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Abstract

:

Knowledge influences policy development and policies impact disabled people. Scientific and technological advancements, including neuro-advancements and their governance, have social implications for disabled people. However, knowledge is missing on this topic. Although efforts are underway to increase the number of disabled academics, the numbers remain low. Engaging undergraduate disabled students in knowledge production, especially research, could decrease the knowledge deficit and increase the pool of disabled students considering an academic career. We performed 10 semi-structured interviews of disabled students to understand the reality of undergraduate disabled students as knowledge producers, including researchers. Using a directed thematic content analysis, we found that participants felt that undergraduate disabled students were insufficiently exposed to and supported in the identity of being knowledge producers including researchers. Participants identified ethical, legal, and social implications of science and technology and argued that undergraduate disabled students and disabled people have a role to play in the discussions of these. Exposing disabled students at the undergraduate and high school level to knowledge production including researcher identity could increase the numbers of undergraduate disabled researchers, disabled academics, and disabled students doing research in the community after graduation and decrease the knowledge gaps around the social situation of disabled people.
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1. Introduction


Policy developments are guided by knowledge [1], and policies impact disabled people [2]. Academic knowledge that informs policy is missing around the social situation of disabled people [3,4,5,6,7]. Science-related knowledge production and knowledge production for science and technology governance is seen as a political and social process [8,9,10,11,12,13,14] and disabled people are impacted by what knowledge is produced. Disabled people are experts of their lived experiences [4,15,16]. Therefore, undergraduate disabled students are one group that could produce knowledge to decrease the existing gap and to produce knowledge relevant to disabled people.



Research experience, one form of knowledge production, is important to the undergraduate student experience [17]. Undergraduate disabled students are part of the undergraduate student cohort; however, “there is a significant gap in academic literature around undergraduate disabled students as knowledge producers including as researchers” [18] (p. 12). Disabled students at all levels face various challenges within higher education settings [19,20,21,22,23,24], as do disabled academics [24,25,26,27]. Increasing the number of undergraduate disabled students engaged in research might increase the number of disabled students that pursue graduate studies and consider an academic career [18,24].



Role theory suggests that one’s role impacts expectations pertinent to the behaviour of the individual and the individual’s expectations of others [28]. Being a knowledge producer including being a researcher is one role undergraduate disabled students could identify with. This study aims to understand the perspectives of disabled students on the reality of undergraduate disabled students as knowledge producers, including as researchers. We discuss our findings through role and identity theory and the science and technology governance discussions around knowledge production. The following research question was investigated: What are the views of participants on undergraduate disabled students as knowledge producers, as researchers, in general, and especially in relation to science and technology including neurotechnology, and the governance of science and technology?



1.1. Knowledge Production and Science and Technology Governance


Science knowledge production and knowledge production for science and technology governance is a political and social process [8,9,10,11,12,13,14,29]. Knowledge governance concerns itself with the impact of knowledge production and dissemination to achieve policy and societal change [30] and the interaction “between scientific and citizen groups [is seen] to be a crucial element of the modern ways of knowledge production and governance” [31] (p. 1). Disabled people are often at the receiving end of narratives on how to advance science and technology, such as neurotechnology, robotics, and artificial intelligence. However, problems with the coverage are noted namely a medical imagery bias of the disabled person, a predominantly techno-optimistic narrative, and a low level of engagement with science and technology causing potential social problems for disabled people [32,33,34,35,36,37]. Role theory suggests that expectations of oneself are influenced by the role expectations of others [38]. Undergraduate disabled students are well positioned to become involved in various roles within knowledge production of the missing data regarding the social situation of disabled people and the social impact of different sciences and technologies on disabled people. The question is whether undergraduate disabled students are seen and do see themselves as having a role in scientific knowledge production and especially knowledge production for science and technology governance?




1.2. Students as Knowledge Producers, Including Researchers


Students can be knowledge producers [39,40], including being researchers [7,41,42,43,44,45]. There are many benefits to instilling a research identity into undergraduate students [7,46,47,48,49,50,51], and shaping a student’s research identity can impact their career choices [52,53,54,55]. Disabled students are part of the student cohort. However, disabled people continue to face many systemic challenges in higher education in Canada [19,56] and beyond [18,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74], which shapes the individual’s vision of themselves as knowledge producers including being researchers, either as a career at the university or in the community after graduation. In Canada, where education is the responsibility of the individual provinces which makes policy consistency throughout the country challenging, less than half to a quarter (depending on severity classification) of disabled youth who want to go to university enrol in university [75,76,77]. Many do not finish their degree, and the level of university education for disabled people is lower than the non-disabled population [75,76,77]. Furthermore, only 13.9% of disabled people have a university degree in Canada [77], 19.4% of undergraduate students and 11.9% of graduate students at U.S. universities have disabilities [78], and 7.8% of the student cohort are disabled in the UK [60].



Identity theory suggests that the role one occupies within society impacts one’s perception of ‘self’ [79] but there is little engagement in the academic literature around the role and identity of undergraduate disabled students as researchers [18] suggesting that there is no push for or expectations of undergraduate disabled students being researchers which might influence negatively whether undergraduate disabled students internalize the identity of being researchers. It is recognized that there is still a lack of disabled academics everywhere including Canada [25,26,27]. For example, a recent Statistics Canada survey found that 6.7% self-identify as a university professor, instructor, teacher, or researcher [80]. However, no numbers are given for the individual positions including the different levels of professorships and different types of ‘disabilities’. Given the broad definition of ‘disability’ in Canada [80,81] and elsewhere [82,83,84,85,86] with people linked to each of the classifications facing different realities and challenges, having one number for example for disabled faculty is not sufficient [24]. Indeed, the lack of data in general is one big problem for implementing equity, diversity, and inclusion policy frameworks whose goal is to increase the numbers of disabled students, academic and non-academic staff [24]. Increasing the pool of undergraduate disabled researchers is needed to attain such a goal [18]. However, given identity theory, this will not happen if this identity and role is not actively empowered and pushed by others and undergraduate disabled students are not motivated. Undergraduate disabled students due to their lived experience are perfectly situated to add lenses to the production of knowledge in relation to the lived reality of disabled people that might be much more difficult to achieve otherwise. They might envision research questions that others who do not have the lived experience would not think of and they are in a good position to call out unconscious biases in many research projects and research questions.



Producing knowledge is one avenue through which students can influence discourses, initiate change, including policy change, and fulfil their role as active citizens [87,88]. This includes disabled undergraduate students [18]. Undergraduate disabled students in theory have access to tools such as academic databases and research method training which most disabled people who are not students do not (albeit the access also varies for disabled students depending on where they are situated) [18]. Discussions focusing on members of the public producing research-based knowledge using names such as community scholar, citizen science, and other terms are increasing [7,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103]. Undergraduate disabled students can use their university training in knowledge production if they received it and their research experience if they obtained it in their undergraduate time to be community scholars and perform citizen science if they choose to work in the community after graduation [7,18].





2. Materials and Methods


2.1. Research Design


We used a qualitative study design using a directed thematic content analysis approach for our research study. It is the most appropriate approach because it allows for an in-depth exploration of undergraduate disabled student experiences related to the research question [104,105]. We conducted face-to-face and virtual semi-structured interviews to collect the data. Interviews were chosen as our method of data collection because they allow for conversations to be guided towards answering the research question and give participants the opportunity to elaborate on issues most important to them [105].




2.2. Research Question and Questionnaire


The following research question was investigated: What are the views of participants on undergraduate disabled students as knowledge producers, as researchers in general and especially in relation to science and technology including neurotechnology and the governance of science and technology? We developed a set of interview question designed to elicit information pertinent to our research question covering the following topics: (a) demographics, (b) views on and involvement in knowledge production which covered whether participants see themselves already or could envision themselves as knowledge producer, (c) community-based and academic knowledge production which included participants’ views on the importance of these two areas of knowledge production, whether they can see themselves producing knowledge of these types, (d) research activities which included whether participants already perform research and if yes on what topic and if not why not and what topic participants would like to research, (e) knowledge production covering technology and neurotechnology which included whether they already performed research in this area or could see themselves performing research in these areas and asking for the reason of why yes or no, (f) the ethical, legal, social, and economic implications of technology and neurotechnology which included whether they already performed research in this area or could see themselves performing research in these areas and asking for the reason of why yes or no, and (g) governance of science and technology, which included whether participants felt technologies in general and neurotechnologies pose ethical, legal, or social issues in general and for disabled people in particular. We did not perform a pretest with the questions.




2.3. Participants and Sampling


Expert snowball sampling was used for recruitment [104] and generated 10 participants. We used this form of recruitment because participants are selected based on the ‘information-rich’ accounts that they can provide [105]. Our inclusion criteria were that participants had to be undergraduate or graduate disabled students in Canada. Interviews took place between 8 February 2019 and 12 November 2019. Each interview ranged from approximately 42 to 75 min long and was recorded using a digital audio recorder.




2.4. Data Analysis


Express Scribe® playback software was used to orthographically transcribe each interview verbatim into Microsoft® Word. This style of transcription focuses on what the participant said (audio recording) rather than how the participant said it [105]. Each participant was given a fake name “Participant 1, Participant 2, etc.”. The transcript of each interview was uploaded as a PDF document into ATLAS.ti-8®, which is a qualitative data analysis software. We performed a directed thematic analysis [105,106] because (1) meaning can be derived from each interview; (2) it allows for an inductive approach to identifying themes based on verbal content in a ‘bottom-up’ fashion; (3) it permitted us to understand in depth the themes of participant responses [105,107]. We followed the six-phase thematic analysis process outlined by Braun and Clarke [106].




2.5. Ethical Considerations


This study was approved by the Conjoint Health Research Ethics Board, University of Calgary (REB17-0785) on 23 February 2018. Voluntary, informed written and verbal consent was obtained from each participant at the beginning of each interview. To ensure the anonymity of participants, each interview was anonymized using the pseudo-names “Participant 1, Participant 2, etc.”, and all coding was performed using the pseudo-names. Given the small sample size, all identifiable information was anonymized to protect the privacy of participants, and identifiable information (i.e., age, degree of study, etc.) was not linked to specific participants within the results section to ensure confidentiality.




2.6. Trustworthiness Measures


Trustworthiness measures include confirmability, credibility, dependability, and transferability [108,109,110]. Differences in codes and theme suggestions of the qualitative data were few and discussed between the authors and revised as needed to ensure credibility and dependability. Confirmability is also evident in the audit trail made possible by using the Memo and coding functions within ATLAS.Ti 8™.




2.7. Limitations


The sample of our study is relatively small, does not cover all disabilities, and is focused on Canada. As such certain content might not have come up. Our purpose was not to generalize the views of our participants to all disabled students. As for transferability [108,109,110], however, our study allows for transferability such that our study can be used to guide further similar studies, for example, studies that focus on deaf students.





3. Results


We structured the results section into five sections: (a) demographics (Section 3.1), (b) views on and involvement in knowledge production (Section 3.2 with Section 3.2.1 Understanding of Knowledge Producer Identity, Section 3.2.2 Involvement in Knowledge Production, Section 3.2.3 Barriers to Knowledge Production, and Section 3.2.4 Factors that Entice Disabled Students to be Involved in Knowledge Production), (c) general views and perception of technology including neurotechnology (Section 3.3 with Section 3.3.1 Views and perception of Technology, Section 3.3.2 Views and perception of neurotechnology), (d) ethical, social, legal, and economic implications of technology including neurotechnology (Section 3.4 with a separation into Section 3.4.1 Ethical, Section 3.4.2 Social, Section 3.4.3 Legal, and Section 3.4.4 Economic), and (e) governance of technology including neurotechnology and governance of knowledge production (Section 3.5 with Section 3.5.1 Governance of Technology including Neurotechnology and Section 3.5.2 Intersection of Knowledge Production and Governance).



For all but the demographic section, we first show a table with the themes we found and then give example quotes from our participants related to the themes found.



3.1. Demographics


A total of 80% of our participants were female and 20% were male. The gender disparity within our sample was not intentional. There is a lack of research covering the gender of disabled students in higher education; however, one study suggests that the majority of the disabled student cohort in higher education is female [60]. A total of 80% of our participants were undergraduate students and 20% graduate students. A total of 50% were 18 to 25 of age, 30% were 26–33, and 20% older, 33.40% identified as having a physical disability, 40% a mental health issue, 30% a learning disability, 20% a visual impairment, and 10% as having ADHD. As for degrees, 70% were from Disability Studies, 20% from Psychology and Sociology each and 10% each from Biochemistry, Computer Sciences, Education, Gender Studies, International Relations, Management, and Political Sciences. The participants came from Alberta (4), British Columbia (2), and one each from Manitoba, New Brunswick, Saskatchewan, and Ontario.



The remaining findings in this study are presented in three sections. Section 3.2 covers the understanding and perspectives of participants on knowledge production. Section 3.3 covers the understanding and perspectives of participants on technology, neurotechnology, and the ethical, legal, social, and economic implications of these technologies. Section 3.4 covers the views of participants on technology and knowledge production governance.




3.2. Knowledge Production


3.2.1. Understanding of Knowledge Producer Identity


Table 1 summarizes participants’ definitions of knowledge production; 60% of participants defined it as producing new knowledge or research. A total of 60% stated that anyone can be a knowledge producer, while 90% self-identified as a knowledge producer based on their past experiences in a research setting, in a specific course, or their future career goals. All identified the importance of academic knowledge production and community-based knowledge production. A total of 40% identified problems within knowledge production: exclusion of disabled people (20%), problems linked to bias (10%), and futility of some research (10%).



Who Can Be a Knowledge Producer?


In total, 60% of participants stated that anyone can be a knowledge producer and 30% stated that individuals need background knowledge on the topic. A total of 20% suggested that everyone’s experience has value, and 20% stated that disabled people are experts of their lived experiences.




P8: … “I often use the word that we are because of our lived experience, we are experts… we are the experts and the knowledge producers of our own experience”.






Self-Identifying as a Knowledge Producer


Nintey percent of participants self-identified as a knowledge producer, but only one undertook a research project outside coursework as an undergraduate. According to participants, the research identity narrative undergraduate disabled students are exposed to does not prompt undergraduate disabled students to think of themselves as potential researchers. A total of 60% had experience producing knowledge in an academic setting, one participant had experience performing research within a course, and 30% referenced a particular course they took in which they felt confident in the material, and it was this experience that shaped their knowledge producer identity. Forty percent including the two graduate students, indicated that they plan to pursue a career in producing academic research.




Role of Academic Knowledge Production


All participants consider academic research as a form of knowledge production. A total of 80% identified that academic knowledge production informs policy, 20% suggested that it provides a foundation for community change, and 10% suggested that it is an evolving field.




Role of Community-Based Knowledge Production


Only 10% of participants identified important features of community-based knowledge production, while 30% suggested that it is more implementable than academic-based knowledge production, 40% suggested that it is more realistic at the community level than academic-based, and 30% suggested that it provides diverse perspectives on a given topic.




P8: … “I think that having the intersection of the community with academia makes it stronger because the community is the one impacted by knowledge if it at all impacts policy or legislation and people who are in the community are the knowers.”






Problems with Knowledge Production


A total of 40% of participants identified problems within knowledge production, including the problem of bias (10%), the lack of importance/relevance of some research (10%), and the under-representation of disabled people (20%).




P2: … “I think people with disabilities are always undermined and they are not listened to, they are not included.”







3.2.2. Involvement in Knowledge Production


Figure 1 shows that 20% of participants stated that getting connected within the research community is important to become involved, and 80% suggested that the research topic impacts one’s involvement.



Of the participants, 30% had been involved in a research study as a participant and 60% including both graduate students had experience working on an academic research project as undergraduates. However, of these undergraduate research projects, only 20% were outside course-based work (both by undergraduate student participants), 20% of which were undergraduates, one is a master’s student, and one is a PhD candidate. Only 10% became involved in research during their undergraduate degree because a colleague suggested becoming involved in research to upgrade their bachelor’s degree into an Honour’s Bachelor’s degree. Another undergraduate participant became involved in knowledge production during their undergraduate degree because a colleague invited the participant to join a research group. The two graduate students became involved in knowledge production because a professor suggested it. A total of 60% of our participants had experience in community-based knowledge production, 40% of which were undergraduates, one was a graduate student, and one was a PhD candidate. For example, one graduate participant is involved in writing public awareness pieces and others are working with the government on policy development.



In total, 20% of participants suggested that having connections within the research community is important. For example,




P2: … “In order for someone to take them on as a researcher, usually students that start as a researcher did it in high school or has a sibling who can connect them.”






3.2.3. Barriers to Knowledge Production


Figure 2 outlines the four main barriers within knowledge production mentioned by participants. Within these four main barriers under the barrier theme of “Shortcomings of university institutions” the subthemes were: Lack of opportunity (40%), Lack of exposure to research identity (30%), Lack of accommodation (20%), and Negative Experience (20%). Under the barrier theme “Attitudinal barriers” (70%) the subthemes were: Academic merit (70%), Subjectivity of selection process (20%), Favouritism towards science and medical research (20%). Under the barrier theme “Fear of repercussions” (20%) the subthemes were: Afraid to share lived experiences (20%) and Fear of government (10%).



Shortcomings of University Institutions


A total of 30% of participants felt that they lacked exposure to a research identity, and 20% suggested that there is a lack of opportunity to become involved.




P4: … “I think one of the barriers that I have experiences just as a student and just as a woman with a disability is that there hasn’t been a lot of opportunities to take part in research.”






P4: … “there is a significant amount of onus on post-secondary institutions that those opportunities are there and again with the whole virtual aspect of it… one of the barriers that I face just within the community is transportation.”





Participants were ambiguous regarding the accommodations provided by the university institution. One undergraduate participant indicated the university was accommodating in some ways but not others. For example, the washrooms facilities were inaccessible, but they also expressed that,




P1: … “the accessibility department at the university of X is exceptional… if I had a problem with accessibility to any of the classrooms anything or even on textbooks are too heavy.”





A graduate student participant expressed negative regard towards the university institution’s accommodation.




P7: … “Well, it starts with my first run with grad school in 2011 when I ended up burning out, I wasn’t getting support. There was no idea of how to accommodate a student with disabilities in graduate studies.”






Attitudinal Barriers


A total of 70% of participants stated that they experienced attitudinal barriers in knowledge production. For example,




P6: … “It can be an attitudinal barrier can maybe be a big problem in terms of being able to be engaged in knowledge production particularly if you are in an environment if you don’t feel valued.”





Likewise, 70% of participants suggested that academic merit is a determining factor if one can be involved in knowledge production, and 20% experienced feeling overlooked.




P6: … “I don’t think that it caters to or against, but I do think it caters to a population in which academic achievement is um primary.”





A total of 20% of participants suggested that becoming involved in research can be challenging because being accepted to a research position can be highly subjective and 20% expressed that science and medical research are highly favoured in research communities.




P8: … “It is so hard to be valued for the knowledge that we come with. Whether it’s our own experience knowledge or if we have one or two or three degrees or special training”






P2: … “I think that the campus actually does not do a good job of incorporating any other discipline other than health sciences into research and it is disheartening.”






Fear of Repercussions and Negative Experiences


A total of 20% of participants stated that because of negative experiences in their past, they fear sharing the lived experiences and 10% stated they fear sharing their experiences because it may affect their government funding.




P8: … “I realized there were so many personal barriers I had experienced and there were so many times I was afraid to speak up.”





Likewise, 20% of participants had negative experiences in knowledge production.




P8: … “the barriers I have experienced have been in going through ethics… Where ethics committees make assumptions… But from their perspective there is this protectionism and this paternalism that occurs, and it was a very frustrating process… it was too difficult to deal with the ethics processes and be the one that you know is breaking down those barriers.”







3.2.4. Factors That Entice Disabled Students to Be Involved in Knowledge Production


Table 2 indicates how participants are enticed to be involved in knowledge production is dependent on opportunities available to become involved (60%), development of a research identity (70%), and the topic of study (80%).



Opportunities to Become Involved


A total of 20% of participants said that opportunities to become exposed to research and attend seminars are important to getting people involved in knowledge production.




P6: … “I think there is lots opportunity in terms of like having exposure and like overall like the university set up a lot of seminars so you can go to these things and can be exposed to research.”





Meanwhile, 30% stated that guidance is necessary when beginning knowledge production.




P9: … “I’d just say like really offering like support and guidance throughout the whole process I guess the first time you run through it and make sure you really have a thorough understanding.”





A total of 30% said that the willingness of research groups to accommodate is impactful.




P4: … “So even if there are some barriers to learning, they make, they have to be willing to try and see if they can get supports to overcome those barriers.”






Developing a Research Identity


A total of 30% of participants suggested that it is important to get students involved and excited about knowledge production.




P8: … “I think it is really critical that departments engage in cohorts and identify student areas of passion because I think that is when people get excited about knowledge production.”





A total of 20% felt that the role of a research mentor is critical for encouraging undergraduate disabled students to produce knowledge.




P8: … “there I became very engaged in my department … and our whole department was really incredible. It really helped me consider doing a masters and such.”





Additionally, 30% suggested that a sense of community within research groups is also enticing.




P1: … “it’s not like you are just a student pushing through. He is very much into academic family.”





A total of 40% linked knowledge production to advocacy in the disability field.




P2: … “People with disabilities can only advocate for people with disabilities…Without them advocating for themselves, engineers or not anybody wouldn’t know what gaps there are to fill.”






Topic of Study


A total of 80% of participants stated that being interested in the topic is important, 80% suggested that sharing their lived experience to improve the lives of others is enticing, and 40% suggested that knowing the knowledge they are producing is impactful to enticing them.




P3: … “I guess what enticed me was wanting to be part of the difference in the world.”








3.3. General Views and Perception of Technology Including Neurotechnology


Table 3 indicates that 100% of participants stated they are interested in technology in general and its impacts and had been exposed to it. 10% stated they were interested in neurotechnology, while only 40%% stated had been exposed to neurotechnology. Participants outline positive (30%/30%) and negative impacts (100%/50%) of technology/neurotechnology.



3.3.1. Views and Perceptions of Technology


All participants identified that there are negative social impacts of technology such as social robots and that technology can create greater disparity between people in poverty and people who can afford the technology. For example,




P10: … “now everything has to be done with technology to apply for jobs, you can’t just walk into apply for a job, you have to do it online, which creates barriers for people who are below the poverty line”





Additionally, 30% identified positive impacts, such as the new opportunities it can provide. Of them, 10% suggested that technology can improve accessibility, 10% suggested that technology improves communication, and 10% suggested that technology creates new opportunities.



A total of 10% of participants suggested that users of technology have to learn to trust technology, while 20% stated that disabled people use technology to improve functionality, while able-bodied people use technology for enhancement. A total of 70% stated that they had considered the ethical, social, legal, and economic implications of technology, but only 10% had been exposed to these topics in a course during their post-secondary education.




3.3.2. Views and Perception of Neurotechnology


All participants stated interest in neurotechnology. For example, one participant self-educated on neurotechnology:




P9: … “It definitely something of interest for me and I have done a lot of reading about it.”





While 100% of participants expressed interest in neurotechnology, 30% felt that because they do not personally use neurotechnology it does not impact them. For example,




P10: … “I haven’t been exposed to it. I also don’t really have a lot of technology for my disability…I would have no clue about anything neuro just because it has not impact on my life and I have never had to think about it.”





A total of 50% of participants outline negative impacts of neurotechnology: creating a disparity between people who can or cannot afford it (20%), creating a social divide between people (20%), and infringing on people’s rights (10%). A total of 30% of participants outlined positive impacts of neurotechnology: using neurotechnology to make disabled people normal (10%), enhance able-bodied people (10%), and maintain able-bodied people’s ‘normal’ (10%).





3.4. Ethical, Social, Legal and Economic Implications of Technology Including Neurotechnology


Table 4 indicates that most participants responded that technology poses ethical, social, legal, and economic issues for both disabled people and people without disabilities. Participants responded unanimously that technology poses economic issues for disabled people.



Table 5 indicates that participants generally identified more issues posed by neurotechnology for disabled people than people without disabilities. Participants responded unanimously that neurotechnology poses economic issues for disabled people.



Table 6 outlines the ethic, social, legal, and economic issues posed by technology, including neurotechnology identified by participants including consent (30%), access to technology (60%), socialization (80%), the portrayal of technology in social media (20%), and affordability, disparity, and exclusion (100%).



3.4.1. Ethical Issues


A total of 30% of participants suggested that ethical issues are linked to the responsible use of technology. For example,




P4: … “ethical issues pertain to ethical use” and the type of activity in which the technology is being used for, for example criminal activity.





A similar sentiment was echoed by another participant:




P9: … “it is not a yes or no thing it is more like if you are using technology responsibly”





A total of 30% suggested that ethical issues are linked to consent and 30% suggested that human enhancement can cause ethical issues including issues with fairness.




P1: … “so if they don’t have a disability and are using like the artificial hippocampus I think it could be like all sorts of different things. Like it is just making like that having superhuman.”






P2: … “you are still adding something to the human body that was not there before that probably have ethical implications, as in is it fair to the others… this person with a disability is getting an advantage on people”





A total of 20% of participants suggested that there are ethical issues related to fairness in general, 10% identified issues related to fairness in education settings, and 10% identified ethical issues related to blind communities.




P7: … “It does pose ethical issues. One strong example I can give is the blind community and society in general because they are like oh there is brail displays so if you have all this technology then brail, paper brail doesn’t matter anymore. It matters big time.”





Ethical issues were also linked to one’s identity; 20% of participants suggested that technological impacts on user identity can cause ethical issues and 10% suggested that technology eliminates human vs human interaction.




P6: … “I think there’s there’s always a question of like, like again I go back to what I had said before in terms of you know where is a person’s identity as a person with a disability start to be infringed upon by technology?”





A similar sentiment was echoed by another participant:




P7: … “if it hampers physical their identify, what they see as their awareness, their physical awareness because people with disabilities if you identify in a certain way, it is no different than a sexual orientation.”






3.4.2. Social Issues


A total of 80% of participants mentioned issues surrounding the impacts of technology on socialization but none mentioned societal impact.




P6: … “Because they can’t communicate in the same ways, technology can make it easier to socialize.





Furthermore, 50% of participants suggested that access is a social problem, 30% suggested specifically that exclusion created by technology is a social problem, and 20% of participants suggested that social problems are created in the media.




P4: … “it has to do with umm their ability to access and afford the technology… it may create a barrier between themselves and their social supports or their friends.”






P9: “you definitely notice when someone is using an assistive device and you notice the gap between the one without one and someone with one and how that neuro like that neuro technology is kind of providing a social divide”






P5: … “Like a lot of the stigma comes from the media because of tragic things that happened and then you find out that someone was mentally ill that was doing it and then people are out raged…”





While 30% of participants suggested that technology creates social problems in deaf culture.




P8: … “So if you are a child that your parent has decided for you that you will have one and then I know that certain people in the Deaf community look at you know the experiences of true deaf folks compared to those who have some hearing through cochlear implants or other interventions.”






3.4.3. Legal Issues


A total of 60% suggested that consent is a legal issue, 50% suggested that problems with access can cause legal issues, 50% suggested that privacy and security are legal issues, 10% suggested that autonomous technology creates legal issues, and 10% of participants suggested legal issues arise because the capabilities of technology are not fully understood.




P9: … “as technology get so more advanced, I guess it is a court battle because it is so new and so, it’s not fully understood what its capable of… I mean also you need to be using it responsibly, but that also goes for the people who are creating it”






P6: … “when we’re talking about people with disabilities, they are more reliant on those technologies right. and you know especially when we talk about let’s say privacy and security... those types of issues… that’s why I say the whole idea of how you know if you are reliant on the technology and having the ability to be secure and private is critical but often we sacrifice things like security and privacy for things like convenience as people without disabilities or people with disabilities as well.”






P4: … “I think there are legal issues in terms of you know if somehow the technology is involved in an accident, then who is involved… If the neurotechnology in some way maybe alters consciousness for example and the person gets into an accident, who’s responsible, who was the cause or what or who was the cause of the accident.”






3.4.4. Economic Issues


All discussed economic issues around affordability, disparity, and exclusion.




P1: … “people that are wealthy would have probably have more advanced, more ability to access to technology so it would create more disparity between the wealthy and the poor.”






P2: … “I think economically, financially people with disabilities, you know are on the poverty line and they cannot afford these technologies that come forth.”






P9: … “And it separates them because if you don’t have this kind of technology then you can’t really function as part of society and it just creates more issues than it solves”





Of the participants, 10% suggested that economic issues can cause social issues.




P9: … “if you can’t afford that then you’re pushed further into poverty um and it does separate people and jobs security is not as secure with technology I feel.”







3.5. Governance of Technology Including Neurotechnology and Governance of Knowledge Production


Figure 3 outlines participants’ perspectives on what is needed to be governed in relation to technology including neurotechnology: access to technology (70%), cost of technology (20%) and inhibition of innovation (20%). In total, 60% believed that disabled people and 50% believed that disabled students should be involved in the governance of technology including neurotechnology.



Figure 4 outlines participants’ perspectives on what is needed in the governance of knowledge production whereby 60% argued that disabled people and 50% that disabled students should be involved in knowledge production governance.



3.5.1. Governance of Technology Including Neurotechnology


Role of Government


A total of 20% of participants suggested that government have a role in economic issues.




P6: … “You know when we talk about consistency across the country, you know not all provinces have the same access to technology within you know programs within government funding or some of these other things. So, it is even inconsistent with even what is available, and you know how do you make that available to the rest of the people.”






Access to Technology


Additionally, 70% suggested that access to technology needs to be governed.




P9: … “access to it could be regulated, just so that you’re ensuring that people who do need them are getting them”






Cost of Technology


A total of 20% suggested that cost of technology needs to be governed.




P5: … “the cost of it should be governed because I think the people who need it aren’t necessarily going to be able to afford it.”






Inhibiting Innovation


Likewise, 20% suggested that governance can inhibit innovation.




P6: … “We want to promote innovation. We want to have ideas. We don’t want to stifle those ideas… But at the same time, you want to be careful. You don’t want to have issues come up that you could have prevented … There is a weird balancing act between like innovation and like if you have a great new idea that is going to like cause a lot of social good.”






Role of Disabled People


A total of 60% suggested that disabled people should have a role in the governance of technology.




P2: … “People with disabilities... are the only ones who can say this is how I feel about this … this is how it is working; this is how it is not working… This is what I require in order to be a functioning, stable person… Without them advocating for themselves, engineers or not anybody wouldn’t know what gaps there are to fill… So, their input is very imperative to understanding technology and governance…”






Role of Disabled Students


A total of 50% suggested that disabled students should have a role in the governance of technology.




P9: … “Absolutely, um their voice it matters to the population you are trying to target, and you need to hear from the population… I really believe the people with disabilities are the people that you need to be consulting regularly and the people who have knowledge in the disability field.”






P8: … “Absolutely, I think that is where innovation happens. I think students are younger and more creative. And they have had access to technology growing up and it I mean it is exciting what students can come up with and particularly students with disabilities who are in this field of study are just such an asset.”







3.5.2. Intersection of Knowledge Production and Governance


All commented on the role of governance of neurotechnology knowledge production and how it impacts disabled people. A total of 90% indicated that there is a need for governance and 60% suggest that disabled people ought to be involved and 50% suggested that disabled students ought to be involved.




P4: … “There should be a policy in place that both able-bodied and disabled people need to be involved in the design.”






P5: … “I think disability, people with disabilities should play a role in governing and um kind of fixing the problems with it… Like problems with technology and society’s viewpoints.”






P8: … “you can’t develop policy unless you are actually bringing people who are impacted by that policy to the physical table and discussion.”





Only 10% stated that governance of knowledge production is not needed.






4. Discussion


According to participants, the narrative undergraduate disabled students are exposed to does not prompt them to think of themselves as potential researchers, and undergraduate disabled students face numerous barriers in becoming knowledge producers. Our participants lacked exposure to science and technology especially around the ethical, legal, and social implications of technology, although they all felt that technology has such implications. Participants furthermore felt that undergraduate disabled students have a role to play in the governance of science and technology. In the remainder of this section, we discuss our findings through the lens of the importance of roles and identity, the career development of students, and science and technology governance.



4.1. Researcher Identity and Role of Disabled Students


It is argued that students [7,41,42,43,44,45], including undergraduate students [17] can and should identify and occupy the role of researcher or knowledge producer due to its many benefits [7,46,47,48,49,50]. Disabled students are part of the student cohort. All 10 participants stated that anyone can be a knowledge producer and discussed the importance of both academic and community-based knowledge production. However, despite their enthusiasm towards knowledge production, only 20% had undergraduate research experience beyond course-based work. The question is why is there such a disconnect? Opportunities to become engaged in knowledge production are paramount to developing a research identity [17]. A total of 60% stated that their disability impacts their post-secondary choices, and 100% outlined barriers they have experienced that curtail their ability to develop a research identity such as physical barriers (i.e., lack of access to facilities and transportation), attitudinal barriers (i.e., feeling overlooked, lack of mentors, lack of willingness to be accommodated), lack of exposure to a research identity, and lack of opportunity to engage in research. As Participant 4 stated, “I think one of the barriers that I have experienced just as a student and just as a woman with a disability is that there hasn’t been a lot of opportunities to take part in research”. The lack of opportunities and barriers experienced fits with barriers disabled students experience in universities in general [19,56,69,111]; for example, attitudinal barriers experienced by 60% of participants is a problem described for disabled students in general [111,112,113,114,115,116] but also for disabled academics [117,118,119]. Participant 6 stated, “It can be an attitudinal barrier can maybe be a big problem in terms of being able to be engaged in knowledge production particularly if you are in an environment that you don’t feel valued.” Developing a research identity is noted as empowering for undergraduate students [17] and role theory suggests that expectations of oneself are influenced by the role expectations by others [38]. However, feeling overlooked and disempowered are often feelings expressed by disabled students [57], and was a theme identified in this study. Participant 9 echoed this sentiment, “I think that students with disabilities are a population that are overlooked sometimes.” Undergraduate disabled students are well positioned to become researchers and be instrumental in filling the knowledge gaps that are known to exist and to bring invisible voices to the research agendas. The lack of mentorship our participants identified as a barrier reflects existing literature which often highlights mentorship as an important aspect of the research experience of undergraduate students [120,121], including underrepresented groups [122,123]. Given that identity is a “source of motivation for action particularly actions that result in the social confirmation of the identity” [124] (p. 242), our findings suggest that the climate is not such that undergraduate disabled students will take up the researcher role. Various academic studies investigated the motivation of students and faculty [125,126,127,128,129]. Our data suggest that the experience of our participants would lead to a low intrinsic motivation, which has as one parameter the ability to succeed [127,129]. A study by Daumiller et al., about “Motivation of higher education faculty” [125] outlines in Figure 1 on page 4 an overview model of faculty motivation and describes many factors that might motivate (e.g., feasible, desirable), or demotivate (e.g., receiving rejection) faculty covering many different forms of motivation and theories such as self-determination theory, achievement goal theory, control value theory, and social cognitive career theory. What our participants describe would mostly be seen as decreasing their motivation as most of the motivators seem not to be there, such as relatedness and many other indicators. Although the studies [125,126,127,128,129] did not look at disabled faculty or disabled students, many of the demotivators and motivators identified do apply to disabled students and faculty. Given the many studies that suggest that disabled students feel stigmatized due to the negative narrative around ‘disability’ [19] a reality also seen to apply to disabled faculty [130,131] and given the many other problems for disabled students, academic and non-academic staff described in the literature [24], the sentiments voiced by our participants fits with the reality described in other studies. Indeed, our participants stated clearly that disabled people and students should be knowledge producers but that they felt discouraged. Given that the problems they experience do not disappear when they reach the faculty level, this might discourage them to continue the academic research trajectory. Being discouraged to continue towards a research career might be more severe for disabled students where the motivation for an academic career is linked to a research agenda that focuses on the social situation of disabled people than for disabled students who want to perform medical research linked to ‘disability’ or where research is not linked to ‘disability’ at all. However, there are many other issues disabled faculties face such as harassment and unfair treatment [132] that might demotivate undergraduate disabled students to pursue academic careers.



Given the well-described utility for undergraduate students of being researchers [18] such as in relation to career choices [52,55] and providing students with skills needed to prepare students for an ever more complex society [133], it is problematic that undergraduate disabled students are not engaged in research. Although initiatives are underway in Canada aimed to increase the numbers of disabled academic faculty members [25,26,27] many problems exist [18,24] and such efforts are futile unless a researcher identity is developed within undergraduate disabled students and even earlier such as high school as noted in the case of women in STEM [45,134]. As Participant 2 stated, “In order for someone to take [the student] on as a researcher, usually students that start as a researcher did it in high school or has a sibling who can connect them.” Therein, we suggest that efforts are needed to engage students in developing a research identity earlier on and that engagement with barriers in relation to a research identity is necessary.



4.1.1. Researcher Identity and Choosing a Topic


The dynamics of how a research topic is chosen is not covered in the literature in relation to disabled students and disabled academics in general [18,24]. This is problematic given that this was for 80% of our participants an essential factor for getting involved in research and that 80% wanted to work on disability topics. Indeed, for our participants, the research topic was a main motivator. Choosing a topic is noted as a problem for other underrepresented groups stating that one often has to go in one’s choice against the reality that certain knowledge, evidence, research questions and methods are privileged [123]. It is also noted that there is a bias in how disabled people are engaged with in academic inquiries, namely that evidence on social problems disabled people experience is missing in relation to science and technology [34,35,135] and also beyond [4,5,6,136]. Fear of repercussions from sharing one’s lived experience mentioned by two participants is a valid concern given that 35% of disabled Canadian University professors, instructors, teachers, or researchers “experienced unfair treatment or discrimination” and 47% experienced harassment [132] and this fits with the issue flagged around the unwillingness of disabled academics to identify themselves as a disabled person [130,131].




4.1.2. Researcher Identity and Advocacy


Disabled people are experts of their situation [4,15,16], and this was a common theme within participant responses. Participant 8 stated, “because of our lived experience, we are experts… we are the experts and the knowledge producers of our own experience”. Disabled people have an important role to play in research [137,138], and disability-related research can also be translated into evidence-based advocacy [139]. Ninety percent of participants indicated that they want to perform research on disability-related issues. Participant 4 stated, “I think it is important to be engaged in research opportunities particularly those that affect the disability community.” On the participants, twenty percent indicated that they want to perform research on non-disability-related issues, while 30% identified community-based research as an opportunity to advocate for people with disabilities. Participant 2 stated, “People with disabilities can only advocate for people with disabilities…Without them advocating for themselves, engineers or not anybody wouldn’t know what gaps there are to fill”.



Eighty percent of participants highlighted that academic knowledge production provides the foundation for policy and decision-making and two that it provides the foundation for community change. All also believed that the role of community-based knowledge production, which fits with the literature around participatory action research, citizen sciences and community being the scholar, whereby the case is made that being a researcher and developing the identity of being a researcher as an undergraduate is enticing a student to learn about research methods and also think about being a researcher in their community job after graduation [7,89]. Forty percent highlighted problems with knowledge production such as disabled people being ignored and biases. This fits with the recognized problem of for example missing data on the social situations of disabled people [5] including in the academic situation around equity, diversity, and inclusion [24].





4.2. Knowledge Production and Science and Technology Governance


Science and technology-focused knowledge production and knowledge production for science and technology including governance is seen as a political and social process [8,9,10,11,12,13,14,29]. The interaction “between scientific and citizen groups [is seen] to be a crucial element of the modern ways of knowledge production and governance” [31]. Disabled people are often the anticipated users of technology including neurotechnology [33,37] and are impacted by how the changes in social parameters caused by the use of science and technology including neurotechnology are governed. Therefore, disabled people have a stake in how science and technology including neurotechnology are advanced and governed [29,34,140].



Our results indicate that many undergraduate disabled students are not exposed in universities to discussions focusing on the ethical, legal, and social implications surrounding technology including neurotechnology. At the same time, all 10 participants felt that there are implications linked to advancements in science and technology including neurotechnology. This gap in the training is problematic and should be filled.



All participants were interested in technology including neurotechnology, but only two of these participants were involved in knowledge production related to technology, which is problematic. Participant 9 stated, “I really believe the people with disabilities are the people that you need to be consulting regularly and the people who have knowledge in the disability field.” All participants felt that there are implications linked to advancements in science and technology including neurotechnology and stated that there are negative and positive impacts of technology including neurotechnology. One hundred percent of participants generated ethical, legal, and economic examples for technology (16 examples) including neurotechnology (14 examples). Furthermore, 90% of participants indicated that there is a need for governance, 60% suggested that disabled people ought to be involved, and 50% suggested that disabled students ought to be involved. These findings suggest that changes in how universities deal with undergraduate disabled students as knowledge producers including researchers are warranted. The lived experiences and academic background of undergraduate disabled students put them in an advantageous position to produce knowledge on technology, including neurotechnology, and their governance from the point of view of disabled people. For example, participant 8 stated, “I think that is where innovation happens. I think students are younger and more creative. And they have had access to technology growing up and it, I mean it is exciting what students can come up with and particularly students with disabilities who are in this field of study are just such an asset.”





5. Conclusions


Our findings suggest the need for change in how research is taught to disabled students at the undergraduate and high school student level, for more opportunities for undergraduate and high school disabled students to be involved in knowledge production, such as research, and a solid exposure to and support in developing a research identity for undergraduate and high school disabled students. Our findings can inform fields such as science and technology studies, STEM education, disability studies, and topics such as “Equity/Equality, Diversity and Inclusion” (EDI).



Undergraduate disabled students could provide valuable perspectives regarding the ethical, social, legal, and economic issues surrounding scientific and technological advancements including neuro-based scientific and technological advancements, robotics, artificial intelligence, and machine learning, given their lived experienced as disabled people who are constantly impacted by advancements in science and technology. Indeed, 100% of participants stated that undergraduate disabled students should be involved in knowledge production that influences science and technology including neurotechnology governance, although not one of the participants were involved. Undergraduate disabled students must be explicitly exposed early in their academic career to the existing science and technology governance discourses so they can make a linkage between their own situation and what is discussed in these discourses with the hope that some will be enticed to pursue research projects covering the social implications of advancements in science and technology and enriching these discourses with data missing in relation to disabled people.



Our findings indicate that further studies on knowledge production by disabled students are needed. Studies that interview people involved in university and community-based research and knowledge production and policy-makers may be warranted. One could interview disabled high school students and disabled university students, not part of our sample such as deaf students, to generate qualitative data on their perspectives on the development of a research identity and their role in research-based knowledge production. More studies are needed to be able to develop in-depth best practices regarding how to increase the number of undergraduate disabled student researchers. Studies are especially needed to investigate in depth the issue of choosing a research topic. More studies are also needed on equity, diversity, and inclusion policy actions in relation to disabled people.
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Figure 1. Two main subthemes related to participants being involved in knowledge production. 
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Figure 2. Overview of subthemes related to barriers to knowledge production. 
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Figure 3. Overview of themes related to the governance of technology, including neurotechnology. 
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Figure 4. Overview of themes related to knowledge production governance. 
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Table 1. Overview of themes identified within the perspectives related to knowledge production.






Table 1. Overview of themes identified within the perspectives related to knowledge production.





	
Themes

	
Subthemes

	
Sub-Subthemes






	
Understanding of knowledge producer identity

	
Defining knowledge producer (100%)

	
Producing new knowledge/research (60%)




	
Community awareness (20%)




	
Making change (20%)




	
Background in academia (20%)




	
Who can be a knowledge producer (100%)

	
Anyone (60%)




	
People with background knowledge on the topic (30%)




	
Everyone’s perspective has value (20%)




	
Disabled people are experts of their experiences (20%)




	
Self-identifying as a knowledge producer (90%)

	
Experience producing knowledge in an academic setting (60%)




	
Experience performing research in a course (10%)




	
Completed a course in which one felt confident in the topic of study (30%)




	
Interested in pursuing a career in knowledge production (40%)




	
Role of academic knowledge production (100%)

	
Provides a foundation for policy and decision-making (80%)




	
Provides a foundation for community change (20%)




	
Is an evolving field (10%)




	
Role of community-based knowledge production (100%)

	
Is more applicable and implementable than academic knowledge production (30%)




	
Provides realistic and useful insight at the community level (40%)




	
Offers more diverse perspectives on topics of study (30%)




	
Problems with knowledge production (40%)

	
Disabled people are excluded (20%)




	
Bias exists and is hard to remove (10%)




	
Some research is futile (10%)
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Table 2. Overview of themes related to factors that entice disabled students to be involved in knowledge production.
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Themes

	
Subthemes

	
Sub-Subthemes






	
Factors that entice disabled students to be involved in knowledge production

	
Opportunities to become involved (60%)

	
Seminars (20%)




	
Guidance (30%)




	
Developing research identity (70%)

	
Introduce research identity (30%)




	
Role of mentor (20%)




	
Importance of research community (30%)




	
Advocacy (40%)




	
Topic of study (80%)

	
Interest in topic (80%)




	
Disability perspective (80%)




	
Impact of research (40%)
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Table 3. Overview of themes related to views and perceptions of technology, including neurotechnology.
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Themes

	
Subthemes

	
Sub-Subthemes






	
View and perception of Technology

	
Technology in general (100%)

	
Interest in technology (100%)




	
Exposed to technology (100%)




	
Interest in the impacts of technology (100%)




	
Negative impacts (100%)

	
Social robots (10%)




	
Creating disparity (100%)




	
Positive impacts (30%)

	
New opportunities (10%)




	
Improve accessibility (10%)




	
Implications (100%)

	
Learning to trust technology (10%)




	
Disabled people use technology for functional purposes (20%)




	
Able-bodied people use technology for enhancement (10%)




	
Ethical, social, legal, and economic implications (100%) (see Table 4, Table 5 and Table 6)




	
View and perception of Neurotechnology

	
Neurotechnology (10%)

	
Interested in neurotechnology (100%)




	
Lack of exposure to neurotechnology (60%)




	
Negative impacts (50%)

	
Create disparity between people who can or cannot afford it (20%)




	
Create a social divide between people (20%)




	
Neurotechnology infringing on people’s rights (10%)




	
Positive impacts (30%)

	
Make disabled people normal (10%)




	
Enhance able-bodied people (10%)




	
Maintain able-bodied people’s ‘normal’ (10%)




	
Implications for deaf culture (30%)
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Table 4. Overview of participant perspectives on ethical, social, legal, and economic implications of technology.
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Technology in General




	

	
For Disabled People

	
For People without Disabilities






	
Category

	
Yes

	
No

	
Potentially

	
Yes

	
No

	
Potentially




	
Ethic Issues

	
80%

	
10%

	
10%

	
90%

	
10%

	
0%




	
Social Issues

	
80%

	
0%

	
20%

	
100%

	
0%

	
0%




	
Legal Issues

	
60%

	
0%

	
40%

	
70%

	
30%

	
0%




	
Economic Issues

	
100%

	
0%

	
0%

	
70%

	
10%

	
2
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Table 5. Overview of participant perspectives on ethical, social, legal, and economic implications of neurotechnology.
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Neurotechnology




	

	
For Disabled People

	
For People without Disabilities






	
Category

	
Yes

	
No

	
Potentially

	
Yes

	
No

	
Potentially




	
Ethic Issues

	
70%

	
20%

	
10%

	
60%

	
30%

	
10%




	
Social Issues

	
90%

	
10%

	
0%

	
70%

	
30%

	
0%




	
Legal Issues

	
80%

	
10%

	
10%

	
70%

	
10%

	
20%




	
Economic Issues

	
100%

	
0%

	
0%

	
70%

	
10%

	
20%
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Table 6. Overview of themes identified within the perspectives related to the ethic, social, legal, and economic issues posed by technology, including neurotechnology.






Table 6. Overview of themes identified within the perspectives related to the ethic, social, legal, and economic issues posed by technology, including neurotechnology.





	
Themes

	
Subthemes (Technology/Neurotechnology)






	
Ethic Issues

	
Responsible use of technology (30%/0%)




	
Human enhancement (20%/10%)




	
Consent (10%/20%)




	
Fairness (30%/10%)




	
Impact on user identity (10%/20%)




	
Social Issues

	
Socialization (50%/30%)




	
Access to technology (40%/20%)




	
Exclusion (40%/20%)




	
Portrayal of technology in social media (20%/0%)




	
Deaf culture (10%/20%)




	
Legal Issues

	
Consent (30%/30%)




	
Access to technology (30%/20%)




	
Information privacy and security (40%/10%)




	
Autonomous technology (10%/0%)




	
Economic Issues

	
Affordability, disparity, and exclusion (90%/100%)




	
Role of government (10%/10%)




	
Economic issues can create social issues (0%/10%)
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