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INTRODUCTION

ollowing the rapid growth of
technologies, digital innovation has been driven to

ABSTRACT

Obijectives: The aims of this article are to examine statistical approaches employed
in international dental articles published in 2018 and 2019, as well as to examine
relationships among analytical approaches, journal rankings, and types of
research. Materials and Methods: International dental journals published in 2018
and 2019 were selected from the four quartiles (Q1-Q4) of journal rankings using
a stratified random sampling. All original articles in a randomly sampled issue
of each selected journal were reviewed to explore employed statistical approaches
and to examine relationships among analytical approaches, journal rankings,
and types of research. Results: One hundred and twenty-eight English-written
international journals listed according to SCImago Journal Rank were selected,
consisting 969 original articles. Significant differences in the use of statistics were
found among the four quartiles and between types of research. The articles in Q1
tended to use more advanced analysis but lower descriptive analytics than other
quartiles. The narrative approach was highly used in laboratory-based articles
(18.66%), whereas clinical research was likely to use more descriptive (92.32%)
and advanced analyses (26.30%). The data also found no remarkable differences
in the patterns of the three most common statistical use among the four quartiles.
Conclusion: This research revealed statistical use in international dental journals,
which will enable educators to consider statistical content to be included in dental
curricula, either for undergraduate or for postgraduate programs.

Kevworns: Data analytics, dental education, dental research, dentistry, outcome-
based education, statistics

implementation of statistics is unavoidable in healthcare

professions including dental education.
computer

Statistics instruction has been implemented in dental

be a global imperative. The development of computing
and informatics has impact on the role of statistics, in
which statistical approaches have become more robust
and effective.! The advancement of data analytics
recently plays a significant role in a variety of areas
including healthcare. For instance, prevention of errors
in diagnosis and treatment, following the improvement
of decision-making process, seems to be one of the
important benefits of data analytics.”) Therefore, the
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curricula for a long period of time. Several studies
suggested that statistics was required for dental
training.’! However, the implementation of statistical
instruction in dental schools is complicated. There were
many factors affecting performancein statistics of dental
students, and a variety of teaching methods should
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be arranged to match their learning preferences.l In
addition, there was evidence that perceived knowledge
of clinicians in biostatistical concepts was quite low,
although they considered biostatistics important for
clinical practice.l” These arguments support the need
of statistical training in dental education; however,
further improvements should be considered to enhance
competence in statistics for dental graduates.

Learning outcomes of statistical education for dental
curricula should be considered. Learning outcomes are
a set of skills or knowledge that students are required
to achieve at the end of any course or program.®?
According to a textbook called “Fundamentals
of Biostatistics,” several analytical approaches are
described ranging from descriptive to inferential
statistics, covering both univariable and multivariable
analyses.'” This statistical textbook has been used for
statistical courses in top healthcare universities, such
as Harvard University,'!! University of California, Los
Angeles,'” University of Arizona,!” and Karolinska
Institute.'"¥ However, these statistical courses are
likely to emphasize on univariable analysis rather
than multivariable analysis. This implies that the book
seems to have statistical content required for healthcare
undergraduates.

According to the concept of outcome-based education,
learning outcomes of a statistical course should
represent what students are required to achieve to
pursue their dental career. Should univariable analyses
be not competent to analyze multiple variables, some
valuable perspectives of findings may be absent.
Moreover, basic statistical approaches provided in a
textbook might not be sufficient for dental students, as
evidence shows that advanced statistics are required for
modern healthcare analytics.”! Multivariable analyses
and more advanced statistics may be required for recent
dental undergraduates. However, there is no evidence to
support this argument. Consequently, to inform what
statistic content should be included, this research was
conducted to explore statistical approaches employed in
dental research published in international journals and
to examine relationships among analytical approaches,
journal rankings, and types of research.

MATERIALS AND METHODS

This study conducted a quantitative-based cross-
sectional research design to collect data of statistical
approaches of international dental articles published in
2018 and 2019. This technique allowed the researchers
to survey existing data from a great number of sources.

The journals were included in this study if they were
international journals in dentistry subject area,

according to SCImago Journal Rank (SJR) in 2018 and
2019. However, this research excluded journals which
allowed publications in languages other than English.
Afterwards, the included journals were selected using
a stratified random sampling, considering quartiles
as strata. According to the SJR, a set of journals has
been ranked within a discipline and divided into four
quartiles, ranging from Q1 to Q4, and therefore there
were four strata. Q1 included journals whose rankings
are in the top 25% of its subject category, whereas
Q4 is occupied by journals in the bottom 25%. The
sample size was calculated for each stratum using a
finite population formula. For each selected journal,
only one issue in each year was selected using a simple
random sampling; all original articles published in the
selected issues were then included into the analysis of
this research.

The data extracted from each article included analytical
approaches, which were classified into four categories:
(1) narrative analysis, (2) descriptive statistics, (3)
univariable statistics, (4) multivariable statistics, and (5)
advanced statistics. The advanced statistics referred to
any statistical approaches which were not described in
dentalcurriculumbased onthetextbook “Fundamentals
of Biostatistics,”!'% as they might be initially considered
not necessary for dental undergraduates. The articles
were also considered whether they were laboratory-
based or clinical research.

The data were analyzed using the frequency to present
the three most common analytical approaches of
univariable, multivariable, and advanced analyses
in each quartile. Cramer’s V coefficient was used to
explore relationships among analytical approaches,
journal rankings, and types of research. As an article
could employ more than one analytic approach, the
relationships between data analytics and other variables
needed to be conducted individually. The significance
was taken at p<0.05 with Bonferroni adjustment
for pairwise.!'”) The effect sizes of Cramer’s V were
interpreted according to Akoglu.l'

RESuLTS

This research identified 412 international journals
published in a dentistry subject area according to the
SJR, which were 201 and 211 articles in 2018 and 2019,
respectively. After consideration of the exclusion and
inclusion criteria, 68 (331in 2018 and 35in 2019) journals
were excluded, as they allowed publications in languages
other than English, or they were not ranked in any
quartiles. With stratified random sampling, 63 journals
in 2018 and 65 journals in 2019 were selected for this
study. Following simple random sampling to select
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an issue from each journal, 486 and 483 articles from
the journals published in 2018 and 2019, respectively,
were analyzed in this study. These data are presented
in Table 1.

According to Table 2, the types of analytical approaches
in each quartile were analyzed. The data demonstrated
that the trend of analytical approaches employed in
international dental journals was similar in 2018 and
2019. The most common analytical approaches were
descriptive, followed by univariable, advanced, and
multivariable analyses. In addition, the journal rankings
over the two years were found to be strongly correlated with
descriptive statistics (2018: p<0.001, Cramer’s V'=0.257;
2019: p=0.001, Cramer’s }’=0.187; 2018-2019: p<0.001,
Cramer’s 1'=0.228) and advanced analysis (2018: p<0.001,
Cramer’s 1=0.241; 2019: p=0.01, Cramer’s }'=0.154;
2018-2019: p<0.001, Cramer’s F=0.211). As there
appeared to be the same trend of analytical approaches
in both years, the following results will be described using
the data from over the two years (2018-2019).

According to the Bonferroni adjustment for pairwise
analyses, there were statistically significant differences
in the application of descriptive analysis between Q1
and other quartiles in 2018-2019 (p<0.001, Cramer’s
1=0.185, 0.213, 0.218 for comparisons with Q2, Q3,
and Q4, respectively), whereas the use in Q2, Q3, and
Q4 was not significantly different (»p>0.05). This type of
statistics was used the least in Q1 (77.22%), followed by
Q2(91.20%), Q3 (93.30%), and Q4 (94.90%). In contrast
to the descriptive analysis, there were statistically
significant differences in the use of advanced analysis
between Q1 and other quartiles (p<0.001, Cramer’s
1V=0.154, 0.214, 0.222 for comparisons with Q2, Q3,
Q4, respectively), but it was employed in QI the most

Tablel: International journals in a dentistry subject area in

2018 and 2019
Quartiles  Populations Included Selected  Number
journals journals  of articles

2018

Q1 54 52 17 164
Q2 49 43 16 127
Q3 50 45 16 104
Q4 47 28 14 91
No Q 1 0 0 0
Total 201 168 63 486
2019

Q1 54 52 17 174
Q2 54 50 17 123
Q3 50 41 16 120
Q4 50 33 14 66
No Q 3 0 0 0
Total 211 176 65 483

(34.02%). No statistically significant differences were
found in the use of advanced analysis among Q2, Q3,
and Q4. In addition, the use of narrative, univariable,
and multivariable analyses was not significantly
different among those quartiles (p=0.350, 0.066, and
0.162, respectively).

When considering the frequency of each statistical
approach [Table 3], for the univariable analysis
group, the three most common analyses were > test,
independent sample #-test, and one-way analysis of
variance (ANOVA). The patterns of statistical use
were not likely to be different among the four quartiles.
According to the multivariable analysis group, linear
regression, logistic regression, and two-way ANOVA
were the three most common approaches. The three
most common approaches in the advanced analysis
group were survival analysis, repeated-measures
ANOVA, and mixed-effect model.

This study also compared the use of statistics in
laboratory-based (conducted under highly controlled
conditions) and clinical research [Table 4]. The findings
demonstrated that there were statistical differences
in the use of narrative (p<0.001, Cramer’s 1'=0.207),
descriptive (p<0.001, Cramer’s '=0.199), and advanced
analyses (p=0.001, Cramer’s 1'=0.132) between the two
types of research. The narrative approach was highly
used in laboratory-based research articles (18.66%).
However, clinical research was likely to use more
descriptive and advanced analyses (92.32% and 26.30%,
respectively). No significant difference was found in the
use of univariable analyses (p=0.072) and multivariable
analyses (p=0.076).

DiscussioN

This study found that there were significant differences
in the use of statistical approaches among journal
rankings in dentistry. Unsurprisingly, the percentage
in the use of advanced statistics was significantly
higher in Q1, compared with other journal rankings.
Several complex issues cannot be answered with simple
research designs, and advanced statistics were required
to suit those complicated data.'” According to the
descriptive analysis, the proportion of research studies
in Q1 using descriptive analysis was significantly lower
than that of the other quartiles. This could be a result
of the high percentage in the use of advanced analyses
in Q1, as descriptive analytics might not be necessary to
construct understanding for the data from the advanced
statistics.

When considering the pattern of statistical approaches
used in each quartile, there seemed to be no differences
in the three most frequent use for univariable,
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Table 2: Analytical approaches employed in international dental journals in 2018 and 2019

Quartile Total Narrative Descriptive Univariable Multivariable  Advanced
Year 2018
1 n 164 18 1222 123 34 612
(% within Q1) (100.00) (10.98) (74.39) (75.00) (20.73) (37.20)
2 n 127 17 117° 99 23 29°
(% within Q2) (100.00) (13.39) (92.13) (77.95) (18.11) (22.83)
3 n 104 11 97° 86 13 15°
(% within Q3) (100.00) (10.58) (93.27) (82.69) (12.50) (14.42)
4 n 91 6 85° 78 9 e
(% within Q4) (100.00) (6.59) (93.41) (85.71) (9.89) (12.09)
p-value 0.461 <0.001 0.171 0.089 <0.001
Cramer’s V 0.073 0.257 0.102 0.116 0.241
Year 2019
1 n 174 17 1392 119 31 492
(% within Q1) (100.00) 9.77) (79.89) (68.39) (17.82) (28.16)
2 n 123 5 111° 93 15 21°
(% within Q2) (100.00) (4.07) (90.24) (75.61) (12.20) (17.07)
3 n 120 6 1120 94 17 18°
(% within Q3) (100.00) (5.00) (93.33) (78.33) (14.17) (15.00)
4 n 66 3 64° 52 11 9P
(% within Q4) (100.00) (4.55) (96.97) (78.79) (16.67) (13.64)
p-value 0.159 0.001 0.173 0.577 0.010
Cramer’s V 0.104 0.187 0.102 0.064 0.154
All
1 n 338 35 2612 246 65 115°
(% within Q1) (100.00) (10.36) (77.22) (72.78) (19.23) (34.02)
2 n 250 22 228° 192 38 500
(% within Q2) (100.00) (8.80) (91.20) (76.80) (15.20) (20.00)
3 n 224 17 209° 180 30 33°
(% within Q3) (100.00) (7.59) (93.30) (80.36) (13.39) (14.73)
4 n 157 9 149° 129 20 20°
(% within Q4) (100.00) (5.73) (94.90) 82.17) (12.74) (12.74)
p-value 0.350 <0.001 0.066 0.162 <0.001
Cramer’s V/ 0.058 0.228 0.086 0.073 0.211

Different superscript letters indicate statistically significant difference

multivariable, and advanced analyses among those
four quartiles. These data reflected the necessary to
include those statistical approaches into a statistical
course for dental curricula. For instance, if advanced
statistics should be required for a dental program, a
course director may decide to include survival analysis,
repeated-measures ANOVA, mixed-effect model, and
factor analysis, as presented in the standard statistics
textbooks,'™ I rather than other statistical approaches.
Furthermore, although there is no plan to include any
of the advanced statistics, these data can also enable
dental educators to select basic statistical approaches
for the emphasis of the course.

The findings also demonstrated statistically significant
higher percentage of the use of advanced statistics in
clinical research, compared with laboratory-based
studies. This could be resulted from the fact that
research environment can be conveniently controlled in

a laboratory, causing that there are fewer variables to
be considered. In contrast, it is quite inconvenient to
control environments in clinical settings, and therefore,
there are many variables into considerations, compared
with laboratory-based research. As a result, advanced
statistics are likely to be employed in clinical research.
This suggestion would be helpful for educators in
designing a statistics course for a dental curriculum by
considering whether it is laboratory-based or clinical
program, according to the concept of outcome-based
education.

It could be seen that, in addition to descriptive analysis,
univariable statistics were likely to be used for the
articles in all of the four quartiles (approximately
80%). The findings implied that these statistics were
considered quite necessary as basic statistics for
dental students, dentists, researchers, and academic
staff. This information was concurrent to learning
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Table 3: The three most frequency of statistical approaches in international dental journals

Univariable analysis n %  Multivariable analysis n %  Advanced analysis n %
Q1 (n=338)
Chi-square test 71 22.78 Linear regression 31 9.17 Survival analysis 39 11.54
Independent sample #-test 73 21.60 Logistic regression 26 7.69 Mixed-effects model 24 7.10
One-way ANOVA 69 20.41 Two-way ANOVA 12 3.55 Repeated-measures ANOVA 17 5.03
Q2 (n=250)
Independent sample 7-test 61 24.40 Linear regression 17  6.80 Survival analysis 19  7.60
Mann—Whitney 57 22.80 Logistic regression 17 6.80 Repeated-measures ANOVA 11 4.40
Chi-square test 54 21.60 Two-way ANOVA 9  3.60 Factor analysis 5 2.00
Q3 (n=224)
Chi-square test 58 25.89 Two-way ANOVA 15 6.7  Survival analysis 17 7.59
Independent sample 7-test 56 25.00 Linear regression 13 5.8  Repeated-measures ANOVA 7 313
One-way ANOVA 49 21.88 Logistic regression 12 5.36 Mixed-effects model 5 223
Q4 (n=157)
Chi-square test 41 26.11 Two-way ANOVA 7 446 Repeated-measures ANOVA 9 573
One-way ANOVA 32 20.38 Linear regression 6  3.82 Survival analysis 8 51
Independent sample #-test 29 18.47 Logistic regression 4 2.55 Mixed-effects model 3 191
Total (n=969)
Chi-square test 230 23.74 Linear regression 67  6.91 Survival analysis 83  8.57
Independent sample ¢-test 219 22.6  Logistic regression 59  6.09 Repeated-measures ANOVA 44 454
One-way ANOVA 200 20.64 Two-way ANOVA 43 444 Mixed-effects model 36 3.72
Table 4: Analytical approaches employed in laboratory-based or clinical research
Type Total Narrative Descriptive Univariable Multivariable  Advanced
Clinical study n 521 29 481 389 93 137
(%0) (100.00) (5.57) (92.32) (74.66) (17.85) (26.30)
Laboratory-based study n 284 53 223 228 37 42
(Y0) (100.00) (18.66) (78.52) (80.28) (13.03) (14.79)
p-value <0.001 <0.001 0.072 0.076 <0.001
Cramer’s V 0.207 0.199 0.063 0.063 0.132

content of several textbooks used for statistics courses
in undergraduate programs,'®?*2 which commonly
include Chi-square test, independent sample z-test,
one-way ANOVA, and Mann—Whitney analyses.
Consequently, they should be required for a statistical
course in dental curricula at all levels, especially for an
undergraduate program.

The data of this research would allow educators and
academic staff to decide which statistics should be
emphasized for dental students; however, due to a
large amount of data retrieved for this research, only
analytics approaches used in articles published in 2018
and 2019 were analyzed to compare their use among the
four quartiles. It would be helpful for further research to
retrospectively explore data in several years to explore
trends in the use of statistics. This could enable educators
to predict the popularity of statistics and design
statistical courses, purposing learners to implement
the learning content for the future use. Furthermore,
not only these four quartiles of international journals
but also other publications including gray literature

(e.g. dissertations and theses) should be included into
consideration, which would help building an idea which
statistics should be focused in general.

CONCLUSION

In summary, significant differences in the use of statistics
among the four quartiles according to the SJR were
found. Research articles in Q1 were likely to use advanced
statistics more frequently than other quartiles. The
trends of statistical use of advanced statistics were nearly
similar among those four quartiles, which were survival
analysis, repeated-measures ANOVA, mixed-effect
model, and factor analysis. Consequently, in case that
advanced statistics can be arranged for dental curricula,
those four statistics could be emphasized. In addition, as
there appeared to be a frequent use of descriptive analysis
and univariable statistics in all quartiles, they should be
considered as basic requirements for a statistical course
for all dental curricula. However, further retrospective
research should be conducted in several years to predict
the popularity of future statistical use.
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