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Background: The Fourth Industrial Revolution highlights the importance of artificial intelligence (AI) and digital literacy in dental
hygiene education. However, research on students’ attitudes toward Al and their digital literacy levels is limited. Therefore, this
study investigated the attitudes of dental hygiene students toward Al and digital literacy levels.

Methods: In total, 167 dental hygiene students in Baekseok University participated in the study and provided informed consent.
The survey tool included general characteristics, smartphone usage patterns, attitudes toward AI, and digital literacy levels.
Attitudes toward AI and digital literacy based on general characteristics and smart device usage were analyzed using t-tests and
one-way ANOVA. Correlations among attitudes toward Al, digital literacy awareness, and digital literacy behaviors were analyzed
using Pearson’s correlation analysis. The impact of Al attitudes and digital literacy awareness on digital literacy behavior was
examined using linear regression analysis.

Results: Students with higher interest in their major had more positive attitudes toward Al, and those with higher smart device
usage showed increased Al attitudes and digital literacy (p<0.05). Simple frequency or duration of smartphone use did not affect
digital literacy, but students who perceived their smart device usage positively and believed that they used smart devices
effectively in their studies exhibited higher levels of digital literacy (p<0.05). A positive attitude toward Al is associated with higher
levels of digital literacy (p<0.05). Digital literacy awareness and attitudes toward Al influenced digital literacy behavior (p<0.05).
Conclusion: These results suggest that the qualified utilization and application of digital devices in dental hygiene education are
important. Improving the educational curriculum is necessary; as a result, digital technology can be effectively utilized, and

various educational programs should be introduced to enhance digital literacy.
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Introduction

1. Background

With the advent of the Fourth Industrial Revolution, the
development of artificial intelligence (Al) and digital tech-
nologies has brought about significant changes in the field
of dental hygiene. These advancements have influenced
various areas, including dental diagnosis, treatment planning,
management, and telemedicine". Consequently, the inte-
gration of Al and digital technology into dental hygiene
education has become increasingly important.

As future dental professionals, dental hygiene students

must be equipped with the ability to understand and use
Al. However, studies examining the attitudes of healthcare
students toward Al have shown that, while students generally
view Al positively, they lack confidence in their ability to
effectively use it in practice”. This underscores the urgent
need for programs that incorporate Al and digital tech-
nology into healthcare education. In dental hygiene educa-
tion, Al-based learning tools can enhance students’ learning
experiences by providing real-time feedback, thereby im-
proving learning efficiency. Jeong et al.” reported that
dental hygiene students had a high interest in Al but low
confidence in it, but they did not analyze the correlation
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using digital device usage patterns.

Digital literacy, originally defined as the ability to under-
stand and use information through computers, has evolved
to encompass skills such as information retrieval, data ana-
lysis, and digital tool use. This is now considered an esse-
ntial competency in modern society4). Research on the rela-
tionship between digital literacy and academic achievement
among university students has shown that those with high
digital literacy demonstrate better self-regulation, higher
satisfaction with their quality of life, and greater academic
success. This highlights the significant impact of digital
skills on academic achievement and the quality of life”.
Park and Shim® reported that the digital literacy of dental
hygiene students was influenced by self-expression moti-
vation but did not analyze it using smart device usage
patterns. Therefore, further research is needed to analyze
digital literacy according to smart device usage patterns.

Attitudes toward Al are influenced by an individual’s
experience, knowledge, and confidence in their technical
skills. Positive attitudes play a crucial role in accepting
and actively using Al technologies”. Individuals with a
positive attitude toward Al are more open to learning new
technologies and applying them to their work or studies”.
Digital literacy refers to the ability to identify, evaluate,
and use information in a digital environment. High digital
literacy can be a key factor in enhancing the understanding

and utilization of AT™'”.

2. Objectives

Despite the importance of fostering a positive attitude
toward Al and developing digital literacy skills among dental
hygiene students, research on these topics remains limited.
Therefore, this study aimed to investigate the attitudes toward
Al and the level of digital literacy among dental hygiene
students. These findings provide essential data for the de-
velopment of an effective curriculum to prepare students
for the Fourth Industrial Revolution.

Materials and Methods

1. Participants
This study targeted dental hygiene students in their second,

third, and fourth years at a 4-year university in Cheonan.

After receiving approval from the Institutional Review
Board of Baekseok University, data were collected through
an online survey conducted from April 24, 2024 to April
30, 2024, using a convenience sampling method. The survey
was conducted with participants who were informed of the
research objectives and who willingly consented to partici-
pate. Respondents completed the online survey by accessing
a provided URL link and submitting their self-reported

ansSwers.

2. Study design

The sample size was determined using G-power version
3.1.9.7 program, applying a regression analysis with a
medium effect size of 0.15, a significance level of 0.05,
and a statistical power of 0.95. The minimum sample size
required was 138. Considering the dropout rate, 167
participants were included in the study, and 167 responses

were used in the final data analysis.

3. Instruments

The instruments used in this study consisted of five
items on demographic characteristics (sex, grade, interest
in major, major satisfaction, and academic achievement),
seven items on smart device usage, 18 items on attitudes
toward Al, 15 items on digital literacy awareness, and 21
items on digital literacy behaviors. All survey items were
measured using a 5-point Likert scale ranging from 1

(strongly disagree) to 5 (strongly agree).

1) Attitudes toward artificial intelligence

To measure attitudes toward Al, the tool developed by
Kim and Lee'” was used. The subfactors of this tool
include five items on communication with Al, four on the
social impact of Al, four on interaction with Al, three on
Al characteristics, and two on Al self-efficacy. The tool
was designed to measure positive attitudes toward Al, with
higher scores indicating a more positive attitude and lower
scores indicating a more negative attitude. Cronbach’s
alpha for the attitude toward Al scale was 0.805.

2) Awareness and behaviors related to digital literacy
A tool validated for university students was used to

assess awareness and behaviors related to digital literacy,
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and a tool validated for university students was used”.
Digital literacy was evaluated in two domains: “awareness”
and “behavior.” The “awareness” domain consisted of four
sub-factors: the value of reading and writing (two items),
the value of the internet (three items), self-efficacy (five
items), and emotions (five items). The “behavior” domain
included five sub-factors: self-regulation (two items), par-
ticipation (four items), ethics (six items), security (five
items), and critical reading (four items). Cronbach’s alpha
was 0.881 for the digital literacy awareness scale and
0.901 for the digital literacy behavior scale.

4. Data analysis

Data analysis was conducted using IBM SPSS (ver. 27.0;
IBM Corp., Armonk, NY, USA). Descriptive statistics were
used to examine major satisfaction, academic achievement,
self-directed learning, and smart device usage levels. Atti-
tudes toward Al, digital literacy awareness, and digital
literacy behaviors based on general characteristics and smart
device usage were analyzed using t-tests and one-way
ANOVA (Scheffe’s test). Correlations among attitudes
toward Al, digital literacy awareness, and digital literacy
behaviors were analyzed using Pearson’s correlation ana-
lysis. The impact of Al attitudes and digital literacy aware-
ness on digital literacy behavior was examined using

linear regression analysis.

Table 1. Artificial Intelligence Attitudes by General Characteristics

Results

1. Attitudes toward artificial intelligence based
on general characteristics

The general characteristics of the participants are pro-
vided in Table 1. In the study, there were six male students
(3.6%) and 161 female students (96.4%). They comprised
second (31.7%)-, third (30.5%)-, and fourth (37.7%)-year
students. The higher the interest in a major, the better the
attitude toward AL No correlation was observed among
major satisfaction, academic achievement, and attitudes
toward Al

2. Digital literacy based on general
characteristics
Digital literacy based on general characteristics is provided
in Table 2. Students with a higher interest in majors had
higher digital literacy awareness and behaviors (p <0.05).
Students who responded that they had a moderate interest
in their majors had the lowest digital literacy (p <0.05).

3. Attitudes toward artificial intelligence based
on smart device usage
The smart device usage patterns of the students are
shown in Table 3. Of the students, 46.1% responded that
they used their smart devices for more than 6 hours, and
21.0% responded that they used their smart devices for

General characteristic Artificial intelligence attitude p-value
Sex Male 6(3.6) 3.05+0.48 0.693
Female 161 (96.4) 2.97+0.46
Grade 2nd” 53 (31.7) 2.96+0.47 0.930
3rd® 51 (30.5) 2.97+0.39
4th° 63 (37.7) 2.99+0.51
Interest in major Low* 15 (9.0) 2.84+0.42 0.015
Medium® 57 (34.1) 2.86+0.42
High® 95 (56.9) 3.07+0.48
Major satisfaction Low* 44 (26.3) 2.90+0.41 0.224
High 123 (73.7) 3.00+0.48
Academic achievement Low" 44 (26.4) 2.89+0.47 0.326
Medium” 79 (47.2) 3.02+0.46
High* 44 (26.4) 2.98+0.46

Values are presented as n (%) or mean+standard deviation. p-value was calculated using the independent t-test and one-way ANOVA

(Scheffe’s test).
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Table 2. Digital Literacy by General Characteristics

Digital literacy awareness

Digital literacy behavior

General characteristic

Value p-value Value p-value
Sex Male 3.78+0.64 0.955 3.91+0.57 0.528
Female 3.77+0.56 4.05+0.54
Grade 2nd* 3.73+£0.44 0.410 4.00+0.45 0.617
3rd” 3.72+0.53 4.02+0.58
4th° 3.85+0.66 4.10+0.59
Interest in major Low" 3.83+0.59 0.036 4.18+0.50 <0.001 (b<a,c)
Medium® 3.62+0.54 3.82+0.57
High* 3.86+0.55 4.16+£0.49
Major satisfaction Low 3.77+0.58 0.997 3.98+0.57 0.331
High 3.77+0.55 4.07+£0.52
Academic achievement Low" 3.82+0.60 0.284 4.05+0.42 0.655
Medium” 3.70+0.55 4.11£0.55
High’ 3.85+0.51 4.05+0.54

Values are presented as mean+standard deviation. p-value was calculated using the independent t-test and one-way ANOVA (Scheffe’s test).

Table 3. Attitudes toward Artificial Intelligence by Smart Device Usage

Use of smart device Artificial intelligence attitude p-value
Use of smartphone Low 154 (92.2) 2.98+0.46 0.458
High 13 (7.8) 2.88+0.54
Smart device usage time <4 35(21.0) 3.16+0.54 0.033 (c<a)
4~6° 55 (32.9) 2.93+0.45
>6° 77 (46.1) 2.92+0.42
Changes in quality of life after using smart device Low" 12 (7.2) 2.71+0.40 0.014 (a<c¢)
Mediun® 33 (19.8) 2.85+0.34
High® 122 (73.1) 3.04+0.48
Smart device utilization level Bad 30 (18.0) 2.90+0.39 0.293
Well 137 (82.0) 2.99+0.48
Digital equipment proficiency Low 31 (18.6) 3.7940.41 0.011
High 136 (81.4) 3.02+0.46
Use of smart devices for major Low 26 (84.4) 2.79+0.37 0.026
High 141 (15.6) 3.01+0.47

Values are presented as n (%) or mean+standard deviation. p-value was calculated using the independent t-test and one-way ANOVA

(Scheffe’s test).

less than 4 hours. Of the students, 73.1% responded that
their quality of life improved after using smart devices,
and their attitude toward Al was the most statistically
positive. No difference was observed in attitudes toward
Al based on the level of smart device use. Of the students,
81.4% responded that they used smart devices well, and
their attitude toward Al was negative (p <0.05). Students
who responded that they made good use of smart devices
to study for their majors had a more positive attitude
toward Al (p<0.05).

4. Digital literacy based on smart device usage

Digital literacy based on smart device usage is provided
in Table 4. No difference was observed in digital literacy
according to the duration of smart device use. Digital
literacy was high among respondents who reported that
their quality of life improved after using smart devices (p <
0.05). Digital literacy increased as the level of smart device
use increased, and the respondents responded that they
were good at using digital equipment (p <0.05). Digital
literacy was higher when students used smart devices

more frequently when studying for their majors (p <0.05).
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Table 4. Digital Literacy through Smart Device Usage

Digital literacy awareness

Digital literacy behavior

Use of smart device

Value p-value Value p-value

Use of smartphone Low 3.79+0.55 0.202 4.07+0.51 0.198
High 3.58+0.65 3.77+0.78

Smart device usage time <4° 3.73+£0.62 0.153 3.97+0.57 0.455
4~6° 3.68+0.46 4.11£0.39
>6° 3.86+0.59 4.04+0.62

Changes in quality of life after Low* 3.72+0.45 0.001 3.97+0.56 0.018
using smart devices Mediun” 3.46+0.51 (b<c) 3.82+0.53
High® 3.86+0.55 4.12+0.53

Smart device utilization level Bad 3.49+0.54 0.002 3.74+0.58 0.001
Well 3.83+0.54 4.11£0.51

Digital equipment proficiency Low 3.41+0.54 <0.001 3.72+0.64 0.003
High 3.85+0.53 4.12+0.49

Use of smart devices for major Low 3.50+0.55 0.008 3.72+0.58 0.001
High 3.82+0.55 4.11+0.51

Values are presented as mean+standard deviation. p-value was calculated using the independent t-test and one-way ANOVA (Scheffe’s test).

Table 5. Correlation between Attitudes toward Artificial Intelligence and Digital Literacy

Artificial intelligence
attitude

Digital literacy awareness  Digital literacy behavior

Artificial intelligence attitude 1
Digital literacy awareness
Digital literacy behavior

0.300 (< 0.001)
0.061 (0.436)

1
0.603 (<0.001) 1

Correlation coefficient was calculated using Pearson’s correlation analysis.

Table 6. Impact of Artificial Intelligence Attitudes and Digital Literacy Awareness on Digital Literacy Behavior

Standard error B t p-value Adjust R’ F (p-value)
Artificial intelligence attitudes 0.088 0.643 9.972 <0.001 0.372 20.211 (<0.001)
Digital literacy awareness 0.088 0.132 2.046 0.042

p-value was calculated using the liner regression.

5. Correlation between attitudes toward artificial
intelligence and digital literacy
The correlations between attitudes toward Al and digital
literacy are shown in Table 5. Al is positively correlated
with digital literacy awareness (p <0.001). Digital literacy
awareness was positively correlated with digital literacy
behavior (p<0.001).

6. Impact of attitudes toward artificial
intelligence and digital literacy awareness on
digital literacy behaviors

The impacts of attitudes toward Al and digital literacy

awareness on digital literacy behavior are provided in Table
6. Attitudes toward Al and digital literacy awareness have a
significant effect on digital literacy behavior (p <0.05).

Discussion

1. Interpretation

This study analyzed the attitudes of dental hygiene
students toward Al and their levels of digital literacy. The
results revealed a clear pattern. Students who expressed
higher confidence in their ability to effectively use smart

devices exhibited more positive attitudes toward Al and
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had higher levels of digital literacy. This suggests that digital
literacy and positive attitudes toward Al are intercon-
nected and that proficiency in using digital tools enhances
students’ openness to Al technologies.

Table 1, 2 show attitudes toward Al and digital literacy
according to general characteristics. Attitudes toward Al did
not show significant differences according to sex, grade,
major satisfaction, or academic achievement. This could
be attributed to the shift toward digital-based education
since the outbreak of COVID-19, when students became
more accustomed to digital learning, potentially reducing
the influence of digital literacy on academic achieve-
ment'". Since COVID-19, university education has transi-
tioned to digital-based education, and many students are
familiar with digital-based learning; therefore, it is believed
that digital literacy has not affected academic achievement.
However, positive attitudes toward digital literacy and Al
increased with interest in their majors. The transition to
the active use of digital devices in studying majors was
related to students’ interest in their majors and showed
these results. What is unusual is that students who
responded that they had low interest in their major had
high digital literacy. These results are different from those
of previous studies, and a detailed analysis is needed to
determine whether students with high digital literacy use
digital devices more in fields related to their major stu-

. 12,13
dies'*"

. However, Bennett et al.'? argued that digital
literacy is not related to major interests and that digital
technology may be mainly used for personal leisure or
social networking rather than for academic purposes. A
difference could exist between the perception of smart
device usage time and actual usage time, and smart device
usage may be limited to the use of specific apps. There-
fore, future research should analyze the correlation between
digital literacy items and accurate records of smartphone
use time. Therefore, it is necessary to analyze the various
factors affecting digital literacy among students with low
interest in their majors but high digital literacy. Qualitative
research is necessary, if necessary.

Table 3 shows attitudes toward Al according to smart
device usage patterns. A positive attitude was observed
toward Al among students who responded that they used

smart devices for 4 hours or fewer. As smart device usage

time increases, attitudes toward Al would be positive due
to exposure to various digital platforms, but in this study,
students who used their smart devices for less than 4 hours
had more positive attitudes toward AI'"'®. This suggests
that excessive smart device usage hinders critical thinking

1% " This result was

and information evaluation skills
similar to that of other studies claiming that excessive
smartphone usage lowered information literacy because
users uncritically evaluated the source of information'”.
Other studies have reported that smart device usability,
rather than smart device usage time, has a positive effect
on quality of life, which is in line with the results of this
study14’19). The difference is that while Han et al.'”
analyzed smart device use time as a continuous variable,
this study analyzed it as a dichotomous variable based on 4
hours. Based on the results of a study on the relationship
between digital device use time and mental health among
American adolescents, students who used digital devices
for more than 4 hours had poor mental health®”. In this
study, 4 hours of digital device use was considered as a
meaningful reference time.

A positive attitude toward Al among students who felt
their quality of life had improved after using smart devices
had higher proficiency with digital devices and higher the
use of smart devices in studying their major. Students who
believed that smart devices improved their quality of life
and those who frequently used these devices for majoring
demonstrated a more favorable outlook toward AI*". These
results highlight the importance of both digital literacy and
positive engagement with digital tools in shaping student
attitudes toward AI'”. However, students who responded
that they were highly competent at using smart devices
showed a negative attitude toward Al. The study observed
that people who frequently use digital devices may feel
more anxious about interacting with Al or robots”. This
could be because the better the understanding of the
technology, the more we know about its limitations and
potential risks.

Table 4 shows digital literacy according to smart device
usage patterns. Digital literacy was not related to the time
spent using smart devices but to proficiency in using
digital tools. Digital literacy increased as people felt that

their quality of life improved after using smart devices;
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their level of smart device use was high, their digital
device proficiency was high, and they were more likely to
use smart devices to study majors.

Table 5 shows the correlation between the attitude
toward Al and digital literacy. Attitudes toward Al are
related to digital literacy awareness, and digital literacy
awareness is related to digital literacy behaviors. No cor-
relation was observed between the attitude toward Al and
digital literacy behavior. These results might indicate that
students who used digital literacy did not actively show a
positive attitude toward AI because of its risks and
limitations™”. However, additional analyses are required to
understand the paths through which these factors influence
each other. Analyzing the correlation between the sub-
items of digital literacy and the sub-categories of attitudes
toward Al and analyzing them by adding parameters such
as digital device usage patterns is important.

Table 6 shows the impact of digital literacy awareness
and sense of Al on digital literacy behavior. Al attitudes
and digital literacy attitudes have a positive effect on
digital literacy behavior. Understanding digital technology
and beliefs about Al have a significant impact on the
manner and extent of actually using digital technology.
These results are in the same context as previous research
showing that as digital literacy awareness increases,
digital literacy behavior increases™. A positive attitude
was observed toward Al promoting its Al technology24).
Therefore, we believe that dental hygiene education should
focus on increasing awareness of digital literacy and for-
ming a positive attitude toward Al, beyond simple training
on how to use it.

2. Comparison to previous studies

In contrast to previous research, this study reported no
significant differences in attitudes toward Al based on sex,
academic year, major satisfaction, or academic achievement.
Earlier studies suggested that higher academic achievement
is linked to more positive attitudes toward Al and greater
digital literacy'”. This divergence in findings could be
attributed to the post-COVID-19 shift toward digital-
based education, which likely leveled the playing field,
making students across various academic achievements

equally accustomed to digital learning. This widespread

exposure may reduce the impact of digital literacy on
academic outcomes. Additionally, the observation that
students with a strong interest in their major exhibited
more positive attitudes toward Al aligns with previous
research that emphasizes that intrinsic interest in a field
can enhance the adoption of digital tools and Al. Com-
parisons with studies conducted in other contexts, such as
dental students in India, support the idea that effective use
of smart devices correlates with improved digital literacylg).
This consistency across different studies and contexts
suggests that confidence in smart device usage is a crucial

factor influencing positive attitudes toward A",

3. Suggestion

The findings of this study have several practical impli-
cations in dental hygiene education and beyond. Given the
strong link between digital literacy and positive attitudes
toward Al, dental hygiene programs should incorporate
comprehensive digital literacy training and Al-related
content into their curricula™. This could involve inte-
grating Al tools into the learning process, offering work-
shops on effective digital device usage, and providing
opportunities for students to engage with Al in a hands-on
manner””. In addition, it is essential to foster an environ-
ment in which students can build confidence when using
smart devices”. This can be achieved through targeted
educational programs that emphasize the practical application
of digital tools in major-related activities™”. Universities
should consider developing guidelines for the effective aca-
demic use of smart devices, ensuring that students use these
tools more frequently and effectively, thereby enhancing their
learning outcomes and overall well—beinglg’zs). The effecti-
veness of simulation dental hygiene education using digital
equipment has been emphasizedm, augmented reality tech-
nology was introduced and taught at dental surgery sites,
and the development of dental hygiene education was sug-
gestedw. The transition toward digital transformation in
healthcare further supports the need for Al and digital lite-
racy to be integral components of dental hygiene education,

preparing students for the future demands of the profession.

4. Limitations
Although this study offers valuable insights, it is essen-
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tial to acknowledge its limitations. The study was conduc-
ted using a sample from a single dental hygiene depart-
ment, which limits the extent to which the findings can be
generalized to all dental hygiene students or other fields.
Future research should include a broader and more diverse
sample, incorporating students from different universities
and academic backgrounds, to ensure that the findings are
universally applicable. Additionally, the study did not account
for various external factors that could influence attitudes
toward Al and digital literacy, such as cultural differences,
socioeconomic status, prior exposure to Al, or the quality
of digital infrastructure available to students'’. These
factors could potentially affect the results and should be
considered in future studies. Despite these limitations, this
study is significant, as it is one of the first in Korea to
explore the relationship between attitudes toward Al and
digital literacy among dental hygiene students. This lays
the groundwork for future research exploring these rela-
tionships in different educational contexts and among more
diverse student populations. By expanding the scope of
this research, future studies can provide a more compre-
hensive understanding of enhancing Al-related education
and digital literacy, ultimately contributing to better-pre-

pared healthcare professionals in the digital age.

5. Conclusion

This study analyzed the attitudes of dental hygiene
students toward Al and their levels of digital literacy, with
the following results:

1) Students with higher interest in their major had more
positive attitudes toward Al, and those with higher
smart device usage showed increased Al attitudes
and digital literacy.

2) Simple frequency or duration of smartphone use did
not impact digital literacy, but students who percei-
ved their smart device usage positively and believed
that they used smart devices effectively in their
studies exhibited higher levels of digital literacy.

3) A positive attitude toward Al was associated with
higher digital literacy.

4) Digital literacy awareness and attitudes toward Al
influenced digital literacy behavior.

These findings suggest that good use of smart devices

influences digital literacy and positive attitudes toward Al.
Therefore, good use of digital devices is essential for
dental hygiene education. A need to improve educational
curricula to use digital technologies effectively and intro-
duce various educational programs to enhance digital lite-

racy is important.
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