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Abstract 
Recent advancements in neuroscience and the development of stimulation-technologies pave the 

way for consumer products in cognitive enhancement. Cognitive enhancement is part of the global 

trend of individuals striving to improve themselves in order to enhance their performance. An 

example of such cognitive enhancement is transcranial direct-current stimulation (tDCS) which is 

increasingly becoming available as a consumer product. This thesis aims to increase the 

understanding of how the diffusion of tDCS is characterized by the technology’s distinctive nature. 

Although several studies have tested the supposed effect of tDCS and much has been debated about 

the ethics of cognitive enhancement, no studies have investigated the consumer behavior related to 

tDCS or cognitive enhancement. Thereby, the nature of this thesis is inherently exploratory. The 

analysis is based on qualitative data from seven expert interviews and two focus groups, as well as, 

quantitative data from two online structured interviews with users and potential adopters of tDCS. 

The approach to theory development of this thesis is primarily deductive as the existing diffusion-

literature is tested. Important findings of the study are that: (1) the knowledge and persuasion stages 

of tDCS are complex due to the novelty of cognitive enhancement as a consumer product; (2) 

interpersonal communication is needed in persuasion stage, however; (3) tDCS-users’ interpersonal 

communication is limited due to the lack of social acceptance of cognitive enhancement; and (4) 

mass-media communication will play a central role in creating awareness, persuading potential 

adopters and increase the social acceptance of tDCS.  
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1. Introduction 
Technological developments in the pharmacological and neurological industries combined with 

societal pressures for effectivity and competitiveness have paved the way for cognitive 

enhancement. Nevertheless, little research has been dedicated to cognitive enhancement (Bostrom 

& Sandberg, 2009; Dessy, Puyvelde, Mairesse, Neyt, & Pattyn, 2018; Farah et al., 2007; Wexler, 

2018). Cognitive enhancement is defined as the “amplification or extension of core capacities of 

the mind through improvement or augmentation of internal or external information processing 

systems” (Bostrom & Sandberg, 2009, p. 311). Cognitive enhancements improve peoples’ 

cognition beyond normal functioning, leading to more creative, focused and/or effective individuals 

(Bostrom & Sandberg, 2009; Dessy et al., 2018). 

One such cognitive enhancement is transcranial direct-current stimulation (tDCS), which stimulates 

the human brain through low levels of electric currents. By placing a tDCS-device on the head, 

users can target specific areas of the brain, and thereby achieve profound results (Bikson et al., 

2016; Bourzac, 2016; Stagg, Antal, & Nitsche, 2018; The Brain Simulator, 2018). Originally 

developed for treatment purposes and military training, tDCS is increasingly used for enhancement 

purposes (Cabrera & Reiner, 2015; Dubljević, Saigle, & Racine, 2014; Jwa, 2015; The Brain 

Simulator, 2018; Wexler, 2017, 2018; Wexler & Reiner, 2017). Since it is not the purpose of this 

thesis to evaluate the technology, but rather its diffusion, a thorough presentation of the technology 

is omitted, as it quickly becomes extremely technical and complex. However, tDCS has significant 

scientific backing (Bikson et al., 2016; Bourzac, 2016; Neuromodec, 2018; Simonsmeier, Grabner, 

Hein, Krenz, & Schneider, 2017; Stagg et al., 2018; The Brain Simulator, 2018), and it is worth 

knowing that scientific studies have proved that tDCS can enhance language and mathematical 

abilities (Simonsmeier et al., 2017), attention rates (Bikson et al., 2016; Coffman, Clark, & 

Parasuraman, 2014), problem-solving skills (Simonsmeier et al., 2017), working memory (Fregni 

et al., 2015), object detection (Falcone, Coffman, Clark, & Parasuraman, 2012), motor skills 

(Nitsche & Paulus, 2000; Reis et al., 2009; Waters-Metenier, Husain, Wiestler, & Diedrichsen, 

2014), and creative problem solving (Bikson et al., 2016; Chi & Snyder, 2012; Simonsmeier et al., 

2017; Stagg et al., 2018). 

No research has considered consumer behavior related to cognitive enhancement and the challenges 

that marketers face in the early stages of the market-development. Due to the novelty of the 

industry, academics and practitioners have not yet sufficient understanding of the diffusion of 

tDCS, even though cognitive enhancement products could have a huge potential value for users 

and society. Several scholars have argued that that cognitive enhancement, and human 
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enhancement in general, is likely to have negative externalities for the general society, such as the 

creation of biological inequalities, social distortion and several other ethical dilemmas (Bostrom & 

Sandberg, 2009; Bostrom & Savulescu, 2009; Brock, 2010; Greely, 2011). Nevertheless, the 

opportunistic and individualistic behavior that characterizes humans (Chen, Peng, & Saparito, 

2002) is likely to push individuals towards cognitive enhancements qua their “immediate value to 

the possessor” (Bostrom & Sandberg, 2009, p. 328) which make them intrinsically desirable (ibid.). 

Therefore, there is a need to increase the understanding of consumer behavior in relation to tDCS 

and cognitive enhancement. This thesis aims to take the first steps in filling this gap in the literature. 

The findings from this thesis will not only benefit the industry and help marketers, but also advance 

the basis on which the ethics of cognitive enhancement are discussed. 

According to Bostrom and Sandberg (2009) cognitive enhancements deserve serious attention 

because:  

They are relatively new, and consequently there does not exist a large body of ‘‘received 

wisdom’’ about their potential uses, safety, efficacy, or social consequences; they could 

potentially have enormous leverage (consider the cost-benefit ratio of a cheap pill that 

safely enhances cognition compared to years of extra education); they are sometimes 

controversial; they currently face specific regulatory problems, which may impede 

advances, and; they may eventually come to have important consequences for society 

and even, in the longer run, for the future of humankind (ibid., p 313). 

Based on this rationale it can from a business administration perspective be argued that it is 

essential to improve the understanding of the diffusion of tDCS. Furthermore, it can be argued 

that tDCS has potential to become a huge market, qua the intrinsic value and appeal of 

enhancing cognitive skills. Not only for individuals, but also for organizations and society in 

general. 

With a departure in Rogers' (1962, 2003) diffusion of innovation (DOI) framework, the process 

through which tDCS has to go is examined. By applying Rogers' (1962, 2003) framework, it is 

possible to evaluate the diffusion of tDCS, and increase the understanding of the challenges that 

marketers face. 

Despite the widespread acceptance in academia and practice (Chandrasekaran & Tellis, 2015a; 

Mahajan, Muller, & Bass, 1995), Rogers’ (1962, 2003) DOI-framework contains several biases and 

methodological weaknesses. Apart from the general limitations of the DOI-field, no studies have 

applied the framework to tDCS or any other cognitive enhancement products, and only a few 
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scholars have examined human enhancement (Chiesa & Frattini, 2011; Huarng, Yu, & Lai, 2015). 

Due to the nature of tDCS, it is likely that the consumption behavior varies significantly from non-

enhancing products, meaning that the DOI-framework might not be appropriate for tDCS. This 

thesis therefore tests the assumptions of the field on a complex product category, as proposed by 

Peres, Muller and Mahajan (2010). 

Shih and Venkatesh (2004)’s use-diffusion (UD) approach – which challenges Rogers’ (2003) 

incumbent adoption-diffusion (AD) approach – is central for this thesis, as they argue that a better 

understanding of the diffusion process can be achieved by including an assessment of consumers’ 

rate and variety of use of an innovation. Since only one study has previously compared the two 

approaches (Sawng, Motohashi, & Kim, 2013), the two approaches’ appropriateness must be tested 

and compared further, with the purpose of advancing the DOI-literature. 

In order to improve the understanding of the diffusion of tDCS, the following research question, 

hypotheses and related sub-questions constitute the essence of this thesis. Based on an extensive 

literature review, the problem clarification presents a thorough argumentation for the identification 

of the research question, the hypotheses and the sub-questions. Due to the high number of 

hypotheses deduced from the literature review (N=29) and induced from the thematic analysis of 

the qualitative data (N=12), only the research question and sub-questions are presented in the 

following section. However, a complete list of 35 hypotheses can be found in appendix 8.1.1. 

1.1 Research Question 
How is the diffusion of tDCS characterized by the technology’s distinctive nature? 

1.1.1 Sub-Questions 

• What are the characteristics of the knowledge and persuasion-stages for tDCS?  

• How does the communication of tDCS differ from the suggested DOI-literature? 

• How is the interpersonal communication about tDCS characterized by users’ consumption 

patterns? 

1.2 Delimitations 
Due to the limited scope of this thesis, there are certain theories and topics that, if included, could 

have benefitted the analysis and the theoretical legitimacy of this thesis. This thesis, however, 

prioritizes a narrow focus. It is, however, pivotal to acknowledge how the omitted topics and their 

related discussions could benefit the analysis. As a part of the conclusion, it is discussed what future 

research in the field should consider, and suggestions are made as to how the findings can be 

verified by including other sources of data and units of analysis.  
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Due to the novelty of tDCS, only a few researchers have examined the reception, use and attitudes 

towards tDCS (Wexler, 2018). Since tDCS remains at the early stages of the diffusion process, the 

present research examines these stages and therefore, the latter stages of Rogers’ (2003) framework 

receive only limited attention in this research. 

Moreover, this thesis refrains from assessing segmentation strategies, which according to Moore 

(2014) and Striukova, Rayna and Landau (2009) could be used to accelerate the diffusion process. 

The investigation of different segments and their receptiveness to tDCS and the subsequent 

diffusion rates, would be of great value for marketers of tDCS, but the academic value to be 

extracted from it would be very limited since it is industry-specific and therefore not generalizable. 

Even though other types of innovation-decisions such as collective and authoritative decisions exist 

(Rogers, 2003, p. 28), this thesis focusses on the individuals’ optional decision to adopt and is 

therefore delimit to the B2C markets. 

Because of the wide acceptance of the DOI-framework, it has been necessary to omit several 

elements. As formulated by Rogers (2003), there are four main elements in DOI: (1) the innovation, 

(2), communication channels, (3) time, and (4) social systems. 

Despite contemplating theoretically how the time- and social system elements stand apart for tDCS, 

limited attention is paid to these two elements. Firstly, in relation to the time element, it could have 

made sense to do longitudinal studies of the diffusion of tDCS, because diffusion is a process that 

evolves over time. However, as supported by Rogers (2003), longitudinal studies are complex to 

perform and prone to several biases.  

The lack of emphasis on the time aspect, moreover, impacts the assessment of the innovation-

decision process that individuals undergo prior to adoption. Ideally, DOI-studies should collect data 

from individuals throughout the different stages of the innovation-decision process. This would 

help to understand the ways in which the diffusion of tDCS stands apart. Secondly, the social 

systems-element of Rogers’ (2003) framework could also have been more present in the research, 

as it allows for an improved understanding of how tDCS is diffused across social systems 

(Goldenberg, Libai, & Muller, 2001; Kratzer, Lettl, Franke, & Gloor, 2016; Leenders & Dolfsma, 

2016; Stephen & Berger, 2009a). 

Furthermore, this thesis only investigates the diffusion of tDCS used for enhancement purposes 

even though tDCS is also used for treatment and restoration (Jwa, 2015; Wexler, 2018), and 

potentially others purposes (Bikson et al., 2016). This thesis, nevertheless, aims to understand the 

diffusion of tDCS solely as tool for cognitive enhancement and therefore tDCS has only been 
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presented as a tool for enhancement in the data collection. It is, however, acknowledged that the 

diffusion of tDCS for other purposes than cognitive enhancement potentially have an influence on 

the diffusion of tDCS for cognitive enhancement.  

1.3 The Motivation Behind this Thesis 
This thesis relates closely to the authors’ personal motivation, as both of us are enthralled by the 

tDCS technology and cognitive enhancement as a product category in general. 

Constituting a new product category, tDCS challenges companies in ways that are closely related 

to our fields of study, namely innovation, strategic market creation and consumer behavior. As we 

see ourselves working within these fields, we have a strong personal motivation to advance the 

understanding of the diffusion of cognitive enhancement. 

Based on our knowledge of consumer behavior and DOI, we believe that several of the assumptions 

on which the theories are grounded are fallacious and that some of the central premises emanate 

from biased and/or too-simplified models. Thus, another motivation of ours is to expand the field 

of research by discussing its limitations and by applying it to an emerging product category. 

1.4 Composition 
With the purposes, research question and the motivations of this project in place, the introduction 

now moves into a presentation of the structure of this thesis, providing the reader with a guiding 

hand through this thesis. 

To respond adequately to the research question, this thesis takes a methodological and meticulous 

approach. In chapter 2, the philosophy of science is discussed, and the ontology and epistemology 

of this thesis are presented together with a discussion of their significance for the methodology. 

Moreover, the methodology asserts the data sources and their respective validity and reliability. 

Because this thesis is closely tied to the existing literature, the theoretical underpinnings of the 

DOI-literature are critically reviewed before their applicability to tDCS is discussed. To enable this 

discussion, the theoretical frameworks are presented. Thereafter, the research field’s current state 

is assessed, and it is discussed how the field can advance and overcome its limitations. Throughout 

the literature review, existing theories’ and frameworks’ applicability and appropriateness to tDCS 

are discussed. A central element of the literature review is to formulate a basis on which the AD 

approach and the UD-approach can be assessed. 

Before moving into the discussion, the empirical findings are presented. Here, the data collection 

is presented as concisely as possible, and the findings are formulated in either writing or figures. In 
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the discussion, the results are interpreted in relation to the existing literature. This process allows 

for an investigation of the hypotheses, sub-questions and research question presented in the 

introduction.  

In the conclusion, the findings and their implications are summarized. It is concluded how the 

findings advance the DOI-literature and increase the understanding of the diffusion of tDCS. 

Moreover, strategic implications for the industry and tDCS providers are discussed. Finally, future 

research topics that can bring the field forward are suggested. 

1.5 Abbreviations 
tDCS = Transcranial direct-current stimulation 

DOI = Diffusion of innovation 

AD = Adoption diffusion. As suggested by Rogers (1962, 2003) 

UD = Use diffusion. As suggested by Shih and Venkatesh (2004) 
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2. Philosophy of Science 
The following chapter will present the philosophy of science perspective that has guided this thesis’ 

fundamental elements. The chapter begins with the research paradigm, in which ontological, 

epistemological and methodological choices are considered and their implications assessed. In 

relation to the ontological perspective three assumptions about the nature of reality are discussed 

(1) realism and constructivism, (2) materialism and idealism, and (3) universalism, context and 

process. Regarding the epistemology, the assumptions about how we can study knowledge are 

discussed, distinguishing between objectivity and subjectivity. Finally, the methodology section 

presents the research approach, research method, research design, and methods of data analysis. 

2.1 Research Paradigm 
A research paradigm is a basic belief system, which defines the nature of reality and characterizes 

the worldview of its holder (Guba & Lincoln, 1994). Further, the belief system of a research 

paradigm is based on ontological, epistemological, and methodological assumptions (Darmer & 

Nygaard, 2005; Feldt, 2014; Guba, 1990; Heldbjerg, 1997; Kuhn, 2012). This thesis follows the 

assumptions presented by the post-positivistic research paradigm. In this section, the belief system 

is presented and elaborated upon, based on ontology, epistemology and methodology (Bryman, 

2016; Feldt, 2014; Guba, 1990; Holm, 2013; Kuhn, 2012; Tracy, 2012). The rationale behind an 

in-depth elaboration of this thesis’ research paradigm is to make the underlying assumptions 

transparent for the reader. This enables a correct validation of the research results, which is in line 

with the post-positivistic paradigm (Eriksson & Kovalainen, 2016; Tracy, 2012). 

2.1.1 Ontology 
The ontological perspective is a crucial and determining element in the presentation of the 

coherence between the subject area of this thesis and the understanding of reality on which it is 

founded. Ontology is the science of being (Feldt, 2014, p. 25) and is defined as “the study of the 

nature of reality” (Leavy, 2014, p. 82). The ontological understanding of this thesis is based on 

three assumptions about the nature of reality and the things that exist in it (Feldt, 2014, p. 221). 

2.1.1.1 Realism and Constructivism 

The distinction between realism and constructivism is a main ontological distinction is pivotal to 

address in scientific research (Lewis-Beck, Bryman, & Liao, 2004). Within realism, the assumption 

is that objects, relationships, and characteristics exist independently of the human understanding of 

them. Therefore, ontological realism seeks to understand and explain phenomena in the world 

independently of how humans understand them (Feldt, 2014). 
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On the other hand, the constructivist approach posits that we are only able to study human 

understanding of objects, relationships and characteristics. So, the ontological constructivism 

focuses on how phenomena, such as causal relationships, actions, ideas or mentalities, are perceived 

and created by humans (Feldt, 2014). 

2.1.1.1.1 Critical Realism 

Rather than only distinguishing between the approaches of realism and constructivism, Cook and 

Campbell (1979), Guba and Lincoln (1994), Guba (1990), and Willis, Jost and Nilankanta (2007) 

argue for a more nuanced understanding of ontology. As a result, the more nuanced ontological 

perspective of critical realism emerged in line with the post-positivist research paradigm (Cook & 

Campbell, 1979; Guba, 1990; Willis et al., 2007). In critical realism, “reality is assumed to exist 

but only to be imperfectly apprehended because of basically flared human intellectual mechanisms 

and the fundamentally intractable nature of phenomena” (Guba & Lincoln, 1994, p. 110). 

In accordance with the post-positivist research paradigm, this thesis has a critical realist approach 

to ontology, since the purpose – which is to study the diffusion of tDCS and the additional 

challenges that are likely to differentiate the product category – is perceived as having a 

functionalistic reality, and thereby exist independently of humans’ creation of it. In line with critical 

realism, however, it is acknowledged that due to human biases, a full “universal truth” regarding 

the diffusion of tDCS is impossible to obtain. Further, the choice of critical realism as the ontology 

is consistent with the dominant literature in the DOI-field, such as Rogers (1962, 2003) and Shih 

and Venkatesh (2004). Rogers’ (1962, 2003) and Shih and Venkatesh’s (2004) studies also assume 

that one single truth exists for the DOI, but they acknowledge that human biases prevent scholars 

from understanding the world objectively. 

Often, in academic research, the only ontological distinction presented is between realism and 

constructivism (Feldt, 2014). However, to fully understand the ontological stand of this thesis, two 

other important divisions of the ontological perspective must be considered. According to Feldt 

(2014), the distinctions between (1) materialism and idealism, and (2) universalism, context and 

process are crucial. By including these considerations of these distinctions, this thesis obtains a 

deeper ontological understanding of the applied philosophy of science (Feldt, 2014). 

2.1.1.2 Materialism versus Idealism 

The main distinction between materialism and idealism is the elements that create the basis of 

researchers’ explanatory framework. A researcher must be aware of, and decide which elements 

(material or idea-based) he or she considers to be dominant (Feldt, 2014). A crucial factor in 

materialism is tangibility, i.e. that ideas and phenomena of consciousness always emerge from 
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physical and material conditions in the world. In contrast to materialism, a conscious idea has its 

own objective and independent existence within idealism (Feldt, 2014; Mann, 1979). 

Since tDCS is a tangible product materialism is the dominant approach of this thesis. Further is 

tangibility also the measured object both in the AD-approach and the UD-approach. 

2.1.1.3 Universalism, Context and Process 

Another important element regarding ontology of research, is to determine whether phenomena are 

perceived as universal or contextual, and whether they are part of a process. If phenomena are 

perceived as universal, they will have a constant nature, independent of their contextual setting of 

the study. In contrast to the universal approach, phenomena must, according to the contextual 

approach, be studied in their temporal, spatial and cultural context (Feldt, 2014). Lastly, it should 

be considered whether phenomena are static or dynamic. If phenomena are static, they can be 

explained as linear and stable, while dynamic phenomena form a continual process (Feldt, 2014). 

The diffusion of tDCS, i.e. the phenomenon of this thesis’ research, is characterized based on the 

contextual approach and is perceived as being dynamic. By applying the contextual approach, it is 

acknowledged in this thesis that it is difficult to generalize regarding the diffusion of tDCS across 

cultures and different time periods. The contextual importance also affects the applied theoretical 

framework of this thesis, which focuses on the context of each theory applied, including questions 

as when, where, by whom, to whom, regarding what and so on. As mentioned, this thesis perceives 

the diffusion of tDCS as a process. This acknowledgement is also widely accepted in the DOI-

literature, where models such as the decision process, the S-curve, etc., are based on the premise of 

a process-driven world (Rogers, 2003). 

This thesis has the ontological approach of critical realism, where the tangibility of a tDCS-device 

makes materialism the dominant element. Further, the diffusion of tDCS is perceived as dynamic 

and contextual. These considerations regarding this thesis’ ontology are used to question the 

primary data collection (Feldt, 2014). 

2.1.2 Epistemology 
Epistemology is defined as the theory of knowledge and concerns the understanding of assumptions 

about how knowledge can and should be generated (Feldt, 2014). Within each philosophy of 

science perspective, the epistemology indicates the underlying hypotheses that are used to assess 

knowledge and it is further used to determine the credibility and validity of knowledge (Tracy, 

2012). 
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2.1.2.1 Objectivity and Subjectivity 

The central distinction in epistemology is between objectivity and subjectivity, which concerns 

what can be defined as truth and whether it is possible or not to achieve objective knowledge. The 

aim of objectivism is a methodical separation of the researcher and the object of study. Oppositely, 

subjectivism acknowledges the relation between the researcher and the studied object (Feldt, 2014). 

As in the case of realism and constructivism in ontology, objectivism and subjectivism are 

diametrical opposites of each other (Guba, 1990). However, more nuanced understandings exist in 

between the two extreme epistemological understandings. 

2.1.2.1.1 Modified Objectivist 

According to Feldt’s (2014) terminology, the epistemology of this thesis is different from 

objectivism, since it is acknowledged that it is absurd to assume that it is possible to exclude human 

biases during the research process. However, this thesis recognizes that – by striving to be as neutral 

as possible and acknowledging the influence of predispositions – it is possible to come reasonably 

close to the truth about the diffusion of tDCS (Lewis-Beck et al., 2004). Therefore, it can be argued 

that this thesis takes a modified objectivistic approach to epistemology. This approach is dominant 

among the theoretical perspectives within the research field and among previous studies of tDCS. 

Further, a post-positivistic and modified objectivistic epistemology makes it acceptable to mix 

quantitative and qualitative methods (Alasuutari, Bickman, & Brannen, 2008). 

2.1.3 Methodology 
Methodology concerns the question “how should the inquirer go about finding out knowledge?” 

(Guba, 1990, p. 18). Tracy (2012) defines methodology as "strategies for gathering, collecting, and 

analyzing data” (ibid., p. 38). In this section, the methodology of this thesis is presented and 

discussed in relation to the post-positivistic research paradigm by which this thesis abides. 

2.1.3.1 Nature of Research 

According to Bryman (2016) social research can be of one or more of the following three natures: 

exploratory, explanatory and/or descriptive. Assessing the nature of the research question, the 

interrogative how is pivotal. It indicates that the research is of exploratory nature, meaning that the 

diffusion of tDCS is explored. Because no previous studies have examined the diffusion of tDCS, 

it must be explored how the existing theories apply to the diffusion of tDCS. 

Exploratory research departs with a broad focus which, subsequently, is narrowed down as the 

research identifies central topics and important findings (Saunders, Lewis, & Thornhill, 2009). The 

nature of exploratory research and the fact that the researchers must explore and discover significant 

elements during the analysis (Saunders et al., 2009) denote that the researchers and their 
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backgrounds might influence the findings, which is closely related to the ontological and 

epistemological stances (Bryman, 2016). 

2.1.3.2 Research Approach 

In social science, theory and research are strongly interconnected and mutually dependent (Bryman, 

2016; Ragin & Amoroso, 2011; Saunders et al., 2009). Depending on the approach to theory 

development – i.e. inductive, deductive or abductive – it is fundamental to understand the respective 

roles of theory and research. Theory is defined by Oxford Dictionaries (Oxford Dictionaries, 2018) 

as “a supposition or a system of ideas intended to explain something, especially one based on 

general principles independent of the thing to be explained” (ibid.), but Bryman (2016) sums theory 

up to be an “explanation of observed regularities” (ibid., p. 21). Thus, Bryman (2016) directly 

associates theory with observations, which are the result of research. However, the relation that 

exists between theory and research defines the approach to theory development. Thus, the 

distinction between the inductive, deductive and abductive approaches is the result of the role that 

theory plays. 

In the deductive approach, research departs from existing theories, on which hypotheses are based, 

before they are subjected to empirical examination (Bryman, 2016; Saunders et al., 2009). Existing 

theory is applied to new subjects, where hypotheses are deduced from previous studies which are 

then tested on original empirical data. Chronologically, the deductive approach starts with existing 

theory on which hypotheses are developed. Hereafter, data are collected, and the hypotheses are 

either confirmed or rejected based on the findings. Ultimately, this leads to the revision of the initial 

theory, whereby the theoretical understanding is improved (Bryman, 2016). 

Oppositely, in the inductive approach, “theory is the outcome of research” (Bryman, 2016, p. 26) 

within a process where the theory is developed on the basis of “generalizable inferences out of 

observations” (Bryman, 2016, p. 26).  

This thesis follows the steps of most social research, as it applies the deductive approach to theory 

development. Because the DOI-field is extensive, building on research derived from the nineteenth 

century (Tarde, 1890) and subsequently developed  by Rogers (1962, 2003), a vast amount of theory 

exists. In conjunction with the description of the deductive approach, this thesis bases its research 

on the existing DOI-literature and tests it empirically on the diffusion of tDCS. 

However, Eriksson and Kovalainen (2016) argue that “as multi-discipline approaches and differing 

ideas of the role and nature of theories in research have emerged, the strict deductive model of 

research is not considered suitable for most qualitative business research” (ibid., p. 23). This view 
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is acknowledged in this thesis. By introducing new theory in the empirical testing of the theoretical 

hypotheses, this thesis also takes an inductive approach in part of the research. However, these new 

theoretical hypotheses are then empirically tested. In that way, the deductive research approach is, 

once again, followed. This approach has been chosen to provide a comprehensive answer to the 

research question of this thesis which – due to its newness and lack of previous academic research 

– has a limited theoretical point of departure. Figure 1 illustrates the approach to theory 

development. 

 

Figure 1: Approach to Theory Development 

The thesis departs from existing theory, and thereby takes a deductive approach. The existing theory 

is used to formulate hypotheses for the diffusion of tDCS and the comparison of the UD-approach 

and the AD-approach. Subsequently, these hypotheses are tested on the primary data, with the 

purpose of confirming or rejecting the hypotheses. However, as already mentioned, this thesis is 

not exclusively deductive, since it is possible to induce patterns and hypotheses from the analysis 

of the qualitative data regarding the diffusion of tDCS. The hypotheses that are induced from the 

qualitative data, are subsequently tested quantitatively, to either accept or reject them as theory for 

the diffusion of tDCS. 

As the deductive approach to theory development is based on existing literature, a comprehensive 

literature review has been done with the aim of exploring the existing literature. More specifically, 

the literature review identifies; (1) what is already known about DOI, (2) which concepts and 

theories are relevant to diffusion of tDCS, (3) which research methods and research strategies have 

been employed in DOI-research, (4) are there any significant controversies regarding DOI, (5) are 

there any inconsistencies in findings related to DOI, and (6) what are the unanswered research 
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questions regarding diffusion of tDCS. By identifying these six items, this thesis has a solid 

theoretical basis for the application of a deductive research approach (Bryman, 2016). As a 

conclusion to the literature review hypotheses about the diffusion and tDCS are deduced. 

Throughout the literature review, a total of 26 hypotheses about the diffusion of tDCS are presented. 

Finally, the hypotheses are discussed in chapter five, with the aim of increasing the understanding 

of the diffusion of tDCS. 

2.1.3.3 Research Methods 

In this research, both qualitative and quantitative research methods are applied. The qualitative data 

consist of in-depth interviews with relevant experts and focus group interviews with potential 

adopters of tDCS. The quantitative data consist of two online structured interviews; one for tDCS-

users, and another for non-users. 

The choice of multiple methods enables a triangulation of the data which increases the validity of 

the findings (Belk, Fischer, & Kozinets, 2013; Bryman, 2016). The data are triangulated both within 

each research method and between the different data collecting methods. Thus, the data 

triangulation happens both within the individual research methods, and between the research 

methods. See figure 2 for an illustration of the research methods and their interrelatedness. The 

triangulation of research methods, in which insights from one data source are compared with 

insights from another source, is applicable in relation to the paradigm of post-positivism (Belk et 

al., 2013). 

 

Figure 2 Triangulation of Research Methods 

Further, in Bryman’s (2016) terminology, this thesis follows a QUALQUAN approach, where 

(1) the qualitative and quantitative methods have equal weights, and (2) the qualitative methods 
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serves as the basis for the quantitative methods. Hence, the quantitative methods are used to test 

the findings from the qualitative research methods. 

2.1.3.3.1 Data Collection 

The thesis relies solely on primary data which has been collected with the specific purposes of this 

thesis in mind. The novelty of tDCS as a consumer product and tDCS-companies’ reluctance to 

share strategic knowledge have prohibited the use of secondary data in this research method. By 

only using primary data the validity of the research methods remains transparent. 

The data collection consists of seven in-depth interviews, two focus group interviews, and two 

online structured interviews. The transcribed interviews can be found in appendix 8.3.1. 

In the following paragraphs, each data collection method will be presented and discussed, providing 

the reader with comprehensive knowledge of the data collection method. Moreover, sampling 

choices and validities, reliabilities and evaluations are discussed for each research method. 

a) Semi-structured, in-depth Expert-Interviews 

As previously mentioned, no previous studies of the diffusion of tDCS exist. Therefore, this thesis 

is of exploratory nature. Because semi-structured in-depth interviews are particularly well-suited 

for exploratory studies of new areas of research (Bryman, 2016), this research method is applied to 

increase the understanding of the diffusion of tDCS. Saunders et al. (2009) and Bryman (2016) 

argue that in-depth interviews provide a rich collection of data with many aspects and perspectives, 

on which subjects can be explored in a meaningful way. 

In total, seven semi-structured in-depth interviews were conducted. Five of the interviews were 

conducted face-to-face in settings common for the interviewees’ professions. One interview was 

conducted via Skype because the expert resides Pennsylvania, USA. Finally, one interview was 

conducted via e-mail, due to geographical distance and time-zone differences. Appendix 8.1.2 

offers an overview of the participating interviewees. 

For the interviews, semi-structured interview guides were created to ensure relevant topics but at 

the same to time give the participants an opportunity to suggest new ways of seeing and 

understanding the diffusion of tDCS. 

Sample Description 

The expert interviews consisted of seven in-depth interviews with different relevant experts, which 

have been divided into the following three categories (1) DOI-experts, (2) tDCS industry experts, 

and (3) tDCS consumer experts. An overview with all in-depth interviews is illustrated in appendix 
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8.1.2. The three categories of expertise were created to verify the relevance of the experts in relation 

to this thesis’ research question. 

The seven participants were sampled via theoretical purposive sampling, as it allows for a sampling 

of a wide scope of experts who can provide different perspectives. Therefore, (1) DOI-experts, (2) 

tDCS-Industry experts and (3) tDCS-consumer experts were selected to ensure a rich set of data 

regarding the diffusion of tDCS.  

Evaluation of Semi-structured, in-depth Expert-Interviews 

On one hand, LeCompte and Goetz (1982) and Kirk and Miller (1986) argue that one must consider 

both the external and internal meaning of validity and reliability in order to make it fully applicable 

to qualitative research. Guba and Lincoln (1994), on the other hand, propose trustworthiness and 

authenticity as two primary criteria for assessing qualitative research. Thereby, a conflict exists 

about whether validity and reliability can be used as measurements for qualitative, in-depth 

interviews. 

However, most qualitative scholars agree that triangulation increases the quality of the research 

(Bryman, 2016; Eriksson & Kovalainen, 2016). The chosen methods for the evaluation of quality 

data, for this thesis, are validity and reliability. These quality-measurements are chosen since the 

research design of this thesis includes both qualitative and quantitative research methods. 

Internal Validity 

To ensure compliance between the data from the interviews and the results of this thesis, several 

validity-increasing methods have been used. Firstly, all interviews were conducted in natural and 

well-known settings common to the interviewees’ respective professional spheres, which entails 

increased validity of the data (Leininger, 1991). Secondly, the two researchers of this thesis have 

been trained, both theoretically and practically, in conducting interviews through various courses 

at Copenhagen Business School, thus minimizing the researcher bias (Field & Morse, 1996). 

Thirdly, triangulation of researchers has been used in order to cross-check the statements presented 

by the interview-participants, ensuring higher internal validity (Eriksson & Kovalainen, 2016). 

External Validity 

The external validity generally represents a problem for qualitative research because of the 

tendency to employ small samples (Bryman, 2016). However, in the selected sample of experts, 

the relevant aspects of DOI and tDCS have been considered. Further, to ensure external validity, 

additional interviews were planned and executed iteratively until the reach of theoretical saturation. 
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All the interviewed experts are either from Denmark, USA or Canada. Therefore it must be 

acknowledged that the data from the interviews is in a Danish and North American culture setting, 

and not generalizable. 

Internal Reliability 

When there is more than one researcher it is highly important that they agree on what they see and 

hear when conducting and analyzing data (Bryman, 2016). To ensure a high internal reliability, all 

the seven in-depth interviews were conducted by both researchers. To further ensure internal 

reliability, all interviews were recorded and discussed by both researchers.  

External Reliability 

External reliability is the degree to which a study can be replicated (Bryman, 2016). Due to the 

social settings of each interview and a semi-structured interview guide, the external reliability of 

the interviews is limited. 

b) Focus Group Interviews 

The second type of data originates from two focus group interviews with potential tDCS-adopters. 

The aim of this data collection was to investigate potential tDCS-adopters’ attitude towards tDCS. 

Sample Description 

For the focus groups, a theoretical purposive sampling was applied. The most important factors for 

the sampling was education, ages, and future type of occupation, since these factors, according to 

Wexler (2018), are the main variation factors regarding the purpose of use of tDCS. Due to our 

interest in tDCS as an enhancement method and not a self-treatment method we wanted to collect 

participants with a high level of education, an age under 34 years, and a future occupation as 

knowledge worker, which according to Wexler (2018) is the most likely segment to use tDCS for 

enhancement purposes. 

Evaluation of Focus Group Interviews 

As discussed in “Evaluation of Semi-structured, in-depth Expert-Interviews”, the chosen quality-

measurements for qualitative data collection are internal validity, external validity, internal 

reliability, and external reliability. 

Internal Validity 

The focus group interviews were conducted in familiar settings for all the participants to reduce the 

likelihood of biased answers by the participants (Leininger, 1991). Further, triangulation of the two 
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focus group interviews was used in order to increase the internal validity of the data (Eriksson & 

Kovalainen, 2016). 

External Validity 

To ensure an acceptable level of external validity, which is difficult for a qualitative method, focus 

groups were conducted until no new topics or aspects appeared from the most-recently conducted 

focus group. However, all participants were from Denmark, meaning that the focus group 

interviews are characterized by the Danish context, which limits the external validity of the findings 

to other contexts and/or cultures. 

Internal Reliability 

Both researchers were presented when the focus group interviews were conducted, and the recorded 

material was listened to by both researchers with the aim of achieving a mutual understanding of 

the content. 

External Reliability 

Overall, the external reliability of the focus group interviews is limited. Firstly, the use of a semi-

structured interview guide limits the degree to which the focus group interviews can be replicated 

as topics were discussed as they emerged. Secondly, the social setting under which the focus group 

interviews were conducted is, as always, likely to have influenced the participants’ responses 

(Bryman, 2016; Tracy, 2012). 

c) Online Structured Interviews 

The third source of primary data consists of two online structured interviews. This data collecting 

method was chosen due to its ability to quantify the results of the primary qualitative data and 

thereby contribute to the answering of this thesis’ research question. 

Online Structured Interview with Potential tDCS-consumers 

The purpose of the online structured interview with potential tDCS-consumers is to test the 

hypotheses induced from the qualitative data collection regarding the diffusion of tDCS. To do so, 

the online structured interview with potential tDCS-consumers was designed to provide data and 

variables that, through analysis, can be used to accept or reject the hypotheses induced from the 

qualitative research methods. An outline of the design of the online structured interview with 

potential tDCS-consumers can be found in appendix 8.2.3.1. 
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Sample Description 

In total, 80 people responded the to the online structured interview with potential tDCS-consumers, 

of which eight respondents were excluded due to failure to respond to filter question (N=5), 

incompletion (N= 2) or troll-responding (N=1). As a result, a total of 72 responses were accepted 

as valid subjects of analysis. 

Regarding the sampling, a convenience sampling was applied due to the complexity and time-

consuming nature of probability sampling, which the scope of this project did not accommodate. 

The use of a non-probability sampling-method significantly reduces the reliability and 

generalizability of the findings (Bryman, 2016; Saunders, Lewis, & Thornhill, 2016).  

The online structured interview with potential tDCS-consumers was created in Google’s (2018) 

software Google Forms. In practice, access to the online structured interview with potential tDCS-

consumers was distributed via (1) the researchers own social networks via social media accounts, 

(2) online fora, and (3) face-to-face-interaction with students and staff at the campus of Copenhagen 

Business School. 

Evaluation of Online Structured Interview with Potential tDCS-consumers 

As discussed in the evaluation of the semi-structured interviews, the chosen methods for evaluation 

of the data in thesis are validity and reliability. The validity and reliability of the quantitative 

methods in thesis are discussed in following sections. 

Validity of Online Structured Interview with Potential tDCS-consumers 

In qualitative research, the key measurements of validity are internal and external validity, however 

various measurements of validity exist (Bryman, 2016). In the following section, an overall 

discussion regarding validity of the online structured interview with potential tDCS-consumers is 

presented. 

Firstly, to ensure face validity, which is “that the measure apparently reflects the content of the 

concept in question” (Bryman, 2016, p. 171), the interview guide for the online structured interview 

with potential tDCS-consumers was carefully designed. 

The online structured interview with potential tDCS-consumers includes various multiple-

indicators, where five-point Likert scales are used. Thereby, more than one indicator are used to 

measure specific concepts, which, thereby, increases the validity of findings (Bryman, 2016). 
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Further, a filter question is included, which enables the exclusion of respondents who do not read 

the question properly or are too rushed during completion. By excluding inattentive participants, 

the validity increases (Bryman, 2016). 

Reliability of Online Structured Interview with Potential tDCS-consumers 

As with validity, the measurements of reliability of quantitative data and qualitative data are 

different. Compared to qualitative research, where the key measurements of reliability are internal 

and external reliability, the key measurements of reliability in quantitative research are stability, 

inter-observer consistency, and internal reliability (Bryman, 2016). 

Stability of Online Structured Interview with Potential tDCS-consumers 

The stability of the quantitative data used in this thesis is unknown due to the time-consuming 

nature of the test-rested method, which according to Bryman (2016) can test data-quality by 

exposing the sample to the same questions on more than one occasion. This, however, has not been 

possible in the data-collection for this thesis.  

Inter-observer Consistency of Online Structured Interview with Potential tDCS-consumers 

The categories used in the online structured interview with potential tDCS-consumers are based on 

findings from the qualitative data analysis and are created in collaboration between the two authors. 

This ensures a close link between the qualitative data and the categories used in the online 

structured interview with potential tDCS-consumers. However, no quantitative analysis of the inter-

observer consistency has been performed, due to the limited scope of this project. It is important to 

acknowledge that the inter-observer consistency is at risk when two or more researchers in 

collaboration develop categories for the quantitative analysis (Bryman, 2016; Cramer, 1998). 

Because the qualitative data exercise as a basis for the quantitative methods, researchers must, in 

the case of multi-researcher studies, ensure consistency between their understanding of the 

qualitative data. 

Internal Reliability of Online Structured Interview with Potential tDCS-consumers 

To test if an acceptable level of internal reliability exist a Cronbach’s alpha test has been made, 

with the result of α=0.0099, which according to Bryman (2016) is unacceptable since it is not 

greater than α=0.70. Cronbach’s alpha measures internal consistency, that is, how closely related a 

set of variables are as a group, where a score above α=0.70 is acceptable (Bryman, 2016). However, 

with α-score of under α=0.01 the internal reliability is very limited. 
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Online Structured Interview with tDCS-users  

The purpose of the online structured interview with tDCS-users is primarily to collect empirical 

data which can be used to analyze and compare how the AD-approach and UD-approach perform 

in relation to each other. Moreover, the empirical data are used to test some of the hypotheses 

induced from the qualitative research methods regarding tDCS-users’ communication about tDCS. 

Theoretically, the use of an online structured interview might be advantageous in the study of tDCS-

users’ experience with the technology since it offers anonymity for the respondents. As indicated 

by both the data from the qualitative research methods and the existing research regarding another 

cognitive enhancement (Petersen, Lyngsø-Dahl, & Nørgaard, 2017), it is likely that some tDCS-

users will be reluctant to talk about their consumption. However, by offering anonymity to 

respondents, it is more likely that tDCS-users will share their experiences. 

Sample Description 

In total, 11 people responded to the online structured interview with users of tDCS, of which one 

was excluded due to troll-responding (N=1). As a result, a total of 10 responses were accepted as 

valid subjects of analysis. 

Due to the novelty of tDCS as a consumer product, as the literature will reveal, the total amount of 

users remains very limited, complicating the identification of respondents. Nevertheless, the link 

to the online structured interview with users of tDCS was distributed via (1) online forums for 

tDCS-users, which are listed in appendix 8.1.3, and (2) the CEO of PlatoScience, Balder 

Onarheim’s personal network1. 

As a result, the sampling for the online structured interview with users of tDCS consists of both 

convenience sampling, i.e. via online forums, and snowball sampling via the network of tDCS-

users in Balder Onarheim’s social network. Both sampling methods are, however, non-probability 

sampling methods, which reduces the reliability and generalizability of the findings (Bryman, 2016; 

Saunders et al., 2016). 

Once again, Google’s (2018) software Google Forms was used to create the online structured 

interview with tDCS-users. 

 

                                                           
1 Due to Balder Onarheim’s position as CEO of PlatoScience and pioneer in the tDCS-industry, he was able 

to identify several users of tDCS.  
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Evaluation of the Online Structured Interview with tDCS-users 

This section follows the same framework as the evaluation of the online structured interview with 

potential tDCS-adopters, however, the validity and reliability are related to the online structured 

interview with tDCS-users. 

Validity of the Online Structured Interview with tDCS-users 

The approach to obtain a satisfying level of validity regarding the online structured interview with 

tDCS-users is identical to the method described in the validity of the online Structured Interview 

with potential tDCS-adopters. 

Reliability of the Online Structured Interview with tDCS-users 

The utilized method to ensure a satisfied reliability is identical to the method used for the online 

structured interview with potential tDCS-adopters However, the result of the Cronbach’s alpha test 

regarding internal reliability is α=0.1943, which is unacceptable according to Bryman (2016). 

Thereby, the reliability of this data set is very limited. 

2.1.3.4 Research Design 

In terms of research design, this thesis applies a cross-sectional design, which is advantageous when 

it comes to detecting patterns of association between variables. Obviously, it would be beneficial 

to establish causality between variables, e.g. what elements that influence the adoption of tDCS, 

but that is not possible in cross-sectional analysis (Bryman, 2016). The cross-sectional design 

allows for a collection of data from many cases, but data-collection can only take place at a single 

point in time, which limits its ability to study processes. Furthermore, the data collection can consist 

of both qualitative and quantitative methods (Bryman, 2016), which is the case in this thesis. 

For cross-sectional studies, replicability is – if the procedure of the data collection is explicit – 

relatively high. However, internal validity is typically low, since it is not possible to establish causal 

relationships. Moreover, external validity and ecological validity tend to be low, especially when 

non-random sampling methods are employed and when research methods interfere with the natural 

setting of the respondents (Bryman, 2016; Cicourel, 1982). These claims are applicable to this 

thesis, and they must be taken into consideration.  

2.1.3.5 Methods of Data Analysis 

2.1.3.5.1 Qualitative Analysis 

Prior to the analysis of the qualitative data collected through the in-depth expert-interviews and the 

focus group interviews, the data must be presented in a meaningful way. The qualitative data 

collection consisted of approximately six hours of recorded interviewing, which has been 
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transcribed in full length and can be found in appendix 8.3. Interview guides can be found in 

appendix 8.2. 

The qualitative data constitute a cumbersome database, in which one can easily get lost. Qualitative 

methods are attractive because they yield a rich set of data with many nuances (Bryman, 2016). 

However, researchers risk getting lost in data (Miles, 1979). Because qualitative methods generate 

“large corpus of unstructured textual material, they are not straightforward to analyze” (Bryman, 

2016, p. 565). It is, therefore, necessary to systematize the findings to improve the basis on which 

the qualitative analysis is executed (Bryman, 2016; Miles, 1979). 

In this part of data analysis, this thesis takes an inductive approach to the theory-development. This 

means that the purpose of the qualitative data is to induce hypotheses regarding the diffusion of 

tDCS, which subsequently can be tested by the analysis of quantitative data. 

Thematic Coding 

To facilitate the subsequent analysis, the qualitative data are reduced into more manageable datasets 

through thematic analysis, which is achieved by coding data into recurring themes (Attride-Stirling, 

2001; Braun & Clarke, 2006; Bryman, 2016; Guest, MacQueen, & Namey, 2011). The major 

advantages of thematic analysis are that it is appropriate for large sets of data and allows joint 

researchers to corroborate their findings by conducting the coding-process in a two-step process of 

individual coding and subsequent mutual corroboration (Bryman, 2016; Guest et al., 2011), which 

has also been applied in this thesis. 

The coding of the qualitative data was executed iteratively, meaning that expert interviews and 

focus group interviews were coded upon conduction. New codes from subsequent interviews and 

focus groups were then added to the initial thematic coding. Thus, it was possible to assess the 

degree to which each interview added new themes of interest to the data collection, allowing for an 

assessment of the degree of theoretical saturation (Bryman, 2016, p. 421; Corbin & Strauss, 2008), 

which was ultimately reached. 

Through the coding process, themes were identified based on (1) their relevance to the focus of the 

present thesis, and (2) the frequency with which they emerged in the data, as proposed by Bryman 

(2016). 

More specifically, for the thematic coding, Attride-Stirling’s (2001) approach was used. The 

thematic network approach systematizes qualitative data into “web-like illustrations that 

summarize the main themes” (Attride-Stirling, 2001, p. 385). This method is, thus, beneficial for 
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both systematizing and presentation of qualitative data. Thematic network analysis provides an 

overview of basic, organizing and global themes, providing a depiction of the relationship and 

interrelatedness of the themes identified in the data sets (Attride-Stirling, 2001).  

Basic themes which are the “lowest-order premises evident in the text” (Attride-Stirling, 2001, p. 

388) are ”grouped together to summarize more abstract principles” (ibid., p, 388), i.e. organizing 

themes. Ultimately, global themes encapsulate the abstract principles identified in the organizing 

themes. Chronologically, the process consists of six phases: (1) arrangement of themes, (2) 

selection of basic themes, (3) rearrangement of basic themes to form organizing themes, (4) 

deduction of global themes, (5) illustration of one or more resulting thematic networks, and (6) 

verification and refinement of the network(s) Ibid.). 

As the purpose of the thematic analysis of qualitative data is to formulate basic, organizing and 

global themes, the findings can be used to induce hypotheses about the diffusion of tDCS. To test 

the empirical findings from the qualitative methods, hypotheses are induced from the thematic 

networks, in section 4.1. These hypotheses are then used in the analysis of the quantitative methods.  

Reliability is a common concern for qualitative analysis due to the researchers own biases and 

predispositions (Bryman, 2016; Guest et al., 2011). This is particularly relevant during the thematic 

coding process, in which the identified themes are likely to be partially influenced by the 

researcher’s interpretations (Guest et al., 2011). To overcome this bias, both researchers involved 

in this project undertook parallel thematic coding processes, which were subsequently juxtaposed 

to increase reliability of findings, as suggested by Bryman (2016) and Guest et al. (2011). 

2.1.3.5.2 Quantitative Analysis 

The two online structured interviews consist of categorical variables (binary, nominal and ordinal) 

and continuous variables (interval and ratio). In appendix 8.2.3, the variables from the online 

structured interviews are presented. 

In statistical tests where all variables are interval-variables, the Shapiro-Wilk method is applied to 

test normal distribution, which determines the most suitable statistical test. 

For normally distributed data, the Pearson correlation-test is applied. However, when the data are 

not normally distributed, the Spearman correction-test is applied, as it does not rely on the 

assumption of normally distributed data. 

Regarding nominal variables, the independent t-test is used to determine if significant differences 

exist between the means of the nominal values. 
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For the quantitative analysis, some variables are recoded with the purpose of enabling inter-variable 

comparisons. Moreover, several variables are computed based on the original variables. The 

computed variables are used to test association between ordinal and nominal variables. The Chi-

square test is used to test the strength of association between categorical variables. 

For interval and ratio variables, the Shapiro-Wilk test is used to determine whether the Pearson or 

the Spearman correlation test should be applied. The Pearson correlation test is applied if the data 

are normally distributed and the Spearman correlation test is applied if the data are not normally 

distributed. 

When testing the for correlations between a ratio variable and an ordinal variable, the Spearman 

correlation is used, since this test does not rely on the assumption of normally distributed data. 
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3. Literature Review 
The purpose of the literature review is to assess the already existing literature that relates to the 

research question, whereby this thesis is put into its context. The literature review, thus, proves the 

relevance and eligibility of this thesis and that it complements existing literature (Bryman, 2016; 

Saunders et al., 2016). 

Chronologically, the literature review departs with an assessment of tDCS and cognitive 

enhancement to appreciate their intrinsic characteristics. This is pivotal for this thesis as the 

research question is concerned with the consumption behavior of tDCS, which means that it is 

fundamental to attain an understanding of academia’s perception of tDCS.  

Once the understanding of tDCS is in place, the literature review turns towards the DOI-literature 

and the ways in which it can explain the diffusion process. The theoretical concepts and frameworks 

as wells as their respective appropriateness are, throughout the literature review, evaluated in 

relation to tDCS. Hereafter follows an introduction and assessment of the DOI-literature and its 

status, limitations and future outlooks. 

In the following two sections, the AD-approach and the UD-approach are evaluated and assessed 

in relations to the general critiques of the DOI-literature. This enables a theoretical scrutiny of the 

ways in which the two approaches perform in relation to each other and the degrees to which the 

two approaches can supplement each other. As stated in the methodology, the literature review 

plays a central role in this thesis. 

In the conclusion of the literature review, it is hypothesized how the diffusion of tDCS according 

to the theoretical conceptualizations is likely to be different from other products. Moreover, it is 

hypothesized how the two approaches to DOI can supplement each other.  

3.1 Transcranial Direct-Current Stimulation and Cognitive 

Enhancement 
tDCS can be used for both enhancement, restoration and treatment (Wexler, 2018), for what reason 

it is difficult to characterize it exclusively as a cognitive enhancement. Nevertheless, it shares all 

the characteristics of what constitutes cognitive enhancement. Moreover, most other cognitive 

enhancements can also be applied for other purposes than solely enhancement (Bostrom & 

Sandberg, 2009). 

As defined in the introduction by Bostrom and Sandberg (2009) cognitive enhancement (CE) is 

“the amplification or extension of core capacities of the mind through improvement or 
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augmentation of internal or external information processing systems” (ibid., p. 311). Cognitive 

processes are those that people use to acquire, select, represent and use to direct their behavior 

(ibid.). Cognition, thus, concerns the ability to perceive and understand new information, pay 

attention to retain memory of information and use information to reason and control behavior. 

Cognitive enhancements focus exclusively on mental enhancement, in contrast to human 

enhancement which considers reproduction technologies, physical enhancement and mental 

enhancement (Bennett, Gilman, Stavrianakis, & Rabinow, 2009; Bostrom, 2006; Bostrom & 

Savulescu, 2009; Gartner, 2018; Gartner IT Glossary, 2018; Glenn, 2005; Hughes, 2006; P. Moore, 

2008; Techopedia, 2018). 

An important distinction to make in cognitive enhancement is that between therapeutic 

intervention, which is “aimed at correcting a specific pathology or defect” and enhancement which 

is an intervention “that improves a subsystem in some way other than repairing something that is 

broken or remedying a specific dysfunction” (Bostrom & Sandberg, 2009, p. 312). This relates 

closely to Tännsjö's (1993) distinction between negative interventions, which are aimed at 

mitigating diseases and disabilities, and positive interventions, aimed at improving the performance 

of the human being within its natural boundaries. Negative interventions aim at enabling sick or 

disabled people to perform at the same levels as people who do not suffer from the same challenges. 

However, Tännsjö's (1993) argues that the purpose of positive interventions is to enable healthy 

people to perform beyond normal functioning. Thus, tDCS is, in Bostrom and Sandberg’s (2009) 

Tännsjö's (1993) terminologies (1) an enhancement and (2) a positive intervention. 

Moreover, tDCS falls under the category of artificial enhancements, which are extrinsic 

enhancements that are the result of biotechnological engineering, rather than intellectual, natural 

cognitive exercises (Ida, 2010).  

3.1.1 The Social Context of tDCS 
Even though much of the technologies discussed so far can be characterized as emerging and 

somewhat futuristic, cognitive enhancements have been used for many years (Bostrom & Sandberg, 

2009; Dessy et al., 2018), and tDCS is not the groundbreaking technology that one might be inclined 

to think. Depending on where one draws the line, one could argue that stimulants such as coca-

leaves, alcohol and even coffee could be characterized as extrinsic and artificial cognitive 

enhancements. Today, people consume drugs, alcohol, coffee and other stimulants to reach a certain 

mood or energy level, but these enhancements have become so rudimentary that most people would 

not characterize them as enhancements. 
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Thus, cognitive enhancement is not a new phenomenon, but something that has existed for a long 

time. The most well-known extrinsic and artificial enhancements are probably pharmacological 

products such as ADHD medicine and beta-blockers – sometimes referred to as study drugs – 

(Bostrom & Sandberg, 2009; Carton et al., 2018; Petersen, Nørgaard, & Traulsen, 2015a), dietary 

supplements (Bostrom & Sandberg, 2009; Nootropic.com, 2018) or wearables and brain-computer 

interfaces (Bostrom & Sandberg, 2009; McCaffrey, Edwards, & Fannon, 2011). 

Apart from these abovementioned technologies, there are several emerging technologies, some of 

which will reach consumers in the coming years. These include genetic engineering (Ermak, 2015; 

Kaji & Leiden, 2001), brain implants (Krucoff, Rahimpour, Slutzky, Edgerton, & Turner, 2016), 

transcranial magnetic stimulation (Hallett, 2000; Hummel & Cohen, 2005; Wexler, 2018), and 3D 

bioprinting (Moody, 2014). Thus, tDCS is not a completely new phenomenon, and substitute 

products have been on the market for decades, with more similar products emerging in the coming 

years. 

In studies of the use of study drugs among healthy individuals, significant cross-cultural differences 

have been found (Kolar, 2015; Petersen et al., 2017, 2015a; Petersen, Nørgaard, & Traulsen, 

2015b). The differences are found in the openness towards use, the degree of privacy and perception 

of ethicality. Moreover, Petersen et al. (2015b) find that the diffusion of study drugs is more 

progressed in USA compared to Denmark. Qua the resemblances between study drugs and tDCS, 

it is likely that Petersen et al.’s (2015b) findings can be extrapolated to the case of tDCS.  

3.1.2 Previous Studies of tDCS 
As previously stated, no research has previously examined the diffusion of tDCS or any related 

topics. However, some studies have looked into the community of early uses of tDCS (Jwa, 2015; 

Wexler, 2018; Wexler & Reiner, 2017), the social context of do-it-yourself tDCS (Wexler, 2017) 

and the general public’s understanding of tDCS (Cabrera & Reiner, 2015). 

Regarding who the current users of tDCS are, Wexler (2018) found that the consumers are 

predominantly (1) wealthy, (2) highly educated, (3) 40-50 years old people. From Jwa’s (2015) 

questionnaire distributed to users via the subreddit for tDCS (Reddit, 2018), it was found that users 

either have very high or very low annual incomes, with 21% of respondents reporting earning less 

than 20,000$. Equally, 21% of respondents reported earning more than 90,000$ annually, thereby 

representing the two extreme values for Jwa’s (2015) income measurement. In relation to 

occupations, 37% are employed within management or other related professional occupation, and 

students account for 20% of the sample (Jwa, 2015). However, the findings from Jwa’s (2015) 
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study are biased in several ways, and need to be tested more thoroughly. The findings, thus, exercise 

as nothing more than an indication of the current state of tDCS-consumption. 

Highly relevant for the diffusion of tDCS, Jwa (2015) found that most people become aware of 

tDCS either through academic research studies (36%) or tDCS websites (36%), followed by 

newspaper and magazine articles (25%). Only 2% became aware of tDCS through communication 

with friends, family or colleagues, according to Jwa’s (2015) findings. This is somewhat 

controversial as her findings suggest that users to a high degree are willing to recommend tDCS to 

friends and family.  

Both Jwa (2015) and Wexler (2018) distinguish between the purposes for which tDCS is used. Jwa 

(2015) suggests that tDCS is used as either enhancement and/or treatment, but Wexler (2018) adds 

a third purpose, i.e. restoration, which is used solely among senior citizens. According to Jwa’s 

(2015) findings, 59% use tDCS exclusively for enhancement and 24% use it for both treatment and 

enhancement, which is supported by Wexler’s (2018) findings that around 75% use tDCS for 

enhancement, without excluding possible additional purposes. 

Through an open-ended question, Wexler (2018) identified 24 different purposes that tDCS is used 

for. The purposes can be categorized into treatment, enhancement and restoration, and offer a useful 

and valid overview of what tDCS-uses. The purposes identified by Wexler (2018), can therefore, 

be applied in the research of the diffusion of tDCS. Table 1 lists the purposes and their respective 

frequencies in Wexler’s (2018) study. 

Detailed Usage Indications for Treaters, Enhancers, and Restorers 

 N % 

Treatment n = 131  

Depression 97 74.0 

Anxiety 55 42.0 

ADD/ADHD 35 26.7 

Chronic pain 12 9.2 

Bipolar disorder 7 5.3 

Migraine 7 5.3 

Tinnitus 6 4.6 

Addiction 5 3.8 

Enhancement  n = 237  

Focus/concentration  100 42.2 

Memory  61 25.7 

Learning  57  24.1 

General enhancement  56 23.6 

Mood/emotion  26 11.0 

Physical abilities  25 10.5 

Speed/reaction time  23 9.7 

Creativity  14 5.9 
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Restoration  n = 81  

Memory  31 38.3 

Focus/concentration  21 25.9 

General enhancement  19 23.5 

Problem solving  12 14.8 

Mood/emotion  9 11.1 

Other  8 9.9 

Learning  7 8.6 

Speed/reaction time  4 4.9 

Physical abilities  4 4.9 

Table 1: Detailed Usage Indications for Treaters, Enhancers, and Restorers 

Looking at the demographics exclusively of those respondents who use tDCS for enhancement, 

Wexler (2018) found that enhancers are younger than the average tDCS-user. Of those aged 

between 18 and 34, 86% used tDCS for enhancement purposes, and only 14% for treatment 

(Wexler, 2018). 

3.1.3 Ethical Dilemmas and Societal Consequences of tDCS 
Much has been said in relation to the ethics of enhancement (Ager, 2013; Barrat, 2015; Bostrom, 

2016; Bostrom & Sandberg, 2009; Bostrom & Savulescu, 2009; Dessy et al., 2018; More & Vita-

More, 2013; Thompson, 2014), and it is likely that the ethics of enhancement will influence the 

diffusion of tDCS.  

For the individual consumer of tDCS, there are several ethical concerns which one should consider 

before consumption. On a collective and societal level, however, decision makers must also 

consider ethical concerns. If enhancement becomes diffused widely, public officials must be able 

to handle the consequences, which according to Rogers (2003) are "the changes that occur to an 

individual or a social system as a result of the adoption or rejection of an innovation” (ibid., p. 436). 

This would entail taking a stand on both the desirable consequences, i.e. the functionality itself of 

the technologies, and the undesirable consequences, which tend to be ambiguous and have 

dysfunctional effects on the individual adopter and his or her social system (Rogers, 2003).  

In the literature, there are many arguments for and against enhancement. However, the purpose of 

this thesis is not to discuss these. Rather, it must be acknowledge that the arguments exist and that 

they are likely to influence consumer’s attitude towards tDCS (Hindley & Font, 2017) which has 

consequences for the diffusion of tDCS. Bostrom and Sandberg (2009) boils the ethical concerns 

down to concerns regarding (1) safety, (2) what the purpose of treatment and medicine is, (3) lack 

of consent by children, (4) procreative choice, (5) eugenics, (6) lack of authenticity, (7) playing 

god, (8) cheating, (9) increasing economic and social inequality, and (10) externalities. 
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Innovations, in general, widen socioeconomic gaps as those who adopt early will have access to 

the innovation before later adopters, meaning that they are able to gain a relative advantage (Rogers, 

2003). Historically, this idea has concerned economical terms, with Rogers (2003) arguing that 

"new ideas make the rich richer and the poor poorer" (ibid., p. 444). However, with enhancement, 

it is possible that economical inequalities will be accompanied by biological inequalities, where 

societies consist of people with unequal abilities (Bostrom, 2016; Bostrom & Savulescu, 2009). 

3.1.4 tDCS as an Innovation 
According to meta-studies of innovation by Edison, Bin Ali, and Torkar (2013) and Matthews and 

Brueggemann (2015), more than 40 definitions of innovation exist. However, definitions of 

innovation "coalesce around the constructs of newness and value" (Matthews & Brueggemann, 

2015, p. 29). For instance, Tidd and Bessant's (2013) definition of innovation is "the process of 

turning ideas into reality and capturing value from them" (ibid., p. 19), which is one of the most 

frequently cited definitions (Matthews & Brueggemann, 2015, p. 29).  

From this, it is apparent that tDCS is an innovation due to its newness, in the sense that it has not 

previously been widely accessible for the public. Moreover, tDCS possesses an inherent value in 

enhancing users, leading to greater output. 

According to Brown’s (2009) categorization of innovations in relation to their (1) commercializing 

organization, (2) existing or non-existing market, and (3) the adopters, tDCS is a revolutionary 

innovation. Revolutionary innovations are also referred to as radical, discontinous or even 

disruptive innovations (Bower & Christensen, 1999).  

3.2 Diffusion of Innovation 
Diffusion has been defined by scholars in various fields for more than half a century. Rogers (2003) 

defines diffusion as “the process by which (1) an innovation (2) is communicated through certain 

channels (3) over time (4) among the members of a social system” (ibid., p. 11). Rogers (2003) 

stresses that there are four main elements in any diffusion process, and that these are found in any 

study of diffusion (Rogers, 2003). Rogers' (2003) initially studied the diffusion of agricultural 

innovations (Rogers, 1958). Despite originating in rural sociology, Rogers (2003) maintains that 

his definition is applicable to other fields as well. Nevertheless, other academic fields have 

contributed with alternating definitions (Chandrasekaran & Tellis, 2015a, 2015b; Golder & Tellis, 

1998; Mahajan et al., 1995). 

Firstly, in economics literature, diffusion is defined as “the spread of an innovation across social 

groups over time” (Chandrasekaran & Tellis, 2015a, p. 39). According to the economic definition, 
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diffusion is separated from drivers of diffusion and the product’s price and consumer income, which 

is also the case of Rogers’ (2003) definition. Comparing the two definitions, it is evident that 

Rogers’ (2003) definition concerns the members of a social system, and that Chandrasekaran and 

Tellis’ (2015a) definition focusses on social groups. Thereby, Rogers (2003) takes a micro-level 

perspective, i.e. research concerning psychological motivations for and against adopting 

innovations, whereas Chandrasekaran and Tellis’ (2015a) take a macro-level perspective, i.e. 

predicting collective innovation diffusion processes or studying social network structures (Stephen 

& Berger, 2009a). 

Secondly, in marketing and communication literature, diffusion is “the communication of an 

innovation through the population” (Chandrasekaran & Tellis, 2015a; Golder & Tellis, 1998; 

Mahajan et al., 1995). In this definition, the diffusion is the result of the underlying drivers of 

communication (Chandrasekaran & Tellis, 2015a). In this view, the drivers of diffusion, e.g. word-

of-mouth, price and consumer income are central elements in diffusion research. Many of these 

factors are not acknowledged by the economic definition of diffusion. Furthermore, the definition 

of diffusion in marketing literature is not limited to either a macro- or micro-level approach. 

With various definitions of diffusion, scholars must be explicit with the exact definition they apply 

in their research regarding DOI (Greenhalgh et al., 2005). A consequence of the conflicting 

definitions, and the lack of an explicit statements about the applied definition among researchers 

(Greenhalgh et al., 2005) is that the DOI-field encompasses overlapping conceptualizations, 

methods and investigations. Consequently, research fields have used different criteria for judging 

the quality and validity of the empirical diffusion studies (Greenhalgh et al., 2005). Consequently, 

the study of diffusion has major difficulties due to conflicting paradigms. Further, DOI-research 

tends to be siloed, taking either a macro- or a micro-approach. This impedes comparisons of 

findings across approaches. This thesis applies the definition of diffusion as “the communication 

of an innovation through the population” (Chandrasekaran & Tellis, 2015a; Golder & Tellis, 1998; 

Mahajan et al., 1995). With this definition, both a macro- and micro-approach is taken. 

In the innovation literature, two perspectives on the novelty of an innovation compete (Rogers, 

2003; Rosanna & Roger, 2003). In the AD-approach, an innovation is defined as "an idea, practice, 

or object that is perceived as new by an individual or other unit of adoption" (Rogers, 2003, p. 12). 

Thus, the newness of an innovation is subjective to the potential adopter, and cannot therefore 

objectively be defined, complicating the assessment of what innovations are. According to the new 

product development perspective (Rosanna & Roger, 2003), on the other hand, innovation is the 
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development or application of a novel, not-previously-seen product, service or method to add value. 

This means that is it is possible to objectively identify innovations. 

3.2.1 Current Status 
Most current DOI-research is based on the framework presented by Rogers (1962) which has 

become the go-to doctrine for researchers. Thereby, the research field is limited to the same 

paradigm which Ryan and Gross (1943) formulated more than 70 years ago.  

When a current paradigm has enough significant anomalies accrued against it, the scientific 

discipline can be thrown into a crisis (Kuhn, 2012). So, a paradigm shift could be possible or even 

essential for the future of diffusion studies. In recent years, several scholars (Oreg & Goldenburg, 

2015; Peres et al., 2010; Shih & Venkatesh, 2004) have presented their findings and suggestions 

regarding a possible new paradigm for DOI-research. 

A possible new paradigm could be the framework presented by Shih and Venkatesh (2004), who 

question the adequacy of the AD-approach to diffusion (Rogers, 1962). Instead, Shih & Venkatesh 

(2004) propose that researchers ought to focus on the use of the innovation rather than the only the 

adoption. In that way, the DOI-studies would consider the consumers' rate and variety of use, rather 

than exclusively their decision to adopt. Furthermore, the argument in favor of the UD-approach is 

in line with Tarde’s (1903) initial argumentation that when opinion leaders start to use an 

innovation, the diffusion is kick-started.  

Alternatively, Oreg and Goldenburg (2015) argue for a paradigm where the focus should not be on 

the adopters, but rather turned to the ones who choose to reject. This would entail a resistance-

based approach, in which the focus would be to assess reasons for people not to adopt, as opposite 

to the dominant, acceptance-centered approach. More specifically, in Oreg and Goldenburg’s 

(2015) proposed paradigm, scholars would try to explain “why people resist a product because they 

perceive it as posing a threat” (ibid., p. 40) rather than investigating how “people adopt a product 

because they see value in it” (Oreg & Goldenburg, 2015, p. 40). 

Regarding the future of the DOI-field, Peres et al. (2010) rhetorically ask “what will the scope and 

content of a review paper (of DOI) written in 2020 be?” (ibid., p. 103). They argue that "such a 

question depends on the following: The development of new, complex types of product categories. 

Each such new category will illuminate a different aspect of the diffusion process and raise new 

research questions” (Peres et al., 2010, p. 103). Following Peres et al. (2010)’s claim, this thesis 

will illuminate new aspects of the DOI-field.  
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3.2.2 General Critiques of the Diffusion of Innovation Framework 
Despite the wide acceptance in academia and practice, the DOI-literature holds several limitations 

that are caused by biases, methodological imperfections and theoretical oversimplifications. The 

purpose of this section is to provide an overview of existing criticisms in academia as well as to 

identify limitations that have not yet been addressed.  

3.2.2.1 Widely Accepted Points of Critique  

In the fifth and latest edition of his work, Rogers (2003) discusses three critiques of the framework: 

The pro-innovation bias, individual-blame bias and the recall problem. Moreover, it is discussed 

what needs to be done to overcome these points of critique. Because these critiques are well-

established and most previous research has dealt with these (Rogers, 2003), this thesis will not 

discuss them in depth, but rather identify and discuss new points of critique. However, the following 

paragraphs present the widely accepted points of critique. 

The pro-innovation bias deals with the assumption that all innovations are inherently good, 

wherefore people and organizations should adopt new innovations as soon as possible. The critique 

was first made by Rogers and Shoemaker (1971), but it still remains a challenge for the field 

(Chandrasekaran & Tellis, 2015a; Rogers, 2003). Apart from the underlying assumption that 

innovations must be good, as they - according to the definition of innovation (Matthews & 

Brueggemann, 2015) - are value-adding, there are two significant reasons why the pro-innovation 

bias persists. Firstly, most innovations are developed by individuals or organizations that have an 

economic interest in the diffusion and therefore fund change agencies to promote the diffusion. 

Secondly, because only the successful innovation-diffusions persist and the unsuccessful disappear, 

the successful cases are overrepresented in the data-collection, causing a skewed representation of 

reality (Rogers, 2003). To study the diffusion of an innovation through the different adopter 

categories, researches are forced to choose units of analysis that have made it through the different 

adopter categories, otherwise they would not be able to deduce anything about the latter stages in 

the process. Consequently, researchers are forced to give more weight to successful innovations, 

causing the pro-innovation bias. 

The individual-blame bias considers the fact that DOI-research tends to side with those promoting 

an innovation rather than the adopters, which leads to a focus on the adopters and their behavior. 

This results in blaming the individuals, i.e. the adopters, rather than the social system to which they 

belong or the diffusion agencies that promote the innovation (Rogers, 2003). This bias is caused 

mainly by the fact that most DOI-research is sponsored by people or organizations that have an 
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interest in a successful diffusion, and as such they tend to focus on adopters and why they choose 

to adopt or reject an innovation.  

The recall-problem is likely the most straightforward bias in the field. It concerns the data-

collection method, which is biased and invalid in the sense that most respondents are asked to recall 

the timing of certain events, such as adoption, the first time they heard about the innovation, and 

the number of people they have talked to about the innovation (Hurt, Joseph, & D. Cook, 1977; 

Rogers, 2003). Because diffusion is a process that unfolds over time, it is difficult to collect valid 

data through cross-sectional research designs. Other research designs, such as longitudinal studies, 

field experiments and historical case analyses, would yield more valid data regarding the time and 

behavior dimensions of the diffusion process. 

3.2.2.2 Existing Critiques from Academia 

Apart from the critiques that Rogers (2003) discusses, other researches within the DOI-field have 

identified several biases and weaknesses. Some of the arguments are minor, in the sense that they 

deal with specific elements of the framework and its basic assumptions. Other critiques are more 

targeted at the field, challenging the DOI-field’s appropriateness.  

3.2.2.2.1 Use Diffusion 

The most severe critiques of the DOI-literature among academics are the questioning of the 

dominant position of the AD-approach (Motohashi, Lee, Sawng, & Kim, 2012; Sawng et al., 2013; 

Shih & Venkatesh, 2004) and the questioning the actual predictive abilities of the existing 

prediction models (Hoffmann & Soyez, 2010; Kivi, Smura, & Töyli, 2012; Shih & Venkatesh, 

2004). 

Firstly, the DOI-field has not until recently acknowledged the essential distinction between the AD-

approach and the UD-approach (Shih & Venkatesh, 2004). In the AD-approach, adoption is a 

binary measurement, i.e. whether a subject of analysis adopts an innovation. According to the AD-

approach, adoption is a decision process which leads to either rejecting or accepting an innovation. 

According to Shih and Venkatesh (2004), it, thus, fails to explain the process of diffusion and 

varying diffusion rates. The adoption/rejection measurement is only convenient for the DOI-studies 

in relation to measuring the impact of mass-market communication, but it has imperative limitations 

in relation to interpersonal communication, as the likelihood that an adopter engages in 

interpersonal communication is closely correlated to the degree of use (Motohashi et al., 2012; Shih 

& Venkatesh, 2004). 
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Compared to the AD-approach, the UD-approach – which measures the rate and variety of use – is 

more capable of determining and predicting diffusion processes than the AD-approach. Therefore, 

it makes more sense to include data on the use, i.e. rate and variety, when assessing the diffusion 

process.  

Another claim that is closely related to Shih and Venkatesh's (2004) argument in favor of the UD-

approach is that of Chandrasekaran and Tellis (2015a), who state that the dominant AD-approach 

does not distinguish between first-time purchases and repurchases. A measurement of the rate of 

repurchase would be a good measurement of the amount of use, which would be included in the 

data collection, if one abided by the UD-approach. Also, Stephen and Berger (2009a) argue in favor 

of the UD-approach, claiming that the AD-approach lacks "attention to what leads collective 

enthusiasm to persist” (Stephen & Berger, 2009a, p. 5). 

3.2.2.2.2 Are the Prediction Models Really Predictive? 

Based on Rogers' (2003) DOI-framework, Bass (1969) developed a growth-model for the timing 

of initial purchase of new products. Due to its simplicity and cogent nature, it remains the most 

applied prediction model in DOI-literature (M. G. Dekimpe, Parker, & Sarvary, 2000; M. Dekimpe, 

Parker, & Sarvary, 2000; Rogers, 2003). However, the prediction model has received extensive 

criticism and its actual predictive ability is debated (Chandrasekaran & Tellis, 2015a; Ganjeizadeh, 

Lei, Goraya, & Olivar, 2017; Hoffmann & Soyez, 2010; Ilonen, Kamarainen, Puumalainen, 

Sundqvist, & Kälviäinen, 2006; Kivi et al., 2012; Lee, Kim, Park, & Kang, 2014). 

The criticisms originate from the fact that the model needs historical data points, i.e. sales figures, 

not only from the initial takeoff but also from the subsequent slowdown (Chandrasekaran & Tellis, 

2015a). This means that the model can only 'predict' the diffusion process once the process itself is 

well underway, thus highly limiting the value of the calculation output (Chandrasekaran & Tellis, 

2015b). A central assumption of the prediction model is that diffusion processes imitate those of 

the past. Ganjeizadeh, Lei, Goraya and Olivar (2017) argue that the diffusion of future innovations 

cannot be explained on the basis of historical data. The extrapolation of historical findings might 

have proven appropriate, but there is no guarantee that it applies to future innovations as well 

(Ganjeizadeh et al., 2017). The criticism of the limited predictive ability can be condensed into the 

following: To predict the diffusion process, several variable-values must be known, but once these 

values are known, the diffusion process is already well underway, and the prediction does, 

therefore, not reduce uncertainty, limiting the value of such prediction.  

Chandrasekaran and Tellis (2015a) also criticize prediction models for failing to include marketing 

variables such as pricing in the prediction of diffusion processes, thus ignoring price elasticity, 
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which has been proven a highly significant predictor (Golder & Tellis, 1998). This criticism, 

however, is universal for the DOI-framework. 

Overall, the fact that the actual predictive ability of Bass's (1969) diffusion model is limited has 

paved the way for academics to develop alternative prediction models. In general, however, the 

simplicity of the alternative models is lost in the strive for including more variables that can 

improve the predictive abilities.  

3.2.2.2.3 Other Criticisms from Academia 

Due to their implications for the DOI-field, the abovementioned criticisms are the most significant. 

However, there are additional limitations that must be considered as well. Albeit smaller and more 

detail-oriented, several critiques surround some of the individual elements in Rogers' (2003) 

framework. Most of these criticisms have only received partial attention in the academic discussion, 

despite their eligibilities. 

The first topic that has received very little academic attention is the issue of equality in DOI and 

the socioeconomic consequences that DOI can trigger. The issue of equality, which is a point 

Rogers (2003) makes himself, is not as much a critique as a neglected issue within DOI. Few studies 

have investigated what the consequences of innovations are (Rogers, 2003). Therefore, it is not 

really a criticism of the DOI-framework and its methodology, but rather a claim that researchers 

increasingly should consider the consequences of diffusion for individuals and social systems. The 

hypothesis behind the issue of equality (Rogers, 2003) is that change agencies target individuals 

who share certain characteristics that are archetypical in certain socioeconomic groups. Typically, 

the individuals in targeted socioeconomic groups have the economic and mental surplus it takes to 

adopt new innovations. This means, that some less-privileged socioeconomic groups are left 

behind, meaning that the gaps that exist in many societies are likely to widen due to the DOI. 

Secondly, Chiesa and Frattini (2011) argue that DOI-literature is too product-focused, i.e. that too 

much attention is paid to the innovation as an object and its attributes, while neglecting the 

importance of (1) the market at which the innovation is targeted and (2) the marketing activities of 

the organization behind the innovation. Chiesa and Frattini's (2011) criticism targets the assumption 

of the DOI-literature that the failure of an innovation to diffuse is the consequence of its own 

attributes. The criticism is supported by Gourville (2005) who has proven that the product attributes 

alone cannot explain diffusion processes. The reason for failure, and therefore the determinants of 

whether an innovation achieves successful diffusion, can be explained on the basis of three 

categories; product attributes, market-characteristics, and innovator-characteristics (Gourville, 

2005), and not only the innovation's intrinsic attributes, as argued by Rogers (1962). According to 
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Rogers (2003), nevertheless, between 49% and 87% of the variance in the rate of adoption can be 

explained by the innovation attributes.  

However, the market- and innovator-based causes of innovation-failure (Gourville, 2005) must to 

a greater extent be included in DOI-literature, as they can improve the understanding of innovations' 

rate of diffusion. By including these in the analysis prior to the takeoff of the diffusion process, 

practitioners would be able to achieve higher rates of adoption. For instance, the heterogeneity of 

social systems and their implications for the diffusion process are still debated, despite Moore's 

(2014) academically-backed claim that a chasm exists between early adopters and the early 

majority (Chandrasekaran & Tellis, 2015a; Golder & Tellis, 2004; Striukova et al., 2009).  

The third topic which has not received its appropriate attention is affordability, as argued by Golder 

and Tellis (1998) and Chandrasekaran and Tellis (2015a). They argue that the role of 

communication is too significant given its weak ability to estimate diffusion (Golder & Tellis, 

1998). By comparing the elasticity of advertising with price elasticity, the latter is "found to be 

eight to twenty times higher" (Golder & Tellis, 1998, p. 262). In general, they argue that commonly-

used marketing variables, such as those proposed by Kotler and Keller (2011), ought to be included 

in the DOI-framework. Because they find that price elasticity is the most significant predictor, 

Golder and Tellis (1998) propose a model for "new product growth for consumer durables, based 

on the concept of affordability rather than on diffusion" (Golder & Tellis, 1998, p. 259). 

Mick and Fournier (1998) represent the fourth omitted topic, as they argue that too little attention 

is paid to consumer psychology in DOI-studies, and in particular in how the adopter categories 

differ from each other in relation to psychological traits. Moreover, they claim that consumer 

psychology can benefit the DOI qua its ability to assess the underlying motivations behind the 

decision to adopt or reject innovations (Mick & Fournier, 1998), based on findings related to 

reference dependency and loss aversion (Kahneman, 2011; Kahneman & Tversky, 1979; Thaler, 

1985).  

This relates to Stephen and Berger (2009b), who compare diffusion to social epidemics and argue 

that diffusion not only happens in an active process through communication, but also through 

passive diffusion, which occurs when individuals adopt innovations as a result of behavioral 

mimicry (Bargh & Chartrand, 1999), a process that happens subconsciously in the persuasion stage. 

This relates to the observability (Rogers, 2003) of innovations, which is pivotal for behavioral 

mimicry (Bargh & Chartrand, 1999) to happen (Stephen & Berger, 2009b).  
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This last claim relates to Peres et al. (2010) who argue that the definition of DOI should be modified 

in order to include more social influences than just interpersonal communication. They argue for 

the inclusion of network externalities (Rohlfs, 2001), i.e. that the value of a product or service 

increases as more consumers start using it. Moreover, Peres et al.'s (2010) claim includes the notion 

that consumption of products and services can be understood as social signals (Bourdieu, 1994), 

through which consumers engage in conspicuous consumption (Veblen, 1899) to express their 

identity and a sense of social belonging to certain social groups.  

3.2.2.3 Original critiques 

As shown in the previous section, academia has identified several critiques and discussed how they 

can be overcome. Nevertheless, this thesis claims that several other undisputed critiques exist. 

Firstly, the importance of cultural differences plays a very limited role in DOI, despite extensive 

investigations of how national cultures possess different characteristics (Dwyer, Mesak, & Hsu, 

2005; Peres et al., 2010; Stoneman, 2018; Van Den Bulte, 2002). Lynn and Gelb (1996), for 

instance, have examined how adoption rates for technological products vary among countries, and 

which population characteristics that are related with national innovativeness. Nevertheless, culture 

as a variable is seldom included in DOI-studies, despite the ability to bring forward the field. 

Moreover, it could help practitioners identify markets in which their innovations would diffuse 

more rapidly. Ilonen et al. (2006) acknowledge the potential benefit of including country and 

cultural parameters in DOI-research. For example, Sundqvist, Frank and Puumalainen (2005) and 

Tellis, Stremersch and Yin (2003) have done extensive research on cultures' impact on the diffusion 

process and found relations between diffusion rates and Hofstede's (2003) uncertainty avoidance.  

Secondly, DOI-studies tend to be mostly concerned with the early stages in the diffusion process, 

i.e. the innovators and early adopters, but very limited research deals with the late adopters and 

laggards, meaning that these are underrepresented in the data-collection in DOI-research. This is 

probably caused by the fact that most research is funded by organizations that have an economic 

interest in the diffusion, and because the last two adopter categories are more dependent on their 

peers, and thus more difficult to influence by change agents (Rogers, 2003). Therefore, change 

agents are likely to spend their diffusion budgets in the early stages, as these groups are more easily 

convinced to adopt, and because they are more likely to engage in interpersonal communication, 

which accelerates the diffusion process further. 

Thirdly, and related to the previous point, much of DOI-research, especially within the marketing 

discipline, is carried out by professional change agents or companies that have an interest in keeping 

the attained knowledge about the diffusion to themselves. It is likely that much additional 
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information already exists in organizations that hesitate to publish their information to attain a 

competitive advantage. This, however, means that academia suffers from a lack of access to already 

existing knowledge.  

Fourthly, qua the pro-innovation bias which is based on the fact that all innovations, per se, are 

value-adding, little research has looked into the diffusion of discontinued use of innovations, or 

what Rogers (2003) labels anti-diffusion programs. Previous examples of anti-diffusion are anti-

smoking and drug campaigns for instance. More contemporary cases could be vegetarianism or 

veganism, or the joy-of-missing-out phenomena, which is a counter-movement to increasing rates 

of social media usage (Crook, 2015; Daily Mail, 2016; Rashid, 2017). It is disputable whether the 

DOI-literature would benefit from examining the diffusion of consumption cessation, but it could 

serve the purpose of testing the assumptions of the field. 

Fifthly, Rogers’ (2003) categorization of adopters is overly simplified, which is a result of the desire 

to formulate a set of categories that are exhaustive, mutually exclusive and derived from a single 

classificatory principle (Rogers, 2003). To do so, Rogers (2003) based the adopter categories on 

the standard deviations from the average time of an adoption, which can be calculated from the S-

shaped curve of adoption that diffusion processes follow (Rogers, 2003; Ryan & Gross, 1943). 

Resulting from the simplicity in the categorization of adopters, the framework has some basic flaws 

that have not been tested appropriately in the literature. Moreover, the assumption that the sizes of 

all five adopter categories can be rightly represented by the standard deviations of the average time 

of adoption has not been proven. Furthermore, Higgins and Shanklin (1992) argue that Rogers's 

(2003) adopter categorization is too broad, thus failing to acknowledge the differences that exist 

within the five adopter categories. 

Overall, there are several important points of critiques and limitations to DOI, despite its 

widespread acceptance in academia and among practitioners. It is important to acknowledge that 

the DOI-field is not perfectly developed, but that it needs to be developed further, and that future 

research should consider solving the limitations and critiques identified in the previous sections. 

3.3 The Adoption-Diffusion Approach 
This section critically reviews the theoretical underpinnings of the AD-approach. The purpose is to 

enable an evaluation of the individual parts of the AD-approach and thereby allow for an assessment 

of tDCS based on the AD-approach. 
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3.3.1 Adopter Categories 
As individuals do not adopt innovations synchronically, they can be described on the basis of the 

timing of their respective decisions to adopt the innovation (Rogers, 2003). DOI-scholars have 

widely accepted Rogers’ (2003) adopter categorization as a system to classify members of a system 

based on their innovativeness. Each adopter category consists of individuals with similar degrees 

of innovativeness, making the adopter categories a means of convenience when describing the 

individuals of a social system. 

Rogers (2003) suggests an adopter categorization which consists of five groups, developed from 

the findings from Rogers’ (1955, 1957) initial studies of rural sociology. Based on the two studies 

(1955, 1957), Rogers (1958) concludes that “the best criterion for classifying the adopters of 

agriculture practices is the time at which they adopt a practice or practices” (Rogers, 1958, p. 354). 

Thereby, Rogers (1958) suggested the following five standardized adopter categorizations; 

innovators, early adopters, early majority, late majority, and laggards. 

Rogers’ (1955) study includes data from 148 Iowa farm operators and his Ph.D. (1957) included 

data from 104 Ohio farmers, which in total can be argued to be an insufficient sample of 

respondents from which deduce valid conclusions. However, by analyzing the data of the two 

studies, Rogers (1958) argues that the distribution of adopters’ timing of adoption forms a bell-

shaped curve with a normal distribution. The inflection points between Rogers’ (1958) five adopter 

categories were determined by the standard deviations of the mean of the curve. Thereby, Rogers 

(1958) argues that the first group of adopters, the innovators, is in the distribution from minus 

infinity standard deviation to minus two standard deviations. The second suggested adopter 

category, categorized as early adopters, is determined to be in the distribution from minus two 

standard deviations to minus one standard deviation and so on. The suggested distribution of the 

percent of each adopter category is the following; innovators: 2.5%; early adopters: 13.5%; early 

majority: 34%; late majority: 34%; laggards: 16% (Rogers, 2003). 

Where Rogers (1958, 2003) argues for adopter categories with fixed sizes, other scholars argue for 

non-identical sizes of adopter categories (Goldsmith, 2011; Hurt et al., 1977; Mahajan, 1990; 

Midgley et al., 1978; Shaw, 1989). Mahajan (1990), for instance, claims that the “categories reflect 

the groupings of adopters that are unique to a particular innovation and are not based on the amount 

of time-series diffusion data available for clustering the adopters” (ibid., p. 49). The essential 

criticism of the approach presented by Rogers (1958, 2003) is summed up by Midgley et al. (1978, 

p. 230): 
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What is observable is the act and time of adoption or purchase of a new product. 

Innovativeness itself is a hypothetical construct postulated to explain and/or predict such 

observable phenomena, but existing only in the mind of the investigator and at a higher 

level of abstraction. 

By using the Rogers’ (1958, 2003) approach, a methodological consequence is that it is not possible 

to evaluate its reliability and validity, since the generalizability is limited to the individuals in the  

same study. Therefore, the findings cannot be compared across studies (Goldsmith & Hofacker, 

1991).  

Alternatives to the approach presented by Rogers (1958, 2003) have be suggested by various 

scholars to avoid the theoretical and methodological problems associated with the time-of-adoption 

measure (Goldsmith & Hofacker, 1991; Hirschman, 1980; Midgley et al., 1978). Such alternatives 

include a cross-sectional method (Midgley et al., 1978), a specific domain measure (Hirschman, 

1980), or a self-report measure of innovativeness conceptualization (Goldsmith & Hofacker, 1991). 

As mentioned previously, it would be ideal to study the individual adopters rather than having to 

categorize adopters, as this would thwart the criticisms of Rogers’ (1958, 2003) approach. 

However, in most DOI-literature, this categorization has been accepted to allow for generalizations 

about the adopters. In the following sections, the five adopter categories are presented before it is 

discussed how they relate to tDCS. 

3.3.1.1 Innovators 

The first 2.5% of individuals in a social system who choose to adopt an innovation, are called 

innovators. An innovator is an individual who is almost obsessed with new ideas and innovations. 

This interest of innovations leads innovators out of the localite channels of their network of peers 

and into a cosmopolite social network with people who possess equal degrees of innovativeness. 

Innovators tend to be a part of global social networks with other innovators (Rogers, 2003). An 

understanding and ability to apply complex technical knowledge are other key characteristics of 

innovators. Further, innovators possess substantial financial resources and an ability to cope with a 

high degree of uncertainty. Innovators are a risk-takers and they are willing to accept occasional 

setbacks when an innovation proves unsuccessful (Rogers, 2003). In the diffusion process, 

innovators play an important role as they bring innovations into their social systems where other 

members have no previous knowledge of the innovation. Innovators, thus, have to introduce the 

innovation from outside the usual professional or geographic spheres (Schleien & Miller, 2010).  



   
 

42 
 

3.3.1.2 Early Adopters 

Compared to innovators, early adopters are more integrated and localite. Early adopters account for 

13.5% of the total population, and they are the category with the highest prevalence of opinion-

leaders. Thereby, early adopters are the people that later adopters turn to for information regarding 

innovations. Because they are less extreme than innovators, and they are more homogenous with 

the rest of the population, latter adopter categories await how early adopters use and react to 

innovations and learn from their experience before they imitate them. In this way, early adopters 

put a stamp of approval on innovations. Early innovators, thus, play a pivotal role in the diffusion 

process. Early adopters are essential to reach the critical mass of adopters, which can trigger an 

accelerated diffusion process. For this reason, early adopters are often approached by change agents 

(Rogers, 2003). Like innovators, early adopters have high degrees of innovativeness and are able 

to cope with uncertainty, albeit in a lesser degree than innovators (Rogers, 2003). 

3.3.1.3 Early Majority 

The early majority frequently interacts with their peers. However, adopters who belong to the early 

majority are seldom opinion leaders. The adoption of an innovation for the early majority is just 

before the average member of a system. With a size of 34% of the all the adopters of the innovation, 

this category is significant for the diffusion process. Compared to innovators and early adopters, 

the early majority has a relatively longer innovation-decision period before they decide to adopt or 

reject an innovation. However, it is essential that the early majority begins to adopt the innovation 

to reach the tipping point (Gladwell, 2000; Stephen & Berger, 2009a, 2009b), also called critical 

mass (G. A. Moore, 2014), which can lead to positive network externalities (Rogers, 2003). 

3.3.1.4 Late Majority 

The late majority makes up another 34% of all the adopters. The late majority adopts innovations 

just after the average member of a system. For the late majority, the decision to adopt is often 

caused by network externalities (Rogers, 2003), social pressure or due to the fact that new 

innovations obviate the solutions that the late majority has used so far, through creative destruction 

(Schumpeter, 1942). When innovations are presented to the late majority, they tend to be skeptical 

and postpone adoption until necessary, or when the innovation has been proven reliable by previous 

adopter categories (Rogers, 2003). Due to their risk-aversion and low degrees of innovativeness, 

persuading the late majority to adopt can be cumbersome. 

3.3.1.5 Laggards 

The last individuals to adopt an innovation in a system are laggards, which account for 16%. 

Laggards are suspicious of innovations and change agents. They are almost isolated from their 

social networks, which consists mostly of other laggards. They are highly reference dependent 
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(Kahneman, 2011; Kahneman & Tversky, 1979) and they tend to overvalue the past and undervalue 

change. Therefore, decisions made by laggards are based on what they have done before. Compared 

to other adopter categories, laggards’ innovation-decision process is relatively longer. Laggards 

attain awareness and knowledge of innovations just like the other adopter groups, but the persuasion 

stage is longer and more complex, wherefore the decision to adopt or reject is postponed as much 

as possible. Due to a limited amount of resources and high degrees of risk-aversiveness, laggards 

want to be sure that the innovation will not fail after they have adopted (Rogers, 2003). This makes 

the late adoption a rational choice in the minds of laggards, suggesting that they have very low 

degrees of innovativeness.  

3.3.2 The Innovation-Decision Process 
Since the dawn of AD-research, scholars have recognized that individuals’ decision to adopt or 

reject an innovation is the outcome of a process. Some AD-scholars (Rogers, 2003; Ryan & Gross, 

1943) argue that the decision to adopt or reject an innovation is a process that occurs over time 

consisting of several stages. Rogers (2003) presents a model of the innovation-decision process, 

which consists of five stages, and defines the process as: 

The process though which an individual (or other decision-making unit) passes from first 

knowledge of an innovation, to the formation of an attitude toward the innovation, to a 

decision to adopt or reject, to implementation and use of the new idea, and to confirmation 

of this decision. We conceptualize five main steps in the innovation-decision process: (1) 

knowledge, (2) persuasion, (3) decision, (4) implementation, and (5) confirmation (ibid., 

p. 20). 

In the following paragraphs, each of the five stages of the model are presented and discussed, 

allowing for a later assessment of the decision process and consumer behavior related to tDCS. 

3.3.2.1 Knowledge 

“Knowledge occurs when an individual is exposed to an innovation’s existence and gains an 

understanding of how it functions” (Rogers, 2003, p. 169). 

In this first stage of the innovation-decision process, individuals play a passive role (Rogers, 2003). 

In their study of the diffusion of medical drugs, Coleman et al. (1966) conclude that initial 

knowledge mainly occurs through communication channels and messages that are pushed to the 

doctors, as they do not search for the information themselves. Thereby, doctors do not become 

active information seekers until a later stage in the innovation-decision process, which usually take 

place in their communication networks with their peers. However, Hassinger (1959) argues that 
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individuals only expose themselves to messages regarding innovations that they perceive as being 

relevant to their own needs, and therefore are resistant to massages concerning innovations that do 

not fulfill a current perceived need. 

Further, a need can be developed when individuals learn about an innovation, which he or she has 

never had any prior knowledge about. Therefore, an innovation is a driver for creating needs and 

vice versa (Rogers, 2003). Converting latent needs in to actual, perceived needs is a central 

objective for many innovations, with ultimate objective of becoming an expressed need (Bradshaw, 

1974; Watkins, West Meiers, & Visser, 2012). 

3.3.2.1.1 The Three Types of Innovation-Knowledge 

Essentially, the innovation-decision process is an information-seeking and information-processing 

activity. The motivation for individuals to seek and process innovation-information is to attain 

knowledge of the advantages and disadvantages that the innovation yields post-adoption (Rogers, 

2003). To fully achieve a comprehensive knowledge of the benefits and drawbacks of an 

innovation, individuals must gather three types of knowledge regarding the innovation. 

Firstly, awareness-knowledge is information regarding the existence of the innovation. This type 

of information often generates interest in the innovation, inclining individuals to seek more 

information (Rogers, 2003). 

Secondly, how-to knowledge concerns knowledge that is necessary for proper use of an innovation. 

A clear understanding of how to use the innovation is necessary for an individual to have a 

successful experience. If the how-to knowledge stage lacks, individuals are likely to reject the 

innovation. The more complex an innovation is, the more how-to knowledge is required for a 

successful adoption (Rogers, 2003). 

Thirdly, principles-knowledge deals with the underlying principles of the technology behind the 

innovation. This means attaining knowledge not only about the innovation and how it works, but 

also why it works, based on the technologies behind it. Although not being vital for the decision to 

adopt, the lack of principles-knowledge increases the risk of misunderstanding or misusing an 

innovation, thus increasing the likelihood of dissatisfaction and discontinuance (Rogers, 2003). 

3.3.2.2 Persuasion 

“Persuasion occurs when an individual forms a favorable or an unfavorable attitude towards the 

innovation.” (Rogers, 2003, p. 169). 
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In the persuasion stage, individuals actively seek information about innovations and decide which 

messages they regard as trustworthy. Moreover, individuals decide how they interpret the 

information that is received. Thereby, in this stage, individuals become more psychologically 

involved (Rogers, 2003), and the persuasion stage is very affective. The mental processes in the 

generation of developing affection is a subconscious process (Bargh & Chartrand, 1999; Merz, He, 

& Vargo, 2009), which is elaborated more upon in the discussion of interpersonal communication. 

In the process of deciding whether to adopt an innovation, potential adopters mentally apply the 

innovation to their present situation to assess whether it is complimentary with their needs and 

routines. This involves the ability to think hypothetically and to project into the future. In that way, 

forward-planning becomes an integrated part of the persuasion stage. Furthermore, individuals seek 

social reinforcement from their peers about innovations in order to minimize the uncertainty that 

relates to the innovation (Rogers, 2003). 

3.3.2.2.1 Knowledge, Attitude and Practice 

The outcome of the persuasion stage is either a favorable or an unfavorable attitude toward the 

innovation. It is assumed that the persuasion stage can lead to an attitude change towards the 

innovation. However, attitude and action may not always be aligned, leading to a discrepancy 

between attitude and practice, which Rogers (2003) labels the KAP-gap after knowledge, attitude 

and practice. Simply because an individual has formed a favorable or unfavorable attitude toward 

an innovation, it cannot be guaranteed that his or her practice corresponds to the attitude (Rogers, 

2003). 

3.3.2.3 Decision 

“Decision takes place when an individual engages in activities that lead to a choice to adopt or 

reject the innovation” (Rogers, 2003, p. 169). 

In this stage, individuals decide whether to adopt or reject innovations. Rogers (2003) defines 

adoption as the “decision to make full use of an innovation as the best course of action available” 

(ibid., p. 177) and rejection as the “decision not to adopt an innovation” (ibid., p. 177). During each 

step of the innovation-decision process, individuals can reject the innovation. For instance, in the 

knowledge stage the innovation can be rejected if the individual forgets about the innovation.  

In the innovation-decision process, two different types of rejection exist. The first type of rejection 

is an active rejection, where the individual chooses not to adopt the innovation. The second type of 

rejection is passive rejection, in which individuals never really considers using the innovation, but 



   
 

46 
 

since the default is not to adopt (Thaler, Sunstein, & Balz, 2014), this remains the ‘choice’ for many 

individuals.  

3.3.2.4 Implementation 

“Implementation occurs when an individual puts a new idea into use.” (Rogers, 2003, p. 169). 

Previous stages in the innovation-decision process have all been strictly mental processes. In the 

implementation stage, however, individuals must act and overtly change their behavior to put an 

innovation into use. Normally, the implementation stage follows just after the decision stage unless 

there are logistical, legal or other challenges in relation to the accessibility of the innovation. 

When adopters implement an innovation, a certain degree of uncertainty remains. Typically, this 

uncertainty is related to the use of the innovation. The implementation stage stretches over a long 

period of time. Sooner or later, however, a point is reached at which the innovation establishes itself 

as a regular part of the individual’s behavior. This point of time is the end of the implementation 

stage (Rogers, 2003).  

3.3.2.4.1 Re-invention 

In the early years of DOI-research, adoption of an innovation was perceived as an exact imitation 

of how the innovation had been used by earlier adopters. According to Rogers (2003), however, a 

vast majority of the DOI-scholars acknowledge the importance of re-invention, which often occurs 

when individuals adopt an innovation. Rogers (2003) defines re-invention as “the degree to which 

an innovation is changed or modified by a user in the process of its adoption and implementation” 

(ibid., p. 180). 

3.3.2.5 Confirmation 

“Confirmation takes place when an individual seeks reinforcement of an innovation-decision 

already made but he or she may reverse the previous decision if exposed to conflicting messages 

about the innovation.” (Rogers, 2003, p. 169). 

After adoption, individuals keep searching for information about the innovation and they also give 

meaning to it based on interpersonal communication, providing the adopters with the ability to 

confirm their decision to adopt. Through additional information search and interpersonal 

communication, adopters seek to confirm their decision and achieve social approval (Tornatzky & 

Klein, 1982). 

In the confirmation stage, individuals can behave in four different ways: Continuance, later 

adoption, discontinuance, or continued rejection. Firstly, if individuals choose to adopt in the 

decision stage, they can continue the adoption of the innovation, or they can choose to discontinue 
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their adoption. Secondly, if individuals rejected the innovation in the decision stage, they can still 

choose to adopt the innovation at a later point in time. Alternatively, individuals who have not 

adopted can continue to reject the innovation even after having initially rejected it (Rogers, 2003).  

3.3.2.5.1 Discontinuance 

As mentioned, discontinuance is the decision to reject the innovation after having previously 

adopted it. However, two types of discontinuance exist. Firstly, replacement discontinuance, which 

is the decision to reject the innovation and then to adopt another innovation instead, which 

supersedes the now rejected innovation. Secondly, disenchantment discontinuance is the decision 

to reject an innovation because of dissatisfaction with the performance of the innovation. 

3.3.3 Innovation Attributes 
For scholars and practitioners to be able to distinguish the characteristics of innovations, it is 

necessary to have a framework on which innovations and their attributes can be classified. A 

classification of innovation attributes enables comparisons between innovations and, moreover, it 

becomes possible to theorize on the basis of the categories. Several frameworks with different 

attributes for a standard classification of innovations exist (Fliegel & Kivlin, 1966; Kearns, 1992; 

Lee et al., 2014; Rogers, 2003). However, the most used framework for innovation attributes is 

Rogers’ (2003). The majority of the studies and further developed models in the DOI-literature are 

built on Rogers’ (2003) framework. Despite its wide acceptance, Lee et al. (2014) have proposed 

an alternative framework, consisting of 17 attributes, which according to the authors has more 

validity when it comes to understanding and predicting diffusion processes.  

Returning to Rogers (2003) framework, it advocates for the existence of five dominant attributes, 

which are universal and applicable in various fields of sciences. The five attributes are: (1) relative 

advantage, (2) compatibility, (3) complexity, (4) trialability and (5) observability. In the following 

paragraphs, the innovation attributes are scrutinized to provide a comprehensive understanding of 

how the diffusion of tDCS will be characterized by its intrinsic characteristics.  

3.3.3.1 Relative Advantage 

“Relative advantage is the degree to which an innovation is perceived as being better than the idea 

it supersedes” (Rogers, 2003, p. 229). Often, “the degree of relative advantage is expressed as 

conveying social prestige, economic profitability, or in other ways” (Rogers, 2003, p. 229). Thus, 

relative advantage is concerned with the degree to which innovations yield an economic advantage 

relative to the existing solutions in the market, i.e. whether they are cheaper and/or more cost-

effective.  
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Moreover, there is a social element to the relative advantage, as the adoption of innovations 

provides individuals with social status (Berger, 2013; Fliegel & Kivlin, 1966; Lyytinen & 

Damsgaard, 2001; Stephen & Berger, 2009b; Striukova et al., 2009; Van den Bulte & Stremersch, 

2004; Venkatraman, 1989), as originally argued by Tarde (1903). Because relative advantage, per 

se, is relative, it relates closely to what has been labelled reference dependence (Kahneman, 2011; 

Kahneman & Tversky, 1979), which is the notion that decision-makers compare new solutions in 

relation to already known alternatives.  

3.3.3.2 Compatibility 

“Compatibility is the degree to which an innovation is perceived as consistent with the existing 

values, past experiences, and needs of potential adopters” (Rogers, 2003, p. 240). When an 

innovation possesses high compatibility, the uncertainty surrounding the innovation is limited and 

individuals can easily envision the innovation in their own context. Compatibility, thereby, relates 

somewhat to reference dependence (Kahneman, 2011; Kahneman & Tversky, 1979). 

Compatibility, nevertheless, is concerned more with the degree to which the adoption of an 

innovation demands adopters to change their behavior and the degree to which the innovation’s 

solution is compatible with adopters’ complementary solutions.  

Overall, individuals are more likely to adopt innovations with high degrees of compatibility than 

those with lower degrees. Three different types of compatibility exist (Rogers, 2003, p. 240); (1) 

compatibility with sociocultural values and beliefs, (2) compatibility with previously introduced 

ideas, and (3) compatibility with client needs. 

3.3.3.2.1 Compatibility with Values and Beliefs 

If an innovation is incompatible with an individual’s sociocultural values and beliefs, the chance of 

adoption is much lower, and it might even be blocked completely. However, if the innovation is 

closely related to the values and beliefs of the individual, the compatibility will accelerate the 

adoption. 

3.3.3.2.2 Compatibility with Previously Introduced Ideas 

Previously adopted innovations may also be compatible when individuals consider new innovations 

and solutions. If individuals have had a positive experience with a similar innovation, this can speed 

up the adoption process of new innovations. Vice versa, a bad experience can decelerate the process 

(Rogers, 2003).  
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3.3.3.2.3 Compatibility with Needs 

If innovations satisfy individuals’ needs, they will be more inclined to adopt (Rogers, 2003). Here 

it is necessary to distinguish between levels of needs (Jeffres & Atkin, 1996; Watkins et al., 2012), 

such as explicit needs, perceived needs and latent needs.  

3.3.3.3. Complexity 

“Complexity is the degree to which an innovation is perceived as relatively difficult to understand 

and use” (Rogers, 2003, p. 257). High degrees of complexity can perform as a barrier to adoption. 

The complexity of innovations is closely related to the adopter categories presented by Rogers 

(2003). Here the initial adopters, i.e. innovators and early adopters, are more capable of dealing 

with complexity than subsequent adopters.  

3.3.3.4. Trialability 

“Trialability is the degree to which an innovation may be experimented with on a limited basis” 

(Rogers, 2003, p. 258). If potential adopters are able to try innovations before adopting them 

completely, they are generally more likely to adopt, since uncertainty is reduced (Rogers, 2003). 

Further, when individuals try innovations, a re-invention can occur with a purpose of customizing 

the innovation. Re-invention permits customization, which increases the compatibility and fit with 

the needs of potential adopters. In relation to the adopter categories presented in 2.4.1.1, Ryan 

(1948) argues that trialability is more important to earlier adopters of an innovation than later 

adopters, since they have more uncertainty. Rogers (2003) elaborates that late adopters are 

surrounded by peers who have already adopted the innovation, and that these serve a function as 

uncertainty reducers who demonstrate the innovations eligibility. As presented in 2.4.1.1.2, early 

adopters, thus, are important for later adopters as they serve the purpose of trial-by-others.  

3.3.3.5. Observability 

“Observability is the degree to which the results of an innovation are visible to others” (Rogers, 

2003, p. 258). When an innovation is easily observed and communicated to fellow peers in a social 

system, the rate of adoption will be higher than of innovations, which are less observable (Singhal 

& M. Rogers, 2003). As argued by Cialdini and Cialdini (2007), individuals reflect themselves, and 

seek inspiration, in their peers in such a way that the diffusion of consumption in a social group can 

be compared to an epidemic (Berger, 2013; Stephen & Berger, 2009b). The social proof theory 

(Cialdini & Cialdini, 2007), thus, performs as an accelerator of diffusion, which is strongly related 

to behavioral mimicry (Bargh & Chartrand, 1999) according to Stephen and Berger (2009b). 
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3.3.4 Innovation Communication 
As mentioned earlier, adopter categories respond differently to innovation communication. Some 

individuals trust mass-media communications and use them as a source for knowledge learning, 

and other individuals rely more on interpersonal communication with fellow peers, due to higher 

degrees of perceived trustworthiness (Rogers, 2003). 

In general, the different communication channels play different roles through the innovation-

decision process. Some channels are important for creating awareness and developing knowledge 

about innovations. Oppositely, other communication channels are more important in later stages of 

the decision process. In the following paragraphs, the different communication channels are 

presented and discussed to accommodate a discussion of their relation to the diffusion of tDCS.  

In the DOI-literature, communication channels are categorized by the following two parameters: 

“(1) interpersonal versus mass-media and (2) localite versus cosmopolite. These channels play 

different roles in creating knowledge versus persuading individuals to change their attitude toward 

an innovation” (Rogers, 2003, p. 205).  

3.3.4.1 Mass-Media Communication vs. Interpersonal Communication Channels 

In relation to the innovation-decision process, various scholars have argued that mass-media 

communication is more important and efficient at the knowledge stage than interpersonal channels 

(Coop, Sill, & Brown, 1958; Rogers, 2003; Sill, 1958). On the other hand, interpersonal channels 

are more beneficial than mass-media channels in the persuasion stage (Rogers, 2003; Rogers & 

Shoemaker, 1971; Valente & Saba, 1998). However, these statements are broad generalizations of 

mass-media and interpersonal communication (Rogers, 2003). 

3.3.4.2 Cosmopolite Communication Channel vs. Localite Communication 

Channels 

Rogers (2003) also distinguishes between the communication that an induvial has with (1) 

individuals that belong to the same social system, and (2) individuals outside the social system. The 

first is referred to as localite communication channels, and the second to cosmopolite channels. As 

such, information enters social systems via cosmopolite communication channels, but it is 

distributed within social systems via localite communication channels. According to Rogers (2003), 

cosmopolite communication channels are more important in the knowledge stage of the innovation-

decision stage, and localite communication channels are more important during the persuasion 

stage. 
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3.4 The Use-Diffusion Approach 
In order to attain a more thorough comprehension of the diffusion process, Shih and Venkatesh 

(2004) propose an alternative to the AD-approach. Rather than focusing solely on the timing and 

rate of adoption, Shih and Venkatesh (2004) argue that the adopters' interaction with the innovation 

should be considered. Shih and Venkatesh's (2004) principal claim is that "the speed of diffusion 

of an innovative product is influenced both by the characteristics of the new product [the AD-

approach] and the characteristics of consumers" (2004, p. 309), with the latter referring to the 

customers' interaction and use of an innovation. The UD-approach, thus, proclaims that it offers a 

more comprehensive examination of the diffusion process.  

In the following sections, the UD-approach is scrutinized to contrast the AD-approach and assess 

the two approaches' relative advantages. Firstly, the UD-approach is presented and compared to the 

AD-approach. Hereafter follows a review of how the UD-approach relates to the general critiques 

of the research field and the ways in which the UD-approach can surmount some of these criticisms. 

Thirdly, the two approaches are linked to branding literature, to discuss how the UD-approach is 

more appropriate than the AD-approach. 

3.4.1 Use-Diffusion in Relation to Adoption-Diffusion 
As stated, the UD-approach goes beyond the AD-approach, which only considers the characteristics 

of the innovation. By doing so, the UD-approach is arguably more capable of predicting diffusion. 

The UD-approach not only considers how often consumers use the product, but also the variety of 

use. Thus, these post-adoption measurements related to the rate and variety of use (Shih & 

Venkatesh, 2004) offer valuable insights to the understanding of the diffusion-process. In a 

comparative study of the two approaches ability to predict the diffusion of IPTVs in Japan and 

Korea, Sawng, Motohashi and Kim (2013) argue that the UD-approach is "widely applicable as an 

explanatory model for further diffusion of technically complex products" (2013, p. 144). 

By neglecting the use-variables, the AD-approach is not able to thoroughly explain diffusion 

processes and why adoption-rates vary. Studies following the AD-approach tend to conclude upon 

adoption, entailing that this approach fails to include information about the use and satisfaction 

with the innovation, which are pivotal predictors for further diffusion (Motohashi et al., 2012; Shih 

& Venkatesh, 2004). Compared to the AD-approach which consists of an innovation stage and an 

imitation stage, the UD-approach also considers the consumers' continuous use of the innovation 

and the experience related to it (Motohashi et al., 2012). In the UD-approach, (1) the product 

experience, (2) competition for use, (3) sophistication of the technology, and (4) satisfaction are 

the primary units of analysis (Shih & Venkatesh, 2004). The UD-approach, thereby, supports Mick 
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and Fournier's (1998) claim that the diffusion process is influenced by consumers' experiences, 

opinions and viewpoints of the innovation.  

3.4.1.1 Market Segments 

In the UD-approach, individuals of social systems are divided into four groups. The mutually 

exclusive groups are based on the users' rate and variety of use. Both the rate of use and variety of 

use can be either high or low. Variety of use "refers to the different ways the product is used"(Shih 

& Venkatesh, 2004, p. 60), i.e. in how many different ways a product and its functions are applied, 

while rate of use "refers to the time a person spends using the product during a designated period" 

(ibid., p. 60). 

Through this typology, a two-by-two matrix of users is created, leading to four different categories 

of users: intense users, specialized users, non-specialized users, and limited users (Shih & 

Venkatesh, 2004). 

The UD-approach, thereby, distinguishes itself from the AD-approach by applying a different 

categorization of the population, based on the assumption that rate and variety of use are better 

variables for understanding the diffusion process than the timing of adoption is. 

Despite the disparities, the two approaches share some elements such as innovativeness of adopters, 

social communication, complexity, influence of media and relative advantage of new innovations 

(Shih & Venkatesh, 2004).  

3.4.1.2 Use-Diffusion and Prediction Models  

As stated previously, the UD-approach is arguably more capable of estimating the diffusion process 

(Motohashi et al., 2012; Shih & Venkatesh, 2004) due to the inclusion of the rate and variety of use 

as variables in the model. 

Sawng et al. (2013) test the predictive ability of the UD-approach and assess whether it is "more 

effective for a more complete investigation of innovation diffusion than the adoption–diffusion 

model" (2013, p. 144). To do so, they collected data from 1000 respondents, and developed 13 

variables used to measure the adopters' use and characteristics. Thereby, both data which would 

have been gathered in a study following the AD-approach, i.e. adopter categories and timing of 

adoption, and data related to the UD-approach were collected (Sawng et al., 2013). The 13 

variables, which all have between three and 10 measurements, are: product experience, 

sophistication of technology, similarity, complementarity, household innovativeness, 

communication, complexity, relative advantage, substitution effect, rate of use, variety of use, 
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satisfaction and intention to re-use. Thus, it was possible to gather a large database related to the 

consumers' use and experience as well as data related to the timing of adoption. 

Sawng et al. (2013) conclude that it is possible to improve the understanding of the diffusion 

process and predict the diffusion by collecting data related to the UD-approach. Their conclusion 

is that (1) product experience and (2) sophistication of the technology are the best predictors of the 

diffusion process. The study, however, supports the AD-approach’s claim that (1) similarity, (2) 

complementarity and (3) substitution effect "have shown to be the main determinants for enhancing 

users’ satisfaction" (Sawng et al., 2013, p. 164). 

It can, consequently, be concluded that the introduction of the UD-approach can benefit researchers 

and practitioners in predicting diffusion. This resonates with Motohashi et al.’s (2012) claim that 

the degree to which an individual engages in interpersonal communication - which according to the 

AD-approach plays a central role in the imitation stage of the diffusion process (Bass, 1969; Rogers, 

2003) - is positively related to the degree of use. 

Another pivotal line of argument in favor of the UD-approach is the fact that it does not rely on 

historical data points, which is the case of the AD-approach (Chandrasekaran & Tellis, 2015a; 

Ganjeizadeh et al., 2017). Thus, the UD-approach can provide diffusion estimates long before the 

AD-approach, thereby reducing more uncertainty, which is the ultimate purpose of prediction-

studies (Bass, 1969; Lee et al., 2014).  

3.4.2 Use-Diffusion and the General Critiques of Diffusion Research 
In the following sections, the UD-approach is assessed in relation to the general critiques of the 

DOI-literature, which were found in section 3.2.2. The purpose is to assess the strength of the UD-

approach and the degree to which it can overcome the current limitations of the DOI-literature.  

Regarding the pro-innovation bias (Chandrasekaran & Tellis, 2015a; Rogers, 2003; Rogers & 

Shoemaker, 1971), which states (1) that all innovations are inherently good and (2) that positive 

cases of innovation-diffusion processes are overrepresented in the research field, the UD-approach 

is likely to advance the DOI-literature. Because the UD-approach examines consumers' use and 

experience, it is possible to investigate both successful and unsuccessful cases of diffusion. That is, 

it is not necessary for an innovation to be diffused widely to study how users interact with it, which 

is not the case for the AD-approach. Therefore, the UD-approach is likely to mitigate the pro-

innovation bias, as unsuccessful cases of innovation-diffusion can be studied more easily. Qua the 

inclusion of post-adoption data, the UD-approach has greater explanatory power, as failed 
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innovations can be assessed by collecting data from the few individuals who did use it (Välikangas, 

Hoegl, & Gibbert, 2009). 

Moving into the criticism that DOI-studies do not distinguish between first-time purchases and 

repurchases (Chandrasekaran & Tellis, 2015a), the UD-approach would completely unravel this 

criticism, as it deals exactly with the rate and variety of use. 

Turning to Chiesa and Frattini’s (2011) claim that DOI-literature is too product-focused and that 

more attention should be turned to what Gourville (2005) labels market characteristics and 

innovator characteristics, the UD-approach is also eligible. By assessing use and experience, the 

UD-approach incorporates the characteristics of the market and Chiesa and Frattini’s (2011) claim 

that market-characteristics are overlooked is thereby defeated. However, the UD-approach fails to 

include the innovator-characteristics. 

In relation to anti-diffusion programs, the UD-approach could, once again, be of value. Because 

consumers’ experience and use are of great importance when assessing the discontinuance of a 

product, it makes reasonable sense to apply the UD-approach. Returning to the cases of 

vegetarianism, veganism or the joy-of-missing-out (Crook, 2015; Daily Mail, 2016; Rashid, 2017), 

which all deal with the diminishing consumption, i.e. use of a product, it makes great sense to apply 

the UD-approach. Understanding consumers’ use patterns and product experiences makes a lot of 

sense, when examining such anti-diffusion processes. 

Last but not least, the categorization of adopters in the AD-approach, which is overly simplified, is 

to some degree improved in the UD-approach, as consumers are differentiated on the basis of their 

respective rates and varieties of use (Shih & Venkatesh, 2004). This is an improvement relative to 

the AD-approach’s categorization, which is based on the statistical measurement standard deviation 

from the mean of the degree of innovativeness (Rogers, 2003). Moreover, Shih and Venkatesh’s 

(2004) categorization is dynamic, as consumers’ position is a function of their current use. 

Despite the ability of the UD-approach to overcome many of the criticism in the DOI-literature, 

several criticisms remain. The following criticisms and limitations are, even after applying the UD-

approach, still relevant: The individual blame bias (Rogers, 2003), the recall-problem (Hurt et al., 

1977; Rogers, 2003), the lack of attention to marketing variables (Chandrasekaran & Tellis, 2015a) 

such as pricing (Golder & Tellis, 1998), the lack of focus on the innovator characteristics (Chiesa 

& Frattini, 2011; Gourville, 2005) and the lack of attention towards consumer psychology in the 

innovation and imitation stages (Bargh & Chartrand, 1999; Mick & Fournier, 1998; Stephen & 

Berger, 2009b). Moreover, even if the UD-approach was applied, its inherent characteristics would 
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not necessarily solve the criticisms related to the lack of attention towards (1) cultural differences, 

(2) the later stages in the diffusion process, (3) and the dilemma that knowledge is retained 

internally in organizations. 

As the previous sections have reviewed, the UD-approach can promote the DOI-field in several 

ways and minimize its limitations.  

3.4.3 Use-Diffusion in Relation to Branding 
To assess the appropriateness of both the AD-approach and the UD-approach, the following 

paragraphs introduce branding literature. This serves the purpose of contextualizing diffusion, 

enabling a more grounded argumentation in favor of the UD-approach. This is achieved by a short 

introduction to the recent developments within the branding literature, followed by a discussion of 

how the branding-literature is closely related to the UD-approach. 

Due to the magnitude of the branding literature, combined with the purpose of this line of 

argumentation, which simply is to evaluate the inclusion of the UD-approach, only branding 

literature relevant to this purpose is discussed here.  

Through the interaction with a brand, consumers’ experience what the brand is and what it means 

to him/her (Brakus, Schmitt, & Zarantonello, 2009). Brakus et al. (2009) have found that brand 

experience, which is either sensory, affective, intellectual or behavioral, "affects consumer 

satisfaction and loyalty directly and indirectly through brand personality associations" (2009, p. 

52). 

Through the experience with a brand, consumers develop an idea of what the brand is. Combined 

with the democratization of brand meaning (Asmussen, Harridge-March, Occhiocupo, & Farquhar, 

2013; Vallaster & Wallpach, 2013), brand managers lose control, and the brand meaning is 

constantly developed in a co-creational process (Hatch & Schultz, 2010), where the role of external 

stakeholders is increasing. 

According to Merz, He, and Vargo (2009), branding is in a stakeholder-focused era, which means 

that the value and meaning of the brand is a result of the stakeholders’ perception of it, rather than 

something dictated by the brand-management. This entails that brand meaning is dynamic (Merz 

et al., 2009) and that it changes during the diffusion process. Thus, brand meaning is no longer the 

result of one-way communication, but an increasingly intertwined process in which all stakeholders 

interact and mutually influence each other (Merz et al., 2009). This happens through the 

interpersonal communication (Bass, 1969; Rogers, 2003), which can happen either explicitly via 
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word-of-mouth (Rogers, 2003) or implicitly via behavioral mimicry (Bargh & Chartrand, 1999; 

Stephen & Berger, 2009b) or social signals (Bourdieu, 1994). 

Relating the branding literature to the DOI-literature, there is a close connection between the brand 

experience – and its importance for satisfaction (Brakus et al., 2009) – and the UD-approach (Shih 

& Venkatesh, 2004). Consumers have different perceptions of brands as brand experience is 

subjective (Brakus et al., 2009). In the context of diffusion, this entails that consumers have 

different experiences with a brand, given their individual personality variables (Rogers, 2003) and 

the rate and variety of use (Shih & Venkatesh, 2004). 

The democratization of brand meaning (Asmussen et al., 2013; Vallaster & Wallpach, 2013), which 

has led to the co-creation of brand consumption and brand consumption (Bourdieu, 1994; Hatch & 

Schultz, 2010), entails that in the assessment of the diffusion processes, it is pivotal to assess the 

experience of initial users. As a brand’s, or an innovation’s, meaning changes throughout its 

lifetime (Merz et al., 2009), it would be erroneous not to include data on consumers' experience.  

Overall, it makes sense to include data on the use and experience that consumers have with 

innovations, since the brand experience – and thus perception of the brand – is likely to be diffused 

to other potential adopters through the implicit and explicit interpersonal communication that drives 

the diffusion processes. 

3.5 Literature Review: Conclusion 
Through a meticulous review of the existing literature related to the diffusion of tDCS, the present 

literature has served the following purposes of (1) assessing the state of the DOI-literature, (2) 

evaluating the AD-approach and UD-approach in relation to each other and the general criticism 

that exists in the DOI-literature, and (3) contextualizing the diffusion of tDCS. 

In the following sections, the theoretical considerations are summarized, and hypotheses about the 

diffusion of tDCS are deduced from the existing literature.  

3.5.1 Diffusion of tDCS  

In the following sections, tDCS is evaluated based on the extensive literature review. The purpose 

of this is to improve the understanding of the elements that will characterize the diffusion of tDCS. 

Apart from the practical, industry-specific knowledge that the study of tDCS yields, the 

assumptions of the field are tested, benefitting the DOI-literature as it is applied to a new and 

complex product category, as proposed by Rogers (2003) and Peres et al. (2010). 
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3.5.1.1 Diffusion of tDCS according to the Adoption Diffusion Approach 

In the following sections, tDCS is assessed in relation to the adopter categorization, innovation 

attributes, the innovation-decision process, the social system, and innovation communication. This 

is done to achieve an understanding of the diffusion of tDCS from a theoretical viewpoint. 

3.5.1.1.1 Adopter Categories in Relation to tDCS 

First and foremost, the novelty of tDCS in terms of product category and value proposition 

combined with the complexity of the neuroscience, it is likely to influence potential adopters’ 

reaction. According to the literature, these characteristics demand higher degrees of innovativeness 

(Rogers, 2003) and less risk-aversion (Chiesa & Frattini, 2011) than what typically characterize 

innovators and early adopters. This, however, is not to say that Rogers' (2003) adopter 

categorization is not applicable to tDCS. 

 H1: The Diffusion of tDCS Demands Higher Degrees of Innovativeness of Adopters 

 H2: The Diffusion of tDCS Demands Lower Degrees of Risk-Aversion of Adopters 

3.5.1.1.2 Innovation Attributes in Relation to tDCS 

Turning to the innovation attributes, there are several ways in which tDCS stands apart. In the 

following paragraphs, tDCS is evaluated based on the five innovation attributes identified by 

Rogers (2003) which are also applied in the UD-approach (Sawng et al., 2013; Shih & Venkatesh, 

2004). 

a) Relative Advantage  

Firstly, regarding the relative advantage of tDCS, adopters seek solutions that are superior to the 

solutions that they supersede. Because tDCS is a revolutionary innovation – according to Brown’s 

(2009) distinction – there is a high risk that potential adopters lack points of reference (Kahneman, 

2011; Kahneman & Tversky, 1979) on which to assess the value proposition of tDCS, which would 

prolong the persuasion stage. Despite the probable lack of a reference points, tDCS – per se – 

possesses a relative advantage, as it has been proved to have a positive effect on cognition (Bikson 

et al., 2016; Bourzac, 2016; Neuromodec, 2018; Simonsmeier et al., 2017; Stagg et al., 2018; The 

Brain Simulator, 2018).  

H3: Potential Adopters are Likely to Lack Points of Reference on Which to Assess 

the Relative Advantage of tDCS 

Due to the individualistic and opportunistic behavior that characterize humans (Chen et al., 2002), 

it is expected that the potential benefits of cognitive enhancement will attract individuals who are 
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drawn to improve their performance, despite the ethical and moral qualms, as well as the potential 

societal consequences of cognitive enhancement (Ager, 2013; Barrat, 2015; Bostrom, 2016; 

Bostrom & Savulescu, 2009; More & Vita-More, 2013; Thompson, 2014). 

H4: During the Persuasion Stage, the Relative Advantage, i.e. the Intrinsic Value of 

Cognitive Enhancement, Will Outweigh the Ethical and Moral Concerns  

b) Compatibility 

For the compatibility of tDCS, the biggest challenges relate to existing sociocultural values and 

beliefs. For instance, it must be expected that tDCS and cognitive enhancement, in general, will not 

be accepted in several social settings. This has been the case in USA, where a large part of the 

population frowns upon biomedical technologies and people who consume them (Funk, Kennedy, 

& Podrebarac Sciupac, 2016), which have proven to decelerate diffusion (Rogers, 2003). 

 H5: tDCS is not in Accordance with Existing Sociocultural Values and Beliefs 

By extrapolating Sharp's (2017) findings that consumers are more reluctant towards edible products 

compared to products that do not enter the human body, it can be argued that tDCS will provoke 

high degrees of reluctance. Therefore, the compatibility with previously introduced ideas of tDCS 

is likely to be limited, as people will be reluctant towards tDCS as it stimulates the brain. Hence, it 

is likely Sharp's (2017) findings can be extrapolated to tDCS, which would entail more skepticism 

and hesitance (Rogers, 2003), which is also supported by Cabrera and Reiner’s (2015) study of the 

general public’s understanding of tDCS. Consequently, the diffusion of tDCS is likely to be slower 

than for innovations that do not enter or stimulate the brain. 

H6: The Lacking Compatibility with Previously Introduced Ideas of tDCS Provokes 

High Degrees of Skepticism and Reluctance  

Finally, since the ability to enhance cognitive performance is a novel ability which only few people 

are aware off, most people are not likely to have an explicit or perceived need for tDCS, or cognitive 

enhancement in general. Even though many people are likely to possess a need for cognitive 

enhancement, only a few people are aware of the possibility to achieve it.  

H7: The Compatibility of Needs is low for tDCS Since Cognitive Enhancement is a 

Latent Need  
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c) Complexity 

The average consumer is not likely to comprehend how tDCS works and much less the underlying 

technology since tDCS is based on many years of research in highly advanced fields. Once again, 

this relates to the lack of reference points (Kahneman, 2011; Kahneman & Tversky, 1979), in the 

way that if people have no basis on which to compare the revolutionary nature of tDCS, it can be 

difficult to understand how they work as well as to acknowledge the advantages with which they 

provide the consumer. 

H8: The Complex Nature of tDCS and the Technology Behind it Will Reduce 

Understanding of tDCS Relative Advantage 

It should be noted, however, that the complexity in relation to the use of tDCS varies significantly. 

While some tDCS-devices are plug-and-play-devices (Halo Neuroscience, 2018; PlatoScience, 

2018; Thync.com, 2018) like any other consumer-electronics, some tDCS-devices are sold as DIY-

kits (Jwa, 2015; Wexler, 2017). 

d) Observability 

Regarding the observability, some consumers might limit the exposure, or even hide their 

consumption of tDCS due to the ethical qualms that surround cognitive enhancement. The diffusion 

of tDCS is likely to be prolonged because the use of previous adopters would not serve as a social 

proof (Cialdini & Cialdini, 2007) for non-adopters. 

Another consideration in relation to observability is that humans care a lot about what other people 

think of them (Wilton, Páez, & Scott, 2011). Therefore, it is apparent that some tDCS-users will 

limit the observability of their consumption due to the ethical implications of cognitive 

enhancement. The potential retention of observability can thus be related to the lack of social 

compatibility, as discussed previously. 

 H9: Ethical Qualms Will Incline Adopters to Limit the Exposure of Their use of tDCS  

Due to the novelty of the technology, no regulation exists on where tDCS can be used, but it is not 

unlikely that some organizations, e.g. universities or sports unions, would prohibit the use of tDCS 

due to safety concerns or the ethical disputes that surround cognitive and human enhancement in 

general (Bostrom & Sandberg, 2009; Bostrom & Savulescu, 2009; Brock, 2010; Greely, 2011). 

This would of course limit the observability of tDCS, and thereby decelerate the diffusion-process. 

H10: Some Organizations are Likely to Prohibit the use of tDCS due to Safety and 

Ethical Concerns  
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e) Trialability 

Moving on to the fifth and final attribute, trialability, the case might not be that different for tDCS. 

However, the effect of product trials could arguably be expected to be lower for tDCS, since the 

effect of tDCS is (1) prone to claims of placebo-effects, and (2) not always immediate and 

noticeable. If tDCS does not have an immediate effect, or an instant gratification (Duhigg, 2013; 

O’Shaughnessy & Jackson O’Shaughnessy, 2002), tDCS is unlikely to benefit from the effects of 

trialability. 

 H11: The Effect of Trialability of tDCS is low Since the Effect is not Immediate  

3.5.1.1.3 Innovation Communication in Relation to tDCS 

Regarding the innovation communication, the most noteworthy disparities between tDCS and other 

innovations relate to the interpersonal communication. On one hand, the taboo and ethical concerns 

(Bostrom & Sandberg, 2009; Bostrom & Savulescu, 2009; Brock, 2010; Greely, 2011) that 

surround cognitive enhancement are likely to incline some users to be reluctant to discuss their use 

of tDCS in public.  

H12: Explicit, Interpersonal Communication About tDCS use is Limited due to 

Ethical Concerns 

On the other hand, however, some tDCS-users would most likely be inclined to engage in 

interpersonal communication, to portray themselves as innovative through their consumption habits 

(Arnould & Thompson, 2005; Bourdieu, 1994; Veblen, 1899). Based on the literature, one can 

argue that the nature of tDCS has the potential to both accelerate and decelerate the diffusion 

process. 

H13: Explicit, Interpersonal Communication About tDCS use is Increased as Users 

can Portray Innovativeness  

However, cross-cultural studies must be conducted to assess how interpersonal communication of 

tDCS is likely to be (Dwyer et al., 2005; Peres et al., 2010; Stoneman, 2018; Van Den Bulte, 2002). 

Nevertheless, cross-cultural studies of the use of study drugs (Petersen et al., 2017, 2015a, 2015b), 

which is a cognitive enhancement that shares many characteristics with tDCS, have shown that 

interpersonal communication is much more likely in the USA compared to Denmark. 

H14: Cross-Cultural Differences Exist Regarding the Rate of Interpersonal 

Communication About the use of tDCS 
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Turning the attention towards mass-media communication, tDCS is not likely to be significantly 

different from other innovations. However, due to the novelty of cognitive enhancement as a 

consumer-product, it would be possible to create hype or buzz as people are likely to have strong 

opinions about it. 

H15: tDCS has the Potential for a Viral Effect due the Strong Opinions About 

Cognitive Enhancement 

3.5.1.1.4 Nature of the Social System in Relation to tDCS 

Because tDCS provides adopters with competitive advantage vis-á-vis non-adopters, the latter 

group might feel pressured to keep up with the adopters. Although Wexler and Reiner (2017) 

acknowledge that “the use of tDCS is not yet sufficiently widespread for bona fide peer pressure to 

have taken a hold”, they argue that the “societal pressure to enhance our brains is nearly palpable” 

(ibid., p. 278). 

This is similar, but not equal, to the network externalities (Chandrasekaran & Tellis, 2008; Rogers, 

2003, p. 350; Teece, 2010). In the case of tDCS, non-adopters are relatively worse-off as soon as 

one individual decides to adopt, since the adopter's output is improved relative to the non-adopters. 

This would persuade or even force individuals who might be against tDCS to adopt it, and thereby 

accelerate the diffusion. 

H16: The Adoption of tDCS can Provoke a Peer-Pressure Effect on non-Adopters 

3.5.1.1.5 Innovation-Decision process in Relation to tDCS 

Taking a closer look at the innovation decision process (Rogers, 2003) of tDCS, it is evident that 

the process is likely to be distinctive for tDCS. In relation to the additional complexities and 

perceived risks of tDCS, it is plausible that especially the knowledge and persuasion stages are 

likely to be more cumbersome. 

a) The Knowledge Stage of tDCS 

In relation to tDCS, all three types of knowledge are relevant in the innovation-decision process. 

However, the first two types of knowledge are expected to be prolonged. Likewise, the complexity 

of tDCS and neuroscience is likely to complicate the latter two knowledge stages. Following 

Rogers’ (2003) argumentation, the intricacy in relation to obtain principles-knowledge will increase 

the rates of rejection and discontinuance of tDCS.  

In general, the knowledge stage is imperative for tDCS due to the novelty of the technology and 

the ability to enhance cognitive performance, in general. 
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 H17: The Complexity of tDCS Prolongs the Knowledge Stage 

b) The Persuasion Stage of tDCS 

In the persuasion stage, it must be expected that potential adopters will need more time to 

understand the value proposition of tDCS and what it can do for them, since cognitive enhancement 

is a relatively new phenomenon. Even though tDCS provides a relative advantage, it remains a 

radical innovation according to Brown (2009) and Bower and Christensen (1999), for which reason 

people must be persuaded into the idea of enhancing their cognitive abilities, before being 

persuaded into a specific product. 

H18: The Persuasion Stage for tDCS is Prolonged by the Novelty of Cognitive 

Enhancement 

Returning to Sharp's (2017) findings that people are skeptical towards products that have to enter 

the body, it can be argued that the process of persuading potential adopters might be exceptionally 

long for tDCS. According to Cabrera and Reiner’s (2015) study, the general public is cautious about 

tDCS and its supposed enhancement effect.  

H19: The Persuasion Stage for tDCS is Prolonged Since People are Afraid of 

Stimulation of the Brain 

 H20: The General Public is Cautious About tDCS and its Supposed Effect 

As suggested by Rogers (2003), the persuasion stage of tDCS will be characterized by the 

innovation attributes, the innovation communication and the nature of the social networks which 

were all discussed in previous sections. 

Regarding the innovation attributes, the literature suggests that the persuasion-stage for tDCS can 

be expected to be affected both positively and negatively by the very nature of tDCS. The 

innovation attributes of tDCS are likely to have significant impact on (1) both explicit and implicit 

interpersonal communication, and (2) the probability of social pressure to adopt. 

c) The Decision Stage of tDCS 

Regarding the decision stage of tDCS, the literature review has not found any irregularities or any 

ways in which tDCS is likely to stand apart.  
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d) The Implementation Stage of tDCS 

Due to the technological complexity of neurostimulation and tDCS, re-invention is expected to be 

limited for tDCS. Nevertheless, there is a great community of do-it-yourself users of tDCS, who 

discuss their experiences on online forums, assisting each other in finding meaningful and 

successful ways to apply tDCS (Jwa, 2015; Wexler & Reiner, 2017). Theoretically, the limited 

ability of average tDCS-users to re-invent should decelerate the diffusion process (Rogers, 2003). 

e) The Confirmation Stage of tDCS 

Turning to the confirmation stage, tDCS suffers from the same challenges as many traditional 

medications and food supplements do in relation to (1) claims of placebo-effect, (2) output 

uncertainty, and (3) lack of immediate reward (Duhigg, 2013), which all lead to discontinuance. 

Even though users’ degree of satisfaction varies according to the purpose for which tDCS is used 

(Wexler, 2018), 40% of users either quit using tDCS or have never even used it (Wexler, 2018). 

 H21: The Rate of Discontinuance for tDCS is High 

3.5.1.2 Diffusion of tDCS according to the Use-Diffusion Approach 

Qua the radical nature of tDCS, which has led the general public to be cautious of the technology 

and its potential (Cabrera & Reiner, 2015), it would be essential to study the consumers' use and 

experience with tDCS. This would add value to the analysis, as the diffusion of tDCS is at an early 

stage, meaning that there is a high demand for mitigating the uncertainty related to the introduction 

of products to the market. Because there is only a limited number of users, researchers ought to 

collect as much data from these few individuals as possible. This would facilitate the analysis of 

the effect of interpersonal communication, as correlation tests between variables regarding use and 

interpersonal communication can be used to explain the diffusion process. 

H22: Early Adopters’ use and Experience with tDCS can Improve the Understanding 

of the Diffusion of tDCS 

As reviewed in section 3.1.2, Jwa (2015) and Wexler (2018) have studied the early users of tDCS 

and found that the rate and variety – the central variables in the UD-approach – of tDCS-use vary 

a lot between users. Regarding the variety of use, three different purposes were found (Jwa, 2015; 

Wexler, 2018): enhancement, treatment and restoration. More specifically, Wexler (2018) 

identified 24 different purposes that tDCS is used for, which all were categorized into one of the 

just-mentioned three categories. 

 H23: The Variety of use of tDCS Varies Between Users 
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Regarding the rate of use, Wexler (2018) found that 34.9% of adopters do not use tDCS anymore 

and that 5.8% never used tDCS at all. Consequently, 59.3% of tDCS-adopters are using the 

technology. Of the people who actually use tDCS, 34% use tDCS “more than 3 times per week”, 

24% use it “several times a month”, and 42% use it only in “fits and spurts” (Wexler, 2018, p. 14). 

Moreover, only 47% of users’ usage-rate has remained the same since they adopted, while the 

majority of the rest state that their usage-rate is declining (Wexler, 2018). 

 H24: The Rate of use of tDCS Varies Between Users  

From a theoretical viewpoint, Jwa’s (2015) and Wexler’s (2018) findings regarding rate and variety 

of use point in two directions regarding the diffusion of tDCS. Firstly, the fact that tDCS is used 

for many different purposes, i.e. variety, should according to Shih and Venkatesh (2004) and Sawng 

et al. (2013) accelerate the diffusion-process of tDCS. Oppositely, the fact that only 59.3% of 

adopters of tDCS use their device indicates that the diffusion is likely to be significantly 

decelerated. This is supported by the finding that many users’ usage-rate is declining. Moreover, 

the finding that most users (42%) only use it in “fits and spurts” (Wexler, 2018, p. 7) suggests a 

prolongation of the diffusion of tDCS.  

H25: The Rate of use of tDCS is Positive Correlated with the Rate of Diffusion 

of tDCS 

H26: The Variety of use of tDCS is Positively Correlated with the Rate of Diffusion 

of tDCS 

3.5.1.3 Diffusion of tDCS: Theoretical Conclusion 

The most distinctive about the diffusion of tDCS relates to the innovation attributes. First and 

foremost, the complexity of tDCS is likely to prolong the knowledge and persuasion stages that 

consumers must undergo before adoption. This can be explained by the fact that tDCS is a 

revolutionary innovation (Brown, 2009), which is difficult for adopters to assess, since they lack 

reference points (Kahneman, 2011; Kahneman & Tversky, 1979). Moreover, some adopters might 

limit the observability of their use of tDCS, due to the lack of social compatibility (Rogers, 2003). 

The decreased observability would decelerate the diffusion process, as the adoption of others to a 

lesser degree works as a social proof (Cialdini & Cialdini, 2007) in the persuasion stage. 

Oppositely, the relative advantage and the potential effect of network externalities might accelerate 

the diffusion of tDCS, and thereby compensate for the high degree of complexity and low degree 

of observability and social compatibility. Firstly, tDCS improves adopters’ cognition, providing 

them with a relative advantage vis-á-vis non-adopters. Under the assumption that tDCS per se is 



   
 

65 
 

valuable to the possessor, it constitutes a product offering that is superior to the existing solutions, 

and in many cases, alternative solutions are inexistent. As argued in section 3.5.1.1.4, and supported 

by claims regarding network externalities (Chandrasekaran & Tellis, 2008; Rogers, 2003; Teece, 

2010), it is likely that the adoption of tDCS by some individuals in a social system will generate 

external pressure on the non-adopters, in order not to become inferior. 

By applying the findings from Jwa’s (2015) and Wexler’s (2018) studies regarding variables from 

the UD-approach (Shih & Venkatesh, 2004), i.e. the rate and variety of use, the diffusion of tDCS 

is difficult to predict, as the two variables point in each their direction. The rate-of-use variable 

suggests a slow diffusion process, whereas the variety-of-use variable suggests a quick diffusion-

process.  

3.5.2 Use-Diffusion vs. Adoption-Diffusion 
A comparison of the two approaches has been made possible by an assessment of the two 

approaches’ performance in relation to the critiques of the DOI-literature.  

On one hand, the AD-approach is rather simplistic and somewhat superficial in its nature and 

measurements, with assumptions – related to the existing adopters’ further role in the diffusion 

process – that are unsupported by the literature. The AD-approach, on the other hand, lacks 

attention to the adopters’ use and experience upon adoption. The AD-approach is, as argued by 

Motohashi et al. (2012), acceptance-centered and is concerned solely with individuals’ timing of 

adoption. It thereby neglects the importance of adopters’ experience with and use of innovation in 

the diffusion process. As argued by several scholars (Ganjeizadeh et al., 2017; Ilonen et al., 2006; 

Mahajan et al., 1995; Motohashi et al., 2012), the AD-approach and its supposed ability to predict 

diffusion processes (Bass, 1969) is intuitive and persuasive for the DOI-studies. Nevertheless, 

overly ambitious simplifications about the diffusion process combined with a lack of attention to 

the adopters’ use of innovations compromise with the practical abilities of the AD-approach. 

Therefore, the dominant position of the AD-approach and the assumption on which it is founded 

must be questioned, and the arguments in favor of the inclusion of the UD-approach should be 

considered. This might complicate future diffusion-studies, but the outcomes are likely to be more 

valuable. As Motohashi et al. (2012) conclude, there is “concrete evidence that the use-diffusion 

model surpasses the adoption-diffusion model in its ability to explain the diffusion of innovations 

in real-world situations.” (2012, p. 327) 

Overall, several arguments exist in favor of the inclusion of the UD-approach. Firstly, the UD-

approach's ability to overcome several of the incumbent critiques of the DOI-literature makes a 
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strong case for the UD-approach. Secondly, it seems reasonable to include use and experience 

variables in DOI-studies since such variables bring forward the understanding of diffusion 

processes. Thirdly, the UD-approach is also supported by the assessment of the branding literature 

in the previous section. 

Moreover, the dominance of the AD-approach is questioned qua its lacking attention to adopters’ 

use, as proposed by Shih and Venkatesh (2004). The application of Shih and Venkatesh’s (2004) 

UD-approach enables a more thorough examination, which this literature has supported by relating 

its theoretical underpinnings to (1) the existing limitations of the literature, (2) branding literature 

(Brakus et al., 2009) and (3) communication behavior (Motohashi et al., 2012). 

3.5.3 Problem Clarification  
Based on the meticulous review of the DOI-literature and coupling with the diffusion of tDCS, this 

thesis aims to understand the diffusion of tDCS and to advance the DOI-literature by applying it to 

a new and complex product category, as prescribed by both Rogers (2003) and Peres et al. (2010). 

Nevertheless, the primary purpose of this thesis is to advance the understanding of the diffusion of 

tDCS by reducing the uncertainty for marketers of tDCS. So far, the diffusion of tDCS has been 

assessed in relation to the prescribed theory, but empirical data are needed to test the DOI-theory’s 

appropriateness to tDCS.  

3.5.3.1 Research Question 

How is the diffusion of tDCS characterized by the technology’s distinctive nature? 

3.5.3.2 Hypotheses Deduced from the Literature Review 

The following hypotheses are deduced from the assessment of the diffusion of tDCS. The 

hypotheses concerning the diffusion of tDCS are, thereby, closely tied to the existing literature. An 

empirical examination of the hypotheses, thus, serves the purposes of both increasing the 

understanding of the diffusion of tDCS and testing the assumptions of the DOI-literature review on 

a new product category. 

# Hypothesis 

1 H1: The Diffusion of tDCS Demands Higher Degrees of Innovativeness of Adopters  

2 H2: The Diffusion of tDCS Demands Lower Degrees of Risk-Aversion of Adopters 

3 H3: Potential Adopters are Likely to Lack Points of Reference on Which to Assess the Relative 

Advantage of tDCS 

4 H4: During the Persuasion Stage, the Relative Advantage, i.e. the Intrinsic Value of Cognitive 

Enhancement, Will Outweigh the Ethical and Moral Concerns 

5 H5: tDCS is not in Accordance with Existing Sociocultural Values and Beliefs 

6 H6: The Lacking Compatibility with Previously Introduced Ideas of tDCS Provokes High Degrees of 

Skepticism and Reluctance  
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7 H7: The Compatibility of Needs is low for tDCS Since Cognitive Enhancement is a Latent Need  

8 H8: The Complex Nature of tDCS and the Technology Behind it Will Reduce Understanding 

of tDCS Relative Advantage 

9 H9: Ethical Qualms Will Incline Adopters to Limit the Exposure of Their use of tDCS 

10 H10: Some Organizations are Likely to Prohibit the use of tDCS due to Safety and Ethical Concerns  

11 H11: The Effect of Trialability of tDCS is low Since the Effect is not Immediate 

12 H12: Explicit, Interpersonal Communication About tDCS use is Limited due to Ethical Concerns 

13 H13: Explicit, Interpersonal Communication About tDCS use is Increased as Users can Portray 

Innovativeness  

14 H14: Cross-Cultural Differences Exist Regarding the Rate of Interpersonal Communication About the 

use of tDCS 

15 H15: tDCS has the Potential for a Viral Effect due the Strong Opinions About Cognitive Enhancement 

16 H16: The Adoption of tDCS can Provoke a Peer-Pressure Effect on non-Adopters 

17 H17: The Complexity of tDCS Prolongs the Knowledge Stage 

18 H18: The Persuasion Stage for tDCS is Prolonged by the Novelty of Cognitive Enhancement 

19 H19: The Persuasion Stage for tDCS is Prolonged Since People are Afraid of Stimulation of the Brain 

20 H20: The General Public is Cautious About tDCS and its Supposed Effect 

21 H21: The Rate of Discontinuance for tDCS is High 

22 H22: Early Adopters’ use and Experience with tDCS can Improve the Understanding of the Diffusion 

of tDCS 

23 H23: The Variety of use of tDCS Varies Between Users 

24 H24: The Rate of use of tDCS Varies Between Users  

25 H25: The Rate of use of tDCS is Positive Correlated with the Rate of Diffusion of tDCS 

26 H26: The Variety of use of tDCS is Positively Correlated with the Rate of Diffusion of tDCS 

Table 2: All Hypotheses from the Literature Review 

Apart from these 26 hypotheses, the thematic network analysis in of the qualitative data revealed 

the following nine hypotheses, which must be tested quantitively.  

27 H27: The Possibility for Trialability is low  

28 H28: People Lack Knowledge About tDCS (All Three Levels)  

29 H29: People are Interested in tDCS  

30 H30: Trial by Others is Necessary to Gain Trust 

31 H31: tDCS can be Used to Portray Coolness 

32 H32: Early Adopters of tDCS are not the Typical Influencer 

33 H33: The Potential Effect of tDCS is Perceived as Valuable 

34 H34: People are Skeptical About Neurostimulation 

35 H35: tDCS Must Become Socially Acceptable Before People Adopt it 

Table 3: All Hypotheses from the Thematic Network Analysis 

3.5.3.3 Sub-Questions 

Since the research question and hypotheses contain several elements of analysis that can improve 

the response to the research question, there are several sub-questions that enlighten central elements 

of the diffusion of tDCS. To provide a sound basis for the discussion of the research question, the 

following sub-questions cover relevant topics that will be used to respond to the research question.  

1. What are characteristics of the knowledge and persuasion-stages for tDCS? 
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2. How does the interpersonal and mass-media communication of tDCS shape its diffusion? 

3. How is interpersonal communication about tDCS characterized by users’ consumption 

patterns? 
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4. Empirical Data 
With the purpose of presenting the findings as objectively as possible, this chapter summarizes the 

findings from the qualitative and quantitative data collections. In the discussion, statements and 

evaluations will be based on findings presented in this chapter. Thereby, this chapter serves a central 

role, providing an overview of the empirical evidence that is used for the theoretical reasoning in 

the discussion. 

This chapter presents the primary data collected through the qualitative and quantitative methods 

which were described in the methodology. 

4.1 Qualitative Data 
As described in the methodology, Attride-Stirling’s (2001) thematic network approach to 

qualitative data presentation was applied to the in-depth expert-interviews as well as the focus 

groups with potential adopters of tDCS devices. The application of the thematic network approach 

(Attride-Stirling, 2001) yields a visual representation of the recurrent and relevant themes in the 

data resulting from the seven expert-interviews and two focus groups. Visualizing qualitative data 

sets, which otherwise are chaotic and incomprehensible, aids the reader – and the researchers – 

through the discussion of the findings and their implications (Saldaña, 2015). 

The following two sections present the thematic networks for the expert interviews and focus 

groups, respectively. 

4.1.1 Expert Interviews 
Through the previously described thematic network approach (Attride-Stirling, 2001), the expert 

interviews with DOI-experts, tDCS industry experts and tDCS consumer experts yielded the 

following two thematic networks, which can be found in figures 3 and 4. The content of the two 

thematic networks are listed in appendix 8.4.1. 

From the coding process, 64 basic themes emerged based on their relevance for this project’s 

purpose and the frequency with which they were touched upon during the interviews. By clustering 

the basic themes into organizing themes, the underlying themes and their abstract notions appeared. 

A total of 13 organizing themes appeared from the interviews. From these organizing themes, 2 

global themes were identified: (1) the decision to adopt is complex in prolonged, and (2) the 

diffusion of tDCS will be characterized by several unknown factors. 
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Figure 3 Expert Interviews: Thematic Coding. Global Theme 1 
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Figure 4 Expert Interviews: Thematic Coding. Global Theme 2 

 

Based on the thematic network analysis of the seven expert interviews, the following hypotheses 

are induced from the qualitative data. With the objective of mitigating confusion, the counting of 

the hypotheses is continued from the hypotheses from the literature review. In total, six new 

hypotheses emerged from the expert interviews 

27 H27: The Possibility for Trialability is low  

28 H28: People Lack Knowledge About tDCS (All Three Levels)  

29 H29: People are Interested in tDCS  

30 H30: Trial by Others is Necessary to Gain Trust 

31 H31: tDCS can be Used to Portray Coolness 

32 H32: Early Adopters of tDCS are not the Typical Influencer 

Table 4: All Hypotheses from the Thematic Network Analysis of the Seven Expert Interviews 
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4.1.2 Focus Group Interviews 
For the two focus groups, which were analyzed in unison, the thematic network approach (Attride-

Stirling, 2001) also resulted in the two thematic networks that can be seen in figures five and six.  

From the coding of the transcribed data from the focus groups process, 43 basic themes emerged. 

By clustering the basic themes, a total of eight organizing themes appeared. From these organizing 

themes, two global themes were identified: (1) negative aspects for the diffusion of tDCS, and (2) 

positive aspects for the diffusion of tDCS. 

The thematic networks are visualized and summarized in appendix 8.4.2.  

 

Figure 5 Focus Group Interviews: Thematic Coding. Global Theme 1 
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Figure 6 Focus Group Interviews: Thematic Coding. Global Theme 2 

Based on the thematic network analysis of the two focus group interviews, a total of 11 hypotheses 

related to the diffusion of tDCS emerged. However, eight of these hypotheses are duplicates of 

hypotheses from the expert interviews, for which reason they are omitted in the analysis.  

With the objective of mitigating confusion, the counting of the hypotheses is continued from the 

hypotheses from the expert interviews.  

33 H33: The Potential Effect of tDCS is Perceived as Valuable 

34 H34: People are Skeptical About Neurostimulation 

35 H35: tDCS Must Become Socially Acceptable Before 

People Adopt it 

Table 5: Hypotheses from the Thematic Network Analysis of the two Focus Group Interviews 
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4.2 Quantitative Data 
As stated in the methodology, the quantitative data collection consisted of two separate online 

structured interviews. As stated by Lewis-Beck et al. (2004) and Bryman (2016), quantitative 

variables must sometimes be recoded to enable statistical analysis, and new variables can be 

computed to test additional variables. The following two sections present the empirical data from 

the quantitative research methods. Moreover, the recoded and computed variables, as well as their 

calculations, are presented.  

4.2.1 Online Structured Interview with Potential Adopters of tDCS 
Of the total sample (N = 72), 54% of the respondents were female (N=39). Danes were the most 

represented nationality (N=58), followed by Swedes (N=4) and Germans (N=3). The average age 

of respondents was 27 years. 

New variables were computed for the analysis of the online structured interview with potential 

adopters of tDCS. They are listed in appendix 8.1.4. 

4.2.2 Online Structured Interview tDCS-users 
Of the total sample (N= 10), 80% of the respondents were male (N=8). USA was most frequent 

nationality (N=5). Respondents’ average age is 37 years. 

Before doing any statistical analysis, several ordinal and interval variables were categorized and 

recoded into ordinal and nominal variables. Appendix 8.1.5 provides an overview of the 

transformed and recoded variables and their sources. 
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5. Discussion 
In this chapter, it is discussed how the empirical data relate to the 35 hypotheses that were found in 

the literature review and qualitative data analysis. The discussion of the hypotheses provides a 

sound basis for the responses to the sub-questions, in the sense that the sub-questions are discussed 

based on a scrutiny of how the empirical data relate to, and challenge, the existing literature. 

Therefore, a thorough and nuanced discussion of the research question is ensured. 

Apart from providing a comprehensive reply to the research question, the aim of this chapter is to 

discuss what the implications of the findings are for the existing literature. Thereby, this chapter 

serves both the purposes of improving the understanding of the diffusion of tDCS and advancing 

the DOI-literature.  

Finally, the implications of philosophy of science are debated, and it is discussed how the findings 

are a result of the philosophy of science of this thesis.  

5.1 Empirical Findings 
As presented in the methodology, the discussion draws on empirical data from several research 

methods. The purpose of the following sections is to discuss the empirical data in relation to the 

hypotheses, sub-questions, and ultimately, the research question.  

5.1.1 Hypotheses 

In the following sections, the 35 hypotheses that were presented in the problem clarification are 

discussed. The hypotheses are divided into two separate categories based on their source. In the 

first section, hypotheses identified by the literature review are assessed. Thereafter, the hypotheses 

that were induced from the thematic analysis of the qualitative data are tested. Because the latter 

group of hypotheses are formulated based on the qualitative data collection, only the empirical data 

from the quantitative methods are used to test the last nine hypotheses.  

5.1.1.1 Hypotheses from the Literature Review 

H1: The Diffusion of tDCS Demands Higher Degrees of Innovativeness of Adopters 

The data from the qualitative research methods suggest that adopters of tDCS must possess high 

degrees of innovativeness. Balder Onarheim states that “we completely grasp the tip of the adoption 

curve. These are the most open-minded, ’wow-it’s-exciting’-type of people”. Further, Balder 

Onarheim argues that compared to fashion, for instance, there is a higher risk involved in being 

among the first to adopt tDCS, since it is more expensive, and people are afraid of the humiliation 

that might emerge from adopting a technology that could turn out to be a disappointment. 
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Nikolaj Højer Nielsen adds that “some of those who are signed up [for tDCS], they are pretty 

crazy!”. They are the types of people who would say: "oh yeah, let's try cutting this into our skin 

and let's see what happens!". These people are not likely to appeal to the wide population, for what 

reason the spillover effect from such individuals is limited. This is supported by Dave Siever’s 

argument that "brainhacker types are happy to slap almost anything on their heads" and that "they 

are not the typical influencers". Individuals, as those described by Nikolaj Højer Nielsen and Dave 

Siever, are willing to accept high degrees of risk which entails that they possess high degrees of 

innovativeness. Thereby, it can be argued that adopters of tDCS must possess higher degrees of 

innovativeness due to the perceived risk.  

However, Balder Onarheim argues that the most effective sales proposition to present tDCS “not 

as a new technology at all” but something that “has existed, or it has been used for 15 years and 

dates back to the 1960s”. Moreover, he declares that prospects are told that tDCS “has been used 

in hospitals”. These statements indicate that people are skeptical about tDCS as a new technology. 

However, by presenting it as something that is already utilized, the uncertainty of the technology 

is limited. Therefore, Balder Onarheim’s implicit strategy is to mitigate the perceived risk related 

to adopting tDCS. Thereby, he implicitly states that risk plays an important role in the persuasion 

stage. Overall, the qualitative data cannot confirm the hypothesis, but the findings suggest that 

adopters of tDCS must be able to deal with a certain amount of risk and uncertainty.  

With the purpose of examining hypothesis 1 quantitatively, the variables “I am concerned about 

the safety of tDCS” and “I believe that the tDCS technology is dangerous” are used to examine the 

amount of risk potential adopters are willing to assume. These two interval variables are both tested 

in relation to following eight interval variables, since they cover different elements of 

innovativeness: 

1. I would like to see scientific proof 

2. I am interested in technologies that can improve my potential 

3. I strive to improve my performance at my job, study, or hobby 

4. I would like to try tDCS 

5. I would like to talk to people who use tDCS 

6. I have seen people use tDCS 

7. I am afraid of electric stimulation of my brain 

8. I am afraid of applying electricity to my body 

Due to non-normality of the data, see appendix 8.3.3.1 Spearman's rank correlation is used. The 

correlations and significance of the tests can be found in appendix 8.4.3.1. 
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The statistical test has shown a significant, positive correlation between the variable “I am 

concerned about the safety of tDCS” and the two variables “I am afraid of electric stimulation of 

my brain” (Spearman ρ=0.4115 and Prob>|ρ| = 0.0003*), and “I am afraid of applying electricity 

to my body” (Spearman ρ=0.5024 and Prob>|ρ| = 0.0001*). 

Moreover, a positive significant correlation is also identified between the variable “I believe that 

the tDCS technology is dangerous” and the two variables “I am afraid of electric stimulation of my 

brain” (Spearman ρ=0.5871 and Prob>|ρ| = 0.0001*), and “I am afraid of applying electricity to my 

body” (Spearman ρ=0.6763 and Prob>|ρ| = 0.0001*) 

Due to the significant ρ-values, it cannot be rejected that a positive correlation between variables 

exists, meaning that potential adopters’ safety concerns may be a consequence of fear of electric 

stimulation of their brain and body. However, no significant correlation exists between the concern 

of safety and the other six variables. 

Further, the variable “Using tDCS would enable me to portray that I am innovative” indicates that 

potential adopters do not see tDCS as a device for portraying innovativeness, because the mean of 

this question (M= 2.569) is below the neutral value of the 5-point Likert-scale. 

H2: The Diffusion of tDCS Demands Lower Degrees of Risk-Aversion of Adopters 

As discussed in hypothesis 1, Nikolaj Højer Nielsen states that some tDCS-users are predisposed 

to adopt new technologies, entailing that they are very high risk-takers. However, Balder 

Onarheim’s identification that the most successful sales pitch is to minimize the perceived risk 

suggests that the perceived risk plays an important role for potential adopters of tDCS. 

Further, the organizing theme ‘concerns about efficacy’ arose from the thematic network analysis 

of the data from the expert interviews. The theme is related to the amount of risk that adopters are 

willing to accept. If adopters of tDCS are risk-averse, they will adopt tDCS only if there is a clear 

relative advantage. Therefore, only high risk-takers will adopt tDCS if the efficacy is questionable. 

However, if the efficacy is proven and adopters gain a relative advantage, prospects do not need 

the high degrees of risk-aversion. However, as discussed in hypothesis 3, adopters may lack a point 

of reference regarding relative advantage, which increases the risk involved in adopting tDCS. 

Further, trialability is also a relevant aspect for this hypothesis, since the trialability of tDCS, as 

discussed in hypothesis 12, is low. Moreover, the risk is increased for the consumer, as prospects 

only to a limited degree can try tDCS before acquiring it. 
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The quantitative test of hypothesis showed no significant correlation between potential adopters’ 

safety concerns and their interest in trying a tDCS-device, as presented in hypothesis 1. This 

indicates that a relationship between the diffusion of tDCS and the amount of risk a potential 

adopter is willing to take is insignificant. Therefore, the quantitative data reject the hypothesis that 

the diffusion of tDCS demands lower degrees of risk-aversion. 

H3: Potential Adopters are Likely to Lack Points of Reference on Which to Assess 

the Relative Advantage of tDCS 

The data from the focus group interviews show that points of reference are important for individuals 

in the assessment of the relative advantage of tDCS. The data not only display that it is difficult to 

understand how tDCS can enhance cognition, but also that people have difficulties in understanding 

electrostimulation. 

In the focus groups, several points of reference regarding tDCS were presented. Participant 3’s 

point of reference was dipping tobacco, and participant 6 mentioned coffee. Further, Balder 

Onarheim said that he frequently uses coffee, nicotine and painkillers as points of reference for 

tDCS when talking to potential customers. However, these reference points are difficult to compare 

with tDCS in terms of their relative advantage.  

Another reference point regarding electrostimulation was presented by participant 2, who stated 

that “it is a form of electronic doping”. Finally, participant 4’s point of reference was “to eat healthy 

or exercise to keep the concentration”. Overall, the points of reference are very different, indicating 

a lack of useful reference point regarding tDCS. The lack of points of reference for both tDCS and 

electrostimulation makes it difficult for potential adopters to assess if a relative advantage exists 

when using tDCS. 

H4: During the Persuasion Stage, the Relative Advantage, i.e. the Intrinsic Value of 

Cognitive Enhancement, Will Outweigh the Ethical and Moral Concerns 

Even though ethical and more concerns are likely to prolong the diffusion stage, as discussed in 

hypotheses 9 and 13, it is not possible to test this hypothesis based on the data from the qualitative 

research methods. 

H5: tDCS is not in Accordance with Existing Sociocultural Values and Beliefs 

All the interviewed experts agreed on the plausibility that tDCS-users will limit the observability, 

at least in public spaces. A very interesting finding was that users of PlatoWork – the device that 

Balder Onarheim markets – tend to hide their consumption by using the device either just before 
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getting to the job or even during lunchbreaks. This can be explained by Morten Lauridsen’s claim 

that people will not use tDCS publicly "because that kind of calls for a specific environment".  

The reason why people hide their consumption of tDCS, is according to both Nikolaj Højer Nielsen 

and Margit Anne Petersen that people are ashamed of their need for cognitive enhancements. 

Moreover, several interviewees argued that tDCS might suffer the same destiny as Google Glass. 

Google Glass lost its appeal for the average consumer because it was initially adopted by people 

with very limited social influence, whom potential adopters perceived as geeks. This, eventually, 

led to Google Glass having an extremely geeky connotation, simply because the broad public was 

not ready for the technology.  

However, Nikolaj Højer Nielsen, Balder Onarheim, Jason Howlett, Morten Lauridsen, Anna 

Wexler and Margit Anne Petersen all talk about how it is a current trend in society to seek ways in 

which humans can improve ourselves. This point also emerged several times from the focus group 

interviews, as participants acknowledged that it is a social trend to optimize performance, care 

about what you eat, sleep right, exercise sufficiently and do stress-reducing exercises. However, 

interviewees also argued that some users would hide their use of tDCS if it is incompatible with 

social norms. Overall, the qualitative data are ambiguous in terms of hypothesis 5.  

By complementing each other, the six variables listed in table 6 provide an understanding of the 

potential adopters’ view on the sociocultural values and beliefs of tDCS. 

 
Mean  Standard deviation Median Mode 

People who use tDCS are cheating 2.194 0.973 2 3 

I am afraid of electric stimulation of my 

brain 

2.759232 0.886691 3 3 

I am afraid of applying electricity to my 

body 

2.789786 0.910558 3 3 

I believe that the tDCS technology is 

dangerous 

4.298966 1.052658 5 5 

I am interested in technologies that can 

improve my potential 

3.763631 1.116533 4 4 

I strive to improve my performance at my 

job, study, or hobby 

4.117517 0.866161 4 4 

Table 6 Potential Adopters’ View on the Sociocultural Values and Beliefs of tDCS 

The first four variables concern tDCS, and the latter two concern enhancement in general. Starting 

with the variables regarding tDCS, the most important finding is that it is perceived as dangerous. 

For the other three variables, the means are very close to the neutral value (3) of the Likert-scale. 
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Secondly, the latter two variables suggest that people strive to improve their performance and that 

people are interested in enhancement.  

Moreover, the findings reveal that potential adopters of tDCS are ambiguous about whether they 

would be open about their tDCS-consumption. On one hand, the mean for the variable “I would 

use tDCS publicly” is below the neutral value (3), which shows that they would not be open about 

their use. On the other hand, however, the data from the variable “I would not want other people to 

know that I use tDCS” indicate that people would not care about other knowing of their tDCS-use. 

Thus, the two variables conflict in terms of whether tDCS is accordance with existing sociocultural 

values and beliefs. 

Overall, the data from the online structured interview with potential adopters of tDCS are 

ambiguous about whether enhancement and tDCS are in accordance with existing sociocultural 

values and beliefs. 

Regarding the data from the online structured interview with users of tDCS, table 7 summarizes 

the findings regarding users’ comfort in using tDCS publicly. 

 
SCORE: I feel 

comfortable 

using a tDCS 

device in front 

of: 

[Friends/family] 

SCORE: I feel 

comfortable using a 

tDCS device in front 

of: [Work colleagues / 

fellow students] 

SCORE: I feel 

comfortable 

using a tDCS 

device in front 

of: [In public] 

AVERAGE: I 

feel comfortable 

using a tDCS 

device 

Mean  0.2 0.2 -0.1 0.098 

Standard 

deviation 

1.619 1.619 1.37 1.49 

Median 1 1 0 0 

Mode 2 2 1 -2 

Table 7: Comfort in Using tDCS Publicly 

The means of the three variables were 0.2, 0.2, -0.1, respectively, and for the variable “On average 

I feel comfortable using a tDCS device”, the mean was 0.098. Thus, the data show that people only 

to very little degree are comfortable with using tDCS. Overall, the quantitative data are – just like 

the qualitative data – ambiguous about whether tDCS is in accordance with existing socio-cultural 

values and beliefs.  
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H6: The Lacking Compatibility with Previously Introduced Ideas of tDCS Provokes 

High Degrees of Skepticism and Reluctance 

The data from the expert interviews points to several ways in which tDCS lacks compatibility with 

previously introduced ideas. Firstly, Balder Onarheim argues that people are not aware of the ability 

to treat or enhance people, which relates closely to Margit Anne Petersen’s claim that 

pharmacology, i.e. pills, is more socially accepted. Secondly, Balder Onarheim argues that tDCS, 

and neurostimulation in general, is conceptually misunderstood. According to him, the distinction 

people make between tDCS and other stimulations of the brain – such as coffee, lighting, music, 

alcohol and narcotics – is disproportionate. More technically, Balder Onarheim argues that the 

misconception of tDCS relates to the lacking understanding of the role of electricity in the human 

body, as opposed to the widespread understanding of the chemical processes. Based on these 

arguments, it seems that the data from the expert interviews support hypothesis 6. However, as 

discussed in relation to hypothesis 5, five of seven experts stated that human enhancement is a 

current trend. Thereby, one can argue that the cognitive enhancement, and therefore tDCS, is in 

line with the trend of human enhancement, which entails that tDCS is compatible with previously 

introduced ideas. Overall, the findings from the expert interviews are ambiguous in relation to 

hypothesis 6. 

As found in hypothesis 5, several participants in the focus group interviews acknowledged that 

tDCS falls under the trend of pursuing superior performance. Nevertheless, many participants 

expressed concern about electrostimulation of their bodies, and specifically of their brains. 

Thereby, the focus group interviews seem to be supportive of (1) Balder Onarheim’s point about a 

misconception of brain stimulation, and (2) Margit Anne Petersen’s claim that people make a strong 

distinction between pharmacology and electrostimulation. 

The data from the qualitative research methods, on one hand, suggest that tDCS is compatible with 

previously introduced ideas qua its relation to a current trend in society. On the other hand, 

however, the data suggest that tDCS is incompatible with previously introduced ideas since 

neurostimulation is (1) conceptually misunderstood, (2) perceived as more dangerous than 

pharmacology, and (3) a latent need.  

H7: The Compatibility of Needs is low for tDCS Since Cognitive Enhancement is a 

Latent Need 

In close relation to the findings regarding hypothesis 6, the qualitative data indicate that the 

compatibility of needs is relatively low for tDCS. Both Nikolaj Højer Nielsen, Balder Onarheim as 
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well as Morten Lauridsen and Jason Howlett maintain that people are unaware of the technological 

developments in relation to cognitive enhancement. This was supported by the focus group 

interviews, as no participants were aware of tDCS. The lacking awareness of the possibility for 

cognitive enhancement entails that people do not perceive it as a need, even though they might 

strive for enhancing their performance. Closely connected, Nikolaj Højer Nielsen argues that 

cognitive enhancement remains a latent need. Until awareness of the possibility of enhancing 

cognitive abilities is diffused, tDCS will remain a latent need. This is the case, despite the trend to 

pursue ways to improve ourselves as humans, which was found in both the expert interviews and 

the focus group interviews, as discussed in hypothesis 5. 

H8: The Complex Nature of tDCS and the Technology Behind it Will Reduce 

Understanding of tDCS Relative Advantage 

This hypothesis assumes that tDCS, and the technology behind it, is complex of its nature, so this 

assumption must be clarified before a discussion regarding a possible reduced understanding of the 

relative advantage of tDCS can take place. 

Anna Wexler is very clear in her opinion about the supposed complexity of tDCS. She does not 

“think of the product as very complex at all”, since “you just put it on your head and then you just 

turn it on”. Helle Zinner Henriksen continues this line of argumentation and states that tDCS is un-

complex “because you presumably just have to take it on and then push the start”. However, in 

relation to the principles-knowledge (Rogers, 2003), Anna Wexler states that “for some it’s a 

complex technology and that you have to understand electrode placement”. 

Nikolaj Højer Nielsen states that "the output [of tDCS] is long-term and qualitative. It is difficult 

to measure the effect". That the effect of tDCS does not happen immediately is critical for the 

diffusion of tDCS. This is due to the lack of a clear reference point regarding the possible relative 

advantage of tDCS as discussed in hypothesis 3. So, for a potential adopter to understand a relative 

advantage when trying a tDCS device, he or she must have a principles-knowledge, which can be 

argued as a complex type of knowledge. Thereby, the complex principles-knowledge of tDCS can 

be a factor for a limited understanding of the relative advantage of tDCS. 

H9: Ethical Qualms Will Incline Adopters to Limit the Exposure of Their use of tDCS 

Based on the findings from both the qualitative data and the quantitative data, it can be argued that 

ethical qualms could lead users to limit the exposure of their use of tDCS since they are not 

comfortable with using the tDCS publicly, as it was found in hypothesis 5. However, the data do 

not indicate the reason for which users are uncomfortable, wherefore one can only make 
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assumptions about the importance of ethical qualms in relation to feeling comfortable with public 

tDCS-use. Moreover, considering the fact from hypothesis 5 that potential adopters do not perceive 

the use of tDCS as cheating, it is unlikely that ethical qualms are the cause of users’ limited 

comfortability in relation to public use of tDCS. 

H10: Some Organizations are Likely to Prohibit the use of tDCS due to Safety and 

Ethical Concerns 

The empirical data do not provide any significant arguments for or against hypothesis 10. 

Nevertheless, it was stated by a participant in the focus group interviews that “I don’t know how 

Copenhagen Business School, my university, would react if I wore a tDCS-advice at an exam”, 

which was supported by another participant who dwelled upon the possibility that some companies 

would prohibit the use of tDCS by their employees. This view was supported by Helle Zinner 

Henriksen, who imagines that Copenhagen Business School could include regulation on tDCS in 

the examination-codex. 

H11: The Effect of Trialability of tDCS is low Since the Effect is not Immediate 

Even though the qualitative data do not provide evidence about the actual effect of trialability, 

experts and focus group-participants provided several indications that the effect of trialability is 

likely to be important for the diffusion of tDCS. In the focus groups, it was found that people would 

need to try tDCS themselves before they would believe in the efficacy of the technology. Moreover, 

trial-by-others seems to have the ability to accelerate the persuasion stage, according to the focus 

group interviews. However, as argued by Nikolaj Højer Nielsen, the trialability of tDCS is limited 

since the decision to try is costly, time-consuming and difficult due to limited accessibility. 

The data from the quantitative research methods do not indicate anything about the supposed effect 

of trialability. However, the mean value (2.29) of the “I want to try tDCS before I believe it works”-

variable indicates that trialability is not needed – or maybe not adequate – to convince people that 

tDCS works. However, trial-by-others can potentially have huge effect, as people are very 

interested in talking to people who use tDCS (M = 4.92, SD = 0.62). 

H12: Explicit, Interpersonal Communication About tDCS use is Limited due to 

Ethical Concerns 

Balder Onarheim hypothesizes that "those who use tDCS the most talk the least about it", 

suggesting a negative relationship between use and interpersonal communication. This view was 

supported by both Helle Zinner Henriksen and Margit Anne Petersen. Margit Anne Petersen, 
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moreover, argues that, like the case of study drugs, people are hesitant to come forward about their 

use of tDCS, limiting the interpersonal communication.  

The data from the focus group interviews suggest that users are unlikely to communicate about 

their use of tDCS, because peers would consider it as cheating, or because users are embarrassed 

of using it. Another interesting finding is the statement from participant 2 that he would keep his 

use of tDCS hidden to gain a competitive advantage over his co-students and co-workers. In 

general, however, it should be expected that users' willingness to engage in interpersonal 

communication depends on the people with whom they talk. For instance, participant 7 suggested 

that "if I figured out that it really worked, then I would definitely share it with my friends and 

colleagues, but I would make sure to limit the exposure of my use in public". 

In relation to the discussion of the degree to which users will limit the exposure of their 

consumption (hypothesis 9), it is unlikely that ethical qualms will limit the interpersonal 

communication. 

H13: Explicit, Interpersonal Communication About tDCS use is Increased as Users 

can Portray Innovativeness 

To test if explicit interpersonal communication about tDCS is related to one’s wish to portray 

innovativeness, a quantitative test has been conducted. In the online structured interviews with 

potential adopters, the interval variable “using tDCS would enable me to portray that I am 

innovative” is tested in relation to the interval variable “I would like to talk to people who use 

tDCS”. Both variables fail the Shapiro-Wilk test of normally distributed data, however, a positive 

correlation (Spearman ρ=0.4598) exists between the two variables in the Spearman correlation test 

(Prob>|ρ| = 0.0001*). Thereby, it cannot be rejected that a positive relationship exists between 

potential adopters’ interpersonal communication and the degree to which they see tDCS to portray 

themselves as innovative. 

H14: Cross-Cultural Differences Exist Regarding the Rate of Interpersonal 

Communication About the use of tDCS 

Margit Anne Petersen argues that users' likelihood of engaging in interpersonal communication is 

culture-dependent. According to her, the variance of interpersonal communication can be explained 

by cultural differences in terms of the degrees to which (1) cognitive enhancement is considered a 

taboo, (2) authenticity-issues matter, and (3) it is socially accepted to pursue the ultimate version 

of oneself. 
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Based on the quantitative data from the online structured interview with potential adopters of tDCS, 

it is tested whether cross-cultural differences can explain the willingness of potential adopters to 

use tDCS publicly. Thus, it is assumed that willingness to use tDCS in public is an indicator of the 

degree to which adopters would engage in interpersonal communication. The test reveals no 

significant differences between respondents’ nationalities and their willingness to use tDCS 

publicly. Therefore, the test rejects the hypothesis. This finding corresponds with the test of 

nationality in relation to the variable “I would not want other people to know that I use tDCS”. This 

test also found no significant cross-cultural differences, as shown in appendix 8.4.3.2. 

Therefore, the analysis of the quantitative data from the online structured interview with potential 

adopters of tDCS rejects the hypothesis. 

Further, the hypothesis is tested with quantitative data from the online structure interview with 

tDCS-users. Through a test of respondents’ nationalities and their rates of interpersonal 

communication, no significant differences were found. The analysis tested respondents’ nationality 

in relation to the following three variables; “Social-Media Communication Categorization”, 

“Offline Communication Category”, and “Communication Score Categorization”. In this way, 

users’ (1) online, (2) offline and (3) total communication were tested. The results from the Chi-

squared significance-level tests were 0.1176 for “Social-Media Communication Categorization; 

0.1502 for “Offline Communication Category”, and; 0.1793 for “Communication Score 

Categorization”. Since all the ChiSq significance levels are greater than 0.05, the tests reject the 

hypothesis. The test results can be found in appendix 8.4.4.1.  

H15: tDCS has the Potential for a Viral Effect due the Strong Opinions About 

Cognitive Enhancement 

The emergence of the organizing theme ’huge interest’ from the expert interviews suggests that 

tDCS has the potential to become viral in the future. However, this hypothesis assumes that a 

potential viral effect would be the result of strong opinions about cognitive enhancement. The data 

from the focus group interviews do not reveal any strong opinions about cognitive enhancement. 

None of potential adopters had a clear strong opinion about cognitive enhancement. Thereby, the 

qualitative data do not support this hypothesis. 

H16: The Adoption of tDCS can Provoke a Peer-Pressure Effect on non-Adopters 

Although Wexler and Reiner (2017) argue that peer pressure to adopt might emerge in the future, 

Anna Wexler states in the interview that it is unlikely to happen, especially in the short term. She 

argues that if tDCS “becomes a norm and everyone who is not using it – then, you know – maybe 
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there will be an incitement to the people who are not using it" but "my sense is that peer pressure 

is not going to be an issue until the technology has a certain level of reliable effectiveness which 

has not been demonstrated yet". 

When asked whether they could see themselves using tDCS in the future, all seven respondents in 

the focus group interviews agreed that if their peers began using tDCS, they would feel pressured 

to do so as well. This supports the hypothesis that the adoption of tDCS can provoke a peer-pressure 

effect. Overall, the qualitative data suggest that peer pressure to adopt tDCS could potentially 

become relevant, but that it is unlikely to happen soon. 

According to the data from the online structured interview with potential adopters of tDCS, 

however, it is unlikely that peer-pressure could have an effect. The mean value of the variable 'If 

my co-workers or co-students used tDCS, I would feel pressure to do so” is 2.125 which is below 

the neutral value (3). However, it is possible that some people would be influenced by a peer-

pressure effect, as 17% of the respondents (N=12) indicated either “agree” or “strongly agree” to 

the statement. 

H17: The Complexity of tDCS Prolongs the Knowledge Stage 

As discussed in hypothesis 7, awareness of tDCS is currently limited according to the data from 

both the expert interviews and the focus group interviews. Regarding how-to knowledge and 

principles-knowledge, the data suggest that the complexity of tDCS will prolong the knowledge 

stage. Firstly, several participants in the focus group interviews expressed interest in knowing more 

about the technology and even asked specific questions about tDCS and how it works. However, 

when presented with more thorough explanations, participants remained insecure about how the 

technology works. Because people lack points of reference on which to assess (1) tDCS as an 

enhancement tool, and (2) electrostimulation as a method – as discussed in hypothesis 3 – the 

knowledge stage is likely to be prolonged. Not only did the participants in the focus groups 

experience difficulties in understanding tDCS, experts such as Balder Onarheim, Jason Howlett 

and Morten Lauridsen state that people lack knowledge of cognitive enhancement. In hypothesis 

19, it is discussed how the lacking knowledge of tDCS influence the persuasion stage, which is 

closely related to knowledge stage. 

H18: The Persuasion Stage for tDCS is Prolonged by the Novelty of Cognitive 

Enhancement 

As discussed in hypothesis 7, people are unaware of tDCS and how it works. This not only extends 

the knowledge stage, but the process of persuading buyers becomes cumbersome as adopters must 
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be educated in the underlying science, according to Balder Onarheim. Not only do people lack 

awareness of tDCS; the need for cognitive enhancement is – as discussed in hypothesis 7 – latent. 

Moreover, as argued by Nikolaj Højer Nielsen, consumers are skeptical of change and radical 

innovations. Moreover, as discussed in hypotheses 5 and 6, people are reluctant to be open about 

their use, since it is not widely accepted, which limits the interpersonal communication. As 

interpersonal communication is an important factor in the persuasion stage (Bass, 1969; Rogers, 

2003; Stephen & Berger, 2009b), the persuasion stage is expected to be prolonged. Overall, the 

data from the qualitative research methods support hypothesis 18. 

H19: The Persuasion Stage for tDCS is Prolonged Since People are Afraid of 

Stimulation of the Brain 

As discussed in relation to the cautious attitude towards tDCS (hypothesis 20), it is likely that the 

persuasion stage will be prolonged. Because they are cautious about tDCS, several focus group 

interview-participants expressed that they would like to see other people use tDCS and/or have 

professionals mount the device for them the first time they use tDCS. The expert interviews also 

suggest that potential adopters will rely on trial-by-others before they can be persuaded into trying 

it themselves. Although most of the qualitative data support hypothesis 19, Margit Anne Petersen 

counter-argues the hypothesis by saying that "compared to study-drugs, the effect of tDCS is shorter 

and can be stopped much more quickly", for which reason "people theoretically should be less 

reluctant to try tDCS". Nevertheless, it must be acknowledged that Margit Anne Petersen bases her 

argumentation on a comparison with study drugs, which is another type of cognitive enhancement. 

The data from the online structured interview with potential adopters of tDCS show that people are 

not afraid of electric stimulation of the brain (M = 2.55, SD = 1.13). Compared to applying 

electricity to their bodies (M = 2.92), it seems that people are less afraid of electric stimulation of 

the brain. Thus, it seems that the fear of neurostimulation is not going to be a significant hurdle in 

the persuasion stage.  

H20: The General Public is Cautious About tDCS and its Supposed Effect  

The expert interviews indicate that people remain skeptical about the efficacy and safety of tDCS, 

as all seven experts talked about the need to convince the general public about the safety and 

potential of tDCS. Therefore, the data from the expert interviews are strongly supporting hypothesis 

20. This is also the case for the focus group interviews, as it was discussed heavily whether it is 

safe to apply electrostimulation to the brain and whether they believe in the technology. For 

instance, participants expressed safety-concerns just after watching the video-introduction to tDCS. 
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Overall, the data from the qualitative research methods support Cabrera and Reiner’s (2015) finding 

that the general public is cautious about tDCS and its supposed effect. 

According to the data from the online structured interview with potential adopters of tDCS, the 

general public is somewhat cautious about tDCS, since the mean of the computed variable 

“Cautiousness about tDCS”, equals 3.31. Table 8 ranks the variables according to the degree to 

which their means indicates that general public is cautious about tDCS and its effect. An interesting 

finding is that all the six variables with mean values above 3, i.e. in support of the hypothesis, 

coalesce around concerns about efficacy. Oppositely, those variables that seem to reject the 

hypothesis all coalesce around safety concerns. 

 
Mean Standard 

Deviation 

Median Mode 

I would like to see scientific proof 4.361111 0.968599 5 5 

I want to try tDCS before I believe it works 3.638889 1.213835 4 5 

INVERTED: I believe that tDCS can enhance my 

cognition 

3.236111 0.862877 3 3 

INVERTED: I believe that tDCS can enhance my 

creativity 

3.236111 0.863877 3 3 

INVERTED: I believe that tDCS can enhance my 

concentration 

3.166667 0.872103 3 3 

I am doubtful about the efficacy of tDCS 3.097222 0.824958 3 3 

I am concerned about the safety of tDCS 2.791667 1.125098 3 3 

INVERTED: I believe that the tDCS technology is 

dangerous 

2.486111 0.978545 3 3 

Cautiousness about tDCS  3.305556 0.513415 3.25 3.625 

Table 8: Variables Regarding General Public’s Cautiousness About tDCS and its Effect 

H21: The Rate of Discontinuance for tDCS is High 

The data from the expert interviews indicate that tDCS-consumers will reduce their consumption 

over time. Firstly, as argued by Nikolaj Højer Nielsen and Balder Onarheim, neurostimulation is 

prone to doubts about whether the effect is real or the result of placebo. Nikolaj Højer Nielsen 

stated more specifically that "word-of-mouth recommendations are unlikely for tDCS since the 

output is long-term and qualitative". Nevertheless, Balder Onarheim says that their data show that 

most users have a high usage-rate after adoption, but that it subsequently settles at a lower rate, 

which they then maintain. When presented with this, Anna Wexler stated in the interview that she 
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is very skeptical about Balder Onarheim’s finding. Based on her quantitative studies, it is her 

impression that most users have declining usage rate, and that many people even quit using tDCS, 

especially when it is used for enhancement. Another argument from the expert interviews in favor 

of the declining use of tDCS over time is the fact that some people might adopt tDCS to portray 

themselves as “innovative” or “tech-savvy”, as argued by Nikolaj Højer Nielsen and Jason Howlett. 

In support of this, Balder Onarheim states that "some of our customers have bought it to show off, 

and not necessarily use it very often". 

Turning towards the data from the focus groups interviews, safety concerns were expressed several 

times. More specifically, in relation to the likelihood that adopters' use of tDCS will decline over 

time, several participants expressed fear of developing an addiction of neurostimulation. 

Nevertheless, if it is possible for users of tDCS to develop an addiction, adopters' use of tDCS is 

more likely to increase over time. 

H22: Early Adopters’ use and Experience with tDCS can Improve the Understanding 

of the Diffusion of tDCS 

According to Helle Zinner Henriksen, users are more likely to communicate about tDCS if they 

experience a relative advantage. In general, the importance of interpersonal communication is – as 

discussed in several other hypotheses – acknowledged by several experts and focus group 

participants.  

To quantitatively test this hypothesis, the variables “How many times a month do You use tDCS?” 

and “I have experienced a positive effect from tDCS” were analyzed in relation to their online-, 

offline-, and total-communication concerning tDCS. 

The relations between the rate of use and main variables of communication regarding tDCS were 

all insignificant, since ρ>0.05, as shown in appendix 8.4.4.2. This was also the case for the relations 

between users’ experience with tDCS and the main communication variables as shown in appendix 

8.4.4.2. However, as discussed in section 5.1.2.3, some variables related to interpersonal 

communication are significantly correlated with tDCS-users’ experience and rate of use. 

H23: The Variety of use of tDCS Varies Between Users 

The quantitative data strongly support the hypothesis that variety of use differs among users. The 

extreme values identified in the dataset are 1 and 9 purposes. On average, tDCS is used for 3.7 

purposes, with a standard deviation of 2.22. In total, 18 different purposes of tDCS were selected 
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by respondents. On average, respondents use tDCS for 20.5% of the 18 purposes, with a rather high 

standard deviation (SD = 12.30), indicating that the variance of tDCS-use is significant.  

H24: The Rate of use of tDCS Varies Between Users  

Like the findings regarding variety of use, the variance in rate of use of tDCS is substantial. 

Therefore, the findings from the online structured interview with tDCS-users are in support of 

hypothesis 24. The variable “How many times a month do You use tDCS?” yielded a mean of 16.2 

uses per month, with a standard deviation of 10.91. The variance of tDCS-users rate is therefore 

very significant, and hypothesis 24 is supported empirically.  

H25: The Rate of use of tDCS is Positive Correlated with the Rate of Diffusion 

of tDCS 

Even though rate of use, according to Shih and Venkatesh (2004), is positively correlated with the 

rate of diffusion, the empirical data seem to be unsupportive for the case of tDCS. As discussed in 

hypothesis 13, explicit, interpersonal communication of tDCS is likely to be limited. Because 

interpersonal communication is one of the main drivers of the diffusion process (Bass, 1969; 

Singhal & Rogers, 2003), the findings from hypothesis 13 suggest a slow diffusion process for 

tDCS. 

As discussed in relation to hypothesis 13, the data from the focus group interviews suggest that 

tDCS-users’ interpersonal communication is likely to be limited, which would suggest that the rate 

of use it not positively correlated with the rate of diffusion of tDCS. 

As presented in relation to hypothesis 22, no significant relations were found between the use of 

tDCS and the communication regarding tDCS for tDCS-users. 

H26: The Variety of use of tDCS is Positively Correlated with the Rate of Diffusion 

of tDCS 

The data from the online structured interview for tDCS-users are used to test hypothesis 26. The 

variable “Categorization of User’s Variety” is tested in relation to the three variables regarding 

user’s tDCS-related communication: “Social-Media Communication Categorization”, “Offline 

Communication Category” and “Communication Score Categorization”. The three 

communication-related variables were chosen for this analysis, since inter-personal communication 

is positively related with the rate of diffusion, as argued by Rogers (2003) and Bass (1969).  
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No relationships between user’s variety of use and these three communication-related variables 

main were found, since the correlations are insignificant, as ρ>0.05 as shown in appendix 8.4.4.3. 

Therefore, hypothesis 26 is rejected by the quantitative data analysis. However, as in the case of 

hypothesis 22, some components of the communications were significantly correlated with tDCS-

users’ variety of use. 

5.1.1.2 Hypotheses from the Thematic Coding of Qualitative Data 

H27: The Possibility for Trialability is low   

The research methods did not yield any empirical data which can test this hypothesis, for which 

reason it will have to be tested in future research.  

H28: People Lack Knowledge About tDCS (All Three Levels)  

The two variables “In order try to tDCS, I would like to know how to use a tDCS device” and “In 

order to try tDCS, I would like to know more about science behind the technology” are used to test 

respondents’ how-to-knowledge and principles-knowledge, as labeled by Rogers (2003). The 

analysis of the two variables does not directly show that people lack how-to-knowledge and 

principles-knowledge. However, the findings show that people would like to (1) know how to use 

a tDCS-device (M= 4.1, SD = 1.17), and (2) know more about the science behind the technology 

(M= 4.04, SD = 1.08). Since people are interested in more knowledge, the findings suggest that 

people lack knowledge about tDCS. Hypothesis 28 can, therefore, not be rejected. 

H29: People are Interested in tDCS  

The quantitative data support this hypothesis. Firstly, potential adopters are interested in 

technologies that can improve performance in school or at the job (M= 4.18, SD = 0.81). Secondly, 

tDCS-users are very interested in future developments in the tDCS-technology (M= 4.6, SD = 0.7). 

Even though potential adopters are interested in technologies that can improve performance in 

school or at the job, they are not particularly interested in technologies that can improve their 

potential (M= 3.8, SD = 1.12). 

H30: Trial by Others is Necessary to Gain Trust 

Although it isn’t possible, based on the quantitative data, to conclude whether trial-by-others is 

necessary for potential adopters to gain trust in tDCS, the findings from hypothesis 11 suggest that 

trial-by-others might play an important role. At least, people are very interested in talking to people 

who use tDCS, according to the variable “I would like to talk to people who use tDCS” (M= 4.92, 

SD = 0.62). 
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H31: tDCS can be Used to Portray Coolness 

The data from the online structured interview with potential adopters of tDCS reject the hypothesis. 

The mean of the variable “Using tDCS is cool” is 2.57 which is below the neutral score of 3. 

Therefore, hypothesis 31 can be rejected.  

H32: Early Adopters of tDCS are not the Typical Influencer 

To quantitatively answer this hypothesis, users and non-users are compared to each other based on 

(1) how many posts they make on Social-Media platforms (t-ratio = 1.760 and Prob > |t| = 0.112), 

(2) how many responses they get when they post on Social-Media (t-ratio = 1.605 and Prob > |t| = 

0.143), (3) how many followers they have across all their own Social-Media platforms (t-ratio = 

1.760 and Prob > |t| = 0.143) , and (4) the degree to which they feel that they have a strong influence 

on their followers (t-ratio = 0.820 and Prob > |t| = 0.784).  

No significant difference exists between tDCS-user and non-users regarding these four tests 

concerning the level of influencing they have, since the significant-levels are above 0.05. Hence, 

hypothesis 32 is rejected. 

H33: The Potential Effect of tDCS is Perceived as Valuable 

Under the assumption that use of tDCS is an indication of perceived value of tDCS, i.e. that the 

amount and variety of use are functions of the perceived value, the variables “For how many 

purposes do You use tDCS” and “How many times a month do You use tDCS?” can be used as 

measurements of the perceived value of tDCS. The findings show that users, on average, use their 

tDCS-devices 16.2 times per month, entailing that it is perceived as valuable. Nevertheless, the 

standard deviation (10.91) shows that the rate of use, and therefore the perceived value varies 

significantly. Moreover, the fact that people use tDCS for several different purposes (M = 3.7, SD 

= 2.2), shows that people perceive tDCS as valuable for several purposes. 

H34: People are Skeptical About Neurostimulation 

In the quantitative analysis of the degree to which the general public is cautious about tDCS 

(hypothesis 20), it was found that people are skeptical about the efficacy of tDCS. If the skepticism 

about tDCS is typical for neurostimulation, the data suggest that people are skeptical about 

neurostimulation. 

H35: tDCS Must Become Socially Acceptable Before People Adopt it 
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The research methods did not yield any empirical data which can test this hypothesis, for which 

reason it will have to be tested in future research. 

5.1.2 Diffusion of tDCS 
Compared to the hypotheses tested above, which the empirical data tested one by one, the following 

sub-questions are more complex and contain several nuances. Since the sub-questions build on the 

findings from the hypotheses, these will be referred to recurrently. As presented in the problem 

clarification, this thesis consists of a research question and three sub-questions. The findings from 

the sub-questions benefit the research question by generating a detailed understanding of the core 

elements of the research question. In the following sections, the sub-questions and research 

question are answered one by one. 

5.1.2.1 What are the Characteristics of the Knowledge and Persuasion-Stages for 

tDCS? 

As identified in the literature review, the knowledge stage and persuasion stages are the first stages 

of the innovation-decision process. They are, therefore, pivotal elements in individuals’ process of 

adopting an innovation. Therefore, it is fundamental to understand the characteristics of the two 

stages in order to grasp the diffusion of tDCS. Recalling the constituents of the knowledge and 

persuasion stages, the knowledge stage consists of the following three types of knowledge: 

awareness-knowledge, how-to knowledge and principles knowledge. In the persuasion stage, which 

is an affective, subjective and often subconscious process, individuals form attitudes towards the 

innovation. The knowledge and persuasion stages tend to overlap, as individuals develop how-to 

and principles-knowledge during the persuasion stage.  

Throughout the data collection and analysis of the hypotheses, several empirical findings related to 

the knowledge and persuasion stages were encountered. 

From the empirical analysis, it was found that tDCS is a complex product, prolonging the 

knowledge stage. Hypothesis 17 showed that the awareness of tDCS is currently very low. 

Moreover, how-to and principles-knowledge stages are decelerated by the complexity of tDCS, it 

was found in hypothesis 8. Specifically, the quantitative data suggest that people lack knowledge 

about tDCS and how it works, as found in hypothesis 28. Thereby, the knowledge stage for potential 

adopters of tDCS is prolonged. This finding strongly supports Balder Onarheim’s claim that 

potential consumers must be educated on the science behind tDCS.  

Thus, the empirical findings clearly show that the knowledge stage is going to be cumbersome for 

tDCS. Combined with the complexity of tDCS, the lack of reference-points for tDCS – as discussed 
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in hypothesis 3 – complicates the knowledge stage. Not only is tDCS a novel innovation, but 

cognitive enhancements have only just recently become available as consumer-products, for which 

reason people possess few products with which they can compare and assess the value proposition 

of tDCS. 

Moreover, the misconception of tDCS and the culturally-bound preference for pharmacology, as 

argued by Balder Onarheim and Margit Anne Petersen respectively, makess tDCS more complex 

to understand. 

Overall, the empirical data suggest that all three knowledge types of tDCS are either very limited 

or difficult to comprehend. The findings regarding the knowledge of tDCS suggest that the 

persuasion of potential adopters is problematic as the knowledge stage is intertwined with the 

persuasion stage. 

Turning to the persuasion stage, several components that will characterize it emerged from the 

empirical analyses of the hypotheses. Starting out, the finding from the qualitative data analysis 

that people are interested in tDCS was supported by the quantitative data. It must be acknowledged, 

though, that interest in tDCS only exists once an individual is aware of tDCS, which only few 

people are. Nevertheless, both tDCS-users (M = 4.6) and potential adopters (M = 4.18) are very 

interested in enhancement technologies, as found in hypothesis 29. This can be explained by the 

finding from the qualitative data that it is a current trend in society to seek ways in which the human 

body and potential can be enhanced. Moreover, it was discovered both in the focus group interviews 

and the expert interviews that tDCS could fit into this trend. 

Despite the strong interest in tDCS and the trend to enhance human performance, the process of 

persuading people to adopt tDCS is not going to be unproblematic. 

First, the analysis of hypothesis 18 found that the novelty of the technology elongates the persuasion 

stage for tDCS. This is closely related to the findings regarding the challenges in the knowledge 

stage regarding the lack of reference points. Because an innovation’s relative advantage constitutes 

the value proposition, potential adopters must be able to understand and compare innovations with 

existing solutions. However, the empirical analysis shows that people lack appropriate reference-

points, which limits a comparative evaluation of tDCS, by which the persuasion is obscured. 

Not only do most people lack awareness and reference-points for tDCS, those individuals who are 

presented to tDCS tend to be afraid of neurostimulation. This was found in hypotheses 19 and 20. 

Based on Cabrera and Reiner’s (2015) finding that the general public is cautious about tDCS and 

its supposed effect, both the qualitative and quantitative research methods aimed to understand the 
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attitude towards tDCS. Even though the qualitative data found that people are cautious about the 

efficacy and safety of tDCS, the quantitative data showed that only efficacy concerns are 

significant. Thus, efforts to persuade people into adopting tDCS should consider ways in which 

concerns about efficacy can be solved. 

Due to the concerns of efficacy combined with difficulty in understanding the relative advantage 

of tDCS, the analysis of the qualitative data suggests that adopters must possess higher degrees of 

innovativeness. Not only must they cope with the uncertainty related to the efficacy of the 

technology, some people will most likely also be concerned about the safety of electrostimulation. 

Moreover, there is a social risk related to being among the first adopters of a new technology, since 

it might turn out to be a failure, as argued by Balder Onarheim. Thus, the lack of social proof, or 

social acceptance, of the technology entails that early adopters not only assume a technological 

risk, but also a social risk. 

The limited trialability of tDCS, as found in hypothesis 11, supports the claim that adopters of tDCS 

must possess high degrees of innovativeness, as they must be willing to assume high amounts of 

risk. Because product trials act as risk-reducers, the limited trialability of tDCS entails that more 

risk is involved in the decision to adopt tDCS. 

Apart from the abovementioned challenges, the finding that tDCS is a latent need, as found in 

hypothesis 7, entails that the diffusion of tDCS depends on the ability to convert the latent need for 

cognitive enhancement into a perceived need. Although people are interested in the technology 

once they become aware of it, very few people actively search for it. This relates closely to the 

lacking awareness-knowledge and the fact that people lack understanding of tDCS and its potential. 

Once again, the lack of reference-points penalizes the diffusion of tDCS, as the novelty of the 

technology, according to Balder Onarheim, leads to a misconception of the technology. 

As suggested by the DOI-literature, communication plays an essential role in the knowledge and 

persuasion stages for which reasons these must be considered. However, as the communication of 

tDCS contains several innovation-specific characteristics, the communication of tDCS is covered 

in specifically assigned sub-questions. Nevertheless, in the analysis of the focus groups, it was 

found that trial-by-others is important as the respondents would like to hear from users’ experience. 

This was strongly supported by the data from the structured interview with potential adopters. 

Therefore, it is reasonable to assume that the persuasion stage for tDCS will be influenced by the 

amount and content of interpersonal communication, for which reason a sub-question considers 

this topic. 
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Overall, the empirical findings suggest that for tDCS to be diffused, the technology and marketers 

must overcome several challenges. Although people are very interested in the technology and it has 

the possibility to become part of an emerging trend in society, there are several significant 

challenges related to knowledge and persuasion stages. This conclusion concords with the global 

theme ‘The Decision to Adopt is complex and prolonged’ from the thematic coding of the expert 

interviews. This global theme consists of nine organizing themes, of which only one is positive and 

eight are negative. Moreover, a central finding is that interpersonal communication is pivotal in the 

persuasion stage for tDCS. The importance of interpersonal communication is due to the novelty 

of the technology and the availability of cognitive enhancement, combined with the lack of 

reference-points and doubts about efficacy of the technology. 

5.1.2.2 How Does the Interpersonal and Mass-Media Communication of tDCS 

Shape its Diffusion?  

As identified in the previous sub-question, communication about tDCS plays a pivotal role in the 

persuasion stage. As stated by Rogers (2003) and presented in the literature review, communication 

regarding innovations can take place via mass-media or interpersonal communication channels. 

Mass-media communication is relatively more important in the knowledge stage, and interpersonal 

communication is relatively more important in the persuasion stage (Rogers, 2003). 

Figure 7, adopted from Mahajan, Muller and Bass (1995, p. 81), illustrates the impact of mass-

media and interpersonal communication. The figure shows the relative importance of the two 

communication channels over time. Initially, mass-media communication is the dominant source 

of adopters. Over time, however, interpersonal communication gains more importance, and the 

relative importance of mass-media communication settles at a lower rate. 

 

Figure 7: Significance of the Communication Channels 
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Using the model from figure 7, it is possible to evaluate how the diffusion of tDCS will be shaped 

by communication through and assessment of the impact of mass-media and interpersonal 

communication. 

The empirical data collection provides only a few findings related to mass-media communication. 

Therefore, it is not likely that mass-media communication will be distinctive for tDCS. For 

instance, the exposure of tDCS leads directly to more web-site traffic and sales for PlatoScience, 

according to Balder Onarheim.  

However, the experts speculated about the possibility that regulations might challenge the mass-

media communication of tDCS. For instance, if tDCS is to be considered a medical device, there 

are strict regulations regarding the medical claims, as argued by Nikolaj Højer Nielsen. This could 

limit the effect of mass-media communication, as marketers would have to rely on disease-

marketing. 

Moreover, Anna Wexler and Dave Siever stated that authorities have yet to decide on the regulation 

of tDCS and other cognitive enhancements, for which reason it is not impossible that the effect of 

mass-media communication could be reduced. 

Overall, the empirical findings do not suggest any ways in which present mass-media 

communication of tDCS will differ from the existing DOI-literature. However, it was speculated 

that the future mass-media communication of tDCS might be limited due to regulatory changes. 

Turning to the interpersonal communication, it is important to acknowledge the distinction between 

implicit and explicit interpersonal communication, as found in the literature review.  

As discussed in the literature review, implicit interpersonal communication should be given the 

same attention as explicit, interpersonal communication. As identified in the literature review, 

innovations are also communicated through behavioral mimicry and social signals, which happens 

in an implicit process when adopters’ consumption is observable. 

To assess the impact of the interpersonal communication, several variables and questions 

considered interpersonal communication and its effect as well as adopters’ consumption habits. 

Once again, the analysis of the hypotheses yielded a rich overview of the empirical data that can be 

used to answer this sub-question. 

Firstly, the analysis of the qualitative data showed that interpersonal communication is essential for 

the diffusion of tDCS. From the thematic coding of the expert interviews, the global theme 

‘Interpersonal communication is needed’ emerged, indicating that experts agree on the fact that 
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interpersonal communication of tDCS plays an important role in the diffusion process. Apart from 

the expert interviews, the data from the focus group interviews also reveal that people are going to 

rely on interpersonal communication. 

This was supported by the quantitative data, as hypothesis 30 found that trial-by-others will play 

an important role in the persuasion stage, as people are very interested in talking to people who use 

tDCS (M= 4.92, SD = 0.62). Based on the data from the focus groups, it was found that people 

would like to hear information from trustworthy sources, with researchers and current users of 

tDCS as the most desired sources of information. 

Apart from relying on adopters of tDCS as a source of trustworthy communication, the focus group 

interviews also reveal that people would like to see social proof of the technology. That is, if tDCS 

becomes something regularly observed, the use of others acts a stamp of approval, and thereby 

reduce the perceived uncertainty and risk of adopting. Although it is not articulated explicitly from 

user to non-user, adopters’ use of tDCS implicitly approves the technology.  

This is somewhat related to the finding from the qualitative analysis that peer pressure could emerge 

and coerce people into adopting tDCS. Nevertheless, the quantitative analysis rejected this 

hypothesis. Because tDCS remains at a very early stage, with a very limited number of users (Jwa, 

2015; Wexler, 2018), it is unlikely that a peer pressure effect could happen soon. 

In general, the empirical data suggest that, in the short term, the effect of interpersonal 

communication is likely to be limited. That is, despite tDCS being perceived as valuable, as found 

in hypothesis 33, there are several findings that indicate that interpersonal communication will be 

limited. 

Firstly, tDCS is only partially in accordance with socio-cultural values and beliefs, as found in 

hypothesis 5. And that is, although both the expert interviews and the focus group interviews agree 

that tDCS could become part of the social trend to enhance ourselves as humans. 

Secondly, hypotheses 9 and 12 found that ethical qualms regarding tDCS and cognitive 

enhancement can lead users to limit the exposure and the communication of their consumption of 

tDCS, as they are not comfortable with using tDCS publicly. Although the quantitative data do not 

provide any measurements of causality, the findings from the qualitative data analysis suggest that 

ethical qualms could incline users to limit the exposure of tDCS. However, the quantitative data 

show that potential adopters do not perceive tDCS as cheating, which indicates that ethical qualms 

cannot explain why users would limit their exposure.  
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Finally, it is worth noting that early adopters of tDCS are not the typical influencer, as found in 

hypothesis 32. This means that the spillover-effect from early adopters is very limited, as they 

possess little social influence on their peers and their social system in general. Although the 

quantitative data did not find any significant differences in relation to the social influence of 

adopters and non-adopters, the qualitative data suggest that people who possess the required degree 

of innovativeness, as discussed in hypothesis 1, are not likely to be considered dependable.  

Overall, the empirical data show that for tDCS, the effect of interpersonal communication is limited 

and is likely to remain like that for a while. The effect of interpersonal communication about tDCS 

will remain limited, due to users’ reluctance to share and communicate about their experience with 

tDCS, combined with the fact that early adopters of tDCS have little social influence.  

Returning to Mahajan, Muller and Bass’ (1995) illustration of the effects of mass-media and 

interpersonal communication, see figure 7, it can be concluded that the speed of the diffusion of 

tDCS will be reduced as the effect of interpersonal communication is limited. This entails that the 

curve “adoptions due to interpersonal communication” is pushed to the right, i.e. further into the 

future. Consequently, the findings from the empirical data suggest that the diffusion of tDCS relies 

primarily on mass-media communication, at least until tDCS has become more socially acceptable 

and users become comfortable with (1) using the technology publicly, and (2) communicating 

openly about their use of tDCS.  

5.1.2.3 How is the Interpersonal Communication About tDCS Characterized by 

Users’ Consumption Patterns? 

As identified in the literature-review and in the previous sub-questions, interpersonal 

communication is crucial for the diffusion speed of tDCS. However, as further identified in the 

previous sub-question, several findings indicate that interpersonal communication regarding tDCS 

will be limited. Nevertheless, an examination of the relationship between users’ consumption 

patterns and their interpersonal communication about tDCS can provide important findings, which 

can help explain the impact of interpersonal communication, even though the rate is low for tDCS. 

To answer this sub-question, it must be determined whether tDCS-users’ consumption pattern has 

explanatory power of their interpersonal communication regarding tDCS.  

As presented in the literature-review, Shih and Venkatesh (2004) present a framework of 

consumption patterns which consists of the following four elements; (1) product experience, (2) 

sophistication of technology, (3) rate of use, and (4) variety of use. By testing these elements of 
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consumption patterns in relation to interpersonal communication of tDCS-users, it can be 

determined if a correlation between consumption patterns and interpersonal communication exists. 

Before answering this sub-question, it is essential to obtain comprehensive knowledge about the 

consumption patterns and interpersonal communication. Therefore, five analyses of the quantitative 

data from the online structured interview with tDCS-users are made. Each of the elements of the 

consumption pattern presented by Shih and Venkatesh (2004) are analyzed in relation to 27 

variables that functions as indicators for interpersonal communication. The fifth analysis is a 

framework of user typology presented by Shih and Venkatesh (2004), which supposedly has a high 

degree of explanatory power in relation to interpersonal communication (Shih & Venkatesh, 2004). 

This framework divides users into a two by two matrix based on their (1) rate of use and (2) variety 

of use, which both are characterized as either high or low. Thereby users are divided into four 

different categories as shown in table 9. 

Categories of users Number of Users in each Category 

Intense users 2 

Specialized users 3 

Non-specialized users 3 

Limited users 2 

Table 9: The Four Categories of the UD-Typology 

To indicate tDCS-users interpersonal communication, 27 variables are used. 22 of these variables 

are divided into five main categories. Each category covers a specific element of interpersonal 

communication, which is presented in table 10. The last five variables are computed as scores, 

which either reflect several variables from different categories or are variables that function as 

indicators of positive or negative interpersonal communication. 

Variables category Number of variables in the category 

Online communication 5 

Offline communication 5 

Recommendation communication 4 

Discouragement communication 4 

Comfortability of using tDCS in front of people  4 

Table 10: Categories of Interpersonal Communication Variables 

To indicate tDCS-users consumptions patterns, a total of 11 variables are used. Each consumption 

pattern has specific variables affiliated, which are presented in table 11. 
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Consumption pattern Number of variables 

Experience 2 

Sophistication of technology 2 

Rate of use 2 

Variety of use 4 

User typology 1 

Table 11: Categories of Consumptions Patterns 

To test if product experience has explanatory power regarding interpersonal communication, the 

two variables (1) experience and (2) satisfaction of tDCS-users are used. These variables are 

analyzed in relation to the 27 variables of interpersonal communication. The results of this analysis 

shown in appendix 8.4.4.4. Overall, the test revealed four significant correlations between the 

variables of product experience and the variables of interpersonal communication. Two significant 

correlations are identified between the variable that indicates if users have a positive or negative 

interpersonal communication about tDCS and the variables of users’ experience with tDCS 

(β=0.9223) and how satisfied they are with tDCS (β=0.8626). Firstly, the strong positive correlation 

between positive or negative interpersonal communication and users’ experience shows that users 

who have had a positive experience communicates positively about tDCS. Vice versa, a negative 

experience causes negative communication. This effect is also applicable for tDCS-users 

satisfaction of their use and if they engage in positive or negative interpersonal communication. 

Further, a significant negative correlation exists between the experienced effect and the number of 

times he or she has discouraged the use of tDCS to both friends and family (β=-0.7559) and 

colleagues (β=-0.7559). These negative correlations state that users who experience negative 

effects have discouraged the use of tDCS to friends and family and colleagues more often than 

users who experience a positive effect of tDCS. These four, significant correlations indicate that 

the experience affects the interpersonal communication about tDCS. Thereby, it can be argued that 

product experience can explain if interpersonal communication regarding tDCS is positive or 

negative.  

However, a total of 54 tests are done regarding the correlation between experience and interpersonal 

communication, and only four tests are significant. Thereby 50 tests between experience and 

interpersonal communication are insignificant. These insignificant tests include the four 

interpersonal communication variables categories; (1) online communication, (2) offline 

communication, (3) recommendation communication, and (4) comfortability of using tDCS in front 

of people.  



   
 

102 
 

So, since users’ experience is insignificantly correlated with interpersonal communication, it must 

be concluded product experience has limited explanatory of interpersonal communication. 

Overall the analysis regarding experience as a characterizing element for interpersonal 

communication showed a very limited explanatory power. However, the most significant finding 

from the analysis is the positive correlation between the distinction between positive and negative 

experience, a user has with tDCS and the type of communication, positive or negative, the user 

primarily has regarding tDCS. 

According to Shih and Venkatesh (2004), sophistication of technology can be categorized based on 

the year in which a product was produced. Therefore, the sophistication of technology is measured 

by the age of the tDCS-device, i.e. the current year, 2018, minus the year of production. 

To test how sophistication of technology characterizes interpersonal communication, a correlation-

analysis between the 27 interpersonal communication variables and two measurements of 

sophistication of technology is done. A significant positive correlation is identified between 

sophistication of technology and the number of posts users make on social-media about tDCS 

(β=0.6375). Thereby, it can be concluded that sophistication of technology is positively correlated 

with the amount of social-media posts. However, no significant correlations exist between the 

interpersonal communication categories (1) offline communication, (2) recommendation 

communication, (3) discouragement communication, and comfortability of using tDCS in front of 

others. A complete list of the results can be found in appendix 8.4.4.5. 

Overall, the test regarding sophistication of technology indicates that users with new tDCS-devices 

post more on social-media than users with older tDCS-devices. However, the sophistication of 

technology is not related to users’ (1) offline communication, (2) their comfortability of using tDCS 

in front of people, or (3), if they recommend and discourage tDCS to peers. Thereby it must be 

concluded that sophistication of technology possesses very limited explanatory power regarding 

interpersonal communication of tDCS. The only significant finding from the analysis is the positive 

correlation between the sophistication of technology and the number of post a user makes on social-

media regarding tDCS. 

The variables used to indicate the rate of use are (1) user’s monthly use of tDCS and (2) a variable 

that divides users into two categories, based on their monthly rate of use. 

The two variables regarding rate of use are tested in relation to the 27 interpersonal communication 

variables. A total of 54 tests are done, as shown in appendix 8.4.4.6. However, no clear correlation 
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is identified between the rate of use and interpersonal communication. This finding is in strong 

contrast to the theory of the UD-approach. However, this finding is in line with hypothesis 22. 

Overall, it can be concluded that rate of use has no explanatory power for interpersonal 

communication. Thereby, rate of use does not have any relationship with interpersonal 

communication of tDCS. 

Four variables are used to indicate the variety of use: (1) The number of purposes tDCS is utilized 

for, (2) a variable that divides users into two categories, (3) a variable created as a score based on 

different purposes of use, and (4) a categorization variable regarding the type of purposes tDCS is 

used for. These four variables are tested in relation to the 27 indicators of interpersonal 

communication of tDCS. 

In contrast to the previous tests, the analysis regarding variety of use identified various significant 

correlations with the 27 indicators of interpersonal communication. As seen in appendix 8.4.4.7 

users’ variety of use is positively correlated with the amount of offline communication they have 

regarding tDCS with peers who are not friends, family, colleagues and co-students. Further, variety 

of use is significantly positively correlated with the frequency of users’ offline communication 

regarding tDCS (β= 0.6370). 

So, when tDCS is used for many different purposes, users have more offline communication 

regarding tDCS with peers who are not friends, family, colleagues and co-students. Furthermore, 

users who frequently communicate offline use tDCS for many different purposes, and vice versa. 

In relation to users’ recommendations, variety of use is positively correlated with the number of 

times users have recommend tDCS to peers who are not friends, family, colleagues or co-students 

(β= 0.7253). However, variety of use is also positively correlated with the number of times users 

have discouraged tDCS to peers who are not friends, family, colleagues or co-students (β= 0.7555) 

and their general discouragement of tDCS (β= 0.6944). 

Thus, when tDCS is used for many different purposes, both recommendation and discouragement 

of tDCS to peers who are not friends, family, colleagues or co-students increase. 

In relation to users’ comfortability with using tDCS in front of other people, a general significant 

pattern is identified in relation to the variety of use. The users with high variety of use are more 

comfortable using tDCS in public, and in front of “friends/family” and “others”, as shown in 

appendix 8.4.4.7.  
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So, when tDCS is used for multiple purposes, users are more comfortable with using tDCS in front 

of other people, except for colleagues and co-students. However, even with several significant 

findings regarding users’ variety of use and interpersonal communication, many insignificant 

findings are also made. 

Overall, variety of use has significant explanatory power regarding interpersonal communication 

variables in the following four categories (1) offline communication (2) recommendation 

communication (3) discouragement communication, and (4) comfortability of using tDCS in front 

of people. Further, when tDCS is used for many purposes, users are more comfortable using tDCS 

in front of other people, expect for colleagues and co-students. However, with many insignificant 

relations between variety of use and the interpersonal communication variables, it must be clarified 

that the significant findings only have a limited explanatory power. 

The final analysis is made by categorizing tDCS-users in the UD-typology, and testing if an 

explanatory power regarding interpersonal communication of tDCS exists. Further descriptive 

statistics regarding the main communication variables and the four categories of the UD-typology 

are evaluated, as shown in appendix 8.4.4.9. The aim of the descriptive statistics is to determine if 

differences regarding interpersonal communication exist between the four categories. 

A significant relationship between the UD-typology category and the frequency of tDCS-users’ 

offline communication regarding tDCS was identified, as shown in appendix 8.4.4.8. Thereby, this 

test indicates that the users in the different UD-typology categories do not communicate equally 

about tDCS offline. 

However, this finding is the only significant outcome from the test of the UD-typology in relation 

to the 27 indicators of interpersonal communication. So, by applying the suggested typology of the 

UD-approach, very limited explanatory power of the interpersonal communication was identified. 

Further, the descriptive statistics show a difference between the interpersonal communication of 

the four different categories of users. The limited users have the most social-media communication 

regarding tDCS. Nonspecialized users communicate most about tDCS offline. Intense users have 

the most positive communication regarding tDCS and specialized users rank the lowest in all three 

categories of interpersonal communication. However, the difference between the categories is not 

in accordance with the theory of the UD-approach, since limited users communicate the most on 

social-media even though they have a low variety of use, which according to Sawng et al. (2013) 

should make them communicate less than users with a high variety of use. 
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Overall, even with a significant finding between the UD-typology and users’ frequency of online 

communication, the explanatory power of the UD-typology is very limited. Further, the findings 

from the descriptive statistics regarding the four categories of the UD-typology are not in 

accordance with the theory of the UD-approach since limited users communicate the most on 

social-media.  

When testing the elements from Shih and Venkatesh’s (2004) framework in relation to 

interpersonal communication, several findings are made. Looking at the test results of each of the 

four consumption patterns separately, it is clear that (1) experience, (2) sophistication of 

technology, and (3) rate of use have no or very limited explanatory power. Further, the framework 

of UD-typology also possesses limited explanatory power. However, the variety of use presents 

significant findings related to the following five categories of the interpersonal communication 

variables (1) offline communication (2) recommendation communication (3) discouragement 

communication, and (4) comfortability of using tDCS in front of people. Thereby, variety of use is 

the most significant element of the consumption patterns to characterize how the interpersonal 

communication of tDCS-users is. Nevertheless, the explanatory power of variety of use in relation 

to interpersonal communication is still limited, because most of the tests are insignificant. 

If all elements of the consumption patterns are put together into one framework, it will have 

significant explanatory power to some variables in all categories of interpersonal communication. 

However, since most elements of the consumption pattern of tDCS-users are insignificant with the 

interpersonal communication variables, it must be concluded that the overall framework of 

consumption patterns does not characterize any significant outlines of the interpersonal 

communication of tDCS. 

5.1.2.3 Research question: How is the Diffusion of tDCS Characterized by the 

Technology’s Distinctive Nature?  

Based on the empirical data collection, the discussion of the 35 hypotheses and the three sub-

questions has paved the way for a thorough response to the research question. Especially the sub-

questions cover central elements of the research question, for which reason their findings are 

applied in the discussion of the research question. Although the sub-questions and the empirical 

data collection constitute a sound foundation for the response to the research question, there are 

several delimitations, as discussed in section 1.2, for which reason the further research is needed to 

complement the findings from this thesis. 
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Nevertheless, several relevant findings regarding how the diffusion of tDCS is characterized by the 

technology’s distinctive nature were found in the sub-questions. 

In relation to the first sub-question, it was found that the diffusion of tDCS confronts several 

challenges related to the initial stages of the diffusion process. A central finding is that the 

knowledge and persuasion stages are going to be perplexed, meaning that the process of getting 

prospects to adopt tDCS is relatively complex. Regarding the knowledge stage, the lacking 

awareness-knowledge combined with the difficulty in understanding how-to and principles 

knowledge suggest that the diffusion of tDCS decelerated by the technology’s distinctive nature. 

Central to the finding that the knowledge stage will decelerate the diffusion stage is the fact that 

people lack points of reference to which they can compare and understand the value proposition of 

tDCS. The lack of reference points was supported by both the expert interviews and the two focus 

group interviews. 

Due to the novelty of the technology and cognitive enhancement in general, people are unaware of 

the fact that tDCS is available as a consumer product. Even though the discussion identified that is 

a current social trend to optimize the human potential, neurostimulation remains a latent need, of 

which only few people are aware. As such, the diffusion of tDCS will suffer from being among the 

firstly-available consumer-products that can enhance cognitive performance:  Not only must people 

be persuaded into tDCS, they must firstly be persuaded into the idea of cognitive enhancement and 

neurostimulation.  

Moreover, it was found that attempts at persuading potential adopters must consider ways in which 

concerns about efficacy can be mitigated. An interesting finding in relation to the persuasion stage 

was encountered in the quantitative analysis of hypothesis 20, as people are not concerned about 

the safety of tDCS, but only about the supposed effect. The implication for the diffusion of tDCS 

is that the relative advantage of tDCS is blurred, as people are doubting the supposed effect, and 

thereby the value proposition. This relates closely to the interesting finding that people need, at 

least some degree of, principles-knowledge to understand how tDCS works and how it can improve 

their cognition. This finding emerged from the interview with marketer of tDCS, Balder Onarheim, 

who has great experience in persuading people both to try and buy tDCS-devices. Thus, the novelty 

of the cognitive enhancement and complex science on which tDCS works entail that the knowledge 

and persuasion stages for tDCS are intertwined and difficult to assess individually. 

Finally, the discussion of the first sub-question found that interpersonal communication plays, and 

will continue to play, a central role in the diffusion of tDCS, due to its pivotal role in the knowledge 

and persuasion stages. For that reason, it is essential to assess the impact of interpersonal 
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communication as well as the purposes that it serves in the knowledge and persuasion stages. 

Nevertheless, it was found that the primary purposes of interpersonal communication of tDCS in 

the knowledge and persuasion stage are to (1) socially prove the effect of tDCS, (2) increase 

trustworthiness, and (3) reduce the social risk related to adopting a new technology.  

Because interpersonal communication and its impact are multifaceted, another sub-question aimed 

at understanding the role of interpersonal communication in relation to mass-media 

communication. In the discussion of the relative importance of interpersonal and mass-media 

communication and their respective effects on the knowledge and persuasion stages, it was found 

that the effect of interpersonal communication is limited. Most importantly, the empirical data 

showed that interpersonal communication about tDCS consumption will remain limited due to 

reluctance towards public use and communication of tDCS. The lacking willingness to engage in 

interpersonal communication can also to some degree be explained by the ethical qualms and/or 

the loss of authenticity as discussed in the introduction and analyzed in the qualitative data analysis. 

Moreover, the expert interviews revealed that interpersonal communication about tDCS is going to 

have a limited effect in the persuasion stage, as early adopters of tDCS possess little social 

influence. This claim, however, was not supported by the quantitative data analysis. 

Thus, the positive effect that interpersonal communication possesses (Bass, 1969; Mahajan et al., 

1995; Rogers, 2003), is limited for tDCS. Oppositely, mass-media communication was not found 

to stand apart for tDCS, for which reason it will play an important role in the early stages of the 

diffusion of tDCS, or until interpersonal communication recovers its importance.  

For the diffusion of tDCS, this implies that to reap the potential benefits of interpersonal 

communication, people who have an interest in the diffusion of tDCS should strive to eliminate the 

barriers to interpersonal communication that confronts users of tDCS. In the managerial 

implications, it is discussed more thoroughly how this can be achieved. 

Overall, the empirical data show that for tDCS, the effect of interpersonal communication is limited 

and is likely to remain like that for a while. The effect of interpersonal communication about tDCS 

will remain limited, due to users’ reluctance to share and communicate about their experience with 

tDCS combined with the fact that early adopters of tDCS have little social influence. 

Returning to Mahajan, Muller and Bass’ (1995) illustration of the effects of mass-media and 

interpersonal communication, see figure 7, it can be concluded that the speed of the diffusion of 

tDCS will be reduced as the effect of interpersonal communication is limited. This entails that the 

curve “adoptions due to interpersonal communication” is pushed to the right, i.e. further into the 
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future. Consequently, the findings from the empirical data suggest that the diffusion of tDCS relies 

primarily on mass-media communication, at least until tDCS has become more socially acceptable 

and users become comfortable with (1) using the technology publicly, and (2) communicating 

openly about their use of tDCS.  

The findings from the first two sub-questions combined suggest that it is important to understand 

how and why interpersonal communication regarding tDCS happens. Therefore, the third and final 

sub-question addressed how interpersonal communication about tDCS is characterized by users’ 

consumption patterns. Based on the literature review, it was expected that rate and variety of use, 

among other factors, could serve to clarify the effect of interpersonal communication on the 

knowledge and persuasion stages. Generally, the findings are unsupportive of Shih and Venkatash’s 

(2004) UD-approach, as only the variety of use seems to be correlated with users’ amount of 

interpersonal communication and public use of tDCS. However, it was also found that users’ 

experience with tDCS determines whether communication is positive or negative. Thus, the 

conclusion was that users’ consumption patterns only to a limited degree can explain why people 

engage in interpersonal communication.  

Even though users of tDCS only to a limited extent engage in interpersonal communication, the 

findings regarding user’s consumption patterns reveal that (1) variety of use and (2) experience 

with tDCS characterize the interpersonal communication. Further the UD-typology of tDCS does 

not match the theory of the UD-approach, since intense users are not the ones who have the most 

interpersonal communication regarding tDCS. 

Overall, the analysis of the sub-questions found that potential adopters desire interpersonal 

communication due to its perceived trustworthiness and the need for social approval of the 

technology. However, interpersonal communication about tDCS is unlikely to take place, as early 

adopters only to a limited degree engage in interpersonal communication or use tDCS publicly. In 

general, early adopters of tDCS have limited social influence, for which reason the effect of 

interpersonal communication is decreased. Since cognitive enhancement contains ethical qualms 

and authenticity-issues, it is unlikely that the amount of interpersonal communication will increase, 

unless it becomes more socially acceptable to use tDCS-devices, for instance.  

Thereby, the diffusion of tDCS is in a gridlock. On one hand, interpersonal communication is 

needed to give social proof of tDCS and make cognitive enhancement socially acceptable. This 

would facilitate the persuasion of new adopters, which would start a snowball-effect. One the other 

hand, however, users of tDCS are reluctant to engage in interpersonal communication due to the 

lack of social acceptance of tDCS. Because interpersonal communication of tDCS is caught in a 
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gridlock in terms of social acceptance, mass-media communication must assume the important role 

of increasing awareness of tDCS with the purpose of removing barriers to interpersonal 

communication.  

Returning to the research question, and the discussion of how the diffusion of tDCS is characterized 

by the technology’s distinctive nature, the fact that tDCS just recently has become available as a 

consumer product combined with the lack of appropriate reference points for cognitive 

enhancement entails that the diffusion of tDCS is going to be cumbersome. Due to the complexity 

of the technology and the underlying science, the knowledge and persuasion stages are complex for 

tDCS. Moreover, people are concerned about the efficacy of tDCS and its supposed effect, for 

which reason they are looking for trustworthy sources of information. However, since tDCS is 

surrounded by ethical qualms and early adopters have limited social influence, the effect from 

interpersonal communication is decreased. 

5.2 Implications of the Philosophy of Science 
Because of the post-positivistic research paradigm, which aims for an objective truth, this thesis 

has faced some challenges due to the mixed method approach to data-collection. Although the 

ontology, epistemology, and methodology were discussed in chapter 2, this section discusses the 

practical challenges that this thesis has faced due to the post-positivistic research paradigm.  

As discussed in relation to the semi-structured, in-depth expert-interviews, the aim of the qualitative 

research methods for this research is to explore the diffusion of tDCS, because of the lack of 

previous studies. However, aiming for a single truth when conducting semi-structured interviews 

and focus group interviews can be difficult compared to e.g. in the paradigm of social 

constructivism, where the aim is to investigate the knowledge which is constructed through 

interaction with other people. Several actions are taken to ensure validity, reliability, 

representativeness and generalizability regarding the qualitative research methods, as discussed in 

section 2.1.3.3.1.  

Due to the lack of academic work regarding this research topic, a difficulty occurs when semi-

structured interviews with experts and focus group interviews are conducted. As no previous 

academic knowledge exists, it is difficult to determine whether a specific answer from an expert or 

a non-user is comprehensive and good or not. However, by triangulating the data, validity of 

findings can be increased. Further, the experts have different incentives to participate in this 

research, for which reason it is vital to understand their interest in order to aim for unbiased data. 
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Another challenge regarding the data collection of this thesis is to ensure enough participants in the 

two online structured interviews. Especially the online structured interview with tDCS-users was 

problematic. Because the aim for the quantitative research of this thesis is to emphasize objective 

measurements, the number of participants is important to ensure valid findings. However, the total 

number of tDCS-users is very limited, wherefore it is difficult to obtain a valid sample. 
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6. Conclusion 
In this thesis, the diffusion of tDCS has been assessed by examining the knowledge and persuasion 

stages of the innovation-decision process. Based on an extensive literature review and four different 

research methods, the findings from this thesis are used to assess not only the diffusion of tDCS, 

but also the conflicting approaches to studies of diffusion. 

This chapter concludes this thesis by first restating the findings related to the diffusion of tDCS and 

reasoning behind these findings. Hereafter follows a discussion of the managerial implication of 

this thesis’ findings. Ultimately, the conclusion discusses how the findings contribute to academia 

and which further research is needed to advance the field of study. 

6.1 The Diffusion of tDCS: Conclusion  
In relation to the diffusion of tDCS, it was discovered that the diffusion of tDCS is faced with 

several challenges in relation to the knowledge and persuasion stages, which are caused by a 

combination of the novelty of cognitive enhancement as a consumer product and the complex 

nature of the science on which tDCS works. 

It was found that people are very interested in tDCS and its potential, however, the lack of 

awareness knowledge combined with the fact that consumers’ need for tDCS is latent entail that 

for tDCS to be diffused, awareness of the technology and its effect most be increased. However, it 

was found that interpersonal communication – which potential adopters strive for in the pursuit of 

trustworthiness and social proof – is not likely assumed to be the driver of increasing awareness of 

tDCS. Due to the (1) lack of social compatibility, (2) ethical qualms that surround cognitive 

enhancement, and (3) little social influence of early tDCS-users, the effect of interpersonal 

communication is currently limited. 

Moreover, it was found that interpersonal communication about tDCS is caught in a gridlock as 

users of tDCS are unlikely to talk about or show their consumption since it is not socially 

acceptable, which in turn is the result of the limited awareness of the technology. At the same time, 

the use of tDCS by others, i.e. the trial-by-others effect, is not going to change the degree to which 

tDCS is socially acceptable, because users’ interpersonal communication is very limited. In other 

words, users will not talk about their use because tDCS lacks social acceptance, but at the same 

time, social acceptance will not increase as users do not communicate about their consumption. 

For this reason, it was found that the role of mass-media communication in the early days of tDCS 

plays an essential role in kick-starting the diffusion process. In relation to the findings regarding 

the knowledge and persuasion stages, it is pivotal that mass-media communication (1) increases 
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awareness of tDCS, (2) changes cognitive enhancement into a perceived need, rather than a latent 

need, and (3) to some degree educates people on the underlying science, for people to understand 

the value proposition of tDCS. 

Even though the empirical findings showed that mass-media communication initially is going to be 

the main driver of the diffusion of tDCS, limited attention was paid to the characteristics of mass-

media communication for tDCS. This is explained by the fact that data collection and analysis did 

not find any irregularities for the case of tDCS, except if the tDCS becomes characterized as a 

medical product, which would entail several marketing regulations. In terms of the effect of mass-

media communication, it was found that exposure leads directly to more website traffic and an 

increase in sales for the tDCS-company PlatoScience. 

Although mass-media communication was found to be a driver in the early stages of the diffusion 

of tDCS, this thesis found that the existing but limited interpersonal communication, to some 

degree, can be explained by users’ consumption patterns. Here, it was found that the variety with 

which tDCS is used is the element of consumption patterns that is most strongly correlated with 

users’ interpersonal communication. Moreover, it was found that the users’ experience with tDCS 

is correlated positively with the interpersonal communication. Surprisingly, rate of use and 

sophistication of technology were not correlated with interpersonal communication. 

6.2 Managerial Implications 
The findings from this thesis suggest that for tDCS to be diffused, tDCS-companies should strive 

to increase the awareness of the technology and inform people about the value proposition to turn 

the latent need for tDCS into a perceived need. The findings show that the effect of interpersonal 

communication remains limited due to the lack of social compatibility of the technology. For that 

reason, marketers of tDCS should exploit the possibilities of mass-media communication and 

attempt to change the perception. Because it was found that it is current social trend to search for 

ways in which we can optimize our potential and performance as human, the findings suggest that 

marketers should attempt to contextualize tDCS within this emerging trend. 

The findings also reveal that marketers must ensure that users have a positive experience with tDCS 

and that the devices can be used for several purposes, e.g. treatment, enhancement and/or 

restoration, as interpersonal communication is characterized by these variables.  

6.3 Academic Contributions 
The purpose of this section is to assess how academia benefits from the findings of this thesis. In 

this section, the findings are viewed in relation to the existing DOI-literature, with emphasis on the 
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debate between the dominant AD-approach and the UD-approach. Based on the findings from this 

thesis and their relation to the existing literature, it is discussed what future research should 

consider. 

6.3.1 Contributions to the Diffusion of tDCS 
As stated in the introduction, no previous studies have considered the diffusion of tDCS, for which 

reason an exploratory approach was applied in the data collection. Moreover, no studies have 

previously examined the diffusion of any other cognitive enhancement. As such, this thesis lays the 

foundation for future studies of both cognitive enhancement and tDCS more particularly.  

Previous studies of tDCS (Cabrera & Reiner, 2015; Dubljević et al., 2014; Jwa, 2015; Wexler, 

2017, 2018; Wexler & Reiner, 2017) are concerned with (1) who the users are, (2) the rate and 

variety of use, (3) the social context of tDCS, and (4) the public’s perception of tDCS. As such, no 

studies have previously examined diffusion-specific elements of tDCS. 

6.3.2 Contributions to the DOI-Literature  
Rogers (2003) and particularly Peres et al. (2010) propose that the DOI-framework must be applied 

to new innovations and complex product categories to test the assumptions of the incumbent 

literature. Although the purpose of this thesis has not been to test or validate the existing literature, 

the findings suggest that some of the elements in the theory should be given more attention, since 

they can improve the understanding of the diffusion process. 

Specifically, the findings from this thesis suggest that more attention should be paid to the 

distinction between types of need. The distinction that Watkins et al.  (2012) make between types 

of need can advance the understanding of the persuasion stage for radical innovations, as potential 

adopters’ lack points of reference for radical innovations. Although Rogers (2003) includes 

compatibility with needs in the evaluation of innovations, more attention should be paid to the role 

of latent needs. 

Moreover, the findings from this study also contributes to the debate initiated by Shih & Venkatesh 

(2004) and supported by Sawng et al. (2013) about the inclusion of the UD-approach in DOI-

studies. Even though the findings that interpersonal communication is limited for tDCS, the 

application of the UD-approach to the analysis entailed that it was possible to increase the 

understanding of which use-related measures that inclines users to engage in interpersonal 

communication.  

Although the findings that consumption patterns and interpersonal communication have very 

limited validity, the findings can be compared to Sawng et al.’s (2013) study of the diffusion of 
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IPTVs. Sawng et al. (2013) found that product experience and sophistication of technology are the 

most important factors in explaining interpersonal communication. This thesis also found product 

experience to be an important factor, but not as important as the variety of use, which was the 

measurement from the UD-approach with the highest correlation with interpersonal communication 

of tDCS. In terms of sophistication of technology, which is not significant for tDCS, it can be 

argued that since tDCS is such a newly available consumer-product, there is a minimal difference 

between sophistication-levels of user’s devices. 

The findings from this thesis, however, are not in support of Motohashi et al.'s (2012) claim that 

users’ amount of interpersonal communication is positively correlated with the amount of use. The 

division of tDCS-users into four categories based on the rate and variety of use, as proposed by 

Shih and Venkatesh (2004), did not reveal any significant differences. 

Although the effect was limited, the inclusion of the UD-approach provided an improved 

understanding of the diffusion of tDCS, as it made it possible to assess how the users’ interpersonal 

communication is characterized by their consumption patterns.  

6.3.3 Future Research 
Based on the findings from this thesis, several uncovered topics emerge. Because no previous 

studies have examined the diffusion of tDCS, there are several elements that have only been 

touched upon or even completely omitted. Therefore, there is a great need to investigate the topic 

even more. Apart from widening the scope of research related to the diffusion of tDCS, future 

research should also test the findings from this research in order to validate the findings.  

As mentioned previously, the validity and generalizability of the empirical data collection – 

especially the quantitative data sets – are very limited due to sampling biases and insufficient 

sample sizes. For that reason, the findings must be verified by confirmatory studies to test the 

validity of the findings. 

Apart from verification of the findings from this thesis, the (1) time and (2) social system elements 

of the DOI-framework should ideally be included in future research. In this thesis, these elements 

were excluded due to the limited scope and the complexity in including them. 

Based on the conclusions, several new research areas appear. Because it was found that mass-media 

communication plays and will continue to play an important role in the knowledge and persuasion 

stages for tDCS, there is a need for an improved understanding of what mass-media communication 

should aim to solve, and the most effective ways that the objectives could be met. That is, future 

research should consider which types of messages and which rhetoric mass-media communication 
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should utilize to spread awareness of tDCS to accelerate the persuasion stage. Moreover, it is pivotal 

to identify ways in which tDCS can become more socially acceptable to facilitate interpersonal 

communication. 

In close relation to this, it would be of great value to know if any segments of the population are 

more receptive towards tDCS. Likewise, cross-cultural studies of the openness towards tDCS could 

identify ideal markets for tDCS companies to penetrate. Moreover, it could be argued, in 

continuation, that the frequency of interpersonal communication varies between cultural contexts 

or user-demographics, for which reason future studies should consider this. 

6.3.3.1 Untested Hypotheses 

Even though most of the hypotheses identified in the literature review or induced from the 

qualitative data analysis were tested empirically, some remain empirically untested. Table 12. lists 

all the untested hypotheses, that must be investigated in future research. 

H4: During the Persuasion Stage, the Relative Advantage, i.e. the Intrinsic Value of Cognitive 

Enhancement, Will Outweigh the Ethical and Moral Concerns 

H10: Some Organizations are Likely to Prohibit the use of tDCS due to Safety and Ethical 

Concerns 

H27: The Possibility for Trialability is low  

H35: tDCS Must Become Socially Acceptable Before People Adopt it 

Table 12: Untested Hypotheses 
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