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BODY  AND  BRAIN  SIGNALLING  DURING   

NATURALISTIC  LEARNING  SITUATIONS  

A central challenge in supporting learning and designing effective learning 

environments is understanding individual differences in learning experiences [1]. 

However, despite growing interest in examining learning experiences in naturalistic 

contexts, hypothesis-driven or theory-guided studies that combine neuroimaging and 

physiological recordings remain scarce [2] [3]. In this study, we focus on well-

established and interpretable measures of cardiac and brain activity, that have been 

previously studied in the context of learning in both laboratory and naturalistic 

settings. These measures not only reflect learning-related processes but also provide 

insight into the experiential aspects of learning. By focusing on heart rate, heart rate 

variability, and oscillatory brain activity of both students and instructors, we aim to 

capture how the functional state of the body and the brain vary across a naturalistic 

learning situation.  

 

• Is it possible to extract robust and reliable learning-related features from cardiac 
and brain activity during naturalistic learning situations? 

 

• How students’ and instructors’ cardiac and brain activity vary across different 
phases of a naturalistic learning situation? 

 

[1] Silvennoinen et al., 2022 [2] Janssen et al., 2021  [3] van Atteveldt et al., 2018  

• Both students’ and instructors’ heart rate, heart rate variability, and the 

characteristics of oscillatory brain activity vary systematically across behaviourally 

and pedagogically meaningful phases of the naturalistic learning situation. 

• Measures of cardiac and oscillatory brain activity can be used as indicators of state 

and trait variation within and across individuals when investigating individual 

variability in learning. 

• These findings highlight the embodied aspects of both learning and teaching. 
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Students’ and instructors’  cardiac and brain activity vary across the different phases of the 
naturalistic learning situation (rest pre vs. other phases)  

 
Wilcoxon Signed-Rank test (Bonferroni-adjusted p < 0.007)  

RESULTS 
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  Task 1 Task 2 Task 3 Task 4 Instructions Feedback Rest (post) 

Students HR mean 0.003** 0.006** 0.012 0.019 0.002** 0.480 0.530 

 RMSSD 0.015 0.041 0.028 0.099 0.041 0.638 0.308 

 Alpha power C3 0.002** 0.002** 0.002** 0.003** 0.002** 0.004** 1.000 

 Alpha power C4 0.002** 0.003** 0.002** 0.003** 0.003** 0.005** 0.695 

 Exponent C3 0.059 0.011 0.011 0.170 0.034 0.041 0.106 

 Exponent C4 0.307 0.224 0.065 0.195 0.117 0.028 0.117 

Instructors HR mean 0.002** 0.012 0.209 0.041 0.002** 0.209 0.004** 

 RMSSD 0.015 0.015 0.117 0.008 0.002** 0.002** 0.308 

 Alpha power C3 0.002** 0.002** 0.002** 0.002** 0.002** 0.002** 0.092 

 Alpha power C4 0.006** 0.002** 0.002** 0.002** 0.002** 0.003** 0.071 

 Exponent C3 0.091 0.041 0.041 0.480 0.077 0.031 0.326 

 Exponent C4 0.859 0.456 0.158 0.814 0.583 0.182 0.272 

Instructors’ cardiac and brain activity during the progression of the naturalistic learning situation 

Students’ cardiac and brain activity during the progression of the naturalistic learning situation 

 

 


