
T H E  D E V E L O P M E N T O F C O G N I T I V E
A N D  M U S I C A L A B I L I T I E S :  
P R E L I M I N A R Y R E S U L T S O F T H E
L O N G G O L D S T U D Y

D A N I E L  M Ü L L E N S I E F E N



T H E  G E N E R A L  Q U E S T I O N

What role do musical abilities and activities play in human 

development across the teenage years?



S P E C I F I C  R E S E A RC H  Q U E S T I O N S

• How do musical abilities still grow beyond 10?

• To what degree is development due to maturation vs. 
musical training and activity? 

• How do musical abilities interact with cognitive skills?



A N A LY S I N G C H A N G E  I N  
LO N G I T U D I N A L  DATA

1. Developmental trajectories (intraindividual change): How do kids develop over time?

2. Differences in developmental trajectories (individual differences in intraindividual change): How 

much do kids differ in their development?

3. Co-development of trajectories in different areas (interrelations in behaviorial change): How 

does development in different areas co-evolve?

4. Variables explaining developmental trajectories (causes of intraindividual change): What are the 

factors that drive development? 

5. Variables explaining differences in developmental trajectories (causes of interindividual 
differences in intraindividual change): Why do some kids develop differently from others? 

(Baltes & Nessleroade, 1979; McArdle & Nesslroade, 2014)



T W O  F R A M E W O R K S  F O R  
A N A LY S I N G LO N G I T U D I N A L  DATA

1. Mixed effect models (= multilevel models): Growth curves
• Pro: Easier to specify, quicker to compute, Bayesian extension 

via R package brms
• Con: Restricted in specification (e.g. correlation between 

predictors), can’t include measurement error directly, can’t 
investigate causality easily

2. Structural equation models: Latent growth curves, (random-
intercept) cross-lagged panel models, dual-change score models

• Pro: Very flexible specification, can investigate causality (via 
model comparison in cross-lagged panel or dual-change score 
models), can specify measurement error as part of model

• Con: Difficult to specify, complex to compute, difficult to 
disseminate and explain



R E S U LT S



1 .  I N T R A - I N D I V I D U A L  C H A N G E

Beat Perception Melodic Discrimination Mistuning Perception

Intelligence Visual Working Memory Musical Ability
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All cognitive and musical capacities  grow with age

Variable beta 95% CI p 

Intelligence 0.26 [0.24, 0.27] < .001 

Visual Working Memory 0.11 [0.09, 0.14] < .001 

Musical Ability 0.17 [0.16, 0.19] < .001 

Beat Perception 0.23 [0.21, 0.25] < .001 

Melodic Discrimination 0.17 [0.15, 0.19] < .001 

Mistuning Perception 0.16 [0.14, 0.18] < .001 

Musical Training 0.02 [-0.00, 0.04] .118 

	



1 .  I N T R A - I N D I V I D U A L  C H A N G E

No linear growth assumed (latent curve model)

Beat Perception Melodic Discrimination Mistuning Perception

Intelligence Visual Working Memory Musical Ability
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Linear growth assumed (mixed effect model)

All cognitive and musical capacities  grow with age



2 .  I N D I V I D U A L  D I F F E R E N C E S  I N  
I N T R A - I N D I V I D U A L  C H A N G E

Children with more musical training grow their abilities faster with age 

Effect on Musical Ability twice as large as on 
Intelligence and Working Memory



3 .  I N T E R - R E L AT I O N  I N  C H A N G E

Intelligence and Musical Ability grow at different rates – Intelligence grows faster 

Model BIC term beta 95% CI 

Single Growth Slope  33051 Intelligence + Music Ability 0.18 [0.17, 0.19] 

Separate Growth Slopes 33037 Intelligence 0.21 [0.19, 0.23] 

  Music Ability 0.15 [0.14, 0.17] 

 



4 .  C A U S E S  O F  I N T R A -
I N D I V I D U A L  C H A N G E
Concurrent Musical Activity accelerates growth in cognitive and musical abilities
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Low
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Variable term beta 95% CI p ΔR2 marg. 

Visual Working Memory Age Group 0.120 [0.095, 0.145] < .001 .0127 

 Age Group x CCM 0.004 [0.002, 0.005] < .001  

Intelligence Age Group 0.249 [0.232, 0.267] < .001 .0132 

 Age Group x CCM 0.005 [0.004, 0.006] < .001  

Melodic Discrimination Age Group 0.153 [0.134, 0.173] < .001 .0562 

 Age Group x CCM 0.010 [0.009, 0.011] < .001  

Mistuning Perception Age Group 0.163 [0.142, 0.183] < .001 .0451 

 Age Group x CCM 0.008 [0.007, 0.009] < .001  

Beat Perception Age Group 0.225 [0.204, 0.247] < .001 .0293 

 CCM 0.097 [0.081, 0.112] < .001  

Musical Ability Age Group 0.163 [0.149, 0.177] < .001 .0669 

 Age Group x CCM 0.008 [0.007, 0.009] < .001  
	

Effect on Musical Ability several times larger as on Intelligence and Working Memory



5 .  C A U S E S  O F  D I F F E R E N C E S  I N  
I N T R A - I N D I V I D U A L  C H A N G E

Step 1: Identify clusters of pupils that differ in absolute level and growth rate of 
ability

Step 2: Find predictors associated with clusters



G RO W T H  I N  M U S I C A L  A B I L I T Y



S T E P  1 :  I D E N T I F Y  C L U S T E R S  T H AT  
D I F F E R  I N  L E V E L  A N D  G R O W T H

LC3 (‘musical potential’), LC2 (‘little maturation growth’), LC1 (‘catching up’)
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Class Term β Std. Error 95% CI Wald p 

LC1 Intercept -2.429 0.303 [-3.023, -1.835] -8.0 < .001 

LC2  -2.037 0.566 [-3.146, -0.929] -3.6 < .001 

LC3  -1.473 0.247 [-1.957, -0.988] -6.0 < .001 

LC1 Age Group 0.137 0.024 [0.091, 0.183] 5.8 < .001 

LC2  0.078 0.043 [-0.007, 0.163] 1.8 .073 

LC3  0.154 0.017 [0.120, 0.189] 8.8 < .001 

LC1 Age Group x CCM 0.011 0.003 [0.005, 0.017] 3.6 < .001 

LC2  0.012 0.005 [0.002, 0.022] 2.3 .024 

LC3  0.017 0.002 [0.013, 0.021] 9.2 < .001 

 

Children in all 3 clusters benefit from concurrent musical activity



S T E P  2 :  F I N D  P R E D I C T O R S  A S S O C I A T E D  
W I T H  C L U S T E R S

Musical potential (LC3) is associated high Intelligence, Working Memory, and Musical Training

Intelligence Music Training Visual Working Memory
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Class Term Beta Std. Error 95% CI Wald p 

LC3  Intercept -1.619 0.607 [-2.809, -0.430] -2.7 .008 

LC1   -0.213 0.373 [-0.943, 0.518] -0.6 .568 

LC3  Intelligence 0.583 0.123 [0.342, 0.823] 4.7 < .001 

LC1   -0.343 0.096 [-0.530, -0.155] -3.6 < .001 

LC3  Mean Musical 
Training 0.471 0.122 [0.232, 0.710] 3.9 < .001 

LC1   -0.316 0.097 [-0.505, -0.127] -3.3 .001 

LC3  Visual Working 
Memory 0.287 0.170 [-0.046, 0.621] 1.7 .091 

LC1   -0.654 0.106 [-0.861, -0.446] -6.2 < .001 

	



G RO W T H  I N  I N T E L L I G E N C E



T H R E E  C L A S S E S  O F  L E V E L  A N D  
G RO W T H  O F  I N T E L L I G E N C E

LC3 (‘fast growth’)

LC1 (‘medium growth’)

LC2 (‘low level, low growth’)

Þ Only LC3 and LC1 benefit from 
Concurrent Musical Activities 

ÞEffect of musical activities is much 
smaller for intelligence compared to 
musicality ability

Class Term Beta Std. Error 95% CI Wald p 

1 Intercept -4.358 0.169 [-4.690, -4.027] -25.8 < .001 

2  -4.417 0.531 [-5.457, -3.377] -8.3 < .001 

3  -4.332 0.305 [-4.929, -3.735] -14.2 < .001 

1 Age Group 0.186 0.013 [0.160, 0.212] 13.9 < .001 

2  0.132 0.044 [0.046, 0.218] 3.0 .003 

3  0.278 0.023 [0.233, 0.322] 12.2 < .001 

1 Age Group x CCM 0.004 0.001 [0.002, 0.005] 4.9 < .001 

2  -0.002 0.002 [-0.006, 0.002] -1.1 .286 

3  0.004 0.001 [0.001, 0.006] 2.6 .008 

	



S U M M A RY
• Musical and cognitive abilities grow over teenage years (cf. Gordon, 1986)

• Faster growth is associated with higher initial levels of musical training (static predictor, cf. 
Kragness et al., 2021)

• Rate of growth is similar for intelligence and musical abilities, but not identical (cf. Mosing et al., 
2014)

• Growth is accelerated by concurrent musical activities (dynamic predictor, cf. Mosing et al., 2014; 
cf. Kragness et al., 2021) 

• Acceleration effect is present for musical ability and intelligence (cf. Róman-Caballero et al., 
2022), but stronger for musicality ability (i.e. stronger near transfer vs. weaker far transfer; cf. 
Bigand & Tillman, 2021)

• Variables associated with faster musical development (‘musical potential’) are working memory, 
intelligence, and musical training (cf. Ruthsatz et al., 2014)



IMPL ICAT IONS
• Evidence for development and validation of new talent 

model (TAD-Modell, Preckel et al. 2020; Müllensiefen

et al., 2021; Labonde & Müllensiefen, 2022)

• Suggesting reciprocal influence between musicality and 
cognitive capacities across development (mutualism 

model)? 



N E X T  S T E P S

• Replicate with more data, corrected data, and international data (Italy, Latvia, …)

• Replicate within structural equation model framework

• Link to development in other domains

• Development of evidence-based theory of musical development

• Take up the discussion with the community around the role of musical activity!


