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Abstract
Aim of the study: The purpose of this study was to investigate whether the
integration of web-based learning in the form of e-seminars in dental education leads to improved student performance.
Methods: In the second semester of the clinical component of dental school,
conventional seminars requiring attendance were replaced by e-seminars as
part of the dental conservation course. In the control cohort, the theoretical
teaching content was taught in the form of lectures as part of the conventional seminar; in the test cohort, this was done via guided self-study and
e-seminars. The use of the e-seminars was evaluated with the help of a selfdesigned questionnaire. To investigate the learning effect, the results of the
final exam of two consecutive years were compared.
Results: Student acceptance of the e-seminars was positive. Students who attended the e-seminars achieved significantly better results on the final exam
than those who attended conventional seminars.
Conclusion: E-seminars are an innovative and timely addition to traditional
classroom instruction. They can help improve performance while making
time management more flexible. They can lead to the relief of teachers and
learners and simultaneously to the increase of the education quality.
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Introduction
The traditional study of dentistry essentially consists of elements of faceto-face teaching: lectures, seminars,
exercises, practical courses and tutorials [4]. These are characterized by
the local and timely constraints as
well as by the physical presence of
the learners and the teaching
staff [3]. In this context, the transfer
of knowledge is mainly controlled
by the teachers. Dental students at
Hannover Medical School (MHH),
Germany, participate in more than
40 hours of lectures, seminars and
practicals per week during the clinical section. In doing so, students report a constant lack of time for preand post-processing of the content.
During lectures in particular, the
amount of content, limited interaction
between
teachers
and
learners, lack of feedback from fellow students, and the resulting passivity of learners are major drawbacks [9, 15, 17]. In order to promote
learning,
new
teaching
methods therefore rely on greater interactivity between instructors and
learners as well as learners among
themselves, replacing passive participation in courses [8]. In particular,
supplementing face-to-face teaching
with electronically supported learning opportunities enables flexibility
in terms of time and space in teaching [1, 24] and can effectively support face-to-face teaching.
With this in mind, electronic
seminars (e-seminars) have been integrated into the clinical section of
dental studies since 2010 as a form of
formative e-assessment. The e-seminars are realized with the Learning
Management System (LMS) ILIAS (Integrated Learning, Information and
Work Cooperation System, ILIAS
open source e-Learning e.V., Cologne,
Germany), which is the central learning platform at the MHH. Being able
to regularly check one’s own learning
progress should enable students to
self-reflect on their own level of
knowledge, thus helping them to
identify and effectively address learning deficits and consequently improve their knowledge. This offering
of e-seminars is still in the development phase and has not yet been
tested for effectiveness.

The use of e-seminars in the first
semester of the clinical section of
dental school was therefore tested by
evaluating students. The aim of the
study was first to determine the acceptance of this alternative teaching
method. Furthermore, one objective
was to analyze the effectiveness of
the e-seminars. The null hypothesis
states that this teaching format does
not show a performance-enhancing
effect in the form of a better result in
the final exam. Additionally, gender
differences regarding study load were
investigated.

Methods
Samples
The study included two cohorts.
They were students in the Dental
Conservation Science I course from
two consecutive years. The cohort
that participated in the e-seminars included 54 students out of a total
of 55. The study was conducted during the second clinical semester (7th
semester) of dental school. The
sample consisted of 37 female
(68.5%) and 17 male (31.5%) students. Data from the second clinical
semester of the previous cohort were
used for the comparison sample of
the traditional teaching format cohort. This sample consisted of
76 data sets.
The study project was approved
by the Ethics Committee (Study
No.:1780–2013) of Hannover Medical
School.

Procedure
In the second clinical semester
(7th semester) of the dental program,
a mandatory seminar course with a
pronounced lecture character was
converted into an e-seminar. The introductory lecture on the e-seminar
procedure was held in person for all
students. In the following eight
weeks, the students worked independently or in groups on patient cases
from the fields of endodontology,
periodontology and restorative dentistry. In addition to the clinical content, students also worked on topics
such as the Medical Devices Act, hygiene in the workplace, dental instrument preparation and the handling
of hazardous substances. The stu-

dents had one hour per week to work
on the content, which was also specified in the timetable. The scope and
content thus corresponded to the
courses of the previous years.
Each week, the students received
a scientific article on one of the
topics for independent work and as
preparation for the respective seminar lesson. This was made available
to the students via the learning platform of the ILIAS learning management system. In each e-seminar, the
students completed a multiple-choice
(MC) test online with questions on
the article provided. This test consisted of five single-choice questions
(single selection from five offered
answers) and was activated in the
learning management system ILIAS,
limited in time to this hour. The test
could be started at any time within
the seminar hour and could be
worked on for a maximum of
15 minutes. While working on the
test, the students were allowed to discuss the questions. The time allocation was up to the students and
was intended to be used to deal with
the contents, the questions and problems of the topic.
Participation in the tests was
mandatory for the students and was
required for admission to the electronic written final exam of the
course. The tests were conducted in
the e-learning room of the Center for
Oral and Maxillofacial Surgery of the
MHH for students who were present
in the clinic at the time. Any remaining time of the seminar hour was at
the free disposal of the participants.
They could use this for organizational and administrative activities
such as dealing with the patient history, documentation, contacting patients or laboratory activities. It was
also possible to perform the test on
the road or at home, as there was no
compulsory attendance for this seminar hour. Only the time slot was
predetermined due to the class schedule. Within the semester, a total of
8 e-seminars with the corresponding
short tests of this type took place. At
the end of the course, the e-seminars
were evaluated with the help of a
self-developed, paper-based questionnaire. Statistical validation was not
performed. The questionnaire con-
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Evaluation
options

Subject area/question

N
(absolute)

N (relative
in %)

37
17

68.5
31.5

M ± SD

1. Gender

Female
Male

2. Study workload

How would you categorize your stress
level as a dental student?

high level
moderate level
low level

49
4
1

90.7
7.4
1.9

How many hours per week do you
attend formal courses, seminars or
lectures?

0–10h
10–20h
20–30h
30–40h
>40h

7
0
7
27
13

13
0
13
50
24

Knowledge control in the form of
e-seminars is innovative.

1–4

3.28 ±
0.76

I find the learning effect of e-tests
positive and useful.

1–4

3.06 ±
0.86

I was able to check my learning
progress better in this course.

1–4

2.93 ±
0.82

Professional discussion with fellow
students

1–4

3.46 ±
0.79

Additional professional literature

1–4

2.76 ±
0.87

ILIAS (literature, pdf files)

1–4

3.28 ±
0.81

I do not find it useful to discuss the
questions with fellow students.

1–4

2.89 ±
1.3

I solved the questions myself.

1–4

2.93 ±
0.75

I have learned by discussing the
questions.

1–4

3.37 ±
0.73

For me, the alternative learning option
with the test questions led to more
time freedom.

1–4

3.63 ±
0.59

The targeted learning based on the test
questions was more effective than a
mere lecture.

1–4

2.74 ±
0.76

It would have been better if I could have
answered the questions at any time.

1–4

3.09 ±
0.88

3. E-seminars

4. What materials did
you use to answer the
questions?

5. Was it helpful to
work with fellow
students to solve the
questions?

6. Alternative form of
learning compared to
a required course

Abbreviations: N = sample size, M = mean value, SD = Standard deviation

Table 1 Evaluation questions

sisted of 29 questions on 10 aspects
of investigation (Table 1). The investigated aspects included questions
about the general stress situation in
the study, the learning effect through
the use of the e-seminars, the preparation methods for the e-seminar,
the use of communication possibilities in the context of the e-seminar,

the acceptance of the alternative
learning form, the independence of
the task solution and the use of the
provided free time. These were essentially closed questions with rating
scales (frequency, intensity and
evaluation scales) and questions on
personal attitudes (Table 1). The
evaluation was based on a 4-point Li-
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kert scale with the response categories 4 completely agree, 3 rather
agree, 2 rather disagree, 1 not at all
agree. Furthermore, students were
able to give an overall evaluation of
the e-seminars using the school grading system and free text comments.
In order to assess the effectiveness of
the e-seminars, the data of the final
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exams of the respective years were
compared. A maximum of 20 points
could be achieved in the written
exam. To pass the written exam, at
least 60% of the questions had to be
answered correctly.

Statistical analysis
Statistical analysis was performed
using SPSS Statistics software (SPSS
26.0 IBM, Armonk, NY, USA). The
Kolmogorov-Smirnov test showed
that there was no normal distribution
of the data. To compare the results
between groups, the Mann-Whitney
U test was applied. The significance
level was set at p < 0.05. Cohen’s d
was calculated to represent the effect
size. In a further step, an analysis on
gender differences was performed.
For this purpose, cross-tabulations
were made for the relationship between gender and the responses in
the questionnaire and possible dependencies were tested using Pearson’s chi-square test.

Results
Analysis of the evaluation of
the e-seminars
The workload in the semester of dental school under study was considered high by 49 individuals (90.7%),
medium by 4 individuals (7.4%), and
low by one individual (1.9%). The
majority of the time invested was
30 to 40 hours per week. 76.1% of
the students stated that they had
gained more personal time through
the e-seminars. Regarding the form of
processing, the distribution between
group work and individual work was
about equal (Table 2).
The evaluation for the e-seminars
was assessed in the majority (56%)
with the school grade of 10–12
points.

Analysis of the exam results
The exam scores of the cohort of students who participated in the e-seminars had a mean (M) of 17.24 points
(86.18% ± 1.05). The comparison
group cohort scored a mean of 15.25
points (76.25% ± 1.76). This means
that the test cohort achieved significantly better exam results than the
comparison cohort (p < 0.001)
(Table 2). The effect size in this case is

N

M

SD

95% CI

Range

Point values
Cohort e-seminars
Cohort comparison

55
76

17.24
15.25

1.05
1.76

[16,95; 17,52]
[14,85; 15,65]

[15; 20]
[11; 19]

Point values
Cohort e-seminars
Cohort comparison

55
76

86.18
76.25

5.27
8.8

[84.76; 87.61]
[74.24; 78.26]

[75; 100]
[55; 95]

Abbreviations: N = sample size, M = mean value, SD = Standard deviation

Table 2 Examination results of both years

high ([d] = 0.963) and therefore the
effect is large. Thus, the null hypothesis can be rejected.

Gender-specific differences
To test for a gender difference in
stress perception, a chi-square test
was performed. This showed no significant differences (χ2 = 4.05;
p = 0.132). In terms of hours invested
in the course, there was a trend for
gender to matter (χ2 = 6.81;
p = 0.078). 25% of male respondents
were less likely than their female
peers (75%, of female respondents) to
participate in 40 or more hours of instruction per week, according to the
study.

Discussion
In the present study, the integration
of a web-based learning tool in the
form of e-seminars into the clinical
study section of dental training was
investigated. In addition to evaluating the acceptance of the e-seminars, summative performance assessments were also conducted and
gender differences were taken into
account.
The form of assessment used here
is one of the formative assessments.
Formative assessments serve to support learners in the learning process,
to confront them with their current
level of competence, and thus to
motivate them to eliminate any
learning deficits that may exist. According to Miller [1990], MC questions are suitable for this purpose, as
they not only ask for specific technical knowledge, but also test higher
levels of competence [18, 22]. The
combination of self-study and the
previously provided content and the
subsequent query of the learning

status by the web-based tests, which
could be worked on alone or collaboratively by the students, had a positive effect on the results of the final
exam. Thus, the formative assessment not only resulted in an improvement of the previous teaching
structure in this semester, but also
had a positive effect on the summative assessment in the form of the
final exam.
The e-seminars were positively received by the students overall and
showed a positive influence on learning success. This is not only illustrated by the direct effectiveness of
the seminars in terms of end-of-semester performance, but also by the
broader benefits. For instance, the
opportunity to independently review
learning progress in order to identify
one’s own gaps in knowledge, and
the indirectly positively influenced
variables such as increased time efficiency, personal responsibility, and
self-discipline point to the consistently positive effects. A superiority of
e-seminars compared to a pure faceto-face teaching with lecture character can thus be proven with clear
results, with which this study joins
the large number of research results
on the favorable effects of e-learning
[2, 9, 20].
Nearly all students surveyed reported high levels of stress – a finding
that has emerged repeatedly from
other research [3, 23]. Studies show
that female students are more
stressed than male students when
new courses are introduced [14, 21].
The present study could not confirm
this correlation. In terms of content,
the primary trigger for this was cited
as the lack of time in the daily study
routine as a result of the very tightly
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scheduled and long day during lecture periods and the resulting impairment of performance, which can
come to a head, especially during the
phase of entering the clinic [8].
Exactly which factors were responsible for the high score in terms of
stress perception in the present study
cannot be answered here, as the students were already in their 7th semester, and requires further detailed
studies. In the survey conducted, the
creation of free time, which the students themselves could decide how
to use, was rated positively. It can
therefore not be ruled out that the
lack of time in the very tightly structured dental studies is also a significant factor for stress in this respect, as
the free spaces created have led to a
relief for many. Further advantages of
the e-seminars, which additionally
counteract this stress factor, are the
regulated range of knowledge and the
possibility of targeted and time-saving learning [2].
Nevertheless,
the
evaluation
found that face-to-face teaching is
rated as extremely important by students, as it provides them with structured knowledge transfer as well as
personal contact with lecturers. A
combination of e-seminars and faceto-face teaching is a promising option
for dental education. But the sole statistical comparison of the exam results of the two groups of the traditional face-to-face method or the online equivalent, as conducted here,
does not yet support this recommendation with the necessary evidence.
However, indications arise from the
subjective statements of the students
that the fixed face-to-face appointments to discuss the learning material
had a positive benefit. Evaluation
studies previously conducted showed
that the combination of both forms
of teaching can lead to valuable synergies [1, 8]. For this purpose, the exact
composition of different teaching
methods is investigated under the didactic concept of “blended learning”.
Today, gender differences are also
an indispensable aspect of research in
social and cultural sciences. The discipline of dentistry is now predominantly chosen by women [25]. In
order to draw correctly differentiated
conclusions, differentiation of out-

comes by gender has become indispensable. In the study by Arrenberg
and Kowalski, female students were
found to be more active in using
e-learning services than their male
peers [1]. The present study confirms
this outcomes. The female students
rated the e-seminars as more attractive and also performed better in the
final exam than their male fellow students. They worked more independently and also spent more time attending classes.
Currently, new learning concepts
are to be developed by integrating
new projects into dental studies. On
one hand they improve teaching,
and on the other hand they also relieve the teaching staff and thus
create optimized conditions for effective studies [6, 7].
A central aspect that is significant
from an organizational point of view
is the increase in the efficiency of
e-assessment use through an effortsaving application of infrastructures
for the acceptance of e-assessments
[16]. Recent solutions advocate mobile devices that can be used in an organized manner. In addition, the development effort is very high and the
presentation of learning content is
often determined by technical rather
than didactic factors. In view of the
current state of science, further research is needed on didactic, methodological, organizational, and technical aspects of e-assessment to promote the development of appropriate
systems [11–13, 19].
Nevertheless, e-assessments are a
good supplement to conventional
teaching methods, and a development towards digital teaching
formats can clearly be seen. It could
be observed that more formative e-assessment forms, as opposed to diagnostic examinations, are used in universities and colleges than in the past
[5]. At universities, the proportion of
formative assessments increased, e.g.,
“interim tests during self-learning,”
“quizzes for motivation or review,”
“follow-up and e-exercises,” and
“audience response in the lecture
hall” [5]. Legal issues also need to be
considered [5]. A legal opinion on
“Legal aspects of e-assessments at
universities” can be used as a guide
for this [10].
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Conclusions
Formative e-assessments in the context of e-seminars can be well integrated into dental education as an innovative teaching method. The present study shows that e-seminars have
a positive effect on the performance
achieved by students in dental education and thus hold great potential
for the sustainability of teaching. Acceptance on the part of students is
the prerequisite for teaching and
learning success.
Further scientific studies on the
topic of e-assessment can help to
further increase the acceptance and
use of e-assessments. In addition, the
new licensing regulations for dentists
offer many opportunities to integrate
online-based teaching right from the
start. The importance of this is particularly evident in the COVID-19
pandemic, in which face-to-face
teaching had to be largely replaced
by online teaching formats.
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