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Abstract: (1) Introduction: Information technology is seen as instrumental in shifting the paradigm of
teaching and learning towards active learning. Students and young professionals have been suggested as being
more prone to mobile technology addiction compared to the general population, with profession-characteristic
patterns and possible consequences for long-term professional development. (2) Materials and methods: An
original questionnaire was developed to assess the attitude towards mobile technology in active learning
in a dental school in Romania. The study was conducted among 214 students in dentistry to identify any
possible patterns of using mobile devices. Consistency analysis was conducted on the closed-ended questions
by employing the reliability Cronbach’s alpha. Furthermore, inter-item correlation and principal components
analysis (PCA) with varimax rotation was conducted to investigate the underlying motivational framework
in the use of the internet. The Kaiser–Meyer–Olkin (KMO) test of sampling adequacy and Bartlett’s test
of sphericity were applied to verify the data suitability for factor analysis. (3) Results: Principal component
analysis and subsequent K-means clustering were applied on the data, leading to the conclusion that the
underlying motivation of frequent use within these youngsters is mostly rooted in their professional interests,
rather than compulsive or social pressure. For the two resulting clusters, the R-scores proved to be signi�cantly
di�erent, with a median (IQR) of 43 (41–47) and 48 (44–54) for the �rst and the second cluster, respectively
(Mann–Whitney U test, p < 0.001). Statistical analysis was conducted on de-identi�ed data using SPSS v.20
and the R v.3.4 software packages, with a 0.05 level of signi�cance. (4) Conclusion: The increasing need of
constant network connection comes from the high pressure of the professional environment. This study
results provide data grounds for diagnosing a possible behavioral addiction syndrome, which certainly is an
intrinsic part of our ordinary life, both in professional and leisure activities.
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Introduction

Academic education has a long history of excellence and an ability to adapt to the continual challenges
of societal evolution. While preparing professionals for this very society is non-trivial in itself, the career
paradigms also undergo highly dynamic transformation. Medical education faces speci�c challenges on top of
the di�culties it shares with the university system in general [1].

Internet and mobile technology are harnessed to implement new approaches in medical education, such
as active or blended learning, and mixing Massive Open Online Courses (MOOCs) with traditional
education [2–7].

In contrast to the initial enthusiasm regarding these new approaches and certainly positive learning experiences,
such unconventional methods in education also faced concerns regarding their appropriateness or e�ectiveness
in preparing for the medical profession and national examinations [2,8]. Such dissatisfaction brings forward
the issue of assessment and grading associated with new educational approaches.

It has been demonstrated that professors need training workshops to ensure that students are not only accessing
evidence-based information but can di�erentiate between evidence-based and non-evidence-based information
app. The tutors in this study also require information on how to provide their students with advice on using
mobile technology. Institutions involved with clinical dentistry should acknowledge such challenges [9], and
designing learning materials and applications for mobile devices may increase students’ performance [10].

A surprise appeared during the COVID-19 pandemic situation, when dental students were generally unhappy
with the interruption of traditional education caused by COVID-19 and having to continue their education
online [11–14].

Apart from these pros and cons regarding the foreseen bene�ts of mobile technology, a new addiction
has emerged, i.e., internet addiction (IA), and little is known about its pathophysiological and cognitive
mechanisms. There is still too little research focused on this area with highly dynamic evolution, though
it has gradually become an issue in public health. Inspired by other behavioral addiction forms, the IA
models share some existing diagnosing criteria (e.g., loss of control over its use) leading to psychological,
social, and professional con�icts or problems, such as those in mood management, tolerance, withdrawal, and
craving/anticipation [15,16].

Identifying students with potential IA is an additional issue, for it usually co-exists with a variety of
psychological or even psychiatric disorders [15–22]. Standardized addiction tests and subsequent therapy have
been put forward as possible solutions to IA [23]. Moreover, around the world from Europe to Asia, medical
students were suggested as being more prone to IA compared to the general population, [24] with a large
variety of associated risk factors [25,26].

E�ective countermeasures, prevention strategies, and evidence-based treatments have not been identi�ed or
accepted, with the possible addiction being mostly qualitatively described, and with interventions focusing
on group counseling programs, cognitive behavioral therapy, and sports [27]. Recent reports about mobile
technology impeding on carrying out ordinary professional activities were even more worrying [28,29].

A legitimate question arises: if mobile technology is dangerous as potential harms to our personalities’ nature
and our social beings, how come it has not been banned, as addictive substances are prohibited? How could a
medical professional gain enough experience with technology to be e�ective in everyday tasks, and how much
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is too much? While many e�orts have been focused on pinpointing the addiction, we know little about the
using patterns of mobile technology in everyday professionals’ activity.

Education is supposed to balance two contrary directions: (a) to employ the mobile technology for its positive
potential in education and speci�c instruments invaluable to implementing new teaching, learning, and
assessment approaches; (b) to design and e�ectively apply mobile technology (social media)—preventive
strategies at least during clinical work. Taking both views into consideration, we designed an original
questionnaire from scratch, aimed at collecting information about the actual use of mobile technology,
rather than making judgments, diagnoses, or any sort of classi�cation. The aim of the study was to �nd out
the patterns of mobile technology use by dentistry students (courses, clinical work, learning, socializing with
teachers and colleagues) and how mobile technology use is a�ecting them during resting and sleeping.

Materials and Methods

This original cross-sectional study was conducted in the Faculty of Dentistry, “Victor Babes” University of
Medicine and Pharmacy, Timisoara, Romania, between 2020 and 2022. The whole university employed
on-line courses during the pandemic (COVID-19) situation and classical lecture-courses in 2022, accompanied
with supervised practical classes. The Ethical Committee of the University approved the study, and a total
of 214 participants were included (117 females and 97 males). Two inclusion criteria were applied: (1) the
participant was a student in dentistry, and (2) she/he engaged to respond to the whole questionnaire. The
exclusion criterion was not responding to all questions. Each participant signed informed consent and a
personal data privacy form. A total of 3 of the 217 participants initially enrolled did not respond to all questions,
so they were excluded from the �nal data processing, and no imputation was applied to the raw data.

The questionnaire consisted of 28 questions: closed-ended questions rated on a �ve-point Likert-type scale
were asked, except for the non-rating closed questions at the beginning (Q1, Q3, and Q4) and the last open
question (Q28) (Supplementary Table S1). The concept of these questions was the result of an observation of
the students’ and young residents’ behavior during the courses and during the clinical work on patients.

Univariate descriptive statistics were performed to describe respondents’ demographic characteristics and
declared non-ranking preferences for Internet use.

Consistency analysis was conducted on the closed-ended questions by employing the reliability Cronbach’s
alpha. The standardized Cronbach’s alpha was provided as well as an indication of non-redundancy when the
two values were close.

Furthermore, inter-item correlation and principal components analysis (PCA) with varimax rotation was
conducted to investigate the underlying motivational framework in the use of mobile technology. The
Kaiser–Meyer–Olkin (KMO) test of sampling adequacy and Bartlett’s test of sphericity were applied to verify
the data suitability for factor analysis. The scree plots and eigenvalues over 1 were considered as criteria for
deciding the appropriate number of factors to be extracted. Based on PCA-extracted factors, the K-means
clustering was conducted, with k = 2.

For each participant, a �nal comprehensive score was calculated, and a summative analysis was performed
with univariate non-parametric statistical testing.

Statistical analysis was conducted on de-identi�ed data using SPSS v.20 and the R v.3.4 software packages,
with a 0.05 level of signi�cance.
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Results

The age of the 214 the respondents was between 21 and 25 years, with a mean (Standard Deviation) of 24.17
(4.07). All participants declared to have and use a mobile phone with Internet access.

A comprehensive scoring frame named “R-scores” was proposed for the questionnaire’s answers, aimed at
favoring the moderate use of mobile technology, and penalizing not only any possible addictive behavior,
but also the lack of interest in mobile instruments (Table 1). The R-scores showed no di�erences between
the two genders, with a median (IQR) of 45 (42–48) and 44 (42–47) for the females and males, respectively
(Mann–Whitney U test, p = 0.513).

Table 1. The R-scores as a rating frame of the internet and mobile technology use.

Questions Scoring points

Q2, Q5–Q25 Never—Almost never— Sometimes— Often— Very often
2—1—1—3—3

Q3 Books— Internet— Dentistry Journal—Ask the teacher
1—1—1—1

Q4 E-mail—SMS—Mobile phone—WhatsApp—Messenger
1—1—1—2—2

Q26, Q27 Never—Almost never—Sometimes—Often—Very often
3—2—2—1—1

Q28 1 if a site was mentioned

The K-means clustering made use of the eight PCA factors previously extracted: factor 3, 5, 6 and 7 proved to
be signi�cant in this classi�cation (Table 2).

Table 2. The K-means clustering by employing the eight PCA factors extracted.

Factor score
Cluster Mean

Square
(1 df )

Error Mean
Square
(212 df )

F-Statistic
(1, 212 df ) p

1 Posting need 0.930 1.000 0.929 0.336

2 Emotional 0.421 1.003 0.420 0.518

3 Professional 80.893 0.623 129.813 < 0.001 **

4 Connected 1.429 0.998 1.432 0.233

5 Needless/pointless 11.721 0.949 12.345 0.001 **

6 Speci�c use 30.464 0.861 35.381 < 0.001 **

7 Frequent use 12.061 0.948 12.725 < 0.001 **

8 Socializing means 0.675 1.002 0.674 0.413
df—degrees of freedom; ** statistically high signi�cance (p < 0.01).
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For the two resulting clusters, the R-scores proved to be signi�cantly di�erent, with a median (IQR) of 43
(41–47) and 48 (44–54) for the �rst and the second cluster, respectively (Mann–Whitney U test, p < 0.001).

The distribution of the internet use/question frequency is presented in Figure 1.

Figure 1. Score of internet use/question frequency.

Most of the cumulated points for the Likert-type scale questions suggest moderation in mobile technology
use among the participants, with high scores and highly signi�cant correlations related to their profession
and professional interests. When observed with their inter-item correlation values and PCA loadings, clear
patterns of these scale-scores emerge: although high, scores for Q2 (How often do you use a mobile phone
for social media access?) do not strongly correlate with any other item, even if it is signi�cantly correlated
with many. When considering the factors, Q2 brings a positive contribution to factors 6 (Speci�c use) and 7
(Frequent use), with an overall contribution to the comprehensive picture. On the other hand, Q26 (Are
you searching for Dentistry (e.g., practical aspects) on YouTube on your mobile phone?) and Q27 (Are you
looking for articles related to Dentistry on the Internet accessing your mobile phone?) have high cumulated
scale-scores, and they strongly and signi�cantly correlate with each other, both strongly contributing to factor
3 (Professional), a decisive discriminator in K-means clustering. Questions Q10 (In your friends’ list, do
you have people you do not interact with?) and Q18 (Have you ever regretted using your mobile phone for
long?) added up to high scale-scores and have important contribution not only to factor 3 (Professional), but
also to factor 5 (Needless/pointless), a signi�cant discriminator as well. This latter contribution suggests a
self-awareness of the importance of focused use and a refrain from wasting time. Moreover, Q17 (Do you have
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used your phone longer than intended?) and Q13 (Have you ever experienced sleep deprivation because of
these applications?) have relatively high scale-scores and they strongly correlate with each other, with Q17
negatively contributing to factor 5 (Needless/pointless). Item Q14 (Do you use mobile applications to pass
time?) resulted in high scale-scores, but it did not correlate with any other item.

The important di�erence between the two clusters of mobile technology users among the dental students
would come from their patterns of professional motivation, rather than frequency of use or compulsive need
to have constant net connection. Moreover, apart from the resulting two clusters of users among the young
dentists, their preferences towards Internet as a source of professional information are compelling: 78% would
prefer to look on the Internet on their mobile phones, rather than asking a teacher or searching in a traditional
book, and almost 60% have a preferred medical site. The number one site used by the dentistry students and
young dentists was PubMed.

Discussion

The pattern of usage of mobile phones among dental students showed an alarming indication that students
have been addicted to mobile phones, which in turn a�ects their academic performance in a negative way [30].
Recent studies showed that 25% of medical students presented net addiction [31–34], while another study
showed that dental students who have high levels of smartphone addiction or high perceived stress levels
experienced poor sleep quality. Identifying smartphone addicts amongst students as well as stressors are
imperative measures to allow timely assistance and support in the form of educational campaigns, counselling,
psychotherapy, and stress management [35]. Smartphone usage was positively associated with dental students’
academic performance. Importantly, a small number of students were identi�ed as su�ering from smartphone
addiction [36]. The high prevalence and usage of mobile internet connectable devices as well as the high
availability of the internet may indicate a tendency toward mobile learning [37]. The present study concluded
that all the dentistry students included in the study are using mobile technology in their school and private
life, but a real addiction to mobile technology has not been found.

Problematic mobile phone users received signi�cantly higher scores for depression severity, bodily pain, and
daytime sleepiness. Health problems were signi�cantly more severe among female medical students, indicating
poorer sleep quality [38,39]. Scores for sleep problems were low in the present study, showing that western
Romanian dental students are not encountering sleep problems currently.

Recent studies are showing that higher smartphone addiction scores have a negative impact on interpersonal
communication and social life and reduce learning e�cacy in students. Therefore, students and lecturers
should be better informed regarding the bene�ts and risks of smartphone use in education, with precautions
provided against excessive and needless use [33–35,40].

The study limitations are related to the single site study population and the relatively small sample of subjects
questioned.

Conclusions

Within the limits, the study provides data grounds for diagnosing a possible behavioral addiction syndrome,
which certainly is an intrinsic part of our ordinary life, both in professional and leisure activities. Mobile
technology is present in the everyday life of the dentistry students included in this study. The increasing need
for constant network connection comes from the high pressure of the professional environment and the
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need for interaction with peers. Instruments for diagnosing the addictive use of mobile technology should be
continuously adapted to the pressure of the professional environment.

Supplementary Materials: The following �le is available online at https://journals.jams.pub/user/manuscripts/
displayFile/23e5791339c756dab42decd528da07b3/supplementary.
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