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Abstract

Both neuroscientific and psychology methods are used to study and explain the active
neurons of the individuals' brain response when exposed to external stimuli. This study
analyses the relevance literature and investigates the neural correlates of emotion, rewards,
and motivation in the decision-making process, the emotional interactions between children,
adolescents, and ageing. It was reviewed the literature to explore if neuroscientific methods
provide accurate information about the role of emotion, reward, and motivation in decision-
making mechanisms. The findings showed that the amygdala, medial prefrontal cortex, and
ventromedial prefrontal cortex play a central role in processing of emotion which in turn
influence decision-making process. While individuals with lesion in the ventromedial
prefrontal cortex which is responsible for emotional responses toward risk, reward, and
decision-making are not good decision-makers. In addition, the prefrontal cortex plays central
role in approach and withdrawal motivational, whereby the right prefrontal cortex associated
with withdrawal behavior and the left prefrontal cortex associated with approach behavior.
Keywords: Neuroscientific, Psychology, Neuroscience, Reward, Motivation, Emotion
Interactions, Decision-Making, Age.

Introduction

Over the years, researchers and scientists were sought to explore what is inside
individuals' brains and what they are thinking of (Alsharif, Salleh, Baharun, & Safaei, 2020), to
determine the subtle centers in the brain, which in turn lead them to make decisions. But with
advent and advances of neuroscience tools, the study of individuals' brains has become
increasingly significant (Alsharif et al., 2021), neuroscientific studies have shown that
emotional processes such as emotions and feelings have highly impact on consumer
behaviour (i.e., decision-making) not as was believed before. Feelings are relatively
considered as conscious aspect of emotional states, such as the level of pleasure or
unpleasure. At the same time, emotions are relatively an unconscious/ automatic somatic
responses such as increase heart rate in a fighting/frightening condition and sweating (Dolcos
& Denkova, 2014; Siddharthan et al., 2018), which is significant to decision-making, learning,
and problem solving (Gordon, 2006). There are several techniques to measure/record
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emotions (e.g., pupil dilation, sweating, neuroimaging techniques, ECG, breathing, and facial
expressions) and feelings (e.g., self-report, survey, interviews, and focus groups).

In this study, we will focus on an unconscious aspect of emotional processes such as
emotion. No doubt, the nature of emotion is still hotly debated (Alsharif, Salleh, & Baharun,
2021; Barrett, 2017). For example, Ekman (2003) pointed out each emotion has a specific
function which allows us to adapt to certain contexts. Additionally, supporters of " basic
emotions" (i.e., fear, anger, sadness, disgust, joy, and surprise) pointed out that each one of
those basic emotion has originated from a specific part of the brain with valence across
species (Ekman, 1999; Tracy & Randles, 2011). On the other side, the supporters of the
"constructionist" assumed that the primary/basic emotions as a set of categories which do
not create from their own concerned neural units, but they are constructed from a
combination of activity in the brain which leads to psychological functions (e.g., memory and
sensory perception) (Lisa Feldman Barrett, 2013). The concept of emotion has been described
in a varied way by different authors, according to the theory they followed. For instance, F.
Dolcos et al. (2019) proposed the definition of emotion as the individual's tendency to create,
maintain, or terminate a relationship with the environment or with others (Frijda, 1986).
According to (Damasio, 2003) neuroscience defined emotion as the set of physiological and
brain changes as a resultant of the human responses based on the perceptions of human.

The emotions correspond with an individual’s state, allowing for the emotional

evaluation of the event, and because of this, the basic emotions are relatively constant for
each individual (Lazarus, 2006). Therefore, the processing of emotional information can be
both automatic, i.e., high emotional stimuli, and amendable, i.e., low emotional stimuli
(Vuilleumier, 2005). It has found the activity in the amygdala (AMY) as a response to
emotional stimuli; however, the medial prefrontal cortex (mPFC) and the ventromedial
prefrontal cortex (vmPFC) associated with higher-level processing of emotion. In addition, it
had shown amendable of emotional processes by attention when the attention resources
were more available, besides, more time to perform the task (Shafer, lordan, Cabeza, &
Dolcos, 2011). Hence, emotions trigger a set of behavioral (e.g., run), physiological (e.g.,
sweat), and cognitive responses (e.g., evaluation of the event), and these changes allow an
individual to deal with an event appropriately (Patrizia Cherubino et al., 2019a). Therefore,
emotions provide an explanation of individuals' reactions, verbal reports, and conscious
experiences (Kajic et al., 2019). Although we do not exactly realize the degree of our attraction
or aversion toward something, the emotional signs provide feedback in our unconscious mind
to quick and acceptable responses toward these things (e.g., people, pictures, ads, products,
and so forth), where the acquired emotional signs from previous experiments led us for
approaching or avoidance behaviour (Adolphs, 2017). However, there is a consensus on the
two dimensions for measuring emotions: Arousal and Valence (Alsharif et al., 2021). Valence
refers to either positivity or negativity responses such as please or unpleasure, respectively.
Arousal refers to either high or low emotional arousal such as surprised and calmness,
consecutively (Dolcos et al., 2019).
This research differs from review papers related to emotional processes in terms of this study
discusses the vital role of emotion in influencing the decision-making process, the somatic
sign hypothesis, the influence of rewards on emotion interactions, and individual differences
in emotion interactions. To this end, this study tries to incorporate as many directions as
possible, where popular research topics are investigated deeply based on their respective
sub-domains to achieve a precise, concrete, and concise conclusion.
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Emotional Regions in the Brain

The neural substrates of emotions are distinguished of various famous discoveries,
beginning with the exploration of the hypothalamus by the drawing of the Papez-circuit, and
emphasizing on the amygdala importance in emotional reactions (Nabrady, 2005). The vital
role of the amygdala in the processing of emotional functions and information has been
proven by Jacobs et al (2012), thereby, the amygdala processes incoming emotional
information and carries out automatic, unconscious, rapid emotional responses (Dolan &
Vuilleumier, 2003; Montazeribarforoushi, Keshavarzsaleh, & Ramsgy, 2017; Ohman, Carlsson,
Lundgvist, & Ingvar, 2007). In fact, the most important regions in the human brain when we
are going to talk about emotions are the amygdala and hippocampus in the limbic system.
The limbic system is considered as a middle layer of the brain and associated with controlling
feelings of pleasure and pain. Wherein the amygdala plays a central role in responding to
stimuli, while the hippocampus associated with memory creation in the short- and long-term
(Chow et al., 2018; Montazeribarforoushi et al., 2017; Papez, 1937; Torrico & Abdijadid,
2019). Therefore, this system is explaining the stimulus based on previous experience,
thereby, give us guidelines on how ca deal with it. Consequently, it will determine if we should
pay attention to the stimuli, whether it is good for us or not, and whether we should approach
or avoidance (Genco, Pohlmann, & Steidl, 2013).

Sensory
Thalamus

| ShorRowe
1

Emotional Stimulus Emotional Responses

Fig. 1. Long and Short Route of the Emotional Responses (LeDoux, 1998).

LeDoux (1998) stated the model of flow information through the human brain goes to
the amygdala by either the short or the long route (Figure 1) (Simson, 2010). For example,
when we exposed to the stimulus, the stimulus goes to the sensory thalamus, then take either
short route for quick reactions or long route for previous memories, then arrive to the
amygdala, in turn, send emotional responses. In danger or frighten condition, individuals’
reactions will take the short route to the amygdala which leads to some physiological changes
such as sweating, increased heart rate, then prevent an individual to take this dangerous way.
Thereafter, it will be sent information to AMY through the long-route to access memories in
order to evaluate the situation and give a more informed response, this explains why we jump
from our seats during watch horror film and after moments we realise there is no real danger.
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Naturally, the emotional flow demonstrates that our cognition is the last shelter which our
brain resort to interpret and react to stimuli (Ramsoy, 2014; Simson, 2010).

Decision Making Processes

Many models and theories aimed to understand the making-decision process, through
qualitative or quantitative research methods. Over time, market research has been focused
on qualitative methods because researchers believe maybe these methods can help to reveal
consumers' perceptions and motivations in decision-making processes (Eser, Isin, & Tolon,
2011). According to (Page, 2012), the consumers do not fully realize what lead them in taking
a particular decision, and it has discovered that the making-decision process is more
complicated than we had realised. This lead to infer that several factors impact making-
decision processes as instinctive factors which have evolved from prior experiences. In the
same sense, it is challenging to forecast these instinctive factors by traditional methods,
thereby, neuroscience, neuromarketing, and psychology can give valuable add in determining
these factors.

In the 1970s and 1980s, researchers began to reveal some decision-making methods,
as studies were developed, indicating that the consumer might or not be involved in decision-
making before the actual buying action, wherein this was explained through the lack of
relevant information or override some important information by consumers because some
consumers do not have enough experience to take a decision (Harrison, Waite, & White,
2006). Daniel Kahneman has conducted some valuable research in decision making process
in the brain in order to determine how consumers make decisions, it has concluded that
people are not rational decision-makers, but instead, he used the term "bounded rationality".
It has invented a brilliant model (system 1 and system 2) of making-decision mechanisms in
the brain (Table 1). Accordingly, Kahneman won the Nobel Prize in 2002 for integrating the
advances in psychological research with economic science and analyzed the complexity of
individuals’ thinking during making-decisions. This Kahneman’s model is considered as the
foundation to understanding the bias processes in the traditional marketing processes such
as interviews, questionnaires, and focus groups and why neuromarketing emerged as an
alternative. Traditional marketing studies have relied on "system 2" which supposed the
rationality consumer - can describe their needs accurately and why to choose these specific
products and services over others. On the contrary, neuromarketing has relied on
neuroimaging tools which have proven the irrationality of the consumer in making-decisions,
i.e., system 1; thereby, provide new insights to understand how and why consumer respond
toward marketing stimuli and interact with markets (Kahneman, 2011).

Table 1.The Model of Decision-Making in the Human Brain.

System 1 System 2
Fast Slow

High Capacity Low Capacity
Unconscious Conscious
Implicit Explicit

Low Effort High Effort
Automatic Controlled

Source: Adopted by Kahneman (2011).
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The decision-making model can be deemed as the form of problem recognition and
problem-solving as depicted in Figure 2 illustrates that each stage in the model has a
corresponding internal psychological process. Therefore, when we move to the second stage
the way of motivation to solve a problem occurs, usually influences the following stages of
the process (Belch & Belch, 2007).

Stages in the Consumer Decision Making Process

Post-
Purchase
Evaluation

Problem Information Alternative Purchase

Recognition s Search Bl Evaluation e Decision

Corresponding Internal Psychological Processes

Fig. 2. Basic Model of Decision Making (Belch & Belch, 2007).

That led to infer that the decision-making process is not only relying on economic or rational
factors but also interactive with emotion, cognition, environment and social factors (Vermaak
& de Klerk, 2017). Therefore, there are essential factors which are playing a vital role in
decision-making processes such as emotions, motivation, reward. That is the reason for
orienting towards emotional studies (Agarwal, 2015; Hu & Nasiry, 2018).

Approach and Withdrawal Motivation

Motivational and emotional processes are closely connected to each other (Lang &
Bradley, 2008). Motivational processes play a vital role in influencing the cognition and
consumer behaviour (e.g., decision-making) (Chiew & Braver, 2011; Pessoa, 2013). Unlike
emotional processes, motivational process is driving force that is orienting consumers to
engage in action/task, thereby, achieve their goals (Luiz Pessoa, 2009). Motivational state can
drive emotion, attention, and their interactions (Luiz Pessoa, 2014; Raymond, 2009). Similar
to the dimensions of valence, it has been used approach and withdrawal behaviour as
dimensions of motivations (Cherubino et al., 2019b; Higgins, 1998). Therefore, marketers and
advertisers have to well-study the consumer’s motivational processes to direct the marketing
mix to the target audience effectively (Bahrabad & Farrokhian, 2017).

Contemporarily, researchers attempt to investigate brain activity signals correlated
with an increase of emotional processes during the interaction with stimuli (Langleben et al.,
2009; Vecchiato et al., 2010). The literature findings showed that the frontal cortex (FC) and
prefrontal cortex (PFC) regions play a central role in emotional processing activity in the
individual brain (Amthor, 2016; Davidson & Irwin, 1999). According to asymmetry of the PFC
structurally and functionally, the PFC play a vital role in generating emotions (Davidson, 2000).
The experiment has been conducted to examine the role of PFC in approach and withdrawal
motivational, and emotion by using the EEG technique. The findings showed that the anterior
cerebral hemispheres play a central role in approach and withdrawal motivational and
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emotions, wherein the right PFC connected with withdrawal behavior (Davidson, 2004),while
the left PFC is linked with approach behavior (Cherubino et al., 2015; Davidson, 2004).

The Impact of Rewards and Risk on the Emotional Interactions

It is important to know the brain regions that are triggered during attractive reward
elements such as money (Knutson et al., 2001), food (Berridge, 1996), and social interactions
(Lehner et al., 2017). Some studies have shown that incentives or positive reinforcement (i.e.,
gaining monetary or other forms of reward for correct performance) improve accuracy at task
(Gilbert & Fiez, 2004) and performance in cognitive tasks by modulating early attentional
processes (Anderson, 2016; Krawczyk, Gazzaley, & D'Esposito, 2007). For example, when the
visual features of a stimulus are linked to a reward finding/outcome, they acquire high priority
and can automatically grab visual attention (Anderson, Laurent, & Yantis, 2013). In addition,
design of product or brand preference can active the reward system in the individuals’ brain,
which might trigger the motivations and therefore, influence individuals’ decisions (P.
Cherubino et al., 2019). Most evidence regarding emotion-attention interactions benefits
from the impact of negative and positive emotional information, produced by motivational
stimuli, wherein positive motivation is deemed as an effective method to urges and
sustain/maintain goals, for example, when the individuals have been told that they will
receive a reward for correct performance or when they expect a future reward (Chiew &
Braver, 2016). Similar to negative emotional motivation, rewards can contribute to distraction
if these rewards have not corresponded with the task at hand (Brian August Anderson et al.,
2013). But most studies focused on the individual’s response to monetary rewards through
approaching or avoidance behaviour (Case & Olino, 2020; Knutson et al., 2001).

From behavioural standpoint, Bechara, Damasio, and Damasio (1994) have divided the
lowa Gambling Task into two categories: (i) healthy participants, and (ii) participants with
lesion in the ventromedial prefrontal cortex, which is responsible for emotional responses to
risk, reward, and decision making. The experiment was required participants to choose
repeatedly from four cards, wherein two cards include wins monetary and two other cards
include losses monetary, as depicted in Figure 3 (Antoine Bechara & Damasio, 2005). Antoine
Bechara and Damasio (2005) conducted the experiment to measure the emotional arousal of
participants by using the galvanic skin response tool. In the case of normal participants, it has
been noticed that the participants will begin to pick beneficial cards up from “Good” decks
which include wins. While the participants with lesion sought to choose cards regardless if
decks "Good" or "Bad" (Case & Olino, 2020). The findings illustrated that the healthy
participants have experienced a negative emotional response (i.e., sweating) which was
warned them to picking up cards from the 'Bad decks'. On the opposite side of the spectrum,
participants with damage in the ventromedial prefrontal cortex have not showed any changes
on galvanic skin response tool whether they have chosen "Good" or "Bad" decks (Antoine
Bechara & Damasio, 2005). In addition, the findings showed that the reward process has
highly effect decision-making process which related to reward and risk (Antoine Bechara &
Damasio, 2005; Antoine Bechara, Damasio, Tranel, & Damasio, 1997; Maia & McClelland,
2004).
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‘Bad” decks “Good"decks
Gain per card $100 $100 $50 $50
Loss per 10 cards $1250 $1250 $250 $250
Net per 10 cards -5250 -$250 +$250 +3250

Fig. 3. The lowa Gambling Task (Antoine Bechara & Damasio, 2005).

From neuroscientific standpoint, the activation in striatum which is located in the
basal ganglia is related to the reward process activation by stimuli. The key functions of
striatum (i.e., control movements and planning) play a central role in the rewards system,
while striatum components (i.e., putamen, caudate nucleus, and nucleus accumbens) have a
vital role in evaluating or consumer’s expectations compared to actual rewards received
(Knutson & Wimmer, 2007; Padmala & Pessoa, 2011) and the influence of social interactions
on the striatum regions (Fliessbach et al., 2007; Lehner et al.,, 2017). Even the ventral
tegmental area is part of the reward system, which neurotransmitter dopamine to other brain
regions, enabling the modulation of decision-making and affecting in goal-seeking behaviour
(Fields et al., 2007; Padmala & Pessoa, 2011). Several neuroimaging studies, Galvan (2010);
Geier, Terwilliger, Teslovich, Velanova, and Luna (2010) have used the fMRI technique to test
individual developmental changes in the striatum, a region implicated in reward processing.
The findings showed that the ventral striatum region plays a vital role of reward anticipation
in individuals.

The Differences in Emotional Interactions among Individuals
Childhood and Adolescence

Numerous researchers have studied the emotional interactions related to age,
whether facial expressions or emotional words. Most studies focused on childhood (5-12
years old), adolescence (13-18 years old), and adult (19-28 years old). For example, emotional
Go/No Go task, it has found that adolescents showed the greater interaction with negative
emotional conditions compared with neutral and positive emotional conditions (Cohen-
Gilbert & Thomas, 2013), and with fear faces compared with happy faces in an emotional
Flanker task (Grose-Fifer, Rodrigues, Hoover, & Zottoli, 2013). Consequently, adolescents are
more likely to show preferential processing for emotional information, wherein it has
supposed that the underlying reasons are increased exposure to emotional distractors and
emotional disorders (Nelson et al., 2005).

Hare et al (2008) conducted a similar experiment using a neuroimaging technique such
as magnetic resonance imaging (MRI); it has found that the increase in the amygdala
activation in adolescence brain compared with children and adults, thereby, the rise in the
amygdala activation and decrease in the ventrolateral prefrontal cortex activation was
positively associated with target stimuli whether the fear or happy face, besides, the power
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connectivity of the amygdala and ventrolateral prefrontal cortex was linked to greater
habituation of the amygdala activity to fearful faces targets in adolescence. Functional
neuroimaging of emotion in young people has shown the recruitment of the same neural
substrates in the amygdala-hippocampus complex, the inferior temporal lobe and anterior
cingulate cortex (Vasa et al.,, 2011). However, subtle differences exist when comparing
patterns of activation with adults, including greater the amygdala activation and more wide-
spread activation during the encoding of emotional information (Nelson et al., 2003).
Together, these studies suggest that emotional interactions undergo important maturational
changes in childhood and adolescence.

Ageing

Ageing is not only associated with diseases but also with relatively high levels of
emotional well-being. There is numerous evidence that supports the relationship between
ageing and positivity effects on emotions, attention, memory, and perceptions, where older
adults tend to pay more attention toward positive information and diminish negative
information processing (Mather, 2016). Therefore, the preference of positive information by
older adults is driven by identifying their priorities, which are based on present and related to
emotion and satisfaction, which in turn enhance their well-being (Reed & Carstensen, 2012).
That means there is a difference in emotional processing between childhood, adolescence,
and older adult, which allows an older adult to treat emotional challenges automatically
(Dolcos, Katsumi, & Dixon, 2014); consequently, emotional interactions of age differences
indicate to relatively recorded mechanisms in the amygdala and enhanced mechanisms in the
prefrontal cortex.

Conclusion
Implications of the research findings for theory and practice: The study thus concentrated on
the variables of the neuromarketing field that influence consumer behaviour and play a key
role in making a decision of consumers; Thereby, understanding the cognitive (e.g., attention
and memory) and emotional (e.g., emotion) will aid advertisers, marketers, and even
government and social initiatives to deal with needs of young adult and old people
appropriately. Therefore, this will help advertisers, marketers, and government to create
more effective social advertising campaigns for example but not limited to public health
advertisements (anti-smoking campaigns) and social initiatives(e.g., the awareness of using a
seat belt in the car and donation for poor people).
General Conclusion: Neuroscientific studies have proven that most decision-making is based
primarily on emotional and not rational processing of information; consequently, emotional
processes plays a vital role in influencing decision-making. For instance, a reward can
contribute to distractions of emotion-attention if it does not correspond with the concerned
task; besides, it had also found that the amygdala, medial prefrontal cortex, and ventromedial
prefrontal cortex play a central role in processing of emotion which in turn influence decision-
making process. While individuals with lesion in the ventromedial prefrontal cortex which
responsible for emotional responses toward risk, reward, and decision-making are not good
decision-makers. Motivational processes (e.g., approach and withdrawal behaviour) are
playing a central role of decision-making, wherein motivational processes considered as the
direction force that orient individuals in the task to accomplish their goals.

Also, it has found greater interaction by adolescents more than children and adults
toward negative emotional conditions compared with neutral and positive in emotional
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Go/No-go task, and with the fear faces compared with happy faces in an emotional Flanker
task. The reason may be adolescents exposed to greater emotional distractors and emotional
disorders. This study contributes to the clear vision towards the importance of emotion
through the critical study of the influence of emotion on decision-making and age. By
neuroscience and psychology, researchers can study the responses of emotion to external
stimuli; thereby, provide worthwhile information for researchers and scientists to satisfy the
actual individuals' needs. So, this upcoming field should be focused on improving the general
understanding of individuals' decision making and correct arbitrary assumptions by a few
researchers or practitioners. Thus, it should use neuroscience and psychology to improve the
well-being of society and people.
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