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ABSTRACT
Background: eLearning can be an effective tool to achieve learning objectives. It facilitates 
asynchronous distance learning, increasing flexibility for learners and instructors. In this 
context, the high educational value of videos provides an invaluable primary component 
for longitudinal digital curricula, especially for maintaining knowledge on otherwise rarely 
taught subjects. Although literature concerning eLearning evaluation exists, research com
prehensively describing how to design effective educational videos is lacking. In particular, 
studies on the requirements and design goals of educational videos need to be complemen
ted by qualitative research using grounded theory methodology.
Methods: Due to the paucity of randomized controlled trials in this area, there is an urgent 
need to generate recommendations based on a broader fundament than a literature search 
alone. Thus, the authors have employed grounded theory as a guiding framework, augmen
ted by Mayring’s qualitative content analysis and commonly used standards. An adaptive 
approach was conducted based on a literature search and qualitative semi-structured inter
views. Drawing on these results, the authors elaborated a guide for creating effective educa
tional videos.
Results: The authors identified 40 effective or presumedly effective factors fostering the 
success of video-based eLearning in teaching evidence-based medicine, providing a ready-to- 
use checklist. The information collected via the interviews supported and enriched much of 
the advice found in the literature.
Discussion: To the authors’ knowledge, this type of comprehensive guide for video-based 
eLearning needs has not previously been published. The interviews considerably contributed 
to the results. Due to the grounded theory-based approach, in particular, consensus was 
achieved without the presence of a formal expert panel. Although the guide was created with 
a focus on teaching evidence-based medicine, due to the general study selection process and 
research approach, the recommendations are applicable to a wide range of subjects in 
medical education where the teaching aim is to impart conceptual knowledge.
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Introduction

Motivation

Despite extensive efforts to establish effective teach
ing in the fields of medical statistics and epidemiol
ogy, we observed the persistent problem of ‘statistical 
illiteracy,’ that is, the inability to adequately interpret 
statistical data and test results, which is known to be 
an issue in medical risk communication and decision- 
making [1]. Although most medical curricula, as at 
our institution, address medical statistics and epide
miology quite extensively, leading to satisfactory 
exam results, the presence of statistical illiteracy in 
trained doctors points to a lack of long-term reten
tion [1,2].

Longitudinal learning, including spaced learning, 
promises longer recall of imparted knowledge, 

especially when active learning techniques (e.g., 
quizzes) are employed, while the feasibility of long
itudinal educational modules is dependent on 
whether asynchronous learning opportunities are 
implementable at reasonable costs. With this in 
mind, we have focused our research on video-based 
eLearning, which we consider to be a suitable tool for 
this use case.

In teaching evidence-based medicine, we have 
experienced an urgent need for the teaching of con
ceptual knowledge and the communication of ideas, 
concepts, and techniques for problem solving. This 
applies even more in our use case as the ‘statistical’ 
way of thinking is imported into medical school 
curricula from a different field. To ensure long-term 
retention of this way of thinking, short, easy-to- 
understand chunks of knowledge seem to be ideal. 
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This becomes even more important if the statistical 
way of thinking is not integrated into learners’ daily 
lives. In particular, the understanding of unaccus
tomed concepts may depend on opportunities for 
review. This is another reason for focusing on video- 
based eLearning to support these curricular compo
nents in medical education.

Motivated by the above considerations, we imple
mented a longitudinal, asynchronous digital curricu
lum based on educational videos at RWTH Aachen’s 
faculty of medicine to supplement existing classroom 
teaching. Educational video is a cornerstone of our 
longitudinal curriculum and is augmented by several 
other modalities (e.g., text-based learning materials, 
e-tests, and player-vs.-player quizzes). Therefore, 
a substantial need exists for videos that generate 
concrete learning achievements.

In our search for a comprehensive, ready-to-use 
guide for creating video-based eLearning offerings in 
medical education, we were confronted with the 
absence of such work. For this reason, we decided 
to conduct a systematic review and interviews to 
define best practices and to create such a guide.

State of research

Prior to describing the creation of a comprehensive 
guide on video-based eLearning, a brief overview of 
the known issues should be helpful.

Studies have shown that eLearning in medical 
education is effective for imparting knowledge 
under specified conditions, for example, in teaching 
evidence-based medicine [3,4]. However, eLearning is 
not always more effective than other forms of learn
ing [5]. Vaona et al. stated in their Cochrane Review 
that eLearning interventions cause a large positive 
effect when compared to no intervention, and only 
a small positive effect when compared to traditional 
learning, although these results are not conclusive. 
They concluded, ‘Even if e-learning could be more 
successful than traditional learning in particular med
ical education settings, general claims of it as inher
ently more effective than traditional learning may be 
misleading’ [5].

With regard to videos, the literature shows that 
they can be useful for their impact on learning [6–8] 
and are widely used in education [9]. A high educa
tional value is also attributed to videos because of 
their advanced multimedia level in Mayer’s cognitive 
theory of multimedia learning [10,11]. This theory is 
well known and widely respected in the literature for 
its assumption that different channels process visuals 
and auditive content in the learner’s mind, with 
resulting implications that are outlined in more 
depth below. Consequently, some authors even 
describe this theory as unique with respect to its 
impact on multimedia design [12].

Moreover, students’ perceptions of educational 
videos are often subjectively reported to be positive 
in various contexts, not just at our institution [13,14], 
and videos may be more engaging than conventional 
learning materials (e.g., textbooks) [8]. Nonetheless, 
Guo et al. have shown that student engagement col
lapses after a median of six minutes of video [9]; 
therefore, we assume that there is either a pressing 
need for short videos or for the improvement of 
educational video formats.

Furthermore, some studies show that educational 
video does not robustly lead to better knowledge 
acquisition or effectiveness compared to other forms 
of learning [15–17], although, as with eLearning in 
general, no comprehensive real-world assessment has 
been provided. This insight might depend on how 
videos are designed and the context in which they are 
used [5,17]. Unfortunately, researchers do not always 
report how the videos or eLearning content used in 
evaluation trials were created; consequently, the 
knowledge acquired to develop a best-practice video- 
based eLearning program is limited [18]. However, 
since many eLearning modalities include educational 
videos (e.g., [19]), our focus on best practices for 
educational video has the potential to make a highly 
pertinent contribution toward better eLearning.

Instructional design for video-based eLearning

Our search for guidance on effective eLearning design 
yielded general underlying principles, such as the 
ADDIE model, which is based on generic analysis, 
design, development, implementation, and evaluation 
[20]. Its application helps to establish a structure for 
creating and maintaining educational interventions 
but does not answer the question of how exactly the 
individual domains should be implemented.

Guidelines for instructional design and their pos
sible implementation by leveraging software are 
found in Overbaugh’s ‘Research-Based Guidelines 
for Computer-Based Instruction Development,’ pub
lished in 1994 [21]; however, this publication neglects 
the current developments and possibilities of educa
tional videos.

In the design of effective educational videos, 
Mayer’s cognitive theory of multimedia learning 
[10,11] represents a milestone publication. 
According to this theory, the learner’s mind uses 
different ‘channels’ to process verbal and visual con
tent (‘dual channel’), and each channel is only able to 
handle a limited amount of information (‘limited 
capacity’). In addition, learning success hinges on 
the learner’s cognitive processing during learning 
(‘active processing’) [10]. This theory is consistent 
with and incorporates the cognitive load theory of 
Sweller et al., which assumes that the verbal and 
visual channels have respective limited capacities 
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[22,23]. Although the principles introduced by Mayer 
are essential for creating well-designed videos, apply
ing them in isolation does not necessarily lead to 
perfect results, as other design and instructional 
aspects remain unaddressed.

Furthermore, various studies on effective educational 
video design exist [14,24–28], some of which were pub
lished only after our project began [29,30]; however, we 
consider these valuable publications to be insufficient on 
their own to provide a comprehensive guide to video- 
based eLearning or to meet our needs in teaching evi
dence-based medicine due to their focus on specific 
aspects, different levels of conceptions, or experience- 
led approaches rather than on a comprehensive, ready- 
to-use, evidence-based feature set or framework for 
generating effective educational videos.

As we ourselves would have greatly appreciated 
evidence-based guidelines for creating instructional 
videos for our own and other institutions that 
explained related difficulties (or at least a guiding 
checklist pointing out important issues traditionally 
encountered), especially in creating or evaluating 
eLearning resources [31], we decided to strive for 
such a guiding document.

To ensure the highest possible quality for this docu
ment, a systematic review, which ideally can include 
several randomized controlled trials per item, suggests 
itself. To close any gaps in the evidence in a reasonable 
way, a consensus should then be reached, as in 
a formal guideline-creation process. However, after 
a preliminary search, we encountered a paucity of 
randomized trials in this field. To overcome this lit
erature gap under the given circumstances, an 
approach along the lines of grounded theory [32–34] 
was deemed particularly appropriate in view of the 
topicality and significance of the subject. A grounded 
theory approach can augment existing evidence from 
the literature at a higher level than expert opinions 
alone to achieve categorization, relativization, and con
sensus for a guiding document. This eliminates the 
necessity of conducting the multitude of studies 
required while still achieving high representativity 
based on a defined methodology.

Objective

In the belief that tailoring an educational program to 
a target group may be useful to maximize student 
engagement and achievement, we investigated our 
learners’ needs by focusing our research on this ques
tion: What form should successful video eLearning 
take, especially in teaching evidence-based medicine?

Materials and methods

To establish requirements for educational video (gen
eral criteria for adequate use and specific design 
requirements), we dovetailed the literature search 
and interviews after conducting preliminary require
ment analysis based on the literature, resulting in the 
‘spiral model’ used in this study. Our approach is 
summarized in Figure 1.

To better interpret, balance, and apply the findings 
in the literature (which were often obtained under 
narrow parameters) as well as theories, we employed 
the following methodology:

We gathered evidenced insights from the litera
ture; however, to consistently interpret and merge 
the findings, we required qualitative research meth
ods and statements from different stakeholder per
spectives. In addition to providing a methodologically 
independent confirmation of previous findings, this 
approach allows the discussion of aspects not yet 
considered in the literature.

To create a defined methodology for our work, we 
selected grounded theory as the guiding framework 
and incorporated commonly used standards to 
strengthen the methodology and meet established 
reporting standards, as shown in Figure 2.

To this end, we used grounded theory methodol
ogy per Strauss and Corbin’s interpretation [32–34]. 
Furthermore, we respected Mayring’s approach to 
qualitative content analysis [35,36] in planning, per
forming coding, interpretation, evaluation, and 
reporting.

Our research approach is based on essential ele
ments of grounded theory. These include the analysis 

Figure 1. “Spiral model” – Process model for adapting the requirement analysis to subsequent interviews.
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of data obtained, which is directly interwoven with 
data collection, whereupon the latter is influenced in 
the sequel. Furthermore, regarding ‘theoretical sam
pling,’ we decided to make our interview population 
as diverse as possible to obtain conceptual represen
tativeness for the stakeholders, especially regarding 
study progress, age, and academic performance. In 
addition, we anchored the aspect of ‘theoretical 
saturation’ in our approach, terminating the recruit
ment of further interview partners once saturation 
was reached.

However, our objective of creating a compre
hensive guide for successful video eLearning 
involves various aspects that we do not believe, 
in good conscience, would be limited to a few 
core categories that are axially related to the 
remaining categories; therefore, we deviated from 
the established principles here.

The subsequent development of the interview con
tent by applying grounded theory methodology 
enabled the achievement of categorization, relativiza
tion, and consensus on the part of the interviewees, 
who represented the respective stakeholders at the 
end-user level. To achieve the highest possible qual
ity, our work was guided by the characteristics 
required by the RIGHT statement [37,38] and in 
AGREE II [39–41], which are commonly used for 
clinical guideline development and recommended by 
the EQUATOR network. It should be noted that we 
are aware that our work does not fully reflect 
a ‘classical’ guideline development approach with an 
expert panel.

To comply with established standards in the indivi
dual steps of our work, we followed the PRISMA check
list [42] for the literature search underlying our 
grounded theory approach and the COREQ statement 
[43] for reporting qualitative characteristics. Since 
human beings were involved in our study, we consulted 
the Ethics Committee at University Hospital RWTH 
Aachen. They approved our protocols, declaring that 
their vote is not required (ID EK 091/18).

Literature search

We performed a literature search using PubMed due 
to our focus on medical education. The search began 
in November 2017 and was intensively conducted 
from February – March 2018, as well as subsequently 
(see below) to stay up to date. We chose an explora
tive approach to generate a basis for semi-structured 
interviews and fulfill the requirement analysis.

We searched for literature describing concepts and 
methods for designing eLearning content, especially 
videos or parts thereof (e.g., animations). We focused 
our search on studies involving undergraduate stu
dents as the primary population and graduate lear
ners as the secondary population, each trained on 
concepts and theories using different design ele
ments, which were then compared to each other or 
to traditional design elements, allowing evidence- 
based principles to be derived. We subsequently 
defined the eligibility criteria. We included articles 
that presented theories and studies on how to design 
video-based learning or eLearning for concept deliv
ery, giving concrete (evidence-based) advice. We 
included reviews, randomized controlled trials, con
trolled trials, case reports, and expert opinions. 
Articles were excluded from this synthesis if they 
did not primarily focus on asynchronous learning 
capabilities or mainly discussed concepts for flipped 
classrooms, virtual seminars, or virtual enriched 
group work (e.g., problem-oriented learning); if they 
focused on procedural craft skills as often taught in 
surgery (the wrong setting); or if they only described 
the status quo of eLearning applications without 
offering critical appraisal or deriving advice. Because 
of our focus on video-based, asynchronous 
eLearning, we limited the search to the period start
ing in 2006, the first full year since the emergence of 
YouTube® as a well-known online tool for making 
videos available online.

We started our search using ‘((((video OR educa
tional video OR video-based eLearning OR video 

Figure 2. Grounded theory approach incorporating different standards of reporting.
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based learning OR video eLearning OR video learn
ing OR medical video OR video tape recording
[MeSH]) AND (online)) AND (medical 
students[MeSH] OR students[MeSH])) AND (educa
tional technology[MeSH])) AND (guidelines as topic
[MeSH])’ as the initial search string. After obtaining 
only one relevant paper out of two results, we 
widened our search by varying the search string by 
combining the terms in the initial search string in 
different ways. Our search strings can be found in 
Box 1 in the Appendix.

The titles and abstracts were screened for poten
tially relevant articles, and then full texts were 
accessed. Figure 3 presents a graphical summary 
according to the PRISMA checklist [42].

Preliminary requirement analysis

Based on the literature search described, we con
ducted a preliminary requirement analysis and 
expanded it according to assumptions arrived at 
deductively and inductively. User stories were chosen 
as the requirement analysis format. Based on this 
analysis, we selected important and controversial 
points (e.g., style of animations, Khan style [hand
written, step-by-step explanations with voice com
mentary], examples in explanations [amount and 
quality], and interactions) to serve as interview topics 

and developed a semi-structured interview guide. To 
avoid focusing solely on the points revealed by the 
literature search, the interview guide included open 
and broad questions on how eLearning and educa
tional video should be developed in the participant’s 
opinion.

This interview guide can be found in the Appendix.

Adapting the data elicitation – “spiral model”

To enrich and adapt the preliminary requirement 
analysis, we immediately took the new aspects men
tioned in an interview into consideration for discus
sion with participants in subsequent interviews.

For this purpose, a literature search followed 
every interview in which new aspects were men
tioned. Based on the results and the interview 
content itself, we enhanced the preliminary 
requirement analysis and adapted the interview 
content for subsequent interviews, as shown in 
Figure 1. Furthermore, categorization, relativiza
tion, and consensus were achieved via this process, 
as the points mentioned in previous interviews 
were thereby discussed with the interviewees. 
Consequently, interviewees were confronted with 
either contrasting or similar statements previously 
made by others, in addition to statements derived
from literature, and then provided their statement.

Figure 3. Graphical summary according to the PRISMA guidelines.
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Subsequent search

To stay up to date, we conducted annual literature 
searches using our initial search string and the first 
four strings derived therefrom (see Box 1 in the 
Appendix) to add new articles and aspects. The fol
lowing outlines our suggested updating procedure:

A renewed literature search should be conducted at 
least every three years and new findings added. In the 
event of substantial changes or the emergence of new 
features considered worthy of discussion, a renewed 
implementation of the interview-based methodology 
should be considered at least every 10 years.

COREQ-compliant description of the interview 
process

To meet the reporting standards in qualitative 
research, we respected the consolidated criteria for 
reporting qualitative research (COREQ) by Tong 
et al. [43].

Study design

As described above, the interview content was 
defined based on the preliminary requirement analy
sis; however, performing the interviews successively 
resulted in the expansion of the preliminary require
ment analysis and, therefore, the interview content.

We selected the participants by academic semester. 
At least one participant from each year was recruited to 
obtain a cross section of the various potential eLearning 
needs of students across several years. The main target 
group of our eLearning curriculum consisted of stu
dents for whom the start of research activities and 
clinical work were assumed to be imminent. In addi
tion, without such eLearning, students in advanced 
semesters would have had their last training in evi
dence-based medicine years before. Therefore, we 
aimed to recruit a disproportionate number of 
4th year students (according to the German six-year 
curriculum) as representatives of the main target group.

Other factors for recruiting participants were cross 
sections of academic performance and age, the 
approximate female/male ratio by course of study, 
and reachability by the interviewer.

Data collection

We provided a semi-structured interview guide for 
every interview (see the Appendix). We conducted 
only one interview per participant. After approval, 
the interviews were audio-recorded using 
a professional pocket music recorder. No participant 
disagreed to the recording. In addition, field notes 
were taken during and immediately after the 
interviews.

Following the concept of ‘theoretical saturation’ 
from grounded theory, we planned to cease further 
interviews when the last interview conducted did 
not add new relevant information. To ensure a suf
ficiently large cross-section, the minimum number 
of participants was set at 11 following the considera
tions stated above.

The transcripts were not returned to the partici
pants as our research variant was based on Mayring’s 
qualitative content analysis approach and grounded 
theory methodology and, thus, complete transcripts 
were not created.

Analysis

Our analysis was guided by this research question: 
What form should successful video eLearning take, 
especially in teaching evidence-based medicine? Due 
to our preliminary requirement analysis, we docu
mented our preconceptions in our interview guide. 
We chose a mixed research design incorporating 
descriptive (deductive category development, top- 
down process) and explorative (inductive category 
development, bottom-up process) elements [35] to 
investigate our learners’ needs and desires and to 
discuss specific points derived from the literature. 
As a coding unit of up to three keywords (in the 
sense of a paraphrase) was defined, the context unit 
comprised up to several contiguous sentences. The 
evaluation unit consisted of interviews. Thus, all 
statements concerning a single category were ana
lyzed consecutively.

To save time and resources, we transcribed the 
audio-recorded interviews only partly in the spirit of 
a selective protocol [35]. Due to limited resources, the 
audio material was transcribed by the researchers 
themselves. However, this allowed the transcription 
and coding rules to be applied simultaneously. 
Whenever a passage met the requirements of the 
coding guide for deductive categories (available in 
the Appendix) or our procedure for inductive cate
gory development (see below), the entire passage was 
transcribed and associated with the interview number 
and the time code that marked the start of the rele
vant passage in the audio file. Therefore, the partly 
transcribed interviews nevertheless included relevant 
information.

To ensure that the inductive category assignment 
complied with the open questions and possible non- 
predetermined interview content, we referred to our 
research question and previous content-analytical 
units. We established the categories as every imple
mentable feature, design element, or variant of content 
presentation that could be considered a (potentially) 
valuable part of a best-practice eLearning implementa
tion. As a level of abstraction, we defined generally 
applicable statements, comments, and viewpoints from 
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which advice could be derived and which could be 
enriched with concrete examples and statements, 
although the latter was not necessary.

After the first run of coding, the categories were 
controlled, and interrelated categories were joined. 
During the second instance of listening to all the 
interviews, the complete category list was accessible. 
Aspects mentioned regarding each category were 
allocated and transcribed as before, including the 
assignment of time stamps. For the analysis, we 
used transcribed passages. The time stamps ensured 
that they were reidentifiable in the raw data. We 
adapted the categories during coding.

Intercoder agreement was ensured by weekly 
supervision dialogues between the authors, including 
the presentation, discussion, and reworking of the 
coding performed by confirming the analysis, as sug
gested by Mayring for very open material with an 
explorative research question [35]. In addition, as 
the project progressed, we discussed the theories 
and findings of the study at department meetings to 
obtain surrogate communicative validation from our 
colleagues as learners and educators.

Formulation of recommendations

To meet our objective of providing comprehensive 
guidelines for creating educational videos despite the 
paucity of randomized controlled trials, we have 
included as recommendations all characteristics 
shown or assumed to be effective, provided that the 
following criteria apply:

– the derived recommendation appears relevant 
for concept delivery to the target group (undergrad
uate learners);

AND
– the derived recommendation is based on 

a higher level of evidence than qualified expert opi
nion, OR, if it is an expert opinion, it was confirmed 
in discourse with the interviewees AND/OR the 
authors. Furthermore, we made the decision to 
allow the formulation of recommendations based 
on the applicable legal situation and the advice 
derived therefrom.

Results

Systematic research yielded no paper describing 
a comprehensive evidence-based best practice 
approach to educational video creation for teaching 
evidence-based medicine. However, we found papers 
describing approaches to creating videos in other 
fields of medicine [29,44] and scientific education 
[45] as well as general considerations regarding var
ious aspects of creating videos [30,46] or eLearning/ 
computer-based learning materials and learning plat
forms [21,47].

Like many previous researchers, we agree that 
Mayer’s cognitive theory of multimedia learning is 
an important underpinning concept for creating edu
cational video content. Much advice on creating well- 
designed educational videos can be traced back to his 
principles of ‘dual channels,’ ‘limited capacity,’ and 
‘active processing’ [29], including achieving the 
balanced utilization of both channels while avoiding 
cognitive overload to provide the best possible pro
cessing of content as efficiently as feasible. In fact, the 
appropriate amount of information on each channel 
is a key factor for well-designed learning materials.

Furthermore, research by de Leeuw et al. describes 
a model for designing postgraduate digital education, 
mentioning important points for creating, maintain
ing, and evaluating eLearning offerings on 
a conceptual level; however, no concrete advice is 
given on how to design the educational intervention 
itself [48].

We also identified many additional points, such as 
design, administrative, and legal (i.e., data protection, 
copyright, and personality rights) issues.

Table 1 presents the detailed results of our spiral 
model approach, including the literature search and 
the interviews, while Table 2 shows the results of the 
interview analysis.

We interviewed a total of 11 participants (one 
student from each year [Years 1–6 in the German six- 
year curriculum], in addition to five students from 
Year 4). Eight participants were female and three 
male. This was equivalent to approximately 73% 
females and nearly coincided with the gender repre
sentation at RWTH Aachen’s faculty of medicine 
(69% male/31% female) [59]. Every potential partici
pant who was asked to participate did so. No one 
dropped out.

We carried out face-to-face interviews in various 
locations to suit the participants (six in a social room 
at the faculty of medicine, four at home, and one in 
a café). Non-participants were present in the social 
room and in the café, but they were usually more 
than three meters away and out of auditory range. All 
the participants were medical students at RWTH 
Aachen University and aged 18–30 years. The parti
cipants’ academic performance ranged from sufficient 
to excellent. The average interview duration was 
25.36 minutes (SD 7.59 min; median 23.12 min; 
range 15.58–36.67 min).

Because the last interviews conducted did not deli
ver new relevant information, we did not recruit 
more participants than the initially planned 11, fol
lowing the concept of ‘theoretical saturation’ from 
grounded theory.

As intended, during the interview process, it 
was possible to discuss the reported characteristics 
in the literature as effective or presumably effec
tive, thus achieving categorization, relativization, 
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and consensus on the part of the interviewees as 
representatives of the respective stakeholders at 
the end-user level. Additionally, the spiral model 
enabled reflection on the temporally preceding 
interview content with the literature research find
ings and discussion of the results obtained with 
the subsequent interviewees. Thus, we obtained 
a broader basis for the development of recommen
dations than a literature review alone could have 
provided.

From the interview analysis, 10 deductively formu
lated categories and eight inductively found cate
gories of content emerged (see Table 2).

Interestingly, various categories came up induc
tively, although we could have deductively set them 
because such recommendations appear in the litera
ture. We considered these categories to be so 
self-evident that they did not need any discussion; 
however, we would have implemented them without 
further discourse due to their plausibility (e.g., 
‘reduce extraneous processing,’ ‘structuring,’ and 
‘chapters’). In our opinion, this underscores the per
ceived importance of these features and adds valuable 
focus for the further development of educational con
tent for learners’ needs.

Most advice found in the literature search was 
confirmed through the interviews, and the students’ 
comments and clarifications enriched it. ‘Khan style’ 
(hand-written step-by-step explanations with voice 
commentary) and ‘talking head’ style (adding the 
speaker’s head to the visuals) were the only two 
areas in which the recommendations of the literature 
and the students’ opinions clearly differed. Our sam
ple preferred subsequent text animations instead of 
the traditional Khan style.

Furthermore, the importance of take-home mes
sages was outlined in the interviews. To our knowl
edge, however, this point is not a prominent 
recommendation in the literature.

Although the interviews mainly supported the pre
viously found recommendations, they provided addi
tional (specific) information about the students’ 
opinions and examples of what worked well in 
eLearning at our institution and what might work in 
various fields and situations. Therefore, the interviews 
helped accentuate the suggestions found in the literature.

Table 3 presents our conclusions, condensed into 
a single checklist for use in producing our videos (our 
checklist for educational videos for video-based 
eLearning). We identified 40 important points for 
well-designed educational videos and enriching tech
niques with concrete, processable questions to ensure 
the consideration of relevant design factors before 
creating content. Due to the various contexts of 
implementation, not every point must necessarily be 
respected in every video project.

Discussion

Although eLearning and educational video are pro
minent topics in current research and university dis
course, we were unable to find a comprehensive 
paper that considered most of the points relevant to 
our needs in relation to creating a video-based 
eLearning course in evidence-based medicine. Most 
of the recommendations we discussed can be found 
via a literature search, but to our knowledge, a broad 
compilation of these is novel.

Our work provides an extensive guide for video- 
based eLearning to meet the needs of teaching 
evidence-based medicine. In the context of the inter
viewed sample (consisting solely of medical students) 
and our focus on teaching the ‘statistical’ way of 
thinking (which is an unaccustomed concept for 
many medical students and is not integrated into 
the learners’ daily lives), the user value was reported 
to be highly appropriate for the targeted group. 
Nonetheless, our results should be applicable to 
other fields of (medical) education, especially where 
the aim is teaching conceptual knowledge and com
municating ideas, concepts, and techniques for pro
blem solving, as our research focus was applicable to 
such settings.

However, our work must be compared to articles 
that describe the development of eLearning offerings 
on a conceptual level (e.g., de Leeuw et al. [48]). 
Moreover, approaches such as the ‘Online Nursing 
Education Best Practices Guide’ by Authement and 
Dormire [47] should be mentioned. This approach 
provides an instructor checklist with 33 points focus
ing mainly on organizational issues for online educa
tion, which represents an important support for 
creating and conducting successful eLearning pro
grams. Choe et al.’s ‘Summary of Best Practices for 
Creating Engagement in Educational Videos’ [30] is 
based on a text-based survey of undergraduate stu
dents. It describes and compares different video styles 
based on Mayer’s principles of multimedia learning, 
as well as students’ perceptions, and it can be 
a valuable aid for video creation. The aim of their 
work is close to our own, namely, to assist in quality 
educational video development, although it focuses 
on comparing different forms of presentation to 
derive valuable recommendations. However, the 
goal of their work was not to develop comprehensive 
guidelines for creating educational videos, and it 
included neither a systematic literature review nor 
consensus developed via interviews. Furthermore, 
we acknowledge studies such as that by Young et al. 
[29], who outlined principles for effective educational 
videos. Although the authors describe how their tech
niques are used for a specific topic, the beneficial 
general aspects are clearly identifiable. Moreover, 
the work of Roshier et al. [14] deserves mention. 
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Based on focus group interviews and the authors’ 
experiences, it presents valuable suggestions for 
developing a video-based eLearning offering. 
Although the authors neither conducted 
a systematic literature review nor focused on educa
tional theories, they provide orientating guidance that 
can contribute to the successful implementation of 
educational videos online.

General underlying models, such as the ADDIE 
model, which is based on generic analysis, design, 
development, implementation, and evaluation [20], 
and dividing video creation into preproduction, pro
duction, and postproduction stages [46], should also 
be mentioned. In the sense of the ADDIE model, our 
work enriches the design and development compo
nent, specifically for educational videos in teaching 
conceptual knowledge in medicine.

Although some findings overlap, our compilation 
of the requirements and recommendations in practic
able guide form, informed by the available evidence 
and the findings of our qualitative research approach, 
enhances the existing literature at a new level by 
covering a broad spectrum of issues and providing 
concrete recommendations along with a checklist.

While our work and teaching aim relate to teach
ing concepts and knowledge but not (surgical) pro
cedures, we excluded guidelines on surgical education 
videos from our literature search. Nevertheless, con
sidering approaches from surgery might enhance the 
recommendations, particularly for situations where 
the teaching aim cannot be categorized as either 
conceptual knowledge or surgical procedures. Karic 
et al.’s [60] ‘Ideal Third Year Medical Student 
Educational Video Checklist’ mentions guidance 
and describes critical maneuvers, time efficiency, 
identifying instruments, and trocar placement as key 
aspects, among others. Apart from time efficiency, 
the ‘surgical setup’ is also described by Chauvet 
et al. [61] as a crucial point for creating effective 
surgical educational videos. Providing all the infor
mation necessary to teach vividly is also important in 
teaching concepts and educational video in general.

In our work, we encourage the enrichment of data 
collection with interviews to confirm suitability for 
individual situations. Although our sample size of 
interviews was modest (n = 11), the different points 
of view provided general considerations, further fields 
of interest, and specific comments on the appropriate 
form of video-based eLearning in our setting that 
may not have otherwise arisen. In addition, the con
firmation and, sometimes, contextual relativization 
provided were relevant.

Interestingly, one point that was crucial to the 
interviewed students and, in our opinion, a relevant 
aspect of effective video design was the use of take- 
home messages. To our knowledge, this is not 

prominently recommended in the literature. This 
aspect certainly calls for further research.

However, given our results, one must keep in 
mind that good teaching always includes the indivi
dual component of the respective teacher, and the 
context and audience must always be considered. 
Thus, in some situations, a humorous approach may 
have a positive effect, whereas in others, it may be 
inappropriate (e.g., in some medical topics).

Furthermore, the potential gaps between ‘pleasing 
students,’ ‘perceived beneficial factors by students,’ 
and ‘fostering learning’ should be noted. Although 
the aim should be to maximize both learning and 
student satisfaction, particularly effective features for 
learning may be unpopular and vice versa. For 
instructional videos that follow Mayer’s principles, 
thanks to the data presented by Choe et al. [30], 
there is at least some indication that ‘pleasing stu
dents’ and ‘fostering learning’ need not be mutually 
exclusive, as evidenced by the similar effectiveness of 
the video styles examined. Therefore, one could fall 
back on features perceived by students as positive and 
satisfying. However, it is a limitation of this work that 
only characteristics derived from Mayer’s cognitive 
theory of multimedia learning were considered. 
Regarding other characteristics, further research, pre
ferably randomized controlled trials, is necessary.

Regarding the evaluation issue, it should be noted 
that this cannot be concluded with the first review 
but must be continued on an ongoing basis. In this 
regard, continuous evaluation systems and measures 
should be established. If more than sporadic criticism 
arises, certain elements could be reconsidered and 
improved if necessary.

Regarding the methodology, the ability to sub
stantiate any guideline recommendation with a clear 
body of studies is highly desirable. Preferably, a meta- 
analysis of multiple randomized controlled trials 
should be conducted, each examining only one fea
ture, and recommendations should be developed 
from the resulting body of data. However, since the 
necessary studies do not exist on a sufficiently large 
scale and cannot be produced with reasonable effort 
by most research teams, our grounded theory 
approach is crucial to filling this gap.

It is important to note that the guidelines and 
checklist were compiled using grounded theory as 
a guiding framework; thus, the results should be for
mally considered interpretative and theories in pro
gress, given grounded theory’s inherent methodology. 
However, we have mitigated this aspect as far as 
possible by incorporating established standards and 
applying the resulting defined methodology. Thanks 
to grounded theory as a guiding framework, we were 
able to combine, in a meaningful manner, accepted 
methods that, in themselves, would not be subject of 
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this criticism. Thus, grounded theory fulfills an inter
mediary role, as this approach integrates existing 
evidence, classifies it, expands it through interviews, 
and thereby achieves categorization, relativization, 
and consensus. Thus, using our approach, we can 
deliver recommendations of higher value than expert 
opinions on their own.

Our approach offers creators a guide to designing an 
educational video set and/or reviewing one using our 
checklist for educational videos for video-based 
eLearning. We are aware that not every single point 
must be implemented in every context, but by referring 
to the literature in Table 1, a creator can check whether 
a characteristic mentioned applies to a given project. 
Creators should at least consider all the items and be 
able to justify why not all have been implemented.

In this context, it should be mentioned again that 
we elaborated our checklist for the transfer of con
ceptual knowledge so that for intended applications 
(e.g., skill transfer), practitioners can check whether 
all of the recommendations should be applied in 
a given setting in this way (e.g., the controversy 
about avoiding background music [50]).

Our guide can also be used as a valuable basis for 
further evaluation and description of implemented 
eLearning offerings. Using our checklist, important 
features can be evaluated to improve outcomes, and 
reporting gaps can be identified and resolved in the 
revision process. Thus, whether reported outcomes 
are influenced by unknown design aspects can be 
revealed. Practitioners do not always report how the 
videos used in evaluation trials were created [18], 

Table 3. Our checklist for educational videos for video-based eLearning.
Fulfillment? *

Does the content benefit from the “video” presentation mode (e.g., for teaching concepts)? 0 1 2 3
Context
Is the content embedded in a larger context? 0 1 2 3
Are tangible examples (ideally chosen from everyday life and from specific [medical] situations) used to illustrate the content? 0 1 2 3
Dual channel
Does the video provide audio and visuals that align with each other (“synchronizing/matching”)? 0 1 2 3
Does the video provide a continuous input flow (e.g., animations building up, Khan style)? 0 1 2 3
Are the visuals well-made and specifically appropriate for video use? 0 1 2 3
Reduce extraneous processing 0 1 2 3
Is the video clean and lacking in distracting elements (e.g., background music)? 0 1 2 3
Is unnecessary information absent from the video (“weeding”)? 0 1 2 3
Is redundancy avoided in the audio and visuals (e.g., the same text is not presented in spoken form and in an on-screen textbox)? 0 1 2 3
Are very important points highlighted (“signaling”)? 0 1 2 3
Are corresponding audio and visuals presented at the same time (“temporal continuity”)? 0 1 2 3
Are corresponding visuals presented near each other (“spatial continuity”)? 0 1 2 3
Manage essential processing
Is the video length limited to about six minutes, or does it not exceed 10 minutes when the content cannot be presented didactically 

flawlessly in only six minutes?
0 1 2 3

Is the video divided into short chapters (“segmenting”)? 0 1 2 3
Does the video stop automatically after each chapter? 0 1 2 3
Does the audience have at least limited previous knowledge of the topic? 0 1 2 3

If not, is pre-training provided? 0 1 2 3
Personalization
Is the audience addressed in a conversational style and/or an informal setting? 0 1 2 3
Does the narration feature simple syntax? 0 1 2 3
Is the speed appropriate (≥ 160 words per minute)? 0 1 2 3
Is the audience addressed directly so that it is clear that the video was made for its members? 0 1 2 3
Does a coherent structure exist throughout all videos (e.g., recognition patterns)? 0 1 2 3
Do take-home messages summarize the content at the end of the video? 0 1 2 3
Does the video include (light and self-deprecating) humor to an appropriate degree? 0 1 2 3
Active learning
Does the video include guiding questions? 0 1 2 3
Are there questions and tests concerning the video to use during or after watching? 0 1 2 3
Is a player-vs.-player quiz implemented? 0 1 2 3
Usability
Is the eLearning platform easy to use, structured, and visually appealing? 0 1 2 3
Is there an alternative presentation modality for users with visual disabilities (e.g., audio only)? 0 1 2 3
Are the users familiar with the platform? 0 1 2 3
Is the video tagged with keywords? 0 1 2 3
Is the platform enabled for mobile use? 0 1 2 3
Can the eLearning program be used “out-of-the-box” on any device? 0 1 2 3
Is the content available early so that users can prepare for the course when they have the time? 0 1 2 3
Planning in advance
Is there a script for every video planned? 0 1 2 3
Is there a written summary for the users? 0 1 2 3
Is the video reusable, and does it exclude references to resources that you do not control (e.g., links)? 0 1 2 3
Is the video modular so that it is unnecessary to recreate it completely if anything changes? 0 1 2 3
Administration
Does the platform allow monitoring to evaluate the use of the content? 0 1 2 3
Have all laws (e.g., copyright and data protection) been observed? 0 1 2 3
Has the video been reviewed and evaluated by a peer? 0 1 2 3

*Degree of fulfillment: not at all fulfilled (0), slightly fulfilled (1), moderately fulfilled (2), completely fulfilled (3). 
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thus, we propose our checklist as a practical tool for 
reporting relevant design decisions in creating educa
tional videos.

Conclusion

We created a comprehensive guide for creating 
video-based eLearning offerings for teaching evi
dence-based medicine using a spiral model approach 
consisting of grounded theory methodology, 
a systematic literature search, and student interviews 
to reach a consensus. The 40-item checklist intro
duced can be useful for creating, reviewing, and 
reporting on educational videos, especially if they 
focus on teaching conceptual knowledge.

Outlook

Based on our guide for educational video creation, we 
developed a video-based eLearning offering to 
address the abovementioned statistical illiteracy of 
medical students. Our procedure, its implementation, 
how we dealt with problems that arose, and the 
evaluation trial are planned to be reported in 
a further publication.
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Appendix 

Box 1 Search strings used for the initial literature search
((((video OR educational video OR video-based eLearning OR video based learning OR video eLearning OR video learning OR medical video OR video 

tape recording[MeSH]) AND (online)) AND (medical students[MeSH] OR students[MeSH])) AND (educational technology[MeSH])) AND (guidelines as 
topic[MeSH])

(((video OR educational video OR video-based eLearning OR video based learning OR video eLearning OR video learning OR medical video) AND 
online) AND ((medical students[MeSH] OR students[MeSH]) AND ((educational technology[MeSH]) AND education) NOT game) NOT flipped 
classroom)

education AND checklist AND online AND (students OR undergraduate)
multimedia guidelines AND education
eLearning design
humor AND video AND education
video based learning
video eLearning
video learning

Additional Information Regarding the COREQ-Checklist

Research Team and Reflexivity

The first author, a male 4th-year MD student aged 21 years, conducted the interviews. Prior to the interviews, 
the other author trained him via a supervision dialogue, reflection on the literature, and postprocessing.

All participants were personally known to the interviewer, and at least occasional personal contact between 
the interviewer and the participants existed independently of this study. The interviewer and the participants 
were also medical students at the same faculty and, at the very least, were acquainted. The participants knew 
that the study’s goal was to create a requirement analysis to improve the faculty’s eLearning program for 
evidence-based medicine (i.e., by implementing educational video).

Interview Guide “Fighting Statistical Illiteracy” – What Form Should Successful Video eLearning 
Take?

Watch? □ Recorder? □ Writing materials? □
Welcome, gratitude, concern (=> title), consent to recording? Estimated timeframe: 30 minutes. Explaining procedure 
incl. subjectivity, open-minded; everything may be important!
Your benefit: chance to make an impact on this course; help improve the teaching and learning environment
=> start recording
As a student, you are a member of our target group; therefore, this interview has the sense of customer orientation!

Vision/Warm up:

Appealing & effective eLearning offerings on the topic of fighting statistical illiteracy; here, video-based
‘fighting statistical illiteracy’ particularly means studying comprehension and the correct handling of terms and values => 
creating the ability to interpret and self-confidently classify studies and results, also with regard to medical risk-communication
But: Not a statistics course (although content may overlap)

Exploration of present situation:
Huge spectrum of knowledge to be acquired with simultaneous danger of bulimia learning.
Nevertheless, evidence-based medicine topics are important for advanced semesters (e.g., research activities, how to write 
a paper) => our motivation for offering a voluntary evidence-based medicine course
What is your opinion concerning eLearning?
Talking about current eLearning at our institution (key facts): Our institutional eLearning, if any, often consists only of 
presentations and texts. Only a few videos are available, and they are usually not embedded in the main courses. 
Generally speaking, there are not many interactions.
=> Does that bother you? Would you like more (comprehensive) eLearning?
Keywords: eLearning in general, effectiveness, convenience, no travel time, . . .

Exploration of future situation:
What do you expect from successful eLearning? [our goal: crisp and brief, but effective]
Do you consider videos to be advisable for this purpose?
What do you wish for? What are must-haves and nice-to-haves for you? What must not appear?
What videos do you wish for? Let’s talk about animations and Khan style.
What do you think about examples in explanations? How many make it boring; when does it become boring? Do you 
prefer everyday-life examples or specific (medical) examples?
What do you think about games (like a quiz app for playing against other students) or interactions in general with other 
course mates in this context? Would you play educational games?
Let’s talk about learning controls, tests, and repeated testing!

MEDICAL EDUCATION ONLINE 19



What would you prioritize in order to use eLearning effortlessly?
Would you invest 10 to 15 minutes per week in such a course?
Do you think you would learn successfully from such a course?
Let’s talk about motivation. What do you think is more engaging: videos or scripts? Are 2 pages of script too much for one week?
[refer to requirement analysis]

Summary, feedback, gratitude => stop recording! Goodbye, outlook => course offering in summer semester, results of 
interviews will be available later.
Taking field notes □

Coding guidelines for deductive categories concerning the analysis of the interviews

Category 
name

Nominal/ 
Ordinal Values Definition/Basic encoding rules Anchor Example Further encoding rules/Depth

Experiences  
concerning 
video- 
based 
learning

Nominal – This category must be coded if 
the interviewee mentions 
any experience concerning 
video-based learning, 
including best-case and 
worst-case experiences.

‘And that’s when I really went 
under the covers because 
that was just badly 
presented and I just stopped 
after two videos because 
I just got the crisis. But if 
videos are well prepared and 
presented in a summarizing 
way, I think it would make 
a lot of sense.’

–

Experiences 
concerning 
text-based 
learning

Nominal – This category must be coded if 
the interviewee mentions 
any experience concerning 
text-based learning, 
including best-case and 
worst-case experiences.

‘Sometimes I find it more 
pleasant to have a text, 
because you can jump back 
and forth at your own pace.’

–

Khan style Ordinal C1 endorses Khan style 
C2 ambivalent about 

Khan style 
C3 opposes Khan style

This category must be coded if 
the interview content deals 
with Khan style in the sense 
of implementing step-by- 
step written explanations/ 
development of content OR 
in the sense of subsequent 
text animations.

‘Take notes on a tablet and the 
integrate that in eLearning. 
Yes, that’s it.’

Respect all commentaries and 
opinions on Khan style. 

Code every reaction after the 
interviewer’s question 
about Khan style.

Animations Ordinal C1 endorses 
subsequent 
animations 

C2 ambivalent about 
subsequent 
animations 

C3 opposes 
subsequent 
animations

This category must be coded if 
the interviewee mentions 
aspects concerning 
subsequent animations.

‘It’s cool for schematics if they 
build up one after the other’

Respect all commentaries and 
opinions on animations. 

Code every reaction after the 
interviewer’s question 
about animations.

Medical 
examples 
vs. 
everyday- 
life 
examples

Ordinal C1 endorses medical 
examples 

C2 ambivalent about 
medical or 
everyday-life 
examples 

C3 endorses everyday- 
life examples

This category must be coded if 
the interviewee mentions 
his/her opinion on examples 
in education OR mentions 
aspects concerning this 
topic.

‘[I’d appreciate] both; first, 
I would look at everyday life 
and then at what helps me 
later in my job’

Respect all commentaries and 
opinions on examples. 

Code every reaction after the 
interviewer’s question 
about examples.

Testing Ordinal C1 endorses repeated 
self-testing 

C2 ambivalent about 
repeated self- 
testing 

C3 opposes repeated 
self-testing

This category must be coded if 
the interviewee mentions 
his/her opinion on self- 
testing OR mentions aspects 
concerning this topic.

‘Well, I have to say that for me 
personally, I always 
perceived that [self-tests 
were] very helpful. You had 
the question, could 
immediately think about it, 
and then got the feedback 
directly.’

Respect all commentaries and 
opinions on self-testing OR 
testing in eLearning. 

Code every reaction after the 
interviewer’s question 
about examples.

Games (Quiz) Ordinal C1 endorses games in 
eLearning 

C2 ambivalent about 
games in eLearning 

C3 opposes games in 
eLearning

This category must be coded if 
the interviewee mentions 
his/her opinion on games in 
eLearning in general OR 
mentions aspects regarding 
player-vs.-player quizzes.

‘That might be a pretty good 
solution to make it a little 
more playful and less static. 
It might not be the way to 
teach it completely, but I can 
imagine it as a good start or 
for recapitulation.’

Respect all commentaries and 
opinions on games and 
quizzes OR games in 
eLearning. 

Code every reaction after the 
interviewer’s question 
about games.

(Continued )
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(Continued). 

Category 
name

Nominal/ 
Ordinal Values Definition/Basic encoding rules Anchor Example Further encoding rules/Depth

Usability Nominal – This category must be coded if 
the interviewee mentions 
anything on usability in 
eLearning.

‘I would appreciate one to have 
the system under control so 
that it doesn’t crash all the 
time.’

Respect all commentaries and 
opinions on (perceived) 
usability in eLearning, 
including but not limited 
to best-case and worst- 
case examples.

Video length Nominal – This category must be coded if 
the interviewee mentions 
anything on preferred or 
opposed length of educative 
videos.

‘The maximum would be about 
15 minutes because, beyond 
then, I would no longer be 
attentive. Five minutes is 
already a good length, but 
the videos must not be 
shorter. Something between 
5 and 15 minutes.’

Respect all commentaries and 
opinions on the duration 
of education videos, 
including but not limited 
to best-case and worst- 
case examples and 
conditions that might 
affect the opinions.

Talking Head Ordinal C1 endorses ‘talking 
head’ in videos 

C2 ambivalent about 
‘talking head’ in 
videos 

C3 opposes ‘talking 
head’ in videos

This category must be coded if 
the interviewee mentions 
anything about the 
lecturer’s/creator’s on-screen 
presence in educational 
video and his/her perception 
of this.

‘I don’t care to see the 
speaker – it can be good, but 
it doesn’t have to be’

Respect all commentaries and 
opinions on a ‘talking 
head’ in educational videos 
and conditions that might 
affect the opinions.
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