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Abstract

To determine the opinions of university students about the effects of artificial intelligence on the future of nursing and healthcare.
Artificial intelligence-generated changes will have a major impact on healthcare and nursing. In-depth qualitative interviews were
conducted with university students. The study included 12 senior-level students’ participants, who were selected by simple random
sampling from different departments of Turkish universities in Istanbul. The data were analyzed using qualitative thematic analysis.
The participants defined artificial intelligence in terms of robots, robotized intelligence, machine learning and personal assistants. The
participants listed the effects of artificial intelligence on nursing as a decrease in the number of nurses, a reduced workload for nurses,
more effortless patient follow-up, a decreased margin of error, the use of robots for patient transport, the use of robots to position
patients, the use of robots to measure vital signs, the use of robots in psychomotor skill training, use of robots in surgical operations,
use of robots in elderly care and follow-up. In line with these results, it can be recommended that new subjects on artificial intelligence
and its role in the future of healthcare be added to relevant educational programs. Nurse educators should develop courses in the
curriculum that will increase student awareness of artificial intelligence.

Keywords: artificial intelligence; future; health; qualitative research; university student; Turkey

_ YAPAY ZEKANIN SAGLIGIN GELECEGINE ETKILERI:
UNIVERSITE OGRENCILERI ARASINDA NITEL BiR CALISMA

Oz

Aragtirmanin amaci; liniversite dgrencilerinin yapay zekanin hemsirelik ve saglik hizmetlerinin gelecegi iizerindeki
etkilerine iligkin goriislerini belirlemektir. Yapay zeka tabanli degisimlerin gelecekte saglik hizmetleri ve hemsirelik
iizerinde biiyiik bir etkisi olacaktir. Arastirma tanimlayici ve nitel arastirma tasarim tipindedir. Universite 6grencileri ile
derinlemesine nitel gériismeler yapilmigtir. Arastirmaya Istanbul'daki iiniversitelerin farkli béliimlerinden basit tesadiifi
ornekleme yoluyla secilen 12 son sinif 6grencisi katilmistir. Veriler nitel tematik analiz kullanilarak analiz edilmistir.
Katilimeilar yapay zekay:r robotlar, robotize zekd, makine 6grenme ve kisisel asistanlar olarak tanimlamislardir.
Katilimcilar yapay zekanin saglik ve hemsirelik tizerindeki etkilerini hemsire sayisinin azalmasi, hemsirelerin is yiikiiniin
azalmasi, hasta takibinin daha kolay olmasi, hata paymin azalmasi, hasta tasimada robotlarin kullanilmasi, yasamsal
belirtileri 6lgmek i¢in robot kullanilmasi, psikomotor beceri egitiminde robot kullanilmasi, cerrahi operasyonlarda robot
kullanilmasi, yasl bakimi ve takibinde robot kullanilmasi olarak siralamislardir. Bu sonuglar dogrultusunda, ilgili egitim
programlarina yapay zeka ve sagligin gelecegindeki rolii ile ilgili yeni konularin eklenmesi Onerilebilir. Hemgire
egitimciler miifredatta yapay zekaya yonelik 6grenci farkindaligini artiracak dersler gelistirmelidir.

Anahtar Kelimeler: yapay zeka; gelecek; saglik; nitel arastirma; iiniversite 6grencisi; Tiirkiye
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1. INTRODUCTION

The technological advances that have been made in the 21st century have the potential to drastically
change lives socially, culturally, economically and even politically. By force of circumstance, much
individual, organizational, professional and social effort has been directed towards adapting to
changes in today’s hi-tech communication and information age, which is marked by very rapid and
comprehensive scientific and technological changes. Growth in global welfare, developments in
information and communication technologies, and advancements in genetic studies have contributed
to significant transformations in the healthcare sector of the 21st century, including the transformation
from a physician-and-hospital-driven healthcare system to an individual-centered healthcare system.
Soon, biotechnology, nanotechnology, artificial intelligence (Al), robotic studies, the internet of
things and developments in health informatics are predicted to determine the dynamics of the
healthcare system (1,2,3,4,5).

2. BACKGROUND

Artificial intelligence (Al) is defined as the ability of a computer or computer-controlled robot to
perform various activities in a way similar to intelligent living things; in other words, artificial
intelligence allows computers to think like humans and helps machines to solve complex problems
in the same manner human beings do. As an interactive scientific field, artificial intelligence is
associated with many disciplines, from computer science, medicine, and psychology to finance,
military, logic and philosophy (2,6,7,8). The term artificial intelligence (Al) is generally used to
denote a field of science and engineering where computational understanding, which can be expressed
as intelligent behavior, and related mechanisms (such as robots and speaking computers) are
generated (8,9). The main techniques for creating artificial intelligence systems involve mixed
processes, such as fuzzy logic, genetic algorithms, artificial neural networks (ANN), expert systems,
robotics, simulated annealing, computer vision, speech recognition and chaotic modeling (8).

The AI applications adopted to the healthcare sector are mainly related to medical diagnosis,
patient follow-up, telemedicine, biochemical laboratory analysis, radiological analysis, hemodynamic
follow-up systems, remote health services, and robotics (7,10,11,12,13). Recent studies suggest that
along with the advances in robotic technology, new treatment possibilities for paralyzed patients will
increase, artificial organ production will become widespread, and organ production will be possible
by using 3D printers (6,9,11,14,15,16). Robotic technology can facilitate the collection of vital
parameters, such as blood glucose levels, using fetal monitors, electrocardiograms and temperature
monitors, and thus give healthcare personnel the ability to monitor patients and conduct interactive
follow-up on them. Al-assisted robots can assist in monitoring patients and help people with motor
problems to sit and stand. Furthermore, they can automatically carry and distribute drugs and supplies,
assist healthcare personnel in various jobs, track human movements, and help people in emergency
and life-threatening situations. Smart objects and robots with Al and portable medical devices for
continuous blood pressure measurement are among the applications that enable vital signs to be sent
to healthcare personnel via SMS, and that are capable of detecting the falls of the elderly at home via
sensors located on the walls and immediately alert the nearest healthcare center. Many of these
innovations have already been implemented, with many others expected to be implemented in the
near future (4,6,7,12,17,18).

Only recently have studies started to be conducted on the effects of AI’s futuristic technology
in healthcare. These studies are not yet widespread in either Turkey or throughout the world. Al is
taught only in university undergraduate and graduate courses within mathematics, machine and
electrical engineering departments. The future effects of Al practices on individuals and the
healthcare system are uncertain. Although innovative studies on robotic applications have been
conducted in Turkey, there have been no sociological studies involving the opinions of university
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students — who will design the future — about the future effects of Al. Therefore, examining the
opinions of university students about the effects of Al on the future of the healthcare system is very
important, insofar as it relates to the young generation gaining awareness of and being ready for new
technologies.

This study aims to determine the opinions of university students about the effects of Al on the future
of healthcare nursing.

3. METHODS
3.1.Design

A descriptive qualitative study design was used to examine the opinions of university students about
the effects of Al

3.2.Sample and Setting

To select the university students who would participate in the study, purposeful sampling was
applied. Purposive sampling allows for an in-depth study of cases considered to be able to provide
rich information. In the purposive sampling process, the researcher uses their judgment to select the
study group most suitable for the study's purpose (19). For the present study, the inclusion criteria
were students who were: (1) studying at a university, (2) living in Istanbul, (3) studying in different
departments at university, (4) senior-level university students (as this year-level best enables
prediction of the students’ future plans). The study included 12 student participants selected by simple
random sampling. Students were selected randomly from the students attending the information and
communication technologies symposium held in Istanbul. The symposium is not a special lesson, but
rather, a social event that is open to all students. It was decided that senior-level university students,
in particular, be included in the sample, for which random sampling was used, as it is they who would
be the professionals working in different disciplines of the future, and because it is at this time of
their academic career that they tend to have a more future-oriented vision. After interviewing the 12
participants, data saturation was achieved. All 12 interviews were included in the study analysis.

3.3. Data Collection

Data were collected by applying the in-depth personal interview method, which involved the
“Information Form” and the “Semi-Structured Interview Guidance Form”.

The Information Form was developed by the researchers in accordance with the literature (13,20).
This form consists of seven questions on the socio-demographic characteristics of the students (the
department of study, age, gender, secondary education, the residence of most prolonged duration,
level of information, if any, about artificial intelligence, whether artificial intelligence applications in
the healthcare sector are followed).

The Semi-Structured Interview Guidance Form was developed by the researchers with the aid of the
relevant literature (3,4,11,16,20). It focuses on the basic concepts of Al and includes the following
open-ended questions:

e What do you think about the concepts of AI?

e What are the priority areas that Al will affect in the future?

e What will be the effects of Al on the healthcare system in the future?
e What will be the effects of Al on nursing in the future?

e What do you think about the opportunities of Al in the future?
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e What do you think about the threats of Al in the future?
3.4. Procedure

The participants were selected from among senior-level students in different departments of
universities using the simple random sampling method. The interviews were conducted in a quiet area
in the cafeteria, where students gather to socialize outside their dormitories before the symposium
they attended. Everything was prepared before conducting the in-depth personal interviews, including
the semi-structured interview form, a voice recorder, and the environment. The average duration of
the recorded interviews was 45 min (range: 30-60 min). The semi-structured interview times were,
when possible, extended until data saturation was ensured. All participants were allowed to express
their thoughts without interruption. Digital voice recorders were used during the interviews, all of
which were conducted by the primary researcher. Data were collected between January 2018 and
May 2018. During any part of the research, the participants were exposed to harm.

3.5. Ethical considerations

The research project was approved by a university ethical committee (date of approval: 19.01.2018,
protocol code: 2018-24). Written and verbal informed consent was obtained before they took part in
the research. The students were informed that their names would be kept confidential and that the
interviews would not affect their professional positions and/or tasks. Participants had the right to
refuse to answer any question during the interview or to withdraw from the study at any time without
negative consequences.

3.6. Data Analysis

Data analysis was completed using qualitative content analysis, which involved the identification of
sub-themes from the interviews (19). All interview records were manually decoded and transferred
to the computer environment. Before starting the data analysis, researchers reviewed the notes
collected during the interview. The interviews were read carefully by five researchers to acquire a
global vision of the experience. The primary researcher formed the main themes on the basis of the
responses to the semi-structured interview questions. The conceptual meanings of all responses were
then examined and the data were coded according to the concepts established. After all data derived
from the interviews were coded, a code list was prepared. The code list was grouped as main themes
and sub-themes.

3.7. Methodological rigor

Rigor was checked by having four credibility, dependability, transferability, and confirmability (19).
The credibility of the process was secured by: (1) using purposive sampling method, whereby students
studying under different departments and universities and specialties were selected (2) students did
not know each other (3) these interviews were audio-recorded, listened to and then discussed by five
researchers (4) asking clear, concise and pointed questions during the interview process and (5)
involving five researchers in the analysis process and discussing results with five researchers (6)
having all the interviews conducted by the primary researcher who has a great experience and
certificate in research methodologies. The primary researcher, whose native language is Turkish, did
data analysis to ensure dependability and confirmability. The coding tree, which included detailed
meaning units, along with codes, subthemes and themes was reviewed by a Turkish co-researcher.
All codes and the entirety of the manuscript were transcribed and translated into English and then
checked by researchers before being edited by a professional editing institution.

4. RESULTS AND DISCUSSION
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The purpose of this research was to determine the opinions of university students about the effects of
Al on healthcare and nursing in Turkey. This study is one of the first qualitative studies involving
university students in Turkey to be conducted Al. The study involved the participation of 12 students
between the ages of 21 and 24. Among the total number of participants, five were male, seven were
female and all of them single. All 12 participants were senior-level students at a university, with three
being nursing students, one medical student, one a computer engineering student, one a mechanical
engineering student, one a sociology student, one a mathematics sciences student, one a physics
engineering student, one an economics student, one an electrical engineering student, and one a law
student. Six themes and related sub-themes were identified from the thematic analysis, as shown in

the following table (Table 1).

Table 1. The themes and codes obtained in the research

THEMES

CODES

The basic concepts of
artificial intelligence

Robot

Machine learning
Personal assistant
Human device
Robotized intelligence

Priority areas that
artificial intelligence
will affect in the
future.

Healthcare
Defense

Social life
Security
Transportation

Effects of artificial
intelligence on the
healthcare system.

Increased use of robots in healthcare

Easier patient follow-up

Use of robots in surgical operations

Use of robots in elderly care and follow-up

More straightforward medical diagnosis and treatment
Use of robots for patient transport

Use of robots for assisting bedridden patients

Effects of artificial
intelligence on
nursing.

Decreased number of nurses

Reduced workloads of nurses

Easier patient follow-up

The decreased margin of error

Use of robots for patient transport

Use of robots to position patients

Use of robots to measure vital signs

Use of robots in psychomotor skill training

Opportunities for
artificial intelligence
in the future.

Savings on time

Benefit to humanity

Reduction of burdens of life
Use of robots in research/studies
Benefit to nurses

Threats of artificial
intelligence in the
future.

Robots endowed with emotions

Possibility of robots going outside of human control
Replacement of humans by artificial intelligence
Reduced socialization of people

Leaving people unemployed

4.1.Theme 1: The basic concepts of Al

This theme had the following five sub-themes: robots, human devices, robotized intelligence,
machine learning and personal assistants. The participants stated that they had knowledge about Al
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and that they had learned this information through social media, famous inventors, science-fiction
films and scientific publications.

“If we can integrate a robot into a machine through Al I think it can control everything.”
(Mathematics Sciences student, 24)

“Actually, we always say that human beings are the only ones who can think, yet we try to
transfer this thinking ability onto machines for the purpose of their continuous improvement.
That’s why Al is the device of human.” (Electrical Engineering student, 22)

“Yes, I have heard about Al. I have seen so much about it on social media. As you know,
Elon Musk came to Turkey. We all saw him on the news. He visited Ataturk’s mausoleum.
I’ve been hearing about it more and moreover the last few years.” (Nursing student, 22)

4.2.Theme 2: Priority areas that AI will affect in the future.

This theme had the following five sub-themes: healthcare, defense, social life, security and
transportation.

“I think it (AI) will affect the health sector the most. I think it can actually be used in cases of
hard works, like patient transport.” (Mathematics student, 24)

“It (AI) can also have a big influence on transportation, especially in big cities like Istanbul.”
(Computer Engineering student, 23)

The first two themes in this study addressed the perceptions of the participants regarding the basic
concepts of Al and priority areas that Al will affect in the future. The participants defined Al in terms
of robots, human devices, robotized intelligence, machine learning and personal assistants. In
addition, they listed the priority areas that artificial intelligence would affect in the future as health,
defense, social life, security and transportation. In the literature, Al is defined as systems thinking
like human beings, such as robotic applications and machine learning (6,8,11). When considered from
this point of view, the students’ opinions about the concept of Al are in parallel with the literature. It
is frequently emphasized in the literature that Al affects many areas via a transdisciplinary approach,
that is, it intersects with many areas of specialization, including engineering, computer science,
biology, neuroscience, sociology, education, mathematics and medicine. According to futurists, Al
will directly affect many different fields of expertise in the future, most prominently industry, defense,
health, safety, education, and business life (8,9,14,21). Many fields of expertise and applied
techniques, from smart home technologies, smart home appliances, driverless vehicles, unmanned
aerial vehicles, and diagnosis and treatment of diseases (such as cancer) to avatarized health
professionals and robots, intelligent communication systems, banking operations, intelligent
classrooms and virtual learning environments, are already used in daily life and will continue to
spread quickly (21,22). The students’ opinions on the extent of Al are consistent with the literature.
These results suggest that students have a relatively high awareness of artificial intelligence, despite
it being a recent topic of the world agenda.

4.3.Theme 3: The effects of Al on the healthcare system.

This theme had the following seven sub-themes: the increased use of robots in healthcare, more
effortless patient follow-up (home care, elderly care, chronic diseases etc.), the use of robots in
surgical operations, the use of robots in elderly care and follow-up, more straightforward medical
diagnosis and treatment, the use of robots for patient transport, and the use of robots for assisting
bedridden patients.

“I think that if there ever was such a personal assistant, | mean, a personal health assistant, it
could be widely used for the elderly.” (Mathematics student, 24)
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“I think, (with AI) diseases will be diagnosed and able to be prevented easier, and that tissues
will be able to be repaired more easily.” (Physics Engineering student, 23)

“I mean, everyone cannot keep and follow their vital records at home, that is, they have to go
to a medical facility. Instead of going to the hospital, everything would be within arm’s reach
thanks to devices with AL It would also have a lot of influence inpatient follow-up, making
this process easier.” (Nursing student, 22)

“Chronic diseases are also a major problem in the follow-up of patients, especially diabetic
patients. For example, attending regular check-ups poses a major problem for patients with
chronic diseases.” (Medical student, 24)

In this study, students listed the effects of Al on the healthcare system as the increased use of robots
in healthcare, more effortless patient follow-up (home care, elderly care, chronic diseases etc.), the
use of robots in surgical operations, the use of robots for elderly care and follow-up, more
straightforward medical diagnosis and treatment, the use of robots for patient transport, and the use
of robots for assisting bedridden patients. Technological developments and the introduction of
electronic health records have both complicated and increased patient data and information. Machine
learning and big data have become essential in classifying, using and analyzing patient data. In this
area, Al and machine learning will help physicians/health professionals in disease diagnosis and
treatment options and the use of clinical decision support systems, medical imaging, and image
interpretation. Studies emphasize that Al, together with artificial neural networks, as one of its usage
areas, focuses on modeling the human body and screening for disease diagnosis. In particular, when
used in combination with expert systems and neural network systems, this algorithm can facilitate
applications for early diagnosis, quick and safe screening of individuals, diagnosis of chronic
diseases, and medical imaging. Studies report that these systems can be used especially in the
diagnosis and screening of diseases, such as cardiac diseases, coronary artery disease, myocardial
infarction, and rhythm imaging devices, such as ECGs. (12,23,24). Besides artificial neural networks
and expert systems, robotic applications are also used in medicine. In particular, the use of robotic
applications in surgery offers a promising start for further developments in the healthcare sector.
Studies show that robots can be used in carrying bed-dependent patients, providing care to the elderly,
and performing patient transport, and that they can even be employed as a care assistant in the care
services and practices provided by physicians and nurses (3,4,23,25,26,27). The need for robots in
the healthcare system comes to the fore as a response to the need for time-saving measures, patient
safety, care cost reductions, and the increase in the number of individuals receiving healthcare
(20,27,28). The results from this study reveal that the university students’ predictions about the
revolutionary impact Al will have on the healthcare system are parallel to those reported in the
literature. The results also point to the possibility that since the participants were Y generation
students who had technology literacy and studied in different departments, they had discovered
different uses of Al and applied them in predicting their effects on the healthcare system.

4.4.Theme 4: The effects of AI on nursing.

This theme had the following eight sub-themes: decreased number of nurses, reduced workloads of
nurses, more effortless patient follow-up, decreased margin of error, use of robots for patient
transport, use of robots to position patients, use of robots to measure vital signs, and use of robots in
psychomotor skill training.

“Perhaps, we could use it (Al) in positioning patients, considering that positioning patients
can be too physically demanding for nurses and cause them injuries. Obese patients can be
particularly challenging in this sense, so maybe we could use it for them, or inpatient transfer,
or in establishing vascular access or something like that...” (Nursing student, 22)
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“I think robots can be effective if they are enhanced with Al and used in education for
simulation.” (Nursing student, 22)

“I think there is a much greater need for nurses rather than for doctors in terms of workload,
that is, I think artificial intelligence and robots will decrease their workload.” (Medical
student, 24)

The participants listed the effects of Al on nursing as a decrease in the number of nurses, a reduced
workload for nurses, more effortless patient follow-up, a decreased margin of error, the use of robots
for patient transport, the use of robots to position patients, the use of robots to measure vital signs,
and the use of robots in psychomotor skill training. Studies report that Al-assisted robots can help
monitor patients, support patients with motor problems in daily life activities, carry and distribute
medicines and supplies automatically, assist staff with various tasks, track human movements, and
help in emergencies, and that intelligent robots and portable medical devices can measure blood
pressure constantly, perform SMS reporting of individuals’ vital signs to healthcare staff and function
as fall monitors for the elderly using wall-mounted sensors (4,13,18,20,25,29). In the qualitative
research conducted by Bodur and Kaya (3) on the predictions of nurses and nurse educators for the
year 2050 in Turkey, participants stated that robots would become widespread in the healthcare
system in the future. Today, robotic studies are expected to become widespread due to the increased
use of Al. Studies on robotics are new, and the number of descriptive and social studies in this field
is limited. Although it is an increasingly developing field, robotics studies have not yet had the widely
expected impact in Turkey. The present study’s results suggest that students’ opinions about the effect
of AI on nursing are consistent with the related literature, and that they are aware of the potential
effects of Al on the healthcare system and nursing. The results may also suggest that students from
different departments, such as engineering, mathematics and medicine, have the potential to create
opportunities for developing artificial intelligence technologies and implementing them in the nursing
profession.

4.5.Theme 5: Opportunities for Al in the future.

This theme had the following five sub-themes: savings on time, benefit to humanity, reduction of
burdens of life, the use of robots in studies, benefits to nurses.

“I think our work will be easier; I mean, I feel that it will reduce our burden, yet I think it
may have negative effects too.” (Nursing student, 22)

4.6. Theme 6: Threats of Al in the future.

This theme had the following five sub-themes: robots endowed with emotions, the possibility of
robots going outside of human control, replacement of humans by Al, the reduced socialization of
people, leaving people unemployed.

“As for the robots, I think they would make us even more asocial. I also think that they could
replace doctors and nurses.” (Computer engineering student, 23)

In this study, students listed the opportunities of Al in the future as savings on time, benefit to
humanity, reduction in burdens of life, the use of robots in studies, and benefit to nurses. They also
listed the threats of Al, which included endowing robots with emotions, the possibility of robots going
outside of human control, replacement of humans by artificial intelligence, the reduced socialization
of people, and leaving people unemployed. Two of the most controversial issues related to Al-assisted
robotic applications are undoubtedly the risks associated with endowing machines with emotions and
the possibility of machines going outside human control. The use of robots for 24/7 follow-up care
of'individuals, as well as for treatment and care services, such as dispensing medicine and performing
nursing functions, should be addressed with a degree of skepticism, especially considering that the
use of robots in these areas, where professional and ethical values, like empathy, compassion,
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altruism, strong communication skills, problem-solving ability, and emotional intelligence capacity,
are required, could be viewed as a threat today. The present study suggests that students are aware of
the opportunities and threats of Al It is vitally essential that university students, who will form
different professional groups in the future, consider these opportunities and threats to understand
better how to reflect the positive developments in their professions.

4.7.Limitations

The study was limited to senior-level university students who study a university in Istanbul between
January 2018 and May 2018 and attend our study. Lastly, data were collected in in-depth interviews,
which limited the findings with the participants’ statements.
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5. CONCLUSION

The results showed that university students had favorable opinions, in parallel with futurists and the
related literature, about the effects Al will have on the future of healthcare and nursing. Their opinions
about how AI will be reflected on the future of the healthcare system are significant for the young
generation, as they will be the ones responsible for designing the future and therefore must be aware
of new technologies, be ready for these technologies, and implement them in their professions. In line
with these results, it can be recommended that new subjects on Al and its role in the future be added
to relevant educational programs. Furthermore, how Al courses should be taught to understand the
best Al technologies, which techniques should be used in specific areas of expertise, and the training
requirements for different areas of application according to each area of expertise should be
determined. Finally, there should be an increase in the number of relevant undergraduate and graduate
education programs, seminars, and projects prepared by global and national researchers and
academicians working on Al, an increase in the number of scientific research projects on Al, the
integration of study results into health and nursing practices by taking advantage of the opportunities
offered by artificial intelligence.
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