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Searching for the

THE NEUROBIOLOGY OF DECISION-MAKING

“Proceed to checkout?” or “Delete items 
in cart?” We face a multitude of decisions 
every day— while these choices may seem 
simple, they in fact involve an extensive 
connectome with coordination of the brain’s 
billions of neurons. Emotions, ethical values, 
and facts are some of the many variables 
mediated by this extensive network. Much of 
what is understood about these mechanisms 
originated from the idea of three brains. 

!ree Brains: An Outdated but Compelling 
Model

!e Triune brain model, developed by 
Paul D. MacLean in the 1960s, proposes that 
the three regions of the brain concerning 
higher-order thinking, emotional responses, 
and instinctive behavior evolved separately.1 
One region deemed the “reptilian brain” 
is considered the oldest layer of the brain 
believed to control instinctive behavior in 
humans1. While this model has been modi#ed 
due to an emerging understanding of the 
integrated evolutionary processes of the brain, 
the concept remains pertinent to the study of 
the subconscious mind for decision-making.2

 
To Buy or Not to Buy: How this Choice is Made

!e neuroscience of decision-making 
is still ongoing and many cortical regions of 
the brain have shown to play a role in this 
process. But, three crucial pathways have been 
identi#ed: 1) the hippocampus-prefrontal 
cortex, 2) the amygdala and ventromedial 
prefrontal cortex, and 3) the mesolimbic 
tracts. 

!e Hippocampus and Prefrontal Cortex 
One area of extensive study focuses on 

the functions of the prefrontal cortex (PFC) 
and the hippocampus, the brain regions 
involved in reasoning and conversion of 
short to long-term memory, respectively. A 
proposed representation for decision-making 

focuses on an algorithmic model with four 
steps.3 In the #rst step, hippocampal neurons 
are excited by sensory stimuli. Secondary 
stimulation of the hippocampus then follows 
with the production of a neural response 
integrating both sets of stimuli. In the third 
step, this information is sent to the PFC, 
where retrieval of additional information 
from the hippocampus is performed. The 
retrieval of additional information depends 
on active feedback from other regions of the 
brain in which this input is used to determine 
the necessity of context information.4 !e 
proposed last step entails a controlling 
process mediated by the PFC and subcortical 
brain regions in the production of decisions 
that re'ects preferences.5 !e output of this 
information 'ows in this closed-loop system.3

 
!e Amygdala 

The amygdala i s a gray matter brain 
structure that integrates emotional responses, 
especially in the #ght or 'ight response. !e 
amygdala is pivotal to decision-making in the 

brain’s “impulsive system,” the brain’s system 
involved in associating emotional responses 
with immediate outcomes. !ese outcomes are 
associated with the understood phenomena 
of “winning” and “losing.”4 Additional 
studies have shown that the amygdala is an 
active brain region when choices re'ecting 
winning (enhanced monetary reward) and 
losing (monetary loss and regret) are made.5 

!e idea is that without proper evaluation of 
stimuli that represent reward (ex. money) 
by the amygdala, the emotional information 
that would be gained during proper mental 
evaluation of these stimuli can’t guide 
decisions in the future. !ese #ndings have 
been corroborated by studies with patients 
with amygdala lesions in which certain types 
of decision-making, such as those made under 
risk, have been impaired.

!e amygdala works in conjunction with 
the ventromedial prefrontal cortex (vmPFC), 
a highly developed brain region that is 
crucial for emotional regulation. Speci#cally, 
the vmPFC is thought to be involved in 

Figure 1: A diagram of the prefrontal cortex, hippocampus and amygdala. 
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integration of information, including that 
from the “impulsive system” of the brain.4

Dopamine and the Mesolimbic System
Dopamine is a neurotransmitter, a 

chemical messenger of the brain, involved in 
movement control and reward processing. 
Two major dopaminergic pathways, the 
mesolimbic and mesocortical pathways, have 
known critical functions in decision-making.3

The mesolimbic pathway is involved 
in motivational behavior, meaning that 
it functions to deal with rewards. This 
pathway begins in the ventral tegmental area 
(VTA), a dopamine-rich midbrain structure 
projecting to several brain regions like the 
nucleus accumbens (NAc). !e NAc is where 
dopamine mediates feelings of pleasure. 
!us, dopamine projected in this pathway 
helps drive behaviors related to pleasurable 
stimuli through positive reinforcement.2 

Speci#cally, this form of learning is mediated 
by the dopamine response, a calculation 
that the brain uses to assess the di)erence 
between the actual reward and the anticipated 
reward. !ese calculations help the brain form 
predictions about certain stimuli, and these 
predictions in'uence decision-making.

The mesocortical pathway has 
dopaminergic projections from the VTA to 
the medial prefrontal cortex (mPFC), a region 
critical for executive functioning and goal-
directed behaviors.1 !is pathway is crucial 
for learning and memory and its importance 
is exhibited through studies examining 
di)erential activation due to disorders of the 
brain such as ADHD and Parkinson’s Disease. 
In these two disorders, executive functioning 
concerning behaviors such as planning and 

attention management—both of which are 
critical to decision-making—are impaired.1

Continued Research
A myriad of studies on decision-making 

in the brain have investigated these processes 
in particular contexts focused on the 
neural mechanisms of risk evaluation and 
reward anticipation and identifying brain 
regions involved in behaviors concerning 
calculations, judgements, and perceived loss 
and reward.6 For instance, studies focusing 
on the orbitofrontal cortex, a region of the 
PFC that is highly developed in primates, 
suggested that this region represents stimuli 
during decision-making in a way that 

combines information both from working 
and long-term memory.7 In combining past 
and current information, the brain appears 
to make decisions prior to the presentation 
of novel stimuli. Processes such as these may 
explain phenomena relating to personal 
preference.

Hitting the Buy Button: Neuroeconomics
Neuroeconomics is an interdisciplinary 

#eld that explains human decision-making 
through the application of neuroscience tools 
to economic models. A classic example of 
neuroeconomics is demonstrated through 
the ultimatum game where two participants 
interact anonymously in a “take-it-or-leave-
it” negotiation setup.8 In this experiment, 
the first player proposes how to divide 
some money with the second player; if this 
proposal is rejected by the second player, 
neither player gets anything. But, if the second 
player accepts, the money is divided as such.9 

Economic theory suggests that the second 
player, regardless of the amount of money 
o)ered, should take the deal and be satis#ed, 
since it is better to end up with even a small 
sum of money rather than none. But studies 
have shown that the brain does not follow 
these predictions. Building o) this model, a 
University of Arizona study focused on this 
game and used data from functional magnetic 
resonance imaging (fMRI) scans that track 
blood flow to specific brain regions, thus 
allowing for the examination of regional brain 
activity. !e anterior insula, a part of the brain 
involved in negative emotions such as disgust, 
and PFC were examined. !e results indicated 
that as o)ers in the ultimatum game became 

increasingly unfair, the activity of the anterior 
insula increased while the PFC remained 
active as the situation was being assessed.10 

Studies such as these illuminate how decisions 
can be largely emotionally-driven despite the 
notion that humans are viewed as rational 
creatures. 

A subfield of neuroeconomics, 
neuromarketing, focuses on understanding 
the brain’s decision-making mechanisms to 
gain insight on customer preferences and 
motivations. The underlying assumption 
of neuromarketing is that all human 
feelings and all aspects of consciousness are 
products of neural activity. !e predominant 
techniques used in this #eld of study are brain 
scanning and physiological tracking, which 
measure neural activity and eye movement, 
respectively.11 

!ere are many facets of neuromarketing 
that focus on a variety of topics that range 
from understanding how to elicit speci#c 
emotional responses, the e)ects of di)erent 
advertising mediums, and brand design 
elements. 

Results from a 2019 study exploring 
consumer neuroscience and marketing 
communications indicate that pathos-
oriented messages prompting individuals to 
“act, share, promise, or challenge” were more 
e)ective than those with a logos appeal.12 

Additionally, a 2017 study focused on the 
relationship between audiovisual advertising–
induced emotional responses and memory.13 
Six basic emotions were represented through 
appropriate audiovisual messages, and cardiac 
electrical activity responses were recorded. A 
questionnaire documented disparities in the 
actual message transmitted and the perceived 
“suggested memory.” !e results showed that 
messages conveying sadness resonated best 
with participants.13 Together, these studies 
represent one focus of neuromarketing 
research—understanding how to elicit 
particular emotional responses that in'uence 
decision-making at the consumer level. 

Due to neuromarketing’s focus on 
human behavior, an ethical concern is the 
potential for manipulation, especially at the 
subconscious level. Despite these concerns, 
many professionals in the field support 
neuromarketing endeavors since no “buy 
button” part of the brain has been found. In 
fact, because there are many factors involved 

Figure 2: A representation of the ultimatum 
game. The quantitative values display 
hypothetical ways of splitting a sum of money.

FEATURES



74               Berkeley Scienti!c Journal  |  SPRING 2023

1. Triune Brain. Triune Brain - an 
overview | ScienceDirect Topics. 
(n.d.). Retrieved February 27, 2023, 
from https://www.sciencedirect.
com/topics/neuroscience/triune-
brain

2. Yale School of Medicine. (2008, 
September 15). A theory abandoned 
but still compelling. Yale School of 
Medicine. Retrieved February 27, 
2023, from https://medicine.yale.
edu/news/yale-medicine-magazine/
article/a-theory-abandoned-but 
still-compelling/

3. Saberi Moghadam, S., Samsami 
Khodadad, F., & Khazaeinezhad, 
V. (2019). An algorithmic model of 
decision making in the human brain. 
Basic and clinical neuroscience. 
Retrieved February 27, 2023, 
fromhttps://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7149951/

4. Weilbächer, R. A., & Gluth, S. (2016, 
December 29). The interplay of 
hippocampus and ventromedial 
prefrontal cortex in memory-based 
decision making. Brain sciences. 
Retrieved March 13, 2023, from 

https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5297293/

5. XJ;, W. (n.d.). Decision making in 
recurrent neuronal circuits. Neuron. 
Retrieved February 27, 2023, from 
https://pubmed.ncbi.nlm.nih.
gov/18957215/

6. Guo, Z., Chen, J., Liu, S., Li, Y., Sun, 
B., & Gao, Z. (2013, December 15). 
Brain areas activated by uncertain 
reward-based decision-making 
in Healthy Volunteers. Neural 
regeneration research. Retrieved 
March 13, 2023, fromhttps://www.
ncbi.nlm.nih.gov/pmc/articles/
PMC4145940/#ref6

7. Nogueira, R., Abolafia, J. M., 
Drugowitsch, J., Balaguer-Ballester, 
E., Sanchez-Vives, M. V., & Moreno-
Bote, R. (2017, March 24). Lateral 
orbitofrontal cortex anticipates 
choices and integrates prior with 
current information. Nature News. 
Retrieved March 13,2023, from 
https://www.nature.com/articles/
ncomms14823

8. Ultimatum game. Ultimatum Game 
- an overview | ScienceDirect Topics. 
(n.d.). Retrieved March 13, 2023, 
from https://www.sciencedirect.
c o m / t o p i c s / n e u r o s c i e n c e /
ultimatum-game#:~:text=!e%20
Ultimatum%20Game%2C%20
introduced%20by,a%20game%20
xactly%20one%20time

9. Ultimatum game. (n.d.). Retrieved 
March 13, 2023, fromhttps://www.
cs.mcgill.ca/~rwest/wikispeedia/
wpcd/wp/u/Ultimatum_game.htm

10. Decisions and desire. Harvard 
Business Review. (2014, August 
1). Retrieved April 27,2023, from 
https://hbr.org/2006/01/decisions-
and-desire

11. Admin. (2019, November 29). 
Neuromarketing and subliminal 
p e r c e p t i o n  p h e n o m e n o n . 
N e u r o s c i e n c e .  R e t r i e v e d 
March 27, 2023, fromhttps://
w w w. n e u r o s c i e n c e . o r g . u k /
neuromarket ing-subl iminal-
perception-phenomenon/

12. Neuromarketing: A new avatar in 
branding and advertisement. (n.d.). 
Retrieved March27, 2023, from 
http://www.pbr.co.in/2019/2019_
month/october/6.pdf

13. Baraybar-Fernández, A., Baños-
González, M., Barquero-Pérez, 
Ó., Goya-Esteban, R., & de-la-
Morena-Gómez, A. (1970, January 
1). Evaluación de las respuestas 
emocionales a la publicidad 
televisiva desde el neuromarketing. 
Comunicar. Retrieved March 
27, 2023, from https://www.
revistacomunicar.com/index.

REFERENCES

in decision-making, many researchers posit 
that human behavior is di+cult to predict, let 
alone manipulate.14 In other words, insights 
gained from isolated neuromarketing 
research do not provide the necessary data to 
substantially in'uence consumer decision-
making. In spite of these sentiments, it is no 
secret that companies such as Microso, and 
Google use neuromarketing strategies. While 
the e)ectiveness of these targeted strategies is 
di+cult to assess, the concern is how far these 
companies will go to #nd the “buy button” of 
the brain. 
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