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This article is an author response to Bialystok’s (2011) and Hargreaves and Aksentijevic’s
(2011) commentaries on Schellenberg (2011).

The commentaries by Bialystok (2011) and Hargreaves and Aksentijevic (2011) on
my article (Schellenberg, 2011) raise interesting questions and concerns about the
association between music lessons and intelligence. The authors are critical of my use
of a high-functioning sample (Hargreaves and Aksentijevic, 2011) and the inclusion of
children who were relatively unengaged in music lessons (i.e., quitting after 1 or 2 years;
Bialystok, 2011). These criticisms imply a lack of statistical power due to a restricted
range or noise, respectively, yet the between-group difference in full-scale IQ (FSIQ)
was larger (10 points, 2/3 of an SD, r = .39) than that observed in my previous studies
(Schellenberg, 2004, 2006).
Hargreaves and Aksentijevic (2011) suggest that the mediation hypothesis – executive
function (EF) accounting for the link between music lessons and IQ – is more of a ‘straw
man’ than a serious possibility. On the contrary, the hypothesis is well grounded in the
literature, including reported associations between music training and EF (Bialystok &
DePape, 2009; Bugos, Perlstein, McCrae, Brophy, & Bedenbaugh, 2007) and between EF
and IQ (Ardila, Pineda, & Rosselli, 2000; Salthouse, 2005; Salthouse, Atkinson, & Berish,
2003), and claims that EF is the missing link between music training and IQ (Hannon
& Trainor, 2007; Schellenberg & Peretz, 2008). Indeed, the empirical and theoretical
foundation of the mediation hypothesis is considerably more solid than Hargreaves and
Aksentijevic’s (2011) hypothesis that high-IQ children take music lessons because music
engages mechanisms subserved by the left and right cerebral hemispheres.
Hargreaves and Aksentijevic (2011) also question the construct validity of EF, both
because of its overlap with IQ and because different tests of EF measure distinct aspects
of cognition that are independent or weakly correlated. The results of the target article,
along with other findings (Salthouse, 2005; Salthouse et al., 2003), lend credence to
such skepticism. The focus on individual differences in EF (for reviews see Banich,
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2009; Zelazo, Carlson, & Kesek, 2008) may stem, in part, from the relative immunity of
EF to the controversies surrounding IQ tests (e.g., Neisser et al., 1996).
Bialystok (2011) takes issue with three of my five EF measures. She considers the Sun–
Moon Stroop Test unsuitable for children in the age range of my sample (9–12 years),
but the data indicate otherwise. Specifically, a one-sample t-test of interference scores
confirmed that children had difficulty in the incongruent (sun = ‘moon’) condition
compared to the congruent (sun = ‘sun’) condition, t(105) = 11.65, p < .0001. Moreover,
interference scores ranged from −.47 to .20, reflecting marked individual differences that
were correlated positively with IQ and with scores on the Wisconsin Card Sorting Test.
Bialystok (2011) also questions phonological fluency as a legitimate test of EF. Note,
however, that Luo, Luk, and Bialystok (2010) used the same test in conjunction with a
semantic fluency test, precisely because the semantic test tapped verbal representations
and the phonological test measured EF.
I agree with Bialystok (2011) that only the backward condition of the Digit Span Test
is a true measure of working memory and hence the purest measure of EF. Nevertheless,
musically trained and untrained children performed similarly in this condition, p > .1.
Had I reported performance in the backward condition only, there would have been
no between-group differences on any measure of EF. Although the two groups also
performed similarly in the forward condition, p > .05, a small but significant difference
was evident for the aggregate (presumably more stable) measure. To avoid obscuring
differences in EF between groups, I reported the aggregate measure. In any event, my
set of EF measures was both valid and comprehensive.
Direction of causation is undoubtedly the most provocative issue. Both commentaries
concur with my position: the association between music lessons and intelligence is
complex and difficult to delineate clearly, and a consequence of nature and nurture.
Whereas I accord primacy to inherited intellectual and personality tendencies, Bialystok
(2011) argues that music lessons alter brain structure and function, with favourable
consequences for EF and/or intelligence. It should be noted that alterations in brain
structure and function arise from altered input of various kinds (e.g., athletic activities,
blindness) without necessarily affecting EF or intelligence.
To support her position, Bialystok (2011) embraces the current neuroscientific
obsession with plasticity, which she considers ‘enlightened’. She also marshals the results
from a single true (but artificial) experiment with random assignment that allowed for
inferences of causation from music lessons to intellectual functioning (Schellenberg,
2004). Even within the modest time frame of that experiment (9 months), children
assigned to music lessons dropped out at more than twice the rate of those assigned to
drama lessons, which implies that factors such as conscientiousness must be considered
when evaluating outcomes.
By contrast, my view is that the most parsimonious interpretation of the available
literature is that children from well-educated and affluent families, who have intellectual
as well as social advantages, are more likely than other children to take music lessons.
These lessons may compound their initial advantages, much like the ‘Matthew effects’
(i.e., the rich getting richer) in reading and academic achievement (Stanovich, 1986).
As someone who took piano lessons from the age of 5–16, I have no doubt that
countless hours of practicing, learning, and performing changed me in a multitude of
ways. As a scientist, however, I am reluctant to link my non-musical achievements to
those lessons. In any case, the decision about whether a child takes music lessons is
anything but random, in line with concerns expressed by Hargreaves and Aksentijevic
(2011). Rather, taking lessons is associated with a range of social and intellectual factors,
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including musical aptitude (e.g., Orsmond & Miller, 1999). For example, children who
take music lessons have highly educated parents (Schellenberg, 2006, 2011, in press),
and educational achievement is tightly and reciprocally linked with IQ (Ceci & Gilstrap,
2000; Scarr, 1992). Quasi-experiments or correlational studies that account for these
sorts of extraneous variables tell us that the partial association between music lessons
and IQ is significant without telling us anything about causation.
Regardless, the association between intelligence and out-of-school activities is unlikely to be limited to music lessons (Hargreaves and Aksentijevic, 2011). Rather, it
extends to other activities that are cognitively challenging such as recreational reading
(Winner, 1982). Music instruction is still unique, however, as a demanding out-of-school
activity that is enjoyed by a sizeable minority of children, unlike, say, chess or math
lessons.

Acknowledgements
Supported by the Natural Sciences and Engineering Research Council of Canada.

References
Ardila, A., Pineda, D., & Rosselli, M. (2000). Correlation between intelligence test scores and executive function measures. Archives of Clinical Neuropsychology, 15, 31–36. doi:10.1016/S08876177(98)00159-0
Banich, M. T. (2009). Executive function: The search for an integrated account. Current Directions
in Psychological Science, 18, 89–94. doi:10.1111/j.1467-8721.2009.01615.x
Bialystok, E. (2011). How does experience change cognition? Evaluating the evidence. British
Journal of Psychology, 102, 303–305. doi:10.1111/j.2044-8295.2011.02008.x
Bialystok, E., & DePape, A.-M. (2009). Musical expertise, bilingualism, and executive functioning.
Journal of Experimental Psychology: Human Perception and Performance, 35, 565–
574. doi:10.1037/a0012735
Bugos, J. A., Perlstein, W. M., McCrae, C. S., Brophy, T. S., & Bedenbaugh, P. H. (2007).
Individualized piano instruction enhances executive functioning and working memory in older
adults. Aging & Mental Health, 11, 464–471. doi:10.1080/13607860601086504
Ceci, S. J., & Gilstrap, L. (2000). Determinants of Intelligence: Schooling and intelligence. In A.
Kazdin (Ed.), Encyclopedia of psychology (Vol. 2, pp. 496–498). Washington, DC: APA Books.
Hannon, E. E., & Trainor, L. J. (2007). Music acquisition: Effects of enculturation and formal training
on development. Trends in Cognitive Sciences, 11, 466–472. doi:10.1037/10517-184
Hargreaves, D. J., & Aksentijevic, A. (2011). Music, IQ, and the executive function. British Journal
of Psychology, 102, 306–308. doi: 10.1111/j.2044-8295.2011.02029.x
Luo, L., Luk, G., & Bialystok, E. (2010). Effect of language proficiency and executive control on verbal fluency performance in bilinguals. Cognition, 114, 29–41.
doi:10.1016/j.cognition.2009.08.014
Neisser, U., Boodoo, G., Bouchard, T. J. Jr., Boykin, A. W., Brody N., Ceci, S. J., . . . Urbina, S. (1996).
Intelligence: Knowns and unknowns. American Psychologist, 51, 77–101. doi:10.1037/0003066X.51.2.77
Orsmond, G. I., & Miller, L. K. (1999). Cognitive, musical and environmental correlates of early
music instruction. Psychology of Music, 27, 18–37. doi:10.1177/0305735699271003
Salthouse, T. A. (2005). Relations between cognitive abilities and measures of executive functioning. Neuropsychology, 19, 532–545. doi:10.1037/0894-4105.19.4.532
Salthouse, T. A., Atkinson, T. M., & Berish, D. E. (2003). Executive functioning as a potential mediator of age-related cognitive decline in normal adults. Journal of Experimental Psychology:
General, 132, 566–594. doi:10.1037/0096-3445.132.4.566
Scarr, S. (1992). Developmental theories for the 1990s: Developmental and individual differences.
Child Development, 63, 1–19. doi:10.2307/1130897

312

E. Glenn Schellenberg

Schellenberg, E. G. (2004). Music lessons enhance IQ. Psychological Science, 15, 511–514.
doi:10.1111/j.0956-7976.2004.00711.x
Schellenberg, E. G. (2006). Long-term positive associations between music lessons and IQ. Journal
of Educational Psychology, 98, 457–468. doi:10.1037/0022-0663.98.2.457
Schellenberg, E. G. (2011). Examining the association between music lessons and intelligence.
British Journal of Psychology, 102, 283–302. doi:10.1111/j.2044-8295.2010.02000.x
Schellenberg, E. G. (in press). Music lessons, emotional intelligence, and IQ. Music Perception.
Schellenberg, E. G., & Peretz, I. (2008). Music, language and cognition: Unresolved issues. Trends
in Cognitive Sciences, 12, 45–46. doi:10.1016/j.tics.2007.11.005
Stanovich, K. E. (1986). Matthew effects in reading: Some consequences of individual differences in
the acquisition of literacy. Reading Research Quarterly, 21, 360–407. doi:10.1598/RRQ.21.4.1
Winner, E. (1982). Invented worlds: The psychology of the arts. Cambridge, MA: Harvard
University Press.
Zelazo, P. D., Carlson, S. M., & Kesek, A. (2008). Development of executive function in childhood.
In C. A. Nelson, & M. Luciana (Eds.), Handbook of developmental cognitive neuroscience
(2nd ed., pp. 553–574). Cambridge, MA: MIT Press.
Received 16 March 2011; revised version received 16 March 2011

