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Introduction: First responders play a pivotal role in ensuring the wellbeing of individuals during critical situations. The demanding nature of their work exposes them to prolonged shifts and unpredictable situations, leading to elevated fatigue levels. Modern countermeasures to fatigue do not provide the best results. This study evaluates the acceptance and ethical considerations of a novel fatigue countermeasure using transcranial Direct Current Stimulation (tDCS) for fire and emergency medical services (EMS) personnel.

Methods: To better understand first responders' perceptions and ethical concerns about this novel fatigue countermeasure in their work, we conducted semi-structured interviews with first responders (N = 20). Interviews were transcribed into text and analyzed using qualitative content analysis.

Results: Over half of responders (59%) were interested, but over a third had a cautionary stand. Half of the participants seemed to have positive views regarding acceptability; a few were more cautionary or hesitant. A main area of consideration was user control (75%), with the majority wanting to retain some control over when or whether to accept the stimulation. Just above half of the participants (64%) mentioned privacy concerns. Another relevant consideration, raised by 50% of participants, was safety and the potential impact of stimulation (e.g., side effects, long-term effects). Overall, participants thought they needed to understand the system better and agreed that more education and training would be required to make people more willing to use it.

Discussion: Our exploration into combating fatigue among first responders through tDCS has revealed promising initial reactions from the responder community. Findings from this study lay the groundwork for a promising solution, while still in a nascent design stage, to improve the effectiveness and resilience of first responders in fatiguing shifts and critical situations.
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1 Introduction

There has been an expansion of neurotechnologies beyond medical applications to fields like wellness (Kreitmair, 2019; Hendriks et al., 2019; Paek et al., 2020), military (Ienca et al., 2018; Sattler et al., 2022), entertainment (Paek et al., 2020), education (Williamson, 2019; Privitera and Du, 2022), and workplace (Muhl and Andorno, 2023; Midha et al., 2022). In high-risk work domains, such as emergency responders (ER), the ability to track and manage fatigue is critical for enhancing worker safety and performance. Fatigue—the subjective, unpleasant symptom, which incorporates total body feelings ranging from tiredness to exhaustion—creates an unrelenting overall condition that interferes with an individual's ability to function to their normal capacity (Ream and Richardson, 1996). Fatigue reflects the body's strategy in resource management, and as such, it has several physiological roles, including energy conservation and homeostasis maintenance. Fatigue impacts performance via gradual deficits in working memory (Taverniers et al., 2010), perceptions of exertion (Mehta and Agnew, 2015), and attention (Hancock and Warm, 2003), all of which impact situation awareness (Cak et al., 2020), and decision-making, and judgment (Paton and Flin, 1999). Fatigue among ER workers, including fire service and emergency medical services (EMS), has been associated with 3-fold increases in injury and depression risks and a four-fold increase in health and safety-compromising behaviors (Patterson et al., 2012; Rusiecki et al., 2014). ER operations require extended shifts, sustained periods of wakefulness, and prolonged periods of decision-making in highly demanding, unpredictable environments (Aisbett and Nichols, 2007; Mehta et al., 2020; Peres et al., 2023a). These preconditions make both physical and mental fatigue among ER professionals a common experience, impacting their operational performance, as well as their psychological readiness, grit, and resilience (Kauffman et al., 2022).

Numerous attempts have been made to reduce the debilitating impacts of responder fatigue (Peres et al., 2023b), such as regulating work schedules (Lee, 2011), implementing sleep intervention programs (Jang et al., 2020; Sullivan et al., 2017), and training responders to manage their sleep and lifestyle behaviors (Barger et al., 2018). These countermeasures are fundamentally limited in their timeliness and are repeatedly de-prioritized due to operational and organizational constraints, particularly in times of local and national emergencies. ER workers often end up responding to fatigue by taking stimulants, which come with substantial side effects (Manchester et al., 2017), are difficult to ingest while in the field, and do not address the diverse effects of fatigue (Eastlake et al., 2015). There is a critical unmet need to develop transformative and responsible approaches to proactively monitoring, predicting, and managing fatigue that protects responder health and safety, as well as the safety of the communities they serve.

Non-invasive brain stimulation (NIBS) presents a potential alternative to preserving human performance under extreme fatigue and has been shown to have comparative advantages over caffeine in managing the deleterious effects of fatigue in a timely fashion (McIntire et al., 2017, 2014). Transcranial direct current stimulation (tDCS) is a NIBS technique that aims to alter brain function and is inexpensive, safe, temporary, reversible, and is an effective way of augmenting a variety of cognitive abilities (Brunoni et al., 2012; Reato et al., 2019). tDCS has shown to be an inexpensive, safe, temporary, reversible, and effective way of preserving/augmenting cognitive functions in military, consumer, and clinical settings (Peltier et al., 2019; Fregni et al., 2005, 2020). Many studies have found that stimulation of different brain regions with tDCS can enhance the performance of basic cognitive tasks that recruit the corresponding brain regions (Fregni et al., 2020). Studies have shown the strong potential of tDCS to improve operator situation awareness and performance on critical first-response tasks, such as surveillance and threat detection (Clark et al., 2012; Falcone et al., 2012; Parasuraman and Galster, 2013). Similarly, tDCS shows beneficial effects on vigilance (Karthikeyan and Mehta, 2020) and working memory (Karthikeyan et al., 2021), with some studies reporting cognitive improvements during extended periods of sleep-deprivation-induced fatigue (McIntire et al., 2017, 2014). Other studies have focused on the role of tDCS in mental fatigue (Nikooharf et al., 2022) and fatigue relief related to disease conditions such as multiple sclerosis (Chalah et al., 2015; Tecchio et al., 2022), stroke (Doncker and Ondobaka, 2021), and polio (Acler et al., 2013).

Neuroethics, a field that focuses on ethical and societal implications of advances in neuroscience and neurotechnology (Farah, 2012), has examined ethical considerations raised by these advances and neurotechnologies in clinical and when used for enhancement purposes (Hendriks et al., 2019; Eaton and Illes, 2007; Ienca and Andorno, 2020; Zuk et al., 2018). More recently, it has started to delve into questions of neurotechnology in other domains; an example is the work of the IEEE BRAIN Neuroethics Subcommittee and the proposed neuroethics framework that looks at nine different domains of applications, with workplace being one of them. The ethical considerations and implications of tDCS use have been studied in the clinical and military domains (Lavazza, 2019; Davis and Smith, 2019; Feltman et al., 2020; Day et al., 2022; Auvichayapat and Auvichayapat, 2022). Yet, not much research has explored ethical considerations and barriers to the use of tDCS in the workplace. Prior research shows that successful adoption of new interventions depends on factors such as organizational or domain culture, social interaction, and workers' perceptions of functional usefulness and ease of use. Thus, this is important as it can impact the usability of the system. To address this gap, this study explores attitudes and ethical considerations about a tDCS-based fatigue countermeasure aimed at mitigating the debilitating impacts of fatigue on ER workers.



2 Methods

We conducted semi-structured interviews with 20 US-based emergency responders, either actively engaged or retired from the field of duty or involved in ER training during 2021.


2.1 Recruitment and participants

We contacted potential participants by emailing flyers through a local ER training facility to nearby fire and EMS agencies with an invitation to participate in the study.

We enrolled them into the study if they were at least 18 years old, were either current or retired ER personnel or otherwise involved in ER training and spoke comfortably English. When scheduling each interview, we sent participants a letter that described the study and stated that proceeding with the interview indicated their voluntary agreement to participate. The study was approved by the Texas A&M University Institutional Review Board (Exempt determination IRB2021-1342M). There was no compensation for participation in the study.

Participants were informed before the start of the interview about their right to decline to answer any questions or to decide to stop or withdraw their involvement at any point during the interview. A team member conducted each interview with participants in person or by video teleconference (Zoom). All our participants were male, with different positions (firefighter/paramedics, captains, assistant EMS managers, agency instructors, chiefs, education supervisors, program managers, president of a relevant organization, and program director) at various organizations, and had a wide range of experience (the mean number of years of experience in the field was 17.8 years).



2.2 Procedures

We conducted semi-structured interviews to ensure consistency, as well as to facilitate the exploration of unanticipated issues and in-depth understanding while covering a core set of topics (Miles et al., 2013). We used Zoom transcription and revised the transcription for each interview. Each interview lasted between 30 and 40 min. We first asked participants some general questions about their roles and responsibilities. We asked them about the challenges they face in their roles, in particular, their thoughts about fatigue and fatigue management methods. Then, we introduced the technology proposition and captured their initial reactions, followed by questions about their concerns, opportunities, and barriers. We ended up discussing other concerns or views they might have related to the proposed solution.



2.3 Data analysis

We analyzed the text in the interview transcripts using qualitative content analysis methods and a deliberative approach (Hsieh and Shannon, 2005; Sandelowski, 2000). We used Excel to help us organize the data for analysis. We analyzed the first two transcribed interviews and created a draft codebook. All themes were reviewed and refined by two coders [LC, AM]. We based several codes on core aspects of the questions asked during the interviews. We analyzed another two transcripts to see if the codebook needed to be adjusted. We used the developed codebook to code the rest of the transcripts. Team meetings provided opportunities to reach a consensus on coding discrepancies. As part of the analysis, the perspective and positionality of researchers have been acknowledged (Elliott et al., 1999). All researchers are based in the US, but two were not born in the US. In our Results section below, we present relevant quotes to highlight the findings with non-content words and expressions removed for readability.




3 Results

We categorize results into three main groups: (1) fatigue and countermeasure fatigue views, (2) tDCS attitudes and concerns, and (3) views on acceptability. For each of these main categories, we identified several themes.


3.1 Fatigue and views on fatigue countermeasures

The first category captured views relating to fatigue and fatigue countermeasures and includes the subthemes (1) fatigue impact, (2) fatigue countermeasures, and (3) views on ideal solutions to counter fatigue.

Only half of the participants shared their views on fatigue, with several of them (n = 6/10) mentioning that fatigue has both a mental and physical dimension, associating fatigue with tiredness from sleep deprivation and working long shifts.

“I think about it on two different levels. One is just sort of mental fatigue […], And then I also think about physical fatigue, especially, many responders are on duty for long hours.” (Participant 07)

More than half of the total participants (n = 13/20) mentioned the impact of fatigue in their work, including putting their safety and that of others on the line, as it increases the chances for more accidents, more mistakes, and not being able to think clearly.

“You know, no one wants to be on shifts when they haven't slept the night before because not only is it dangerous to the patient, but it's also dangerous for you because you can prove yourselves and unsafe situations.” (Participant 04)

Participants shared a few fatigue countermeasures they use to keep fatigue at bay, as well as some views they have about them. Almost half (n = 8/20) reported coffee as their number one fatigue countermeasure, or even if not coffee drinkers themselves, they acknowledged it as a clear trend among their peers. Exercise was the second most mentioned fatigue countermeasure, followed by taking naps, as well as eating well, and staying hydrated. A few (n = 3/20) mentioned drinking energy drinks, and one mentioned using Adderall. Some mentioned a combination of different countermeasures.

Participants also discussed their ideal solutions to fight fatigue (n = 9/20). Most of these participants (n = 5/9) mentioned shift length restrictions, dividing work hours, having more people on shifts, and having more breaks. One person mentioned having more personnel, and another had an extra ambulance.

“[R]educing our hours, putting in more breaks, investing in, having more people on shifts, and alternating shifts, rather than trying to reduce our fatigue.” (Participant 04)



3.2 tDCS attitudes and concerns

This category captured attitudes and concerns relating to the use of tDCS and included the subthemes of user control, privacy, safety concerns, misuse, and mistrust.

Most participants who voiced a reaction to tDCS mentioned being interested (n = 10/20), however, a sizable number (n = 7/20), including cases of people who mentioned that it sounded interesting, also reacted with caution. Only four participants had a very positive reaction, saying this was a fantastic idea or that they loved the idea.

“So initially, whenever you talk about brain stimulation, I'm thinking about shock therapy […] So I can't say that my first initial thought on that is positive. … but I'm open.” (Participant 03)

“I'd probably be hesitant, but by looking at research, I'd be willing to try it.” (Participant 05)

More than half of participants (n = 14/20) mentioned user control as a concern, how the device would be controlled when in use, with the question of there being an automatic or manual option. There were diverse views on the specifics, with some wanting the system to only monitor fatigue and not stimulate, only one participant was upfront about wanting the stimulation to be automatic, and the rest talked about their preference for keeping control, at least until they were comfortable or trusted the system.

“It would have to be in a sort of on-demand kind of thing, where I initiate the stimulation because if I'm in the middle of starting an IV, and then all of a sudden, this thing shocks me, it could be very distracting” (Participant 03)

“[O]n/off button for the device would seem to be a good feature it would allow me to feel more in control of the device, if there's no on-off feature, stimulating my brain, it kind of sounds pretty Orwellian. I wouldn't want something controlling my brain without my permission.” (Participant 04)

“[When] people have adopted the technology and kind of accepted it, and it had become kind of an industry standard, I think automation is a great thing at that point.” (Participant 09)

Just over half of the participants (n = 11/20) mentioned concerns about privacy, including considerations about sharing data recorded by the device, who has access to the data, where the data goes, and how it might be used. Some participants raised considerations related to liability, for example, if the recorded data was taken out of context negatively by the employer. Others reinforce the need to make sure the systems are secure, considering the type of information being collected.

“What could this data reveal about you that maybe was unintentional? […] are you going to end up revealing something that you weren't aware […] So I think that the privacy concern would be there.” (Participant 07)

Half (n = 10/20) mentioned safety considerations and the potential impact the stimulation would have on a person, with all except for two focusing on the safety risks, including long-term effects, unintended side-effects, the possibility that it would affect your circadian rhythms, and safety considerations of pushing our natural limits. Others wanted to know if the stimulation was going to continue to have the same effects throughout time or if it would either become less effective or bring about new effects.

“You don't want, I think, put people at risk if you're using a device for longer than it needs to be utilized” (Participant 11)

About a third of our participants (n = 6/20) raised concerns about the potential for misuse, either by the end-user or by the employer. Concerns were mentioned that people could essentially use it to their advantage by abusing the stimulation. A related concern mentioned by a similar number of participants (n = 6/20) was related to pushing someone's natural limits, though one participant mentioned this is not a concern because we humans do this all the time. A few also mentioned the possibility that employers will just keep pushing their employees' limits by using this.

“[C]ould be used incorrectly, either by the end-user or the […] employer, … now we can do this, and I can push this person this much further. So now I don't have to have this other XY crew that costs this much money.” (Participant 06)

“It depends on who's using this…if someone's using it to gain a competitive advantage…that's not a good thing” (Participant 19)

A final and related concern to several of the ones mentioned above is related to trust (n = 3/20), including not trusting the system or being more comfortable with control of the system once you trust it.

“I do have a little bit of an issue with an external device controlling the way that I think” (Participant 20)



3.3 Views on acceptability

This final category captured views relating to views on acceptability and included the subthemes of general views on acceptability, facilitators, and barriers.

While overall, the system was acceptable (n = 10/20), four participants were more cautionary, and three explicitly mentioned that there would be hesitation (both from their perspective or others in the field). A quarter (n = 5/20) of participants mentioned that this system makes sense and even brings promise to the EMS community, as this type of public safety jobs need to keep on top of things that can help those working these types of jobs, in particular, tracking fatigue can help people to mitigate harms to the community they aim to serve and to help them do their jobs better. Another third of the participants had some acceptance but were cautionary and perceived the countermeasure as akin to science fiction. They needed to understand better what the system does, its side effects, and whether the benefits outweigh the risks. Others reflected that not everyone will be on board, that it is likely that people will be hesitant until it becomes more widely used, and that education and training should occur to make people more likely to want to use it, but not make this mandatory for those working this type of positions.

“I think [acceptance] would be slow at the beginning. But if it was proven to be effective […] it'd be a tool that they would probably use and embrace” (Participant 06)

“We're actively trying to make our work shift shorter and to lessen the work, but at the same time, we know that there are going to be times when they're going to become fatigued, and we need a safety net that can prevent them from getting into a dangerous area” (Participant 10)



3.4 Facilitators

Participants mentioned several considerations that will make acceptance easier by first responder workers. A key factor mentioned by several participants (n = 8/20) was having the system be convenient (e.g., that enables them to move easily and comfortably). Other considerations included mentioned that it is easy to use (e.g., as a wearable, watch or integrated into their uniform), lightweight and compact, that they could connect to their phone as an app enabling self-monitoring or interaction with the device, and the need to be resistant to heat, water and/or sweat depending on the type of job. Maintenance, durability, battery life, and the importance of having multiple layers of security and encryption were also mentioned by participants as important factors.

“[Something that] it's easy, and it's not invasive, and it can integrate into existing gear, or it can integrate into a hat or something like that and not look dumb, it's a big thing.” (Participant 12)



3.5 Barriers

There were also several barriers noted by participants. For example, several mentioned that if the system was too weird looking or made them look silly (n = 6), it could cause mistrust among those they are trying to serve and become a barrier to their work. Three participants were very explicit that a headband (or something placed on the head or neck) would not be welcomed by them. Finally, the cost to the departments running this type of job can be a barrier to uptake, as well as some of these jobs having more traditional mindsets that make them hesitant to change.

“I don't think anyone wants to look weird in public. Right? We're in the public eye all the time. So if you're wearing electrodes on your head, people are like, no, no, we don't want your help.” (Participant 2)

“I think the biggest barrier is people understanding how it's going to benefit them.” (Participant 16)




4 Discussion

Neurotechnology in the workplace is a growing area, and while literature is growing in producing guidelines to mitigate the negative implications (OECD, 2019; Goering et al., 2021; UNESCO, 2023), very few are focused on the workplace application or workers' views. Our results suggest that there are important reasons to consider fatigue countermeasures. However, several participants are divided on their acceptability of technological-based ones, raising concerns that such measures can potentially push human capacities to unhealthy limits or that the data recorded might not be used necessarily for their benefit. The main ethical concerns raised were regarding privacy and user control, which align with recurring concerns outlined by various authors regarding stimulating neurotechnologies (Lavazza, 2019; Davis and Smith, 2019; Feltman et al., 2020; Day et al., 2022; Auvichayapat and Auvichayapat, 2022; Farah et al., 2014).


4.1 The realities of fatigue countermeasures strategies

Current fatigue mitigation strategies in ER are fraught with challenges, rendering them inadequate for the responders. For example, our study respondents reported using stimulants, such as caffeine and energy drinks, which are known to be prevalent among this worker group (Jahnke and Kaipust, 2017). However, these stimulants are often accompanied by deleterious physiological effects. While studies have shown caffeine's efficacy in lab settings (Lorist and Tops, 2003) and effectiveness in other occupational domains (Horne and Reyner, 1996; Phillips et al., 2017), caffeine has considerable short-term (e.g., post-shift carryover effects, dehydration) and long-term (i.e., addiction, cardiovascular health) side effects (Kaur et al., 2020). They have deleterious health effects on occupational groups (Manchester et al., 2017; Higbee et al., 2020) and can be dangerous for ER workers, given the level and frequency of exertion and physiological stress they experience. Shift duration limits (Patterson et al., 2018), education programs (Sullivan et al., 2017), and sleep disorder screening (Barger et al., 2016) have been proposed as countermeasures.

The respondents in our study identified the first two as ideal countermeasures. However, they, as well as the literature, have noted the challenges associated with such proposals (Monday, 2000). Furthermore, such programs address sleep fatigue and cannot address fatigue that arises during the shift (Jeklin et al., 2020). Researchers in other domains have explored blue light exposure (Taillard et al., 2012) and alarm technology (Heinzmann et al., 2008). These methods are impractical in the dynamic and rugged physical environments in which ER workers perform their work and address limited populations of ER (e.g., drivers). The study responses identified a need for an effective countermeasure and that existing methods were suboptimal.



4.2 Interested but with caution

Several papers have delved into ethical considerations of using tDCS in clinical decision support systems, as well as for enhancement purposes (Lavazza, 2019; Davis and Smith, 2019; Feltman et al., 2020; Day et al., 2022; Auvichayapat and Auvichayapat, 2022). Among the ethical considerations raised in the literature are long-term benefits and risks, use in vulnerable populations, and the potential to change behavior and personality in unwanted or unforeseen ways.

Concerns raised for closed-loop architecture systems often discussed considerations about privacy, autonomy, and trust (Goering et al., 2021; Fairclough, 2014; Cabrera and Weber, 2023). While indeed some of our participants raised these concerns, several wanted to know more about the technology before they could have an opinion on it. A key concern was related to autonomy, the ability of users to keep some control over the system. Participants wanted to be part of the loop and have some decision on when to stimulate, rather than having the system do this to them without prior notification. Similar concerns have been discussed in the neuroethics literature regarding closed-loop neuromodulation systems (Tacca and Gilbert, 2023; Friedrich et al., 2018). For example, if a system can predict the onset of a seizure, should the patient be notified before stimulation is delivered to mitigate the seizure? Or should this happen without alerting the patient? Our participants preferred to be notified and then have the decision to on-demand stimulate. However, a few also mentioned that once they were more familiar with the system and trusted it, they would be comfortable with having the stimulation delivered without having “control” of this. It remains an empirical question if such an on-demand dosage of neuromodulation would be more efficient and safer than caffeine or other stimulants.

While the current neuroethics literature has hyper-focused on privacy concerns, this was not the most frequent concern, but over half of our participants did raise this as a concern. In particular, and in line with some of the current concerns highlighted in the literature around consumer neurotechnology, it is key to ensure that neural data recorded to inform the system is protected so that this information is not misused by insurance company policies to raise premiums or by employers for liability purposes. Midha et al. (2022), in a study looking at the perspectives of users who had experience tracking their mental workload, mentioned privacy as a key concern. While the participants in the said study feared the lack of protection from data mining, our participants cared more about this data being used by employers in the workplace to possibly evaluate them unfairly. Concerns about misuse of personal data in the workplace have been central in other emergent technology discussions, including genetics, which later led to the Genetic Information Non-discrimination Act (GINA; Kostiuk, 2012). While some scholars have suggested similar protection for neural data, it remains to see how governance of these types of data will take place in general and in particular in the workplace. While some participants raised safety considerations, in controlled protocol settings, tDCS has shown limited deleterious effects over repeated usage (Bikson et al., 2009), yet considering the on-demand nature of the system is an open question if there might be unanticipated health effects, which calls for a cautious approach as the system continues to be developed and deployed (Bikson et al., 2013; Riggall et al., 2015). Our results showed that some first responders questioned the kinds of side effects or future implications this brain stimulation would bring. In using tDCS to help with fatigue post-COVID-19, a study (Oliver-Mas et al., 2023) found that participants experienced minimal adverse effects and deemed it relatively safe, however, using it for fatigue in workplace safety is yet to be explored fully.

Finally, misuse and mistrust are another set of concerns that the literature on novel neurotechnologies has raised (Goering et al., 2021; Cabrera and Weber, 2023). While some recent work focused on trust at the intersection of how AI is used in the context of neurotechnologies (Yuste et al., 2017), our respondents were very much focused on how employers or other entities (such as insurance or legal systems) might misuse the data collected to harm the users. Participants also raised the concern of pushing a person past their natural limits as another example of misuse. This concern is in particular relevant in light of the vast literature around the use of neurostimulation technologies for enhancement (Hamilton et al., 2011; Lapenta et al., 2014; Cabrera et al., 2014; Willms and Virji-Babul, 2020), where proponents see the ability to push past our “natural” limits as a good thing, and thus suggest that we should embrace neurotechnologies that help with that. In the context of the workplace, for example, some scholars have written on the use of stimulants or AI to help workers stay attentive (The New York Times, 2015; Hosseini et al., 2023). However, while the case has been made for neurotechnologies for aiding soldiers during military applications, a pertinent question to answer is whether emergency response is considered a typical workplace or critical work within national security.

A related concern is mistrust. In a survey by Riggall et al. (2015), participants raised concerns about the inappropriate use by non-experts. Connected to misuse is the concern of the potential for forced use by employers (Cabrera and Weber, 2023). While these were not the main concerns among our respondents, the majority certainly voiced wanting to have the option to decide whether to use or not the system, in particular in light of the lack of rigorous evidence about how the benefits outweigh any potential risks.



4.3 Diverse views on acceptability

Considering the little awareness around neuromodulation technologies in general (Tyron et al., 2023) and the influence of contemporary science fiction and popular media, where neurostimulation is often portrayed as akin to mind control, it is key to understand the mediators shaping users' acceptance of these technologies. For example, Cabrera and Reiner (2015) found that while misunderstanding about tDCS has decreased as the technology matures, the public continues to have a cautionary and, at times, skeptical view about tDCS as a cognitive support tool, which is an important consideration for ER applications. While tDCS has demonstrated high efficacy and safety in managing fatigue in clinical populations, there has not been a specific discussion about the potential use of tDCS as a fatigue intervention in critical work domains such as ER. As such, the design and evaluation of interventions should be informed by socio-behavioral and neuroethics considerations with a user-centered approach. For several of our participants, the user-friendliness of the system was a key aspect to facilitate its use. Similar to previous research, our participants agree that if they knew more about the system, they would be more likely to try it. Moreover, given the already high demand type of workplace, the majority of participants mentioned that for the system to be uptake, it should not interfere with their work (e.g., get stuck with other equipment or gear) and that it would need to be resilient to the sometimes-extreme work conditions that some first respondent works endure (e.g., high heat conditions). Interestingly, several participants wanted a system that didn't make them look funny as they were afraid that that would affect their relationship with those they aimed to serve. Finally, several considered that if the system is effective in mitigating fatigue challenges, acceptance of the technology could be rapidly scaled by approval of public safety regulatory agencies, such as the National Fire Protection Agency.



4.4 Limitations

Several groups and reports have pointed to the necessity to anticipate the effects of implementing neurotechnology in applications beyond medical and wellness (OECD, 2019; Subgroup BRAIN, 2023; IEEE BRAIN, 2024), in this way, our study was valuable as it provided granular, real-world insights from potential users regarding the ethical concerns and acceptability of a neurotechnology-based system for first emergency responders. It is important to acknowledge that our results are only based on a small sample of ER workers, which may differ from the opinion of other samples. Furthermore, there is a wide heterogeneity of roles in ER workers, which certainly plays a role in their perspectives and concerns with such a system. Therefore, while the findings raise important considerations, much more research is needed to understand the nuances of neurotechnology in different workplace settings. It should also be noted that the type of neurotechnology under discussion is a very specific type of neurotechnology system aimed as a fatigue countermeasure, which means that some of our findings might differ from what is commonly seen in the literature concerning the ethics of consumer neurotechnology.




5 Conclusion

This study presented a novel empirical approach to understanding ethical concerns and acceptability surrounding a system currently being developed as a fatigue countermeasure. Our results relating to user control, privacy, and potential misuse align with concerns discussed for consumer neurotechnology. The results relating to safety and mistrust highlight important considerations that should be explored further. Continuous interdisciplinary dialogue on the ethical, legal, social, and cultural implications of the use of neurotechnology to support user cognition and health is critical, as shown by the efforts led by IEEE BRAIN and their proposed framework around different applications of neurotechnology (IEEE BRAIN, 2024).



Data availability statement

The de-identified data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Texas AM University, College Station, TX. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

LC: Formal analysis, Methodology, Project administration, Writing – original draft, Writing – review & editing. AM: Formal analysis, Writing – original draft, Writing – review & editing. RM: Conceptualization, Methodology, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. LC was supported by her Dorothy Foehr Huck and J. Lloyd Huck Chair in Neuroethics. RM was supported by the Grainger Institute for Engineering Professorship at the University of Wisconsin Madison.



Acknowledgments

We would like to thank Rohith Karthikeyan and the undergraduate researchers at the NeuroErgonomics Laboratory for conducting the interviews and our participants for their time and insights.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author (RM) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Acler, M., Bocci, T., Valenti, D., Turri, M., Priori, A., Bertolasi, L., et al. (2013). Transcranial direct current stimulation (tDCS) for sleep disturbances and fatigue in patients with post-polio syndrome. Restor. Neurol. Neurosci. 31, 661–668. doi: 10.3233/RNN-130321

 Aisbett, B., and Nichols, D. (2007). Fighting fatigue whilst fighting bushfire: an overview of factors contributing to firefighter fatigue during bushfire suppression. Austr. J. Emerg. Manag. 22, 31–39.

 Auvichayapat, N., and Auvichayapat, P. (2022). Transcranial direct current stimulation in treatment of child neuropsychiatric disorders: ethical considerations. Front. Hum. Neurosci. 16:842013. doi: 10.3389/fnhum.2022.842013

 Barger, L. K., O'Brien, C. S., Rajaratnam, S. M., Qadri, S., Sullivan, J. P., Wang, W., et al. (2016). Implementing a sleep health education and sleep disorders screening program in fire departments: a comparison of methodology. J. Occup. Environ. Med. 58, 601–609. doi: 10.1097/JOM.0000000000000709

 Barger, L. K., Runyon, M. S., Renn, M. L., Moore, C. G., Weiss, P. M., Condle, J. P., et al. (2018). Effect of fatigue training on safety, fatigue, and sleep in emergency medical services personnel and other shift workers: a systematic review and meta-analysis. Prehosp. Emerg. Care 22, 58–68. doi: 10.1080/10903127.2017.1362087

 Bikson, M., Bestmann, S., and Edwards, D. (2013). Neuroscience: transcranial devices are not playthings. Nature 501:167. doi: 10.1038/501167b

 Bikson, M., Datta, A., and Elwassif, M. (2009). Establishing safety limits for transcranial direct current stimulation. Clin. Neurophysiol. 120, 1033–1034. doi: 10.1016/j.clinph.2009.03.018

 Brunoni, A. R., Nitsche, M. A., Bolognini, N., Bikson, M., Wagner, T., Merabet, L., et al. (2012). Clinical research with transcranial direct current stimulation (tDCS): challenges and future directions. Brain Stimul. 5, 175–195. doi: 10.1016/j.brs.2011.03.002

 Cabrera, L. Y., Evans, E. L., and Hamilton, R. H. (2014). Ethics of the electrified mind: defining issues and perspectives on the principled use of brain stimulation in medical research and clinical care. Brain Topogr. 7, 33–45. doi: 10.1007/s10548-013-0296-8

 Cabrera, L. Y., and Reiner, P. B. (2015). Understanding public (mis)understanding of tDCS for enhancement. Front. Integr. Neurosci. 9:30. doi: 10.3389/fnint.2015.00030

 Cabrera, L. Y., and Weber, D. J. (2023). Rethinking the ethical priorities for brain-computer interfaces. Nat. Electron. 6, 99–101. doi: 10.1038/s41928-023-00928-w

 Cak, S., Say, B., and Misirlisoy, M. (2020). Effects of working memory, attention, and expertise on pilots' situation aware-ness. Cogn. Technol. Work. 22, 85–94. doi: 10.1007/s10111-019-00551-w

 Chalah, M. A., Riachi, N., Ahdab, R., Créange, A., Lefaucheur, J. P., Ayache, S. S., et al. (2015). Fatigue in multiple sclerosis: neural correlates and the role of non-invasive brain stimulation. Front. Cell Neurosci. 30:460. doi: 10.3389/fncel.2015.00460

 Clark, V. P., Coffman, B. A., Mayer, A. R., Weisend, M. P., Lane, T. D., Calhoun, V. D., et al. (2012). TDCS guided using fMRI significantly accelerates learning to identify concealed objects. NeuroImage 59, 117–128. doi: 10.1016/j.neuroimage.2010.11.036

 Davis, S. E., and Smith, G. A. (2019). Transcranial direct current stimulation use in warfighting: benefits, risks, and future prospects. Front. Hum. Neurosci. 13:114. doi: 10.3389/fnhum.2019.00114

 Day, P., Twiddy, J., and Dubljević, V. (2022). Present and emerging ethical issues with tDCS use: a summary and review. Neuroethics 16:1. doi: 10.1007/s12152-022-09508-9

 Doncker, W. D., and Ondobaka, S. (2021). Effect of transcranial direct current stimulation on post-stroke fatigue. J. Neurol. 268, 2831–2842. doi: 10.1007/s00415-021-10442-8

 Eastlake, A. C., Knipper, B. S., He, X., Alexander, B. M., and Davis, K. G. (2015). Lifestyle and safety practices of firefighters and their relation to cardiovascular risk factors. Work 50, 285–294. doi: 10.3233/WOR-131796

 Eaton, M. L., and Illes, J. (2007). Commercializing cognitive neurotechnology-the ethical terrain. Nat. Biotechnol. 25, 393–397. doi: 10.1038/nbt0407-393

 Elliott, R., Fischer, C. T., and Rennie, D. L. (1999). Evolving guidelines for publication of qualitative research studies in psychology and related fields. Br. J. Clin. Psychol. 38, 215–229. doi: 10.1348/014466599162782

 Fairclough, S. (2014). Physiological data must remain confidential. Nature 505, 263–263. doi: 10.1038/505263a

 Falcone, B., Coffman, B. A., Clark, V. P., and Parasu-raman, R. (2012). Transcranial direct current stimulation augments perceptual sensitivity and 24-hour retention in a complex threat detection task. PLoS ONE 7:e34993. doi: 10.1371/journal.pone.0034993

 Farah, M. J. (2012). Neuroethics: the ethical, legal, and societal impact of neuroscience. Annu. Rev. Psychol. 63, 571–591. doi: 10.1146/annurev.psych.093008.100438

 Farah, M. J., Smith, M. E., Ilieva, I., and Hamilton, R. H. (2014). Cognitive enhancement. WIREs Cogn. Sci. 5, 95–103. doi: 10.1002/wcs.1250

 Feltman, K. A., Hayes, A. M., Bernhardt, K. A., Nwala, E., and Kelley, A. M. (2020). Viability of tDCS in military environments for performance enhancement: a systematic review. Mil. Med. 185, e53–e60. doi: 10.1093/milmed/usz189

 Fregni, F. (2005). Anodal transcranial direct current stimulation of prefrontal cortex enhances working memory. Exp. Brain Res. 166, 23–30. doi: 10.1007/s00221-005-2334-6

 Fregni, F. (2020). Evidence-based guidelines and secondary meta-analysis for the use of transcranial direct current stimulation in neurological and psychiatric disorders. Int. Neuropsychopharmacol. J. 24, 256–313. doi: 10.1093/ijnp/pyaa051

 Friedrich, O., Racine, E., Steinert, S., Pömsl, J., and Jox, R. J. (2018). An analysis of the impact of brain-computer interfaces on autonomy. Neuroethics 87, 1–13. doi: 10.1007/s12152-018-9364-9

 Goering, S., Klein, E., Specker Sullivan, L., Wexler, A., Agüera, Y., Arcas, B., et al. (2021). Recommendations for responsible development and application of neurotechnologies. Neuroethics 6, 1–22. doi: 10.1007/s12152-021-09468-6

 Hamilton, R., Messing, S., and Chatterjee, A. (2011). Rethinking the thinking cap: ethics of neural enhancement using noninvasive brain stimulation. Neurology 76, 187–193. doi: 10.1212/WNL.0b013e318205d50d

 Hancock, P. A., and Warm, J. S. A. (2003). Dynamic model of stress and sustained attention. J. Hum. Perform. Extreme Environ. 7, 15–28. doi: 10.7771/2327-2937.1024

 Heinzmann, J., Tate, D., and Scott, R. (2008). Using technology to eliminate drowsy driving. Days 2008:111942. doi: 10.2118/111942-MS

 Hendriks, S., Grady, C., Ramos, K. M., Chiong, W., Fins, J. J., Ford, P., et al. (2019). Ethical challenges of risk, informed consent, and posttrial responsibilities in human research with neural devices. J. Am. Med. Assoc. Neurol. 76, 1506–1509. doi: 10.1001/jamaneurol.2019.3523

 Higbee, M. R., Chilton, J. M., El-Saidi, M., Duke, G., and Haas, B. K. (2020). Nurses consuming energy drinks report poorer sleep and higher stress. West. J. Nurs. Res. 42, 24–31. doi: 10.1177/0193945919840991

 Horne, J. A., and Reyner, L. A. (1996). Counteracting driver sleepiness: effects of napping, caffeine, and placebo. Psychophysiology 33, 306–309. doi: 10.1111/j.1469-8986.1996.tb00428.x

 Hosseini, Z., Nyholm, S., Blanc, P. M. L., Preenen, P. T. Y., and Demerouti, E. (2023). Assessing the artificially intelligent workplace: an ethical framework for evaluating experimental technologies in workplace settings. AI Ethics 23, 1–13. doi: 10.1007/s43681-023-00265-w

 Hsieh, H. F., and Shannon, S. E. (2005). Three approaches to qualitative content analysis. Qualit. Health Res. 15, 1277–1288. doi: 10.1177/1049732305276687

 IEEE BRAIN (2024). IEEE Neuroethics Framework. Available at: https://brain.ieee.org/publications/ieee-neuroethics-framework/ (accessed November 12, 2024).

 Ienca, M., and Andorno, R. (2020). Towards new human rights in the age of neuroscience and neurotechnology. Life Sci. Soc. Pol. 13, 1–27. doi: 10.1186/s40504-017-0050-1

 Ienca, M., Jotterand, F., and Elger, B. S. (2018). From healthcare to warfare and reverse: how should we regulate dual-use neurotechnology? Neuron 97, 269–274. doi: 10.1016/j.neuron.2017.12.017

 Jahnke, S., and Kaipust, C. (2017). Health & Wellness: The Energy Drink Issue. Available at: https://www.firehouse.com/safety-health/article/12365422/health-wellness-the-energy-drink-issue (accessed November 12, 2024).

 Jang, E. H., Yang, Y., and Yao, Y. (2020). The development of a sleep intervention for firefighters: the FIT-IN (firefighter's therapy for insomnia and nightmares) study. Int. J. Environ. Res. Public Heal. 17:8738. doi: 10.3390/ijerph17238738

 Jeklin, A. T., Davies, H. W., Bredin, S. S. D., Hives, B. A., Meanwell, L. E., Perrotta, A. S., et al. (2020). Fatigue and sleep patterns among Canadian wildland firefighters during a 17-day fire line deployment. J. Occup. Environ. Hyg. 17, 364–371. doi: 10.1080/15459624.2020.1759809

 Karthikeyan, R., and Mehta, R. K. (2020). Towards a closed-loop neurostimulation platform for augmenting operator vigilance. 2020 IEEE Int. Conf. Syst. Man Cybern. 2020, 3976–3983. doi: 10.1109/SMC42975.2020.9283126

 Karthikeyan, R., Smoot, M. R., and Mehta, R. K. (2021). Anodal tDCS augments and preserves working memory beyond time-on-task deficits. Sci. Rep. 11:19134. doi: 10.1038/s41598-021-98636-y

 Kauffman, B., Manning, K., Zvolensky, M. J., and Vujanovic, A. A. (2022). Fatigue sensitivity and mental health among trauma-exposed firefighters. Fatigue Biomed. Heal. Behav. 10, 146–156. doi: 10.1080/21641846.2022.2095523

 Kaur, S., Christian, H., Cooper, M. N., Francis, J., Allen, K., Trapp, G., et al. (2020). Consumption of energy drinks is associated with depression, anxiety, and stress in young adult males: evidence from a longitudinal cohort study. Dpr. Anxiety 37, 1089–1098. doi: 10.1002/da.23090

 Kostiuk, S. A. (2012). After GINA, NINA? neuroscience-based discrimination in the workplace. Vanderbilt La Review 2012:65. Available at: https://scholarship.law.vanderbilt.edu/vlr/vol65/iss3/5

 Kreitmair, K. V. (2019). Dimensions of ethical direct-to-consumer neurotechnologies. AJOB Neurosci. 10, 152–166. doi: 10.1080/21507740.2019.1665120

 Lapenta, O., Valasek, C., Brunoni, A., and Boggio, P. (2014). An ethical discussion of the use of transcranial direct current stimulation for cognitive enhancement in healthy individuals: a fictional case study. Psychol. Neurosci. 7, 175–180. doi: 10.3922/j.psns.2014.010

 Lavazza, A. (2019). Transcranial electrical stimulation for human enhancement and the risk of inequality: prohibition or compensation? Bioethics 33, 122–131. doi: 10.1111/bioe.12504

 Lee, C. J. (2011). Addressing emergency response provider fati-gue in emergency response preparedness, management, poli-cy making, and research. J. Emerg. Manag. 9, 19–29. doi: 10.5055/jem.2011.0070

 Lorist, M. M., and Tops, M. (2003). Caffeine, fatigue, and cognition. Brain Cogn. 53, 82–94. doi: 10.1016/S0278-2626(03)00206-9

 Manchester, J., Eshel, I., and Marion, D. W. (2017). The benefits and risks of energy drinks in young adults and military service members. Mil. Med. 182, e1726–e1733. doi: 10.7205/MILMED-D-16-00339

 McIntire, L., McKinley, R. A., Nelson, J., and Goodyear, C. (2017). Advances in neuroergonomics and cognitive engineering. Adv. Intell. Syst. Comput. 14, 157–172. doi: 10.1007/978-3-319-41691-5_14

 McIntire, L. K., McKinley, R. A., Goodyear, C., and Nelson, J. (2014). A comparison of the effects of transcranial direct current stimulation and caffeine on vigilance and cognitive performance during extended wakefulness. Brain Stimul. 7, 499–507. doi: 10.1016/j.brs.2014.04.008

 Mehta, R. K., and Agnew, M. J. (2015). Subjective evaluation of physical and mental workload interactions across different muscle groups. J. Occup. Environ. Hyg. 12, 62–68. doi: 10.1080/15459624.2014.942455

 Mehta, R. K., Nuamah, J., Peres, S. C., and Murphy, R. R. (2020). Field methods to quantify emergency responder fatigue: lessons learned from sUAS deployment at the 2018 Kilauea Volcano Eruption. IISE Trans. Occup. Ergon. Hum. Fact. 8, 166–174. doi: 10.1080/24725838.2020.1855272

 Midha, S., Wilson, M. L., and Sharples, S. (2022). Ethical con-cerns and perceptions of consumer neurotechnology from lived experiences of mental workload tracking. 2022 ACM Conf. Fairness Account. Transpar. 19, 564–573. doi: 10.1145/3531146.3533119

 Miles, M. B., Huberman, A. M., and Saldaña, J. (2013). Qualitative Data Analysis. SAGE.

 Monday, C. C. (2000). Optimal Staffing Levels for Firefighter Effectiveness and Mitigation of Firefighter Injuries. National Fire Academy. Available at: https://apps.usfa.fema.gov/pdf/efop/efo24986.pdf (accessed November 12, 2024).

 Muhl, E., and Andorno, R. (2023). Neurosurveillance in the workplace: do employers have the right to monitor employ-yees' minds? Front. Hum. Dyn. 5:1245619. doi: 10.3389/fhumd.2023.1245619

 Nikooharf, S. E., Jaydari, F. S., Jaberzadeh, S., and Zoghi, M. (2022). Transcranial direct current stimulation reduces the negative impact of mental fatigue on swimming performance. J. Mot. Behav. 54, 327–336. doi: 10.1080/00222895.2021.1962238

 OECD (2019). Recommendation of the Council on Responsible Innovation in Neurotechnology. Available at: https://legalinstruments.oecd.org/en/instruments/OECD-LEGAL-0457 (accessed November 12, 2024).

 Oliver-Mas, S., Delgado-Alonso, C., Delgado-Álvarez, A., Díez-Cirarda, M., Cuevas, C., Fernández-Romero, L., et al. (2023). Transcranial direct current stimulation for post-COVID fatigue: a randomized, double-blind, controlled pilot study. Brain Commun 5:fcad117. doi: 10.1093/braincomms/fcad117

 Paek, A. Y., Brantley, J. A., Evans, B. J., and Contreras-Vidal, J. L. (2020). Concerns in the blurred divisions between medical and consumer neurotechnology. IEEE Syst. J. 15, 3069–3080. doi: 10.1109/JSYST.2020.3032609

 Parasuraman, R., and Galster, S. (2013). Sensing, assessing, and augmenting threat detection: behavioral, neuroimaging, and brain stimulation evidence for the critical role of attention. Front. Hum. Neurosci. 7:273. doi: 10.3389/fnhum.2013.00273

 Paton, D., and Flin, R. (1999). Disaster stress: an emergency management perspective. Disast. Prev. Manag. Int. J. 8, 261–267. doi: 10.1108/09653569910283897

 Patterson, P. D., Higgins, J. S., Van Dongen, H. P. A., Buysse, D. J., Thackery, R. W., Kupas, D. F., et al. (2018). Evidence-based guidelines for fatigue risk management in emergency medical services. Prehosp. Emerg. Care 22, 89–101. doi: 10.1080/10903127.2017.1376137

 Patterson, P. D., Weaver, M. D., Frank, R. C., Warner, C. W., Martin-Gill, C., Guyette, F. X., et al. (2012). Association between poor sleep, fatigue, and safety outcomes in emergency medical servi-ces providers. Prehosp. Emerg. Care 16, 86–97. doi: 10.3109/10903127.2011.616261

 Peltier, C., Pettijohn, K., and Blacker, K. (2019). Developing the third offset: transcranial direct current stimulation can improve the human operator. Mil. Med. 184, 11–13. doi: 10.1093/milmed/usy197

 Peres, S. C., Mehta, R. K., and Murphy, R. R. (2023a). Water, lava, and wind: lessons learned for field robotics and human fac-tors research during real world disasters. Interact. Stud. Soc. Behav. Commun. Biol. Artif. Syst. 24, 335–361. doi: 10.1075/is.22048.per

 Peres, S. C., Murphy, R. M., and Mehta, R. K. (2023b). Best practices to reduce fatigue in small uncrewed aerial systems pilots. 2023 IEEE Int. Symp. Saf. Secur. Rescue Robot. 50, 1–5. doi: 10.1109/SSRR59696.2023.10499950

 Phillips, D. J., Wheeler, T. A., and Kochenderfer, M. J. (2017). Generalizable intention prediction of human drivers at intersections. 2017 IEEE Intell. Veh. Symp. 4, 1665–1670. doi: 10.1109/IVS.2017.7995948

 Privitera, A. J., and Du, H. (2022). Educational neurotechnology: where do we go from here? Trends Neurosci. Educ. 29:100195. doi: 10.1016/j.tine.2022.100195

 Ream, E., and Richardson, A. (1996). Fatigue: a concept analysis. Int. J. Nurs. Stud. 33, 519–529. doi: 10.1016/0020-7489(96)00004-1

 Reato, D., Salvador, R., Bikson, M., Opitz, A., Dmochowski, J., Miranda, P. C., et al. (2019). “Principles of Transcranial Direct Current Stimulation (tDCS): introduction to the biophysics of tDCS,” in Practical Guide to Transcranial Direct Current Stimulation, Principles, Procedures and Applications (Springer), 45–80.

 Riggall, K., Forlini, C., Carter, A., Hall, W., Weier, M., Partridge, B., et al. (2015). Researchers' perspectives on scientific and ethical issues with transcranial direct current stimulation: an international survey. Nature 5, 1–10. doi: 10.1038/srep10618

 Rusiecki, J. A., Thomas, D. L., Chen, L., Funk, R., McKibben, J., Dayton, M. R., et al. (2014). Disaster-related exposures and health effects among US coast guard responders to hurricanes Katrina and Rita. J. Occup. Environ. Med. 56, 820–833. doi: 10.1097/JOM.0000000000000188

 Sandelowski, M. (2000). Focus on research methods whatever happened to qualitative description? Res. Nurs. Health 23, 334–340. doi: 10.1002/1098-240X(200008)23:4<334::AID-NUR9>3.0.CO;2-G

 Sattler, S., Jacobs, E., Singh, I., Whetham, D., Bárd, I., Moreno, J., et al. (2022). Neuroenhancements in the military: a mixed-method pilot study on attitudes of staff officers to ethics and rules. Neuroethics 15:11. doi: 10.1007/s12152-022-09490-2

 Subgroup BRAIN (2023). BRAIN 2.0 Neuroethics: Enabling and Enhancing Neuroscience Advances for Society. National Institutes of Health Available at: https://braininitiative.nih.gov/vision/nih-brain-initiative-reports/brain-20-neuroethics-enabling-and-enhancing-neuroscience (accessed November 12, 2024).

 Sullivan, J. P., O'Brien, C. S., Barger, L. K., Rajaratnam, S. M., Czeisler, C. A., Lockley, S. W., et al. (2017). Randomized, prospective study of the impact of a sleep health program on firefighter injury and disability. Sleep 40:zsw001. doi: 10.1093/sleep/zsw001

 Tacca, A., and Gilbert, F. (2023). Why won't you listen to me? predictive neurotechnology and epistemic authority. Neuroethics 16:22. doi: 10.1007/s12152-023-09527-0

 Taillard, J., Capelli, A., Sagaspe, P., Anund, A., Akerstedt, T., Philip, P., et al. (2012). In-car nocturnal blue light exposure improves motorway driving: a randomized controlled trial. PLoS ONE 7:e46750. doi: 10.1371/journal.pone.0046750

 Taverniers, J., Ruysseveldt, J. V., Smeets, T., and von Grumbkow, J. (2010). High-intensity stress elicits robust cortisol increases, and impairs working memory and visuo-spatial declarative memory in Special Forces candidates: a field experiment. Stress 13, 324–334. doi: 10.3109/10253891003642394

 Tecchio, F., Cancelli, A., Pizzichino, A., L'Abbate, T., Gianni, E., Bertoli, M., et al. (2022). Home treatment against fatigue in multiple sclerosis by a personalized, bilateral whole-body somatosensory cortex stimulation. Mult. Scler. Relat. Disord. 63:103813. doi: 10.1016/j.msard.2022.103813

 The New York Times (2015). The Use of Workplace Productivity Drugs Is the Probable Future (London: The New York Times), 1–9.

 Tyron, J. M., Bluhm, R., Achtyes, E. D., McCright, A. M., and Cabrera, L. Y. (2023). The influence of prior awareness on views about psychiatric electroceutical interventions among non-clinician stakeholders. NPJ Ment. Heal. Res. 2:6. doi: 10.1038/s44184-023-00028-9

 UNESCO (2023). Ethical Issues of Neurotechnology. IBC Report Series. Available at: https://unesdoc.unesco.org/ark:/48223/pf0000383559

 Williamson, B. (2019). Brain data: scanning, scraping and sculpting the plastic learning brain through neurotechnology. Postdigit. Sci. Educ. 1, 65–86. doi: 10.1007/s42438-018-0008-5

 Willms, M., and Virji-Babul, N. (2020). Neuroenhancement using transcranial electrical brain stimulation in adolescence: ethical and social concerns. Dev. Neuroethics Bioeth. 6, 157–177. doi: 10.1016/bs.dnb.2020.03.006

 Yuste, R., Goering, S., Arcas, B. A. Y., Bi, G., Carmena, J. M., Carter, A., et al. (2017). Four ethical priorities for neuro-technologies and AI. Nature 551, 159–163. doi: 10.1038/551159a

 Zuk, P., Torgerson, L., Sierra-Mercado, D., and Lázaro-Muñoz, G. (2018). Neuroethics of neuromodulation: an update. Curr. Opin. Biomed. Eng. 8, 45–50. doi: 10.1016/j.cobme.2018.10.003

Copyright
 © 2024 Cabrera, Munoz and Mehta. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neuroethical considerations and attitudes about neurostimulation as a fatigue countermeasure among emergency responders



		1 Introduction



		2 Methods



		2.1 Recruitment and participants



		2.2 Procedures



		2.3 Data analysis







		3 Results



		3.1 Fatigue and views on fatigue countermeasures



		3.2 tDCS attitudes and concerns



		3.3 Views on acceptability



		3.4 Facilitators



		3.5 Barriers







		4 Discussion



		4.1 The realities of fatigue countermeasures strategies



		4.2 Interested but with caution



		4.3 Diverse views on acceptability



		4.4 Limitations







		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Neuroergonomics

Neuroethical considerations and
attitudes about neurostimulation
as a fatigue countermeasure
among emergency responders











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neuroergonomics







