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Knowledge concerning the biological background of happiness has been emerged 
thanks to various neuroscience researches such as electrophysiology and brain 
imaging. In this speech, I would like to discuss the historical background and recent 
findings concerning the neural correlates of happiness. In the field of neuroscience, 
emotion of happiness has often been studied in relation to reward coding. 

Olds and Milner (1954) reported the phenomenon of intracranial self-stimulation 
(ICSS), a repeated lever-pressing behavior for obtaining electrical stimulation on 
some brain regions. The interpretation of this phenomenon was that the electrical 
stimulation of those brain regions induced pleasure, or hedonic emotion. While the 
most effective stimulation site was lateral hypothalamus, other brain regions, such as 
ventral and dorsal striatum, amygdala, cingulate cortex, and orbitofrontal cortex, 
were also found to be effective stimulation sites. Now it is known that the lateral 
hypothalamus and the other brain regions contain passing fibers and nerve terminals 
of dopamine neurons, respectively, and considered to form the reward system in the 
brain. However, single-unit recording studies suggest that the increase of 
extracellular dopamine level is not directly related to reward itself. For example, 
dopamine neurons are activated only when an unexpected reward is given, and are 
not activated for an expected reward, and therefore considered to code reward 
prediction errors, rather than reward itself (Fiorillo et al., 2003). Furthermore, 
discharge properties of neurons vary between regions in the reward system, 
suggesting the difference of their role in reward coding (Tsutsui and Watanabe, 2008). 
Electrical stimulation studies in humans also suggest differences in emotion 
processing between different brain regions: hypothalamus is related to behavioral 
expression of emotions but not to subjective experience of emotion, whereas nucleus 
accumbens and septum are related to subjective experience of positive emotions, and 
amygdala is related to subjective experience of negative emotions. 

Advancement in non-invasive brain imaging techniques now enables us to perform 
event-related analysis of brain activation in human subjects. Recently we performed a 
parametric measurement of positive and negative emotions accompanying monetary 
gains and losses. Subregions of the cingulate cortex were found to be activated with 
simple positive and negative emotions of joy and disappointment (Fujiwara et al., 
2008a). On the other hand, subregions of the prefrontal cortex was found to be 



 

activated by higher-order emotions deriving from counterfactual thought processes, 
such as relief and regret (Fujiwara et al., 2008b). Furthermore, we found 
personality-dependent differences of emotion-related activation in the orbitofrontal 
cortex: loss-induced activations in the orbitofrontal cortex were higher for subjects 
with higher scores of neuroticism and introversion (Fujiwara et al., 2008c). 

Those findings in the field of neuroscience suggest that the reward system in the 
brain is hierarchically organized in order to process reward information and 
accompanying positive emotions in different levels. Now it is possible to make 
parametric measurements of brain activations that are related to different aspects of 
happiness by using the brain-imaging technique. 
 
References 

Olds J, Milner P (1954). Positive reinforcement produced by electrical stimulation of 
septal area and other regions of rat brain. J Com Physiol Psychol 47: 419-27. 

Fiorillo CD, Tobler PN, Schultz W (2003). Discrete coding of reward probability and 
uncertainty by dopamine neurons. Science 299: 1898-902. 

Tsutsui KI, Watanabe M (2008). Neural Representation of Reward (Review in 
Japanese). Jap J Physiol Psychol Psychopharm 26(1): 5-16 

Fujiwara J, Tobler PN, Taira M, Iijima T, Tsutsui KI (2008a). Segregated and 
integrated coding of reward and punishment in the cingulate cortex. submitted 

Fujiwara J, Tobler PN, Taira M, Iijima T, Tsutsui KI (2008b). A parametric relief 
signal in human ventrolateral prefrontal cortex. Neuroimage, in press 

Fujiwara J, Tobler PN, Taira M, Iijima T, Tsutsui KI (2008c). Personality-dependent 
dissociation of absolute and relative loss processing in orbitofrontal cortex. Eur J 
Neurosci 27: 1547-52 


