sensitive period for music acquisition, focusing 

in particular on adolescence. Most of our empirical  research 

entails two successive tasks: first, a familiarity or preference 

rating of excerpts of popular music spanning 10 decades, and 

second, a surprise recognition test of the excerpts (with 

stylistically comparable foils).  Differences in recognition 

performance arise as an interaction of the decade of popularity 

of the music and age cohort. Young children seem open to all 

styles whereas older age groups show priority for the music of 

their adolescence and early adulthood.  A variation of this 

approach compares different age groups on recognition of 

native music and non-native music and native and non-native 

language. Preliminary data are consistent with the hypothesis 

of advantages for music during childhood and adolescence. 

These results are also consistent with the notion of two 

sensitive periods for music acquisition: the first in early 

childhood for a basic musical grammar and the second in 

adolescence for stylistic and emotional aspects of the music. 

1. Introduction 

Direct evidence for adolescent brain plasticity arises from  

longitudinal fMRI studies of Giedd et al.(1999) [1] which 

reveal development beyond puberty and into adulthood in 

several areas (e.g., temporal cortex, cerebellum) relevant for 

music perception (e.g., Belin & al., 2002 [2]; Parsons, 2001 

[3]).  The notion of adolescence as a sensitive period for music 

is consistent with anecdotal and empirical evidence of the 

importance of music during this time (North, Hargreaves, & 

O’Neill, 2001 [4]).  The notion of an adolescent critical period  

assumes that certain kinds of exposure have lifelong impact, 

such as in formation of addictions (Dahl & Spear, 2004 [5]).  

With respect to music, the notion of an adolescent critical 

period predicts that music heard during adolescence will 

enhance acquisition of such music and will have a longlasting 

impact on future musical behaviours. Conversely,  music 

acquisition during adolescence may reflect brain plasticity, 

and, in particular, plasticity for acoustical pattern 

representation, during this time. 

1.1. Language vs Music 

Both verbal language and music development require 

sensitivity to sound patterns and auditory memory.  Infant 

speech and infant musical productions are often 

indistinguishable.  The social significance of language and 

music, however, have distinct time courses.  Language is  

needed early in life for learning and safety.  Music is needed                         

in adolescence for socialization and identity (definition of 

generations, Smith, 1994 [6]).  As well language and music 

serve different functions which might be characterized as:  

language restricts;  music permits.  Although speech and 

music have often been contrasted in terms of hemisphere 

specialization (language left, music right), recent neuroscience  

research suggests that this is an oversimplification and that  

both speech and music  rely on some of the same neural 

substrata. 

1.2  Plasticity Framework for Music Grammar Acquisition 

A Plasticity Framework for Music Grammar Acquisition 

(Cohen, 2000 [7]) was proposed to direct and accommodate 

our program of cross-sectional lifespan research on music 

development (Fig. 1). The Framework assumes that exposure 

to music during a sensitive period readies the brain for 

particular musical structures.  This “setting of parameters” of 

the grammar then has lifelong influence.  Only  musical styles 

that match the grammar can be readily encoded. Encoding 

enables recognition memory. 

Fig. 1  Plasticity Framework of Music Grammar Acquisition 

(from Cohen, 2000) 

1.3 Hypotheses 

The Plasticity Framework predicts (1) that extensive exposure 

to music popular in adolescence leads to development of a 

grammar for music in the adolescent-cohort popular style; and  

that (2) throughout later life,  styles of music  consistent with  

the grammar of popular music exposed during the adolescent 

period will be better recognized than styles that violate this 

grammar.  
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To test these hypotheses two types of studies were conducted 

having the same general two-part procedure. In the first part, 

the listener is presented with excerpts of styles both familiar 

and unfamiliar to several age cohorts and is asked to rate the 

preference or familiarity of each excerpt (assuring attention to 

excerpts).  The second part consists of a surprise recognition 

task in which half of the original excerpts are presented along 

with an equal number of new excerpts representing the 

familiar and unfamiliar styles previously exposed.   

2.  Method

2.1  Stimuli 

2.1.1 Experiments 1, 2, and 3 

40 popular songs (4 from each decade from 1900 – 2000) 

–80 songs constitute total pool  

Excerpts approximately 15 sec duration  

4 blocks of 10 excerpts; each decade represented per 

block 

Experiments 1 and 2:  most music has lyrics 

Experiment 3 (control):  music and muffled or unmuffled 

lyrics  (muffled by digital filtering of the sound signal) 

2.1.2 Experiment 4   

16 music excerpts (8 popular songs without lyrics and 8 

ethnic music examples – total pool of 24 ) and 16 words 

(English and non-native language –data unreported here) 

Excerpts approximately 8 sec duration 

2.2  Tasks 

Task 1:  Familiarity or Preference: Rating (only 

Familiarity reported here) 

Task 2:  Surprise recognition: Rating certainty that 

excerpt had been previously presented 

2.3 Participant Age Groups 

Table 1.  Mean age of groups of listeners                     

participating in Experiments. 

Experiment Mean Age of Listener 

(years) 

Total

N

1. Clyburn &               

Cohen (1996) 

[8,9]

  19.8 70.5 26 

2. Bailey & Cohen 

(2002) [10, 11]

7.2 11.6 21.4  97 

3. Macdonald & 

Cohen (2002) 

[12]

 10.1 20.8  32 

4. McFadden (2004) 

[13]

8.5 15.8 22.3 71.6 64 

3. Results 

3.1 Experiment 1:  Young & old adults   (Clyburn, 1996) 

Young and older listeners show opposite patterns of  

familiarity for decade of popular music (Fig. 2), and 

recognition scores (Fig. 3) reflect these familiarity ratings.  

Familiarity and recognition are highest for music popular over 

the period of adolescence broadly defined.

Fig. 2.  Mean familiarity as a function of decade of 

popularity of music  for young and senior adult listeners 

Fig. 3.  Mean recognition (bias-free measure d') 

 as a function of decade of popularity for 

 young and senior adult listeners 

The data  from Experiment 1 are consistent with the formation 

of a music grammar during adolescence, however, only adults 

participated in this study.  
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3.2 Experiment 2: Comparing children, early adolescents 

and adults (Bailey, 1998) 

Fig. 4.  Mean familiarity of excerpts of popular music  

as a function of decade of popularity and listener age 

The familiarity function is steeper for young adults than for 

early adolescents (no familiarity data were collected for 

children), and impact of music exposed during adolescence for 

both cohorts is apparent (Fig. 4). 

Fig. 5.  Mean recognition (d') of just-presented popular  

music as a function of decade of popularity of music 

 and listener age. 

Young adults have better  recognition overall and particularly 

for recent popular music; early adolescents show overall 

weaker memory than young adults and show little priority for 

recent styles (Fig. 5). Children show even poorer overall 

recognition and a fairly flat function of decade of music 

popularity. A correlation between  recognition d'  and decade 

was significant only for young adult recognition, r (8) = .81, p

< .01. 

3.3 Experiment 3:  Muffled lyrics—focus on music style 

(MacDonald & Cohen, 2003) 

Fig.6.   Mean familiarity as a function of decade of popularity 

for early and late adolescents with  and without 

understandable lyrics:  F refers to filtered 

Masking comprehension of lyrics, through filtering of the 

acoustical signal, does not alter the effect of decade of 

popularity on familiarity in interaction with participant age.  

This implies that results of previous studies are due to cohort-

specific music and not to cohort-specific lyrics. 

3.4 Experiment  4: Native and non-native music 

Fig.  7. Mean recognition for non-Western (non-native) and 

  Western (native)  music as a function of age. 

For only the adults, both younger and older, recognition scores 

(mean proportion correctly recognized and rejected) were 

significantly lower for the non-native music than native music, 

t (15) = 2.15 and 2.91 respectively. In other words both 

younger and older adults have relatively more difficulty 

recognizing non-native as compared to native music to which 
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they have just been exposed than do adolescents and children. 

The pattern of mean d'  (Fig. 7),  which mirrors proportion 

recognition scores, suggests that children and adolescents are 

able to absorb new musical styles more easily relative to 

music styles to which they are typically exposed, but adults 

are less able to do so. This relative disadvantage on the part of 

adults is in accordance with the Plasticity Framework 

hypothesis that new (i.e., unfamiliar) musical grammars 

violate the structures laid down earlier when the relevant brain 

structures were more plastic.   

4. Discussion 

4.1 Conclusions

The results are consistent with the proposals following from 

the Plasticity Framework of Music Grammar Acquisition.  

Specifically,  unfamiliar musical styles  are relatively less 

challenging to recognition for  adolescent and child listeners  

than for adult listeners (Expts. 2 and 4).   Adults, in contrast to 

adolescents and children, showed priority in recognition for 

styles familiar early in life (Expts. 1 and 2) and for western 

(native) over non-western (non-native) music (Expt. 4).  The 

results cannot be attributed to sensitivity to cohort-specific 

lyrics (Expt. 3) but can be attributed to a period of plasticity 

for music acquisition prior to adulthood.  

The results are consistent with the view that a sensitive 

period for music grammar extends beyond that for verbal 

language.  There may be a second or prolonged adolescent 

sensitive period for music grammar acquisition distinct from 

that for a sensitive period for language acquisition that  occurs 

prior to adolescence.  Such an extended period of plasticity for 

music is consistent with data on adolescent development in the 

temporal lobe and in the cerebellum ([1] and [5]), both of 

which are significant for music processing ([2], [3]).  

4.2 Significance 

Music  provides a useful comparison for studies of 

plasticity in speech perception.  Understanding the 

development of enduring music memory and associated 

preferences acquired during adolescence may lead to 

insights into understanding learnability during 

adolescence including difficulties in learning language 

and ease of acquiring addictions.  Our current work 

continues to compare verbal language and music 

acquisition in the same paradigms.  The results of the 

studies to date also support the utility of the Plasticity 

Framework for Music Grammar Acquisition [7]. 
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