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ABSTRACT OF THE THESIS 

 

Finding a place for chatbots in genetic counseling: Practitioners’ experiences, views, and 
ideas for future applications 

 
by 

Jordann Wallis 

Master of Science in Genetic Counseling 

University of California, Irvine, 2020 

Professor Maureen Bocian, Chair 

 

 

Genetic counseling chatbots have recently been developed, with several currently in 

use. This raises two important questions: if genetic counselors are interested in using 

chatbots in their practices, and what applications and information genetic counselors want 

included in these chatbots. To date, these questions have not been explored, and there has 

been no published research on genetic counselors’ opinions on the usage of chatbots. The 

aim of this thesis is to investigate the current perspectives of genetic counselors and 

genetic counseling graduate students regarding the use of chatbots in the genetic 

counseling field. A survey was developed to explore genetic counselors’ and genetic 

counseling graduate students’ familiarity with, usage of, and opinions regarding chatbots, 

both in general and specifically in the genetic counseling field. This includes their thoughts 

on what information genetic counseling chatbots should provide and potential barriers to 

their use. It was hypothesized that counselors and students who are younger, see a larger 

number of patients per week, use alternative counseling methods, and are already familiar 

with chatbots in general will be more interested in offering a genetic counseling chatbot. 
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While overall, participants were only slightly interested in offering a chatbot to their 

patients, the variables that predicted greater interest were different than those 

hypothesized. The data showed that counselors who work in a laboratory or non-patient-

facing setting and do not have administrative and/or support staff are more interested. In 

addition, both counselors and students who are familiar with genetic counseling chatbots 

and would consider using a chatbot for their personal health are more interested. 

Participants’ main concern was that counselors would be unable to assess whether patients 

understood the information included in the chatbot. While participants’ preferences for 

what is included in a genetic counseling chatbot is in line with what is currently being 

offered, the results of this thesis still offer some important insights into the future 

development and refinement of genetic counseling chatbots.  
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I. INTRODUCTION 
 

1.1 Genetic Counseling 

 Genetic counselors are healthcare professionals who are trained in both medical 

genetics and counseling to help guide individuals through what is known about genetic 

disorders, how they are inherited, and what impact this information can have on them and 

their families. They use personal, family, and medical history to assess the risks for genetic 

conditions and determine if genetic testing is appropriate. Genetic counselors then assist 

patients in interpreting their results and understanding the potential impact on their 

medical management, the recurrence risk, and the implications for other family members 

(“Who Are Genetic Counselors?” 2020). There are currently over 5,000 certified genetic 

counselors and 51 accredited genetic counseling graduate programs in North America 

(“ABGC Fall Digest” 2019) (Professional Status Survey 2020: Executive Summary, 2020). 

Since 2010, the genetic counseling profession has grown by more than 100% (Professional 

Status Survey 2020: Executive Summary, 2020). From the traditional areas of prenatal, 

pediatric, and adult/general genetics, over the years we have seen genetic counseling 

expand to include a variety of other specialties. The area with the most growth has been 

cancer genetic counseling, which became the second most common specialty behind 

prenatal in 2002 (1980-2002 Professional Status Survey Trends Report, 2004).  Currently, 

cancer is the most common specialty reported by genetic counselors in direct patient care, 

accounting for 52% of the total workforce (Professional Status Survey 2020: Executive 

Summary, 2020). Since 2002, genetic counseling has seen expansion into even more 

specialized niches, such as infertility, psychiatry, cardiology, and neurology. Genetic 
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counselors have also moved into a variety of positions in industry settings, especially 

clinical testing laboratories. These roles include variant curation, scientific writing, and 

customer liaisons, to name only a few (Christian, Lilley, Hume, Scott, & Somerville 2011) 

(McWalter, et al. 2018). There also has been expansion into other “non-traditional” areas of 

genetic counseling, many of which, like in industry, do not involve direct patient care. 

These include research, public health, education, and insurance. While each of these areas 

individually accounts for a small amount of the workforce, they cumulatively account for 

30% of all genetic counselors (Professional Status Survey 2020: Work Environment, 2020), 

indicating that the range and scope of practice of genetic counseling professionals has 

greatly expanded beyond where it started.  

Genetic counseling has grown rapidly, both in terms of the number of trained 

counselors and the job opportunities and specialties available to them. In spite of 

increasing numbers of genetic counselors entering the profession, there still are more job 

openings in the genetic counseling field than there are current graduates (Hoskovec, et al. 

2018). Current estimates indicate there are two to three jobs in the United States for every 

genetic counseling program graduate; thus, the demand for genetic counselors is still 

higher than current training capacity (Burns, et al. 2019) (Molteni 2019). Even taking into 

account experienced genetic counselors who could fill these positions, the U.S. would still 

need at least 450 more trained individuals to fulfill the demand for genetic counselors in 

direct patient care in 2020 (Hoskovec, et al. 2018). To attempt to alleviate this gap between 

supply and demand, genetic counselors have worked to develop a variety of tools, 

administrative support systems, and alternative counseling methods aimed at reaching 

more patients and reducing their clinical burden by automating certain tasks.  
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1.2 Alternative genetic counseling methods 

Genetic counselors are no strangers to improvements in their field in terms of 

efficiency and technology. From simple tools, such as stencils for drawing pedigrees more 

clearly to more technological advancements (e.g., electronic pedigree construction 

programs such as Progeny®), genetic counselors have adapted and attempted to make the 

process of taking complex family histories easier and more efficient (Bennett 2010) 

(Pritzlaff, et al. 2014). The first electronic pedigree programs were available in 2004, and 

there are currently almost 30 different programs and/or websites available (Welch, et al. 

2018) ("Genomic Data Toolkit - Family History Tools Inventory"). Several of them were 

created for use specifically in cancer settings (Welch, et al. 2018) (Pritzlaff, et al. 2014). 

Many clinics send questionnaires to patients before their appointments to collect relevant 

personal, family, and medical history information, reducing the time spent on these 

activities during their appointments. In some cases, these forms are even available online 

so that patients can have immediate access and do not have to wait for a mailed copy 

(Gordon, Babu, & Laney 2018). This has resulted in genetic counselors being able to review 

relevant information more quickly and also in sooner appointment times for patients 

(Gordon, Babu, & Laney 2018). Other genetic counselors may provide clinical services 

using telecommunications technologies, otherwise known as telemedicine or telegenetics. 

Telemedicine has been in use by genetic counselors for over 20 years as a way to increase 

the availability of services in remote areas (Gordon, Babu, & Laney 2018) (Gray, et al. 

2000). In addition to being a service provided by genetic counselors who work in academic 

medical centers and for some healthcare companies (e.g., Kaiser Permanente and Geisinger 

Medical Group), there is an increasing number of private companies that are employing 
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counselors specifically to provide telemedicine (Gordon, Babu, & Laney 2018) (Du & 

Becher 2018). Some genetics clinics have adopted group counseling sessions for patients 

with similar indications to review pre-test information, followed by shorter individual 

sessions to discuss other recommendations or testing options tailored towards patients’ 

specific personal and/or family histories (Calzone, et al. 2005) (McCuaig, et al. 2018) 

(Cloutier, et al. 2017). All of these advances have served to help genetic counselors see 

more patients, spend less time on the repetitive portions of appointments, and improve 

access to genetic counseling. Furthermore, studies have shown that overall, both patients 

and providers are satisfied with the level of information and care they receive through the 

use of these alternative counseling methods and see them as acceptable alternatives to the 

traditional in-person approach (Buchanan, Rahm, & Williams 2016) (Cohen et al 2016) 

(Cloutier, et al. 2017) (Calzone, et al. 2005) (McCuaig, et al. 2018). Clearly, genetic 

counselors are committed to finding new and more efficient ways to counsel and educate 

their patients. These methods have not diminished the genetic counseling profession, since 

counselors have adapted them to serve both their needs and the needs of their patients. In 

this way, both genetic counselors and patients are still able to provide and receive the same 

level of care, regardless of the counseling method.   

1.3 Chatbots 

 The newest technological advancement in the field of genetic counseling is chatbots. 

A chatbot is a computer program that uses artificial intelligence and natural language 

processing to simulate conversation with human users (Shawar & Atwell 2007). Other 

names for chatbots include conversational agent, chatterbox, and virtual agent (Shawar & 
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Atwell 2007) (Io & Lee 2017). The first chatbot, ELIZA, was created in 1966 to mimic a 

psychotherapist (Weizenbaum 1966). Users could interact with the chatbot by entering 

text commands, and the chatbot would respond in kind. This is still the case today, with 

many chatbots utilizing text messages or instant messaging to interact with users 

(Brandtzæg & Følstad 2017). As technology has advanced, however, voice commands and 

responses are also possible modes of interaction (Io & Lee 2017). The majority of chatbots 

are very simple, which means that they are pre-programmed to answer a specific set of 

questions. Users interacting with these chatbots can choose from predetermined options 

but cannot ask their own questions. There are more complex chatbots that are able to 

respond both to user-generated questions and to options that have been predetermined for 

users (Io & Lee 2017). While we may not always think of them as such, personal assistants 

like Siri, Amazon Alexa, and Google Assistant are all chatbots that many of us may interact 

with every day. Finally, there are many websites and mobile applications that use chatbots 

as well. The most common of these are used in retail customer service and internet 

banking, but chatbots can also be found for news, weather, and food delivery services 

(Følstad & Brandtzæg 2017).  

Mobile applications (apps) are very small computer programs that have been 

designed to perform specific functions on an individual’s cell phone or tablet, such as 

personal banking, online shopping, or communicating via text messages. Many companies 

and retailers have their own apps that are available to download so that a user does not 

have to navigate to their website to use their services. Examples of such companies include 

Nordstrom, Facebook, and Wells Fargo. While these apps require Internet access, they are 

not Internet browsers, since users can only access the services provided by that specific 
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company. Not all apps are chatbots, although many of them may utilize a chatbot for certain 

functions, such as customer service (Brandtzæg & Følstad 2017). Thus, when users try to 

contact customer service via the app they are using, instead of reaching a human 

representative, they communicate with a chatbot. Many users may not realize that they are 

interacting with a chatbot instead of a human for most of these exchanges (Radziwill & 

Benton 2017). These chatbots are programmed with answers to many of the most 

frequently asked questions identified by the company that created the app. This allows the 

customer service representatives to spend their time on more complicated problems, 

while users can still get their simpler questions answered.  

Chatbots that are incorporated into online websites work exactly the same way as in 

mobile apps. Instead of being accessed through an app, however, they are accessed through 

the company’s website. This is usually through a pop-up, or separate window, that allows 

the user to interact with the chatbot while still navigating the website. Some websites even 

have these boxes appear unprompted, with the option to minimize them until the user 

needs or wants to interact with them. As the use of mobile phones has increased, however, 

users are more commonly encountering and interacting with chatbots on their mobile 

devices (Io & Lee 2017).  It is predicted that over 83% of the population in the United 

States will use their mobile phones to access the internet in 2020, compared to just under 

78% in 2017 (Clement 2019). However, on average, people spend 90% of their mobile 

phone usage on mobile apps instead of an Internet browser (Wurmser 2019). So, while 

chatbots are still available on the web, the majority of individuals, especially in the United 

States, encounter them on their cellphones within mobile apps.  
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1.4 Chatbots in medicine 

As chatbots have become more sophisticated, their use has expanded into other 

areas, including the field of medicine. Chatbots have been piloted and used for patients 

with a wide variety of health concerns and medical conditions. Examples of more general 

health applications include mental and physical wellness (e.g., healthy habits, positive 

psychology), addictions (e.g., alcoholism, smoking), and sexually transmitted diseases (e.g., 

AIDS/HIV, syphilis) (Pereira & Díaz 2019). In some cases, the chatbot is designed to 

function as an advisor or mentor, such as for users struggling with addictions or diagnosed 

with sexually transmitted diseases. For others, the chatbot can track eating habits or 

physical activities in addition to functioning like a health coach to encourage users to stay 

on track with their goals (Pereira & Díaz 2019). Chatbots have also been developed for 

more specific diagnoses, including neurological disorders (e.g., dementia, Alzheimer 

disease) and nutritional metabolic disorders (e.g., diabetes, obesity), among others (e.g., 

aphasia, diagnosing rare diseases, detecting heart conditions/cardiovascular diseases) 

(Pereira & Díaz 2019). Examples of chatbot functions in these settings include recurrent 

interviews with patients who have a rare disease diagnosis, providing Alzheimer patients 

with quizzes designed to slow progression of symptoms, and providing illness-specific 

advice (Pereira & Díaz 2019).  

Many of the studies about chatbots in the medical field at large focus on patient 

experiences or on patients’ thoughts about using chatbots in general (Nadarzynski, Miles, 

Cowie, & Ridge 2019) (Pereira & Díaz 2019) (Laranjo, et al. 2018). Overall, patients feel 

that chatbots can be helpful, although there is a small percentage who prefer using them 
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only for logistical applications (such as making appointments) and would prefer to see a 

doctor in person to discuss their health concerns (Nadarzynski, Miles, Cowie, & Ridge 

2019). There are some studies that have tried to assess physicians’/clinicians’ thoughts 

about using chatbots in their practices (Palanica, Flaschner, Thommandram, Li, & Fossat 

2019) (Laranjo, et al. 2018). Of the physicians surveyed in one study, over 70% had never 

heard of or used any of the chatbots currently available in the medical field (Palanica, 

Flaschner, Thommandram, Li, & Fossat 2019). However, over half of the physicians 

recognized the utility of chatbots for distributing general health information, logistical 

tasks, and helping with patient compliance (Palanica, Flaschner, Thommandram, Li, & 

Fossat 2019). So, even though most physicians are not using chatbots themselves, they can 

still see many potential uses for them that would be beneficial for both patients and 

providers.  

1.5 Chatbots in genetic counseling and their functions 

  There are currently several chatbots that have been developed and are in use by 

genetic counselors. The most well-known is the chatbot called GIA, which stands for 

Genetic Information Assistant, developed by Clear Genetics. This chatbot was created in 

partnership with Geisinger Health Systems and GeneMatters, a company that provides 

telehealth genetic counseling services. In November 2019, GIA was bought by Invitae, a 

genetic testing company that was using the chatbot as part of their patient-initiated testing 

portal (Invitae Corporation 2019). GIA was developed with input from genetic counselors 

and has three different interfaces, each of which has a separate function that can be used 

independently. These include interfaces designed to, for example, consent patients to 
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research studies, follow up with patients after their genetic test results return, and be 

shared with family members to disclose positive test results and discuss their options for 

genetic testing and counseling.  

All three of these chatbot interfaces are being used at Geisinger locations in 

Pennsylvania and New Jersey as part of the MyCode Community Health Initiative. 

Participants in this study provide samples, including blood, for use in research on 

cardiovascular, cancer, and other health conditions, such as cystic fibrosis and familial 

hypercholesterolemia. As part of the research study, participants’ DNA is tested for 

variants, or changes, that may predispose them to develop or may even cause one of these 

conditions. If one of these variants is identified, the patient is notified and is offered an 

opportunity to speak to a genetics provider who is part of the Geisinger team or to their 

own medical provider about the result in more detail (“What is MyCode?”). All three 

interfaces of the GIA chatbot are being used by the MyCode participants. For example, one 

interface is being used to consent them to the research study. If a variant is identified in 

their DNA, after their result is disclosed, they are offered the option of using the follow-up 

chatbot interface to remind them of recommendations made by their health care team. 

Examples include meeting with a specialist provider or initiating relevant screening or 

risk-reducing actions that were recommended at the time that they received their results. 

These individuals can also send their family members a GIA chatbot interface that will 

explain the patients’ test results and what implications these results can have for their 

relatives.  
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The GIA chatbot is scripted, meaning that all of the responses that it gives to user 

questions have been pre-written, in this case by a team of genetic counselors. In the event 

that there is a question that does not have a pre-programmed response, the query is 

forwarded to the care team, who then create an answer for the chatbot to use in future 

interactions (Schmidlen, Schwartz, Diloreto, Kirchner, & Sturm 2019). The responses 

provided by GIA can also be edited or expanded based on user response, which helps the 

library of responses to improve and to be able to address a wider variety of inquiries. This 

allows the health care team at Geisinger to be in control of what information is being 

provided to their patients through the chatbot and to update it as necessary. 

In October 2019, Geisinger published the first study specifically about genetic 

counseling chatbots that looked at patient perspectives of the three different interfaces of 

their chatbot (Schmidlen, Schwartz, Diloreto, Kirchner, & Sturm 2019). The patients were 

generally in favor of using the various interfaces but had some concerns about privacy and 

usability (Schmidlen, Schwartz, Diloreto, Kirchner, & Sturm 2019). The GIA chatbot was 

updated to address these issues and incorporate the patients’ suggestions, which speaks to 

the importance of collaboration between patients and clinicians to develop tools that help 

both parties.  

 There is also another chatbot that is currently available for use called GeneFAX. It 

was developed by a software company named OptraHEALTH and was officially launched in 

February, 2018. The goal behind the development of the app was to provide a platform for 

individuals to ask questions relevant to genetic testing. This includes understanding the 

meaning of a genetic test, or what to expect from genetic testing, as well as information 
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about genetic disorders or conditions. There is also an option in the app to connect to a 

genetic counselor through live chat or by scheduling an appointment through an online 

portal if the user has more specific questions that cannot be answered by the chatbot; as of 

November 2019, users are connected to board-certified genetic counselors provided by 

InformedDNA, a private, laboratory-independent genetic counseling company ("The Digital 

Revolution in Genomics: OptraHEALTH® Launches GeneFAX™, Free to Use Conversational 

AI Powered App for Consumers" 2018) (Bio-IT World Staff 2019). Unlike GIA, GeneFAX is 

publicly available and can be downloaded on a variety of platforms, including mobile 

phones and personal assistant devices such as Amazon Alexa.  

 In comparison to the GIA chatbot, which has a more limited scope, the GeneFAX 

chatbot covers a much wider range of topics, from prenatal to cancer to general genetics, 

including some specific genetic conditions. It will discuss genetic testing in general and also 

specific genetic tests, such as noninvasive prenatal screening (NIPS). GeneFAX also has an 

option for users to input their own genetic test results, which the chatbot will then discuss. 

In contrast to the GIA chatbot, which is entirely scripted by genetic counselors, GeneFAX 

draws on a database to answer questions from people while they are using the app. This 

database is curated by OptraHEALTH and also contains a dictionary with over 450,000 

genetic terms. Both are continually updated (Versel 2019). According to OptraHEALTH, the 

database is also validated by board-certified genetic counselors, but they are otherwise 

uninvolved in the creation of responses provided by the chatbot (Versel 2019).  

           It is important to note that at this time, no chatbot developed for genetic counseling 

has been utilized to return genetic test results. Any chatbot that is being used in 
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conjunction with genetic testing is being offered to patients either before testing has 

occurred or after the results have been given. This is the case for the GIA chatbot, in which 

all genetic test results are given to patients by genetic counselors before involving either 

the follow-up interface or the family cascade interface, or both, depending on patient 

preference. Since the GeneFAX chatbot is accessible by the general public, if users are 

entering their own genetic test results, it is unclear what laboratory the genetic test results 

came from and who disclosed the results to them. Presumably the chatbot is merely 

explaining results that the individuals have already received in some other form, though 

there is no way to confirm this. Regardless, the chatbot is not the intended delivery method 

for the initial return of genetic test results. 

1.6 Aim of this study 

 The aim of this study is to determine if genetic counselors are interested in using 

chatbots designed specifically for their profession and, if so, what information these 

chatbots should include. To assess this, a survey was designed to ask genetic counselors 

about their use of chatbots in general, their familiarity with genetic counseling chatbots 

specifically, and their thoughts on what information should be included in genetic 

counseling chatbots. This included options for disclosing positive and negative test results 

in a variety of clinical settings and scenarios.  

The hypothesis of this study is that genetic counselors who are younger, see a large 

number of patients per week, are using some alternative counseling methods, and are 

already familiar with chatbots in general are predicted to be more likely to be interested in 

offering genetic counseling chatbots to their patients. By gaining a better understanding of 
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the perspectives of genetic counselors, we can determine whether the currently available 

applications are meeting expectations and, if not, how they can be improved.  

As a part of this research, genetic counseling graduate students were also included 

in the study population. Genetic counseling students are soon to be genetic counselors, and 

as such, their perspectives about chatbots can provide an important contribution to the 

field. Furthermore, as a population who may be more familiar with chatbots in general, 

genetic counseling students may be more open to utilizing them as part of their future 

careers. Students were included in our research population to compare with genetic 

counselors in order to see what differences in perspective, if any, there are between these 

two groups on the use of genetic counseling chatbots. 

To date, there have been no studies assessing genetic counselors’ attitudes 

regarding existing genetic counseling chatbots, only on patient perspectives. While it is 

important to study the population for which the tool is intended, investigating those who 

would be implementing the tool is also necessary. Since chatbots are being designed to help 

genetic counselors, they should have the opportunity and ability to decide what 

information and uses these chatbots have. Chatbots have the potential to be a very helpful 

tool for genetic counselors, increasing both efficiency and the ability to see more patients. 

They also have the potential to help genetic counselors spend more time with their patients 

focusing on the counseling process itself. As such, fully exploring all the possibilities and 

opportunities that chatbots may offer to the genetic counseling profession is necessary to 

help determine how best to implement this new technology. 
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II. METHODS 

2.1 IRB Protocol  

 This research protocol was determined to be exempt using the Institutional Review 

Board of University of California, Irvine Exempt Self-Determination form. A copy is 

available from the authors upon request. 

2.2 Participant eligibility and inclusion 

 Individuals were eligible to participate in this study if they were currently practicing 

board-certified genetic counselors or genetic counseling students currently enrolled in an 

accredited genetic counseling Master’s program. They were only eligible if they were 

practicing or attending school in the United States of America and were 18 years of age or 

older. The survey was provided in English, which required participants to read and 

understand English. The survey was administered online only, which required internet 

access to participate.  

 There were 262 total respondents, of whom 47 were removed because they did not 

complete the survey. An additional 11 respondents were removed because they did not live 

in the United States and so were disqualified from completing the rest of the survey.  

2.3 Recruitment 

 Participants were recruited through various methods: 

1. An advertisement for the survey, including a brief description of the survey and the study 

link, was distributed through the National Society of Genetic Counselors (NSGC) Student 
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Research Survey listserv on January 23rd, 2020 , followed by a reminder on February 5th, 

2020. 

2. E-mail correspondence from the program director of the University of California, Irvine 

Genetic Counseling Graduate program to the directors of the other currently active genetic 

counseling Master’s programs in the United States was sent in January, 2020, with a 

reminder sent in March, 2020.  

3. An email was distributed among members of the Portland, Oregon practicing genetic 

counselor listserv. 

4. A flyer advertising the survey was posted at the 2019 National Society of Genetic 

Counselors conference in Salt Lake City, Utah prior to the survey being available online. The 

flyer was placed on communal tables outside of the main conference room on the first and 

second days of the conference. Interested participants could send an email to the lead 

researcher asking to be notified when the survey was available online. 

5. Once the survey was available, an electronic flyer including the link was posted online on 

the lead researcher’s LinkedIn page and shared on Twitter by a genetic counselor who is 

involved in using genetic counseling chatbots. The flyer was also posted online in a 

Facebook group for genetic counseling graduate students who are enrolled in genetic 

counseling Master’s programs and are expecting to graduate in the summer of 2020. 

See Appendix B for examples of survey distribution advertisements, including 

emails and flyers.  
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2.4 Protection of participant privacy 

 Participants were asked to complete an anonymous web-based survey generated 

through UCI REDCap, a secure web application for building and managing online surveys 

and databases. Participants accessed the online survey link using their own devices in their 

own locations. The privacy of participants was protected throughout the entire data 

collection process. No personal identifiers were obtained in this study. If interested 

participants had emailed the lead researcher earlier asking to be notified when the survey 

was available, those email addresses were deleted upon completion of the data collection 

period. This research study did not cause any harm to participants. All research data was 

stored securely and confidentially.  

2.5 Consent 

 Implied informed consent was obtained from respondents prior to their 

participating in the study. On the first page of the online survey, a study information sheet 

was included that contained the contact information for both the lead researcher and the 

faculty sponsor, the purpose of the study, the eligibility requirements, and the contact 

information of the UCI Institutional Review Board. By clicking ‘START,’ respondents 

indicated that they consented to be research participants.  

2.6 Survey 

 The survey was written by the lead researcher with input from the thesis committee 

members. It was separated into three sections, the first of which included demographic 

information modeled on the NSGC Professional Status Survey demographic questions. The 

second section was written to explore participants’ real or hypothetical usage of chatbots 
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in their daily lives. The third section was designed to explore participants’ opinions on the 

usage of chatbots in genetic counseling settings, including returning genetic test results. 

The survey instrument was generated using UCI REDCap and was accessed through the 

website link: https://is.gd/chatbotGC. In the event that participants were unable to use 

that link to access the survey, the unabbreviated version was provided: https://ci-

redcap.hs.uci.edu/surveys/?s=Y9CETNDXKH.  

The survey consisted of a total of 35 questions, including 6 Likert scale-based 

questions, 20 multiple-choice questions, 10 multiple-answer questions, and one short-

answer question. There were 16 questions about demographics, 8 questions designed to 

assess usage of general chatbots, 10 questions about genetic counseling chatbots, and two 

questions about barriers to chatbots in genetic counseling. Branching logic was used so 

that participants only saw questions that were applicable to them in the survey. As such, no 

participant answered all 35 possible questions. Branching logic was also used to populate a 

text field for questions where there was an “Other” option so that participants could write 

in their responses.  

In the first section of the survey, branching logic was used to separate genetic 

counseling graduate students and practicing genetic counselors. Students were asked how 

long they had been enrolled in a Master’s program, and genetic counselors were asked how 

many years they had been practicing and their primary specialty. In addition, genetic 

counselors were asked about how they return genetic test results to their patients and 

whether they have any support staff. If they had support staff, they were to select all the 

types of staff that applied from the options given.  
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In the second section, branching logic was used to separate those who had used 

general chatbots in their personal lives from those who had not. Those who had were asked 

how often they used chatbots and for what purpose. Participants who had not were asked 

to predict how often they thought they might use a chatbot for different purposes. Both 

groups were given the same categories of chatbots to choose from and the same frequency 

of use options, except for the category “General Questions.” This category was only shown 

to the participants who said that they had used chatbots in their personal lives; it was 

intended to be shown both to individuals who had used a chatbot previously and to those 

who had not, but during survey development it was mistakenly not included for the latter 

group of participants.  

Finally, in the third section, branching logic was used to ask additional questions of 

participants who had indicated that they used a genetic counseling chatbot in their own 

practice. Specifically, they were asked what they used the genetic counseling chatbot for. 

Participants were also given 8 different scenarios in which a genetic counseling chatbot 

would be delivering either positive or negative genetic test results. The 8 scenarios were 

divided into 4 categories (prenatal, cancer, pediatric, and adult) and included one “low-

risk” scenario and one “high-risk” scenario for each category. They were asked to rate on a 

Likert scale how likely they would be to use a chatbot to deliver the genetic test results in 

each scenario.  

The complete survey for this study is available in Appendix A.  
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2.6.1 Survey data analysis 

 Data analysis was conducted using the statistical software IBM Statistical Package 

for Social Sciences (formerly named SPSS) Statistics v26.0. Demographic information is 

presented using descriptive statistics (mean, minimum, maximum and standard deviation 

for continuous variables, frequency and percent for categorical variables). Univariate 

analysis of the difference between subgroups as well as comparison between independent 

and dependent variables was performed using Pearson Chi-square tests or Fisher’s Exact 

tests for significance for categorical variables. In particular, responses to the survey 

question, “How interested are you in offering a chatbot to your patients?” was compared to 

most other survey questions and analyzed for significance.  

 Logistic regression was used to investigate the importance of the independent 

variables—including genetic counseling clinical specialty, administrative/support staff, and 

consideration of a chatbot for personal health—for predicting responses to the question, 

“How interested are you in offering a chatbot to your patients?” as the dependent variable. 

Two separate analyses were performed because clinical specialty and 

administrative/support staff responses were only obtained from participants who were 

genetic counselors. Familiarity with genetic counseling chatbots and consideration of using 

a chatbot for personal health were asked of all participants and were included in a separate 

analysis. For the first analysis, after adjusting for clinical specialty, administrative/support 

staff was added as a covariate to investigate which factors, if any, impacted participants’ 

interest in offering a chatbot for their patients. For the second analysis, after adjusting for 

familiarity with genetic counseling chatbots, consideration of using a chatbot for personal 
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health was added as a covariate to investigate which factors, if any, affected participants’ 

interest in offering a chatbot for their patients. Additional analysis was performed using 

genetic counseling clinical specialty to predict responses to the question, “How interested 

are you in offering a chatbot to your patients?” as the dependent variable. Clinical specialty 

was divided into three categories: “cancer,” “other clinical,” and “laboratory/non-patient-

facing.” These three categories were compared to investigate which specialties, if any, 

impacted participants’ interest in offering a chatbot for their patients.  

Logistic regression was also used to investigate the importance of the independent 

variables—including usage of a general chatbot, considering using a chatbot for personal 

health, and interest in offering a genetic counseling chatbot—for predicting responses to 

the question, “What features would you like to see in a chatbot for genetic counseling 

patients?” as the dependent variable. After adjusting for usage of a general chatbot, 

considering using a chatbot for personal health and interest in offering a genetic counseling 

chatbot were added as covariates to investigate which factors, if any, impacted what 

features participants wanted in a genetic counseling chatbot. All variables were 

represented as two dichotomous indicator variables in each regression.  

 McNemar-Bowker test of symmetry was used to compare distribution among Likert 

scale responses to the low-risk negative genetic testing scenarios as part of the question, 

“How likely would you be to offer a chatbot to return NEGATIVE/NORMAL results in the 

following scenarios?” All p-values are reported without alteration. P-values less than 0.05 

were considered statistically significant. 
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III. RESULTS 

3.1 Demographics of all participants 

 There were 212 eligible participants who responded to the survey (Table 1). Of 

these, 199 (94%) were women and 13 (6%) were men. All 212 participants provided their 

age range. Of the 212 participants, 131 (61.8%) were between 20-29 years old, 58 (27.4%) 

were 30-39 years old, 18 (8.5%) were 40-49 years old, 4 (1.9%) were 50-59 years old, and 

1 (0.5%) was 60+ years old. This cohort was predominantly white, with 187 (85.8%) of the 

participants reporting their race as white/Caucasian. Six (2.8%) individuals reported being 

of more than one race/ethnicity.  Participants were offered a free-text response box if they 

selected “other” as their race. A complete list of the free-text responses can be found in 

Appendix C, Table C-1. All 212 participants provided the region of the United States where 

they live. Regions with the greatest number of respondents included Region 6, 

encompassing AK, CA, HI, ID, NV, OR, and WA (n=56), Region 4, encompassing AR, IA, IL, IN, 

KS, MI, MN, MO, ND, NE, OH, OK, SD, and WI (n=48), and Region 2, encompassing DC, DE, 

MD, NJ, NY, PA, VA, WV, PR, and VI (n=43). Of the 212 eligible participants, the majority 

reported that the highest degree or level of school they had completed was a Master’s 

Degree (n=119, 56.1%). The next largest proportion reported they had only completed a 

Bachelor’s Degree (n=90, 42.5%), and three had completed a higher degree (1 Professional 

Degree and 2 Doctoral Degrees, 0.5% and 0.9%, respectively).  
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3.1.1 Demographics of genetic counseling students 

A total of 104 genetic counseling students responded to the survey (49.1%). Of 

these, 45 (21.2%) were in their first year of graduate school, and 58 (27.4%) were in their 

second year of graduate school (Table 2). One genetic counseling student reported being 

enrolled in his or her third year of graduate school (0.5%). The majority of students who 

responded were between the ages of 20-29 (n=91, 87.5%), with 10 being 30-39 years old 

(9.6%) and two being between ages 40-49 (1.9%). A single student was between 50-59 

years of age (1%). This cohort was predominantly white, with 91 (87.5%) reporting their 

race as white/Caucasian. Four (3.8%) students reported being of more than one 

race/ethnicity. All 104 genetic counseling student participants provided the region of the 

United States where they live. Regions with the greatest number of respondents included 

Region 2 (n=27, 26%), Region 6 (n=27, 26%), and Region 4 (n=22, 21.2%). Of the 104 

genetic counseling students, 90 reported that the highest degree they had completed was a 

Bachelor’s Degree (86.5%), 12 reported having completed a Master’s Degree (11.5%), one 

reported having completed a Professional Degree (1%), and one had completed a Doctoral 

Degree (1%). Participants were offered a free-text response box if they selected “other” as 

their race. A complete list of these free-text responses can be found in Appendix C, Table C-

1.  
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3.1.2 Demographics of genetic counselors 

 The number of genetic counselors who responded was 108 (50.9%). The largest 

group of genetic counselors was between the ages of 30-39 (n=48, 44.4%), with 40 

between ages 20-29 (37%), 16 between 40-49 (14.8%), 3 between 50-59 (2.8%), and one 

aged 60 or greater (0.9%) (Table 3). This cohort was also predominantly white/Caucasian, 

with 96 genetic counselors reporting their race as white/Caucasian (87%). Two (1.9%) 

genetic counselors reported being of more than one race/ethnicity. Participants were 

offered a free-text response box if they selected “other” as their race. A complete list of 

these free-text responses can be found in Appendix C, Table C-1. All 108 genetic counselor 

participants provided the region of the United States where they live. Regions with the 

greatest number of respondents included Region 6 (n=29, 26.9%) and Region 4 (n=26, 

24.1%). Of the 108 genetic counselors, all but one (n=107, 99.1%) reported that the highest 

degree they had completed was a Master’s Degree. One individual reported having received 

a Doctoral Degree (0.9%).  
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3.1.2.1 Genetic counseling specialties and administrative support 

All 108 genetic counselors reported their current primary specialty (Table 4). Of 

these, cancer was the most frequently reported clinical specialty (n=36, 33.3%). The next 

largest group of counselors reported “other” as their primary specialty (n=22, 20.4%), 

followed by laboratory (n=18, 16.7%). The complete distribution of information regarding 

the genetic counselor group can be found in Table 4. Participants were offered a free-text 

response box if they selected “other” as their current primary specialty. A complete list of 

these free-text responses can be found in Appendix C, Table C-2. The largest proportion of 

genetic counselors (n=50, 46.3%) had spent 1-4 years practicing in their current primary 

specialty. All 108 genetic counselors reported the average number of patients that they saw 

in a week. Of the 108, 25 saw no patients (23.1%), 45 saw between 1-10 patients (41.7%), 

33 saw 11-20 patients (30.6%), and 5 saw 21-30 patients (4.6%).  
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Of the 106 genetic counselors who answered regarding administrative or support 

staff, 93 (87.7%) had some type of additional staff (Table 5). Types of office assistant 

included administrative or support staff, nurses, genetic counseling assistants, volunteers, 

and genetic counseling students. Of the 36 genetic counselors who reported having one 

type of assistant, 30 had administrative or support staff (32.3%), while 6 had genetic 

counseling assistants (6.5%). Of the 36 genetic counselors who had two types of assistant, 

the largest proportion had administrative/support staff and either genetic counseling 

assistants or genetic counseling students (n=13, 14% for both). Of the 16 genetic 
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counselors with three types of assistant, the largest proportion had administrative/support 

staff, nurse(s), and genetic counseling assistants (n=5, 5.4%). Of the 9 genetic counselors 

who had four types, the largest proportion had administrative/support staff, nurse(s), 

genetic counseling assistants, and genetic counseling students (n=5, 5.4%). Only one 

individual (1.1%) had all 5 types of office assistant.  
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3.1.2.2 Calling out genetic test results 

 Genetic counselors were also asked who calls out both positive/abnormal and 

negative/normal genetic test results in their practice, regardless of whether they have 

assistants or not (Table 6). Participants were able to choose multiple responses to these 

two questions. Options included themselves, other genetic counselors, administrative 

support, other, and not applicable, with a write-in text box for those individuals who chose 

“other” as a response. All 108 genetic counselors responded to both questions. 

The largest proportion of genetic counselors responded that they themselves call 

out negative/normal genetic test results (n-33, 30.6%). The second largest proportion 

reported that both they and other genetic counselors in the office call out negative/normal 

genetic test results (n=31, 28.7%). These responses were the opposite from those 

regarding calling out positive/abnormal genetic test results, with the largest proportion 

being both genetic counselors themselves and other genetic counselors in their offices 

(n=39, 36.1%) and the second largest proportion being only the genetic counselors 

themselves (n=37, 34.3%). A total of 22 genetic counselors (20.4%) reported that this 

question does not apply to them with respect to negative/normal genetic test results, while 

21 responded similarly for positive/abnormal genetic test results (19.4%). 

Participants were offered a free-text response box if they selected “other” as the 

individual who calls out negative/normal or positive/abnormal test results. A complete list 

of these free-text responses can be found in Appendix C, Tables C-3 and C-4.  
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3.1.2.3 Genetic counselor use of alternative counseling methods 

 Genetic counselors were asked if they had used or were currently using alternative 

counseling methods in their practices (Table 7). All 108 genetic counselors responded, and 

the results were almost evenly split between yes (n=53, 49.1%) and no (n=55, 50.9%). Of 

the 53 genetic counselors who responded yes, 35 (67.9%) indicated that they had used or 

were using telemedicine/telegenetics. The second largest proportion of genetic counselors 
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responded that they were using both telemedicine/telegenetics and web-based portals 

(n=10, 18.9%). Only one (1.9%) genetic counselor had used or was using chatbots. 

Participants were offered a free-text response box if they selected “other” as the alternative 

counseling method. One individual selected “other” in order to clarify what he/she meant 

by web-based portal and what it was used for and wrote that, “EPIC EMR is the web-based 

portal referenced - used for direct patient contact and negative result disclosures”. Because 

this was not a distinct alternative counseling method, it was not counted as a valid 

response to “other,” which is why that option is not reflected in Table 7. Furthermore, it 

was not counted as a response for any other analysis using this question. 

 Genetic counselors were also asked specifically if they offered a chatbot as part of 

their counseling practice (Table 8). The majority (95.4%) responded no, while only 5 

(4.6%) responded yes. Those 5 genetic counselors were asked what that chatbot was used 

for in their counseling practice and were instructed to select all responses that applied 

from the following options: “Screening tool to identify potential patients,” “Follow up with 

patients after return of genetic test results,” “Informing at-risk family members of patient 

test results,” “General information tool for patients,” “Other (please specify).” One 

counselor reported that the chatbot was used as a screening tool to identify potential 

patients only. Two counselors reported that the chatbot was used as a general information 

tool for patients only. The other two counselors each chose two responses; both indicated 

that the chatbot was used to inform at-risk family members of patient test results, while 

one indicated that it was also used as a screening tool to identify potential patients, and the 

other indicated that it was used to follow up with patients after the return of genetic test 

results.  
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3.2 Usage of and familiarity with general chatbots  

 All survey participants were asked if they used chatbots in their personal life (Table 

9). All 212 responded, with the majority choosing yes (n=185, 87.3%). These 185 

participants were then asked when was the last time that they had used a chatbot, with 
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options ranging from “today” to “over a year ago.” The largest proportion of participants 

who had used a chatbot in their personal lives indicated that they had used it “within the 

past month” (n=52, 28.1%), followed by “within the past week” (n=48, 25.9%). When these 

individuals were asked how often they used chatbots in general, the largest proportion 

selected “monthly” (n=44, 23.8%) followed by “every other month” (n=41, 22.2%).  

 

 The 185 participants who reported using a chatbot in their personal lives were 

asked where they most often encountered chatbots (Table 10). Responses included “Phone 

(Siri, Google Assistant),” “Personal/Home Device (Amazon Alexa, Google Assistant),” 

“Phone app (Facebook Messenger, personal banking, retail store),” “Internet browser on a 

personal computer, tablet, or phone,” and “Other.” Participants were allowed to choose all 

responses that applied. The largest proportion selected Internet browser only (n=42, 
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22.7%). This was followed by both Phone and Personal/Home device (n=22, 11.9%) and 

Phone and Internet browser (n=18, 9.7%). Nine participants (4.9%) selected all four 

options, excluding “other.” Participants were offered a free-text response box if they 

selected “other” as where they most often encounter chatbots. A complete list of these free-

text responses can be found in Appendix C, Table C-6.  

 

 In addition, the 185 participants who had used a chatbot in their personal lives were 

asked how often they used different types of chatbots, with each type having a five-point 

Likert Scale from 1-5 (1= “Never,” 2=”Rarely (up to 30% of the time),” 3=”Sometimes (31-

60% of the time),” 4=”Often (61-90% of the time),” and 5=”Almost Always/Always (91-

100% of the time)”). Types of chatbot included “ordering food,” “general questions,” 

“product suggestions,” “customer service,” “product support,” “personal banking,” “weather 
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report,” and “news report” (Table 11). The majority of participants responded “never” to 

using 5 of the 8 types of chatbot:  

•  “ordering food” (n=159, 86.4%) 

•  “product suggestions” (n=131, 71.6%) 

• “personal banking” (n=115, 62.5%) 

• “weather report” (n=110, 59.8%) 

• “news report” (n=139, 75.5%) 

The largest number of “rarely” responses (n=67, 36.8%) was for using chatbots for “general 

questions.” The largest number of “sometimes” responses was for using chatbots for 

“customer service” and “product support” (n=71, 38.4% and n=58, 31.5%, respectively).  
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 Those who responded “no” to the question, “Have you ever used a chatbot yourself?” 

were asked where they thought they might encounter one (Table 12). Of the 27 

participants who had never used a chatbot in their personal lives, the largest proportion 

selected both Phone and Internet browser (n=6, 22.2%), followed by Internet browser only 

(n=4, 14.8%). These 27 individuals were also asked to speculate how often they might use 

different types of chatbot, using a five-point Likert Scale from 1-5 (1= “Never,” 2=”Rarely 

(up to 30% of the time),” 3=”Sometimes (31-60% of the time),” 4=”Often (61-90% of the 

time),” and 5=”Almost Always/Always (91-100% of the time)”).  These types of chatbot 

were the same ones that were presented to the participants who had used chatbots in their 

personal lives, except as noted in the Methods section of this paper (Table 13). The largest 

numbers of “never” responses were for 4 types of chatbot:  

• “product suggestions” (n=11, 40.7%) 

• “personal banking” (n=12, 44.4%) 

• “weather report” (n=10, 37%) 

• “news report” (n=11, 40.7%) 
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The largest numbers of “sometimes” responses related to how often they might use a 

chatbot for “customer service” and “product support” (n=12, 44.4% and n=14, 51.9%, 

respectively). Participants were equally split between “never,” “rarely,” and “sometimes,” 

for how often they might use one for “ordering food” (n=7, 25.9%).  

 

All 212 survey participants were asked if they would consider using a chatbot for 

their personal health; the majority (n= 137, 64.6%) responded yes.  
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3.3 Genetic Counseling chatbots 

3.3.1 Familiarity with, and interest in, offering genetic counseling chatbots 
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 All survey participants were asked if they were familiar with any chatbots that had 

been developed for use in genetic counseling (Table 14), and they were able to select all 

responses that applied. Options included “GeneFAX (developed by OptraHealth),” “GIA 

(Genetic Information Assistant, developed by Clear Genetics),” “NEVA (Natera's 

Educational Virtual Assistant),” “Other (please specify),” and “I am not familiar with any 

genetic counseling chatbots.” The majority (n=121, 57.1%) were not familiar with any 

genetic counseling chatbots. Of those who were, the largest proportion were familiar with 

GIA (n=75, 35.4%). Participants who responded “no” to the question, “Do you currently 

offer a chatbot as part of your genetic counseling practice?” were asked to respond to the 

question, “How interested are you in offering a chatbot to your patients?” based on a five-

point Likert Scale from 1-5 (1= “Not at all,” 2=”Slightly,” 3=”Moderately,” 4=”Very,” and 

5=”Completely”) (Table 14). Of these, the largest proportion were only “Slightly” interested 

in offering a chatbot to their patients (n=94, 46.5%). These individuals were offered a free-

text response box if they selected “other” as the genetic counseling chatbot that they were 

familiar with. A complete list of these free-text responses can be found in Appendix C, Table 

C-7.  
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3.3.2 Desired features in a genetic counseling chatbot 

 All 212 survey participants were asked what features they would like to see in a 

genetic counseling chatbot (Figure 1), and 208 responded. Options included “general 

genetics information (tailored to your practice/specialty),” “insurance information,” 

“genetic testing information,” “background genetic test results information (what are 

Positive, Negative, Variant of Uncertain/Unknown Significance results and what do they 

mean),” “genetic testing consent,” “disclosure or discussion of positive or negative genetic 

test results,” “providing information to send to at-risk family members about genetic 

testing options,” “ability to contact a genetic counselor via phone, email, or instant 

message,” and “other (please specify).” Participants were asked to select all that apply from 
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these options. Reported percentages reflect the percent of overall number of times a 

response was chosen by the 208 participants who answered.  

The largest percentage of participants selected general genetics information and 

insurance information (79.8% and 82.7%, respectively). Only 1.9% selected discussing or 

disclosing positive genetic test results, while 25% selected discussing or disclosing 

negative results. Regarding the methods of contacting a genetic counselor, the largest 

percentage selected ability to contact via phone or via email (78.8% and 74.5%, 

respectively). Participants were offered a free-text response box if they selected “other” as 

the feature they would like to see in genetic counseling chatbots. A complete list of these 

free-text responses can be found in Appendix C, Table C-8.  

In addition, participants’ responses to the question, “What features would you like 

to see in a chatbot for genetic counseling patients?” were grouped into two categories: 

“general information only” and “general and patient-specific information” (Table 15). 

Participants who chose any combination of “General genetics information,” “Insurance 

information,” “Genetic testing information,” and/or “Background genetic test results 

information” were included in the “general information only” category. Those who chose 

any combination of the above four responses and at least one response from “Genetic 

testing consent,” “Disclosure or discussion of positive genetic test results,” “Disclosure or 

discussion of negative genetic test results,” and/or “Providing information to send to at-

risk family members about genetic testing options” were included in the category, “general 

and patient-specific information.” There were 8 participants who did not choose any of 

these options and were not included in either category, leaving 200 participants. The 
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majority of these (n=154, 77%) responded that they would like to see “general and patient-

specific information” in a chatbot developed for genetic counseling. 
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All participants were asked how likely they would be to offer a chatbot based on the 

chatbot’s method of response (Table 16). The options included, “predetermined responses 

only,” “open text response only,” or “both predetermined and open response.” A five-point 

Likert Scale from 1-5 (1= “Not at all,” 2=”Slightly,” 3=”Moderately,” 4=”Very,” and 

5=”Completely”) was used. Overall, “open text responses only” was rated the lowest, with 

an average rating of 2.36. “Predetermined responses only” was second, with an average 

rating of 2.58. The option for “both predetermined and open text responses” received the 

highest score, with an average rating of 2.95.  

 

 Participants were also asked when the genetic counseling chatbot should be 

available to their patients (Table 17). Options included, “after their appointment for only 

one week,” “after their appointment for only one month,” “after their appointment 

indefinitely,” “before their appointment for only one week,” “before their appointment for 
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only one month,” “any time before their appointment but not after their appointment,” or 

“both before and after their appointment indefinitely.” The majority (n=113, 55.1%) 

selected “both before and after their appointment indefinitely,” and the next largest 

proportion selected “any time before their appointment but not after their appointment” 

(n=24, 11.7%). This was closely followed by “before their appointment for only one week” 

(n=23, 11.2%).  

 Finally, participants were asked how they thought the cost of a genetic counseling 

chatbot should be managed, if there were a cost associated with its use (Table 17). Options 

included, “the chatbot should be offered free of charge,” “the patient’s insurance should be 

billed,” “the patient should pay out of pocket,” and “other.” The majority of participants 

selected “the chatbot should be offered free of charge” (n=176, 84.2%), followed by “the 

patient’s insurance should be billed” (n=23, 11%). Participants were offered a free-text 

response box if they selected “other.”. A complete list of these free-text responses can be 

found in Appendix C, Table C-9.  
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3.3.3 Using a chatbot to disclose positive and negative genetic test results 

 Participants were asked to rate the following scenarios on a five-point Likert Scale 

from 1-5 (1= “Not at all,” 2=”Slightly,” 3=”Moderately,” 4=”Very,” and 5=”Completely”) 

based on how likely they would be to offer a chatbot to return negative/normal genetic test 

results in the context of each of 8 clinical scenarios (Table 18) comprising 2 scenarios (low-

risk and high-risk) corresponding to each of 4 different genetic counseling specialties. 

Whether the scenario was considered low- or high-risk was not included in the scenario 

description in the survey visible to participants. The scenarios were as follows: 

1. Prenatal 

a. Low-risk: “A prenatal patient who is 35 years old and elects NIPT” 

b. High-risk: “A prenatal patient who has abnormal ultrasound findings” 

2. Pediatric 

 . Low-risk: “A pediatric patient who is being evaluated for autism” 
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a. High-risk: “A pediatric patient who has a history of metabolic crises” 

3. Cancer 

 . Low-risk: “An unaffected cancer patient with a family history of cancer with typical 

age of onset” 

a. High-risk: “A 30-year-old woman with breast cancer and a family history of multiple 

relatives affected at young ages with breast and ovarian cancers” 

4. Adult 

 . Low-risk: “An adult patient with a Beighton score of less than 4 who is being 

evaluated for Ehlers-Danlos Syndrome” 

a. High-risk: “A pre-symptomatic adult patient with a significant family history of 

Huntington disease” 

Table 18 is organized with the low-risk scenarios first and the high-risk scenarios second, 

in order of increasing mean response. 

Overall, participants rated “a prenatal patient who has abnormal ultrasound 

findings” the lowest, with an average score of 1.23. This was closely followed by “a 

pediatric patient who has a history of metabolic crises” (average score 1.24). Participants 

rated “a prenatal patient who is 35 years old and elects NIPT” the highest (average score 

2.56). While most of the responses ranged from 1-5, the two pediatric scenarios ranged 

only from 1-4 for the low-risk scenario and from 1-3 for the high-risk scenario.  
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 Participants were also asked to rate each of the same scenarios on the same scale 

based on how likely they would be to offer a chatbot to return positive/abnormal genetic 

test results (Table 19). Overall, the majority responded “not at all” for all 8 of the scenarios 

(92.4%, 95.2%, 92.4%, 95.2%, 90%, 91%, 87.1%, and 99%, respectively). Only the two 

cancer scenarios received a score above “moderately.” Of these, one participant selected 

“completely” for the low-risk scenario, (0.5%) while for the high-risk scenario, two 

participants selected “very” (1%).  
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3.3.4 Barriers to us of, and concerns about, genetic counseling chatbots 

 All participants were asked to select what they were most concerned about 

regarding offering a genetic counseling chatbot to their patients (Table 20). Options 

included “Privacy/HIPAA,” “Compliance with hospital legal and ethical guidelines,” 

“Electronic Medical Record integration,” “Accurate/up to date information,” “Ease of use,” 

“Ability to access chatbot with necessary technology/internet access,” “Ability to access 

chatbot in a language other than English,” “Appropriate language level of chatbot script for 

patients,” “The chatbot being mistaken for the genetic counselor/provider,” and “Being 

unable to assess patient understanding of the information included in the chatbot.” Of 212 

participants, 209 responded, the majority of whom selected “being unable to assess patient 

understanding of the information included in the chatbot” as their main concern (n=133, 

63.6%). The next largest proportion selected “the chatbot being mistaken for the genetic 

counselor/provider” (n=27, 12.9%).  

 Participants were offered a free-text response box at the end of the survey to 

respond to the prompt, “Describe any barriers you might have to offering a chatbot in your 
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practice,” and 102 of the 212 participants responded. While a formal thematic analysis of 

these responses was not performed, they were compared to determine if there were any 

similar concepts seen in multiple responses. Overall, there were three main ideas 

repeatedly mentioned as barriers to offering a chatbot. The most commonly mentioned 

barrier was the clarity and/or specificity of the information in the chatbot (n=37, 36%), 

followed by accessibility (n=33, 32%) and cost of the chatbot (n=26, 25%). A complete list 

of these free-text responses can be found in Appendix C, Table C-10.  

 

3.4 Univariate analysis 

3.4.1 Interest in offering a genetic counseling chatbot to patients 

 Participants’ interest in offering a genetic counseling chatbot to their patients varied 

significantly, both within the genetic counselor cohort as well as among the entire survey 

population (Table 21). Within the genetic counselor cohort, interest was significantly 

associated with counselor specialty and with whether counselors have 
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administrative/support staff. Within the entire survey population, interest was 

significantly associated with whether participants would consider using a chatbot for their 

personal health and with familiarity with genetic counseling chatbots. In order to increase 

the power of the analysis, responses to the question, “How interested are you in offering a 

chatbot to your patients?” were condensed into three categories: “Not at all,” “Slightly,” and 

“Moderately-Completely”.  

 For this analysis, genetic counselors who selected “other” to the question, “What is 

your current, PRIMARY specialty?” were categorized into one of the following: Cancer, 

Pediatrics, Prenatal, Adult, General Genetics, or Laboratory. In addition, the “Laboratory” 

specialty was renamed to “Laboratory/Non-Patient-Facing” to encompass responses to 

“Other” that did not involve seeing patients but were not truly Laboratory genetic 

counseling specialties. Examples include “Research,” “Education,” and “Insurance.” A 

complete list of responses and which specialty they were re-coded as can be found in 

Appendix E. For the question, “Are you familiar with any of the following chatbots that have 

been developed for use in genetic counseling?” responses were grouped into two 

categories, “Yes” or “No,” based on whether the response included one or more genetic 

counseling chatbots or only included, “I am not familiar with any genetic counseling 

chatbots.”  

Among the genetic counseling participants, there were significant differences with 

respect to being moderately-completely interested in offering a chatbot to their patients 

for: 
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• Laboratory/Non-Patient-Facing (n=16, 61.5%) were more likely compared to 

General Genetics (n=3, 23.1%), Adult n=0, (0%), Prenatal (n=3, 18.8%), Pediatrics 

(n=2, 18.2%), and Cancer (n=14, 38.9%) (p=0.03).  

• Counselors who did not see patients (n=14, 60.9%) were more likely compared to 

those who saw 1-10 patients per week on average (n=14, 31.1%) and those who 

saw an average of 11-20+ patients per week (n=11, 28.9%) (p=0.04). 

•  Counselors who did not have administrative/support staff (n=10, 76.9%) were 

more likely compared to those who do have staff (n=29, 31.9%) (p=0.01).  

For all participants, including both genetic counselors and genetic counseling students, 

there were the following significant differences with respect to being moderately-

completely interested in offering a chatbot to their patients:  

• Those who would consider using a chatbot for their personal health (n=61, 45.9%) 

were more likely compared to those who would not use one (n=15, 20.3%) 

(p=<0.001).  

• Those who indicated that they were familiar with genetic counseling chatbots 

(n=43, 48.9%) were more likely compared to those who were not (n=33, 27.7%) 

(p=0.007).  

Tables detailing all analyses performed are available in Appendix D. 
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3.4.1.1 Genetic counseling specialty and average number of patients seen 

 The genetic counseling specialties reported by genetic counselor participants varied 

significantly with the average number of patients seen per week (Table 24). As one would 

expect, Laboratory/Non-Patient-Facing genetic counselors were significantly more likely to 

report seeing no patients per week (n=23, 92%) compared to Cancer (n=0, 0%), Pediatrics 

(n=0, 0%), Prenatal (n=0, 0%), Adult (n=0, 0%), and General Genetics (n=2, 8%) genetic 

counselors (p<0.001). Cancer genetic counselors were significantly more likely to report 

seeing 11-20+ patients per week (n=21, 55.3%) compared to Pediatrics (n=4, 10.5%), 

Prenatal (n=8, 21.1%), Adult (n=0, 0%), General Genetics (n=4, 10.5%), and 

Laboratory/Non-Patient-Facing (n=1, 2.6%) genetic counselors (p<0.001).  
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3.4.2 Differences between genetic counselors and genetic counseling students 

 Based on whether participants were genetic counselors or genetic counseling 

students, responses to several questions in the survey varied significantly in terms of age, 

where they most often encountered chatbots, familiarity with chatbots that were 

developed for use in genetic counseling, and what they were most concerned about with 

respect to offering a chatbot to their patients (Table 22). For this analysis, participant 

responses to the question “What is your age?” were condensed into three categories (“20-

29,” “30-39,” and “40+”).  

 Genetic counseling students between ages 20-29 years differed significantly from 

genetic counselors in the same age group (69.2% vs 30.8%; p=<0.001). Genetic counselors 

who indicated that they most often encounter chatbots on an Internet browser differed 

significantly from genetic counseling students who indicated the same (73.8% vs 26.2%; 

p=0.018). There was no significant difference between genetic counselors and genetic 

counseling students who indicated that they most often encounter chatbots on their Phone 

and/or Personal/Home Device (45.5% vs 54.5%). Genetic counselors who were familiar 



 

59 
 

with chatbots developed for use in genetic counseling differed significantly from genetic 

counseling students who indicated the same (61.5% vs 38.5%; p=0.007), and genetic 

counselors who indicated that they were most concerned about accurate/up-to-date 

information significantly differed from genetic counseling students who indicated the same 

(76.5% vs 23.5%; p=0.017). There was no significant difference between genetic 

counselors and genetic counseling students who indicated that they were most concerned 

about the chatbot being mistaken for the genetic counselor/provider (51.9% vs 48.1%) or 

those who indicated they are most concerned about being unable to assess patient 

understanding (45.9% vs 54.1%). Tables detailing all analyses performed are available in 

Appendix D. 
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3.4.3 Differences between desired features in a genetic counseling chatbot 

 Participants who would like either general information only or general and patient-

specific information in a chatbot for genetic counseling patients varied significantly with 

respect to whether they had used a chatbot themselves, whether they would consider using 

a chatbot for their personal health, and how likely they were to offer a chatbot to their 

patients (Table 23). For this analysis, responses to the question, “What features would you 

like to see in a chatbot for genetic counseling patients?” were grouped into two categories 
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as described above. There were 8 participants who did not choose any of these options and 

were not included in either category, leaving 200 participants for the analysis.  

 Individuals who indicated they would like a chatbot for genetic counseling patients 

to include general information only were significantly more likely to report never having 

used a chatbot (41.7% vs 20.5%; p=0.021) and they also were significantly more likely to 

consider using a chatbot for their personal health than those who would not (43.9% vs 

12.7%; p=<0.001). Participants who indicated they would like a chatbot for genetic 

counseling patients to include general information only were significantly more likely to 

select “not at all” in response to the question, “How interested are you in offering a chatbot 

to your patients?” than participants who selected “slightly” or “moderately-completely” 

(41.4% vs 30.4% vs 8.1%; p<0.001). Tables detailing all analyses performed are available 

in Appendix D. 
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3.5 Multivariate analysis 

3.5.1 Interest in offering a genetic counseling chatbot to patients 

 Multivariate logistic regression was used to investigate the importance of genetic 

counseling specialty, average number of patients seen per week, having 

administrative/support staff, considering the use of a chatbot for personal health, and 

familiarity with chatbots developed for genetic counseling as independent predictors of 



 

65 
 

how interested participants were in offering a chatbot to their patients. Odds ratio is 

represented as “Exp(B)” in all regression tables. When looked at in a univariate model, 

responses regarding interest in offering a chatbot to patients varied significantly based on 

genetic counseling specialty, average number of patients seen per week, having 

administrative/support staff, considering the use of a chatbot for personal health, and 

familiarity with chatbots developed for genetic counseling. For this analysis, responses to 

the question, “How interested are you in offering a chatbot to your patients?” were 

condensed into two categories, “Not at all-slightly” and “Moderately-Completely,” to create 

a dichotomous variable. The response, “Not at all-slightly” was coded as ‘0,’ and the 

response, “Moderately-Completely” was coded as ‘1’. In addition, responses to the question, 

“On average, how many patients do you see per week?” were condensed into two 

categories, “0” and “1-20+,” to create a dichotomous variable. The response “1-20+” was 

coded as ‘0,’ and the response “0” was coded as ‘1’.  

Only participants who identified as genetic counselors responded to the questions 

regarding genetic counseling specialty, average number of patients seen per week, and 

having administrative/support staff, while all participants responded to the questions 

regarding considering the use of a chatbot for personal health and familiarity with chatbots 

developed for genetic counseling. As such, multivariate logistic regression was performed 

separately for the questions because they applied to two different groups of participants.  

 In multivariate analysis, both genetic counseling specialty and having 

administrative/support staff were independently associated with participants’ interest in 

offering a chatbot to their patients (Table 25). Laboratory/Non-Patient-Facing genetic 
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counselors were 3 times more likely to be interested in offering a chatbot to patients than 

those who worked in a clinical specialty (OR=3.14, 95% CI=1.13-8.76, p=0.029). Genetic 

counselors who did not have administrative/support staff were 4.5 times more likely to 

offer a chatbot to their patients than those who had support (OR=4.53, 95% CI=1.06-19.31, 

p=0.041). After adjusting for current genetic counseling specialty, the independent variable 

average number of patients seen per week was no longer statistically significantly 

associated with genetic counselors’ interest in offering a chatbot to their patients (p=0.655) 

(Table 26).  
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While not significant, a large proportion of the genetic counselors whose primary 

specialty is cancer also indicated that they were moderately-completely interested in 

offering a chatbot to their patients. To investigate this further, multivariate logistic 

regression was performed to see if there was a significant difference between the cancer 

specialty and other clinical specialties regarding offering a chatbot to their patients (Table 

27). When compared to other clinical specialties as the reference group, genetic counselors 

whose primary specialty was Cancer were almost 3 times more likely to be interested in 

offering a chatbot to their patients (OR=2.78, CI 95%=1.01-7.72, p=0.049). When compared 

to clinical specialties other than Cancer, Laboratory/Non-Patient-Facing genetic counselors 

were 7 times more likely to be interested in offering a chatbot to their patients (OR=7, CI 

95%=2.33-21.07, p=0.001).  

 

 After adjusting for being familiar with chatbots that have been developed for use in 

genetic counseling and considering using a chatbot for personal health, both of these 

independent variables remained statistically significantly associated with participants’ 

interest in offering a chatbot to their patients (Table 28). Participants, including both 

genetic counselors and genetic counseling graduate students, were twice as likely to be 
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interested in offering a chatbot to their patients if they were familiar with any genetic 

counseling chatbots than if they were not (OR=2.28, CI 95%=1.26-4.15, p=0.007). 

Participants who would consider using a chatbot for their personal health were 3 times 

more likely to be interested in offering a chatbot to their patients than those who would not 

consider using one (OR=3.10, CI 95%=1.58-6.07, p=0.001).  

 

3.5.2 Desired types of information included in a genetic counseling chatbot 

Multivariate logistic regression was used to investigate the importance of 

considering the use of a chatbot for personal health, interest in offering a chatbot to 

patients, and use of chatbots in general as independent predictors of what types of 

information participants wanted included in a genetic counseling chatbot. Odds ratio is 

represented as “Exp(B)” in all regression tables. When looked at in a univariate model, 

responses to the question, “What features would you like to see in a chatbot for genetic 

counseling patients?” varied significantly based on whether participants would consider 

using a chatbot for their personal health, their interest in offering a chatbot to their 

patients, and whether they had used a chatbot in general. For this analysis, responses to the 
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question, “What features would you like to see in a chatbot for genetic counseling 

patients?” were condensed into the two categories described above to create a 

dichotomous variable. The response, “general information only” was coded as ‘0,’ and the 

response, “general and patient-specific information” was coded as ‘1’.  

In multivariate analysis, including whether participants would consider using a 

chatbot for their personal health, their interest in offering a chatbot to their patients, and 

whether they had used a chatbot in general, only the variables, “considering using a chatbot 

for personal health” and “interest in offering a chatbot to their patients” remained 

significant (Table 29). Participants who would consider using a chatbot for their personal 

health were 4 times more likely to select both general and patient-specific information than 

general information only (OR=4.01, CI 95%=1.90-8.43, p<0.001). Participants who were 

more interested in offering a chatbot to their patients were 4.5 times more likely to want 

both general and patient-specific information included in a genetic counseling chatbot 

(OR=4.65, CI 95%=1.78-12.12, p-0.002). After adjusting for their likelihood to offer a 

chatbot to their patients and whether they would consider using a chatbot for their 

personal health, the response of participants who had used a chatbot was no longer 

significantly associated with predicting what type of information they wanted included in a 

genetic counseling chatbot (p=0.121).  
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3.6 McNemar-Bowker test of symmetry 

 McNemar-Bowker’s test of symmetry was used to investigate the scenarios 

regarding low-risk negative genetic test result delivery to see if there was a preference 

among participants for being more or less likely to offer a chatbot to those patients (Table 

30, 31, 32, 33, 34, and 35). The majority of these scenarios had on average a higher Likert 

score, reflecting higher likelihood to offer a genetic counseling chatbot to return those 

results to patients than was found for the high-risk negative genetic testing scenarios, 

which is why they were chosen for this analysis. Participants who were less interested in 

using a chatbot to disclose negative genetic test results to a pediatric patient being 

evaluated for autism or to an adult patient with a Beighton score of less than 4 who is being 

evaluated for Ehlers-Danlos Syndrome were significantly more interested in using a 

chatbot to disclose negative genetic test results to a 35-year-old prenatal patient who 

elected NIPT (p<0.001 and p=0.044, respectively). Participants who were less interested in 

using a chatbot to disclose negative genetic test results to a pediatric patient being 

evaluated for autism were significantly more interested in using a chatbot to disclose 
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negative genetic test results to an unaffected cancer patient with a family history of cancer 

with typical age of onset (p<0.001). Participants who were more interested in using a 

chatbot to disclose negative genetic test results to an adult patient with a Beighton score of 

less than 4 who is being evaluated for Ehlers-Danlos Syndrome were significantly more 

likely to be less interested in using a chatbot to disclose negative genetic test results to a 

pediatric patient who is being evaluated for autism (p<0.001).  

 There was no preference for interest in using a chatbot to disclose negative test 

results between the low-risk cancer and prenatal scenarios (p=0.152), or between the low-

risk adult and cancer scenarios (p=0.597). The majority of participants were either less 

interested in either scenario or more interested in both scenarios.  
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IV. DISCUSSION 

 Chatbots were first introduced into the genetic counseling field in 2017, and since 

that time, new genetic counseling chatbots have been developed and patient perspectives 

have been investigated regarding their use. At the 2019 National Society of Genetic 

Counselors conference, chatbots were mentioned in multiple presentations, and there was 

a panel discussion dedicated to the topic (Ready, Schmidlen, & Wicklund, 2019). Genetic 

counseling chatbots are poised to be the next major technological advancement in the field. 

However, provider perspectives about chatbots, which have not been assessed in the 

literature to date, should be a part of this discussion. The aim of this study was to 

investigate genetic counselors’ and genetic counseling graduate students’ perspectives on, 

and their interest in, using chatbots designed specifically for their field. This includes their 

ideas on what information and functions genetic counseling chatbots should have. With this 

information, genetic counseling chatbots can be developed and refined to better reflect the 

desires and concerns of the providers in the field and to become a useful tool rather than a 

novelty. 

4.1 Interest in using a genetic counseling chatbot  

 When asked to rate their interest in offering a chatbot to their patients, the largest 

proportion of participants, including both genetic counselors and genetic counseling 

students, responded that they were only “slightly” interested (46.5%). Responses to this 

question (“How interested are you in offering a chatbot to your patients?”) were compared 

to demographic information for all participants as well as more specific variables, such as 

use of a general chatbot, in order to test for the following hypothesis: Demographic factors, 
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genetic counseling specialty, the number of patients seen per week, use of alternative 

counseling methods, and familiarity with general chatbots will determine which 

populations of participants are more likely to be interested in offering genetic counseling 

chatbots to their patients. The initial predictions were that participants who are younger, 

see a larger number of patients per week, are using alternative counseling methods, and 

are already familiar with general chatbots would be more likely to be interested in offering 

genetic counseling chatbots. The results of this study have shown that almost none of these 

variables in particular was a significant factor in determining interest in offering genetic 

counseling chatbots. However, genetic counseling specialty was a significant factor; those 

who worked in a laboratory or were non-patient-facing were approximately three times 

more likely to be moderately to completely interested in offering a genetic counseling 

chatbot to their patients. Interestingly, though, there was no significant difference between 

cancer and laboratory/non-patient-facing genetic counselors in the univariate analysis. 

When looked at as separate populations compared to other clinical genetic counselors, 

however, those who worked in the cancer specialty were almost three times more 

interested in offering a genetic counseling chatbot. In the univariate analysis, the average 

number of patients seen per week was significantly associated with interest in offering a 

chatbot (p=0.04).  

Contrary to predictions, the genetic counselors who saw no patients were more 

interested in offering a chatbot. However, when this variable was looked at during 

multivariate analysis, after adjusting for clinical specialty, that significance disappeared 

(p=0.655). Since the Laboratory/Non-Patient-Facing genetic counselors are the 

participants who were seeing no patients per week (p<0.001), the average number of 
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patients seen per week variable was measuring the same population as the clinical 

specialty variable. Interestingly, the majority of cancer genetic counselors (55.3%, 

p<0.001) reported seeing 11-20+ patients per week. When compared to other clinical 

genetic counselors, cancer genetic counselors were more likely to be interested in offering 

a chatbot. This indicates that there may be different variables that are driving the interest 

in offering a chatbot for different specialties, given that Laboratory/Non-Patient Facing 

counselors do not see patients. Their interest in using a chatbot is clearly not based on the 

numbers of patients they saw, but the opposite may be true for the cancer genetic 

counselors, who saw the most patients per week. In fact, it is possible that non-patient 

facing genetic counselors may be more interested in offering a chatbot because they do not 

have a direct connection to patients. On the other hand, the reason that cancer genetic 

counselors may be more interested in offering a chatbot is because they are seeing a large 

number of potentially complicated patients per week, and using a chatbot could reduce 

their workload by taking over some of the routine parts of sessions. Given that in this study 

there were confounding variables, further research is needed to determine the exact 

relationship between the average number of patients seen per week, clinical specialty, and 

how it may influence interest in offering a genetic counseling chatbot.  

Besides clinical specialty, the other significant variable that increased the interest 

genetic counselor participants had in offering a genetic counseling chatbot was whether or 

not they had administrative/support staff. While a majority of participants reported having 

staff of some kind (87.7%), those who did not have any were 4.5 times more likely to be 

interested in offering a genetic counseling chatbot to their patients. This relationship was 

still significant after adjusting for genetic counseling specialty (p=0.04). Interest in offering 
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a genetic counseling chatbot clearly differed depending on the access that genetic 

counselors had to administrative/support staff, which was not directly related to genetic 

counseling specialty but may still play a role. It may be that different specialties have 

different needs that may be more easily fulfilled by a chatbot or are easily automated. In 

addition, it may be that participants who have administrative/support staff are less likely 

to be interested in chatbots because they already have a system in place for the routine 

tasks that a chatbot would perform. For instance, genetic counseling graduate students 

may be trained to call out genetic test results and may call patients to discuss what to 

expect in their genetic counseling appointment and to gather relevant patient information 

ahead of time. Or, while administrative assistants generally do not call out genetic test 

results, they do schedule patients and answer insurance information inquiries. Those 

genetic counselors who do not have that assistance, however, may be more interested in 

using a chatbot because it could perform those tasks that different types of 

administrative/support staff usually carry out. 

 While the significant variables for the genetic counseling cohort were genetic 

counseling specialty and administrative/support staff, there were also some for all 

participants that correlated with interest in offering a chatbot. These included both 

familiarity with genetic counseling chatbots and using a chatbot for personal health. A 

majority of all participants would consider using a chatbot for their personal health 

(64.6%), and they were three times more interested in offering a chatbot to their patients 

than those who would not consider using a chatbot for their personal health. On the other 

hand, a majority of participants were not familiar with any genetic counseling chatbots 

(57.1%). Those who were familiar with them, however, were slightly more than twice as 
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likely to be interested in offering one to their patients. If participants who knew about 

genetic counseling chatbots were familiar with what information was in them, how they 

were being used, and how patients could interact with them, this might have made them 

more comfortable with the idea of offering a similar chatbot to their own patients. Their 

awareness of patient satisfaction with the chatbots could be influencing them to be more 

interested in pursuing it themselves. In a similar vein, participants who would consider 

using a chatbot for their personal health could see the potential benefit that a chatbot could 

provide. Thus, as healthcare providers themselves, they may be more interested in offering 

such an option to their own patients. Those who were not comfortable with the idea of 

using chatbots for themselves, however, might have been more hesitant to offer one to 

their patients. They might have assumed that their patients had the same resistance as they 

did to using a chatbot, or they may not have wanted to offer their patients a tool that they 

would not be willing to use themselves. Alternatively, they may not have understood the 

chatbot and how it works and, thus, may not have wanted to put themselves in the position 

of having to explain to their patients a tool they themselves did not understand or want to 

use. Counselors who have more certainty about using a chatbot for health-related 

purposes, or more familiarity with what chatbots can do in the genetic counseling setting, 

specifically, are likely to be less hesitant to offer one to their patients.  

4.2 Desired features and information in genetic counseling chatbots 

 Chatbots have a variety of potential uses. This can be seen in existing genetic 

counseling chatbots such as GIA, which currently has three different interfaces being used 

within the Geisinger health system. Even chatbots in use in a non-medical setting can 
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provide customer service, such as responding to inquiries for general information about 

the news and the weather, or facilitating the ordering of food to be delivered. The question 

for genetic counseling chatbots, then, becomes not what features and information they can 

contain and provide, but what genetic counselors want the chatbots to do in order for them 

to be an asset to the profession.  

In terms of information, participants were primarily interested in having a genetic 

counseling chatbot provide general information about insurance coverage to their patients 

(82.7%), followed closely by general genetics information that is tailored to the counselor’s 

specialty (79.8%). Both of these topics encompass basic information that can be applicable 

to almost all patients, regardless of their specific reason for referral to a genetic counselor. 

These discussions do not necessarily have to be facilitated by a genetic counselor, but if a 

patient had a more nuanced question that the chatbot could not answer, the genetic 

counselor could still be reached by the patient. The majority of participants wanted a 

chatbot to have the option for them to be contacted via telephone (78.8%), closely followed 

by email (74.5%). While instant messaging was an option for participants, only 52.9% 

selected it. A potential reason for this discrepancy could be that instant messaging may be 

seen as too similar to a chatbot and not as personal as a phone call or an email. 

Furthermore, phone calls can be scheduled and emails can be sent during normal business 

hours, while being accessible by instant messaging may lead patients to believe that they 

can receive a response at all hours. Thus, only being available by phone or email allows 

providers not only to continue to manage their workload but also to respond to patient 

inquiries.  
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 Interestingly, the majority of participants (77%) wanted a genetic counseling 

chatbot to do more than just provide information to their patients, such as providing a 

function that involves discussing patient-specific information. The majority of participants 

(59.1%) wanted that function to be providing information to send to at-risk family 

members about genetic testing options. This would require the chatbot to discuss the 

patient’s genetic test results with another individual and to discuss that individual’s risk 

and potential need for genetic testing. While this is essentially the same as providing a 

family letter, the chatbot is not necessarily limited to what would be written on a piece of 

paper. This is consistent with what Schmidlen, et al (2019) found in their study regarding 

patient perspectives on their family cascade testing chatbot interface, which has the ability 

to answer questions that relatives might have, both about their family member’s result and 

the implications for their own health.  

Chatbots can be a robust interactive tool, not just a source of information. This idea 

seems to be reflected among the participants who were interested in offering a chatbot to 

their patients, since a significant number of them (91.9%; p<0.001) wanted that chatbot to 

include both general and patient-specific information that could assist them in their 

practices in more than one way and could provide a range of services to their patients. This 

may lead to the chatbot being seen as worth the time and investment for both the provider 

and the patient. Ultimately, there was clearly a desired place for a chatbot in the 

participants’ genetic counseling practices, whether it was for discussing insurance 

information or being used to help patients inform their family members about their genetic 

test results. 
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4.3 Preferred scenarios for offering chatbots to disclose negative genetic test results 

 Only 25% of participants would want a chatbot to be able to disclose or discuss 

negative genetic test results as a feature in general. This is consistent with their opinions 

about specific genetic testing scenarios and how likely they would be to offer a chatbot to 

disclose negative test results in those contexts; the majority were not at all likely to offer a 

chatbot, especially for the high-risk scenarios. However, for the low-risk scenarios, there 

was some variation in responses, which, on average, indicated that more participants were 

slightly to moderately likely to offer a chatbot to disclose negative test results.  

McNemar’s test of symmetry was used to investigate whether there were certain 

specialties where participants were more likely to offer a chatbot to disclose negative test 

results in a low-risk scenario. This analysis showed that when compared to all other 

scenarios, participants were the least likely to want to offer a chatbot to disclose negative 

test results in the low-risk pediatric scenario, which involves a patient who is being 

evaluated for autism.  Participants who did not want to offer a chatbot in this scenario were 

significantly more interested in offering one in the prenatal, cancer, and adult low-risk 

scenarios (35.1%, p<0.001, 29.5%, p<0.001, and 26.5%, p<0.001, respectively). Autism is a 

heterogeneous multifactorial condition that has a significant genetic component. The 

standard of care for evaluating a patient with autism includes several tests, such as a 

chromosomal microarray and analysis for fragile X syndrome, but even if all of them were 

negative it would neither rule out the diagnosis of autism, nor would it preclude additional 

testing, such as analysis of a panel of genes associated with syndromic and non-syndromic 

autism spectrum disorder. When compared to the prenatal or cancer scenarios in this 
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study, which involve testing for genetic conditions that have specific, known causes, it 

makes sense that participants would be more hesitant to offer a chatbot to disclose 

negative test results in an evaluation for autism. There is much more information to discuss 

with a patient following a negative genetic test result for autism, whereas a negative cancer 

panel result is more informative and usually does not result in additional testing.  

Even when compared with the low-risk adult scenario, which involves a patient 

being evaluated for Ehlers-Danlos syndrome, a negative genetic test result in that setting 

still might be more informative than for autism. It may be that if another scenario had been 

used for the low-risk pediatric setting, the results might have been different. Regardless, 

the likelihood to offer a chatbot to disclose genetic test results depends on both the 

scenario and the type of result being returned to the patient. While participants may be 

more likely to offer one to disclose negative genetic test results, the clinical setting and 

what the patient is being tested for are significant factors that must be taken into account 

as well.  

4.4 Barriers to current chatbot use 

 The majority of participants indicated that their main concern about offering a 

chatbot to their patients was being unable to assess patient understanding of the 

information included in the chatbot (63.6%). This sentiment was echoed by 37 of the 101 

participants who wrote a free-text response to, “Describe any barriers you might have to 

offering a chatbot in your practice.” Many of these responses specifically mentioned 

returning genetic test results, both positive and negative, and how, even in the setting of 

negative test results, there is more information that must be discussed aside from the 
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result itself. For instance, one participant commented, “...Just because you had a normal 

NIPT this does NOT mean your ultrasound anomalies will go away…” The participants also 

mentioned that they were concerned that a chatbot would not be able to properly assess 

how the patients are reacting to this information. Specific comments included, “chatbots 

aren’t GCs so there’s no way for the chatbot to recognize emotions, and tailor a session for 

the patient,” and “I’m worried about not being able to analyze patient comprehension and 

understanding…”  This is reasonable because genetic counselors not only provide 

information for patients but also counsel them, which means engaging with patients to help 

them understand how their test results affect them and their families. So, while it may be 

true that a majority of participants preferred a genetic counseling chatbot that included 

both general and patient-specific information, it appears that returning genetic test results 

was not a desirable function for a genetic counseling chatbot.   

 It is important to note that the response, “Being unable to assess patient 

understanding of the information included in the chatbot” does not necessarily specify 

what information the chatbot would disclose. Participants could have interpreted this 

question in many ways, including anything from a chatbot that provided a great deal of 

information to one that only disclosed genetic test results. Thus, it is impossible to 

determine what types of misinterpretation of information by patients were of concern to 

the participants. Given their written responses, their main apprehension seems to involve 

genetic test results, such as the NIPT example above, but it is possible that even items such 

as general genetic information or insurance information could be misinterpreted by the 

patient. This potentially could lead to unnecessary confusion that would have to be 

addressed by the counselor, anyway. More research is needed to investigate the types of 
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information that should be included in a chatbot, how genetic counselors perceive this 

information, and how it can be presented effectively to patients. 

 There were several other themes that appeared frequently in participants’ free-text 

responses. Of the 101 responses, 33 mentioned chatbot accessibility in some form. Many 

responses mentioned concerns about the technology required for patients to access a 

chatbot. One participant noted, “...I work in a very rural area. There are individuals with 

limited access to technology, individuals with a limited education and/or ability…” While 

the vast majority of individuals in the United States have a mobile phone that can access 

the internet, there is still a significant population that does not. If the chatbot is only 

accessible via mobile phone, this would present a significant barrier to use by that portion 

of the population. Many individuals may not even have reliable access to Internet service, 

so using the chatbot via an Internet browser on a desktop or laptop computer may not be 

feasible. The mobile phones of some individuals may not be technologically current enough 

for a chatbot application to function. Being able to design a chatbot that works with the 

majority of mobile phones may be more difficult, time-consuming, and costly than the 

benefit of being able to provide a chatbot. 

 In addition to considering the cost of developing the chatbot, there are other costs 

associated with a chatbot as well, such as the cost of maintaining the chatbot and the 

potential cost to patients who may not be able to afford to use much data on their Internet 

plan. Because so few chatbots are currently being used in genetic counseling, it is unclear 

what the cost is to those institutions that currently use them. The majority of participants 

responded that they would want a chatbot to be able to be offered to their patients free of 
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charge (84.2%). This is reasonable, because charging patients to use a tool to receive 

information that they could obtain during an appointment (likely to be covered by 

insurance) is unnecessary, unless they would find it useful for reviewing the information 

before and/or after the appointment. However, being willing to offer a chatbot free of 

charge does not take into account all of the other costs of implementing such a tool. Staff, 

such as IT personnel, might be needed to keep the chatbot current and to troubleshoot 

problems that might occur. Training might be required for genetic counselors who are 

planning to use the chatbot so they would know what information is included, which other 

functions the chatbot might be able to perform, and how to use the application effectively. 

These thoughts were echoed in many participant free-text responses: “...Cost/IT support 

for monitoring of the chatbot,” “...Cost for service and maintenance (including personnel 

needed),” ...overall cost for integration into the health system IT Department.” Ultimately, 

cost is one of the many logistical concerns that will have to be addressed before genetic 

counseling chatbots can be effectively implemented. 

4.5 Development of future genetic counseling chatbots 

One of the purposes of this study was to help inform the development of future 

genetic counseling chatbots. Based on the responses received from participants regarding 

when to offer a chatbot, cost, and types of information included, several recommendations 

can be made. As previously discussed, the ideal genetic counseling chatbot should be 

offered free of charge to patients. This would ensure that there would be no financial 

barrier to using the chatbot. Also, it should function as an extension of the genetic 

counseling appointment itself, rather than a separate entity. The chatbot should be 
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available to patients for an indefinite period of time, both before and after their 

appointments to allow patients to access the chatbot when it is best for them. By having it 

available before their appointment, patients could ask questions, provide information 

about themselves, and be prepared prior to their appointment. Even if they did not use the 

chatbot before their appointments, having access to it afterwards would still allow them to 

ask questions and have information repeated to them or available for them to review with 

their relatives. This could help with retention of important points from the session and to 

provide a connection to the genetic counselor. A large proportion of genetic counselors 

wanted a chatbot to have the ability to connect patients with a genetic counselor, either via 

phone, email, or instant message. It is important to have such access so that a genetic 

counselor can answer questions the patient may have that the chatbot cannot or should not 

address. It would be helpful to have both phone and email options and to allow counselors 

to choose between them, depending on what works best for them and their patients. 

The majority of participants wanted a genetic counseling chatbot to have both 

predetermined and open text response options for the patients who are using them. This 

would give patients the most flexibility when interacting with the chatbot and also would 

allow patients to ask their own questions. One participant wrote in a free-text response to 

the prompt, “Please specify what you would like to see in a genetic counseling chatbot,” 

“...What if the patients ask the wrong questions or don’t know what to ask?” Having 

predetermined responses could provide a starting place for patients who are new to 

genetic counseling and help them generate their own questions from the chatbot’s 

responses. Furthermore, for the “wrong” questions that the chatbot doesn’t know how to 

answer, a patient would have the option of connecting to a genetic counselor, and a 
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response could be added to the chatbot addressing that question for future patients. 

Similarly, while the chatbot may be programmed with many of the most commonly asked 

questions, whether about genetics in general, insurance information, or genetic testing, it is 

impossible to anticipate every question a patient may have. If the chatbot were unable to 

find an adequate answer in its database, then a genetic counselor could be contacted for 

additional information. Both the GeneFAX and GIA chatbots are programmed with 

predetermined responses as well as the ability for users to enter their own questions. 

Given the results of this survey, this is clearly the precedent that should be continued going 

forward as new chatbots are developed. It also highlights the importance of having an 

option to reach a genetic counselor through the chatbot in order to provide more detailed 

information in case the chatbot is unable to respond to a particular user-generated 

question.  

Overall, participants wanted both general and patient-specific information to be 

included in a genetic counseling chatbot.  The one area that nearly all participants agreed 

should not be included, however, is disclosure or discussion of positive genetic test results. 

Given that currently, there are no genetic counseling chatbots that return any genetic test 

results, positive or negative, this should continue to be the case going forward. However, 

there is a distinction to be made between disclosing genetic test results and discussing 

them with a patient. Simply telling a patient that they tested positive or negative is 

different from having a discussion about what those results mean. While chatbots are 

helpful for routine interactions, returning genetic test results requires both careful 

explanations that are tailored to the patients’ educational level and emotional state and 

attention to psychosocial issues. This is especially true for positive genetic test results, 
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which is likely why so many participants did not choose it as a desired feature of a genetic 

counseling chatbot. Removing these aspects of genetic counseling interactions could 

negatively impact patients and their health, which is not the point of using chatbots as a 

tool. If anything, chatbots should be utilized so that genetic counselors could spend more 

time with those patients who need it and/or see more patients as the need increases, so 

genetic counseling chatbot functions should be limited to things that do not require in-

person interaction. However, it could be useful for a chatbot to be able to discuss genetic 

test results after an appointment, once they have been returned by a genetic counselor. For 

instance, the chatbot could remind patients what a mutation is or what the risks to other 

family members are, explain a variant of uncertain significance (VUS) test result, or 

recommended guidelines for cancer surveillance. This would be helpful information, even 

in the setting of a negative test result, and easy for a chatbot to provide, which could 

explain why 25% of participants were interested in having a genetic counseling chatbot 

disclose or discuss negative genetic test results. However, this is still the minority, and 

more research must be done to investigate scenarios in which genetic counselors are 

comfortable using a chatbot to return negative genetic test results. Currently, the best 

option for genetic counseling chatbots is not to provide genetic test results, though 

discussion of these after an appointment might be something to consider in the future.  

 There is also the question of how best to integrate chatbots into the genetic 

counseling clinic workflow. While this study did not address this question specifically, it 

was mentioned by several participants in their free-text responses. As more research is 

done regarding genetic counseling chatbots, this will be an important area to explore. 
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4.6 Study limitations 

 In addition to those discussed above, there are several other important limitations 

of this study that warrant mention. Overall, the demographics of the participants closely 

matched those of the National Society for Genetic Counselors’ 2019 and 2020 Professional 

Status Survey (Professional Status Survey 2019: Executive Summary, 2019) (Professional 

Status Survey 2020: Executive Summary, 2020). As such, the results of our study are 

reflective of the genetic counseling profession as surveyed by NSGC. However, there are 

still several limitations to the current study. Overall, the sample size was relatively small. A 

larger number of participants would increase the power of analysis and potentially reveal 

more statistically significant differences. The participant population was also split into two 

sub-groups, genetic counselors and genetic counseling graduate students. While these sub-

groups were evenly split, this further reduced the power of analysis since there were some 

questions that were only asked of each specific sub-group. Those results are only 

generalizable to that group in particular and not to all participants.  

 Furthermore, the majority of both this study’s participants as well as the NSGC PSS 

are female, white/Caucasian, and between the ages of 20-29. There are other genetic 

counselors who do not fit these demographics, and their opinions regarding using genetic 

counseling chatbots are just as valid. Incorporating their perspectives into future studies 

would be helpful for more broadly addressing the concerns of genetic counseling 

professionals. 

 The study was also limited by its design. For example, the genetic testing scenarios 

were written so that there was a low- and high-risk scenario for each genetic counseling 
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setting. However, these scenarios were not identified as such to the participants. Even if 

they had been, it is possible that the participants may not have agreed with the 

classifications. This could have skewed the data, since what is considered high- and low-

risk is open to interpretation in individual settings. Thus, in future studies of the potential 

situations in which a genetic counseling chatbot might disclose test results, a more 

extensive list of scenarios may be necessary.  

 Finally, selection bias is another limitation to consider. Given that the survey was 

only available electronically, individuals who participated may be more technologically-

knowledgeable and thus potentially more interested in using chatbots. Though the survey 

was not particularly long, individuals who had more free time may have been more inclined 

to answer the survey, which may not be representative of genetic counselors or genetic 

counseling graduate students as a whole. In addition, a link to the survey was advertised on 

Twitter by a genetic counselor who uses chatbots herself. Not only does Twitter require 

technology to access it, potentially confounding the data, but the post may have reached an 

audience that was more likely to be interested in using chatbots as well, which also could 

have introduced bias into the study. While there are many genetic counselors who use 

Twitter and many or most may be part of the NSGC email listserv, these platforms do not 

encompass the entire genetic counseling community, so by advertising mainly to these 

populations, the potential participants for our study may have been limited. 

4.7 Recommendations for future study 

For future study, in addition to the areas discussed above, there are several 

important issues that warrant investigation. In response to the current global COVID-19 
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pandemic, there has been an increase in the use of telemedicine by genetic counselors, 

medical geneticists, and other health professionals. However, the data collection for this 

survey ended before social distancing began in the United States. Because of the increasing 

need for genetic counselors to interact with their patients remotely and electronically, it is 

possible that the rapidly expanding usage of telemedicine might change genetic counselors’ 

opinions on the place of chatbots in genetic counseling.  

 While this study was able to identify several variables that predict interest in 

offering a genetic counseling chatbot to patients, there likely are many more items of 

potential interest that were not included. Even those variables that were not significant in 

this study may turn out to be so when looked at in a larger population of genetic counselors 

and/or graduate students. Trying to determine why several variables were important 

predictors of interest would also be helpful, such as why considering using a chatbot for 

personal health is significantly correlated with interest in offering a genetic counseling 

chatbot. This may identify ways in which to increase the interest of other genetic 

counselors. 

 Besides genetic counselors and genetic counseling graduate students, surveying 

clinical geneticists would also provide important insight into what should be included in 

genetic counseling chatbots. Geneticists often provide their own counseling for patients in 

addition to working with genetic counselors. As such, they would provide a unique 

perspective on the usage of chatbots in genetic counseling and clinical genetics settings.  

 Finally, while this study was able to identify several barriers to offering a genetic 

counseling chatbot, additional research should be done in order to determine how best to 
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overcome those barriers. It may be that there are some obstacles that cannot be overcome, 

especially in terms of access to the chatbot. Identifying how to assess patients' 

understanding of chatbot-provided information and which topics are of most concern to 

genetic counselors will be necessary, as will determining how to implement a chatbot into a 

clinic’s workflow. Ultimately, it is unlikely that there will be a single chatbot that could be 

used across all clinics and all genetic counseling specialties, but being able to provide 

options that could actually assist genetic counselors in their work is entirely possible. 

Chatbots have the potential to be very powerful tools for genetic counselors, but exactly 

what shape they will take is still being investigated and refined. The role chatbots will play 

in the genetic counseling field requires both continued research and the input of genetic 

counselors to ensure they will be useful to the profession.  
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APPENDIX A: Survey 
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APPENDIX B: Survey Advertisements 

Advertisement distributed at National Society of Genetic Counselors’ 2019 annual conference:  
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Advertisement attached to email correspondence regarding the survey: 
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Advertisement posted on social media:  
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Email sent to genetic counseling graduate program directors:  

Dear Program Directors, 

My name is Jordann Wallis and I am a second-year genetic counseling student at the 
University of California, Irvine. As part of my Master’s thesis, I am conducting a survey of 
both genetic counselors and genetic counseling students titled: Finding a place for 
chatbots: experiences, views, and ideas for future applications in genetic counseling. 
To this end, I am kindly requesting your students’ participation in my survey. The aim of 
my research is to investigate the current perspective of genetic counselors and genetic 
counseling students regarding the use of chatbots in this field and to help guide the 
development and refinement of current and future genetic counseling chatbots. 

For this study, I am recruiting all students currently enrolled in a genetic counseling 
graduate training program, including both first-year (class of 2021) and second-year (class 
of 2020) students. 

Participation in this research study consists of taking a short, anonymous online survey. 
The survey contains a demographic questionnaire, questions regarding students’ use of 
chatbots in their personal life, and questions regarding genetic counseling chatbots, 
including what information should be included in them, whether they should be used to 
disclose positive and/or negative genetic test results, and potential barriers to using 
chatbots as a genetic counseling tool. The survey is expected to take about 10-15 minutes 
to complete. Participation is completely voluntary, and participants may opt out at any 
time. 

This research study is completed in partial fulfillment of a Master’s thesis for the University 
of California, Irvine Genetic Counseling Program. This study is exempt from review under 
the self-determination guidelines at the Institutional Review Board at the University of 
California, Irvine. 

Please forward this invitation to your first- and second-year students. 

To access the survey, please follow this link: https://is.gd/chatbotGC 

The survey will remain open until February 29th, 2020. 

Thank you very much for your time, 

Jordann Wallis 

University of California, Irvine 

MS in Genetic Counseling, Class of 2020 
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APPENDIX C: All free-response answers 

 Answers are copied here exactly as the participant wrote them. All typographical 

errors and misspellings have been left as-is. 
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APPENDIX D: Chi-square tables for non-significant univariate analyses 
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APPENDIX E: Genetic Counseling specialty re-coded responses 

 

 
 
 
 
 

 
 
 

 
 




