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Abstract
Transcranial electrical stimulation (tES) are popular techniques for modulating behaviour within research and clinical set-
tings. However, individuals are apprehensive around undergoing tES, with clear misconceptions around safety and efficacy. 
This work aimed to capture perceptions of tES and identify drivers and barriers to undergoing stimulation through a mixed-
methods approach. Participants completed an online survey (n = 145) and follow-up semi-structured interviews (n = 7) to 
explore knowledge of tES, perceptions of safety, expectations of effects, and willingness to undergo stimulation. Change 
in safety and comfort scores were measured following increasing levels of information (basic overview, safety standards, 
ethical practice, photos of tES testing). Qualitative data were analysed using thematic analysis and quantitative data through 
descriptive and logistic regression analyses. Participants were uncomfortable with the idea of “messing” with the brain and 
therefore reluctant to undergo procedures. Apprehension and fear around tES were evident, particularly were deemed to have 
low efficacy. tES was viewed as safer (χ2 (3) = 40.842, p < 0.001, W = 0.094) and individuals were more comfortable with 
the prospect of receiving stimulation (χ2 (3) = 49.587, p < 0.001, W = 0.114) as they were provided with more information. 
Participant misconceptions around tES must be addressed to support larger-scale and appropriate recruitment. Provision of 
clear, explicit, and independent information is important for building trust and demonstrating need of the techniques.
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Introduction

Non-invasive brain stimulation (NIBS) techniques, and 
particularly transcranial electrical stimulation (tES), have 
become increasingly popular over recent years in both 
research and clinical settings (Filmer et al., 2014; Lefau-
cheur, 2016; Sun et al., 2022). This is due to the relative 
low-cost, scalability, and possibility of at-home treatments 
(Hall et  al., 2018). Additionally, when applied in con-
trolled research or clinical settings, these techniques are 
considered safe for a wide range of individuals, including 

children, adults, healthy populations, and patient groups 
(Brunoni et al., 2011; Matsumoto & Ugawa, 2017; Zewdie 
et al., 2018). During NIBS, electrical or magnetic currents 
are applied to specific regions of the scalp, causing revers-
ible modulation of cortical activity resulting in temporary 
modulation of behaviour, learning and task performance 
(Coffman et al., 2014; Nitsche & Paulus, 2000, 2001). How-
ever, the true efficacy of these techniques remains unclear; 
particularly for regions outside of the motor cortex (Jamil 
& Nitsche, 2017; Woods et al., 2016). Despite this, there 
are many promising applications of these techniques (e.g., 
chronic pain; Dissanayaka et al. (2023); Moshfeghinia et al. 
(2023)).

A major limiting factor of current NIBS research is sam-
ple size (de Graaf & Sack, 2018). For example, our recent 
meta-analysis revealed a mean sample size of 36 across 
published work exploring the impact of tDCS on eating-
related measures (Beaumont et al., 2022b). While some stud-
ies have recruited large participant cohorts, many studies 
suffer from relatively small sample sizes which affects the 
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statistical power of these studies (Li et al., 2015; Thair et al., 
2017). To elucidate the true efficacy of NIBS, it is impor-
tant that studies achieve sufficient power (Li et al., 2015), 
along with applying appropriate stimulation parameters in 
suitable cohorts (e.g., Beaumont et al. (2022a)). However, 
in our work with transcranial direct current stimulation 
(tDCS), 74% of interested individuals were excluded due to 
ineligibility, largely arising from contraindications to stimu-
lation. Additionally, while there is generally high interest 
from potential participants in our work, we have noted high 
attrition following screening, with around 50% of eligible 
individuals dropping out of studies. Informal feedback indi-
cated apprehension around undergoing stimulation proce-
dures. Compound with the rigorous screening procedures 
often leading to only a relatively small number of individu-
als deemed low-risk for stimulation-related complications 
(Antal et al., 2017; Potter-Baker et al., 2016), participant 
recruitment to NIBS-based studies is particularly challeng-
ing. Indeed, only 15% of individuals originally interested in 
participating in our work go on to complete study protocols. 
This is not uncommon, with similar recruitment issues high-
lighted by other groups (Fineberg et al., 2023; Hagenacker 
et al., 2014; Potter-Baker et al., 2016).

Apprehension around receiving stimulation (and therefore 
interest in participating in associated studies) may, in part, 
be due to the representation of these techniques within mass 
media. For example, tES are often described as “brain zap-
ping” (Biegler, 2019; Fox, 2011; Hutchinson, 2019; Waltz, 
2023) and “mind-altering” (Katwala, 2019) and are gener-
ally considered controversial (Simons, 2023). In addition, 
the set-up of tES procedures has been described as “wiring 
up your brain” (Hutchinson, 2019) and involving “electrodes 
clamped around [the] skull” (Ingle, 2015). These depictions 
conjure negative images, akin to more invasive and intensive 
treatments such as electroconvulsive therapy (ECT). Such 
comparisons are evident in the media; for example, a recent 
Harvard Health article listed tDCS alongside ECT (Shmer-
ling, 2023). Unlike the subthreshold modulation of cortical 
activity seen following tES delivering up to 2.0 milliampere 
(mA) (Filmer et al., 2014; Jamil & Nitsche, 2017), ECT 
induces seizures by delivering high electrical currents (up 
to 900 mA) to the brain (Abbott et al., 2021; Duriez et al., 
2020). Whilst methodologically different, these techniques 
are conceptually similar — they both involve delivering 
electrical currents to the brain with the aim of changing an 
aspect of behaviour — which may explain why individuals 
associate the techniques.

This portrayal of NIBS procedures within mass media, 
and indeed the way researchers and clinicians discuss brain 
stimulation, may impact the perceptions of these techniques 
by potential participants. The present study looked to cap-
ture perceptions of NIBS with the aim of identifying drivers 
and barriers to undergo stimulation (specifically tES) and 

whether misconceptions are present. A survey on the ethical 
principles of applying NIBS in children identified differ-
ences in perceptions of safe practice based on participant 
demographic characteristics (e.g., parental status) (Wagner 
et al., 2018). We were interested in exploring this further and 
whether any demographic characteristics (e.g., age, gender) 
are associated with perceptions and willingness to undergo 
these procedures. This question has not yet been assessed in 
sufficient depth to show if groups of individuals exist who 
are more reluctant to consider NIBS procedures. This study 
also considers the type and format of information provide 
to potential participants. We explore how different forms 
of communication around tES may allow more informed 
decisions during research recruitment and address attrition 
across related research.

Materials and Method

Study Design

The study used an explanatory sequential mixed-methods 
approach, with a cross-sectional survey capturing general 
knowledge and perceptions followed by in-depth semi-
structured interviews to allow deeper exploration of such 
perceptions and provide clarity on the themes identified from 
the survey. The study was approved by an institutional ethics 
committee (ethics code: SSHS-2021–01). All participants 
provided written informed consent.

Participants

The survey was open to those over the age of 18 years, with 
participants recruited through self-selection in response to 
study advertisements. The study was advertised through 
social media, flyers and posters, internal announcements, 
and word-of-mouth. In line with previous survey studies 
(Cancer et al., 2018, 2021; Duncan et al., 2022; Héroux 
et al., 2015; Jwa, 2018; Wexler, 2018), the present study 
aimed to recruit a representative sample of the potential 
participant cohort with a minimum sample size of 142 indi-
viduals. Interview participants were selected from those 
who completed the online survey and agreed to be contacted 
about follow-up work. For the interviews, we recruited until 
data saturation (Moser & Korstjens, 2018).

Procedures

Interested individuals were directed to the survey via a web 
link, where they were then provided with an information 
sheet and required to complete informed consent proce-
dures. During the survey, participants responded to a series 
of open- and closed-ended questions, with completion taking 
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15 to 20 min. Data were primarily quantitative, with par-
ticipants selecting a response from a discrete set of options. 
Depending on these responses, participants were asked for 
further information through closed-ended questions or an 
open-ended qualitative statement. The survey comprised 57 
questions, with participants responding to between 30 and 
46 of these questions (see Supplemental Material). The sur-
vey was piloted by the research team prior to recruitment to 
ensure questions were appropriate and to minimise survey 
fatigue whilst still addressing the research aims. Data were 
collected using Online Surveys (Jisc, Bristol, UK).

Individuals who completed all required elements of the 
online survey and provided an email address for follow-
up were contacted to participate in a 30-min individual 
semi-structured interview. The interviews were conducted 
in-person or using videoconferencing platforms to suit the 
individual participant. All interviews were recorded and 
transcribed; interview transcripts were checked for errors 
and anonymised by two authors (JB, EG).

Measurements

The survey consisted of questions on participant charac-
teristics, knowledge of NIBS techniques, expectations of 
effects, and willingness to undergo NIBS. To explore the 
expectation of effects, we chose to focus on eating behaviour 
and weight management as examples where brain stimu-
lation techniques have been applied (e.g., Beaumont et al., 
2021, 2023); this was intended as an example that is more 
tangible for participants (i.e., many individuals experience 
issues with weight and/or eating). The survey also explored 
participants’ perceptions of how safe NIBS techniques are 
(safety score) and how comfortable participants are with the 
prospect of receiving stimulation (comfort level). To deter-
mine whether level of knowledge around tES affected safety 
score and comfort level, during the survey participants were 
provided with information: (i) ethical practices, (ii) safety 
standards and procedures, and (iii) shown images of indi-
viduals receiving stimulation. Safety score and comfort level 
were captured at baseline and after each additional piece of 
information.

The interview built on the data collected from the survey 
and comprised questions assessing perceptions of safety and 
ethical procedures, expectations of effects following NIBS, 
willingness to receive stimulation, and perceptions of effi-
cacy for modulating eating behaviour and use in weight 
management. These topics were identified following pre-
liminary analysis of survey data and in response to our wider 
research questions. During the interview, participants were 
reminded of the ethics and safety standards adhered in NIBS 
research to further explore perceived safety of the techniques 
and how comfortable the participant was with the prospect 

of receiving stimulation. The interview schedule is available 
in the Supplemental Material.

Data Analysis

Responses to closed-ended questions were binary (i.e., yes, 
no) or ordinal (e.g., Likert scale). Responses to questions 
with “other” as an option, which required the participant 
to provide a qualitative statement where an appropriate 
response was not listed (e.g., source of knowledge on tES), 
were coded as additional quantitative responses and analysed 
as appropriate for the specific question. Data were explored 
descriptively and in accordance with participant demo-
graphic characteristics and analysed using binomial (e.g., 
whether comfort level differed between those with or without 
prior knowledge of tES) or multinomial logistic regression 
analysis (e.g., whether level of education predicted assumed 
efficacy of tES in weight management) as appropriate for the 
specific question. Normality of data was assessed for safety 
score and comfort level using Kolmogorov–Smirnov tests; 
data were not normally distributed (p < 0.001). Change in 
safety score and comfort level were analysed using Fried-
man’s test, and effect sizes were determined using Kend-
all’s W. Statistical analyses were performed using JASP 
version 0.17.1 (University of Amsterdam, Amsterdam, The 
Netherlands).

Responses to open-ended survey questions and inter-
view transcripts were analysed thematically, with responses 
coded according to the section of the survey; themes were 
established in the absence of any pre-determined frame-
work (Braun & Clarke, 2006). In line with the recommen-
dations by Braun and Clarke (2006), a six-step approach 
was taken to analysing qualitative data. Authors familiarised 
themselves with data by listening to recordings and reading 
through transcripts; initial codes were developed and used 
to inform themes. These themes were defined and agreed, at 
which stage the full transcripts were analysed and brought 
together into this report. Thematic analysis was completed 
by two authors (JB and EG). To improve clarity of report-
ing, where appropriate quantitative and qualitative data 
will be discussed concurrently. The anonymised data and 
analysis files are available via the Open Science Framework 
(OSF):https://​doi.​org/​10.​17605/​OSF.​IO/​4TMVW.

Results

A total of 145 individuals participated in the online sur-
vey, with data saturation in the interviews reached at seven 
participants. Demographic characteristics are displayed in 
Table 1; the views expressed in this section predominantly 
reflect those of people identifying as female, white, edu-
cated, of healthy weight and living in high income countries. 

https://doi.org/10.17605/OSF.IO/4TMVW
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Despite this, data collected still enabled testing of the pri-
mary hypotheses given this reflects the population often 
recruited to tES studies exploring weight management 
(Beaumont et al., 2022b). Six key themes were identified 
from the interviews and qualitative survey responses: experi-
ences, decision making, research practice, efficacy, adverse 
events, and risk versus benefit. An overview of themes and 
subthemes is displayed in Fig. 1. Survey and interviews data 
are presented below in these themes.

Theme 1: Experiences

While few participants had previously received NIBS (n = 2; 
1%), 41 (28%) of survey respondents noted previous knowl-
edge of tES, primarily from reading academic/research arti-
cles (n = 20; 14%). A further 19 (13%) participants had pre-
viously heard of tES from anecdotal sources or mass media. 
Several interview participants acknowledged mass media as 
a source of their understanding around brain stimulation. 
For example, the film One Flew Over a Cuckoo’s Nest was 

repeatedly mentioned. This film depicts an individual receiv-
ing ECT, and while participants acknowledge the differences 
between ECT and tES, connotations were often made.

…the classic film, I’m of that generation. One Flew 
Over the Cuckoo’s Nest, OK, but that’s about ECT I 
know it’s completely different, but I think that hasn’t 
helped the image of research you know after that film. 
I’m sure it’s traumatized a lot of people… [Interview 
2]
…just from the movies and those pictures you’d think 
you get an electric shock, a bit like touching an electric 
fence. Your elbow or your body jerks and you have an 
incontrollable movement. [Interview 7]

However, there was some acknowledgement of the low-
intensity and non-invasive nature of tES.

To be honest it’s not that terrifying […] I’d assume 
that they’d be set to a certain level that is not going to 

Table 1   Participant 
demographic characteristics

n %

Age (years) (mean ± SD) 34 ± 14
Gender Female 92 63.4

Male 52 35.9
Agender 1 0.7

Ethnicity White 127 87.6
Asian/Asian British 5 3.4
Mixed/multiple ethnic group 5 3.4
Black/African/Caribbean/Black British 4 2.8
Prefer not to say 3 2.1
Arab 1 0.7

Country of residence UK 134 92.4
Portugal 3 2.1
New Zealand 2 1.4
Australia 1 0.7
Germany 1 0.7
Italy 1 0.7
The Netherlands 1 0.7
Saudi Arabia 1 0.7
USA 1 0.7

Highest level of education College or university 48 33.1
Higher, secondary or further education 47 32.5
Post-graduate degree 41 28.2
Secondary school (up to 16 years) 9 6.2

Perceived weight category Healthy weight 100 69.0
Overweight 34 23.4
Obese 8 5.5
Underweight 3 2.1

Struggle to maintain healthy weight Yes 90 62.1
No 55 37.9
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like make you feel like you’re sat in an electric chair 
or something [Interview 1]
Again, with no knowledge of it or seen any, what-
ever, how this technique is done, I can imagine now 
that it’s a case that somebody isn’t [sic] got to be 
strapped to a gurney so that they can’t move and the 
head locked in one position and I’m sure it’ll be sit-
ting in a nice comfortable chair and there’ll be some 
very discrete wires that’ll be attached to you some-
where […] you probably hardly even notice that the 
treatment is being carried out. [Interview 7]

Theme 2: Decision Making

Informed consent, and particularly a participants’ capacity 
to make informed decisions about receiving treatment, was 
of concern to some participants. This appears particularly 
important given the comparison to more intensive and 
invasive techniques such as ECT, which has a particularly 
challenging ethical background (González-Pando et al., 
2021; Sweetmore, 2022).

I think obviously there’s ethical issues around the 
capacity of the person that’s having the treatment 
that they understand exactly what they’re agreeing 
to. [Interview 1]
…because there may be some instances where you 
may have a vulnerable person that cannot make the 
decision themselves or on what treatment is best for 
them, that might affect an individual person’s judg-
ment […] I think there are a lot of really serious 
ethical considerations. [Interview 5]

The ability to review evidence independently appears 
important, including being able to access research and 
information freely beyond the potentially biased informa-
tion shared by researchers or clinicians. This information 
should be accessible to everyone and include a complete 
picture, for example, around efficacy and safety. Partici-
pants stress the importance of avoiding jargon and adjust-
ing the formatting of information to suit the individual.

…but it’s [the information provided to different 
groups] still the same and make sure like you’re not 

Fig. 1   Themes and sub-themes emerging from semi-structured interviews
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missing anything out or you’re not like removing 
something that’s like really important. [Interview 4]

The information shared should be carefully considered, 
however, as this may lead participants to expect that they 
will experience adverse events.

I think on the one hand, you need to warn people that 
you might get those sensations, but on the other hand, 
knowing about it is also scary as well because you 
start expecting to feel something. […] That would just 
reinforce my fears. [Interview 2]

Theme 3: Research Practice

Adhering to ethical principles (e.g., ensuring participants 
understand they can terminate procedures at any moment) 
and ensuring the participant is comfortable with procedures 
appeared to be particularly important.

…they know about withdrawal, and they know that 
the researcher is going to protect the participants and 
make sure that no harm comes to them. […] there is 
nothing forcing you to, like, fully complete if you don’t 
want to. […] maybe explaining to them like ‘oh, this 
is what’s going to happen, this is how it works, this is 
what each part does’, if it looks a bit like different to 
what they’re usually used to seeing. [Interview 4]

As part of ethical and safety procedures for our lab-
oratory-based studies, we employ a stringent screening 
procedure that excludes anyone with contraindications to 
stimulation, even where these pose minimal risk. Stimula-
tion can only be delivered by trained researchers, with a 
second researcher available during the entire testing visit; 
one of these researchers must be first aid trained to respond 
to adverse events should they occur. We are also required 
to carefully monitor adverse events and report any serious 
events to the relevant ethics committee for review. These 
procedures were explained to interview participants to gauge 
their interpretation of the requirements. While some valued 
these precautions, they were also viewed as a “double-edged 
sword”.

I think it makes me more comfortable in a way that, 
you can see that obviously the research team around 
you are trying to care for you. […] having a first aider 
there almost makes it seem like something might hap-
pen. […] it’s a bit of a double-edged sword […] if it’s 
safe then why does there need to be a first aider there? 
[Interview 1]

Trust was a fundamental concept for participants. This 
included trust in the technique (e.g., that it is safe and 

ethical), trust in the research (e.g., no bias in publication), 
and in the researcher or clinical team (e.g., no hidden 
agenda).

…the researcher has an agenda […]. Not to say that 
that means that what you say is going to be wrong, but 
I’d like to then have the evidence as well to back that 
up and to look into it myself. [Interview 1]
If someone will [sic] do any research on this part of my 
body then I want someone that I can trust […] the sim-
ple fact that we had this discussion I think increased 
the trust on [sic] what you’re doing, the willingness 
increased to take part in the research. [Interview 3]

Theme 4: Efficacy

Participants’ perception of efficacy was predicted by their 
willingness to use stimulation; those more willing to use 
tES for weight management viewed the techniques are 
more effective for both modulating eating behaviour (χ2 
(141) = 3.880, p = 0.049, OR = 2.510) and in weight man-
agement (χ2 (141) = 4.343, p = 0.037, OR = 2.420). Efficacy 
for one domain of behaviour (general behaviour, eating 
behaviour, weight management) predicted increased effi-
cacy for the other domains (see Supplemental Material). 
In addition, efficacy for modulating eating behaviour (χ2 
(143) = 8.876, p = 0.003, OR = 4.594) and in weight man-
agement (χ2 (143) = 5.433, p = 0.020, OR = 2.808) were sig-
nificant predictors of willingness to undergo tES procedures. 
Age was a significant predictor of efficacy (χ2 (143) = 5.870, 
p = 0.015, OR = 0.967), where younger adults viewed tES 
as more effective than older adults. Willingness to undergo 
stimulation specifically for weight management was pre-
dicted by perceived weight status, with those of higher 
weight showing greater interest in using the use of tES (χ2 
(141) = 22.240, p < 0.001), and where participants struggle 
to maintain a healthy weight (χ2 (143) = 15.329, p < 0.001, 
OR = 3.985).

Regardless of views around efficacy, participants were 
uncomfortable with the idea of receiving stimulation them-
selves. However, they do not rule the techniques out com-
pletely and appear happy to suggest stimulation to others 
especially where they view this as a useful paradigm for 
weight or wider health issues.

I feel that you’ve made me feel more comfortable about 
it, but I think I still would not have it on myself. But if 
it was somebody I knew I wouldn’t dissuade them from 
having it. Like if it was one of my children, in view of 
what you’ve just told me, whereas at the beginning of 
the interview I would have said don’t go anywhere near 
that… [Interview 5]
…if I knew somebody that was struggling to lose 
weight I’d say ‘oh well I’ve heard of this you know 
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why don’t you find out a bit more about it?’, it’s not 
to say I wouldn’t promote it, but, just at the moment 
myself, I don’t think I’d have it done. [Interview 1]

This may be due to the target of these techniques — the 
brain — which is viewed as the most vital organ and central 
to what defines us as individuals.

…I don’t mind the image of it on any other part of the 
body but once you get to something so central and core 
to you to your system like the brain, that really quite 
frightens me and it’s something that makes me recoil 
really. [Interview 5]
When you don’t know much about brains, you think 
that’s the centre of everything of your whole being 
[…] so people could be worried that if it goes, hits a 
wrong part of the brain that that could have an impact. 
[Interview 1]
The brain is the most fragile, complex and vital organ 
in the body and it’s still a long way from being fully 
understood by science so the idea of messing with it 
in this way is frightening for me. [Survey response]

Theme 5: Adverse Events

Participants appear to be more comfortable with the idea 
of receiving stimulation as they were provided with greater 
information on the techniques (χ2 (3) = 49.587, p < 0.001, 
W = 0.114), and view the techniques as safer (χ2 (3) = 40.842, 
p < 0.001, W = 0.094) (Fig. 2). Indeed, both safety score (χ2 
(141) = 23.815, p < 0.001, OR = 7.059) and comfort level (χ2 
(111) = 37.697, p < 0.001, OR = 28.138) significantly pre-
dicted willingness to receive tES.

Despite this, there was still evident apprehension around 
undergoing stimulation.

…I probably wouldn’t, but that’s not because I think 
it’s unsafe or anything like that that’s just a personal 
feeling that I’d like to try other things first… [Inter-
view 1]
…even though I’ve warmed towards it, it’s only in a 
way that I would think that if I had a condition where 
I was absolutely desperate and there was no other way 
out, like a very severe eating disorder that I could not 
manage and every other possibility had been tried, 
then if the research had already been done, it would 
be something that I’d consider, but at the moment, I 
feel that it’s too, it’s not researched enough for me to 
want to take a chance. [Interview 5]

This may be the result of “a fear of the unknown” [survey 
response], due to the relative novelty of the techniques and 
lack of clinical use or awareness, and the sense of lack of 
evidence around psychology and neuroscience disciplines.

Oh, it’s just it’s just scary, isn’t it? […] I think it’s the 
unknowns probably. I mean, my common sense is tell-
ing me it’s probably not too much different from taking 
a drug and you’ve still got side effects from drugs, 
haven’t you? […] I think it’s something about the phys-
ical electrical stimulation of the brain that makes you 
think ‘what’s going on there? What’s being triggered? 
What are the chemicals you know being activated. Are 
there any long-term effects?’ [Interview 2]
Well, when I first heard the phrase, I thought I didn’t 
know anything about it at all. I thought it just seemed 
very, very obscure and quite frightening really. [Inter-
view 5]

Level of education also predicted baseline comfort level 
(χ2 (108) = 13.358, p = 0.038), as well as change in comfort 

Fig. 2   Mean and SD for safety 
score and comfort level (y-axis) 
as participants are provided 
with greater information regard-
ing stimulation (x-axis)
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score (χ2 (83) = 12.906, p = 0.045). Those with higher educa-
tion status appeared to be more comfortable with tES.

Theme 6: Risk Versus Benefit

A clear description of any risks beyond a brief overview 
of cutaneous sensations was viewed as important to allow 
individuals to weigh up risks versus benefits. Overviewing 
more long-term impacts of the techniques was considered 
an important inclusion. There was some acknowledgement 
of the risks of many medical approaches. For example, par-
ticipants acknowledged the use of drugs or bariatric sur-
gery for weight management is not without adverse events. 
The context of safety issues appears important, particularly 
when participants are deciding whether to undergo stimu-
lation procedures. This may have particular implications 
for clinical use, as patients may need to be provided with 
information around the risks versus benefits of stimulation 
in comparison with other treatment options (e.g., pharma-
cological or surgical procedures) so they can weigh up such 
risks across treatment options. Providing this information 
would allow patients to make more informed choices about 
their treatment.

I think it’s important that they know that everything 
has side effects and there’s always something that 
could happen here or something that could happen 
there… [Interview 4]
…if it can be ascertained and there’s enough evidence 
to show that it’s very low risk, you know, compared 
to drug therapy then, yeah, people could be given a 
choice. [Interview 2]

Discussion

This study explored the perceptions around tES; while the 
present study had a particular focus on perceptions within a 
research context, it is not possible to dissociate the percep-
tions of tES within a research and clinical setting. For exam-
ple, where questions focussed on research use, participants 
often reflected on therapeutic tES. Overall, there was clear 
apprehension around the use of tES, particularly where they 
were deemed to have low efficacy or alternative treatment 
options were available. While the techniques were generally 
viewed as safe, participants were uncomfortable with the 
fundamental use of these stimulation protocols — applying 
an electric current to the brain, an organ viewed as central 
to human identity and functioning.

When considering the use of tES and wider NIBS, it is 
important to reflect on the four core ethical principles in 
research and clinical care: beneficence (act for the benefit 
of the participant), non-maleficence (doing no harm to the 

participant), autonomy (right of participants to accept or 
refuse treatment), and justice (fair, equitable and appropriate 
treatment of participants) (Beauchamp & Childress, 2019; 
Varkey, 2021). When delivering stimulation, we must ensure 
these ethical standards are strictly adhered — a concept 
captured in the participants’ reflection of standard practice. 
While much of the current research often recruited “healthy” 
individuals who are able to express their autonomy in receiv-
ing stimulation (Filmer et al., 2014; Lefaucheur, 2016), there 
is interest in exploring use in, for example, dementia where 
the participants may not have capacity to make appropriate 
decisions regarding engagement in NIBS research (Harding, 
2012; Wolfe et al., 2021).

Non-maleficence is of particular focus for NIBS research. 
Standard tDCS protocols (e.g., 2.0 mA for 20 min) are con-
sidered safe for adults, children, healthy individuals, and 
patient groups (Matsumoto & Ugawa, 2017). Indeed, a 
review of more than 33,200 tDCS sessions found no record 
of serious adverse events (e.g., seizure), irreversible brain 
damage or detrimental behaviour changes as a result of 
tDCS protocols that involve up to 4.0 mA for up to 40 min 
could be found (Bikson et al., 2016). Similarly, Pilloni et al. 
(2021) found no serious adverse events or sustained cuta-
neous sensations in 14,695 tDCS sessions, including fol-
lowing repeated sessions and in participants with advanced 
neurological conditions. While severe adverse events are 
scarce, participants often experience mild cutaneous sensa-
tions. For example, the most commonly reported sensations 
are tingling, itching, and a burning sensation (Poreisz et al., 
2007). Such sensations are transient, and often subside once 
the current stabilises or shortly after (Nitsche et al., 2008).

Explicit safety thresholds have been previously defined 
to ensure non-maleficence (Nitsche et al., 2003), with rig-
orous reporting mechanisms for potential severe adverse 
events often built into ethical practice. Where severe adverse 
events have been reported (e.g., Lu and Lam (2019)), these 
are often the result of poor adherence with safety thresholds. 
What may be particularly alarming for potential participants 
is the discussion around safety of stimulation. Woods et al. 
(2016) discuss the difference between safety and tolerability, 
where safety refers to the damaging effects of stimulation 
whereas tolerability is the presence of uncomfortable or 
unintended effects (i.e., cutaneous sensations). It is impor-
tant that we inform potential participants of cutaneous sen-
sations and potential for severe adverse events, but shifting 
terminology from discussing safety of stimulation to par-
ticipant tolerability may alleviate some of the apprehen-
sion around undergoing tES procedures while still allowing 
equivalent consideration by researchers for the maintenance 
of safe and ethical practice.

Sufficient evidence to warrant the use of stimulation 
appears of particular importance to potential participants. 
When exploring an eating behaviour domain, the evidence in 
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support of tES to modulate eating behaviour is mixed (Beau-
mont et al., 2022b; Lowe et al., 2017). While there were 
promising early findings (Fregni et al., 2008; Goldman et al., 
2011), more recent work shows a lack of consistency in 
effects (Beaumont et al., 2021, 2023; Carvalho et al., 2019; 
Grundeis et al., 2017). This lack of consistency in effects 
does not necessarily equate lack of efficacy; however, it will 
likely be challenging to provide an explicit justification for 
use to participants, especially where they may be unfamiliar 
with reading scientific literature (Hutchins, 2020). In addi-
tion, there is often the need for more research to support or 
oppose the use of NIBS techniques within specific domains 
— including eating behaviour and weight management. 
What is particularly important when providing participants 
an overview of the current evidence is to avoid expectation 
of effects. Where participants were informed of the expected 
effects of tDCS on eating behaviour, Ray et al. (2019) found 
a significant change in eating-related variables regardless 
of whether participants received active or sham protocols. 
Our analyses identified differences in perception of efficacy, 
safety, and comfort between different demographic groups 
(e.g., age, level of education). This may suggest different 
types or levels of information are needed for different groups 
of the population. Efficacious and safe tDCS protocol for the 
modulation of eating behaviour comprise current intensity 
between 1.5 and 2.0 milliampere (mA), with electrode size 
not exceeding 35 cm2 over the target region (current density 
between 0.057 and 0.080 mA·cm−2), delivered for 20 min 
to the right dorsolateral prefrontal cortex (Beaumont et al., 
2022a).

Beyond application and overview of this method, work 
using NIBS techniques should provide explicit information 
to potential participants on what the technique is, how it 
is used, evidence in support of efficacy (whilst carefully 
considering expectation of effects), the expected short- and 
long-term adverse events, safety and ethical procedures, and 
details on researcher training. Albeit only demonstrated to 
a small effect size with statistical analyses, qualitative data 
shows the use of multiple formats of communication is effec-
tive for improving views of these techniques. As such, this 
information should be provided in multiple formats beyond 
the participant information sheet (e.g., introductory video), 
with enhanced opportunities for participants to ask questions 
(e.g., frequently asked questions forum). Noting that up to 
85% attrition may be observed, the present study suggests 
providing such explicit information may increase recruit-
ment rates by up to 55%. Researchers may benefit from 
developing a bank of images and/or videos depicting the 
relevant NIBS procedures that can be shared with partici-
pants. This also links with participants’ trust in researchers, 
a topic of focus across research domains, with particular ref-
erence to research integrity and governance, importance of 
shared understanding, and engagement with key participant 

groups (Guillemin et al., 2016, 2018; Kerasidou, 2017). Pro-
viding explicit, unbiased and accessible information is vital 
to building trust and ensuring participants can make fully 
informed decisions.

Conclusion

Links are often made between NIBS procedures and more 
invasive and intensive techniques, which can impact indi-
vidual willingness to undergo brain stimulation. This poses 
a particular problem when research is needed to demonstrate 
their efficacy for clinical use. Considering the tightly regu-
lated and ethically scrutinised protocols, these non-invasive 
techniques are viewed as safe, with participants comfort-
able with the idea of brain stimulation. However, partici-
pants are uncomfortable with the idea of “messing” with 
the brain and are therefore reluctant to undergo procedures. 
The provision of clear, explicit and independent information 
on the technique used in a study or clinical setting is impor-
tant for building trust and reducing fear of the research and 
demonstrating the need to use such paradigms. Trust in the 
individual delivering NIBS appears particularly important, 
suggesting researchers must develop connections and build 
a relationship with participants early on into their participa-
tion in research.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s41465-​025-​00323-7.

Funding  This work was supported by funding from the Enhancing 
Graduate Outcomes Scheme at Leeds Trinity University.

Data Availability  The anonymised data and analysis files are available 
via the Open Science Framework (OSF): https://​doi.​org/​10.​17605/​OSF.​
IO/​4TMVW.

Declarations 

Conflict of Interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

https://doi.org/10.1007/s41465-025-00323-7
https://doi.org/10.17605/OSF.IO/4TMVW
https://doi.org/10.17605/OSF.IO/4TMVW
http://creativecommons.org/licenses/by/4.0/


	 Journal of Cognitive Enhancement

References

Abbott, C. C., Quinn, D., Miller, J., Ye, E., Iqbal, S., Lloyd, M., . . . 
McClintock, S. M. (2021). Electroconvulsive therapy pulse ampli-
tude and clinical outcomes. The American Journal of Geriatric 
Psychiatry, 29(2), 166–178. https://​doi.​org/​10.​1016/j.​jagp.​2020.​
06.​008

Antal, A., Alekseichuk, I., Bikson, M., Brockmöller, J., Brunoni, A. 
R., Chen, R., . . . Paulus, W. (2017). Low intensity transcranial 
electric stimulation: Safety, ethical, legal regulatory and applica-
tion guidelines. Clinical Neurophysiology, 128(9), 1774–1809. 
https://​doi.​org/​10.​1016/j.​clinph.​2017.​06.​001

Beauchamp, T. L., & Childress, J. F. (2019). Principles of biomedical 
ethics (Eighth ed.). Oxford University Press.

Beaumont, J. D., Dalton, M., Davis, D., Finlayson, G., Nowicky, A., 
Russell, M., & Barwood, M. J. (2023). No effect of prefrontal 
transcranial direct current stimulation (tDCS) on food craving, 
food reward and subjective appetite in females displaying mild-
to-moderate binge-type behaviour. Appetite, 189, 106997. https://​
doi.​org/​10.​1016/j.​appet.​2023.​106997

Beaumont, J. D., Davis, D., Dalton, M., Nowicky, A., Russell, M., 
& Barwood, M. J. (2021). The effect of transcranial direct cur-
rent stimulation (tDCS) on food craving, reward and appetite in 
a healthy population. Appetite, 157, 105004. https://​doi.​org/​10.​
1016/j.​appet.​2020.​105004

Beaumont, J. D., Smith, N. C., Starr, D., Davis, D., Dalton, M., 
Nowicky, A., . . . Barwood, M. J. (2022a). Effective transcranial 
direct current stimulation parameters for the modulation of eat-
ing behavior: A systematic literature review and meta-analysis. 
Psychosomatic Medicine, 84(6), 646–657. https://​doi.​org/​10.​1097/​
PSY.​00000​00000​001074

Beaumont, J. D., Smith, N. C., Starr, D., Davis, D., Dalton, M., 
Nowicky, A., . . . Barwood, M. J. (2022b). Modulating eating 
behavior with transcranial direct current stimulation (tDCS): A 
systematic literature review on the impact of eating behavior 
traits [https://​doi.​org/​10.​1111/​obr.​13364]. Obesity Reviews, 23(2), 
e13364. https://​doi.​org/​10.​1111/​obr.​13364

Biegler, P. (2019). Can ‘brain zapping’ tackle tumours? Cosmos Mag-
azine. https://​cosmo​smaga​zine.​com/​biolo​gy/​can-​brain-​zappi​ng-​
tackle-​tumou​rs

Bikson, M., Grossman, P., Thomas, C., Zannou, A. L., Jiang, J., Adnan, 
T., . . . Woods, A. J. (2016). Safety of transcranial direct current 
stimulation: Evidence based update 2016. Brain Stimulation, 9(5), 
641–661. https://​doi.​org/​10.​1016/j.​brs.​2016.​06.​004

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. 
Qualitative Research in Psychology, 3(2), 77–101. https://​doi.​org/​
10.​1191/​14780​88706​qp063​oa

Brunoni, A. R., Amadera, J., Berbel, B., Volz, M. S., Rizzerio, B. G., 
& Fregni, F. (2011). A systematic review on reporting and assess-
ment of adverse effects associated with transcranial direct current 
stimulation. International Journal of Neuropsychopharmacology, 
14(8), 1133–1145. https://​doi.​org/​10.​1017/​s1461​14571​00016​90

Cancer, A., Santi, F., spsampsps Antonietti, A. (2021). Chapter 14 - tES 
to rehabilitate neurodevelopmental disorders: A study on clinical 
practitioners’ attitudes. In R. C. Kadosh, T. Zaehle, spsampsps K. 
Krauel (Eds.), Progress in brain research 264, 343–361. Elsevier. 
https://​doi.​org/​10.​1016/​bs.​pbr.​2021.​01.​018

Cancer, A., Schulz, P. J., Castaldi, S., & Antonietti, A. (2018). Neu-
roethical issues in cognitive enhancement: The undergraduates’ 
point of view. Journal of Cognitive Enhancement, 2(4), 323–330. 
https://​doi.​org/​10.​1007/​s41465-​018-​0110-3

Carvalho, S., Sampaio, A., Mendes, A. J., Lema, A., Vieira, D., Gon-
calves, O. F., & Leite, J. (2019). Polarity specific effects of cross-
hemispheric tDCS coupled with approach-avoidance training on 

chocolate craving [Article]. Frontiers in Pharmacology, 9, 1500. 
https://​doi.​org/​10.​3389/​fphar.​2018.​01500

Coffman, B. A., Clark, V. P., & Parasuraman, R. (2014). Battery pow-
ered thought: Enhancement of attention, learning, and memory 
in healthy adults using transcranial direct current stimulation. 
NeuroImage, 85, 895–908. https://​doi.​org/​10.​1016/j.​neuro​image.​
2013.​07.​083

de Graaf, T. A., & Sack, A. T. (2018). When and how to interpret null 
results in NIBS: A taxonomy based on prior expectations and 
experimental design [https://​doi.​org/​10.​3389/​fnins.​2018.​00915]. 
Frontiers in Neuroscience, 12, 915. https://​doi.​org/​10.​3389/​fnins.​
2018.​00915

Dissanayaka, T., Nakandala, P., Malwanage, K., Hill, A. T., Ashthree, 
D. N., Lane, M. M., . . . Jaberzadeh, S. (2023). The effects of 
anodal tDCS on pain reduction in people with knee osteoarthritis: 
A systematic review and meta-analysis. Neurophysiologie Clin-
ique, 53(6), 102921. https://​doi.​org/​10.​1016/j.​neucli.​2023.​102921

Duncan, E. S., Donovan Neila, J., & Gentimis, T. (2022). Are people 
with poststroke aphasia receptive to transcranial direct current 
stimulation? A survey. American Journal of Speech-Language 
Pathology, 31(3), 1383–1393. https://​doi.​org/​10.​1044/​2022_​
AJSLP-​21-​00190

Duriez, P., Bou Khalil, R., Chamoun, Y., Maatoug, R., Strumila, R., 
Seneque, M., . . . Guillaume, S. (2020). Brain stimulation in eat-
ing disorders: State of the art and future perspectives. Journal 
of Clinical Medicine, 9(8). https://​doi.​org/​10.​3390/​jcm90​82358

Filmer, H. L., Dux, P. E., & Mattingley, J. B. (2014). Applications 
of transcranial direct current stimulation for understanding brain 
function. Trends in Neurosciences, 37(12), 742–753. https://​doi.​
org/​10.​1016/j.​tins.​2014.​08.​003

Fineberg, N. A., Cinosi, E., Smith, M. V. A., Busby, A. D., Wellsted, 
D., Huneke, N. T. M., . . . Baldwin, D. S. (2023). Feasibility, 
acceptability and practicality of transcranial stimulation in obses-
sive compulsive symptoms (FEATSOCS): A randomised con-
trolled crossover trial. Comprehensive Psychiatry, 122, 152371. 
https://​doi.​org/​10.​1016/j.​compp​sych.​2023.​152371

Fox, D. (2011). Neuroscience: Brain buzz. Nature, 472(7342), 156–
159. https://​doi.​org/​10.​1038/​47215​6a

Fregni, F., Orsati, F., Pedrosa, W., Fecteau, S., Tome, F. A. M., Nitsche, 
M. A., . . . Boggio, P. S. (2008). Transcranial direct current stimu-
lation of the prefrontal cortex modulates the desire for specific 
foods. Appetite, 51(1), 34–41. https://​doi.​org/​10.​1016/j.​appet.​
2007.​09.​016

Goldman, R. L., Borckardt, J. J., Frohman, H. A., O’Neil, P. M., 
Madan, A., Campbell, L. K., . . . George, M. S. (2011). Prefrontal 
cortex transcranial direct current stimulation (tDCS) temporarily 
reduces food cravings and increases the self-reported ability to 
resist food in adults with frequent food craving. Appetite, 56(3), 
741–746. https://​doi.​org/​10.​1016/j.​appet.​2011.​02.​013

González-Pando, D., González-Menéndez, A., Aparicio-Basauri, V., 
de la Garza, C. L. S., Torracchi-Carrasco, J. E., & Pérez-Álvarez, 
M. (2021). Ethical implications of electroconvulsive therapy: A 
review. Ethical Hum Psychol Psychiatry. https://​doi.​org/​10.​1891/​
EHPP-D-​21-​00002

Grundeis, F., Brand, C., Kumar, S., Rullmann, M., Mehnert, J., & Ple-
ger, B. (2017). Non-invasive prefrontal/frontal brain stimulation 
is not effective in modulating food reappraisal abilities or calorie 
consumption in obese females. Frontiers in Neuroscience, 11, 334. 
https://​doi.​org/​10.​3389/​fnins.​2017.​00334

Guillemin, M., Barnard, E., Allen, A., Stewart, P., Walker, H., 
Rosenthal, D., & Gillam, L. (2018). Do research participants trust 
researchers or their institution? Journal of Empirical Research on 
Human Research Ethics, 13(3), 285–294. https://​doi.​org/​10.​1177/​
15562​64618​763253

https://doi.org/10.1016/j.jagp.2020.06.008
https://doi.org/10.1016/j.jagp.2020.06.008
https://doi.org/10.1016/j.clinph.2017.06.001
https://doi.org/10.1016/j.appet.2023.106997
https://doi.org/10.1016/j.appet.2023.106997
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1097/PSY.0000000000001074
https://doi.org/10.1097/PSY.0000000000001074
https://doi.org/10.1111/obr.13364
https://doi.org/10.1111/obr.13364
https://cosmosmagazine.com/biology/can-brain-zapping-tackle-tumours
https://cosmosmagazine.com/biology/can-brain-zapping-tackle-tumours
https://doi.org/10.1016/j.brs.2016.06.004
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1017/s1461145710001690
https://doi.org/10.1016/bs.pbr.2021.01.018
https://doi.org/10.1007/s41465-018-0110-3
https://doi.org/10.3389/fphar.2018.01500
https://doi.org/10.1016/j.neuroimage.2013.07.083
https://doi.org/10.1016/j.neuroimage.2013.07.083
https://doi.org/10.3389/fnins.2018.00915
https://doi.org/10.3389/fnins.2018.00915
https://doi.org/10.3389/fnins.2018.00915
https://doi.org/10.1016/j.neucli.2023.102921
https://doi.org/10.1044/2022_AJSLP-21-00190
https://doi.org/10.1044/2022_AJSLP-21-00190
https://doi.org/10.3390/jcm9082358
https://doi.org/10.1016/j.tins.2014.08.003
https://doi.org/10.1016/j.tins.2014.08.003
https://doi.org/10.1016/j.comppsych.2023.152371
https://doi.org/10.1038/472156a
https://doi.org/10.1016/j.appet.2007.09.016
https://doi.org/10.1016/j.appet.2007.09.016
https://doi.org/10.1016/j.appet.2011.02.013
https://doi.org/10.1891/EHPP-D-21-00002
https://doi.org/10.1891/EHPP-D-21-00002
https://doi.org/10.3389/fnins.2017.00334
https://doi.org/10.1177/1556264618763253
https://doi.org/10.1177/1556264618763253


Journal of Cognitive Enhancement	

Guillemin, M., Gillam, L., Barnard, E., Stewart, P., Walker, H., & 
Rosenthal, D. (2016). “Doing trust”: How researchers conceptual-
ize and enact trust in their research practice. Journal of Empirical 
Research on Human Research Ethics, 11(4), 370–381. https://​doi.​
org/​10.​1177/​15562​64616​668975

Hagenacker, T., Bude, V., Naegel, S., Holle, D., Katsarava, Z., Diener, 
H.-C., & Obermann, M. (2014). Patient-conducted anodal tran-
scranial direct current stimulation of the motor cortex alleviates 
pain in trigeminal neuralgia. The Journal of Headache and Pain, 
15(1), 78. https://​doi.​org/​10.​1186/​1129-​2377-​15-​78

Hall, P. A., Vincent, C. M., & Burhan, A. M. (2018). Non-invasive 
brain stimulation for food cravings, consumption, and disorders of 
eating: A review of methods, findings and controversies. Appetite, 
124, 78–88. https://​doi.​org/​10.​1016/j.​appet.​2017.​03.​006

Harding, R. (2012). Legal constructions of dementia: Discourses of 
autonomy at the margins of capacity. Journal of Social Welfare 
and Family Law, 34(4), 425–442. https://​doi.​org/​10.​1080/​09649​
069.​2012.​755031

Héroux, M. E., Taylor, J. L., & Gandevia, S. C. (2015). The use and 
abuse of transcranial magnetic stimulation to modulate corticospi-
nal excitability in humans. PLoS ONE, 10(12), e0144151. https://​
doi.​org/​10.​1371/​journ​al.​pone.​01441​51

Hutchins, J. A. (2020). Tailoring scientific communications for audi-
ence and research narrative.Current Protocols in Essential Labo-
ratory Techniques,20(1). https://​doi.​org/​10.​1002/​cpet.​40

Hutchinson, A. (2019). Is brain stimulation the next big thing? Outside. 
https://​www.​outsi​deonl​ine.​com/​24038​93/​neuro​fire-​brain-​stimu​
lation-​tdcs-​bike-​tour#​close. Accessed 10 Mar 2025

Ingle, S. (2015). Team sky’s dave brailsford on the hunt for cycling’s 
new technology. The Guardian. https://​www.​thegu​ardian.​com/​
sport/​2015/​mar/​06/​team-​sky-​dave-​brail​sford-​cycli​ng-​new-​techn​
ology. Accessed 10 Mar 2025

Jamil, A., & Nitsche, M. A. (2017). What effect does tDCS have 
on the brain? Basic physiology of tDCS. Current Behavioral 
Neuroscience Reports, 4(4), 331–340. https://​doi.​org/​10.​1007/​
s40473-​017-​0134-5

Jwa, A. (2018). DIY tDCS: A need for an empirical look. Journal of 
Responsible Innovation, 5(1), 103–108. https://​doi.​org/​10.​1080/​
23299​460.​2017.​13381​03

Katwala, A. (2019). High-flying CEOs are trying to brain-zap their 
way to happiness. WIRED. https://​www.​wired.​co.​uk/​artic​le/​brain-​
stimu​lation-​welln​ess-​tdcs. Accessed 10 Mar 2025

Kerasidou, A. (2017). Trust me, I’m a researcher!: The role of trust in 
biomedical research. Medicine, Health Care and Philosophy, 20, 
43–50. https://​doi.​org/​10.​1007/​s11019-​016-​9721-6

Lefaucheur, J. P. (2016). A comprehensive database of published tDCS 
clinical trials (2005–2016). Clinical Neurophysiology, 46(6), 319–
398. https://​doi.​org/​10.​1016/j.​neucli.​2016.​10.​002

Li, L. M., Uehara, K., & Hanakawa, T. (2015). The contribution of 
interindividual factors to variability of response in transcranial 
direct current stimulation studies. Frontiers in Cellular Neurosci-
ence, 9, 181. https://​doi.​org/​10.​3389/​fncel.​2015.​00181

Lowe, C. J., Vincent, C., & Hall, P. A. (2017). Effects of noninvasive 
brain stimulation on food cravings and consumption: A meta-
analytic review. Psychosomatic Medicine, 79(1), 2–13. https://​
doi.​org/​10.​1097/​psy.​00000​00000​000368

Lu, H., & Lam, L. (2019). Cathodal skin lesions induced by transcra-
nial direct current stimulation (tDCS). Neuromodulation: Tech-
nology at the Neural Interface, 22, 989–991. https://​doi.​org/​10.​
1111/​ner.​12892

Matsumoto, H., & Ugawa, Y. (2017). Adverse events of tDCS and 
tACS: A review. Clinical Neurophysiology Practice, 2, 19–25. 
https://​doi.​org/​10.​1016/j.​cnp.​2016.​12.​003

Moser, A., & Korstjens, I. (2018). Series: Practical guidance to quali-
tative research. Part 3: Sampling, data collection and analysis. 

European Journal of General Practice, 24(1), 9–18. https://​doi.​
org/​10.​1080/​13814​788.​2017.​13750​91

Moshfeghinia, R., Shekouh, D., Mostafavi, S., Hosseinzadeh, M., 
Bahadori, A. R., Abdollahifard, S., & Razmkon, A. (2023). The 
effects of transcranial direct-current stimulation (tDCS) on pain 
intensity of patients with fibromyalgia: A systematic review and 
meta-analysis. BMC Neurology, 23(1), 395. https://​doi.​org/​10.​
1186/​s12883-​023-​03445-7

Nitsche, M. A., Cohen, L. G., Wassermann, E. M., Priori, A., Lang, 
N., Antal, A., . . . Pascual-Leone, A. (2008). Transcranial direct 
current stimulation: State of the art 2008. Brain Stimulation, 1(3), 
206–223. https://​doi.​org/​10.​1016/j.​brs.​2008.​06.​004

Nitsche, M. A., Liebetanz, D., Lang, N., Antal, A., Tergau, F., & Pau-
lus, W. (2003). Safety criteria for transcranial direct current stim-
ulation (tDCS) in humans. Clinical Neurophysiology, 114(11), 
2220–2222. https://​doi.​org/​10.​1016/​S1388-​2457(03)​00235-9

Nitsche, M. A., & Paulus, W. (2000). Excitability changes induced 
in the human motor cortex by weak transcranial direct current 
stimulation. The Journal of Physiology, 527(3), 633–639. https://​
doi.​org/​10.​1111/j.​1469-​7793.​2000.​t01-1-​00633.x

Nitsche, M. A., & Paulus, W. (2001). Sustained excitability elevations 
induced by transcranial DC motor cortex stimulation in humans. 
Neurology, 57(10), 1899–1901. https://​doi.​org/​10.​1212/​wnl.​57.​
10.​1899

Pilloni, G., Woods, A. J., & Charvet, L. (2021). No risk of skin lesion 
or burn with transcranial direct current stimulation (tDCS) using 
standardized protocols. Brain Stimulation: Basic, Translational, 
and Clinical Research in Neuromodulation, 14(3), 511–512. 
https://​doi.​org/​10.​1016/j.​brs.​2021.​03.​006

Poreisz, C., Boros, K., Antal, A., & Paulus, W. (2007). Safety aspects 
of transcranial direct current stimulation concerning healthy 
subjects and patients. Brain Research Bulletin, 72(4), 208–214. 
https://​doi.​org/​10.​1016/j.​brain​resbu​ll.​2007.​01.​004

Potter-Baker, K. A., Bonnett, C. E., Chabra, P., Roelle, S., Varnerin, 
N., Cunningham, D. A., . . . Plow, E. B. (2016). Challenges in 
recruitment for the study of noninvasive brain stimulation in 
stroke: Lessons from deep brain stimulation. Journal of Stroke 
and Cerebrovascular Diseases, 25(4), 927–937. https://​doi.​org/​
10.​1016/j.​jstro​kecer​ebrov​asdis.​2015.​12.​044

Ray, M. K., Sylvester, M. D., Helton, A., Pittman, B. R., Wagstaff, 
L. E., McRae, T. R., . . . Boggiano, M. M. (2019). The effect of 
expectation on transcranial direct current stimulation (tDCS) to 
suppress food craving and eating in individuals with overweight 
and obesity. Appetite, 136, 1–7. https://​doi.​org/​10.​1016/j.​appet.​
2018.​12.​044

Shmerling, R. H. (2023). Can electrical brain stimulation boost atten-
tion, memory, and more? Harvard Health Publishing. https://​
www.​health.​harva​rd.​edu/​blog/​can-​elect​rical-​brain-​stimu​lation-​
boost-​atten​tion-​memory-​and-​more-​20230​30328​98. Accessed 10 
Mar 2025

Simons, P. (2023). Transcranial direct current stimulation (tDCS) fails 
to treat depression. Mad in America. https://​www.​madin​ameri​ca.​
com/​2023/​07/​trans​crani​al-​direct-​curre​nt-​stimu​lation-​tdcs-​fails-​to-​
treat-​depre​ssion/. Accessed 10 Mar 2025

Sun, W., Song, J., Dong, X., Kang, X., He, B., Zhao, W., . . . Chen, X. 
(2022). Bibliometric and visual analysis of transcranial direct cur-
rent stimulation in the web of science database from 2000 to 2022 
via CiteSpace [Original Research]. Frontiers in Human Neurosci-
ence, 16. https://​doi.​org/​10.​3389/​fnhum.​2022.​10495​72

Sweetmore, V. (2022). What are the ethical dilemmas in the decision-
making processes of nursing people given electroconvulsive ther-
apy? A critical realist review of qualitative evidence. Journal of 
Psychiatric and Mental Health Nursing, 29(2), 204–219. https://​
doi.​org/​10.​1111/​jpm.​12778

https://doi.org/10.1177/1556264616668975
https://doi.org/10.1177/1556264616668975
https://doi.org/10.1186/1129-2377-15-78
https://doi.org/10.1016/j.appet.2017.03.006
https://doi.org/10.1080/09649069.2012.755031
https://doi.org/10.1080/09649069.2012.755031
https://doi.org/10.1371/journal.pone.0144151
https://doi.org/10.1371/journal.pone.0144151
https://doi.org/10.1002/cpet.40
https://www.outsideonline.com/2403893/neurofire-brain-stimulation-tdcs-bike-tour#close
https://www.outsideonline.com/2403893/neurofire-brain-stimulation-tdcs-bike-tour#close
https://www.theguardian.com/sport/2015/mar/06/team-sky-dave-brailsford-cycling-new-technology
https://www.theguardian.com/sport/2015/mar/06/team-sky-dave-brailsford-cycling-new-technology
https://www.theguardian.com/sport/2015/mar/06/team-sky-dave-brailsford-cycling-new-technology
https://doi.org/10.1007/s40473-017-0134-5
https://doi.org/10.1007/s40473-017-0134-5
https://doi.org/10.1080/23299460.2017.1338103
https://doi.org/10.1080/23299460.2017.1338103
https://www.wired.co.uk/article/brain-stimulation-wellness-tdcs
https://www.wired.co.uk/article/brain-stimulation-wellness-tdcs
https://doi.org/10.1007/s11019-016-9721-6
https://doi.org/10.1016/j.neucli.2016.10.002
https://doi.org/10.3389/fncel.2015.00181
https://doi.org/10.1097/psy.0000000000000368
https://doi.org/10.1097/psy.0000000000000368
https://doi.org/10.1111/ner.12892
https://doi.org/10.1111/ner.12892
https://doi.org/10.1016/j.cnp.2016.12.003
https://doi.org/10.1080/13814788.2017.1375091
https://doi.org/10.1080/13814788.2017.1375091
https://doi.org/10.1186/s12883-023-03445-7
https://doi.org/10.1186/s12883-023-03445-7
https://doi.org/10.1016/j.brs.2008.06.004
https://doi.org/10.1016/S1388-2457(03)00235-9
https://doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
https://doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
https://doi.org/10.1212/wnl.57.10.1899
https://doi.org/10.1212/wnl.57.10.1899
https://doi.org/10.1016/j.brs.2021.03.006
https://doi.org/10.1016/j.brainresbull.2007.01.004
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.12.044
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.12.044
https://doi.org/10.1016/j.appet.2018.12.044
https://doi.org/10.1016/j.appet.2018.12.044
https://www.health.harvard.edu/blog/can-electrical-brain-stimulation-boost-attention-memory-and-more-202303032898
https://www.health.harvard.edu/blog/can-electrical-brain-stimulation-boost-attention-memory-and-more-202303032898
https://www.health.harvard.edu/blog/can-electrical-brain-stimulation-boost-attention-memory-and-more-202303032898
https://www.madinamerica.com/2023/07/transcranial-direct-current-stimulation-tdcs-fails-to-treat-depression/
https://www.madinamerica.com/2023/07/transcranial-direct-current-stimulation-tdcs-fails-to-treat-depression/
https://www.madinamerica.com/2023/07/transcranial-direct-current-stimulation-tdcs-fails-to-treat-depression/
https://doi.org/10.3389/fnhum.2022.1049572
https://doi.org/10.1111/jpm.12778
https://doi.org/10.1111/jpm.12778


	 Journal of Cognitive Enhancement

Thair, H., Holloway, A. L., Newport, R., & Smith, A. D. (2017). Tran-
scranial direct current stimulation (tDCS): A beginner’s guide for 
design and implementation. Frontiers in Neuroscience, 11, 641. 
https://​doi.​org/​10.​3389/​fnins.​2017.​00641

Varkey, B. (2021). Principles of clinical ethics and their application to 
practice. Medical Principles and Practice, 30(1), 17–28. https://​
doi.​org/​10.​1159/​00050​9119

Wagner, K., Maslen, H., Oakley, J., & Savulescu, J. (2018). Would 
you be willing to zap your child’s brain? Public perspectives on 
parental responsibilities and the ethics of enhancing children with 
transcranial direct current stimulation. AJOB Empirical Bioeth-
ics, 9(1), 29–38. https://​doi.​org/​10.​1080/​23294​515.​2018.​14242​68

Waltz, E. (2023). Does brain stimulation boost memory and focus? 
Huge study tries to settle debate. Scientific American. https://​
www.​scien​tific​ameri​can.​com/​artic​le/​does-​brain-​stimu​lation-​
boost-​memory-​and-​focus-​huge-​study-​tries-​to-​settle-​debate/. 
Accessed 10 Mar 2025

Wexler, A. (2018). Who uses direct-to-consumer brain stimulation 
products, and why? A study of home users of tDCS devices. Jour-
nal of Cognitive Enhancement, 2(1), 114–134. https://​doi.​org/​10.​
1007/​s41465-​017-​0062-z

Wolfe, S. E., Greenhill, B., Butchard, S., & Day, J. (2021). The mean-
ing of autonomy when living with dementia: A Q-method inves-
tigation. Dementia (London), 20(6), 1875–1890. https://​doi.​org/​
10.​1177/​14713​01220​973067

Woods, A. J., Antal, A., Bikson, M., Boggio, P. S., Brunoni, A. R., 
Celnik, P., . . . Nitsche, M. A. (2016). A technical guide to tDCS, 
and related non-invasive brain stimulation tools. Clinical Neuro-
physiology, 127(2), 1031–1048. https://​doi.​org/​10.​1016/j.​clinph.​
2015.​11.​012

Zewdie, E., Ciechanski, P., Kuo, H.-C., Giuffre, A., Cole, L., Seeger, 
T., . . . Kirton, A. (2018). F150 Non-invasive brain stimulation 
is safe in children: Evidence from 3 million stimulations. Clini-
cal Neurophysiology, 129, e123-e124. https://​doi.​org/​10.​1016/j.​
clinph.​2018.​04.​313

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3389/fnins.2017.00641
https://doi.org/10.1159/000509119
https://doi.org/10.1159/000509119
https://doi.org/10.1080/23294515.2018.1424268
https://www.scientificamerican.com/article/does-brain-stimulation-boost-memory-and-focus-huge-study-tries-to-settle-debate/
https://www.scientificamerican.com/article/does-brain-stimulation-boost-memory-and-focus-huge-study-tries-to-settle-debate/
https://www.scientificamerican.com/article/does-brain-stimulation-boost-memory-and-focus-huge-study-tries-to-settle-debate/
https://doi.org/10.1007/s41465-017-0062-z
https://doi.org/10.1007/s41465-017-0062-z
https://doi.org/10.1177/1471301220973067
https://doi.org/10.1177/1471301220973067
https://doi.org/10.1016/j.clinph.2015.11.012
https://doi.org/10.1016/j.clinph.2015.11.012
https://doi.org/10.1016/j.clinph.2018.04.313
https://doi.org/10.1016/j.clinph.2018.04.313

	“A Fear of the Unknown”: Understanding the Perceptions of Transcranial Electrical Stimulation (tES)
	Abstract
	Introduction
	Materials and Method
	Study Design
	Participants
	Procedures
	Measurements
	Data Analysis

	Results
	Theme 1: Experiences
	Theme 2: Decision Making
	Theme 3: Research Practice
	Theme 4: Efficacy
	Theme 5: Adverse Events
	Theme 6: Risk Versus Benefit

	Discussion
	Conclusion
	References


