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Abstract 
 

Background: The cognitive effects of background music are mediated by the interaction between music's structural properties, the cognitive 
demands of the concurrent task, and the individual's attentional and working memory resources. While behavioural evidence has accumulated 
extensively, comparatively few studies have simultaneously characterised how music modulates the full landscape of prefrontal EEG oscillations 
during distinct types of cognitive work. Objective: This comparative analysis synthesises data from two within-subjects pilot studies conducted 
in the same laboratory using the same EEG platform. Study 1 examined the effects of electronic dance music (EDM) on word recall and 
prefrontal brainwave activity during verbal memorisation (N = 10). Study 2 examined the effects of hip-hop music on prefrontal EEG during 
Sudoku puzzle-solving (N = 4). Together, the studies offer a unique opportunity to compare how background music of related genres modulates 
prefrontal oscillatory activity across two fundamentally different cognitive domains. Key Findings: A convergent pattern emerged across both 
studies: gamma band power was directionally lower with music than without (EDM: 7.38% vs. 8.96%; Sudoku: 4.50% vs. 7.26%), suggesting 
consistent music-associated suppression of higher-order prefrontal perceptual binding. Beta power diverged between studies: lower with music in 
the EDM study (13.28% vs. 16.01%) but higher with music in the Sudoku study (13.11% vs. 9.55%), pointing to task-type moderation of 
executive attentional responses to music. Neither study had sufficient statistical power to detect significant effects. Effect sizes were small-to-
medium in the EDM study and medium-to-large in the Sudoku study. Conclusion: These pilot data reveal that the nature of the cognitive task 
verbal memorisation versus spatial reasoning is a critical moderator of how background music shapes prefrontal oscillatory dynamics, 
particularly for beta-mediated executive attention. The convergent gamma suppression across both studies warrants specific attention in future 
adequately powered research.  
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Sudoku, Cognitive load, Consumer EEG. 
 

	
INTRODUCTION 

 
Whether background music helps or hinders cognitive 
performance is a question with significant practical 
implications for educational and occupational settings, where 
music-accompanied work is increasingly common. The 
accumulated literature on music and cognition presents a 
nuanced picture: music can enhance performance on some 
tasks under some conditions for some individuals, while 
impairing performance in other configurations. (Kämpfe et al., 
2011; Schellenberg, 2005) Two theoretical frameworks have 
dominated this debate. The Arousal and Mood Hypothesis 
proposes that music benefits performance by optimising the 
listener's arousal level for the task at hand, particularly for 
monotonous or under-stimulating work. (Schellenberg, 2005) 
The Irrelevant Sound Effect, in contrast, predicts that any 
structured auditory input including music will disrupt the 
maintenance of verbal material in the phonological loop 
component of working memory (Jones & Macken, 1993). 
Critically, these two frameworks predict different outcomes 
depending on the nature of the concurrent cognitive task. For 
tasks relying heavily on verbal working memory such as word 
memorisation the Irrelevant Sound Effect predicts impairment. 
For spatially organised tasks with minimal verbal working 
memory demands such as Sudoku arousal-mediated benefits 
may predominate without the phonological interference cost.  
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Yet despite the theoretical importance of task type as a 
moderating variable, very few studies have directly compared 
music's effects across both verbal and spatial cognitive 
domains within the same laboratory, using the same 
participants or measurement tools. (Furnham & Strbac, 2002) 
The prefrontal cortex (PFC) sits at the heart of both task types: 
coordinating phonological working memory for verbal tasks 
(Baddeley, 1992) and executive problem-solving networks for 
spatial reasoning. (Miller & Cohen, 2001) EEG oscillations 
generated in and around the PFC provide a high-temporal-
resolution window into these processes. Beta oscillations (13–
30 Hz) index top-down executive maintenance and attentional 
control; (Engel & Fries, 2010) gamma oscillations (>30 Hz) 
support perceptual binding, memory integration, and cross-
regional coordination; (Fries et al., 2007) theta oscillations    
(4–8 Hz) reflect hippocampal-prefrontal communication 
during encoding; and delta oscillations (0.5–4 Hz) have been 
linked to inhibitory coordination under demanding cognitive 
conditions (Harmony, 2013). The present article provides a 
comparative analysis of two original pilot studies conducted in 
our laboratory that are ideally positioned to address the 
question of task-type moderation of music's effects on 
prefrontal oscillations. Study 1 henceforth the EDM Study 
measured prefrontal EEG and word recall in ten student 
participants while they memorised 12-item word lists under 
EDM or silence. (Shaw, 2026a) Study 2 the Sudoku Study 
recorded prefrontal EEG in four female high-school students 
while they solved Sudoku puzzles with and without hip-hop 
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relationship between background music and prefrontal neural 
oscillations is both nuanced and theoretically coherent. The 
convergent suppression of gamma power across a verbal 
memorisation task (EDM; N = 10) and a spatial problem-
solving task (Sudoku; N = 4) suggests that music universally 
engages auditory processing resources in ways that reduce 
higher-order prefrontal perceptual binding efficiency. The 
divergent direction of beta power reduced with music during 
verbal memorisation but increased with music during spatial 
reasoning is consistent with a task-type moderating framework 
in which music impairs phonological working memory 
maintenance on verbal tasks while enhancing executive 
attentional alertness on spatial tasks where no such resource 
competition exists. These findings, while preliminary and 
underpowered, offer a mechanistic bridge between the 
Irrelevant Sound Effect and the Arousal and Mood Hypothesis 
that has practical implications for how we design music-
accompanied learning environments. Students memorising 
verbal material may benefit from silence; those engaged in 
spatial reasoning or problem-solving may benefit from 
background music. Validating and extending these findings in 
adequately powered, multi-task, multi-genre studies using 
higher-density EEG systems represents an important and 
tractable agenda for educational and cognitive neuroscience. 
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