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Introduction 
Reward has a powerful influence on cognitive studies. To 

reveal the reward and its effective factors what and where 

alter sensitivity and motor behavior, by focus on the 

principle of neural science studies, the four major subjects 

include: perception, action, emotion, and language have 

selected as functional aspects and anatomical aspects could 

be classified by five categories. These anatomical categories 

are Hippocampus, Ventral Tegmental Area (VTA), Nucleus 

Accumbens (NA) and Prefrontal Cortex. That’s focused on 

dopaminergic pathway because it is one of the most sites in 

reward system.  

James Olds and Peter Milner reported that rats preferred to 

return to the region of the test apparatus where they get 

electrical stimulation to the septal area of the brain by 

electric signals (1). ‘It’s a phenomenon that discovered the 

reward mechanisms in the brain involved in positive 

reinforcement and their experiments led to the conclusion 

that electrical stimulation could serve as an operant 

reinforcer’ (1, 2). Their discovery emphasize to motivation 

that is an operational key in reward system (2).  

Reward is one of the major topics in cognitive neuroscience 

studies. Many effective agents play roles in behavior. To 

reveal the mechanism of rewards by what, where, and when, 

we must firstly distinguish them. For focusing on the 

principles of neural science studies, four major subjects 

exist which are: perception, action, emotion, and language.   

The reward anatomical map is one of the most important 

aspects in this review. In this regard we can find five major 

areas including: Hippocampus, Ventral Tegmental Area 

(VTA), Nucleus Accumbens (NA), Amygdala, and Pre-

Frontal Cortex (PFC). Some of them have located in 

circulation like a pathway that is known as the dopaminergic 

pathway. Hence it is not easy to encapsulate these 

mechanisms in a simple pathway. Study about anatomical 

aspects of reward and many of the similarities between 

human and animals help us to reveal some attractive facts 

about this. 

Certain neural structures whereas called the reward system 

are critically involved in mediating the effects of 

reinforcement. Reward can be like as an appetitive trigger 

that given to alter their own behavior. So it has typically 

called as a reinforcer. It does not necessarily imply that it is 

a reinforcer and a reward can be defined as reinforcer only 

if its delivery increases the probability of a behavior (3). 

Reward is an objective way to describe positive values. It 

ascribes that to an object, behavior or a state. Rewards in 1st 

stage includes those that are necessary for human life such 

as food and sexual contact (4). Its 2nd stage derives their 

value from rewards in the 1st stage. Making money and its 

attraction is a good example for this matter. It can be 

produced experimentally by pairing a neutral stimulus with 

an object detection and attraction state about this. (Table 1) 

Issues such as pleasurable touches and soft music are often 

said to be rewards in the 2nd stage but such claims are 

questionable. For example, there is a good deal of evidence 

that physical contact, as in cuddling and grooming, is an 

unlearned reward in the 1st stage (5).  

Some studies in rewards pointed that the reward generally 

considered more desirable than that punishment in 

managing the behavior (6). 

 

Structure and Function 

The  reward  system  is  a  collection   of brain structures 

that attempts to regulate and control behavior by 

reinforcements for modulation which effects and activates 

pleasure state during behaviors performance. The circuit 

includes the dopamine-containing neurons of the ventral 

tegmental area, the nucleus accumbens, and part of the 

prefrontal cortex (7). 

Nowadays some overused agents have influenced on cognitive neuroscience studies. 

Some of the brain structures that regulate and control our behaviors are from these 

aspects so one of these pathways has focused in this study. On the other hand, human 

behaviors such as perception, action, language, and emotion have been paid more 

attention in cognitive neural science. In this review study data has been gathered in a 

matrix that has been confirmed by these aspects. It tries to find the frequency of current 

researches in any of these branches of the research matrix. Some of these researches 

locate in at least situation in frequency. Nucleus Accumbens (NA) and Hippocampus 

have discussed in this way. This study try to classify recent studies in reward system 

and then suggest the approach for following studies. 
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Table 1. Human Common Sense and Cognitive Object Detection 

 Auditory Vision Touch Smell Gustatory 

Sensation  αx βy γz δt θh 

Perception αx-βy γz δt-θh 

Cognition αx-βy-γz-δt-θh 

Cognitive Code  αxβyγzδtθh 

During behaviors performance. The circuit includes the 

dopamine-containing neurons of the ventral tegmental area, 

the nucleus accumbens, and part of the prefrontal cortex (7).  

 

Reward System – Structure  

Many pathways have major roles in the reward system. The 

ventral tegmental area (VTA) is one of the important sites 

for releasing the neurotransmitter dopamine. Dopamine acts 

on D1 or D2 receptors to either stimulate (D1) or inhibit 

(D2) the production of cAMP. Ascending dopamine fibers 

from the VTA to the nucleus accumbens (NA) makes a 

portion of dopaminergic pathway and one of the major sites 

in the reward system.   

 

Hippocampus 

Hippocampus is located under the cerebral cortex (8) in the 

medial temporal lobe, underneath the cortical surface. It 

contains two main interlocking parts: Ammon's horn [2] and 

the dentate gyrus (9). The hippocampus integrates the 

effects of emotion and monetary reward on episodic 

memory encoding (10). So, the behavioral performance of 

hippocampal functions have been shown to be affected by 

reward (10, 11). 

 

Ventral Tegmental Area (VTA) 

VTA is located on the floor of the mesencephalon. It is the 

origin of the dopaminergic cell bodies of the 

mesocorticolimbic (12). As the PFC provides excitatory 

input to VTA, this region was hypothesized to be a key 

mediator of rhythmic neural activation in reward system 

(13). Both the NA shell and the posterior VTA are in the 

reward system (14). 

 

Amygdala 

They are almond-shaped groups of nuclei located deep and 

medially within the temporal lobes of the brain (15). There 

is some differences between the right and left amygdala for 

example according to some studies the right amygdala play 

its roles on negative or unpleasant emotions such as fear, 

anxiety, and sadness (16), but Other evidences suggest that 

the left amygdala plays the both negative and positive roles 

however the amygdala is a well-known reward-related brain 

region and is critical for reward expectations (17). 

 

Nucleus accumbens (NA) 

The nucleus accumbens is a region of the human brain in 

the basal forebrain rostral to the pre-optic area (18). The 

olfactory tubercle collectively and nucleus accumbens form 

the ventral striatum. This sites forms one of the most 

important parts of  the basal ganglia (19). Many researchers 

have indicated that the nucleus accumbens has an important 

role in pleasure including laughter, reward, and 

reinforcement learning, as well as fear, aggression, 

impulsivity, addiction, and the placebo effect (20-23). Both 

the posterior VTA and the NA shell are involved in the 

reward system (14). 

 

Pre-Frontal Cortex (PFC) 

The prefrontal cortex (PFC) is the thick outer layer (cerebral 

cortex) of the prefrontal lobe (the front portion of the frontal 

lobe) and contains Brodmann's areas 9, 10, 11(24). The 

prefrontal cortex (PFC) is a part of neuronal reward circuit 

involved in motivated and goal-directed behaviors (25). 

Some studies suggest that suppression of excitatory 

prefrontal cortex (PFC) networks via increased activity may 

enhance reward-related behavioral flexibilities (26). 

 

Reward System – Function  

Cognitive neural science structures develop from 

perception, action, language, and emotion (27-31). 

Perception 

Perception is considered to be the way you think about or 

understand someone or something, the ability to understand 

or notice something easily or the way that you notice or 

understand something using one of your senses (Miriam 

Webster’s, 2015). It begins from receptor cells that are 

sensitive by hearing, vision, somatic, olfactory, and 

gustatory receptors in neural system (32, 33). Our cognition 

involves input which in turn results from environment 

triggers (34, 35). ‘Perception involves "top-down" effects as 

well as the "bottom-up" process in neural system (36)’. ‘The 

"bottom-up" processing transforms low-level information 

to higher-level information. The "top-down" processing 

refers to a person's concept, expectations, and selective 

mechanisms that influence perception. Perception depends 

on complex functions of the nervous system, but 

subjectively seems mostly effortless because this processing 

happens outside conscious awareness (34). 

 

Action 

Sensory-motor neural pathways represents brain functions 

in our behaviors. So it can be surveyed by some questions 

such as: “How does the brain determine behavioral goals?”, 

or “How does the voluntary actions plan to achieve those 

goals?” (12). Dickinson and Balleine have pointed out that 

‘both animals and humans make an action quickly and 

preferentially if the action is expected to provide a valuable 

reward’. It’s a key operational phrase in reward studies.  

Table 2. Neural Science Studies in Functional Literature and 

Anatomical Site 

Function 

Site 
Perception Action Emotion Language 

N# N# N# N# 

Hippocampus 7 49 15 2 

VTA 12 43 26 2 

Amygdala 18 78 52 5 

NA 12 88 46 3 

Prefrontal Cortex  14 72 43 4 

Column (N#) shows the numbers of researches. Rows 

include anatomical sites. Columns include functional 

aspects. 

Emotion  

The word "emotion" dates back to 1579. It‘s pointed to a 
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multidisciplinary neural system (38, 39). It can be briefed to 

both structural and functional aspects including: feeling, 

mood, and affecting (40). 

 

Language  

Language is a system of words or signs that people use to 

express thoughts and feelings to each other (Miriam 

Webster’s, 2015).  It communicates people by speaking, 

writing, or making signs (41, 42). It is also defined as the 

greatest skill and human beings highest achievement (43). 

 

Study Matrix 

According to this study, the reward system is in a 

dopaminergic pathway and has a component based complex 

structure including: Hippocampus, Ventral Tegmental Area 

(VTA), Nucleus Accumbens (NA), Amygdala, Prefrontal 

Cortex. The inclusion criteria included: English language 

sources from 2010 to 2014 in Google Scholar, and Highwire 

– stable accessible database in our context - by the search 

strings according to the both functional and anatomical site 

including: Reward AND Hippocampus, Ventral Tegmental 

Area, Nucleus Accumbens, and Prefr ontal Cortex; and 4 

search string pertaining to the functional aspects include: 

Reward AND Perception, Action, Emotion, and Language. 

The screening of the gathered articles has been done 

according to the accessibility to their databases. The final 

check for the inclusion articles has been done under the 

supervision of experts.  

Minimum studies have been done about NA and 

Hippocampus in Language (2 from 591) and Maximum 

studies have been done for NA-Action (88 from 591). In 

addition, according to functional categories, maximum 

studies had been done in Action (330 from 591) and 

minimum of them for Language (16 from 591) and 

according to anatomical category maximum of studies had 

been done in Amygdala (153 from 591) and minimum of 

them for Hippocampus (153 from 591). Table1 shows the 

frequency of studies and the references of them. 

 

Future Approach 

Because of wide variety pertaining to reward system both in 

functional aspect and anatomical site, this review classifies 

recent studies about reward systems in neuroscience 

literature by these axes and suggests an approach for future 

reward system researches. (Rational Unified Modeling) (44, 

45). 
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