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Zusammenfassung 

Blended Learning Konzepte werden als eine effektive Maßnahme zur Verbesse-

rung der Kompetenzen von Studierenden betrachtet. Im Zahnmedizinstudium 

eignet sich die zahnärztliche Radiologie besonders gut, um Blended Learning 

Konzepte erfolgreich umzusetzen, wie eine frühere Pilotstudie an der Heinrich-

Heine-Universität Düsseldorf gezeigt hat. Aufgrund der COVID-19-Pandemie wa-

ren europäische Universitäten gezwungen, die persönlichen Kontakte zwischen 

Lernenden und Lehrenden einzuschränken. Präsenzunterricht wurde in eine 

reine Online-Umgebung verlagert. Ziel der vorliegenden Studie war es, die Effek-

tivität eines Blended Learning Konzeptes (Prä-Pandemie) und eines reinen On-

line-Lernkonzeptes (Pandemie) in der zahnärztlichen Radiologie zu vergleichen.  

Zu diesem Zweck wurden zu Beginn und Ende jedes Semesters, in jeweils drei 

aufeinander folgenden Kursen (C1, C2 und C3), standardisierte Prüfungen 

durchgeführt. In den drei Prä-Pandemiekursen (Okt. 2018 bis Feb. 2020) wurde 

ein präsenzbasiertes Blended Learning Konzept mit Präsenzvorlesungen in 

Kombination mit einer digitalen Röntgenbildplattform umgesetzt. Zusätzliche vi-

deobasierte Lernmodule wurden in den drei Pandemiesemestern (April 2020 bis 

Juli 2021) eingeführt. Für die statistische Analyse wurde ein Vergleich innerhalb 

der Semester mittels gepaarter und zwischen den Semestern mittels ungepaar-

ten t-Tests unter Verwendung des Softwareprogramms R durchgeführt.  

Sowohl vor als auch während der Pandemie zeigte sich jeweils ein signifikanter 

semesterbezogener Wissenszuwachs. Das Wissensniveau in den Abschlussprü-

fungen in den prä-pandemischen verglichen mit den pandemischen Semestern 

unterschied sich hingegen nicht signifikant. Auf Kursebene erzielten Studierende, 

die während der Pandemie die meisten Lernmodule nutzen konnten (C3), signi-

fikant höhere Werte im Wissenszuwachs und den Abschlussprüfungen als Stu-

dierende, die diese in nur geringerem Umfang nutzen konnten (Kurse 1 und 2).  

Die vorliegende Studie lässt schlussfolgern, dass der pandemiebedingte Rück-

griff auf gut konzipierte online Inhalte in Kursen der zahnärztlichen Radiologie 

einen vergleichbar hohen Wissenszuwachs erbrachte wie das präsenzbasierte 

Blended Learning Konzept vor der Pandemie. Pandemiebedingte psychologi-

sche Faktoren konnten in dieser Studie nicht berücksichtigt werden.   
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Summary 

Blended learning concepts are considered an effective method to enhance stu-

dent skills in higher education. In dental education, oral radiology is especially 

suited to implement blended learning concepts, as demonstrated in a previous 

pilot study at Heinrich Heine University in Düsseldorf. Due to the COVID-19 pan-

demic, European universities were forced to reduce personal contact and shift 

from face-to-face teaching to an online-only learning environment. The present 

study aimed to compare the effectiveness of a blended learning concept (pre-

pandemic) and an online-only learning concept (pandemic) in undergraduate oral 

radiology courses. 

Standardised exams were held at the beginning and end of each semester within 

three subsequent courses (C1, C2, and C3). In pre-pandemic courses from Oc-

tober 2018 to February 2020, a conventional blended learning concept with face-

to-face lectures combined with an oral radiology platform was implemented. Ad-

ditional video-based e-learning modules (VBLMs) were introduced during the 

pandemic semesters from April 2020 to July 2021 (2 VBLMs for C1, 4 VBLMs for 

C2, and 6 VBLMs for C3). For the statistical analysis, a within-semester compar-

ison was performed by means of paired t-tests and between semesters with un-

paired t-tests using the software programme R.  

Results show significant knowledge gain in both pre-pandemic and pandemic se-

mesters, whereas no significant differences were found among the results of final 

exams. Students who received the highest number of additional VBLMs during 

the pandemic (C3) scored significantly higher in both knowledge gain and final 

exams compared to students who received a small number of VBLMs (C1 and 

2). 

The present study provides further evidence that well-thought online-only teach-

ing in oral radiology can be as effective as face-to-face blended learning con-

cepts. As for the limitations of this study, it was not possible to evaluate COVID-

19-associated detrimental psychological effects.   
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1 Introduction 

How do we learn? — A short introduction to learning and memory from a 

cognitive perspective 

When considering topics such as online learning environments or blended learn-

ing concepts, it is essential first to discuss general principles of human learning 

and memory processes. Fortunately, there is extensive scientific literature on 

these topics (e.g., [1]). Several insights from this literature are immediately rele-

vant to my work, especially as they relate to models of learning and memory. 

Specifically, in models of learning and memory, two fundamental distinctions 

have emerged. Firstly, memories can be either explicit, meaning that the learner 

is aware of and able to verbalise knowledge (e.g., Paris is the capital of France 

[2]), or implicit, meaning that the learner has no awareness of the information and 

that it is challenging to verbalise it (e.g., how to ride a bicycle or how to drill a 

tooth [3]). Secondly, memories can be categorised into episodic memories, that 

is, memories for specific autobiographical events (e.g., what I ate yesterday 

morning), and semantic memories, that is, memories for facts or general 

knowledge about the world (e.g., caries is terrible [4]). It is important to stress that 

semantic memory (“I know”) is generally strengthened by repetition, in contrast 

to episodic memory (“I remember”), which can be weakened by exposure to sim-

ilar events. 

When it comes to forming new memories, also known as “learning” or “encoding”, 

there are three basic principles that govern how successfully memories are stored 

[1]. First, merely being repeatedly exposed to information does not guarantee to 

learn it. For example, people have difficulty remembering details of their national 

currency, though handling money daily [5]. Secondly, memories are better stored 

if the information to be learned relates to previous knowledge (e.g., [6]). This also 

has clear implications for studying: For example, remembering facts presented in 

a lecture will be far easier after completing assigned readings beforehand. Finally, 

deeper information processing at encoding leads to a higher likelihood of remem-

bering the information later (this is the so-called levels-of-processing effect [7]). 

The level of processing positively correlates with brain activation in corresponding 

areas [8] and dictates the need for teachers to engage students in multimodal 
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learning techniques, some of which will be discussed later in this dissertation. 

These principles can guide us in the development of blended/online learning plat-

forms since all of these principles can be applied to different forms of learning. 

What about retrieving information from memory? One general rule is that 

knowledge is better retrieved when study and test conditions match, also called 

constructive alignment. This means that preparation for an exam should involve 

processing the material similar to how it is tested on the exam [9]. Furthermore, 

memory content retrieval becomes easier with more cues available. Obviously, 

free recall of facts is more demanding than cued recall, which in turn is more 

demanding than recognition. For designing exams, this means that teachers have 

to compensate for the fact that multiple-choice tests (based on recognition 

memory only) are generally easier to perform than open-answer tests by, e.g., 

including choices that can be easily mistaken for the correct answer. As a last 

principle of memory retrieval, the struggle or failure to remember can enhance 

memory. This implies that the mere act of taking a (difficult) test can improve later 

memory for the knowledge tested (for review, see [10]). This is called the test-

enhanced learning effect [11]. 

1.1 Types of learning concepts 

In previous literature, the term e-learning (i.e., electronic learning) has often been 

defined and used inconsistently. This makes it difficult to identify one single, over-

arching definition of e-learning. In their systematic review, Basak and colleagues 

[12] strived to develop a common definition for the concepts e-learning, m-learn-

ing (i.e., mobile learning), and d-learning (i.e., digital learning), which will be fur-

ther introduced in the following paragraphs. Interestingly, they also provided rec-

ommendations for teachers, educators, students, and staff regarding the imple-

mentation of e-learning content. 

1.1.1 E-learning 

The term e-learning refers to all forms of learning supported by the use of elec-

tronic or digital media [12], for the presentation and distribution of learning mate-

rials, and/or to support interpersonal communication. The main feature is the use 
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of the internet [13]. E-learning is also often used synonymously for online learn-

ing, telelearning, multimedia learning, computer-supported learning, computer-

based training, open and distance learning, and computer-supported collabora-

tive learning (CSCL). In the “e-Learning in Medical Education” AMEE guide by 

Ellaway and Masters [13], it is summarised as “the educational uses of technol-

ogy”. It includes the simple distribution of digital documents and describes a ped-

agogical approach that aims to be flexible, motivating, and student-centred. This, 

in consequence, should enhance interaction, collaboration, and communication 

[13].  

The advantages of e-learning are permanent accessibility and availability of in-

formation independent of time and place, ease of updating already existing con-

tent, personalised instructions, automated feedback, and data availability. In ad-

dition, interactive features, for example, possibilities of control and intervention, 

allow for a student-centred and student-controlled environment in which students 

choose the content, learning sequence, learning velocity, time, and media, ena-

bling them to customise an individual learning experience [14].  

Three e-learning principles are particularly noteworthy: multimediality, multicodal-

ity, and multimodality. First, multimediality describes the numerous options for 

online content distribution, including various media such as books, video players, 

audio players, computers, audiobooks, e-books, and e-lectures. Second, multi-

codality comprises various codes through which the learner is able to receive the 

information, e.g., (animated) images, texts, hypertexts (with cross-references), 

animations, simulations, or videos. Third, multimodality is the reception of infor-

mation through various (primarily auditory and/or visual) sensory modes [15]. In 

higher education, it is used as a term for receiving information and learning skills 

through not only different sensory modalities [16] but also through different tech-

nologies [17]. Anastopoulou [18] defined multimodality as an “employment of mul-

tiple modalities, interaction styles, and […] interactive devices”.  

Broadening the learning options not only results in increased interactivity but also 

in higher learning motivation. Therefore, effectiveness (i.e., learning of relevant 

contents) and efficiency (i.e., learning in a systematic, well-planned, and time-

saving manner) of the learning process might be enhanced [14], and knowledge 
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may shift from theoretical to more practical applications. However, disadvantages 

— such as lack of resources, technical issues, no stable internet connection, and 

personal isolation, possibly leading to frustration of the learner — are also high-

lighted in the literature [14, 19-21].  

Educators should always consider in advance whether the use of technology is 

appropriate for the intended purpose. In other words, digitalisation should not ex-

ist for the sake of it but should always have specific goals in the scope of appli-

cation. Until now, digital educational technologies (e.g., e-learning) have been 

successfully implemented in many aspects of medical [13, 14, 22, 23] and dental 

education [20, 24-26] from teaching basic anatomy [27], dental terminology [20, 

21] to surgical skills [28]. Specifically, the implementation of e-learning in oral 

radiology courses is thought to enhance diagnostic skills [25, 29-32]. 

With regard to the structure and design of e-learning, a distinction is made be-

tween e-learning with a focus on the content (i.e., for “accessing materials”; focus 

on “content management such as content upload/download”) and e-learning with 

a focus on the process (i.e., for “participating in activities”; focus on “scheduling, 

discussion, and tracking activity”) [13]. The conceptualisation and development 

of e-learning content are associated with high costs for personnel and digital in-

frastructure (hard- and software). Furthermore, production is time-consuming. 

However, investing in complex e-learning development tools might not be re-

quired since easy-to-use software tools are already available and beneficial for 

students’ knowledge gain and learning efficiency [33]. 

1.1.2 M-learning 

Mobile learning (m-learning) is defined as a specific form of e-learning [34], “using 

mobile devices and wireless transmission” [35]. M-learning holds many new pro-

spects for working with learners in novel contexts [13]. In 2003, Hoppe et al. [35] 

saw promising potential in this fast-evolving technology. In their guest editorial 

“Wireless and Mobile Technologies in Education” in the Journal of Computer As-

sisted Learning, they foresaw that there might be more sophisticated intentions 

to implement m-learning besides the apparent content delivery.  



5 
 

One of the essential advantages of m-learning might be enabling more active and 

collaborative forms of learning, especially as mobile devices do not interfere with 

interaction the way laptops and computers do [35]. Also, m-learning might “set 

the focus more on interpersonal relations and on the task at hand” [35]. Over the 

last two decades, with the development of technically more sophisticated mobile 

devices with increasing screen sizes, better accessibility, and availability of online 

formats, and the accelerating optimisation of e-learning development platforms, 

the disadvantages associated with the use of mobile devices (e.g., non-optimal 

screen sizes or incompatible interactions) are gradually diminishing in importance 

[36].  

Studies have already evaluated the readiness of medical [36] and dental students 

[37-39] for using mobile devices in their learning process and their attitudes to-

ward the educational use of mobile phones. Many authors reported positive feed-

back and recognised m-learning as a promising opportunity to target students’ 

individual needs. However, Klímová [40] concluded in her literature review that 

implementing m-learning in medical education is efficient for acquiring knowledge 

and skills but only as a compliment to a traditional face-to-face (F2F) course. 

Since then, many studies have been published investigating the implementation 

of innovative m-learning in medical education. For example, in 2017/18, Golenhof 

et al. [27] successfully implemented an eMedApp to enhance factual knowledge 

gain in their undergraduate anatomy course. In 2018/19, Golshah et al. [41] com-

pared two groups (F2F vs m-learning) of 4th-year dental students in identifying 

cephalometric landmarks and found a lower error rate for the m-learning group. 

In 2019, Bock et al. [42] developed a mobile application for their pre-existing Pan-

toDict oral radiology platform and tested it in a quasi-experimental trial with un-

dergraduate dental students. Results demonstrated that students using the ap-

plication performed significantly better in the final exam than students in the con-

trol group. 

1.1.3 D-learning 

Digital learning is a broad term for any form of learning facilitated by technology 

or instructional practices that employ technology effectively. It occurs in all learn-
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ing domains and disciplines [12]. Despite the uncommon use of the term, d-learn-

ing is increasingly used as a substitute for e-learning. D-learning technologies are 

intended to facilitate and support the learner's understanding of complex contexts 

and practical applicability to everyday problems and situations. 

The definition of d-learning should be distinct from the concept of distance learn-

ing. Distance learning describes the contrast to on-site campus education and 

comprises any remote and online learning [43]. The term digital learning is often 

used synonymously with e-learning and online learning. For simplicity, I will use 

the term e-learning to refer to any digital learning concept. 

1.1.4 Blended learning 

Blended learning combines F2F learning and synchronous (i.e., time-fixed live) 

or asynchronous (i.e., on-demand, independent of a specific time) e-learning. 

Blended learning extends traditional learning methods by introducing, integrating, 

and adding online environments, such as learning management platforms (LMS), 

learning games, and mobile technologies [44]. Bridging the old with the new ap-

proaches showed promising and positive effects for educators and students [46-

50] and appeared to increase the effectiveness of modern teaching and learning 

[44]. It may also define a combination of different instructional modalities and 

methods. However, as instructional modalities and methods are very broad and 

define an overly wide range of different learning systems, it is advisable and use-

ful to limit the definition of blended learning to the combination of F2F learning 

and either synchronous or asynchronous e-learning [45], which will also be the 

definition that is used throughout this dissertation.  

Since digitalisation progresses and students demand an increasingly flexible and 

remote learning environment, Heilporn et al. [46] broadened the definition of 

blended learning as a specific form of e-learning, namely a combination of syn-

chronous and asynchronous online learning content. They proposed that all tra-

ditional learning settings are shifted into an online environment. In addition, the 

authors addressed the outstanding issue of how to optimise student engagement 

in blended online courses through educators’ instructional strategies and investi-

gated the effects between several disciplines in higher education [47]. For this 
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purpose, they first recommend a clear and unified course structure with a sus-

tained course pace. For example, the authors suggest activating course modules 

with a time difference over the duration of a semester. As a side-effect, this ought 

to help manage the learner's cognitive load. Moreover, Heilporn et al. [46] em-

phasised that educators need to assess the relevance of learning material be-

forehand, consider the choices in topics, activities, and/or resources, as well as 

make it available through active and interactive learning. To facilitate this con-

structive alignment, educators need institutional support and, consequently, a “re-

liable and robust infrastructure” [44] as a prerequisite.  

For example, online logistics and administration guarantee audit, quality assur-

ance, and compliance in an online environment. A support organisation that is 

appropriately resourced and ideally employs instructional designers may support 

faculties in the conceptualisation and design process of a novel blended learning 

course [44]. Unfortunately, the novelty of blended learning “renders institutions 

unsure of how to afford the educator the support and recognition they give their 

traditional teachers. For example, performance factors, such as contact hours, 

academic recognition, and advancement, still militate against blended learning 

and its e-teachers.” [13] 

But what is the right amount of blending? This question remains to be controver-

sially discussed [44, 45]. There might not be a universally valid dose-response 

relationship that dictates the effectiveness of learning, as it depends on the spe-

cific topic at the centre of the study and the students’ learning habits. An overview 

of the advantages and disadvantages of different components of blended learn-

ing is given below to identify the optimal combination for a given course. 

Firstly, one advantage of F2F learning (synchronous, either at present or online) 

is the familiarity with this type of learning for most undergraduate students. Sec-

ondly, as there is personal social interaction, it is likely to be beneficial for devel-

oping trustful relationships between students and teachers and among students 

themselves [45]. Forming and developing such trustful relationships and the 

teacher's guiding role might eventually lead to optimal student engagement [46]. 

Thirdly, in a F2F environment, the guidance of students might be more direct and 

straightforward since both the teacher and students can consider all (verbal and 
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non-verbal) communication. In addition, interaction among students is more eas-

ily encouraged when students assemble for the F2F lecture or seminar at the 

same time and place. 

Nevertheless, there are also disadvantages of F2F learning. Importantly, F2F 

learning is time- and location-constrained, and this could lead to practical issues 

like time conflicts, possibly resulting in low attendance rates. Secondly, there is a 

higher risk that this form of teaching shifts to teacher-centred learning, resulting 

in low involvement and motivation of students. This might eventually lead to 

suboptimal learning effectiveness between (different cohorts of) students due to 

poor inter-educator reliability since the quality of a F2F lecture depends, among 

other things, on the individual motivation of the teacher. Thirdly, the content will 

often be unavailable after the lesson, as learning material and its content cannot 

be re-used. Consequently, costs are incurred continually for each seminar.  

The other component of blended learning is e-learning. Synchronous or asyn-

chronous e-learning environments have been characterised as more student-

controlled and student-centred. Apart from its inherent possibilities to individual-

ise the learning process [14], linkages to external sources of knowledge (e.g., 

learning games, meta databases, hyperlinks) may also be incorporated. Further-

more, high-quality learning objects, for example, 3D simulations, virtual reality 

clinical procedures, and video-based interactive branching scenarios, can be im-

plemented modularly, making it feasible to control the cognitive load. 

Disadvantages of e-learning may be the limited or missing social interaction and 

a higher risk of silent drop-outs due to the higher demands on students’ self-

motivation and self-discipline [21]. Moreover, e-learning challenges the teacher’s 

guidance skills as there are little to no group dynamics. This is because students 

most commonly work individually with e-learning content at their time and pace. 

An exception might be break-out rooms during synchronous online meetings and 

lectures where students are directly encouraged to work in groups. Finally, the 

development of effective online assessments and learning environments is de-

manding, time- and staff-consuming, and, therefore, challenging to implement 

successfully.  
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Since blended learning comprises the advantages of both concepts, F2F learning 

and e-learning, it potentially can result in effective ways to deliver knowledge. 

Examples of blended learning concepts have already been shown to be effective 

in medical [48-50] and dental education [51-54] and are recognised to enhance 

students’ engagement and motivation [45, 47]. The systematic review of Vallée 

et al. [48], for example, found evidence for the effectiveness of blended learning 

compared to traditional learning in medical education. Blended learning consist-

ently demonstrated improved effects on knowledge outcomes compared to con-

ventional learning. Bains et al. [55] compared the effectiveness and acceptability 

of three different teaching concepts (F2F, blended, and e-learning). Their results 

suggested that the blended learning concept was the most effective and accepted 

in teaching cephalometric analysis to undergraduate orthodontic students. Espe-

cially in diagnostic imaging, e.g., (oral) radiology, primary studies coincide in af-

firming that blended learning concepts were more effective than traditional F2F 

concepts and had a positive impact on diagnostic skills [52] and knowledge gain 

[31]. For example, Durán-Guerrero et al. [49] implemented a blended learning 

concept in an “Introduction to diagnostic imaging course” for teaching radiology 

and compared the blended learning group of 204 medical students to a F2F con-

trol group of 90 medical students. In the blended learning group, five online learn-

ing modules were implemented on the local LMS (Moodle). At the beginning and 

the end of the course, standardised exams and satisfaction surveys at the end of 

the course were carried out. They compared the final exam scores of both groups 

and the associated average knowledge gain. The authors concluded that the 

blended learning concept had a significantly positive impact on students’ results 

in final exams and overall knowledge gain and was also accepted with high sat-

isfaction levels.  

1.2 Conceptualisation of an e-learning course 

To understand the conceptualisation of an e-learning course, it is necessary to 

describe the different roles of the e-teacher and the e-learner and to define their 

tasks.  
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1.2.1 E-teacher 

The most important responsibility of the e-teacher is to design a concept and 

content that is optimally helping students achieve the intended learning out-

comes. Therefore, the content should be optimally adapted to the design to en-

hance learning effectiveness. This can be achieved by aligning intended learning 

outcomes, didactic methods, and examination formats, as described in the con-

cept of constructive alignment (Fig. 1). 

 

 

Fig. 1: The concept of constructive alignment by Biggs and Tang 2011 [56] 

In Germany, the basis for the definition of learning objectives is the national com-

petencies-based catalogue for dentistry (German: Nationaler Kompetenz-ba-

sierter Lernzielkatalog Zahnmedizin, NKLZ). According to the Miller pyramid (Fig. 

2), this catalogue contains various competence levels. Competence level 1 cor-

responds to descriptive, factual knowledge, and competence level 2 describes 

the ability to explain facts and relationships and place them in a scientific-clinical 

context. Competence level 3a relates to the ability to apply what has been learned 

under guidance, and competence level 3b describes the independent and situa-

tion-appropriate action, which is usually unattained in undergraduate student 

teaching. While content at competency levels 1 and 2 is ideally suited for digital 
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video-based e-learning modules (VBLMs), learning objectives in category 3 often 

require a combination of digital content and hands-on F2F elements. 

 

Fig. 2: Competency pyramid according to Miller et al. [57]: The lower levels (1 and 2) corre-
spond to factual and reasoning knowledge. Level 3a is the highest level to be achieved in under-
graduate studies. 

 

For the teacher, it is essential to consider the different perspectives, as indicated 

in Fig. 3. Biggs and Tang [56] suggest that teachers and students hold different 

approaches to the learning process. On the one hand, teachers think about how 

the intended learning outcomes are achieved through optimal teaching and learn-

ing activities. In contrast, students prioritise the assessment method and align 

their learning activities accordingly.  

 

Fig. 3: Teacher's and students' perspectives on assessments by Biggs and Tang 2011 [56] 

For designing a student-centred e-learning course, relying on a concept for cur-

riculum development that has been proven successful in medical education might 

be helpful. The most renowned concept is Kern's six-step approach to curriculum 

development ([58], 1998, see Fig. 4). It was proposed that medical education 
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curricula are aligned with patients’ healthcare needs [58]. This approach received 

wide recognition and has been adopted by medical educators worldwide. Since 

then, it has been partially modified to adjust to specific frameworks and environ-

ments [59, 60]. Kern proposed that, in order to conceptualise a course success-

fully, it is essential to sequentially consider six steps, namely the context of im-

plementation, the identification of the problem with a needs analysis, the mapping 

of objectives and goals, the selection of educational strategies, the implementa-

tion itself, and finally, the evaluation and feedback [59, 60].  

 

Fig. 4: The six-step approach to curriculum development by David E. Kern [58] 

Firstly, according to Kern, a problem has to be identified. For example, a health 

care need, such as the provision of routine dental care. It has to include the cur-

rent approach to a solution for this problem or need and disclose any deficiencies 

regarding the training of medical or dental students. Then, an optimal approach 

to solving the identified problem may be proposed through a general needs as-

sessment. Step 2 comprises a targeted needs assessment that specifies the 
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needs of a specific group of students within a particular learning environment. 

Next, in step 3, the learning goals and objectives should be mapped and written. 

Kern states that these objectives “may include cognitive (knowledge), affective 

(attitudinal), or psychomotor (skill and behaviour) objectives for the learner” [58]. 

Learning objectives are beneficial to comprise content, facilitate suitable meth-

ods, and support the learner in defining the focus. Step 4 determines the teaching 

methods (e.g., buzz groups, interviews with experts, sandwich method, and in-

teractive mind map). Step 5 is the transfer of a theoretical plan to reality: the 

implementation of the educational concept and its feedback (from colleagues, 

staff, and students). The support of the faculty, superiors, colleagues, and other 

internal university departments for teaching, is indispensable here. This might be 

the most time- and resource-consuming step.  

Steps 4 and 5 are decisive for choosing the learning methods and environment. 

Here it is crucial that steps 1-3 have been meticulously prepared to then select 

the available technology and subsequently determine the learning concept. As 

Hoppe et al. [35] emphasised: “The point is that the learning environment, includ-

ing such aspects as the roles of learners and teachers, types of activities and 

physical settings, should not be adapted to the available technology but vice 

versa.” Finally, in step 6, the performance of the individual student (individual 

assessment) and the curriculum (called program evaluation) is assessed. As-

sessments and evaluations may either be formative (e.g., voluntary assessments 

for self-evaluation during learning) or summative (e.g., mandatory assessments 

to grade or accredit students’ learning levels).  

Example of a blended learning course 

To illustrate the conceptual planning of a blended learning course, I would like to 

present an exemplary concept, which is adapted from a similar concept by Prof. 

Birgitte Schoenmakers, proposed in her presentation “Start to blend and teach: 

A practice format from the master in Family Medicine” at the 15th annual meeting 

of the European Orthodontic Teachers’ Forum: 

Step Method Explanation Mode 

1 Preparatory 

task 

The aim of the online preparatory task is to 

stimulate the students’ motivation and activate 

their pre-learning. 

Online 
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2 Feedback For the first 10 minutes of the theoretical lec-

ture (see next point), a short and constructive 

summarised feedback on the preparatory task 

is given. 

F2F 

3 Theoretical 

lecture 

A theoretical lecture aims to give a solid basis 

of knowledge. 

F2F or 

Online 

4 Practical 

lecture 

After the theoretical prerequisite, the previ-

ously learned skills are transferred to a practi-

cal situation, e.g., problem-based learning 

(PBL) and patient-oriented learning (POL), 

where the focus lies on implementation and 

practice. 

F2F 

5 Exercise To consolidate the transfer of theoretical 

knowledge to the practical activity, an online 

exercise follows. 

Online 

6 Workshop Subsequently, practical exercises in a work-

shop format are used to routinise the proce-

dure. This workshop is led by peer tutors or 

postgraduates (peer-assisted learning, for ref-

erence, see [61]) and supervised by teachers. 

It helps to achieve the learning transfer and to 

maintain the skills. 

F2F 

7 Feedback Students are then encouraged to peer-review 

and give feedback to each other. The aim is 

that students should learn to observe, evaluate 

and reflect on a clinical situation and then an-

alyse the situation by asking precise questions 

[62]. This gives teachers and students forma-

tive feedback.  

F2F 

8 Exercise In a concluding exercise, learners are encour-

aged to apply their recently acquired 

knowledge. (SODOTO=See One, Do One, 

Teach One [63, 64]) 

F2F 

9 Integrative 

lecture 

In the last short lecture, the teacher integrates 

all teaching materials and implements a repe-

tition for self-reflection and consolidating 

knowledge. 

F2F or 

Online 

Table 1 Exemplary concept of a blended learning course:  The alternation between an online 
learning and face-to-face (F2F) learning mode with a variety of different didactic methods, e.g., 
problem-based learning (PBL), patient-oriented learning (POL), or peer-assisted learning. 
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1.2.2 E-learner 

E-learners in higher education are usually adults, which changes the approach to 

learning compared to children and teenagers. The motivation of adult learners is 

mainly fuelled by the desire for self-improvement, a need or willingness to learn 

specific skills, and/or to improve future job possibilities. Adult learners often 

demonstrate extensive knowledge, expertise, or experience even at the starting 

point of their learning journey. From a learner’s perspective, many different kinds 

of challenges may occur in the learning process. These challenges arise at dif-

ferent levels and might involve a lack of time and/or (social) support, financial 

barriers, higher self-reflectiveness, and reduced or decreasing neuroplasticity in 

later life (neurogenesis) [1]. 

Regardless of the learning type (e.g., visual, aural, kinesthetic, reading/writing 

learners) [65], e-learners can be assigned to different learning theories. To sup-

port teachers in their selection of learning content and to facilitate evidence-based 

educational practice [66], it is helpful to have the five major adult learning theories 

[67] in mind.  

1. Andragogy concept by Malcolm Knowles [68] defines the “art and sci-

ence of helping adults learn.” It is emphasised that adults need to know 

the reason why to support their internal motivation and how it will benefit 

them. In contrast to children, adults most likely have a good prior 

knowledge foundation. They learn much more self-directed and want to 

take charge. Furthermore, it is suggested that task-oriented learning 

(learning everyday tasks) is helpful and feasible through more self-directed 

hands-on experiences and less teacher-led instructions.  

2. Transformative learning (also called transformational learning) de-

scribes a concept by Jack Mezirow [69]. This type of learning mainly de-

scribes conscious changes in the thinking process of the learner and 

adults’ perception of their surroundings and themselves. It involves a more 

reflective approach, including critical thinking and questioning, evaluation 

of existing beliefs and assumptions, rational process, and finally, reflection 

of realisation. This might be best suited for complex analytical processes 
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and long-term personal growth. In sum, this learning process might be de-

scribed as learning by insight and is based on conscious cognitive pro-

cesses. 

3. Self-directed or self-regulated learning describes an adult learning the-

ory by Alan Tough [70] that received much attention during the 1970s. It is 

proposed that learners take the initiative in their learning by following three 

steps: planning, execution, and evaluation. This theory has been con-

stantly revised and adopted since its development. For example, Zimmer-

mann et al. [71] described the three steps as task analysis (goal setting, 

strategic planning), performance phase, and self-reflection phase. 

4. Experiential learning is a concept developed by David Kolb [71]. It is 

based on the notion that learning depends on experiences. From this per-

spective, learning occurs through an active process of doing and reflect-

ing. Therefore, it is a highly individual process for the respective learner. 

Similar to the andragogy concept, experiential learning is a primarily 

hands-on learning style. It mainly describes the learning process of me-

chanical skills and systematic thinking. 

5. Project-based learning was first described by John Dewey as “learning 

by doing” [67]. It is also sometimes referred to as “problem-based learning” 

and is connected to real-world scenarios. Until today, this theory is hardly 

evidence-based but widely used. 

With these concepts in mind, it can be concluded that, with adult learners, the 

regular review of information should be more frequent to compensate for their 

less plastic brains [72]. The learning content should also be connected to experi-

ences that help to facilitate learning, e.g., hands-on, practical chores, and manual 

settings. In summary, adult learning should be constructive, cumulative, self-reg-

ulated, and situated. Adults already have prior knowledge, are mostly aware of 

their learning process (metacognition), and are driven by basic needs to a higher 

motivation to acquire a higher competence, autonomy, and relatedness with 

peers [73, 74].  

In that context, the implementation of e-learning is associated with both possibil-

ities and restraints. E-learning provides easily accessible information that is inde-



17 
 

pendent of time and location. Teachers can rapidly update content and, addition-

ally, track user behaviour. This may give new insights into each student's specific 

learning behaviour, making it possible to edit and update the design and contents 

according to different learning habits. E-learning provides the opportunity to col-

laborate, self-exercise, and self-evaluate with the possibility of adding direct feed-

back. However, the main restrain of e-learning is the difficult integration of prac-

tical work processes. This may be of particular relevance in dentistry, a mostly 

manual and mechanical speciality. However, there are still numerous possibilities 

to implement e-learning in dentistry to further increase the efficiency of (cognitive) 

learning. To do so, e-learning has to be easily accessible (e.g., by tablets, 

smartphones, and computers), should not have too high demands on users’ abil-

ity, and should always be available. As for availability, digital education may be 

either synchronous (e.g., live lectures or discussions through online meetings) or 

asynchronous (e.g., on-demand, pre-recorded content).  

To fulfil these demands, effective learning management systems (LMS) have 

been developed, which are online educational platforms for content delivery. In 

LMS, synchronous as well as asynchronous differently coded learning materials 

can be implemented. Due to its familiarity and its well-known user interface, stu-

dents might get less likely to be distracted from the actual learning process. Par-

ticularly, additional support through live chats has been shown to simplify the 

help-seeking process and thus help the self-regulatory learning process [75]. Ad-

ditionally, LMS present possibilities for real-time analysis of students’ perfor-

mance, tracking of students’ records, support through different communication 

channels, and easy upgradeability. This means that engaging and interactive 

content may be developed for an efficient adult learning experience [76].  

1.3 E-learning during the COVID-19 pandemic 

Due to the coronavirus disease 2019 (COVID-19) pandemic and the rigorous re-

strictions and social distancing policies enforced in early 2020 to prevent exces-

sive numbers of infections, changes in the structure of the curriculum in higher 

education were imperative. Within a few weeks, educators all over the world 

needed to implement different forms of ‘emergency education’, and entire curric-

ula had to be digitalised to comply with newly developed infection protection laws 
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while at the same time maintaining a high quality of education. Consequently, 

educational methods shifted from conventional teaching formats to some sort of 

digital education. For example, F2F lectures were converted to synchronous 

online lectures, group seminars took place in virtual classrooms, or exercises with 

patients were transformed into telemedicine consulting hours. Case-based ori-

ented learning was entirely digitalised. This digitalisation proved to be a signifi-

cant reorganisation of conventional and long-established (teaching) procedures, 

especially in medical and dental study programs where direct interaction with pa-

tients is crucial for the development of clinical competencies.  

1.4 Oral radiology courses at the Dental School at Heinrich Heine University 

Düsseldorf  

Even before the COVID-19 pandemic, conventional lectures were combined with 

an online radiology platform (blended learning concept) for the oral radiology 

courses at the Dental School of the Heinrich-Heine-University of Düsseldorf 

(HHU). However, by April 2020, due to the COVID-19 pandemic, all lectures and 

seminars of the oral radiology courses shifted to online-only formats. In addition, 

students were provided with VBLMs in their oral radiology courses. 

1.5 Ethical Approval 

The study was approved under IRB no: 5596 by the ethics committee of the 

University Hospital Düsseldorf. Before recruitment, verbal and written instruc-

tions about the study were provided. Furthermore, all students voluntarily 

agreed to participate with a consent statement and a declaration of anonymity 

and confidentiality before the start of the study.  

1.6 Aims of Thesis 

The present study was partially funded by Heinrich Heine University Düsseldorf 

for quality enhancement in teaching (German: Qualitätsverbesserungsmittel für 

die Lehre). The goal of the study was to investigate the two different learning 

concepts and environments in three consecutive oral radiology courses in dental 

undergraduate training at HHU.  
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Specifically, this study aimed to:  

1. compare the performance in final exams and knowledge gain of under-

graduate students in dental radiology courses before and during the 

COVID-19 pandemic. Thus, traditional F2F blended learning was com-

pared to online-only learning. 

2. assess whether the number of additional VBLMs was positively associated 

with students’ skill development by splitting the scores in final exams into 

questions regarding topics covered by e-learning modules and those not 

covered.  

3. analyse the usage behaviour of students on the online radiology platform. 
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2 Is online-only learning as effective as 

blended learning? A longitudinal study com-

paring undergraduate students’ performance 

in oral radiology, Mücke, K., Busch, C., 

Becker, J., Drescher, D., Becker, K., Euro-

pean Journal of Dental Education, (2023) 
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3 Discussion and Conclusion 

The purpose of this study was to investigate whether undergraduate students' 

radiology diagnostic skills were affected by the COVID-19 pandemic. Therefore, 

we compared an online-only learning concept (synchronous live lectures, online 

oral radiology platform, VBLMs) that was implemented during the pandemic to a 

blended learning concept (F2F lectures, online oral radiology platform) that was 

already established before the pandemic. In addition, we sought to determine 

whether the number of VBLMs available to students was associated with better 

performance in final exams. Finally, we analysed the usage behaviour of students 

on the online radiology platform. 

The results indicated a generally high gain of knowledge (at the magnitude of 20 

to 30%) during the whole study period, confirming a high efficacy of the overall 

educational approach. Importantly, the online-only concept (during the pandemic) 

did not differ from the blended learning concept (before the pandemic) in terms 

of knowledge gain or performance during the final exams. On the course level, 

students who received a small number of VBLMs performed slightly worse on 

exams during the pandemic compared to pre-pandemic semesters. In courses 1 

and 2 in the pandemic semesters, the performance in final exams was worse than 

in pre-pandemic semesters. Moreover, in course 2 (pandemic semester), the 

knowledge gain was as well lower compared to the pre-pandemic semesters. 

However, in course 3, no significant difference was observed, neither in 

knowledge gain nor in performance during final exams when comparing pre-pan-

demic to pandemic semesters. When analysing the scores from questions cov-

ered by the new VBLMs, students in course 1 performed significantly worse dur-

ing the pandemic, whereas no significant difference was found for courses 2 and 

3. When analysing the usage statistics, increased usage of the platform was ob-

served during the pandemic. In general, peak numbers of accesses to the plat-

form were recorded in the days before the final exams. 

To our knowledge, this is the first study that systematically examines undergrad-

uate dental students’ knowledge gain during the COVID-19 pandemic compared 

to a pre-pandemic control group. As there is a virtual lack of methodologically 

sophisticated controlled studies investigating undergraduate students’ academic 
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performance or knowledge gain during the COVID-19 pandemic, it is difficult to 

compare these findings with findings from existing literature. Until now, studies 

predominantly focussed on the acceptance [77-84] or discussed guidelines for 

implementation [85-88] of online learning. In the following paragraphs, I will fur-

ther discuss important issues and considerations regarding the implementation 

of blended learning and online-only learning concepts. 

3.1 Discussion of the different components of the existing learning concepts in 

oral radiology courses at the HHU  

E-learning (asynchronous: oral radiology platform, VBLMs) 

Ellaway and Masters [13] stated that “as contemporary medical education in-

creasingly focuses on the application of higher cognitive skills and knowledge in 

practice, designs for effective medical e-learning need to mirror the dynamics and 

details of real-world practice.” The design of our oral radiology platform, whose 

effectiveness was established in the study at hand, aligns with the criterion to 

imitate details of real-life practice since it incorporates a wide range of different 

radiographs displaying numerous of the most important and most frequent pa-

thologies. Since dentists work with radiographic images as a diagnostic tool on a 

daily basis, it helps to simplify knowledge transfer and link theory to practice for 

many students. Especially with additional informational texts combined with the 

interactive annotation pins, students are able to achieve a more detailed back-

ground and gain additional context information (e.g., pertaining to clinical symp-

toms, differential diagnosis, and treatment concepts). 

In a systematic review, Marinopoulos et al. [89] concluded that multimedia, inter-

action, and repetition enhance the effectiveness of learning in continuing medical 

education. We achieved this by implementing VBLMs in our local learning man-

agement system. To reinforce students’ motivation and engagement, a new code 

(e.g., video as an audio-visual combination) and enhanced multimediality, includ-

ing animations and video clips, were added. This has been shown to significantly 

increase the effectiveness of medical education [89]. In contrast, delivering too 

many different codes of content at the same time might result in cognitive over-

load in the learner. To prevent cognitive overload, we implemented the VBLMs in 
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time intervals with only one learning module accessible at the same time and sent 

weekly e-mail reminders to the students.  

By increasing the interactivity in the form of formative questions and self-evalua-

tion quizzes with direct feedback at the end of each e-learning module, the learn-

ing process and success might have been enhanced as well. Through repetition 

of content in text-picture combinations, videos, and in quizzes, students were en-

couraged to reach a higher cognitive level in their learning process.  

To increase the learning effectiveness of educational videos, a previous study 

recommended implementing shorter VBLMs resulting in a shorter processing and 

engagement time for the students [90] because the median student’s attention 

span (with absolute students’ engagement) is shown to be approximately 6 

minutes [90]. Interactivity during educational videos might increase attention, es-

pecially with advanced learners [91]. Students’ attention spans might even tend 

to decrease over the next years due to the excessive overflow of digital infor-

mation and content and the multitasking associated with it [92]. Future studies 

need to investigate the impact of video length on students’ knowledge gain. 

Overall, previous studies suggested implementing more individualised and stu-

dent-centred content [84, 85, 93, 94]. Our main focus, therefore, was to create 

student-centred content that is easy to extend in the future through interactive 

videos with integrated questions and branching scenarios. The asynchronous e-

learning content may also be easily tailored to students' different learning types 

(e.g., learning mode, learning code, learning interactivity).  

One idea for future development is to design an assessment procedure at the 

beginning of each course or semester that aims to identify their individual learning 

type and choose the correct learning mode or code accordingly. Additionally, as 

students work with the e-learning content, “skip the part questions” [13] should 

be implemented; Ellaway and Masters [13] recommend to “implement pre-as-

sessments or quizzes at the beginning of each learning module. If the students 

reach a specific result, it is indicated to them which parts and sections they are 

able to skip.” Furthermore, flexibility in students’ use of the e-learning modules is 
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important and contributes to an individualised learning experience. When inter-

rupting and exiting the learning module, students must be able to return to their 

previous exit point seamlessly.  

To further enhance the motivation of students, an individual benchmarking con-

cept could be introduced. One example is to incorporate gamification elements 

into the learning platform in order for students to collect points or reach mile-

stones and compete with their fellow students on an anonymous ranking list. 

Gamification functions (e.g., single-choice picture questions, mapping questions, 

picture-labelling questions, memory quizzes, drag-and-drop questions) are also 

suitable when improving “learning behaviours and attitudes towards learning” 

[95]. Studies suggest that they can simultaneously increase motivation and thus 

lead to improved learning outcomes [95-97]. Future models of e-learning in higher 

education have to adjust flexibly to current developments in order to revise higher 

education at its core.  

F2F lectures (traditional vs synchronous online) 

Another part of our blended learning concept at HHU was synchronous F2F lec-

tures. Before the COVID-19 pandemic, these lectures took place in a traditional 

setting (i.e., live and in person on campus). Since patient cases were presented 

live most of the time, the proximity to the patients enhanced the emotional learn-

ing process. This human factor reinforced knowledge retention through emotional 

involvement and activation [1].  

During the COVID-19 pandemic semesters, the faculties aimed to continue 

teaching as normally as possible, and the synchronous F2F lectures were trans-

formed into an online-only setting. However, this made it difficult to introduce pa-

tients to the students. If at all, cases were presented through extra- and intraoral 

pictures and diagnostic imaging, e.g., panoramic x-rays, cephalometric radio-

graphs, or cone beam computed tomography. To compensate for this deficit, in 

COVID-19 times, we presented well-prepared patient cases in the VBLMs, in 

which we reviewed the initial clinical findings, the course of therapy, and also the 

treatment outcome. 

Interestingly, it is recently debated whether there may be an optimal learning re-

ceptiveness towards e-learning. It may be the case that learning is most effective 



25 
 

when the content is delivered with a certain ‘dosage’ of e-learning. Either exceed-

ing or falling short with digital content during the learning process might impede 

or inhibit knowledge gain. In other words, the relationship between the amount of 

digitalised content and knowledge gain might not be a linear dose-response re-

lationship but possibly a non-linear, inverted u-shape relationship (similar to the 

stress-performance relationship) [98]. This is an area where further studies might 

yield valuable insights for future recommendations on synchronous online lec-

tures. It would be intriguing to find out whether there is a cut-off when it comes to 

the effectiveness of e-learning and whether this cut-off differs between individu-

als.  

3.2 Discussion of the impact of the COVID-19 pandemic 

Generally speaking, the COVID-19 pandemic might have had both positive and 

negative effects on teaching and learning in higher education. The accelerated 

digitalisation resulted in an increased acquisition of hard- and software, more 

easily accessible national and third-party funding for e-learning projects, and a 

forced shift to new and innovative virtual teaching methods, sustainably changing 

technology use and teaching strategies in medical education. However, the tran-

sition to online-only teaching and learning and online learning environments 

might have also affected students’ (psychological) well-being. Social isolation led 

to decreased live interactions and increased virtual interaction, possibly resulting 

in increased psychological distress, insecurities in personal and working environ-

ments, and (social) anxiety [99]. Ultimately, this may have had negative effects 

on learning and, in the end, on academic performance. When interpreting the 

findings of our or other studies during the COVID-19 pandemic, it is important to 

keep these COVID-19-related factors in mind. 

In line with this, the discussion was raised about another negative effect of online 

environments: Zoom fatigue, which was also called virtual meeting or videocon-

ferencing fatigue [100]. This refers to the negative consequences of the overuse 

of videoconferencing platforms [101] during the COVID-19 pandemic, a “stress-

related depletion of physiological and cognitive recourses” [101]. To prompt and 

standardise further research on this topic, Fauville and colleagues [102] devel-

oped and validated the zoom exhaustion and fatigue scale (ZEFS), a 15-item 



26 
 

survey with five categories of fatigue: general, social, emotional, visual, and mo-

tivational [102]. It has been shown that Zoom fatigue was significantly and posi-

tively correlated to anxiety, depression and stress in American employees with a 

COVID-19-related online shift of their work environment [103] and Turkish uni-

versity students [104]. Interestingly, even psychotherapists may have suffered 

from the negative impact of a high frequency of online sessions due to the in-

creased demand for online therapy [105]. 

Jeremy Bailenson, Professor at the Department of Communication and Educa-

tion at Stanford University, is one of the leading researchers who extensively in-

vestigated Zoom-associated fatigue. In 2021, he outlined four possible underlying 

causes [106]:  

1. “Eye gaze at a close distance”: as we use our computers to participate in 

a Zoom call, sitting a few centimetres away from the screen, we interact at 

a close distance, already invading a personal space that is “classified as 

intimate” [106]. He further noted that being stared at for the duration of the 

Zoom meeting results in physiological distress. Additionally, conse-

quences of the prolonged lasting image fixation may result in eye strain, 

called asthenopia, possibly including headaches, eye pain, blurred and/or 

double vision, mental fatigue, and muscle tension [105].  

2. “Cognitive load”: An increased cognitive load may be caused by “dedicat-

ing cognitive resources to managing the various technological aspects of 

a videoconference […], for example, image and audio latency” [106]. A 

more challenging non-verbal communication, sending and receiving cues, 

their different meanings in different settings (F2F vs virtual) and difficulties 

in coordination may result in additional sources of cognitive overload [101].  

3. “An all-day mirror”: The fact that participants see themselves in a live feed 

throughout the Zoom meeting, they are more likely to evaluate themselves 

as it resembles staring into a mirror. On the one hand, it may “lead to more 

prosocial behaviour”, meaning that participants might engage more ac-

tively in those meetings. On the other hand, due to increased self-aware-

ness, it can be extremely stressful [106]. As it has been shown that women 

are more likely impacted by this “mirror anxiety” [107], this observation is 
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of particular interest since dental studies are a women-dominated field in 

Germany [108]. 

4. “Reduced mobility”: Physical movement decreases as participants are re-

stricted to the camera's view. This reduced mobility has been shown to 

result in poorer creativity during meetings [109]. 

 

Even as the COVID-19 pandemic slowly lapses, Zoom fatigue appears to be a 

persistent problem in an online-only or e-learning setting. Consequently, further 

studies might yield valuable insights for future recommendations on online-only 

learning and working environments. Until now, some solutions have been pro-

posed to mitigate this issue. Firstly, employers, teachers and educators should 

inquire whether employees, students or participants experience anxiety, fatigue, 

and depression in connection with their videoconferencing use [103]. Secondly, 

a blended environment combining F2F meetings and online meetings should be 

implemented, making the learning environment more flexible and diverse. Since 

the number of videoconferencing calls positively correlates with higher scores on 

the ZEFS, the total number of virtual meetings should be reduced, and enough 

time for recovery between meetings should be scheduled. Thirdly, “mirror anxi-

ety” could be reduced by turning the self-window off or introducing digital avatars 

[110], potentially mimicking the gaze of the Zoom user. Finally, the preference to 

use audio-only or even phone calls would circumvent the mirror problem and, 

additionally, give the user the flexibility to increase physical activity.  

3.3  Discussion of assessment methods 

Knowledge assessment in our study took place on several levels. These included 

a learning assessment at the beginning of the semester, quizzes with direct feed-

back within the learning modules, midterm quizzes, and a learning assessment 

at the end of the semester (final exams). For questions integrated into the learn-

ing modules (i.e., questions that covered tooth identification, dental traumatology, 

dental anomalies, mineralisation disorders, etc.), we aimed to use the test-en-

hanced learning effect [11]. This effect implies that knowledge retention increases 

when learned material is tested. Especially questions with intermediate difficulty 
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within the learning modules should activate a prompt reflection and support indi-

vidual learning. These integrated questions and the midterm quizzes were form-

ative assessments giving students the opportunity to self-assess and self-reflect. 

This feedback process was enhanced through built-in feedback paragraphs for 

each question. The exams at the beginning and end of the semester were sum-

mative assessments. All exam questions were created through a pre-review pro-

cess, tested through a peer group in a pilot phase, and then validated in a post-

review process (statistical evaluation of difficulty, discriminatory power, reliability, 

and validity). For future VBLMs, it may be preferable to implement the test-en-

hanced learning effect more deliberately and to ensure more objective and stand-

ardised questions by involving additional members of staff and, at best, additional 

experts from other universities in this process. This might enable a Germany-

wide standardisation of the examination questions that is more similar to the 

standardised medical exams.  

The implementation of on-site exams during the first COVID-19 semesters was 

bureaucratically and organisationally untenable in terms of complying with the 

strict pandemic-related regulations and restrictions. Hence, the request for a 

more flexible and remote assessment scenario became imperative. However, it 

was challenging to address this issue without compromising academic integrity 

and assessment quality. Concerns that must be addressed when developing re-

mote assessment methods relate to inappropriate/prohibited behaviour (e.g., 

cheating), privacy issues, a challenge to ensure academically integral questions, 

and implementation challenges (e.g., difficulties with involved staff and technolo-

gies) [111]. Andreou et al. [111] compared exam results of remote and on-site 

proctoring. A sophisticated proctoring software was used to document inappro-

priate behaviour by recording sound and image data of the respondents. No sig-

nificant difference between both assessment methods was found. As the tech-

nical infrastructure at HHU was not sophisticated enough at that time, an on-site 

exam was enabled with a delay of the start of the summer semester in 2020, 

which resulted in a short 5-week period between the exams at the beginning and 

end of this summer semester. Despite this limitation, academic integrity and qual-

ity throughout all the exams during the pandemic semesters were ensured. 
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3.4 Discussion of future perspectives 

Multimodal Training 

Not only in society at large but also in higher education specifically, COVID-19-

related restrictions get more and more loosened, and great efforts have been 

made to return to pre-COVID-19 conditions in many aspects of living. With regard 

to higher education, the question arose whether an online-only approach is suffi-

cient and sustainable enough to be adapted to the old yet revised curriculum. 

There seems to be a major public debate about whether computer-based online-

only learning will be the gold standard of all available teaching methods. Interest-

ingly, in the field of cognitive neuroscience, Ward et al. [112] showed that a mul-

timodal learning approach significantly enhanced skill learning in multiple cogni-

tive domains (e.g., “executive functions, working memory, and planning and prob-

lem solving” [112]) in healthy participants. They found that computer-based 

online-only learning was inferior to a combination of either physical exercise 

and/or non-invasive brain stimulation (transcranial direct current stimulation, 

tDCS). The authors propose that cognitive learning in combination with physical 

exercise might enhance hippocampal neurogenesis and neuroplasticity, eventu-

ally leading to enhanced learning processes and positive long-term effects on a 

broader set of cognitive abilities [112]. Furthermore, computer-based learning, in 

combination with tDCS, might further extend and enhance attention and memory 

[113]. Taken together, these studies suggest that multimodal training stimulates 

memory and possibly other neurocognitive processes through enhanced hippo-

campal neurogenesis and, eventually, enhances learning efficiency. 

How do these findings relate to the field of dentistry? Since dentistry is a subject 

that heavily relies on manual skills, cognitive computer-based learning in combi-

nation with manual, practical exercises with a patient or demonstrative hands-on 

equipment would be a feasible and potentially highly effective learning method. 

For example, in an online-only scenario, it would be possible to enhance simple 

image-text passages with interactive, hands-on tasks. Furthermore, interactive 

modules combined with simulation patients or virtual reality simulators could en-

rich the learning experience. Certainly, any multimodal intervention in learning 

would be superior to a single intervention modality [112]. We, therefore, plead for 
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the development, integration and implementation of multimodal training and 

learning strategies in dentistry courses in higher education. 

Transfer of training 

How can we, as educators and teachers, support students in transferring their 

theoretical knowledge into everyday practice? There is an ongoing discussion 

about whether learned skills in one environment can transfer to other situations. 

On the one hand, some authors suggested that a transfer only occurs if the prac-

tice and the transfer task include “identical elements” [114]. On the other hand, 

specific moderators, i.e., variability in training, identical neural circuits, or funda-

mental abilities, may influence (improve or impede) a transfer of cognitive training 

[115]. To highlight some of these controversial findings, it has been shown that, 

for example, working-memory training has little to no effect on fluid intelligence 

(i.e., the ability to solve new problems in different situations). In another study 

considering the placebo effect, students receiving cognitive training were found 

to improve their skills just because they assumed there would be an improvement 

[116]. Interestingly, also action and/or video-game training has been shown to 

enhance visual and attentional abilities, processing speed, dual-tasking ability, 

and decision-making. Additionally, identical neural circuits are likely activated 

during the practised and transfer tasks [115]. However, the applicability (or trans-

fer) of these functional improvements to everyday tasks and life decisions is 

widely criticised and questioned by many authors, giving a need for more evi-

dence-based research in this regard. 

3.5 Conclusion 

In conclusion and within the limitations of this study, the evidence suggests that 

undergraduate dental students at HHU constantly achieved a significant 

knowledge gain in oral radiology courses throughout pre-pandemic and pan-

demic semesters. The COVID-19 pandemic and the associated transition to an 

online-only learning environment did not impair students’ performance. Especially 

students in course 3, who received the highest number of additional VBLMs, 

tended to improve steadily during pandemic semesters. This study showed that 

oral radiology content can be learned effectively with well-developed e-learning 
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courses. Online formats seem attractive to teachers and students and should be 

implemented to complement the post-pandemic oral radiology curriculum [117]. 

In the future, the existing e-learning content at HHU should be further enhanced 

with a focus on student-centred content using assessments to identify students’ 

individual learning types, skip the part questions, and the test-enhanced learning 

effect. A particularly interesting perspective might be a multimodal combination 

of e-learning content with physical exercise, hands-on tasks, simulation patients, 

and virtual reality.  
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