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Pérez Centeno, Víctor, Merging neuroscience technologies in entrepreneurship
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University of Oulu Graduate School; University of Oulu, Faculty of Technology
Acta Univ. Oul. C 845, 2022
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Despite the fact that the field of entrepreneurship has evolved from examining words and deeds to
attitudes and beliefs and, more recently, neurological processes, there is a lack of a comprehensive
theoretical framework that facilitates the scientific use and exploitation of neuroscience
technologies and methods for the advancement of entrepreneurship research. As a result, this study
addresses for the first time, at the intersection of the fields of neuroscience and entrepreneurship,
how neuroscience technologies could aid the advancement of entrepreneurship research. This
question is approached from four different angles. First, we will assess the current state of the art
in brain-driven entrepreneurship research (Article 1). Second, analyse and identify the best
neuroscience technologies and methods for entrepreneurship research (Article 2). Third,
developing an experimental design that could be used in entrepreneurship research (Article 3), and
finally, using electroencephalography technology (EEG) and the event-related potential method
(ERP) to investigate the relationship between emotions and decision-making (Article 4). The
findings demonstrate the importance of incorporating neuroscience technologies, specifically
EEG and ERP, into entrepreneurship research in terms of data quality and depth of analysis. This
study also reveals a methodological and empirical foundation for integrating neuroscience
technologies into any relevant theme of entrepreneurship research. Also, the results of this
research could be used to find new ways to support and improve entrepreneurial performance that
are based on neuroscience.

Keywords: brain-driven entrepreneurship, emotions, entrepreneurial cognition,
entrepreneurial decision making, entrepreneurial enhancement, entrepreneurial
neuroscience, entrepreneurship, neuro-technologies, neuroentrepreneurship





Pérez Centeno, Víctor, Neurotiedeteknologioiden hyödyntäminen yrittäjyystut-
kimuksessa. 
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Tiivistelmä

Huolimatta siitä, että yrittäjyys on kehittynyt sanojen ja tekojen tutkimisesta asenteisiin ja usko-
muksiin, sekä viime aikoina myös neurologisiin prosesseihin, siitä puuttuu kattava teoreettinen
viitekehys, joka helpottaisi neurotieteen teknologioiden ja menetelmien tieteellistä käyttöä ja
hyödyntämistä. Tämän seurauksena tämä tutkimus käsittelee ensimmäistä kertaa neurotieteen ja
yrittäjyyden kenttien risteyksessä, kuinka neurotieteen teknologiat voisivat edistää yrittäjyystut-
kimuksen edistymistä. Tätä kysymystä lähestytään neljästä eri näkökulmasta. Ensin arvioimme
aivovetoisen yrittäjyyden tutkimuksen nykytilannetta (Artikkeli 1). Toiseksi analysoimme ja
tunnistamme parhaat neurotieteen tekniikat ja menetelmät yrittäjyyden tutkimukseen (Artikkeli
2). Kolmanneksi käsittelemme kokeellisen suunnittelun kehittämisen, jota voitaisiin käyttää yrit-
täjyystutkimuksessa (Artikkeli 3), ja lopuksi EEG-teknologian ja ERP-menetelmän käyttäminen
tunteiden ja päätöksenteon välisen suhteen tutkimiseen (Artikkeli 4). Löydökset osoittavat, että
on tärkeää sisällyttää neurotieteen teknologiat, erityisesti EEG ja ERP, yrittäjyystutkimukseen
tiedon laadun ja analyysin syvyyden kannalta. Tämä tutkimus paljastaa myös metodologisen ja
empiirisen perustan neurotieteen tekniikoiden integroimiseksi mihin tahansa asiaankuuluvaan
yrittäjyystutkimuksen teemaan. Lisäksi tämän tutkimuksen tuloksia voidaan käyttää tunnistamaan
uusia neurotieteeseen perustuvia mekanismeja yrittäjyyden edistämiseksi ja parantamiseksi.

Asiasanat: aivovetoinen yrittäjyys, neuroteknologiat, neuroyrittäjyys, tunteet,
yrittäjyyden edistäminen, yrittäjyys, yrittäjyyshermotiede, yrittäjyyskognitio,
yrittäjähenkinen päätöksenteko
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BRE Brain-driven entrepreneurship research 

BT Brain training 

EEG Electroencephalography 

ERP Event-related potentials 

fMRI Functional Magnetic Image Resonance 
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tDCS Transcranial Direct Current Stimulation 

TMS Transcranial Magnetic Stimulation 

NIRS Near infrared Spectroscopy 

NF Neurofeedback 

fNIRS Functional Near infrared Spectroscopy 

EPN Early Posterior Negativity 

LPP Late Positive Potential 

LPC Late Positive Complex 

N100 A negative deflection peaking between 90 and 200 msec after the 

onset of the stimulus is observed when an unexpected stimulus is 

presented. 

N200 Is a negative deflection peaking at about 200 msec after the 

presentation of the stimulus. 

N300 A recent finding in the context of semantic congruity and 

expectancy. 

N400 It is a negative wave first described in the context of semantic 

incongruity, 300–600 msec post-stimulus 

N450 It is related to stimulus conflict, or an abstract level of conflict 

processing.  
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1 Introduction 

The brain is becoming the focus of attention in the game for higher human 

performance (Pérez-Centeno, 2017). To get an edge in research on the human brain, 

the US and continental organisations such as the European Union have launched 

large-scale initiatives like the White House BRAIN Initiative (Weiss, 2013) and the 

Human Brain Project (EU) (Amunts et al., 2016). 

Moreover, the use of neuroscience research methods and technologies, the 

discipline that examines the structure and function of the brain, has rapidly spread 

to disciplines such as marketing (Gala & Gligor, 2022), education (Privitera, 2021), 

management (Laureiro-Martinez, 2017) and leadership (Waldman, Balthazard, & 

Peterson, 2011). 

This move has been acknowledged by entrepreneurship scholars (Article I; de 

Holan, 2014; Krueger & Welpe, 2014; Shane, Drover, Clingingsmith, & Cerf, 

2020), but it has not progressed at the same velocity because the knowledge and 

expertise required to incorporate a neuroscientific approach in the field is not 

available at traditional business schools (Article I). 

Entrepreneurship scholars are trained to deal with data collected through 

conventional research approaches like surveys, interviews, and case studies 

(McDonald, Gan, Fraser, Oke, & Anderson, 2015), but they are neither equipped to 

obtain and process objective measures from the entrepreneur’s brain nor to use this 

evidence to elucidate new mechanisms to boost the entrepreneur’s cognitive 

capabilities. These are key brain-based skills for any entrepreneur as they are 

required for knowledge acquisition, information processing, and reasoning (Kiely, 

2014). 

This study asserts that our understanding of the entrepreneurial brain can be 

advanced through the incorporation of neuroscience research methods and neuro-

technologies like electroencephalography (EEG) because these technologies permit 

a profound degree of assessment of any appropriate research topic (Article I). For 

instance, EEG could represent a unique opportunity to ask questions that could not 

be answered before, to test questions that could not even be thought to have been 

asked before, and to test questions in a better way to get better answers (Krueger & 

Welpe, 2014). 

To facilitate the transition from a conventional to a brain-driven research 

paradigm in the field, this study has produced a set of four articles that guide a 

thorough amalgamation of neuroscientific methods and EEG into entrepreneurship 

research. 
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1.1 Background and research environment 

This research envisions the fusion of two disciplines: neuroscience and 

entrepreneurship. Neuroscientists investigate the brain and its influence on 

behaviour, and cognitive functions (Kandel, Schwartz, & Jessell, 2000), and 

entrepreneurship scholars aim to comprehend the entrepreneurial act while 

recognizing the entrepreneur’s critical role as a human being capable of creating, 

learning, and influencing the environment (Bruyat & Julien, 2001). In both 

definitions, the brain is the common source of research interest simply because any 

expression of entrepreneurial behaviour originates in the entrepreneur’s brain. 

Current entrepreneurship research is rather dominated by retrospective, self-

reporting, and correlational research methods (Hsu, Simmons, & Wieland, 2017), 

mostly surveys (McDonald et al., 2015). These methodologies have assisted the 

advancement of the field, but they lack the assistance of neuroscience technologies 

that hold the strength to assess entrepreneurial behaviour at a brain level. 

More concretely, the exploration of entrepreneurship from a brain-driven 

perspective arises as a new and promising research stream in entrepreneurship. 

Instead of examining the verbalisation of thinking as a mechanism to see what is 

going on in the mind, neuroscientific tools examine the mind itself as it is doing 

something, as it is being done elsewhere (de Holan, 2014). Neuroscience methods 

and technologies could contribute to entrepreneurship research in various ways 

(Nicolaou & Shane, 2014). For example, it enables the analysis of what happens in 

the brain of a person without having to ask, therefore avoiding the issues of 

confusion, desirability, or outright lies (Cela-Conde et al., 2004).  

Neuroscience technologies could improve our understanding (Blair, 2010; 

Krueger & Welpe, 2014) of the many facets of entrepreneurial practice (de Holan, 

2014), help us to understand how entrepreneurs think (Mitchell et al., 2007), and 

even complement issues about the biology of entrepreneurship (Nicolaou & Shane, 

2014).  

The research potential of neuroscience is vast, broad, and not limited to the 

topics of decision-making (Schade, 2005), game theory, perceptions, emotions, and 

affect (de Holan, 2014). 

Questions such as: what happens in the brain of an entrepreneur that allows 

him to recognise an opportunity? Is the functioning of the entrepreneur’s brain 

superior? Is success in entrepreneurship related to the entrepreneur’s capacity to 

recognise an opportunity? Is successful entrepreneurship linked to an 

entrepreneur’s superior ability? Can these capacities be developed? (Hoskisson, 
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Covin, Volberda, & Johnson, 2011) can be better answered with neuroscientific 

tools, and the answers may change the way the entrepreneur and the entrepreneurial 

process are seen, opening up the room for the discovery of fresh evidence that can 

be incorporated into classrooms (de Holan, 2014). 

If what is needed is to advance the degree of depth in the analysis of 

entrepreneurial behaviour and entrepreneurs as such, one cannot afford to keep 

ignoring the foundational micro antecedents of any human decision and action: the 

brain (de Holan, 2014) and the neuroscience technologies that may make feasible 

a deeper exploration of it. Henceforth, there is a strong reason to build the 

methodological foundations for using neuroscience technologies in 

entrepreneurship research, as well as to use them on real entrepreneurship-related 

issues. 

1.2 Objectives and scope  

The major motivation for this study lies in the elucidation of a comprehensive 

framework to enable the use of neuroscience technologies in entrepreneurship 

research in light of mitigating the existing methodological (Omorede, Thorgren, & 

Wincent, 2015) and theory-building constraints faced in the field (Hsu et al., 2017). 

The need to explore how such a brain-driven research approach could be 

engineered for the advancement of entrepreneurship research is examined through 

a neurotechnology known as EEG. This new level of assessment requires 

conceptualisation and embedding in a methodological framework equipped to 

measure how well the concept works in practice. In this setting, the research 

problem of this dissertation is drawn as: 

Understanding the current status of brain-driven entrepreneurship research, 

exploring which neuroscience technologies and which methodological framework 

are appropriate to assist the advancement of entrepreneurship research, 

particularly focusing on probing the strength of electroencephalography (EEG) to 

examine the role of emotions and decision-making in entrepreneurship. 

The research problem has been envisioned from four complementary 

perspectives (Figure 1), which can be framed as questions:  

1. What is the state-of-the-art on the issue of brain-driven entrepreneurship 

research? 

2. Which are the most appropriate neuroscience technologies and methods for the 

investigation of entrepreneurship? 
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3. What kinds of experimental design principles should be considered in 

entrepreneurship research in the context of a brain-driven research approach? 

4. What is the role of entrepreneurial intention in the association between 

emotion-word stimuli and decision-making? 

Each of these four viewpoints refers to an individual original study. The research 

problem is therefore narrowed into four research questions (RQs), as presented in 

Table 1. Each of the original studies pursues answers to one of the research 

questions, and each research question adds value to the whole formed by the thesis. 

Three of the individual publications are book chapters, and one is an original study 

in a scientific periodical. The main contributions of each article and the synthesis 

of the formed whole are presented in this dissertation. 

The four research questions each provide a contribution to the whole research 

problem, and they are all interrelated. Figure 1 shows the positioning of the articles 

and the research questions in the context of the logic of this dissertation. Each 

article can be seen to fill its research gap, and altogether they answer the core 

research question of this dissertation. 

Table 1. Research questions and an overview of original studies. 

Article RQ# RQ Article title Publication 

I RQ1 What is the state-of-the-art on 

the issue of brain-driven 

entrepreneurship research? 

Brain-driven 

entrepreneurship research: A 

review and research agenda 

Handbook of Research 

Methodologies and Design 

in Neuroentrepreneurship  

(JUFO 3) 

II RQ2 Which are the most 

appropriate neuroscience 

technologies and methods for 

the investigation of 

entrepreneurship? 

Which tool should I use? 

Neuroscience technologies 

for brain-driven 

entrepreneurship 

researchers  

Handbook of Research 

Methodologies and Design 

in Neuroentrepreneurship 

(JUFO 3) 

III RQ3 What kinds of experimental 

design principles should be 

considered in 

entrepreneurship research in 

the context of a brain-driven 

research approach? 

 

Experimental methodological 

principles for 

entrepreneurship research 

using neuroscience 

techniques 

Handbook of Research 

Methodologies and Design 

in Neuroentrepreneurship 

(JUFO 3) 
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Article RQ# RQ Article title Publication 

IV RQ4 What is the role of 

entrepreneurial intention on 

the association between 

emotion-word stimuli and 

decision-making? 

The Role of entrepreneurial 

intention on the association 

between emotion-word 

stimuli and decision-making: 

An Event-Related Potential 

study 

Submitted for publication 

(JUFO 3)  

 

Fig. 1. Sequential structure of the dissertation. 

The first original study describes the current state-of-the-art in what concerns brain-

driven entrepreneurship research and underlines a comprehensive agenda for future 

enquiry in this emerging field. The second original study explores the whole range 

of available neuroscience technologies and identifies the most appropriate ones for 

the assessment of entrepreneurs and entrepreneurial behaviour. The third original 

study focuses on building a tailor-made experimental methodology for the 

examination of any area of entrepreneurship. The fourth original study synergises 

the findings of prior articles to empirically test the strength of EEG and the 

developed methodology in emotions and decision-making. The articles’ main 
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contribution is to develop and test a methodological framework for using 

neuroscience technologies, especially EEG, in entrepreneurship research. 

1.3 Research process and dissertation structure 

The research elements considered in this dissertation are described in terms of the 

onion model (Saunders, Lewis, & Thornhill, 2007). Saunders’ research onion 

approach is a proper tool for reflecting widely about a research methodology that 

encompasses a range of choices that transit from high-level and philosophical to 

tactical and practical. Its functionality lies in its ductility for any type of research 

methodology, and it can be applied in a diversity of contexts (Bryman, 2016). 

The onion model is made of five layers: research philosophy, research approach, 

research strategies, research choice, and research time horizon. 

The research philosophy, the outermost layer, sets the stage for the research 

process and decides the method which is adopted as the research approach in the 

second layer. In the third layer, the research strategy is chosen, and the fourth layer 

clarifies the time horizon. Lastly, the fifth layer concerns the data collection 

methodology. Figure 2 depicts the methodological choices made in this dissertation. 

 

Fig. 2. Methodological choices made in this dissertation. 
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1.3.1 Philosophies and approaches 

A research philosophy refers to the set of beliefs regarding the nature of the reality 

being investigated (Bryman, 2016) whereas a research approach is the broader 

method chosen in an investigation: inductive or deductive. It’s pivotal to identify 

the research approach as it guides the decisions regarding data collection and 

analysis in the study. 

Scientific research requires positioning itself in terms of its epistemological 

and ontological angle. Establishing the theoretical paradigms of the research is 

important because it enables a researcher to reach philosophical clarity on key 

questions such as: how can one believe and know reality based on scientific 

research (Lancaster, 2005), how can one trust and know the scientific reality, and 

how could one consider as scientific the knowledge found? It is also relevant to 

underline high ethical standards to avoid abuses of research objects or unethical 

academic acts (Lancaster, 2005). 

Ontology explains the reality in which studied phenomena are understood to 

exist and how they relate to this reality. In scientific research, ontological 

preconceptions regarding the nature of the studied topics are typical. Ontology 

helps researchers recognise how certain they can be about the nature and existence 

of objects they are researching, whether the reality is objective or subjective. 

Ontology digs into the formal, explicit specification of a shared conceptualisation 

(Studer, Benjamins, & Fensel, 1998). 

The two pillars of ontology are objectivism and subjectivism. Objectivism is a 

position that implies that research is based on facts, it views phenomena as 

independent of social actors. In contraposition, subjectivism views people as 

operators who realise processes and values. As per subjectivism, social actors 

create events based on their observations, thus highlighting an individual’s 

experiences. The ontological positioning of this study lies somewhere in the middle 

of the ontological scale, more concretely, it fits the approach of pragmatism. 

As a research paradigm, pragmatism orients itself toward solving practical 

problems in the real world; that is, the elucidation of a practical solution. In a 

pragmatic approach, a researcher addresses the research question, investigates a 

phenomenon, or tests a theory with the most appropriate research method (Yvonne 

Feilzer, 2010) whether it is single-method, multiple methods, or a mix of methods 

(Tashakkori, Teddlie, & Teddlie, 1998). The aims of this research could be 

concretely pursued with mixed methods (Kaushik & Walsh, 2019) because they are 
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equipped to acquire a broader degree of understanding of the posed research 

problem. 

Epistemology is a theory that explains the nature of knowledge concerning the 

social world (Carson, Gilmore, Perry, & Gronhaug, 2001).  

An important aspect is the question of whether a natural science model of the 

research process, including principles, procedures, and philosophy, is suitable when 

studying the social world (Bryman & Bell, 2003). Epistemology can be viewed as 

embracing two unique sides: positivism and interpretivism. Positivism suggests 

that phenomena can be explained through causal relationships, whereas 

interpretivism seeks to understand phenomena through the eyes of those who are 

part of them. Positivism holds a strict focus on pure data and facts (Saunders et al., 

2007). Interpretivism is more sensitive towards individual meanings and 

contributions (Alharahsheh & Pius, 2020) 

To epistemologically articulate the studied phenomena, one must first 

understand the foundations of the issue and then analyse how it performs 

empirically. 

Therefore, epistemologically speaking, this study situates itself in between, 

because it seeks knowledge from both positivism and interpretivism perspectives. 

That is, combining a literature review, critical analysis (comprehension of 

phenomena), and experimentation (causal relationship), through the collection and 

analysis of both quantitative and qualitative data (Creswell & Clark, 2018) 

Once more, mixed methods fit the epistemological positioning of this research 

because they address both deductive and inductive forms of epistemological 

reasoning. One involves proving whether something is true (deduction), while the 

other uses ‘strong inference,’ also known as induction, to advance a proposition 

that is not yet known (Platt, 1964). 

The interplay of inductive and deductive forms of reasoning is key as it allows 

one to see their differences as polar comparisons, which makes thorough analysis 

easier (Kase, Slocum, & Zhang, 2011). 

1.3.2 Strategies and choices 

The research strategy describes how the researcher intends to carry out the work 

(Saunders et al., 2007) whereas the research choice helps to establish the suitability 

of a joint or individual application of a quantitative or qualitative methodology. 

This study revised the whole range of academic contributions related to the use of 

a brain-driven approach in entrepreneurship research. This was done to assure that, 
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in the research phase, the existing concepts are considered as well as the missing 

ones. 

The essence of the research focuses on creating new knowledge based on the 

research findings. Therefore, the research strategy applied a combination of a 

literature review, critical analysis of an experimental study, and the researcher’s 

understanding of the topics investigated in each article. 

In terms of choices, the onion approach entails mono-method, mixed-method, 

and multi-methods for undertaking research (Saunders et al., 2007). As the research 

topic addresses the elaboration and probing of a neuroscientific approach and 

neuroscience technology within the discipline of entrepreneurship, the mixed 

method was selected as it was considered to best fit the nature and aims of this 

study.  

The purpose of this study is to create an in-depth understanding of the status of 

brain-driven entrepreneurship research in the field as well as knowledge of how 

neuroscience technologies could be used to enhance the theoretical legitimacy of 

the field. The systematic exploration of the whole range of eligible research, its 

critical analysis, and experimental testing was considered appropriate to achieve 

the goals set for this research. 

Mixed methods research fits the purpose of this research because it combines 

the strengths of qualitative and quantitative research methods (Johnson, 

Onwuegbuzie, & Turner, 2007). 

Quantitative research is regarded as scientific (Kvale, 1995) because it is based 

on observable facts (or data), is reasonably free of subjectivity, and statistical 

methods are rigorous as they do not depend on human interpretation. Qualitative 

research is often considered subjective because such research often appears as the 

product of the researchers’ interpretation (Ma, 2012). This research takes the 

benefits of both paths because the use of quantitative and qualitative approaches 

could provide a higher understanding of the research problem than either approach 

alone (Creswell & Clark, 2018). 

Thus, if one uses various methods for investigating a particular phenomenon, 

and the results suggest mutual confirmation, one can be more confident that the 

results are valid (Niglas, 2004). 

As has been implied, research needs to meet the criteria of reliability and 

validity. In this study, the validity and reliability of the research were strengthened 

by combining multiple sources of data (Halcomb & Hickman, 2015). 
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1.4 Time horizon and data collection and analysis 

The time horizon refers to the required time for the completion of the research 

(Bryman, 2016) whereas the data collection and analysis explains how the data 

used in the research is collected and analysed but also the source of data, the 

research design, the sample, the sample size, sample ethics, and sample limitations. 

This information is relevant as it adds value to the overall reliability and validity of 

the study (Saunders et al., 2007). 

This dissertation was conducted in four separate studies involving an extensive 

literature review, in-depth critical analysis, and the participation of university 

students. This researcher was the main planner for all four individual studies 

(Articles I ̶  IV). These studies involved the collection and analysis of both primary 

(Article IV) and secondary data (Articles I ̶ III). In study of Article IV, a researcher 

who collaborated in the analysis and contributed with a different perspective, 

reducing bias in the data, and reducing the likelihood of misinterpretations. The 

author of this study planned the four studies as well as their theoretical and practical 

implementation, thus setting the reliability and validity criteria for the study. Figure 

3 illustrates the structure of the applied research process. 

 

Fig. 3. The research process applied in the original articles.  
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More notably, the elaboration of studies in Articles I–III was based on a 

comprehensive literature review and critical analysis following the protocol of 

Kitchenham (2004). First, the entirety of journals listed in the Social Sciences 

Citation Index (SSCI) was considered. Second, the list of the top ten 

entrepreneurship journals as ranked by Stewart and Cotton (2013) was 

crosschecked. Thirdly, key journals outside the SSCI platform and major 

conferences were also included. 

Data was assessed employing content analysis procedures typical of grounded 

theoretical analysis (Corbin & Strauss, 1990). Data was mapped with three types 

of coding: open, axial, and selective coding.  

Data was collected from (N = 18) international students (11 females and 7 

males; age range = 18–25 years) for the Article IV. Stimuli consisted of the 

combination of a one-armed bandit task, a classical decision-making stimulus (Daw, 

O’Doherty, Dayan, Seymour, & Dolan, 2006)  and the subliminal display of sixteen 

subliminal emotional primers: marvellous, superb, pleasure, beautiful, joyful, 

glorious, lovely, and wonderful (pleasant) and tragic, horrible, agony, painful, 

terrible, awful, humiliating, and nasty (unpleasant). 

EEG signals were recorded at electrodes F3, Fz, F4, C3, Cz, C4, P3, Pz, and 

P4, above and below the left eye. Custom MATLAB scripts and the open-source 

EEGLAB toolbox (http://sccn.ucsd.edu/eeglab) were used to analyse the data 

(Delorme & Makeig, 2004). 

All in all, the steps taken to collect and analyse data in each article have helped 

reach the larger goals of this research. 
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2 Theoretical foundation  

2.1 Theoretical framework  

Three literature dimensions are substantial to this study and important to 

understand the research of entrepreneurship from a brain driven angle: the 

neuroscience technologies that could make this feasible; the experimental design; 

and how entrepreneurial performance might be assisted. 

This study adopted a brain-driven approach for the research of 

entrepreneurship as it holds the potential to impact the way entrepreneurship is 

researched, taught, and practised. Figure 4 illustrates the key components of the 

brain-driven research approach embraced in the study.  

 

Fig. 4. Key components of the brain-driven research approach adopted in the study 

(Article I). 

The literature covers the antecedents of a brain-driven research approach as a basis 

for a deeper degree of assessment of the role of cognitive (Krueger & Day, 2010), 

affective (Cardon, Wincent, Singh, & Drnovšek, 2009) and conative issues 

(Kurczewska, Kyrö, Lagus, Kohonen, & Lindh-Knuutila, 2017) on entrepreneurial 

behaviour. It introduces and clarifies the differences between the concepts of 
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neuroentrepreneurship (Krueger & Welpe, 2008) and brain-driven entrepreneurship 

research (Article I). 

The literature also draws on the evolution of entrepreneurial cognition research 

towards a brain-driven oriented research approach (Krueger & Day, 2010) as well 

as the strengths (Nicolaou & Shane, 2014) and limitations of this emerging line of 

enquiry. Besides, the literature highlights the entrepreneurship topics that could 

best benefit from a brain-driven research approach as well as the findings of the 

latest empirical evidence. For instance, Schade (2005) discusses the strengths of 

neuroscience to examine decision-making. 

All these considerations are relevant to the focus of this study. As the 

establishment of a brain-driven perspective is at the core of entrepreneurship 

research, it is reasonable to base the literature review on these issues. 

Neuroscience technologies have indispensable significance for this study. The 

basics of technologies such as EEG, magneto-encephalography (MEG), functional 

magnetic resonance imaging (fMRI), functional near-infrared spectroscopy 

(fNIRS), transcranial magnetic stimulation (TMS), transcranial direct current 

stimulation (tDCS) (Carter & Shieh, 2015) and neurofeedback have been discussed 

in terms of their degree of invasiveness and capability to gather and examine data 

from the brain. 

These technologies have been gauged in terms of their pros and cons and 

classified considering their value to entrepreneurship research. 

Eysenck and Keane (2000) acknowledge the importance of finding a proper 

match between the technique and the research question. The particular advantages 

of EEG over competing techniques such as fMRI or MEG are sustained due to its 

excellent temporal resolution (Carter & Shieh, 2015), low-price and wide 

availability (Bear, Connors, & Paradiso, 2007). A brain-driven examination of any 

theme in entrepreneurship research cannot be possible without the application of 

neuroscience technology. Therefore, this perspective is essential. 

The experimental paradigm is, moreover, a crucial component for this study 

because it is required regardless of the neuroscience technology to be applied, both 

need each other to enable comprehensive brain-oriented analysis. 

Davidsson (2007) discusses why experiments are relevant for entrepreneurship 

research, and Krueger and Welpe (2014) explicate how experiments address the 

long-standing internal validity problem faced by the field of entrepreneurship. The 

review touches upon the key principles to consider for the good design of an 

experiment within the boundaries of a brain-driven entrepreneurship study. 
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The literature covers the relevance of an appropriate manipulation, including 

the importance of a suitable experimental task. Between (Mark & Reichardt, 2004) 

and within-subject designs (Grégoire & Lambert, 2015) are also covered. These 

principles are vital for entrepreneurship researchers when adopting a brain-driven 

perspective. All these considerations have relevance for this study. 

Entrepreneurial performance is also logically a relevant perspective for this 

study from the applied viewpoint. In this regard, the issue of emotions and decision-

making in entrepreneurship has been discussed for two reasons: both constructs are 

part of the empirical study and there is a consensus that both influence 

entrepreneurial performance. 

Emotions play a role in entrepreneurship (Baron, 2008; Cardon, Foo, Shepherd, 

& Wiklund, 2012; Shepherd, Williams, & Patzelt, 2015) because they alter an 

entrepreneur’s decisions (De Winnaar & Scholtz, 2019; Shepherd & Patzelt, 2018). 

The role of pleasant emotions such as passion, happiness (Foo, 2011) and joy 

(Mitteness, Sudek, & Cardon, 2012; Welpe, Spörrle, Grichnik, Michl, & Audretsch, 

2012) and unpleasant emotions such as anxiety (Doern & Goss, 2014), fear, hope, 

and anger (Foo, 2011; Hayton & Cholakova, 2012; Welpe et al., 2012) in 

entrepreneurship is touched upon. Treffers, Welpe, Spörrle, and Picot (2017) debate 

the linkages between emotions and the stages of opportunity recognition, 

evaluation, and exploitation. For instance, emotions such as fear, joy, and anger are 

pointed out as substantial when exploiting an entrepreneurial opportunity (Welpe 

et al., 2012). 

Decision-making is the other relevant component given the empirical and 

conceptual aims of this study. The connection between emotions and decision-

making (Lerner, Li, Valdesolo, & Kassam, 2015; Nieto, Fernández-Abascal, & 

Miguel-Tobal, 2009; Rolls, 2014) is discussed and justified. It also constitutes the 

reason why emotions and decision-making were selected as relevant constructs to 

be empirically examined in this study. 

The revision centres on the relevance of quality and speed in the decision-

making process (Symmonds et al., 2013) and how a brain-driven approach could 

add value to further advance our understanding of these issues. Particular attention 

is given to discussing recent evidence on the examination of decision-making from 

the lens of a brain-driven entrepreneurship approach. Ortiz-Terán et al. (2013) 

applying EEG discuss how speed affects decision-making, suggesting that 

entrepreneurs process their decisions quicker than non-entrepreneurs. Laureiro-

Martínez, Brusoni, Canessa, and Zollo (2014) using fMRI elaborate that compared 

with managers, entrepreneurs display a higher decision-making efficiency. 
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Given the fact that both emotions and decision-making can alter performance 

in entrepreneurship, its consideration is an asset to the study’s contribution. 

Besides the key theoretical perspectives, there are some concepts that, although 

related and relevant, are outside the scope of the study. Neuroscience technologies 

involve a whole range of techniques, each with its particularities. For example, the 

use of technologies such as fMRI, MEG or tDCS holds promise for 

entrepreneurship research  (Article I; Article II; Laureiro-Martínez, Canessa, et al., 

2014; Shane et al., 2020). However, this study particularly focuses on the 

application of a brain driven approach using EEG. 

Also, albeit a between-subjects design is a useful approach to an experimental 

paradigm (Charness, Gneezy, & Kuhn, 2012; Hampton, 2018) because it prevents 

carryover effects of learning (Hsu et al., 2017), it was decided to leave it outside 

the scope of this study. 

This kind of design was regarded as unfeasible for the implementation of the 

empirical study of this dissertation as it would have required a large sample of 

participants. Therefore, a within-subject design was deemed to be the most 

appropriate one to address the research question posed in the empirical study. 

Finally, the analysis of issues other than decision-making (Fotouhi Ardakani & 

Avorgani, 2021; Shepherd et al., 2015) and emotions (Cacciotti & Hayton, 2015; 

Delgado García, De Quevedo Puente, & Blanco Mazagatos, 2015)  is out of the 

scope of this study in order to maintain a focus on the three pillars, namely 

neuroscience technologies, experimental design, and entrepreneurial performance. 

2.2 Brain-driven entrepreneurship research 

The evolution of the discipline of entrepreneurship as a research field (Lohrke & 

Landström, 2010), has gone through a series of mutations to nurture its academic 

survival and legitimacy. Evolutionarily speaking, there can be identified three eras 

of entrepreneurship research, starting from an earlier  “economic” interest in 

dissecting what happens in the market when an entrepreneur acts (1870–1940) 

(Landström, 2007) to a “social/psychological” orientation to examine who the 

entrepreneur is and why entrepreneurs act in certain ways (1940–70) (Landström, 

2004) and then changing gears to a “managerial” view concerned with evaluating 

entrepreneurship as a process (1900 onwards). 

Although these stages have helped to pave the theoretical basis of the field, 

they confront methodological and technological limitations. It is particularly the 

research on entrepreneurial cognition where these challenges have become more 
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evident because entrepreneurial cognition deals with how entrepreneurs think 

(Mitchell et al., 2007). 

Prior research on methods and tools used within entrepreneurship and 

entrepreneurial cognition research (Brush, Manolova, & Edelman, 2008; Jack, 

2010; Landström & Huse, 1996) reveals the dominance of positivistic approaches 

and data gathering methods, namely: surveys, case studies, and interviews 

(McDonald et al., 2015). These approaches present methodological challenges as it 

is difficult for a person to reflect on their conscious processes (Omorede et al., 

2015). 

A further problem with these methods is that they do not allow the collection 

and analysis of data directly from the entrepreneur’s brain (Pérez-Centeno, 2017). 

As a result, the ability to obtain richer data and a broader understanding of a specific 

entrepreneurship phenomenon using standard research methods is greatly 

diminished (Article II). Another major advantage of using neuro-technologies in 

entrepreneurship research is the strengthening of theory building (Kraus, Meier, & 

Niemand, 2016) highly needed in the field, and the mitigation (Article I) of 

response bias (Furnham, 1986). 

These constraints call for the compelling incorporation of neuroscience 

technologies and methods into entrepreneurship research (Article I; Blair, 2010; de 

Holan, 2014; McMullen, Wood, & Palich, 2014; Nicolaou & Shane, 2014; Smith, 

2010). In this study, the merging of neuroscience technologies into 

entrepreneurship research is coined as “brain-driven entrepreneurship research”. 

That is, the gathering and analysis of data straight from the brain of an entrepreneur 

using neuro-technologies (Article I) including its use to explore novel mechanisms 

for the enhancement of entrepreneurial performance (Pérez-Centeno, 2017). 

Unlike the research focus of preceding research eras: the economic era (the 

market), social era (the individual), and the managerial era (the process) 

(Landström, 2004; Landström & Benner, 2010), the core of this new era is the 

entrepreneur’s brain (Pérez-Centeno, 2017). Follows a comprehensive 

conceptualisation and description of the strengths and limitations of the brain-

driven entrepreneurship research approach. 

2.2.1 Conceptualisation 

In layman's terms, the brain-driven approach to entrepreneurship research involves 

“the investigation of any entrepreneurship-related topic using appropriate 



32 

neuroscience technology, specifically to assess and enhance cognitive, affective, 

and conative processes at the neural and behavioural levels” (Article I). 

A brain-driven approach to entrepreneurship research should not be equalised 

to constructs such as neuroentrepreneurship (entrepreneurial neuroscience) and 

experimental entrepreneurship. Whereas the boundaries of Neuroentrepreneurship 

remain constrained to the study of entrepreneurial behaviour with methods linked 

to cognitive neuroscience (Krueger & Welpe, 2014), experimental entrepreneurship 

is constrained to the single use of experiments to explore entrepreneurial behaviour 

(Krueger & Welpe, 2008). 

2.2.2 Strengths 

Entrepreneurship should welcome neuroscience’s transformative force (McMullen 

et al., 2014). A growing line of thought within the field argues that the use of 

neuroscience technologies may advance the state-of-the-art in entrepreneurship 

research (Blair, 2010; de Holan, 2014; Krueger & Welpe, 2014). 

The use of a brain-driven approach to entrepreneurship is powerful as it allows 

one to capture and assess what occurs in the entrepreneur’s brain (Cela-Conde et 

al., 2004) without the need to ask (de Holan, 2014). It, therefore, adds value to the 

field in various ways (Nicolaou & Shane, 2014). For instance, it may be beneficial 

to better recognize (Krueger & Welpe, 2014) and test how entrepreneurs think 

(Krueger & Welpe, 2008; Mitchell et al., 2007), behave, and make decisions (Blair, 

2010; Smith, 2010; Wargo, Baglini, & Nelson, 2010). It may also help us learn 

more about  the biological roots of entrepreneurship (Nicolaou & Shane, 2014) and 

entrepreneurial practice (de Holan, 2014). 

Themes that could take advantage of this approach are diverse and range from 

decision-making (Schade, 2005) to game theory, perceptions, emotions, and affect 

(de Holan, 2014). 

Some of the questions that might be better approached from a brain-driven 

approach (Hoskisson et al., 2011) than with most of the tools employed nowadays 

(de Holan, 2014) are as follows: what happens in the brain of an entrepreneur who 

spots an opportunity, exploits it, or does bricolage? How fast are entrepreneurs 

when it comes to the detection of opportunities? 

All of this establishes that a brain-oriented research perspective holds the 

promise of inspecting scientifically intriguing entrepreneurship phenomena at a 

deeper level (Blair, 2010) that would be difficult to assess in other ways. 
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2.2.3 Limitations 

There is scepticism about the synergies between neuroscience and entrepreneurship 

(Beugré, 2010; Tracey & Schluppeck, 2014) because the application of a brain-

driven approach to entrepreneurship holds some technical and methodological 

limitations that deserve to be highlighted. 

Studies that have explored research questions of relevance with the use of 

neuroscientific technologies reveal that their results have been unimpressive, mixed, 

muddled, and relatively true (McBride, 2015). 

Tracey and Schluppeck (2014) claim that neuroscience technologies such as 

fMRI, also known as neuroimaging technologies, can’t help because cognitive 

processes are complex.  

There is still a discussion about the fMRI’s capacity to accurately inform 

excitatory or inhibitory neural responses in the brain. What is certain is that 

statistical correlation in neuroimaging data with performance in either a task or 

behavioural traits does not imply that the spotted areas suggest a causal relationship 

(Tracey & Schluppeck, 2014). 

Therefore, it cannot be asserted that a particular cognitive function can be 

circumscribed to a small section of the brain because such a function could be part 

of a distributed pattern of neural activity in various areas of the brain (Tracey & 

Schluppeck, 2014). If a part of the brain appears to be active when a person carries 

out a task, it does not mean that this is the portion of the brain in charge of that task 

(Logothetis, 2008). As Wade (2006) denotes, “If a scan shows that a brain area 

‘lights up’ when someone is doodling, that does not mean the area is a doodling 

centre” (p. 23). 

As an example, the assessment of opportunity recognition, one of the critical 

pillars of the entrepreneurial process (Bhave, 1994), even with the help of a brain-

driven approach, can’t fully prove that opportunity recognition is rooted in a 

particular cognitive function in a specific part of the brain. The labyrinth of social 

and cultural contexts in which the entrepreneur is immersed adds to the difficulty 

(Tracey & Schluppeck, 2014). 

On the other hand, a major methodological challenge lies in the fact that it is 

hard for people to reflect on their conscious processes (Omorede et al., 2015). As 

with any other method to study a social phenomenon, the use of a brain-driven 

approach is also subject to conventional biases, and boundary conditions (Eastman 

& Campbell, 2006; Vul, Harris, Winkielman, & Pashler, 2009). 
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Aside from the technological and methodological issues, Wuebker et al. (2014) 

argues that what could also constitute a limitation to the credibility of a brain-driven 

approach is that it is assembled around a view of entrepreneurship which is not a 

theory (individual/opportunity nexus) and rather built on a doubtful ontological 

basis. 

2.3 Neuroscience technologies 

Neuroscience technologies, also known as whole-brain technologies, have 

advanced so quickly that scientists now have hundreds of tools at their disposal to 

investigate how the nervous system evolves, its structure, and what it does 

(Nordqvist, 2014) at a higher spatial and temporal resolution (Carter & Shieh, 

2015). 

These technologies are considered to become the next great source of 

competitive advantage because they provide a new lens through which 

entrepreneurship scholars can further understand business creation and optimise its 

performance. The impressive advancement of neuroscience technologies in terms 

of their temporal and spatial precision supports the prior statement. 

Numerous neuroscience technologies are available for use in humans (Bunge 

& Kahn, 2009). They can address different aspects of  neural function, such as 

neuronal firing, brain metabolism, and neurotransmitter levels (Ruff & Huettel, 

2014). More concretely, these technologies are equipped to assess a variety of 

neural structures active during certain mental operations (Carter & Shieh, 2015) 

and examine the brain mechanisms behind them (Bunge & Kahn, 2009). 

Neuroscience techniques collect data at various levels of the brain. Due to this 

fact, they are classified as invasive and non-invasive. Invasive approaches involve 

electrophysiological recording from and electrically stimulating or locally cooling 

the cortex directly, whereas non-invasive techniques record cortical activity using 

electrodes located around the head (Alain & Winkler, 2012). Current ethical 

considerations constrain the use of invasive methods in entrepreneurial research. 

These technologies are generally divided into four types:  methods for the 

direct measuring of brain electrical activity, methods for gauging neuronal activity 

indirectly, techniques for modulating brain activity, and optical imaging techniques. 

EEG and MEG (Bunge & Kahn, 2009) constitute the first type. These are also 

known as electromagnetic recording methods (Banich & Compton, 2011). 

The methods for gauging neuronal activity indirectly work under the principle 

that neural activity is supported by increased local blood flow and metabolic 
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activity (Bunge & Kahn, 2009). Methods under this category include fMRI and 

Positron emission tomography (PET). This last one is invasive. fMRI and MEG are 

also known as functional imaging techniques because they generate images of the 

physiological processes that highlight neural activation  (Carter & Shieh, 2015). 

The techniques for influencing brain activity (Banich & Compton, 2011; Lewis, 

Thomson, Rosenfeld, & Fitzgerald, 2016) such as TMS, tDCS, and neurofeedback. 

These are known as ‘brain stimulation’ or ‘neuromodulation’ techniques. These 

methods have the potential to  “neuro-enhance” human attention, memory and 

cognitive abilities without entering the skull (Carter & Shieh, 2015). 

Optical imaging techniques produce images of neural activity by measuring 

changes in blood flow and metabolism from the surface of the brain (Carter & Shieh, 

2015). Optical imaging is an invasive approach because it requires the brain surface 

to be exposed to allow light to penetrate and reflect back to a camera, but near-

infrared spectroscopy (NIRS), another method within this classification, is a non-

invasive optical imaging alternative that permits the recording of light reflectance 

through the scalp (Carter & Shieh, 2015). 

Functional brain imaging methods 1  are also known as ‘measurement 

techniques’ because they measure changes in brain function while a research 

participant engages in some cognitive activity (Ruff & Huettel, 2014), whereas 

neuromodulation methods are also regarded as manipulation techniques (Ruff & 

Huettel, 2014) or stimulation techniques (Charron, Fuchs, & Oullier, 2008) because 

they examine how perturbations in brain function change cognitive functions or 

behaviour (Ruff & Huettel, 2014). 

Despite the fact that the use of neuroscience techniques has the potential to 

change the way entrepreneurship is studied, its implementation requires a 

significant amount of time to be invested in its learning (Krueger & Day, 2010). 

2.4 Experimental research 

An experimental design suggests the undertaking of an experiment to allow the 

effective testing of a research hypothesis (Huettel, Song, & McCarthy, 2009). Even 

though in entrepreneurship research the use of experiments is said to be more 

beneficial than detrimental (Hsu et al., 2017; Krueger & Welpe, 2008; Schade & 

Burmeister, 2009; Shepherd et al., 2015) the current usage of experimental 

 
1  Used to gain knowledge about which structures are activated during a cognitive task and the 
interactions between the structures that are activated (Zani, Biella, & Proverbio, 2003).  
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methodologies to address entrepreneurship issues is insufficient (Hsu et al., 2017; 

Patel & Fiet, 2010). 

In the same line, experimental research is a fundamental component of a brain-

driven perspective for entrepreneurship research. Since entrepreneurship research 

is majorly concentrated on the individual, experiments can provide the most 

reliable and valid analysis of individual behaviour (Patel & Fiet, 2010).An 

experiment quantitatively gauges the effects of factors of interest on a given 

behaviour (Charron et al., 2008). Since an experiment allows the controlled 

analysis of a causal relationship between two variables (Coolican, 2014) it is 

regarded as the “most rigorous of all research designs” (Trochim, 2001, p. 191). 

Experiments can be classified into four types: laboratory experiments, quasi-

experiments, field experiments, and natural experiments. A laboratory experiment 

is an experiment performed under highly controlled conditions, where precise 

measurements are feasible. 

An experiment that lacks the feature of a random assignment is called a quasi-

experiment (Kirk, 2013). Gerber and Green (2008) say that the goal of field 

experiments is to mimic as closely as possible the conditions under which a causal 

process happens. This is done to improve the external validity or generalisability 

of experimental results. Natural experiments are used in situations in which 

controlled experimentation is not possible. 

Experiments are very important for entrepreneurship research because they can 

establish causality in a relatively unambiguous manner (Davidsson, 2007) and 

rigorously test a theory (Colquitt, 2008). Experiments address a fundamental 

weakness within the ambit of entrepreneurship research: the internal validity 

problem (de Holan, 2014; Krueger & Welpe, 2014). More specifically, experiments 

are an acceptable alternative when resource limitations prevent a longitudinal study 

in real settings (Davidsson, 2007) and in assessing how expert entrepreneurs differ 

from novices (Davidsson, 2007). 

The fact that the discipline of entrepreneurship is decreasingly seen as a 

dichotomous individual disposition and rather as a result of the interplay between 

a person, a task, and the environment (Shane, 2003) enhances the need for further 

experiments within the field, simply because experiments can manipulate with 

mastery the above-mentioned issues (Davidsson, 2007). 

Despite its potential for theory development: experiments, particularly 

laboratory experiments, have barely penetrated entrepreneurship research (Hsu et 

al., 2017; Krueger & Welpe, 2008; Schade & Burmeister, 2009). In contrast to other 

methodologies, the use of experimental research in entrepreneurship remains 
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limited (Kraus et al., 2016). For instance, Aguinis and Lawal (2012) reveal that 

experimental methods are the most infrequently used methodology in 

entrepreneurship research. According to recent data, each entrepreneurship journal 

publishes only two experimental studies per year on average (Williams, Wood, 

Mitchell, & Urbig, 2019). It is considered that one of the obstacles that make 

experiments an uncommon research method in the field of entrepreneurship is the 

lack of know-how in experimental research designs. 

While it is argued that experiments are inapplicable in entrepreneurship 

research because the innate characteristics of people cannot be manipulated, it is 

also equally sustained that experiments hold the capacity to add theory-building 

value to the discipline (Davidsson, 2007) let alone that the use of an experimental 

design, and more specifically a laboratory experiment, is necessarily tied to the use 

of neuroscience technologies. Both are needed to examine an entrepreneurship 

research issue from a brain-oriented angle at any level, be it evaluation, discovery, 

or exploitation (Shane & Venkataraman, 2000). 

2.5 Entrepreneurial performance  

The close inter-linked connection between emotions and decision-making and its 

potential contribution to entrepreneurial performance is what motivates and 

justifies its inclusion in the empirical part of this dissertation. 

The benefits of using neuroscience technologies in entrepreneurship research 

are shown by the academic value of studying how emotions and decision-making 

work as part of a brain-driven entrepreneurship research approach. 

2.5.1 Emotions  

The entrepreneurial journey is often transited as an emotional hyper coaster (De 

Cock, Denoo, & Clarysse, 2020) where entrepreneurs are opposed to emotional 

cues more often and with more intensity than people in other endeavours (Grégoire 

& Lambert, 2015). 

Emotions in their simplest manner are regarded as flexible response sequences 

(Frijda, 1986; Scherer, 1984) which are activated each time a person faces a 

challenging situation (Tooby & Cosmides, 1990). 

Emotions have proven their influence in the fields of psychology (Meyer & 

Turner, 2002), neuroscience (Hinton, Miyamoto, & Della‐Chiesa, 2008; 
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Immordino-Yang, 2015) and education (Pekrun, 2006; Pekrun, Goetz, Frenzel, 

Barchfeld, & Perry, 2011; Sutton & Wheatley, 2003). 

Entrepreneurship research on emotions tells that entrepreneurs face higher 

degrees of negative (Brundin & Gustafsson, 2013) and positive emotions than the 

general people (Tata, Martinez, Garcia, Oesch, & Brusoni, 2017). Emotions are 

henceforth a fundamental component in entrepreneurship research (Arpiainen, 

Täks, Tynjälä, & Lackéus, 2013; Jones & Underwood, 2017; Lackéus, 2014) 

because they can impact entrepreneurial behaviour (Cardon et al., 2009; Fodor & 

Pintea, 2017) in a variety of ways.  

For instance, emotions constitute a potent catalyser of decision- making 

(Lerner et al., 2015) assumed to be strong under conditions of high risk and 

uncertainty (Baron, 2008). Emotions affect entrepreneurial learning (Pless, Maak, 

& Stahl, 2011) because the “emotional exposure created primarily through group 

dynamics plays an important role in creating an environment in which effective 

learning can take place” (Pittaway & Cope, 2007).  

Emotions also alter venture creation success in the context of entrepreneurship 

education. Pérez-Centeno and Kansikas (2019) reveal that emotional competencies 

act upon the success of university entrepreneurship education (Fernández-Pérez, 

Montes-Merino, Rodríguez-Ariza, & Galicia, 2019); including action-based 

entrepreneurship education (Lackéus, 2014) despite the learning challenges that 

arise (Arpiainen et al., 2013). On the other hand, Zampetakis, Lerakis, Kafetsios, 

and Moustakis (2015) uncovers the role of anticipated emotions in entrepreneurship 

education. 

Emotions enhance the development of business skills (Lackéus, 2014). More 

particularly, emotions such as passion (Cardon et al., 2009), envy (Biniari, 2012), 

anger (Foo, 2011) and fear of failure have been recognised as instrumental to the 

practice of entrepreneurship (Cacciotti & Hayton, 2015). 

2.5.2 Decision-making 

Decision-making is a well-established topic in fields such as management, 

psychology, sociology, and political science (Gilovich & Griffin, 2010; Hastie, 

2001) and entrepreneurship (Baron & Ward, 2004; Shepherd et al., 2015). The word 

“decision” indicates that the end of pondering has been attained and that the 

execution of action has started (Buchanan & Connell, 2006). 

The most elemental process of decision-making contemplates four stages: 

recognition of the current state, evaluation of alternatives, selection of action; and 
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re-evaluation based on the outcome (Doya, 2008). In entrepreneurship, the nature 

of the above-mentioned stages depends on the chosen approach, which can be 

rational, emotional, or intuitive; and how the decision characteristics are perceived 

(De Winnaar & Scholtz, 2019).  

Shepherd et al. (2015) argue that in entrepreneurship, decisions take place 

during opportunity assessment, entry, exploitation, and entrepreneurial exit. First, 

entrepreneurs differ in terms of their human capital (Westhead, Ucbasaran, & 

Wright, 2005), emotional reactions (Welpe et al., 2012), and perception of 

environmental conditions (Dewald & Bowen, 2010), and these dissimilarities shape 

the evaluation of a business opportunity. 

Second; people have different beliefs and wants (Shepherd et al., 2015), self-

perceptions (Fauchart & Gruber, 2011; Gatewood, Shaver, & Gartner, 1995), 

aspirations and attitudes (Birley & Westhead, 1994) abilities (Elfenbein, Hamilton, 

& Zenger, 2010), opportunity costs  (Carnahan, Agarwal, & Campbell, 2012), and 

motivations (Amit, MacCrimmon, Zietsma, & Oesch, 2001). They also employ 

distinct decision-making instruments (Patel & Fiet, 2009). These differences 

influence the decision to commence a new business. 

Third; individuals differ in terms of their planning approach (Delmar & Shane, 

2003), knowledge and experiences (Wiklund & Shepherd, 2008), organisational 

context  (Douglas & Shepherd, 2000), resources and timing (Seghers, Manigart, & 

Vanacker, 2012), attitudes (Van Auken, Kaufmann, & Herrmann, 2009), and 

perception of morality (McVea, 2009), and these variations influence venture 

exploitation decisions. 

Fourth; entrepreneurs face a variety of conditions when confronted with the 

decision to exit a venture (Shepherd et al., 2015). Factors such as human capital, 

entrepreneurial experience, and the objectives of a firm combined with 

environmental conditions affect the perception of a venture’s current and future 

performance and the decision to keep up, interrupt, or sell (Brigham, De Castro, & 

Shepherd, 2007; Wennberg, Wiklund, DeTienne, & Cardon, 2010). Furthermore, 

entrepreneurs also differ in the timing of their decision to exit a low operating 

venture (Mitchell, Mitchell, & Smith, 2008). 

Decision-making is therefore relevant to entrepreneurship researchers who 

study how, when, where, and by whom opportunities  are discovered, evaluated, 

and exploited (Shane, 2003; Shane & Venkataraman, 2000), because these insights 

could facilitate the sizeable enhancement of entrepreneurial behaviour. 

In addition to the above, Symmonds et al. (2013) highlight that both quality 

and speed are, moreover, important in decision-making. Individuals’ decision-
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making can be enhanced if the inverse relationship between speed and performance 

is minimised (i.e., speed-accuracy trade-off) (Bogacz, Wagenmakers, Forstmann, 

& Nieuwenhuis, 2010) because fast responses can be generated while maintaining 

adequate performance. 

In entrepreneurship research, both the quality and speed of decision-making 

have been measured. However, the empirical article in this study is the first to 

measure how emotions affect both the quality and speed of decision-making. 

2.6 Synthesis of literature review 

Recapitulating the literature review, three main elements need to be taken into 

account in the successful implementation of neuroscience technologies and 

methods into entrepreneurship research:  

– The identification of a concrete research issue within the entrepreneurship field 

and the verification that a brain-driven approach may substantially assist its 

further understanding (Article III; Girişken & Çakar, 2021).  

– The selection of an appropriate neuroscience technology to facilitate data 

collection capabilities and data analysis (Article II; Kanter, Lykken, Moser, & 

Moser, 2022). 

– The design of a comprehensive experimental design that allows for the 

following: the formulation of statistical hypotheses; the determination of the 

treatment levels  to be manipulated, the measurement to be recorded, and the 

extraneous conditions that must be controlled; the specification of the 

experimental units needed and the population from which they will be sampled; 

the specification of the randomisation procedure, and the determination of the 

statistical analysis to be applied (Johari, Li, Liskovich, & Weintraub, 2022; 

Kirk, 2013). 

Once all these elements have been described, understood, and put in place, one can 

say that a brain-driven research approach framework exists.  

Figure 5 illustrates the steps when applying a brain-oriented perspective to 

entrepreneurship research and how neuroscience technologies and experimental 

design interact with each other. Table 2 summarises the main business concepts 

relevant to the dissertation. 
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Fig. 5. The view of a research approach from a brain-driven perspective to 

entrepreneurship (Article I; Article II; Article III). 

Table 2. The main discussions that are relevant to this dissertation (Article I; Article II; 

Article III; Article IV). 

Topic Key concept Main references 

Why a brain-driven approach 

holds promise to entrepreneurship 

research? 

Identification of the major stages 

of evolution in entrepreneurship 

research as well as a list of 

reasons that point to the need for 

the emergence of a new era of 

research based on neuroscience 

technologies 

de Holan (2014); Djuricic, Healey, 

Hodgkinson, Wuebker, and 

Zichella (2021); Sharma et al. 

(2021) Wuebker et al. (2014);  

What is the added value of 

neuroscience technologies? 

List of major types of 

neuroscience technologies and an 

account of the nature of data they 

can generate for the benefit of the 

field 

What are the pros and cons of 

major neuroscience technologies? 

Banich and Compton (2011); 

Bunge and Kahn (2009); Carter 

and Shieh (2015); Bunge and 

Kahn (2009); Denison and Morrell 

(2022); Kanter et al. (2022) 

What are the strengths of an 

experimental design and why are 

they important for 

entrepreneurship? 

List of the major advantages of 

laboratory experiments for theory 

building in entrepreneurship  

Harrington (2020); Johari et al. 

(2022); Kirk (2013);; Kraus et al. 

(2016); Williams et al. (2019) 

Why do emotions and decision-

making matter to entrepreneurship 

research? 

How are emotions and decision-

making related, and why are these 

constructs appropriate research 

themes 

De Winnaar and Scholtz (2019); 

Shepherd et al. (2015); Shepherd 

and Patzelt (2018); Welpe et al. 

(2012);  
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3 Research contribution 

3.1 The potential and challenges of a Brain-driven research 

approach to entrepreneurship research 

The first original study (Article I) addresses RQ1 to depict a comprehensive 

research agenda based on existing entrepreneurship research undertaken at a brain 

level. The article includes an extensive review to highlight the current state-of-the-

art in the issue of brain-driven entrepreneurship research. 

The review gathers considerable evidence that documents the advantages of 

the use of neuroscience technologies in entrepreneurship research and practice. It 

is the first review of the whole range of peer-reviewed articles that have made use 

of neuroscience technologies to explore entrepreneurship phenomena. 

The biggest deficiency identified in the review suggests that although 

neuroscience affords unique technological opportunities and methodological 

advantages, few studies have benefited from these advances. 

The analysis also reveals decision-making as the only topic assessed among 

entrepreneurship scholars, as well as EEG and fMRI as the major neuroscience 

tools applied. The assessment of the evidence calls for the emergence and 

conceptualisation of a brain-driven approach to entrepreneurship research (BRE) 

and the prompt integration of neuroscience technologies into entrepreneurship 

research to facilitate the implementation of studies able to collect and analyse data 

directly from participants’ brains. 

BRE is henceforth conceptualised as “a brain-driven approach to 

entrepreneurship research that entails the data collection and analysis of cognitive, 

affective, motivational, and hormonal processes that can be applied to a single 

entrepreneur or a team of entrepreneurs at the neural and behavioural level and 

which makes use of a suitable neuroscience technology”. The neural level 

determines the brain regions that are activated while the behavioural level focuses 

on the entrepreneurs’ responses to various types of stimuli. 

The study also signalled a lack of consensus on the contribution of 

neuroscience to entrepreneurship research. For some, neuroscience is incapable of 

shedding meaningful light on cognitive processes because they are quite complex 

(Tracey & Schluppeck, 2014). For others, not using a powerful research 

methodology is not a very good idea (de Holan, 2014). Ultimately, this study 

suggests that the contribution of neuroscience technologies to entrepreneurship 
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research depends on two criteria: localisation and enhancement. It results from this 

study that the use of neuroscience technologies towards the enhancement of 

entrepreneurial behaviour holds more potential. Fig. 6. demonstrates the ways a 

brain-driven approach can impact entrepreneurship research. 

 

Fig. 6. The ways a brain-driven approach can impact entrepreneurship research (Article 

I). 

The study that formed the basis for Article I revealed many challenges for the use 

of neuroscience technologies in entrepreneurship, which were gathered. Table 3 

lists the challenges refined from the analysis. In the first column are the parts of a 

brain-driven approach. In the second column are the problems, and in the third 

column are possible solutions, or ways to get past the problems.  

Table 3. Challenges filtered from the current situation in the field (Article I; Article II; 

Article III). 

Elements of a brain-

driven approach to 

entrepreneurship 

research 

Challenges Possible solutions 

Theoretical The field’s theoretical legitimacy is lacking 

Unknown is the extent to which 

neuroscience could contribute to theory 

development in entrepreneurship 

Foster theory-building studies 

Neuroscience 
Technologies

Experimental 
design

Entrepreneurial
behaviour

Behavioral responses

Functional localization

Enhancement
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Elements of a brain-

driven approach to 

entrepreneurship 

research 

Challenges Possible solutions 

Behavioural The generalisation of behavioural 

responses collides with the individual 

character of entrepreneurial behaviour  

Focus on personalised 

intervention rather than 

generalisation 

Neural The identification of brain areas and their 

corresponding affective-cognitive 

processes of entrepreneurial behaviour is 

unclear and to some extent useless 

Emphasise enhancement instead 

of functional localisation 

Experimental Experimental research is scarce   in 

entrepreneurship research 

Create a methodological 

framework for the design and 

implementation of experiments 

from a brain-driven perspective 

Technological What and why neuroscience technologies 

are suitable for entrepreneurship research 

is not clear  

Map out the whole range of 

available neuroscience 

technologies and identify those 

that could add value to the field.  

The outputs were collected and reflected upon in the form of a comprehensive 

research agenda for the study. Table 4 presents the key identified points of the 

research agenda. 

Table 4. Sources of scholarly attention and research agenda (Article I; Article II; Article 

III). 

Sources Agenda 

Scope of research themes Expand the application of the BRE approach to: 

Other sub-themes of neuroscience, such as affective, 

behavioural, cultural, computational, social, informatics, and 

systems neuroscience 

All levels of entrepreneurial practice: individual, team, firm, 

industry, region, and nation.  

The entrepreneurial process: idea, conception, and growth 

The types of entrepreneurial practice: opportunity and necessity 

 

Experimental design Improve the implementation of additional experimental studies 

that investigate the role of cognitions, emotions, and 

motivations in entrepreneurial behaviour, as well as their neural 

correlates 
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Sources Agenda 

Brain-assessment technologies Extend the use of EEG and fMRI and incorporate the use of 

other technologies such as tDCS, MEG and Neurofeedback to 

synergise the capabilities of these technologies towards our 

understanding of entrepreneurial behaviour 

Research skills Enhance entrepreneurship researchers’ knowledge of 

experimental design, data collection, and analysis using EEG. 

This should be the minimum requirement 

Interdisciplinary collaboration Foster cross-collaborative pollination between entrepreneurship 

scholars and their peers from the fields of psychology and 

neuroscience, as the minimum requirement for a BRE approach 

to flourish.  

3.2 Neuroscience technologies for entrepreneurship research 

The question of which are the most appropriate neuroscience technologies for 

collecting and assessing data from an entrepreneur’s brain is the subject of the 

second article. This original study aims to answer RQ2 by evaluating the whole 

range of available technologies and bringing to light, for the first time, seven 

techniques that could be utilised among entrepreneurship scholars (Article II). 

Table 5 reveals the list of neuroscience technologies appropriate for 

entrepreneurship research and the primary focus of its activities. 

The need for these insights is highlighted from two points of view. First, the 

use of neuroscience technologies can advance entrepreneurship research, but to do 

so, one should map them all and become familiar with the pros and cons of each of 

these tools. Not all techniques can be indistinctively applied to a particular theme 

of research. Secondly, in addition to advantages linked to functional localisation, 

this article claims that neuroscience tools can go one step ahead: that is, they can 

augment entrepreneurial behaviour. This has been termed in this thesis as 

“entrepreneurial enhancement” and is seen as the highest contribution these 

technologies can make to the field. 

Techniques such as EEG, MEG, fMRI, fNIRS, TMS, tDCS, and neurofeedback 

are suitable for entrepreneurship research. These tools must meet three criteria in 

order to be used in the discipline: they must be non-invasive, brain-driven in data 

collection and analysis, and experimental in nature. Nonetheless, the use and 

mastery of each of these techniques requires separate expertise, a learning curve to 

overcome. Herein lies the major entry barrier for entrepreneurship researchers 

eager to join this camp. It is a hard yet not impossible call. 
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Table 5. Neuroscience technologies for entrepreneurship research and its major focus 

of action (Article I; Article II). 

Technology Focus of action 

Electro-encephalography (EEG) Brain electrical signals 

Magnetoencephalography (MEG) Magnetic fields generated by the brain’s electrical 

activity 

Functional Magnetic Resonance Imaging (fMRI) Tracking blood flow changes taking place in the 

brain  

Functional near-infrared spectroscopy (fNIRS) Tracking of blood flow and metabolic changes from 

the surface of the brain 

Transcranial magnetic stimulation (TMS) Applies magnetic fields to stimulate nerve cells in 

the brain 

Transcranial direct current stimulation (tDCS) Applies direct electrical currents to stimulate specific 

areas of the brain 

Neurofeedback Reward-based training aimed to change the 

electrical activity of the brain 

Table 6 illustrates the criteria for selecting a neuroscience technology in 

entrepreneurship research.  

Table 6. Neuroscience technologies and their strengths for entrepreneurship research 

(Article I; Article II). 

If it is about Then focus on 

Examining neuronal activations  Targeting tools with strong spatial resolution, such 

as fMRI 

Examining brain processes Targeting tools with powerful temporal resolution, 

such as EEG and MEG 

Examining both neuronal activations and brain 

mechanisms 

Targeting multimodal methods that is, the use of 

two or more technologies at the same time 

Stimulating the brain Targeting on brain neuromodulation devices such 

as tDCS 

Training the brain Targeting neurofeedback or biofeedback software 

Implementing a brain-driven approach requires an understanding of what kind of 

data is needed in advance as well as the type of intervention wanted if any. Figure 

7 shows a simple method for choosing a neuroscience technology that shows what 

is needed to choose a good tool for brain-driven research. 
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Fig. 7. A simplified process for entrepreneurship scholars for the accurate selection of 

a neuroscience technology (Article I; Article II; Article III). 

The figure explains the four basic steps to take for the selection of a neuroscience 

technology in the research of any appropriate entrepreneurship theme. Each step 

needs to be reflected upon beforehand, as missing even one step might generate 

inconsistent results. 

3.3 Laboratory experiments framework   

The third original study (Article III) is in response to the big question of what 

concrete research design is aligned with a brain-driven approach and how it can be 

implemented within the spectrum of entrepreneurship research. 

This knowledge is critical because the design, collection and analysis from data 

originating in the human brain must be not only as accurate as possible but also 

meticulously planned. Experiments as a “gold standard against which all other 

designs are judged” (Trochim, 2001, p. 191) represent the ideal approach to take 

into account. Experiments come in a variety of forms, but laboratory experiments 

are the most effective in brain-driven entrepreneurship research because they 

promote high internal validity, implying the generation and development of new 

theories, which the field desperately needs today (Hsu et al., 2017). Laboratory 

experiments, furthermore, provide a more compact control of variables, establish a 

cause-and-effect relationship, are easier to replicate, and are usually more 

economical and less time-consuming. 
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Laboratory experiments have drawbacks in terms of demand characteristics, 

low realism, low ecological validity, and experimenter bias; however, their 

advantages outweigh their drawbacks because, unlike field and natural experiments, 

laboratory experiments are currently the only design that  allows the use of 

neuroscience equipment such as MEG, and fMRI. 

Because the use of experimentation in general and laboratory experiments is 

scarce (Hsu et al., 2017) and unstandardised in entrepreneurship research, it needs 

a guiding framework to enhance the quality of experimental studies in the discipline 

and, if coupled with the use of a particular neuroscience technology, to assure the 

highest reliability of the resulting findings. 

This article highlights nine key principles to mastering the design and 

implementation of a laboratory experiment in entrepreneurship as well as provides 

the “why” of each of them. Table 7 reveals the nine principles to follow when 

designing a laboratory experiment in the arena of entrepreneurship.  

Table 7. Recommended principles for designing a laboratory experiment in 

entrepreneurship research (Article III). 

Key principles Relevance for entrepreneurship research 

It is primarily an ‘internal validity’ game 

 

It defines a cause-and-effect relationship between a 

treatment and an outcome and, in so doing, fulfils the need 

for theory building in the field  

There is no substitute for good data The results of a poorly designed experiment cannot be 

amended 

Consider when and where to use within-

subject design 

For judgement and decision-making studies, as long as the 

treatment implemented can be counterbalanced 

Consider when and where to use between-

subjects design 

For impact studies such as those that involve attitudes, 

behaviours, and emotions  

Pay attention to the homogeneity of the 

sample 

Entrepreneurs are different in terms of culture, age, 

education, gender, and even language, and these variables 

influence psychological processes 

Choose a suitable manipulation 

 

As long as it meets two conditions: it can be used to 

answer a certain research question and it can be used with 

neuroscience technology 

Find or design a simple and clear 

experimental task 

It embraces a set of coherent procedures to capture an 

independent variable without affecting others 

Verify the ethical issues 

 

It must meet international and national ethical standards. 

The need for ethical approval must be double-checked and 

obtained at the university level 

Take care of the experimental follow-up  It promotes additional unique learning and improves the 

overall effectiveness of the research effort (Salkind, 2010) 
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These principles follow a consecutive format and are aligned with the stages of 

laboratory experimentation. Laboratory experimentation entails the design of the 

experiment, the identification of the independent variable, the measurement of the 

dependent variable, and the implementation of a post-experimental follow-up 

(Wilson, Aronson, & Carlsmith, 2010). This article claims that, in order to 

strengthen coherence, these stages should be linked to the above-mentioned 

principles of laboratory experimentation (Figure 8). 

 

Fig. 8. An example of an experimental design in an entrepreneurship experiment using 

fMRI (Article III). 

What has also been missing in the literature is the link between the processes and 

the kind of data that could be generated in the context of a brain-driven 

experimental approach. This study provides a new contribution to the literature by 

elaborating a tailor-made protocol to follow for the use of laboratory 

experimentation. Contrary to what has been sustained, this study highlights that the 

issue of “entrepreneurial enhancement” is the most valuable and possible outcome 

of the use of neuroscience technologies and laboratory experimentation in 

entrepreneurship. 
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Fig. 9. Entrepreneurship themes that could benefit from laboratory experimentation 

(Article III). 

3.4 The function of emotions in entrepreneurial decision-making 

The fourth original study (Article IV) taps into the empirical component of this 

study. Applying the inputs generated in prior articles, this article looks at the role 

of emotions in decision-making and answers the question of how emotional word 

stimuli influence decision-making and elucidates how these preliminary findings 

could enable a new path of research that contemplates the use of neuroscience for 

exploring entrepreneurial decision-making. 

The literature review acknowledges that emotions matter in entrepreneurs’ 

decision-making and vice-versa (Zhu, 2015). According to recent studies using 

electroencephalography and functional magnetic resonance imaging, entrepreneurs 

make faster and more efficient decisions, which are operationalised as total payoff 

divided by response time (Laureiro-Martínez, Canessa, et al., 2014; Ortiz-Terán et 

al., 2013). Nevertheless, what sets this study apart is that it is the first attempt that 

has experimentally gauged the modulation role of emotional stimuli on 

entrepreneurial decision-making by assessing N100 and N400 event-related 

potentials (ERPs). These so-called event-related potential components measure 

brain responses resulting from direct sensory, cognitive, or motor events. 

Experimentally, there are three findings to highlight. First, positive words 

induce a faster reaction time. Put simply, participants tend to make faster decisions 

when exposed to a positive emotion. Second, reaction time takes longer in high-
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risk situations. Participants delay their decisions in the case of high-risk situations. 

Third, emotions influence participants’ reaction times but the link between reaction 

and decision-making efficiency remains to be further examined. 

It turns out that the ERP components taken and extracted from EEG recordings 

directly from participants’ brains could help to explore elusive cognitive processes 

such as those linked to the role of subliminal emotional stimuli on decision-making 

at the precision of milliseconds. 

Figure 10 illustrates the three levels of information processing that can be 

assessed with ERPs: encoding (what is extracted), retrieval (what is recalled and 

integrated) and weighting (what is assigned greater and less relevance) of 

information (Balcetis & Granot, 2015). 
 

Fig. 10. The three information processing strengths of event-related potentials (Article 

IV). 

Thus, ERP components constitute themselves as a powerful tool to auscultate how 

entrepreneurs’ brains process information (Luck, 2014). The characterisation of 

ERPs latency (reaction time between stimulus and response), amplitude, shape, 

polarity, and spatial distribution on the scalp facilitate an in-depth analysis of a 

particular stimulus from the moment it is perceived (encoding) till a decision is 

made about it (weighting). 

Based on the study, it can be sustained that among the three risk levels 

considered in the experimental task; the high-risk slot machine evoked stronger 

N100 than the middle risk one, mainly due to attentional allocation to stimulus. 

Similarly, a significant positive correlation was found between a high-risk 

condition and the component N400 suggesting that the semantic differences 
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resulting from the presented emotional stimuli in the task generated a decreasing 

reaction latency. 

Figure 11 shows a set of relevant ERP components that have so far been 

examined in entrepreneurship research, including those explored in this study. It is 

also argued that the EPN (Early Posterior Negativity), LPC (Late Positive 

Complex), LPP (Late Positive Potential) and P300 components (Hajcak, 

MacNamara, & Olvet, 2010) should be tried out because of their link to emotional 

responses. 

 

Fig. 11. Current and future ERP components relevant for entrepreneurship research 

(Article IV). 

From this study, it also emerges the possibility of applying neuro-technologies for 

“entrepreneurial enhancement” (Pérez-Centeno, 2017), the hidden gem resulting 

from this study and recommended as the source of research focus for future 

entrepreneurship investigations that make use of neuroscience technologies. In this 

vision, the strengths of EEG and ERPs could be instrumental to measure and 

monitor the training of cognitive processes relevant to reinforcing entrepreneurial 

behaviour. For instance, executive functions such as attention, working memory, 

emotional self-regulation, problem-solving, and motivation could be enhanced 

from scratch with a brain-driven research approach. 
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3.5 Results synthesis  

The contribution of the work undertaken in this doctoral dissertation relates to the 

elucidation of a framework and empirical testing to enable a comprehensive and 

informed merging of neuroscience technologies in entrepreneurship research, 

particularly for the use of EEG and event-related potentials (ERP) in the 

examination of emotion and entrepreneurial decision-making. 

A first analysis considered the latest empirical evidence regarding the use of 

neuroscience techniques in entrepreneurship research. The results indicated that the 

use of the two vital components of a brain-driven approach: experimental design 

and neuroscience technologies, remains rare among entrepreneurship scholars, 

even though experimental design is recognised as the most promising research 

method in entrepreneurship research. 

EEG and fMRI have probed their capacity to get merged in entrepreneurial 

decision-making studies by being able to scientifically ascertain that entrepreneurs 

make faster and more efficient decisions than non-entrepreneurs. 

The realisation that EEG and fMRI have been the only tools used to gauge 

speed and efficiency in decision-making urged the need to survey the totality of 

existing technologies to confirm their suitability to the discipline but also to identify 

a complete list of further appropriate technologies. These outputs have been 

reflected and documented in an all-embracing agenda for future research. 

In the analysis of the evidence and literature, it became evident that before any 

empirical testing of a merging attempt, a framework that serves as a theoretical and 

technical basis should be developed. That concretely meant the search and 

identification of fitting neuroscience technologies for entrepreneurship research as 

well as the elaboration of a thorough step-by-step protocol for laboratory 

experimentation. 

Figure 12 shows the framework for a brain-driven approach for 

entrepreneurship research, which is this dissertation’s main contribution.  
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Fig. 12. A framework for merging neuroscience technologies into entrepreneurship 

research (Article I; Article II; Article III; Article IV). 

The merging of neuroscience technologies into entrepreneurship research is framed 

in this dissertation as brain driven entrepreneurship research. It is made up of four 

interrelated blocks: experimental design, neuroscience technologies, information 

processing and functional localisation; and entrepreneurial enhancement. 

Laboratory experimentation is highlighted as blue arrows in the figure, 

emphasising the initial, fundamental, and progressive series of steps to consider 

when approaching a specific entrepreneurship issue. Once a clear research gap has 

been identified, the design of a laboratory experiment proceeds, bearing in mind 

five stages: elaboration of hypotheses; identification of treatments, measurements, 

and extraneous conditions; determination of experimental units and population; 

randomisation and statistical approach. 

Once the underpinnings of the experimental design have been established, it is 

time to single out a fitting technology, one that best addresses the aims of the 

experiments. The use and added value of EEG and fMRI for entrepreneurship 

research are acknowledged and relevant but insufficient. A lengthy analysis of 

electrophysiological, brain imaging, stimulation, and brain-training technologies 

reveals a wider range of suitable technologies such as MEG, fNIRS, tDCS, and 
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Neurofeedback. It is very important to note that these technologies can be used 

individually or in tandem depending on the topic of research. 

Once the experimental design has been matched with a fitting neuroscience 

technology, the merging can materialise through empirical testing. It can take place 

on individuals or groups of entrepreneurs, as seen in the figure’s two blue-colored 

silos, and focus on the assessment of motivational, cognitive, affective, or hormonal 

issues, with outcomes that can be both behavioural and neural. 

The remaining two blocks:  information processing and functional localisation 

and entrepreneurial enhancement, account for the remaining blocks of the created 

framework.   

The findings indicate that a central element when merging neuroscience 

technologies in entrepreneurship is to achieve coherence between the research topic, 

the experimental design, and the selection of a technique. In an ideal situation, a 

brain-driven entrepreneurship approach would: 

– allow a deeper level of analysis (brain-level) of almost any entrepreneurship 

theme that cannot be approached with existing conventional methods. 

– through laboratory experimentation, strengthen theory-building essential to the 

field.   

– facilitating the generation of temporal and special brain-driven data for 

accurate monitoring and localisation of complex cognitive processes. 

– permit the stimulation of cognitive functions associated with entrepreneurial 

behaviour and, 

– expedite the generation of novel brain-training protocols for the enhancement 

of entrepreneurial behaviour.  

Table 8 summarises the synthesis of research contributions. 

Table 8. The synthesis of research contributions (Article I; Article II; Article III; Article 

IV). 

RQ# Main results 

I 

What is the state-of- the-art in the issue of 

brain-driven entrepreneurship research? 

 

Uncovered the major research challenges in the field of 

entrepreneurship, particularly in entrepreneurial cognition, 

and brought up the strengths of neuroscience technologies 

as facilitators of a deeper level of analysis 

Conceptualised the merging of neuroscience technologies 

and entrepreneurship as “brain-driven entrepreneurship 

research” 
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RQ# Main results 

Divulged the need to identify and develop a fitting 

experimental design to make the merging feasible 

Found out that decision-making is the preferred research 

target among the existing merging attempts as well as the 

use of two technologies: EEG and fMRI 

outlined a future research agenda that aims to accelerate 

and promote the integration of neuroscience technologies in 

entrepreneurship research 

 

II 

Which are the most appropriate 

neuroscience technologies and methods 

for the investigation of entrepreneurship? 

 

 

Assessed the whole range of available neuroscience 

technologies, having in mind their pertinence to the field: 

electrophysiological, brain-imaging, brain-stimulation, and 

brain-training technologies 

Concluded that EEG is the most suitable technology for the 

temporal assessment of cognitive processes and the most 

accessible 

Found out that Neurofeedback is the apt technology for 

brain-training, coined in this study as “entrepreneurial 

enhancement”  

Determined that tDCS is the most appropriate technology for 

brain stimulation 

Revealed that fMRI is a suitable technology for functional 

localisation studies 

 

III 

What kind of experimental design 

principles should be considered in 

entrepreneurship research in the context of 

a brain-driven research approach? 

 

Laboratory experiments, field experiments, quasi-

experiments, and natural experiments were examined for 

their applicability with identified neuroscience technologies. 

Revealed laboratory experiments as the enabling design for 

a brain-driven entrepreneurship research approach.  

Defined nine principles to consider in the design and 

implementation of a laboratory experiment. 

Elaborated a guiding protocol example for a laboratory 

experiment in entrepreneurship research. 

 

IV 

What is the role of entrepreneurial intention 

on the association between emotion-word 

stimuli and decision-making? 

 

Using the insights gained in studies I, II, and III, examined 

empirically for the first time the interaction of emotional 

stimuli on decision-making using electroencephalography 

and the Event-Related Potentials method 
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RQ# Main results 

Developed a brand-new experimental task for the 

measurement of the role of emotions in entrepreneurial 

decision-making 

Examined the effects of emotional words on latency 

Ascertained the role of N100 and N400 components 

Suggested the relevance of studying the role of other ERP 

components such as the EPN, LPP, LPC, and P300 

 

 

Overall contribution 

 

Created the framework for the merging of neuroscience 

technologies in entrepreneurship research 
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4 Discussion 

This dissertation presents a novel approach and interdisciplinary perspective as it 

provides new knowledge about the foundations for researching the phenomena of 

entrepreneurship from a neuroscientific perspective to assess the entrepreneur’s 

brain at a deeper level. 

Using entrepreneurship research’s theoretical foundations and a mixed-

methods approach based on in-depth state-of-the-art analysis and an experimental 

design, empirical context-specific evidence about the strengths of the 

entrepreneurship-neuroscience fusion was revealed, and a better understanding of 

its new and promising line of inquiry was gained. The findings of this study suggest 

that current entrepreneurship literature does not provide an accurate 

conceptualisation and framework for the use of neuroscience technologies in 

entrepreneurship research. 

Moreover, the findings show that prior neuro-entrepreneurship literature, 

which majorly focuses on decision-making (Laureiro-Martínez, Canessa, et al., 

2014), does not provide research evidence precise enough about the interplay of 

emotions and decision-making. 

As the field of entrepreneurship is currently interested in investigating the 

underpinnings of thinking and acting entrepreneurially (Krueger, 2015), the results 

of this dissertation complement this quest by providing a set of comprehensive 

steps for the accurate exploration of the entrepreneurial brain. 

This study determined the essential considerations for merging neuroscience 

and entrepreneurship and tested them empirically. The benefits of the developed 

framework suggest its adoption in entrepreneurship research. The findings indicate 

that using an experimental design coupled with fitting neuroscience techniques 

such as EEG makes it possible to deepen the quality of data collection and analysis 

and improve our understanding of almost any entrepreneurship theme. 

The results of this dissertation (Article I; Article II; Article III; Article IV) are 

addressed in this section. First, the theoretical contributions and practical 

implications of the research are discussed. Then, the issues regarding the quality of 

research are assessed. Finally, some recommendations for further research are 

highlighted. 
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4.1 Theoretical considerations  

This is one of the first studies to investigate the scientific convergence of 

neuroscience technologies and experimental design within the field of 

entrepreneurship research (Article I; Article II; Article III; Article IV). This study 

offers novel theoretical and empirical insights into the stages required for this 

merging to materialise. Table 9 summarises the theoretical implications of the four 

individual articles. 

The Article I revises extensively and reflectively the state-of-the-art in the 

emerging science of combining neuroscience and entrepreneurship.  

From previously more preliminary perspectives (Krueger & Welpe, 2014) to 

the generation of the term “brain-driven entrepreneurship research” to clearly 

define the strengths, boundaries, and major challenges of this new line of inquiry, 

this study provides a new contribution to the what is neuroentrepreneurship 

question (Girişken & Çakar, 2021). In so doing, this study claims that this new 

research approach can support a profound understanding of the entrepreneurial 

brain across any stage of the entrepreneurial journey. 

The study also forwards the added-value of the BRE approach for the 

investigation of decision-making and decision-making speed (Laureiro-Martínez, 

Brusoni, et al., 2014; Ortiz-Terán et al., 2013) by clearly disentangling the 

advantages of the use of two neuroscience technologies for entrepreneurship 

research and appealing for their use, specifically of EEG, rather than continuing 

with traditional research approaches only. As of today, no traditional research 

method in entrepreneurship can capture data from the entrepreneurs’ brains at a 

millisecond-scale. Only EEG holds such a capacity. 

This is a new aspect to the previous neuro-entrepreneurship discussion 

(Krueger & Day, 2010), where the pros and cons of neuroscience technologies such 

as EEG and fMRI were not emphasised with the degree of detail required. 

This study complements previous literature (Blair, 2010; de Holan, 2014; 

Sharma et al., 2021; Wuebker et al., 2014) by highlighting where the field should 

go next to take full advantage of the new era of the entrepreneurial brain. 

Introducing the importance of a neural approach for entrepreneurship research 

is in line with prior literature (Foo, Murnieks, & Chan, 2014). In that direction, this 

study emphasises that despite the imperfections of neuroscience technologies 

(Nicolaou & Shane, 2014), they hold advantages that can’t be surpassed by 

traditional research methods commonly used among entrepreneurship scholars.  
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Brain-driven entrepreneurship evidence is hard to assess, therefore, this 

merging can only take place if entrepreneurship scholars acquire the necessary 

skills in the use of neuroscience equipment and gain enough expertise in 

experimental design. Combining these elements skilfully constitutes the genesis of 

a revolution in the way the discipline of entrepreneurship has been researched.  

The Article II auscultates for the first time the whole spectrum of neuroscience 

technologies (Kanter et al., 2022), in light of seeking which one is suitable for 

entrepreneurship research and hence contributes to the community of 

entrepreneurship scholars venturing to work in this area. The main issue is to 

understand the neuroscience technologies that best fit the arena of entrepreneurship 

research, their weaknesses and strengths, the implications of spatial and temporal 

resolution (Zani et al., 2003), multimodal and neuromodulation techniques 

(Denison & Morrell, 2022), to be able to identify the most suitable technology. 

The study also contributes by highlighting that EEG, fMRI, MEG, and tDCS 

are technologies whose applications need to be considered subject to the research 

theme under question. 

The contribution of the Article III is in line with other studies (Hsu et al., 2017; 

Williams et al., 2019) in emphasising that the theoretical advancement of the field 

of entrepreneurship requires the inclusion of an experimental approach. The study 

reveals the fundamental experimental principles that must be considered when 

approaching an entrepreneurship enquiry from a brain-oriented perspective (Article 

III). 

This study also contributes to the previous literature (Carter & Shieh, 2015) by 

exemplifying ten key steps of an experimental design from an entrepreneurial 

vantage point using fMRI technology. 

The study also raises the relevance of laboratory experiments as the ideal 

experimental paradigm for entrepreneurship research. Laboratory experimentation 

is equipped to mitigate the most serious constraint for the legitimacy of 

entrepreneurship as a research field, the internal validity problem (Krueger & 

Welpe, 2014). 

Aligned with prior contributions (Shaver, 2014), the article highlights that 

laboratory experimentation needs prudent operationalisation, standardisation of 

procedures, random assignment, and factorial design. 

The study also adds value by emphasising, that laboratory experimentation 

skills are a necessity for entrepreneurship scholars, particularly those interested in 

using neuroscience devices. 
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The Article IV, which exemplifies the empirical merging of entrepreneurship 

and neuroscience, gives new thoughts to previous literature (Lahti, Halko, 

Karagozoglu, & Wincent, 2019; Laureiro-Martínez, Canessa, et al., 2014; Ortiz-

Terán et al., 2013; Rahmati, Rostami, Zali, Nowicki, & Zarei, 2014; Shane et al., 

2020; Zaro, da Cruz Fagundes, Rocha, & Nunes, 2016) by indicating that there is 

a link between reaction time (RT), emotions, and decision-making. It is the first 

study that adds the assessment of the emotion component in entrepreneurial 

decision-making using electroencephalography and event-related potentials 

technique (ERP). 

This is only possible, however, when there is careful alignment between the 

topic under investigation, the selection of a suitable neuroscience technique, and a 

comprehensive experimental design (Article III). The identification of these three 

critical elements for effectively merging entrepreneurship with neuroscience also 

represents a contribution from this study. 

Some researchers (Article I; Djuricic et al., 2021; Shane et al., 2020; Wuebker 

et al., 2014) talk about the importance of assessing an entrepreneurship theme from 

a brain-driven perspective. However, the practical understanding of how brain-

driven data can be gathered and analysed in the field of entrepreneurship remains a 

challenge. 

It is the domain of the three elements highlighted above that enables the 

capacity to implement a brain-driven study properly, which for now, most 

entrepreneurship scholars lack. 

The assessment of the role of the emotional word- stimuli on decision-making 

provided in this study demonstrates that emotions can be assessed at a deeper level 

using neuroscience tools. In this way, this study empirically reveals the potential 

and benefits of EEG and ERP techniques for entrepreneurship research. 

The findings suggest that a proper experimental design coupled with EEG and 

ERP not only reduces methodological constraints (Omorede et al., 2015) and 

response bias (Furnham, 1986), but also contributes to needed theory building in 

the field (Kraus et al., 2016). This understanding provides a new and valuable 

contribution to the previous literature (Laureiro-Martínez, Canessa, et al., 2014; 

Ortiz-Terán et al., 2013; Shane et al., 2020). 

Additionally, this study particularly provides a new contribution to the 

entrepreneurial cognition study by signalling a set of new brain-driven markers to 

investigate and measure the link between emotions and cognition (N100 and N400). 

This study offers a novel methodology for entrepreneurship scholars to go deeper 

in terms of data collection, processing, and analysis.  
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Since traditional entrepreneurship research methods (McDonald et al., 2015) 

cannot get data directly from the entrepreneur’s brain and process it, it is now time 

to use neuroscience techniques like the ones used in this dissertation to better 

explore how the entrepreneur’s brain processes decisions. 

Table 9. Summary of theoretical contribution article by article (Article I; Article II; Article 

III; Article IV). 

Title of the original article Theoretical contribution 

I 

Brain-driven entrepreneurship research: A 

review and research agenda  

Identified the major research challenges in the field of 

entrepreneurship, particularly in entrepreneurial cognition, 

and highlighted the benefits of neuroscience technologies as 

tools for deeper analysis 

Coined the phrase "brain-driven entrepreneurship research" 

to describe the fusion of neuroscience technologies and 

entrepreneurship 

Disseminated the importance of identifying and developing a 

suitable experimental design to make the merging possible 

Discovered that among the existing merging attempts, the 

theme of decision-making is the preferred research target, 

with the use of two technologies: EEG and fMRI 

Developed a research agenda aimed at advancing the 

integration of neuroscience technologies into 

entrepreneurship research 

II 

Which tool should I use? Neuroscience 

technologies for brain-driven 

entrepreneurship researchers  

Evaluated the entire range of neuroscience technologies in 

terms of their applicability to the field 

Found that EEG is the most appropriate and accessible 

technology for assessing cognitive processes 

Discovered that Neurofeedback is the best technology for 

brain-training, dubbed "entrepreneurial enhancement" in this 

study 

Determined that tDCS is the most appropriate technology for 

brain stimulation 

Revealed that fMRI is a suitable technology for functional 

localisation studies 

III 

Experimental methodological principles for 

entrepreneurship research using 

neuroscience techniques  

The full range of experimental approaches, including 

laboratory experiments, field experiments, quasi-

experiments, and natural experiments, were examined with 

the goal of determining their suitability for the fusion of 

neuroscience and entrepreneurship 

Stated that laboratory experiments are a crucial component 

of a brain-driven entrepreneurship research strategy 
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Title of the original article Theoretical contribution 

Identified nine principles to consider when planning and 

carrying out a laboratory experiment in the context of a 

brain-driven entrepreneurship study 

Developed a guiding protocol to show the interplay of an 

experimental design in a brain-driven study based on fMRI 

technology 

IV 

The role of entrepreneurial intention on the 

association between emotion-word stimuli 

and decision-making speed and efficiency: 

an event-related potential study 

For the first time, an empirical study of the interaction of 

emotional stimuli on entrepreneurial decision-making was 

conducted using a brain-driven research approach 

Elaborated a comprehensive framework to enable the 

experimental exploration of a fitting research topic using 

EEG and ERP techniques 

Developed an experimental design and task to gauge the 

influence of emotions on decision-making 

Identified the components N100 and N400 as potential 

markers to gauge the emotion-decision-making link 

In summary, the fundamental theoretical contribution of this dissertation lies in 

outlining a set of steps for designing, implementing, and analysing data that 

originated in the entrepreneur’s brain. This work highlights the first framework for 

the merging of neuroscience and entrepreneurship. 

4.2 Practical considerations  

This study embraces important practical implications (Article I; Article II; Article 

III; Article IV). Shepherd and Wiklund (2020) claim that any entrepreneurship 

research should generate evidence that transcends that of only entrepreneurship 

scholars. This study fulfils this objective by providing empirical evidence about an 

emerging and promising topic across the disciplines of entrepreneurship and 

neuroscience. 

This study analysed the integration of neuroscience into entrepreneurship, 

which has been scarcely assessed. In addition, this dissertation provides interesting 

implications for entrepreneurs since it contributes to a thorough understanding of 

their cognitive capacities, which are crucial for entrepreneurial success (Baron, 

2013). 

Both the resulting empirical evidence and critical analysis of the state-of-the-

art provide a far-reaching view of the topic. The methodological precepts for the 

neuroscience-entrepreneurship fusion have been uncovered, and new knowledge 
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has been produced to demonstrate the added value of amalgamating both 

disciplines. The identified insights are critical to take into account in 

entrepreneurship research and practice. 

The findings in this study may be used by start-up communities and their 

entrepreneurs. The understanding that neuroscience-entrepreneurship integration 

can better measure and enhance cognitive performance can benefit start-up 

founding entrepreneurs seeking to increase venture success. This dissertation 

provides support for this necessary understanding. 

Specifically, the findings released in this dissertation can be helpful to current 

as well as aspiring entrepreneurs regardless of the sector in which they operate and 

who want to learn how neuroscience technologies such as EEG and event-related 

potentials (ERPs) could help to measure the performance of their cognitive, 

affective, and conative skills. 

Entrepreneurs at their various stages of development: conception, gestation, 

infancy and adolescence can benefit from the analytical, monitoring, and 

enhancement properties of the neuroscience technologies revealed in this 

dissertation. 

University entrepreneurship students can benefit from this study by enriching 

their understanding of the use of EEG and event-related potentials (ERPs) to gauge 

the interaction of emotions and decision-making from a brain-vantage point. 

The practical use of this study is, nonetheless, not constrained to entrepreneurs 

and university entrepreneurship students but extends to policymakers responsible 

for the development of entrepreneurship. Policymakers can benefit from the results 

when they understand the promise of neuroscience methods and when they gain the 

understanding that combining entrepreneurship and neuroscience brings to light the 

possibility of “brain-driven entrepreneurial enhancement,” a concept engendered 

in this dissertation. Although not every entrepreneur needs to embrace a 

neuroscience-entrepreneurship approach, those that do incorporate it as an active 

piece of their venture hold a competitive edge. 

Along with that, institutions such as higher education institutions and public 

advisory organisations can utilise the results to upgrade their entrepreneurs’ 

assessment services. Furthermore, the findings could also be used for the education 

of entrepreneurs. 

This study provides useful insights about this emerging topic, which can 

contribute to a new era of entrepreneurship research, entitled the era of the 

“entrepreneurial brain.” Thus, a wide range of players in the arena of 

entrepreneurship can better understand the advantages of the assessed merging. 
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Overall, these findings are important to those who aim for higher cognitive 

performance in entrepreneurship or to support or improve it. An awareness of the 

topics analysed in this study could help aspiring and current entrepreneurs focus 

their attention on these relevant issues, which constitute the steppingstone of higher 

entrepreneurial performance. 

4.3 Ethical considerations 

In addition to the fulfilment of the ethical principles for human experimentation 

stipulated in the declaration of Helsinki (Goodyear, Krleza-Jeric, & Lemmens, 

2007), this study sheds light on two key ethical requirements for the neuroscience-

entrepreneurship merging to take place safely. The first one is the use of non-

invasive technologies. A non-invasive factor denotes the application of procedures 

that do not require puncture or incision of the skin or insertion of an instrument or 

device into the human body. The technologies that are considered non-invasive for 

the implementation of a brain-driven approach to entrepreneurship research are as 

follows: EEG, MEG, fMRI, Neurofeedback, and tDCS. Of these technologies, EEG 

is the most convenient, safe, and inexpensive recording method for brain-driven 

entrepreneurship researchers. 

The second ethical issue refers to incidental findings. The execution of a 

neuroscience-entrepreneurship study involves the recruitment of human 

participants and the collection of data straight from their brains. During such a 

process, it is not unusual to discover incidental abnormalities, which are pure 

incidental findings and not relevant to the actual research but can be life-threatening 

to the participants (Leung, 2013). 

Therefore, in line with Wolf et al. (2008), this study highlights that it is the duty 

of any entrepreneurship researcher working in this new area of enquiry to plan for 

incidental findings, create a pathway allowing for expert consultation to assess 

suspicious findings on a timely basis, inform prospective research participants of 

the likelihood of incidental findings and consult whether participants wish to be 

contacted, and systematically evaluate whether individual incidental findings merit 

disclosure to the participant. 
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4.4 Quality of research  

This study aimed to build the requirements and steps in the form of a framework 

and empirical testing to enable the merging of neuroscience and entrepreneurship. 

In line with Shipman (1988) criteria, the quality of this  research can be established 

from four perspectives: 

1. Reliability 

2. Validity 

3. Generalisability 

4. Credibility 

A study is reliable when the same results can be obtained by other researchers using 

the same methods (Lakshmi & Mohideen, 2013). Reliability is assessed in terms of 

subject error (different results on different days), subject bias (trying to please the 

researcher), and observer error and bias. 

A subject error was minimised by double checking all measurements for 

accuracy. The researcher was properly trained and clearly understood the 

parameters of the experiment. Subject bias was reduced by ensuring that 

participants know that their data is truly confidential. In so doing, they were more 

likely to reveal the truth. Furthermore, the information was presented in a 

judgement-free manner. This is regarding everything from the advertisement for 

the study, the formulation of the task, and how the information was treated 

afterwards. 

Observer error and bias refer to the researcher’s interests, experience, and 

competencies that may challenge the objectiveness of the study. During data 

collection, the subjects were instructed to provide full, complete answers to the 

research questions and not to leave anything out that might need to be supplemented 

by the researcher. Thus, developing an accurate questionnaire and a comprehensive 

experimental task was prioritised. Furthermore, the researcher consciously 

remained as objective as possible during the analysis. 

Internal validity is defined as the extent to which observed results accurately 

reflect the truth within the studied population (Patino & Ferreira, 2018). The way 

the experimental study was undertaken supports the conclusion that the 

independent variable caused observed differences in the dependent variable. 

Furthermore, the study was carefully planned and implemented, including the 

execution of proper recruitment strategies, data collection, data analysis, and 

sample size. 
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Generalisability, or external validity, implies the extension of research findings, 

especially for the population that the sample is thought to represent (Patino & 

Ferreira, 2018). The usual conclusion that experiments are low in external validity 

should be treated with tweezers because experiments need not seem artificial and 

they are often conducted to learn about psychological processes (high 

psychological realism) that are likely to operate in a variety of people and situations 

(Price, Chiang, & Jhangiani, 2018). The external validity issue was tackled by 

considering two strategies: increasing the diversity of circumstances in which a 

particular phenomenon is investigated and increasing the heterogeneity of the study 

populations (McDermott, 2011). This study paid attention to the issues of subject 

selection and stimuli. Devroe and Wauters (2019) argue that these factors assist the 

external validity of experimental settings. Heterogeneity was favoured by including 

subjects from different age groups, sexes, races, and socioeconomic or educational 

status (subject selection). The participation of international students in the study 

increased the representativeness of the sample and potentiated prospects for 

generalisation. The applied one-armed bandit task resembles the essence of the 

stimulus of interest in the real world (Druckman, Green, Kuklinski, & Lupia, 2011). 

Replication is also a factor related to the strategy of the diversity of circumstances. 

It, however, remains as a future endeavour that will materialise by conducting a 

series of experiments that include different populations, involve different situations, 

and use multiple measurements (Devroe & Wauters, 2019). 

Lastly, the credibility of the study addresses issues such as who carried out the 

research, his or her background and expertise, as well as conflicts of interest. As 

stated in the first chapter, the elaboration of this study emerged because of the 

existence of a current research gap within the field of entrepreneurship. The author 

of this dissertation is a scholar with prior entrepreneurship experience and post-

graduate degrees in both Japan and Finland, trained in the fields of neuroscience 

and psychology at a university level in Finland and the US.  

During the time that this research was being done, it stayed financially, 

commercially, legally, and professionally independent from any industry or 

government. This means that there is no conflict of interest that could make the 

research less reliable. 

4.5 Recommendations for further research 

Entrepreneurship as a field of study is a young discipline in search of legitimacy, 

where the incorporation of neuroscience technologies can aid in delving deeper into 
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the pinnacle of entrepreneurial behaviour: the entrepreneurs' brain. Neuroscience 

is equipped to alleviate these limitations, but the lack of expertise in the use of and 

the little understanding of the potentialities of these technologies inhibits the 

contribution of neuroscience to the field. Yet, what would be the impact of merging 

neuroscience into entrepreneurship research if these barriers could be progressively 

lessened? 

Future research is urgently needed to capitalise on this new research framework. 

Entrepreneurs must understand how neuroscience can help them track and improve 

brain performance. This also challenges start-up founders and team members to 

change and adopt neuroscience technologies to increase their probability of success. 

Entrepreneuring, or the practise of entrepreneurship, on the other hand, has 

traditionally been regarded as a static concept. This traditional model of research 

cannot enable the improvements that the "brain age" posited in this dissertation can. 

To accomplish this, the first step is to identify a relevant topic that could benefit 

from the contribution of neuroscience. The second priority is to create a solid 

experimental design. The third priority is to identify the best technology to use. 

This is significant because each device has advantages and disadvantages. 

Following that, future research should shift from static analyses based on brain 

mapping and activations to dynamic studies aimed at strengthening a variety of 

affective, cognitive, and conative functions associated with entrepreneurial practise. 

Three neuroscience tools will be key in achieving ‘entrepreneurial enhancement’: 

neurofeedback, brain training, and brain stimulation. 

Thus, this dissertation concludes that brain-driven research will soon become 

mandatory in the field of entrepreneurship due to its potential to pursue 

"entrepreneurial enhancement" and lead to higher venture success. 
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