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Abstract
Background  Being digitally literate allows health-based science students to access reliable, up-to-date information 
efficiently and expands the capacity for continuous learning. Digital literacy facilitates effective communication 
and collaboration among other healthcare providers. It helps to navigate the ethical implications of using digital 
technologies and aids the use of digital tools in managing healthcare processes. Our aim in this study is to determine 
the digital literacy level and awareness of our students receiving health-based education in our university and to pave 
the way for supporting the current curriculum with courses on digital literacy when necessary.

Method  Students from Acibadem University who were registered undergraduate education for at least four years 
of health-based education, School of Medicine, Nutrition and Dietetics, Nursing, Physiotherapy and Rehabilitation, 
Psychology, Biomedical Engineering, Molecular Biology, and Genetics were included. The questionnaire consisted of 
24 queries evaluating digital literacy in 7 fields: software and multimedia, hardware and technical problem solving, 
network and communication/collaboration, ethics, security, artificial intelligence (A.I.), and interest/knowledge. Two 
student groups representing all departments were invited for interviews according to the Delphi method.

Results  The survey was completed by 476 students. Female students had less computer knowledge and previous 
coding education. Spearman correlation test showed that there were weak positive correlations between the years 
and the “software and multimedia,” “ethics,” “interest and knowledge” domains, and the average score. The students 
from Nursing scored lowest in the query after those from the Nutrition and Dietetics department. The highest scores 
were obtained by Biomedical Engineering students, followed by the School of Medicine. Participants scored the 
highest in “network” and “A.I.” and lowest in “interest-knowledge” domains.

Conclusion  It is necessary to define the level of computer skills who start health-based education and shape the 
curriculum by determining which domains are weak. Creating an educational environment that fosters females’ 
digital knowledge is recommended. Elective courses across faculties may be offered to enable students to progress 
and discuss various digital literacy topics. The extent to which students benefit from the digital literacy-supported 
curriculum may be evaluated. Thus, health-based university students are encouraged to acquire the computer skills 
required by today’s clinical settings.
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Infrastructures used in health are rapidly digitalizing, sig-
nificantly improving the quality of diagnosis, follow-up, 
and treatment processes of patients [1]. Digital literacy is 
essential for health science students to access and inter-
pret data, analyze medical images, and use technology to 
improve patient care [2]. Additionally, digital literacy plays 
an essential role for health science students to understand 
the ethical implications of using technology in healthcare 
and its potential risks [3]. In the Future Health Index 2020 
report, it is stated that the presence of medical technolo-
gies motivates especially young health workers and that 
proper training should be provided to this generation on 
the correct use and interpretation of technology and data 
[4]. In their research conducted by de La Hoz et al. on 
bioscientific university students and especially evaluating 
eHealth literacy (digital literacy in health), they concluded 
that university education programs applied to develop 
digital and scientific skills in health education should be 
improved to meet future needs [5]. Digital health was 
incorporated as an elective subject in an integrated medi-
cal degree program for a study in Hamburg, Germany. 
Consequently, in a poll evaluating the courses presented 
in the given semester, this class received the highest 
overall satisfaction, reflecting students’ general fulfill-
ment with digital health education [6]. In another study 
in Germany, distinct modules with learning objectives 
were created for each academic year of medical school to 
teach digital competencies, focusing on digital challenges 
related to the relevant medical application fields. Given 
the rapid digitalization of medicine, they underlined the 
importance of teaching digital literacy in undergraduate 
medical education [7].

In general, 21st-century students are compelled to be 
proficient digital natives. However, the digital literacy 
skills and competencies they already possess when they 
start university do not always mean they can use them 
purposefully to support their learning [8]. Students 
use digital tools for many services, including social and 
educational activities [9]; however, their competencies 
in primary digital tools such as Microsoft Office, Word, 
PowerPoint, and Excel fall short of expectations [10]. A 
study from Japan revealed that although there is 100% 
smartphone and personal computer ownership among 
that first-year university students, these devices are not 
used in any depth [11]. Simon et al. noticed a need to 
develop and implement training programs for the cur-
riculum to acquire digital knowledge. They suggest 
that identifying diverse levels of digital literacy among 

students, assessing professors’ abilities to incorporate lit-
eracy aspects into their teaching methods, and executing 
a plan to enhance digital literacy across curriculum dis-
ciplines will lay the foundations for a more robust digital 
capacity in students [12]. Most importantly, the faculty’s 
digital knowledge should be assessed and strengthened to 
achieve higher digital proficiency in the university envi-
ronment. Sánchez-Cruzado et al. showed that the com-
petency levels of the teachers were at a low intermediate 
level (B1 level), and only 1.7% of the faculty surveyed 
reached a high level [13].

In a period where artificial intelligence (A.I) has 
entered many areas, it is essential to guarantee that stu-
dents studying health sciences, have a general foundation 
of A.I. literacy. A.I. should be introduced to their educa-
tion, given this technology’s significance and potential 
impact [14]. ChatGPT is one of the most commonly used 
A.I. tools and is an effective amplifier in medical educa-
tion with increasing knowledge interpretation, learning, 
and recall. It is seen as a practical online teaching assis-
tant due to its instant responses and online availabil-
ity [15]. Sensitive information, including patient data, 
is frequently shared between students, instructors, and 
medical professionals during medical practice. Trans-
ferring this information with ChatGPT is questionable 
from an ethical standpoint, and the user must ensure suf-
ficient precautions to keep this information private [16]. 
Healthcare students’ levels of digital literacy should be 
evaluated in that manner, and no compromises should be 
made since AI technologies may play increasingly impor-
tant roles in their jobs and research in the future.

Our aim in this study is to determine the digital liter-
acy level and awareness of our students receiving health-
based education in our university and to pave the way for 
supporting the current curriculum with courses on digi-
tal literacy, when necessary.

Method
Participants
Students who has been receiving undergraduate educa-
tion for at least four years of health-based education at 
the same university were included. These students were 
recruited from the faculties of the School of Medicine, 
Health Sciences (Nutrition and Dietetics, Nursing, Phys-
iotherapy, and Rehabilitation), Engineering and Natural 
Sciences (Biomedical Engineering, Molecular Biology, 
and Genetics), and Humanities and Social Sciences (Psy-
chology). The same survey was also applied to Computer 

Registration  This study was approved by Acıbadem University and Acıbadem Healthcare Institutions Medical 
Research Ethics Committee (ATADEK) (11 November 2022, ATADEK registration: 2022-17-138) All methods were carried 
out in accordance with relevant guidelines and regulations. Informed consent was obtained from the participants.
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Engineering students who acquired extensive training 
in digital literacy but did not receive any health-based 
education. The main purpose was to compare Computer 
Engineering students’ scores obtained from the ques-
tionnaire and interview with those who are receiving 
health-based education. Thirty-nine computer engineer-
ing students agreed to participate in this study. It should 
be noted that, Computer Engineering students were 
excluded from the sociodemographic data.

Assessment
Instrument
We developed a questionnaire of 24 queries evaluat-
ing digital literacy in 7 fields: software and multimedia, 
hardware and technical problem solving, network and 
communication/collaboration, ethics, security, artificial 
intelligence, and interest-knowledge (Table 1). While cre-
ating this scale, we also included the questions from the 
previously published digital literacy scale developed by 
Ng W [17], adapted in Turkish [18]. This 10 items scale 
evaluates digital literacy in 3 main aspects: technical, 
cognitive, and socioemotional. Students were asked to 
enter their sociodemographic information and basic view 
on digital literacy at the start of the questionnaire. The 
responses were given on a 5-point Likert scale: “I strongly 

disagree,” “I disagree,” “Neutral,” “I agree,” and “I strongly 
agree.” The questionnaire was reviewed by faculty from 
engineering, statistics, and medicine backgrounds and 
was e-mailed to the participants.

Interview
Experts among the researchers prepared four open-
ended questions for the participants who had already 
completed the questionnaire. The queries were revised 
after a pilot interview with a small group of students. 
Two groups were determined and selected by a simple 
random method, structured as one student from each 
field, adding up to eight participants. Students were 
drawn from a waiting list when the assigned participant 
could not attend.

The questions were as follows:

1)	 The European Commission has defined digital 
literacy as the ability to use information and 
communication technologies and the internet for 
creativity, innovation, and entrepreneurship and to 
acquire the knowledge and skills necessary to live in 
the 21st century [19]. Some of these digital literacy 
skills are using computers, smartphones, tablets, 
networks, and software (e.g., searching the internet, 

Table 1  Questionnaire evaluating digital literacy in 7 domains
Domain Questions
Software and Multimedia 1.I can learn new technologies easily.

2.I have the technical skills to use information and communication technologies for learning purposes and to develop 
digital teaching materials (For example, presentations, digital stories, wikis, and blogs) to showcase what I have learned.
3.I can easily communicate with others through platforms such as Zoom, Microsoft Meeting, and Outlook.
4.I know computer languages ​​(such as Python, C++, and visual basic).

Hardware 5.I know how to solve technical problems I encounter with the technologies I use.
6.I know the essential parts of the computer (such as motherboard, memory, computer case, power supply, and hard 
disk), and their functions.
7.I know and can use wireless communication modules such as wifi and Bluetooth.

Network 8.I am confident in my searches and evaluations to obtain information on the Internet.
9.Information and communication technologies allow me to better collaborate with my peers on working on a project 
and other learning activities.
10.I often help out with my friends over the internet in my studies at University (e.g., via Skype, Facebook, and Blogs).
11.I use professional media platforms such as LinkedIn to take steps toward my career goals and to find or reach 
people related to my profession.

Ethics 12.I do not get stolen information from other works during my research and presentations. I cite.
13.I have an idea about digital copyrights and licenses.
14.I am aware of the Personal Data Protection Law.
15.I am aware of the Ethics Committee processes and conditions that control under which conditions and with whom 
I can share consented patient information and data.

Security 16.I am familiar with topics related to internet activities, such as cyber security, web search, and internet fraud.
17.I know how the information I enter on the technological devices and applications I use is stored, and I am aware of 
who can see and use it.

AI 18.I am aware that artificial intelligence is included in the technologies we use in our daily lives.
19.I am aware that there are lectures in our University on integrating artificial intelligence into the medical field.
20.I know the areas where artificial intelligence is used in medicine.

Interest-Knowledge 21.I follow important new technologies.
22.I am familiar with many different technologies.
23.The skills I have in information and communication technologies are sufficient.
24.I use the Internet to access medical information and check the reliability of sources.
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utilizing Word and Excel, reading e-mails, making 
various settings on the device) and installing/deleting 
programs.

Do you think that you have sufficient knowledge and 
skills in digital literacy?

2)	 New digital technologies in the health field mainly 
consist of artificial intelligence-based decision 
support software, robotic surgery, the production of 
personalized prostheses with 3D printing methods, 
telemedicine, chatbot, and teleconsultation.

What benefits and challenges will they bring in the 
future?

3)	 Do you feel competent about using and developing 
new technologies? Why?

4)	 Do you feel adequately equipped regarding data 
security, ethical use, and sharing by introducing 
these technologies into our lives? (such as Personal 
Data Protection Authority) Why?

Zoom platform was used to record the virtual semi-
structured meeting. After the participant’s information 
and verbal consent were taken, the assigned inter-
viewer directed each question written on a PowerPoint 
presentation to each participating student. The inter-
viewer did not comment or provide additional infor-
mation to explain the question but added short queries 
to make the conversations more productive.

The research group faculty transcribed the interview 
for qualitative analysis, and relevant keywords were 
identified and themed according to the Delphi method 
[20].

The Delphi method
The Delphi method is a methodical procedure that uses 
the panel members’ pooled judgment. This method 
collects opinions on a particular research question to 
gain agreement. The panel of participants can review 
and reflect on their thoughts in light of the input from 
other peers’ viewpoints.

The Delphi method is helpful in polemical areas 
where statistical model-based data still needs improve-
ment and where experts need more consensus. Usually, 
there are two rounds of questions in Delphi research.

Statistics
All statistical analyses were conducted in R environ-
ment v4.3.0 [21] with RStudio software v2023.03.0 
[22]. Graphics and tables were prepared in Microsoft 
Excel 2019 [23]. Statistical tests with p-values less than 

0.05 and an alpha 0.05 (two-sided) were considered 
significant results.

Data were summarized as mean, standard deviation 
(S.D.), median and interquartile region (IQR), and the 
number of data points and percentages. The answers 
to each question were on a 5-point Likert scale, and for 
each participant, the scores of the questions related to 
that domain were averaged. A final score was calcu-
lated as the mean score of all fields.

Shapiro-Wilk Normality Test was used to confirm 
the normality of data distribution for statistical tests. 
The Scores were compared between groups with a 
t-test and Mann-Whitney U test. The correlation anal-
yses were carried out with Spearman’s Rank Correla-
tion method.

Results
Demographics
Four hundred seventy-six (476) university students 
studying in 7 academic disciplines of health-related 
sciences at the same university participated in the 
study. The students were comprised of 77.10% females 
and 22.90% males. The Nursing department accounted 
for 43.07% of the participants, while the participation 
rates in the other six departments varied, ranging from 
5.75 to 12.94%. The study involved individuals hailing 
from six academic years. Year 5 and 6 students were 
studying in the School of Medicine, which fills about 
10% of the subjects. The highest number of students 
were in year 1 (31.72%). The other students were 
evenly distributed between years 2–4.

Most participants (71.22%) believed digital literacy 
education was essential for a health-based student. In 
comparison, 25.63% stated that digital literacy training 
was necessary but optional for a health-based student, 
and only 15 students (3.15%) thought digital literacy 
education was unnecessary.

Almost 63% of participants had never received any 
type of coding programming/coding education. 15.76% 
learned coding at university, 17.22% were already 
exposed to any coding training before university, and 
3.78% have learned to code independently (Table 2).

The exposure to coding education differed signifi-
cantly between genders. The percentage of females 
(67.85%) who did not take any coding education at 
all was significantly higher than males (47.71%) (p: 
0.0002). The percentage of males starting coding at 
high school and the university was higher than females 
(p: 0.0411 and 0.0127, respectively). There was no sig-
nificant difference between self-learned proportions 
between genders. Also, no notable difference was 
found between genders in their views of digital lit-
eracy education in health-related departments (p val-
ues > 0.88) (Table 3).
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Scores
Comparisons of domains in digital literacy
The mean scores in each field of digital literacy lay 
between 3 and 4 on a 5-point Likert scale. The “network” 
and “A.I.” scores were the highest (mean 3.87 ± 0.61 and 
3.82 ± 0.66, respectively), and the “interest-knowledge” 
scores were the lowest at a mean of 3.49 ± 0.66.

When scores were compared between genders, there 
were no considerable differences in the “network,” “eth-
ics,” and “A.I.” areas. In contrast, male scores were sig-
nificantly higher in the “software and multimedia,” 

“hardware,” “security,” and “interest-knowledge” domains 
and total scores. The most apparent difference between 
median scores of genders was observed in the “security” 
area, where the difference was 0.50 points out of a 1–5 
scale (p: 0.0288). (Table 4).

Spearman correlation test showed that there were weak 
positive correlations between the years and the “soft-
ware and multimedia”(p: 0.0008, rho: 0.1539), “ethics” (p: 
0.0001, rho: 0.1830), “interest and knowledge” (p: 0.0041, 
rho: 0.1315) domains and the average score (p: 0.0230, 
rho: 0.1046). No significant correlation was detected 
between the years and the “hardware,” “network,” “secu-
rity,” and “A.I.” fields (p values > 0.1865) (Supplementary 
Table 1). Figure  1 shows the mean scores and standard 
deviations of each year in all fields (Fig. 1).

The “software and multimedia” scores were lowest in 
year 1 (3.39 ± 0.58), compared to year 2 (3.57 ± 0.61), year 
3 (3.54 ± 0.57), year 4 (3.63 ± 0.69) and year 5 (3.67 ± 0.72) 
scores (p < 0.020). No significant difference was found 
between years regarding “hardware,” “security,” and 
“A.I.” areas. Year 6 (3.6 ± 0.59) scored lower than year 4 
(3.92 ± 0.64) and year 5 (4.03 ± 0.53) (p: 0.0440 and 0.0233 
respectively) for the domain “network.”

In “ethics,” the lowest score was obtained in year 1 
(3.56 ± 0.65), relatively lower than all years with p-val-
ues lower than 0.0202 excluding year 5 (3.75 ± 0.70). For 
the same domain, year 6 (4.08 ± 0.40) was also found to 
be significantly higher than year 3 (3.75 ± 0.62) and 5 
(3.75 ± 0.70) (p: 0.0098 and 0.0420, respectively).

The field “interest and knowledge” reached the high-
est score in year 5 students compared to other years 
(3.90 ± 0.68, p-values < 0.0021).

The only significant difference in overall scores was 
observed between year 1 and 4 (p: 0.0102). Year 4 score 
(3.74 ± 0.54) was about 4% higher than year 1 (Data not 
shown).

In order to find out how much the scores of each 
department deviated from the general trend, the scores 
of each section were compared with the total scores of 
the participants from the other departments.

Table 2  Demographic features of 476 participants
Features Subclass n %
Gender Female 367 77.10

Male 109 22.90

Nutrition and Dietetics 40 8.21

Physiotherapy and Rehabilitation 31 6.37

Nursing 205 42.09

Molecular Biology and Genetics 58 11.91

Psychology 28 5.75

School of Medicine 62 12.73

Biomedical Engineering 63 12.94

Year 1 151 31.72

2 91 19.12

3 96 20.17

4 90 18.91

5 33 6.93

6 15 3.15

Initial Coding 
Education

No education 301 63.24

Primary 11 2.31

Middle 27 5.67

High 44 9.24

University 75 15.76

Self-learned 18 3.78

View on Digital 
Literacy Education

Not Necessary 15 3.15

Necessary but Not Es-
sential in Health Based 
Education

122 25.63

Necessary and Es-
sential in Health Based 
Education

339 71.22

Table 3  Proportion tests between genders
Subcategories p-value Female % Male % Female (n) Male (n)

İnitial coding education No education 0.0002*** 67.85 47.71 249 / 367 52 / 109

Primary 0.4595 2.72 0.92 10 / 367 1 / 109

Middle 1 5.72 5.50 21 / 367 6 / 109

High 0.0411* 7.63 14.68 28 / 367 16 / 109

University 0.0127* 13.36 23.85 49 / 367 26 / 109

Self-learned 0.0534 2.72 7.34 10 / 367 8 / 109

View on digital literacy education Not Necessary 1 3.27 2.75 12 / 367 3 / 109

Necessary but Not Essential in Health Based Education 0.8881 25.34 26.61 93 / 367 29 / 109

Necessary and Essential in Health Based Education 0.9754 71.39 70.64 262 / 367 77 / 109
*95%, **99%, ***99.9% confidence level for statistically significant differences in proportions of genders
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The scores of the Molecular Biology and Genetics, 
Physiotherapy, Rehabilitation, and Psychology depart-
ments did not differ from the general outlook of all 
scores. Biomedical Engineering displayed the highest 
scores in all fields except “ethics,” with at least a 6% differ-
ence. School of Medicine scores was ranked second and 
showed higher scores in “hardware” and “ethics” by more 
than 4% and in “interest-knowledge” by 8.7%.

The Department of Nutrition and Dietetics scores 
were remarkably lower than the others, showing a score 

difference between 6.65% and 9.34% in all domains 
except “network,” “security,” and “A.I.” Even in these fields, 
the scores were lower but not statistically significant. The 
second lowest scores were obtained from the Depart-
ment of Nursing in “hardware,” “interest-knowledge,” 
and “network,” with − 3.01%, -3.94%, -4.56% difference, 
respectively. No statistically significant difference was 
found in other areas (Fig. 2).

The same questionnaire was also directed to Computer 
Engineering students at the same university, who were 

Table 4  Comparison of scores between genders
Field of digital literacy p-value Female

Mean (SD)
Male
Mean (SD)

Female
Median (IQR)

Male
Median (IQR)

All Data Mean (SD) All Data Median (IQR)

Software and Multimedia 0.0006*** 3.47
(0.60)

3.69
(0.65)

3.50
(3.00; 3.75)

3.75
(3.25; 4.00)

3.52
(0.62)

3.50
(3.25; 3.25)

Hardware < 0.0001*** 3.50
(0.62)

4.02
(0.66)

3.67
(3.00; 4.00)

4.00
(3.67; 4.33)

3.62
(0.66)

3.67
(3.33; 3.33)

Network 0.7848 3.88
(0.61)

3.86
(0.60)

4.00
(3.50; 4.25)

4.00
(3.50; 4.25)

3.87
(0.61)

4.00
(3.50; 3.50)

Ethics 0.2661 3.73
(0.63)

3.79
(0.78)

3.75
(3.25; 4.00)

4.00
(3.25; 4.25)

3.74
(0.67)

3.75
(3.25; 3.25)

Security 0.0288* 3.59 (0.77) 3.79 (0.81) 3.50
(3.00; 4.00)

4.00
(3.50; 4.00)

3.63 (0.78) 3.50
(3.00; 3.00)

AI 0.4603 3.82
(0.64)

3.79
(0.71)

4.00
(3.33; 4.33)

3.67
(3.33; 4.33)

3.82
(0.66)

4.00
(3.33; 3.33)

Interest-Knowledge 0.0002*** 3.42
(0.64)

3.72
(0.69)

3.50
(3.00; 3.75)

3.75
(3.25; 4.25)

3.49
(0.66)

3.50
(3.00; 3.00)

Average Score 0.0011** 3.63
(0.48)

3.81
(0.52)

3.63
(3.33; 3.92)

3.79
(3.51; 4.12)

3.67
(0.50)

3.65
(3.39; 3.39)

*95%, **99%, ***99.9% confidence level for statistically significant differences between the scores of genders

Fig. 1  Comparison of mean scores in each domain according to years
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trained as the best equipped in digital literacy. The Com-
puter Engineering students exhibited very high scores in 
the “software and multimedia,” “hardware,” and “security” 
fields (p-values < 0.006). In contrast, computer engineers 

got surprisingly ~ 11% lower mean scores than the rest 
of the participants in ethics. Further, their “interest and 
knowledge”, and “network” scores ranked second after 
biomedical engineering students’ scores. Interestingly, 

Fig. 2  Deviation of mean scores of each domain of the departments from the general trend
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computer engineering students did not see themselves as 
competent in “artificial intelligence” as nursing, medical, 
molecular biology and genetics, and biomedical students. 
(Supplementary Tables 2 and Supplementary Fig. 1).

Interview
The first interview lasted 1:22:27  h, and the second 
interview 1:31:32  h. All participants completed the first 
interview, and two dropouts were in the second. Table 5 
shows the themes, subthemes, and example quotes of the 
participants of both interviews.

Participants thought they had the basic knowledge and 
competence to fulfill their professional responsibilities 

in digital literacy. However, a need for development 
was defined due to different applications and evolu-
tions in this field. One participant stated, “Having digital 
resources and being able to use them is not sufficient to 
be digitally literate. We must be able to use, understand 
and produce information (P.7).”

The students welcomed new technological develop-
ments such as robotic surgery, decision support software, 
and prostheses. One participant said, “If we talk about 
robotic surgery in the operating room, serious errors 
can even be reduced to zero. (P.15)” This idea was sup-
ported by many participants that problems caused by 
human errors can be reduced with advanced technology. 

Table 5  Thematic Analysis
Theme Subtheme Example Quote
Digital Literacy Competence 

and improve-
ment needs

Having digital resources and being able to use them is not sufficient to be digitally literate. We need to have the ability to 
use, understand and produce information. (P.7)
I think I have sufficient knowledge and skills in this regard as required by my job or the responsibilities given to me. How-
ever, I am also aware that they have different uses and that some people are much more knowledgeable than me. (P.3)

New technologies Positive 
effects and 
results

Robotic surgery is essential in terms of comfort and may also significantly reduce the error rate. (P.3)
Decision support software takes data many times more than the number of patients physicians can see in their lifetime 
and draws conclusions that need to be learned. For this reason, this system can see things that a human cannot see. (P.3)
Artificial intelligence-based support software, robotic surgery special prostheses, and 3D special prostheses will signifi-
cantly contribute. (P.17)
If we talk about robotic surgery in the operating room, serious errors can even be reduced to zero. (P.15)

Concerns I have a reservation that the relationship between patient and physician will turn into monotony when digitized. As I 
said, when such a thing happens, I think that it will be difficult to touch the patient. (P.3)
Telemedicine will bring about as much harm and difficulty. (P.17)
I think interactions involving human relations rather than technology are important in treating, diagnosing, or delivering 
patient care for most diseases. So maybe we can count this as the difficulty of new technologies. (P.15)

Competence 
and improve-
ment needs

I am not fully competent in terms of the use of new technologies. Let’s use it to see if we are sufficient. (P.5)
I do not have sufficient competence in developing new technologies. But since I am open to learning about the use of 
new technologies, I think I can adapt quickly. (P.7)
New technologies, especially the newest technologies, are very costly in the first place. For this reason, I can’t reach them 
easily in my private life or school education.(P.12)

Artificial 
intelligence

Positive 
effects and 
results

AI can be helpful in every field humans cannot reach or do. (P.10)
Algorithms will eventually be able to make a decision at a speed that the human brain cannot. (P.14)

Concerns AI will update professions. (P.10)
The unemployment rate may increase (P.13)

Competence 
and improve-
ment needs

Professions may evolve, and new careers will emerge, and as a result, we will need people who have been trained to be 
able to do these new works. (P.12)

Cyber security Concerns Nothing in the internet world is that extra safe. (P.10)
Of course, we do not leave personal data where everyone can access it. But we can be more educated on this subject. (P.3)
Social media is an addiction now. (P.2)
We can see advertisements about the things we talk about, maybe even think about. (P.5)
Whether I want it or not, my files and data on my computer can be accessed somehow. For this reason
I don’t think it’s safe. My thoughts on the security-related part of technology are always an enigma. (P.6)
During the teleconsultation, you tell your psychiatrist or psychologist your private things. Someone who wants to influ-
ence you badly can reach what you speak. (P.12)
I do not know how this data is used, for what purpose, and where it is transmitted other than where I share it. I don’t 
know if it is abused or not. I can’t comment on either. (P.12)
I feel helpless about the Personal Data Protection Law. (P.14)

Competence 
and improve-
ment needs

I am not fully equipped for the security of personal data. (P.4)
I know how to choose the right source and who to consult to reach that right source. (P.16)
People learn a subject best by experience. Events related to the ethical use and safety of this technology in social media 
should be shown to more people. (P.16)

AI: Artificial intelligence, P: Participant
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One participant expresses the possible contribution of 
decision support systems as follows. “Decision support 
software takes data many times more than the number 
of patients physicians can see in their lifetime and draws 
conclusions that need to be learned. For this reason, this 
system can see things that a human cannot see (P.3)” 
Many participants supported the contribution of robotic 
surgery in solving problems caused by human physical 
inadequacy and the possibility of decision support sys-
tems to reduce errors.

It was observed that the students were concerned that 
the development of new technologies would negatively 
affect human relations and interaction. A comment from 
a student summarized the negative reflection of technol-
ogy on humanity, “I think interactions involving human 
relations rather than technology are important in treat-
ing, diagnosing, or delivering patient care for most dis-
eases. So maybe we can count this as the difficulty of new 
technologies (P.15)” A majority of participants expressed 
their opinion that developments in the field of telemedi-
cine will negatively affect human contact.

Participants perceived the use of new technologies as 
an area of ​​growth. Some students seemed willing to gen-
erate new technologies and said they could quickly adapt 
to developments. However, costs and limitations in access 
were seen as obstacles. One participant stated, “New 
technologies, especially the newest technologies, are very 
costly in the first place. For this reason, I can’t reach them 
easily in my private life or school education (P.12).”

The contribution of artificial intelligence in the health 
field was generally considered positive. The most critical 
concern in this regard was the changes it would bring in 
professional practices and the decreased need for labor in 
some areas. It was stated that people should be trained for 
newly developing professions. One student emphasized 
this situation: “Professions may evolve, and new careers 
will emerge, and as a result, we will need people who have 
been trained to be able to do these new works (P.12).”

Cybersecurity has been discussed with the most sig-
nificant concern and participation by the students. The 
participants voiced their concerns in striking sentences 
“Nothing in the internet world is that extra safe. (P.10)” 
and “I feel helpless about the law regulated by the Per-
sonal Data Protection Authority (P.14).”

Discussion
This study aims to assess the digital literacy level and 
awareness of students studying health-related sciences at 
the same university and determine if there is a need to 
reorganize the curriculum accordingly.

Significant gender differences were observed in the 
participants’ exposure to coding education. Although 
the student body of this study consists of 77,10% females, 
a higher percentage of this gender (67.85%) reported 

not receiving any coding education compared to males 
(47.71%). On the other hand, more males reported start-
ing coding education in high school and university com-
pared to their female counterparts. However, no notable 
gender differences were found regarding self-learning 
proportions.

Gender differences in computational science have been 
documented before. Studies on kindergarten and primary 
school-aged children portray boys perform better in cod-
ing [24, 25]. Yücel and Rızvanoğlu found that girls showed 
a lower perception of computer competence and a higher 
perception of code difficulty compared to boys in middle 
school children [26]. It was also reported that there was 
a gender difference in favor of men regarding computer 
and internet access, frequency of use, and experience in 
young people [27]. Another study pointed out that while 
men feel competent in digital technologies, especially 
in technical and educational modules, women use these 
technologies more for social purposes [28]. Male students 
studying Medicine rated their knowledge of electronic 
information and communication technologies in Medi-
cine and Telemedicine higher than females [29, 30].

Females scored lower in the “hardware” field than men. 
They felt less confident solving technical problems and 
needed to gain more familiarity with the essential parts 
of computer and wireless communications. In a study 
by Robabi and Arbabisarjou, 79% of the participants 
were female and stated that most of their students were 
less knowledgeable about hardware than software [31]. 
Another study, including medical, pharmacy, and den-
tistry students, revealed that the computer literacy of 
male participants was superior to that of females [32].

A few hypotheses regarding girls’ lagging in computer 
science over boys have been generated. Some reports 
state that boys are more advantageous in performing 
better in STEM (Science, technology, engineering, and 
mathematics ) than girls [33, 34]. It is also believed that 
the sociocultural perception of “coding is a manly job” 
limits girls from overcoming this stereotypical categori-
zation and developing an interest in computational sci-
ences [35]. Interestingly, we noticed that although our 
female participants had less previous coding education 
than males, their views on the importance of digital lit-
eracy education were equal to those of their male coun-
terparts. The analysis revealed no significant differences 
between genders in their perceptions, indicating a shared 
belief in the necessity of digital literacy education in 
health-based sciences.

Based on the results of our study, students of both gen-
ders received similar scores in the “network,” “ethics,” 
and “A.I.” fields. Men felt significantly more competent 
than women in the “software and multimedia,” “hard-
ware,” and “interest-knowledge” domains, and they held a 
higher global score. Interestingly men most prominently 
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distanced themselves from women in the “security” area. 
A study to determine the level of cybersecurity awareness 
among computer science students found that most stu-
dents had little or no knowledge and that female students 
were more likely to be victims of cybersecurity threats 
[36]. Cybersecurity was among the most discussed inter-
view topics in this study. The students noted that they 
do not feel secure in the internet world. Even one female 
student stated feeling helpless about the law regulated by 
the Personal Data Protection Authority. The fact that stu-
dents spend more time on the internet and use the Infor-
mation and Communication Technologies (ICT) more 
often can make them more vulnerable to cyber threats 
than other individuals [37–39]. It has been suggested that 
young people in education, especially female students, 
should be included in cybersecurity awareness programs 
to protect themselves [40] and be made aware of using 
effective and regularly changed passwords to safeguard 
their accounts or websites [41].

Students’ familiarity with “Network” was the highest 
of the seven domains, followed by A.I. Students’ scores 
showed that they confidently use the internet for new 
information, commonly apply ICT for projects with 
peers, and communicate with friends and professional 
contacts via software such as Facebook, Skype, and 
LinkedIn. Similarly, a computer literacy scale applied 
to first-year Nursing students yielded the highest score 
in the network field [42]. Also, medical students’ non-
academic computer use, primarily for networking, drew 
attention, and it was emphasized that the curriculum 
should be created to encourage their computer use for 
academic purposes [43]. It was suggested that curriculum 
developers be aware of students’ entry-level technology 
skills and create a program according to their needs [44].

Knowledge and awareness of students in “A.I.” was 
the most discussed domain during the interview. While 
some students doubted A.I.‘s progress in healthcare and 
expressed their worries about changes in labor, others 
held a positive attitude about the future of A.I. Mehta 
et al., stated that although most medical students are 
hopeful about A.I.‘s potential to perform various health-
care tasks, they may fear ethical and social topics [45]. 
Incorporating A.I. ethics into the medical curriculum 
was previously highlighted [46]. In our study, computer 
engineering students exhibited lower performance on 
artificial intelligence-related assessments than other dis-
ciplines, most probably due to their requirement for a 
comprehensive understanding of the delineations that 
define the utilization and non-utilization of artificial 
intelligence in medical practice.

The idea expressed by a student that the definition of 
sufficient digital literacy is to be able to use, understand 
and produce knowledge received support from other stu-
dents during the interview. This opinion was consistent 

with Bulger et al. results [47]. They explained that hav-
ing access to web pages or a student’s fundamental scien-
tific understanding of how to use sources of information 
does not represent their knowledge of digital literacy. 
Also, Ng W articulates students’ interest in educational 
technologies and explains that it is most unlikely that 
undergraduate students will intentionally use educational 
technologies in their regular learning routine unless 
there is a purpose to do so (e.g., as part of an assign-
ment requirement) [17]. Statistical analysis focusing 
on changes in overall scores of the digital literacy test’s 
subtopics with years of university education has shown a 
weak positive correlation between “ethics”, “ software and 
multimedia,” and “interest and knowledge.” In addition, 
as the year has increased, the digital literacy total score 
also has improved.

A study with a population of undergraduate students 
of the Educational Science Faculty in Jordan revealed 
that the students had a medium level of awareness about 
computer technology ethics, and there were no sig-
nificant differences in participants’ levels of awareness 
regarding gender or year [48]. Education about plagia-
rism among pharmacy and Nursing students showed an 
improved ability to identify plagiarism [49, 50]. Similarly, 
the students participating in our study showed that their 
digital ethics awareness regarding plagiarism, copyright 
and license, personal data protection, and ethics com-
mittee rose as their grade level increased. Our findings 
support the positive effect of education on digital ethics 
knowledge.

In a study in Egypt, students were ethically aware of the 
importance of protecting information privacy showing 
their general sensitivity to this topic [51]. However, this 
research indicated that students lack an ethical under-
standing of the propriety of copyright protection for soft-
ware. Since most students originated from low-income 
families, illegally downloaded software was considered 
“morally” justifiable.

Statistical analysis has also shown that “interest and 
knowledge” and “software and multimedia” positively 
correlated with students’ years. Our subjects’ educa-
tional program seemed to nurture their interest and 
adaptation to new technologies and improve their ICT 
skills. Over the years, they felt confident using the 
internet for medical information and source verifica-
tion and were familiar with digital teaching materials, 
communication platforms, and computer languages. 
ICT proficiency plays a crucial role in fully benefit-
ing from the e-learning environment [52], which is 
increasingly used as a tool in education [53]. How-
ever, students’ habit of studying only from presenta-
tions such as PowerPoint may constitute an obstacle 
to disciplinary knowledge [54]. Although telemedicine 
should be included in undergraduate education due to 
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its prevalence, there is a belief that it is inferior to a 
face-to-face meeting between the healthcare worker 
and the patient [55, 56]. In our interview, our students 
also expressed their concerns about this issue.

Considering the overall scores, the years differed the 
most between the 1st and 4th grades indicating that 
students felt inadequate about digital literacy in the 1st 
grade. Mainly first-grade university students must be 
supported with higher-order digital literacy skills [8].

Our study revealed that no significant differences 
were found between years in “hardware,” “network,” 
“security,” and “A.I.” areas, indicating similar perfor-
mance levels and no improvement across the years in 
these fields. It is suggested that greater attention must 
be drawn to the education of digital domains receiving 
low scores [42]. A study performed on college students 
in Silicon Valley showed they need to be made knowl-
edgeable of how to protect their data. It also noted 
that educational institutions need an active approach 
to improving awareness among college students to 
increase their knowledge on these issues and how to 
protect themselves from potential cyber-attacks [57]. 
Also, students can gain a conceptual understanding of 
A.I. through a digital literacy course [58]. In addition, 
the benefits of introducing medical students via a rota-
tion in a simulation lab to innovations, such as robotic 
surgery, earlier during their education were mentioned 
[59]. Indeed, our students stated in their interview that 
they welcome robotic surgery since they reduce human 
errors and are open to learning new technological 
developments such as decision support software and 
prosthesis. Nevertheless, they noted that they could 
reach personal new technologies only sometimes due 
to the costs.

The highest scores were obtained by biomedical engi-
neering students, except for “ethics.” On the other hand, 
medical school students gained the highest scores in this 
field, surpassing biomedical engineering and computer 
engineering students, where subjects’ view on citing, 
digital copyrights, and awareness of the Personal Data 
Protection Law and Ethics Committee was questioned. 
Moreover computer engineering students received the 
lowest score in ethics compared to all other departments. 
Our findings were in line with another study conducted 
with engineering and computer science students where 
“software piracy and copyright” and “misuse of com-
puter resources” was not believed to be “unethical” [60]. 
It has been stated that there is a need for education about 
ethical responsibility and judgment in engineering and 
computer science education [61]. Improvement in ethi-
cal perception has been noted after the application of a 
mandatory ethic workshop for incoming graduate engi-
neering students [62]. That Biomedical engineering stu-
dents are more exposed to technology may explain why 

they have yielded the highest scores. Their curriculum 
contains courses such as programming, technical draw-
ings, and they frequently use specialized software and 
digital tools. Usually, this group of students is prone to 
digital literacy before university. Medical school students 
with the second highest score (calculated when computer 
engineering students were excluded) in our cohort began 
to feel more confident in digital literacy as the years pro-
gressed. This suggests that these students benefit from 
elective courses like biostatistics, biomedical engineer-
ing, bioinformatics, and computer science.

In this study, the Department of Dietetics and Nutri-
tion students obtained the lowest scores in almost all 
domains, especially software and multimedia, hardware, 
ethics, interest, and knowledge. Computer skills gain 
more importance in dietetics, where more studies show 
that dieticians and their patients frequently encounter 
ICT [63]. Embedding ICT in dietetics education supports 
students’ technological talent and learning skills [64]. 
Meanwhile, monitoring the nutritional intake of patients 
with validated computer software shows the potential to 
be reliable and shorten the duration of dietitians’ inter-
views [65, 66]. The Nursing students received the second-
lowest scores in our cohort. Computer literacy, ICT, and 
information management skills were found to be relevant 
to nursing practice [67]. An arrangement with ICT for 
access to ongoing education and training for nurses and 
midwives at rural locations was experienced as very use-
ful [68].

The limitation of our study was that female students 
make up the majority. Furthermore, it was necessary to 
achieve a more equitable distribution among depart-
ments due to the higher participation rates of Nurs-
ing students. Students who entered departments such 
as Biomedical Engineering and Medicine with high 
scores in the Higher Education Entrance Examination 
were evaluated together with students who entered 
other departments with lower scores. This situation 
may have affected students’ interest, knowledge, and 
skills in digital literacy.

Conclusion
In our study, female students had less computer knowl-
edge and previous coding education than male students, 
although they placed digital literacy equally important. 
The students from Nursing scored lowest in the digital 
literacy questionnaire after those from the Nutrition and 
Dietetics department. The highest scores were obtained 
by Biomedical Engineering students, followed by the stu-
dents from the School of Medicine. Participants scored 
the highest in “network” and “A.I.” and lowest in “inter-
est-knowledge” domains. Although their scores were not 
included in the statistical calculations and were only used 
for comparison, the digital ethics scores of the computer 
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engineering faculty students, the most qualified depart-
ment in digital literacy, remained below average, followed 
by Biomedical Engineering students.

We concluded that the digital literacy of first-year uni-
versity students should be assessed because students 
are subjected to unequal computer science education in 
middle and high school. An encouraging environment 
in health-based undergraduate education for digital lit-
eracy can be created, especially around female students. 
Additionally, we suggest redesigning academic programs 
by opening up more space for digital literacy amid the 
already busy schedules of healthcare students will help 
to better prepare them for the age of rapidly chang-
ing technological developments; in this array, the weak 
domains may be supported, and the repetition of the 
strengths avoided. Also, evaluating them regularly to 
gauge whether students benefit from the revised curricu-
lum. Thus, it will be possible for health-based university 
students to gain the digital skills required by today’s clini-
cal settings.
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