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Abstract 
 
Measuring brain activity during the completion of cognitive tasks allows for 

conclusions about the perception, thinking and feeling of individuals. For many sciences, 
neuroscientific methods provide new opportunities to empirically consolidate theoretical 
constructs. In leadership research, neuroscience contributes to the clarification of whether and 
how successful leaders differ from less successful ones, how a leader’s social influence 
impacts subordinates, and what the neurophysiological basis of leadership competences is. 
The present paper summarises, organizes, and discusses current findings of neuroscientific-
oriented leadership research. Based on this research we derived a framework that helps to 
develop this vital field from a patchwork approach to a more structured picture. 

 
Introduction 

 
Amongst other things, human brain activity during the solution of exercises is 

measured in neuroscientific studies. With the use of contemporary instruments and methods, 
temporal and spatial neuronal processes can be localised so that it can be determined which 
brain areas contribute to the solution of an exercise. By linking this knowledge, networks and 
structures in the brain can be identified whose activation allows us to make conclusions about 
the thinking and feeling of a person. This aspect is probably the reason for the huge public 
interest and the “neuro“ boom of recent years that led not only to a multitude of academic and 
popular scientific papers but also to the foundation of numerous new subdisciplines that often 
adorn themselves with the prefix “neuro“.  

The neuroscientific approach opens up the possibility to empirically test theoretical 
constructs and relations important for the social sciences. In leadership research, this approach 
has become very popular too although the results gained from neurosocial experiments are so 
far rarely of practical importance and are mainly conducted to impress a scholarly audience. 
Moreover, neuroscientific results in the field of leadership appear very fragmented and are 
poorly connected to one another. Therefore, these findings seem to represent a confusing 
jigsaw puzzle with only very small pieces of valuable results. What still remains, is to find 
corner and edge pieces or similar larger blocks giving neuroleadership research a framework 
to align to. 

The main scope of this article is to answer the question of what neuroscience 
contributes to leadership research and if there are any common trends and topics in 
neuroleadership research. Therefore, we establish a framework that can be used to structure 
empirical results of neuroscientific studies in the field of leadership. Furthermore, we 
integrate empirical results and provide an overview of those brain areas that have been proven 
to impact leaders and leadership behaviour.  

1 
 

mailto:robert.rybnicek@uni-graz.at


A framework for structuring neuroscientific results in the field of leadership 
 
For this purpose, we conducted an explorative literature-survey on neuroscientific 

experiments relevant for the field of leadership. Studies were only included in the survey 1) if 
they were published in peer reviewed journals, 2) if the reported effect sizes on brain areas are 
relevant for leadership tasks and 3) if they had work-related study designs. Given our goal of 
presenting an overview of MR and EEG studies on leadership, the PsycINFO database (from 
2000 to 2013) was searched using the keywords neuroleadership, neuromanagement, 
neuronal activation in leaders respectively managers, neuroscience and leadership 
respectively management, and brain activation and leadership respectively management. This 
search produced 58 articles. Theoretical articles and reviews as well as articles not published 
in peer reviewed journals were excluded. Studies were further excluded if they did not report 
effect sizes on relevant brain areas and if their study design was not work-related. These 
exclusion criteria lead to a final set of 31 studies that are reviewed in our literature-survey. 

In leadership research we can primarily distinguish between the leaders on the one 
hand and their subordinates on the other. This insight is not very surprising at all but it is a 
useful detail to start with as it gives us the outline of our model when structuring 
neuroscientific results. Taking this as a basis we investigated which questions are mainly 
addressed by neuroleadership studies and thereby focus either on leaders or on subordinates.  

Our in-depth literature survey reveals that studies focusing directly on leaders are very 
rare but those that do so focus mainly on the following question: What are the neuroscientific 
correlates of skills and competences relevant to leaders? Referring to our framework we will 
add “skills and competences” as a main field for structuring neuroleadership research.  

In reference to the studies which focus on co-workers, employees or subordinates we 
identified another very interesting question for recent and future leadership research. This 
question refers to the neurophysiological activity that occurs in the brain of the subordinates 
when they experience social influence from their leaders. Hence another main field of our 
model is determined by “social influence”. 

However, when analysing the existing studies we came across another important 
aspect that is not covered by the previous two questions. In this last aspect the focus is on the 
brains of both the leaders and their subordinates. It is about whether successful leaders can be 
neurophysiologically distinguished from less successful ones. Even though there are no 
results for leaders themselves available at the moment, this question is just for this purpose of 
great interest. 

If we combine these aspects into a model, the two opposite sides – leaders and 
subordinates – provide the outline. On this outline we can determine three layers that structure 
recent neuroscientific literature and provide a pattern for future research: 1. Findings that 
contribute to the clarification of what the neurophysiological correlates of competences and 
skills relevant for leaders are. 2. Findings that contribute to the question of if and how 
successful leaders neurophysiologically differ from less successful ones. 3. Findings that 
contribute to answer the question of which neurophysiological processes are activated in 
subordinates when they experience social influence from their leader. 

 
Figure 1. A framework for structuring neuroscientific results in the field of leadership 
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Figure 1 illustrates the proposed model. The top of the pyramid is the competences and 
skills of leaders. As the pyramid also indicates, there are only a small number of studies that 
investigate these on a neurophysiological basis. The level beneath is about the question of 
whether it is possible to distinguish successful and less successful leaders on a 
neurophysiological level. This question can be analysed with respect to the leaders or the 
subordinates, for which reason it is located at the intersection of the two sides of the 
framework. The third level merges all studies that investigate the social influence of the 
leaders on their subordinates. Most neuroleadership studies can be assigned to this level. This 
may be caused by the fact that subordinates are often easier than leaders to recruit for 
research. The pyramidal form does not only reflect the number of studies that can be 
summarised for the purpose of this article. The form also suggests that these three levels 
cannot be seen as independent categories. They strongly relate to each other and are somehow 
constitutive and sometimes even overlapping. 

 
Literature review of empirical findings 

 
Referring to our model and in regard to our literature review we are able to provide a 

well-structured overview of empirical results on neuroscientific research in the field of 
leadership and thus can answer the question what neuroscience contributes to leadership 
research. However, it needs to be mentioned that within our review we focus purely on 
studies using neuroimaging methods (e.g. EEG, MRI). Although there is certainly a merit in 
the use of neuroimaging methods, there are also potential problems to consider. First, most 
studies rely on very small and selected (student) samples. Thus, the statistical significance of 
the results needs to be interpreted with caution. Until now, only a small number of studies 
exist in which actual leaders have been examined. Second, so far hardly any studies have been 
replicated, which might be a threat to the validity of their results. Finally, neuroimaging 
methods are often combined with high costs and are thus only available for certain 
researchers, which might reduce the study results’ generality. 

Neuroscientific studies in leadership research do not only include neuroimaging 
studies but also comprise studies focusing on hormones and genes. As already stated earlier in 
the current review we solely focus on neuroimaging studies. The reason for that is simple. 
Studies inspecting the relevance of hormones in leadership setting are rather rare and mainly 
present inconsistent findings on the relationship between testosterone and dominant 
leadership [1]. The same holds true for genetic studies. The few existing studies state that 
taking charge of leading positions has a heritability factor [2] and that the covariance of 
transformational behaviour and taking charge of leading positions has common genetic 
factors [3]. To this end, there are simply too few studies on the relevance of genetic or 
hormonal influences in the leadership to provide a summary. This is the main reason why 
these will not be mentioned within the current paper.  

 
How do successful leaders differ from less successful ones 

Two different approaches can be taken when it is discussed how successful leaders 
differ from less successful ones on a neuroscientific level. On the one hand, it is possible to 
compare the brain activity of successful leaders to less successful ones. So far no research 
findings exist on this first approach. On the other hand, neurophysiological reactions of 
subordinates to successful versus less successful leaders can be compared. Various research 
findings are based on this second approach.  

For instance, Rule et al. [4] studied the brain activity of subordinates that had to look at 
faces of very successful and less successful managers (classified according to the Fortune 
1000 ranking). Subordinates were not informed about the fact that the faces belonged to 
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leaders with varying levels of success. As a distraction task, they had to judge the presented 
faces according to their facial symmetry. At the end of the experiment, study participants 
rated the leadership competences of the managers whose faces were presented. At the sight of 
the manager’s faces a strong activity in the amygdala was mostly observed; successful 
managers and successfully perceived managers provoked more brain activity in general and 
lead to higher activation in the left amygdala in particular. It has to be emphasized that this 
distinct activation pattern was maintained even if the facial attractiveness was controlled.  

The amygdala plays a crucial role in emotional judgments and is activated during the 
perception of affect-accented stimulation such as social and emotional stimuli [e.g., 5]. Based 
on these findings Rule et al. [4] summarised that successful managers evoke higher brain 
activity, which is possibly induced by their dominant and powerful facial expression. For 
instance Rule et al. [4] found that when looking at the face of a successful leader the superior 
temporal gyrus is activated. The superior temporal gyrus plays an important role in the 
inspection of dominant facial expressions. Accordingly, Chiao et al. [6] showed that when 
looking at dominant faces a particular neuronal pattern of cerebral excitation is activated, 
including the right lingual gyrus and the above-mentioned (right) superior temporal gyrus. 
Both brain structures are strongly linked to the amygdala and play an important role when 
handling specific aspects of human faces (e.g. viewing direction) or when expecting intended 
movements [e.g., 7]. Furthermore, looking at dominant faces activates the right insula which, 
as a part of the paralimbic structure, is involved when adapting to affective processes and 
when avoiding risky situations [6]. Based on the findings above, it can be summarised that 
when looking at successful leaders neuronal structures are involved that play a crucial role in 
decoding dominant facial expressions. Moreover, experienced dominance activates 
neurophysiological processes which are associated with risk avoidance.  

Leaders are attributed a position-related dominance which gives them the opportunity 
to guide and lead others through behaviour, ideas, and beliefs. Dominance is seen as an 
indicator of hierarchical status, which is higher for leaders than for subordinates [8]. 
Individual dominance orientation and hierarchical status are commonly intercorrelated. Thus, 
neuroanatomic structures which are activated during the perception of dominance – like the 
ventromedial prefrontal cortex (VMPFC; [9]) – should also be sensitive to the perception of a 
person’s hierarchical status. Recently, this assumption was examined by Cloutier et al. [10] 
who confronted study participants in an fMRI experiment with individuals who differed 
regarding their financial and moral status. High financial status was operationalised by an 
annual income of more than 125,000 dollars whereas low status was operationalised by an 
annual income of maximum 40,000 dollars. Moral status was operationalised by occupational 
fields: Jobs like paparazzi or managers of hedge funds were considered as examples for low 
moral status, whereas neurologists or inventors of alternative energies were regarded as 
morally high-rated jobs.  

Cloutier et al.’s [10] findings show that while rating the financial status the 
intraparietal sulcus (IPS) reacted in a sensitive way whereas while rating the moral status the 
VMPFC reacted sensitively: High financial status led to lower activation in the right IPS, 
whereas high moral status led to stronger activity in the VMPFC. If the neuroscientific 
findings on financial and moral status are combined with the above-described findings on 
dominant facial expressions, it can be concluded that processing information on facial 
expression-induced dominance and social status lead to neuronal activation in similar areas – 
namely in the VMPFC. However, the activation in the VMPFC seems to be moderated by the 
type of social status: Activation in the VMPFC only occurs when the moral status of a person 
is observed.  

The fact that different forms of social status generate different neuronal activation is 
perhaps down to the fact that they are based on different processes. For instance Chiao et al. 
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[11] showed that the parietal cortex in general and the IPS in particular are activated if the 
status of two individuals is compared. Consequently, the IPS seems to be involved in the 
cognitive processing of status information and in creating a hierarchy. This is consistent with 
findings which show that the IPS is involved in the processing of symbolic information as 
well as in the interpretation of other’s intentions [e.g., 12]. 

In contrast, the VMPFC seems to play an important role when hierarchical positions 
are judged affectively [9]. Thus, Marsh et al. [13] allude that stronger activity in the VMPFC 
occurs if individuals with higher status are judged. This is consistent with findings showing 
that the VMPFC is among other things relevant for processing emotional and motivational 
information of the personal surrounding [14]. If the own social status is compared to that of 
another person and the own status is perceived as similarly high then an activation in the 
ventral striatum can be found [15]. Since the ventral striatum is primarily involved in the 
processing, initiation and implementation of reward-related behaviour [16] the perception of a 
comparatively high status could be regarded as a form of reward.  

In summary, current findings show that successful and less successful leaders and 
individuals with higher and respectively lower status provoke differential neurophysiological 
patterns. Differences in activation patterns are primarily seen in the amygdala, the VMPFC 
and the IPS. These different activation patterns come along with a more dominant effect of 
successful managers and with individuals having a higher social status. Success and social 
status might be communicated by means of facial expression. 

 
Leaders and their social influence on subordinates 

Commonly, leaders use their social influence to lead their subordinates which in 
consequence leads to certain neuronal processes in the subordinates’ brain. In leadership 
research probably one of the most researched approaches of social influence is the concept of 
charismatic and transformational leadership. Charismatic leaders use values and motives 
important to their subordinates to influence them and to achieve outstanding performance 
[17]. Leaders do not only influence the behaviour of others but also impact their brain 
activity. This has been demonstrated by Schjoedt et al. [18] who provided their study 
participants with spoken messages. These were read out loud by religious leaders that differed 
regarding their charisma (high, middle and low charisma). In fact, the speakers were neither 
religious leaders nor did they differ in any other features relevant for the study. Before the 
voices of the speakers could be heard, the study participants were informed that they were 
going to listen to a highly, medium or respectively to a little charismatic leader. The 
behavioural plausibility check confirmed that the study participants attributed the expected 
level of charisma to the particular leader. Additionally, the sample was classified into more 
religious and less religious subordinates, based on their frequency of praying. 

The neurophysiological findings by Schjoedt et al. [18] showed that in the group of 
religious subordinates a specific neuronal pattern was deactivated which was activated in less 
religious subordinates. Especially in brain areas, which are involved in attentional processes 
(e.g. superior parietal lobe), in working memory (e.g. central executive; dorsolateral 
prefrontal cortex) as well as in processing social interactions (e.g. temporoparietal junction), 
enormous deactivation occurred when listening to highly charismatic versus less charismatic 
leaders. From these findings, two conclusions can be drawn: First, it seems as if leaders who 
are perceived to be charismatic deactivate neuronal structures in their subordinates that are 
important for attentional processes and working memory. Second, the specific neuronal effect 
of charismatic leader occurs only if subordinates trust and believe their leaders.  

The interaction between leaders and employees is not only affected by charisma but 
also by the interpersonal relationship. In the leader-member-exchange approach the trade-off 
between employees and leaders comes to the forefront [19]. Boyatzis et al. [20] proved 
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evidence that the perceived quality of the leader-subordinate-relationship can be depicted 
neurophysiologically. Subordinates had to remember situations in which their boss acted 
positively, supportively and when their boss acted negatively, obstructively towards them. 
Study participants verbalised and recorded the statements of their boss they remembered. As 
part of the fMRI study the participants had to listen to the recorded statements that reflected 
positive (i.e. resonant) and negative (i.e. dissonant) relationships. Neurophysiologically it 
could be observed that in negative and dissonant employee-leader-relationships neural 
patterns were activated that are important for cognitive avoidance (e.g. left superior temporal 
gyrus), negative emotions (e.g. anterior cingulate cortex) and reduced attention as well as low 
empathy (e.g. posterior cingulate cortex). If employees described their relationship to the boss 
in a positive way, neural patterns were activated which are relevant in interacting with other 
persons (e.g. the social cognitive network) and in perceiving positive affects (parts of the 
limbic system). Summing up, the quality of the employee-leader-relationship activates 
neuronal processes and patterns in employees that can take on social cognitively but also 
emotionally supportive (in positive relationships) or obstructive (in negative relationships) 
effects.  

Leaders can influence their subordinates in various ways. Providing reward for good 
behaviour or performance is probably one of the most common ways to do so. A study 
conducted by Lin et al. [21] shows that financial reward and social reward (the smile of a 
person who says supporting words) has a similar neurophysiological basis. Both activate the 
medial orbitofrontal cortex, a structure primarily involved in processing reward stimuli [22]. 
Neurophysiologically speaking, financial and social rewards are compatible to a certain 
extent. However, it has to be added that in anticipating financial and social reward gender 
differences appear. Spreckelmeyer et al. [23] alluded that in men a broader neuronal network 
is activated if financial instead of social reward is anticipated, whereas  in women both brain 
areas are similarly activated.   

Related to the question which neurophysiological processes are activated if 
subordinates experience social influence it can be summarised that religious charismatic 
leaders provoke a deactivation of brain areas that are primarily involved in attentional 
processes and goal-directed information processes. Furthermore, negative leader-subordinate-
relationships lead to neurophysiological stimulation in employees, which comes along with 
cognitive avoidance, negative emotion, reduced attention and less empathy. In turn, financial 
and social reward should positively affect the brain activity of employees.  

 
Neuroscientific correlates of leadership skills and competences 

There is no doubt about the importance of successful interpersonal communication in 
leadership settings. Research offers numerous findings on the neurophysiological correlates of 
interpersonal communication relevant for leadership settings. In the following section 
findings are only discussed if they describe the brain activity of individuals that actively 
influence others (acting individuals) whereas in the previous section neuronal processes of 
individuals reacting to leaders (e.g. employees) were discussed. Due to the low number of 
neurophysiological studies including samples of leaders, studies based on non-leader samples 
were also included. 

The ability to take another person’s perspective is certainly very important in any 
subordinate-leader-relationship. Neurophysiologically this ability is often linked to the Theory 
of Mind. The Theory of Mind refers to the ability of perceiving another person’s feeling [24], 
in other words to perceive and understand another person’s wishes, intentions, emotions, 
states of consciousness or thoughts and to differentiate these feelings from one’s own feeling. 
According to Carrington and Bailey [24] when empathically taking another person’s 
perspective regions of the medial prefrontal cortex, orbitofrontal cortex, temporoparietal 
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gyrus and anterior as well as paracingulate cortex are involved. Empirical findings show that 
the specific Theory of Mind network is activated if a person imagines to live through the 
feelings of another person [25], if individuals rate the cooperative intentions of their 
counterparts [e.g., 26], or if they weigh up strategies to overpower their counterpart by 
arguing [27].  

 The specific build-up of trustful relationships can also be very important for the long-
term success of leaders. The conscious decision to trust another person is strongly influenced 
by the other person’s facial expression [28] and mostly entails activation of the amygdala and 
the VMPFC [29]. A lower stimulation of the amygdala indicates less intensive perception of 
affects, i.e. less fear of betrayal, and is associated with a higher attribution of trust. In contrast, 
the VMPFC, especially its frontal pole, seems to play an important role if future advantages 
of a trustful relationship are considered [e.g., 30]. Neurophysiologically, the perception of 
interpersonal trust activates structures that are linked to the Theory of Mind network 
(especially dorsomedial prefrontal cortex and temporoparietal gyrus; [31, 32]). This is seen as 
evidence that the ability to trust another person and taking another person’s perspective are 
neurophysiologically built on common ground (further findings are offered by Rilling & 
Sanfey [33]).  

Mutual trust is also a guideline of transformational leadership. Transformational 
leaders are able to motivate employees through, inter alia, attractive visions, common goals, 
individual support, or role model function [17]. First findings show that low and high 
transformational leaders can be differentiated neurophysiologically. In an EEG study using 
resting EEG (eyes closed) Balthazard et al. [34] showed that strong and weak 
transformational leaders differ especially in the prefrontal and frontal cortex, but also in the 
temporal, central, parietal and occipital areas of the cortex. The authors interpret the stronger 
activation of the (pre-)frontal cortex in transformational leaders as evidence for their better 
planning competencies, emotion regulation and strategic competences. This interpretation is 
based on findings which show that frontal brain areas are strongly involved in processes of 
the central executive respectively the working memory [35]. Furthermore, the activation of 
the frontal brain lobe corresponds with the effective handling of one’s own emotions and 
others’ emotions [e.g., 36]. Strong and weak transformational leaders do not only show 
different stimulation intensity in specific brain areas but also show diverging quality of 
neurophysiological signals. Thus, Balthazard et al. [34] suggest that strong and weak 
transformational leaders differ in their amplitude asymmetry, coherence, and phase lock 
duration. The above-mentioned findings as well as findings showing that vision-oriented 
communication activates neuronal patterns [37] offer first evidence that even complex and 
multilayer constructs like transformational leadership can be depicted in very specific brain 
areas.  

Decision making is another one of the central tasks of leaders. With respect to the 
neurophysiological basis of decision making processes, a number of findings can be quoted 
(for a more detailed description see Rilling & Sanfey [33]). Decision making in social 
situations involves neuronal structures. On the one hand, the VMPFC (especially the frontal 
pole), which is involved in rating long-term decision advantages [38], regulating decision-
complicating emotions (e.g. uncertainty and ambiguity), and perceiving as well as abstracting 
rewards through charitable decisions [39], plays an important role. As a function of certain 
situational conditions other areas of the prefrontal cortex are also involved in the process of 
decision making. It seems that the activation of the dorsolateral prefrontal cortex comes along 
with efforts to ignore egoistical decision impulses (e.g. to oppress unfair behaviour; [40]), 
whereas the ventrolateral prefrontal cortex is activated if unfair behaviour of the counterpart is 
altered [41]. In contrast, the dorsomedia prefrontal cortex seems to primarily play a role if it 
has to be decided whether the counterpart is given trust [30]. Moreover, three further 
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structures have special meaning in social decision making: First, the dorsal anterior cingulate 
cortex functions as social alarm system that reacts to norm violations [42]. Second, the 
amygdala seems to play a role in the context of decisions especially in experiencing injustice 
[43] and last, the anterior insula is important when considering altruistic and reconciliatory 
decisions [44].  

When reviewing neurophysiological correlates of leader behaviour, it must be noted 
that the Theory of Mind network as well as the VMPFC play an important role. Both 
correspond with empathy, trust building actions and with social decision making. Referring to 
the prefrontal cortex it can be summarised that strong and weak transformational leaders 
differ regarding their brain activation. 

 
Conclusion and outlook 

 
The use of neuroscientific methods in leadership research is, without doubt, a recent 

trend. However, it has already shown that central aspects of leadership can be depicted in 
neuroanatomical structures and networks. Current findings give evidence that successful and 
less successful leaders as well as persons high and low in status can be distinguished using 
neurophysiological methods. Secondly, recent findings show that leaders can activate 
neurophysiological networks in their subordinates through influence (e.g. by a charismatic 
appearance). Furthermore, they show that the skills and competences relevant for leadership – 
like taking an empathetic perspective or the ability to make decisions – are based on distinct 
neurophysiological processes. 

Although these findings give interesting insights, they are fragmented and 
uncoordinated. They are tiny pieces of a larger jigsaw puzzle for which, so far, neither the 
frame pieces nor the corner pieces, which define the overall picture, are known. Therefore, it 
was necessary to build a framework for structuring neuroleadership research that helps to 
present a comprehensive overview about recent empirical neuroleadership research and 
develop this interesting field from patchwork into a more structured approach. This will 
enable significant contributions to leadership research to be made. 

Nevertheless, neuroscience seems to be irresistibly entering leadership research – as 
well as other non-specialist branches of science. Some people are already talking about 
“neuromania“ and, without doubt, sceptical questions need to be proposed. What is the actual 
added-value of a study in which activated brain areas are colourfully dyed except for the 
sometimes surprising finding that everyone actually has a brain? Isn’t it way too easy and 
uncritical to break down social actions into more or less primitive neurophysiological 
processes respectively to reduce the human being to synapses and neurons? Are simple 
experiments appropriate to depict the complex phenomena of leadership and can serious 
scientific findings actually be derived from such a small sample? In order to obtain an added-
value for leadership research on the basis of neuroscientific methods, it is necessary to discuss 
these and address further ethical questions in depth, before jumping to conclusions.  
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