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Abstract

Background: The use of theinternet asasource of information has grown exponentially inthelast decade. YouTubeis currently
the second most visited website and a major Web-based educational resource for medical students.

Objective: The aim of this study was to evaluate the quality, accuracy, and attractiveness of the information acquired from
YouTube videos about 2 central concepts in immunol ogy.

Methods: YouTube videos posted before August 27, 2018 were searched using selected keywords related to either antigen
presentation or immunoglobulin gene rearrangement. Video characteristics were recorded, and the Video Power Index (VPI) was
calculated. Videos were assessed using 5 validated scoring systems: understandability and attractiveness, reliability, content and
comprehensiveness, global quality score (GQS), and a subjective score. Videos were categorized by educational usefulness and
by source.

Results: A total of 82 videos about antigen presentation and 70 about immunoglobulin gene rearrangement were analyzed.
Videos had a mean understandability and attractiveness score of 6.57/8 and 5.84/8, content and comprehensiveness score of
9.84/20 and 5.84/20, reliability score of 1.65/4 and 1.53/4, GQS of 3.38/5 and 2.76/5, and subjective score of 2.00/3 and 2.00/3,
respectively. The organized channels group tended to have the highest VPI and GQS.

Conclusions: YouTube can provide medical students with some useful information about immunology, although content wise
it cannot substitute textbooks and academic courses. Students and teachers should be aware of the educational quality of available
videosiif they intend to use them in the context of blended learning.
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Introduction

Background

The use of the internet as a source of both general and specific
information has grown exponentially over the years, with an
estimated 54.4% of the world population having access to
internet in 2018 [1]. Some of its major assets are the ease and
efficiency with which new knowledge can be acquired. For this
reason, the internet has also gained popularity among medical
students and subsequently changed the way they learn [2,3].
Currently, 94% of medical students are actively participating
in socia media applications, compared with 79% of residents
and 42% of physicians[4]. A recent review showsthat university
students spend increasingly more time on the internet for
educational purposes [5]. This evolution is promoted by the
numerous advantages of theinternet, such as ease of accessand
adaptability to individual timetablesand can lead to anincrease
in academic performance [5,6]. However, concerns have been
raised about the accuracy and reliability of the available
information on the Web [7-10].

Much of the information that medical students have to process
is abstract and often requires visual representation for perfect
understanding (eg, immunoglobulin gene rearrangement).
YouTube, characterized by itsaudiovisual material, has become
a major auxiliary source of information for students often
complementary with their textbooks and academic courses[11].
YouTube is currently the second most visited website on the
internet and has over 1 billion users, which equals almost
one-third of the internet users [12,13]. Once created for
entertainment purposes, the site nowadays aso contains
educational videos posted by individuals, professionals,
organizations, and companies[13,14]. The content is accrescent,
with an upload rate of 300 hours per minute and a watch rate
of 5 billion videos per day [15].

There are, however, no checks and balances, and videos do not
have to undergo the same review process as the publication of
journal articles and textbooks, which resultsin variable content
quality and uncertainty about sources and reliability [16]. At
the same time, medical students may not always be able to
accurately recognize ambiguous information [17]. Research is
therefore needed to assess the reliability and accuracy of
information presented in educational videos. This has already
been conducted for some medi cal-rel ated topics such as anatomy
[11], pharmacokinetics [18], and physical examination [19].
Objectives

Immunology is an exemplary topic for the use of educational
videos, as it contains multiple abstract concepts that benefit
from avisual representation of complex physiological processes.
YouTube provides the advantage of giving audiovisua
information in a very accessible manner, but the quality of
educational videos related to the field of immunology has not
been investigated. This study focused on videos about 2
exemplary concepts that are part of the core curriculum in
clinical immunology and are generally considered challenging
by students: antigen presentation and immunoglobulin gene
rearrangement. The aim wasto assessthe quality, accuracy, and
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attractiveness of these videos and to determine if YouTube can
be auseful source of information for medical students.

Methods

Search Strategy

The search engine of YouTube was queried for 2 different
subjects related to immunology: antigen presentation and
immunoglobulin gene rearrangement. Videos about antigen
presentation were searched using the keywords MHC 1, MHC
2, MHC |, MHC Il, MHC 1 and 2, MHC | and II, Antigen
presentation, cross presentation, HLA class I, and HLA class
I1. Videos about immunoglobulin gene rearrangement were
searched using the keywords VDJ recombination,
immunoglobulin gene rearrangement, antibody diversity
genetics, immunoglobulin heavy chain genetics, immunoglobulin
variable region genetics, organization and expression of
immunoglobulin  genes, immunoglobulin  genetics, and
immunoglobulin gene organi zation. These termswere optimized
using a snowballing technique based on the sequential
suggestions of the autofill function of YouTube and Medical
Subject Headings terms of PubMed articles related to the
subjects. Each term was searched in a separate YouTube search
window on August 27, 2018 via the default settings and in an
incognito browser window. The first 60 results for each term
were considered, which has been shown to correspond to the
amount of videos internet users usually screen [20]. Videos
were excluded if they were irrelevant, the duration exceeded
60 min, the target audience was not students, the language was
not English, or the video contained advertising. This search
method simulates the actual search strategy of students. After
exclusion, 82 videos about antigen presentation and 70 videos
about immunoglobulin gene rearrangement were selected for
analysis.

In addition, a cross-section of overall YouTube videos and
biology-related YouTube videos was made using the pages
Entertainment — Topic and Biology - Topic, respectively. These
are pagesthat are autogenerated by YouTube and collect videos
that have content related to a specific topic. Videos were
registered based on similar exclusion criteriaas described above
(except specific target audience) until 100 videos for each list
were collected.

Data Collection

The following characteristics of the YouTube videos were
recorded: number of views, number of likesand dislikes, number
of comments, duration, year of publication, and days since
upload. The like ratio (like*100/[like+didlike]), view ratio
(number of views/days), and Video Power Index (VPI; like
ratio* view ratio/100) were also determined.

The videos were categorized into groups based on their source
and educational usefulness. Categories based on the source were
asfollows: (1) student (authorswere students posting individual
videos), (2) organized channel (organized YouTube channels
by tutors, teachers, or professors dedicated to producing
educational videos), and (3) other (videos from textbooks and
audiobooks, which have passed areview procedure). Categories
based on educational usefulness were afunction of the Global
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Quality Scale (GQS) and categorized as “useful” (GQS>3) or
“not useful” (GQS<3), with “useful videos” being considered
as those videos that contribute in a reasonable extent to the
student’s knowledge and can be advised as qualitative learning
material.

Video Evaluation

All videos were independently evaluated by 2 researchers for
each subject (JVDE and PGD for antigen presentation and LVE
and AC for immunoglobulin gene rearrangement, respectively)
using 5 different scoring systems (see Multimedia Appendices
1-5). All videos were evaluated by medical students that had
already attended the immunology course in their curriculum.

Understandability and attractiveness (U& A) was scored using
an 8-point modified Patient Education Materials Tool (PEMAT)
score, which was adapted for amedical student perspectivefrom
the original PEMAT tool for the assessment of audio-visual
patient information by Shoemaker et a [21]. The 4-point
reliability scoring was based on the Journal of American Medical
Association benchmark criteria for reliability and accuracy
[16,22]. The content and comprehensiveness scorings (C&C)
were composed by using recent review articlesfrom high-impact
journals: a 22-point score for antigen presentation [23,24] and
a 26-point score for immunoglobulin gene rearrangement
[25,26], which were both normalized to a 20-point score for
statistical analysis and data representation. The overall quality
of each video was rated using the 5-point GQS, which was
developed as an evaluation tool for the assessment of the flow
and ease of use of information on hedth-related websites
[14,16,27]. Findly, a subjective score was attributed to the
videos according to the pleasantness of watching them,
consisting of 3 paints: (1) unpleasant to watch, (2) pleasant to
watch, and (3) very pleasant to watch. Videos with different
scorings were reassessed until a consensus was reached.

Statistical Analyses

The Shapiro-Wilk test was used to evaluate normality of data.
Continuous variables are expressed as mean (95% Cl), and an
intergroup comparison was carried out using the nonparametric
Kruskal-Wallis test or parametric 1-way analysis of variance
according to datadistribution. Respectively, Dunn test or Fisher
least significant difference test were used as a post hoc test for
multiple comparison if 3 groups were compared,
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Ryan-Einot-Gabriel-Welsch and Quiot test was used as a post
hoc test when more than 3 groups were compared. Categorical
variables are expressed as frequency and proportion, and
differences were assessed with the chi-square test. Spearman
rho correlation analysis was used to assess correl ations between
parameters. Stepwise multiple linear regression models were
constructed to predict C& C score based on audience interaction
parameters and video source. All tests were 2-sided, and a P
value less than .05 was deemed statistically significant. All
analyses have been performed using SPSS software (SPSS Inc).

Results

Audience I nteraction Parameters

The mean audience interaction parameters of overall YouTube
videos, biology-educational videos, and the videos about antigen
presentation and immunoglobulin gene rearrangement are
represented in Figure 1. Numerical data and parwise
comparisons are given in Multimedia Appendices 6 and 7,
respectively. Both immunological videos had equal audience
interaction parameters. Overal, YouTube videos were
substantially more popular than all other videos, and the
educational YouTube videos also showed higher audience
interaction parameters than the immunological videos in our
analysis.

Of the 82 videos about antigen presentation, 28.05% (23/82)
were categorized as student, 59.76% (49/82) as organized
channel, and 12.20% (10/82) as other (Table 1 and Multimedia
Appendix 8). There was a statistically significant differencein
views, likes, dislikes, comments, days since upload, view ratio,
length of video, and VPI. When pairwise comparisons were
made, views, likes, dislikes, comments, view ratio, and VPI
were significantly higher in the organized channel videos than
in the student videos but not different from the other videos.
Other videos had significantly more days since upload when
compared with student videos but had a shorter duration when
compared with organized channel videos. Videos were also
categorized by educational usefulness, with 42.68% (35/82) of
the videos classified as useful and 57.32% (47/82) as not useful
(Table 2). Videos classified as not useful had significantly more
days since upload and had ashorter length. Organized channels
were most frequently categorized as useful, with 77.1% (27/35)
of this source contributing to the useful videos.
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Figure 1. Audience interaction parameters. Valuesin the Y-axis are given as mean and are provided with 95% Cls. VPI: Video Power Index.
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Table 1. Antigen presentation videos: categorized by source.

Van den Eynde et d

Variable Student Organized channel Other P value
Video number, n (%) 23(28.1) 49 (59.8) 10 (12.2) _a
Audience interaction parameters, mean (95% CI)
Views® 82(-12t017.6) 716 (17.6 to 125)° 70.1(7.210133) .005¢
Likes 35.4(-0.09 to 70.9) 634 (66.3 to 1201)° 230 (3.6 to 456) 019
Dislikes 9.9(-841t028.1) 11.6 (4.6 t0 18.5)° 5.8 (1.41t010.2) 019
Like ratio 95.6 (91.3 to 100) 94.1 (89.4 10 98.8) 91.6 (79.4 to 104) 31
Comments 2.6(-0.05t05.2) 47.6 (7.5 10 87.6)° 11.0(1.1t0 20.9) 0029
Days since upload 959 (599 to 1318) 1168 (937 to 1399) 2252 (1312 to 3191)° 0
View ratio 6.5(-0.9t013.9) 54.7 (7.710 102)° 22.2(3.3t041.0) 0019
Length, seconds 481 (306 to 656) 700 (512 to 887) 380 (-87.2 to 847)° 003
Video Power Index 6.0(-0.3t012.2) 57.8 (7.3 to 108)° 23.8(3.6t044.0) 0079
Content, mean (95% CI)
Reliability 1.4 (1.05-1.7) 17(1518) 22 (15-2.9)° ore
Content and comprehensiveness 8.3(6.4-10.3) 11.0 (9.62-12.27) 7.9 (5.0-10.9) 046
Global quality score 3.0(26-3.4) 3.7 (3.4-3.9)° 2.8(2.2-34)° 001¢
Cinematogr aphy, mean (95% CI)
Understandability and attractiveness 6.1 (5.6-6.7) 6.9 (6.6-7.2) 6.0 (4.5-7.5) .06
Subjective score 1.9(1.6-2.2) 2.08(1.9-2.3) 1.9(13-2.5) 47

@ot applicable.

BT hese factors were divided by 1000.
P<.05 versus student.

dp<.05 was considered significant.
€P<.05 versus organized channel.
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Table 2. Antigen presentation videos. categorized by educational usefulness.
Variable Useful Not useful P value
Video number, n (%) 35 (42.7) 47 (57.3) _a
Global Quality Score, mean (95% Cl) 4.3 (4.1-4.4) 2.7(2.6-2.8) —
Audience interaction parameters, mean (95% CI)
Views” 30.7 (12.9-48.5) 70.7 (14.0-127.3) 91
Likes 340 (140-541) 470 (-104-1044) 18
Didlikes 7.4(1.8-12.9) 12.5(2.3-22.7) .99
Likeratio 97.7 (96.6-98.9) 91.3(85.5-97.2) 23
Comments 28.03 (9.2-46.8) 32.3(-8.08-72.7) 20
Days since upload 969 (703-1235) 1445 (1141-1748) 04°
View ratio 24.9 (11.9-37.9) 46.4 (-2.6-95.3) 31
Length, seconds 922 (662-1181) 359 (278-440) <.001¢
Video Power Index 25.9 (12.1-39.6) 52.4 (-4.5-109) 63
Content
Reliability, mean (95% Cl) 1.7 (1.5-1.9) 1.6 (1.4-1.9) A7
Content and comprehensiveness, median (IQR)? 15(13-19) 7(6-10) <.001¢
Cinematogr aphy, mean (95% CI)
Understandability and attractiveness 7.0 (6.7-7.4) 6.3 (5.8-6.7) 02°
Subjective score 2.3(2.07-2.5) 1.8 (1.6-2.01) 002°
Source, n (%)
Student 6.0 (17.1) 17.0(36.2) 02°
Organized channel 27.0(77.1) 22.0(46.8) —
Other 2.0(5.7) 8.0 (17.0) —
3Not applicable.

BT hese factors were divided by 1000.
®P<.05 was considered significant.
9 QR: interquartile range.

Of the 70 videos about immunoglobulin gene rearrangement,
14.29% (10/70) were categorized as student, 51.43% (36/70)
as organized channel, and 34.29% (24/70) as other. There was
a statigtically significant difference in days since upload and
length between these groups (Table 3 and Multimedia A ppendix
9). Sudent videos were observed to have significantly more
days since upload than those of the other groups, and organized
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RenderX

channel videos had asignificantly longer duration. Videoswere
also categorized by educational usefulness, with 24.29% (17/70)
videos classified as useful and 75.71% (53/70) as not useful
(Table 4). Videos classified as not useful had a significantly
lower number of views, dislikes, and comments. They also had
a lower view ratio and a shorter length. There was no source
that was categorized significantly more frequently as useful.
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Table 3. Immunoglobulin gene rearrangement videos: categorized by source.
Variable Student Organized channel Other P value
Video number, n (%) 10 (14.3) 36 (51.4) 24(34.3) _a
Audience interaction parameters, mean (95% CI)
Views” 49(-1.61t011.4) 35.0 (10.7 10 59.3) 11.2 (-2.09 to 24.4) 76
Likes 43.9 (—38.06 to 126) 304 (54.9 to 553) 103 (-15.4 to 221) 48
Dislikes 1.3(-14t03.9) 4.1(1.3t06.9) 5.5 (-0.03 to 11.03) .28
Likeratio 98.4 (95.4 to 101) 90.5 (80.5 to 100) 74.8 (55.4 10 94.2) .06
Comments 6.2 (—4.1t0 16.5) 22.8(9.41036.1) 5.04 (0.4t09.7) 47
Days since upload 1907 (1599 to 2215) 1199 (918 to 1480)° 1027 (668 to 1386)° .02¢
View ratio 2.3(-0.4105.03) 17.9 (6.2 0 29.6) 12.04 (3.2 to 20.9) 42
Length, seconds 432 (257 to 608) 578 (446 to 711) 218 (128 to 307)¢ <.001¢9
Video Power Index 2.3(-1.08105.7) 22.7 (5.9 t0 39.4) 13.8(2.9t0 24.8) 24
Content, mean (95% CI)
Reliability 0.9(07t01.1) 19(16t022)° 1.3 (L03to 1.6)¢ .001¢
Content and comprehensiveness 52(241t07.9) 6.6 (5.1t08.07) 5.0(3.09t0 6.9)d A1
Global quality score 2.8(2.06t0 3.5) 3.08 (2.7t0 3.4) 2.3(1.8t02.7) 0
Cinematogr aphy, mean (95% CI)
Understandability and attractiveness 5.9 (5.1t06.7) 6.1(5.6t06.6) 5.4(4.6t06.1) .23
Subjective score 19(1.5t02.3) 22(19t025) 1.8(1.4t0 2.09) .10
3Not applicable.

b These factors were divided by 1000.
®P<.05 versus student.

dp<.05 was considered significant.
€P<.05 versus organized channel.
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Table 4. Immunoglobulin gene rearrangement videos: categorized by educational usefulness.

Van den Eynde et d

Variable Useful Not useful P value
Video number, n (%) 17 (24.3) 53 (75.7) _a
Global quality score, mean (95% CI) 4.2 (4.01-4.5) 2.3(2.07-2.5) —
Audience interaction parameters, mean (95% CI)
Views” 532 (5.2-101.2) 12.7 (3.8-21.6) 0°
Likes 527 (6.5-1049) 94.6 (24.0-165) 10
Didlikes 7.1(15-12.8) 3.4(0.7-6.2) 08¢
Like ratio 84.4 (63.7-105) 86.5 (76.9-96.0) 77
Comments 34.8 (10.9-58.7) 7.2(2511.9) 002¢
Days since upload 1272 (814-1730) 1231 (1004-1458) 94
View ratio 26.7 (4.4-49.05) 9.5 (4.04-14.9) 009°
Length, seconds 812 (618-1007) 313 (243-382) <.001¢
Video Power Index 29.7 (2.7-56.8) 11.05 (4.0-18.1) 22
Content
Reliability, mean (95% Cl) 1.89 (1.5-2.3) 1.4(1.2-1.6) 03¢
Content and comprehensiveness, median (IQR)? 12 (105-21) 537 <.001¢
Cinematogr aphy, mean (95% CI)
Understandability and attractiveness 6.8 (6.3-7.4) 5.5 (5.08-6.0) 001°
Subjective score 25(2.2-2.8) 1.9(1.6-2.07) 005°
Source, n (%)
Student 1.0(5.9) 9.0 (17.0) .06
Organized channel 13.0(76.5) 23.0 (43.9) —
Other 3.0(17.6) 21.0 (29.6) —
3Not applicable.

b These factors were divided by 1000.
P<.05 was considered significant.
q QR: interquartile range.

Content Analysis

The videos about antigen presentation had a mean reliability
score of 1.65/4 (SD 0.760), C& C score of 9.84/20 (SD 4.653),
and GQS of 3.38/5 (SD 0.911). Between the different groups
based on source, there was a significant differencein reliability
and C&C (Table 1). When pairwise comparisons were made,
the organized channel videos had a significantly higher GQS
than the 2 other groups, whereas other videos had asignificantly
higher reliability score. C&C and GQS were observed to be
higher in useful videos (Table 2).

The videos about immunoglobulin gene rearrangement had a
mean reliability score of 1.53/4 (SD 0.812), C&C score of
5.84/20 (SD 4.331), and GQS of 2.76/5 (SD 1.096). There was
a dtatistically significant difference in reliability and GQS
between groups based on source (Table 3). Organized channel
videos had a significantly higher GQS than other videos and
had the highest reliability score of al of the groups. C&C and
GQS were observed to be higher in useful videos (Table 4).
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Cinematographic Analysis

The videos about antigen presentation had a mean U& A score
of 6.57/8 (SD 1.334) and subjective score of 2.00/3 (SD 0.737).
Therewere no significant differencesregarding cinematographic
scorings between groups based on source (Table 1). U&A and
subjective score were observed to be higher in videos classified
as useful (Table 2).

The videos about immunoglobulin gene rearrangement had a
mean U& A score of 5.84/8 (SD 1.585) and subjective score of
2.00/3 (SD 0.799). When comparing videos based on source,
there were no significant differences regarding cinematographic
scorings (Table 3). U&A and subjective score were observed
to be higher in useful videos (Table 4).

Stepwise Multiple Linear Regression

The stepwise multiple linear regression analysis for the videos
about antigen presentation revealed a significant regression

equation (F,,;=27.591; P<.001), with an R? of 0.264. The
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predicted C&C score is equal to 8.190 + 0.004 (length in
seconds). The C& C scoreincreased 0.004 pointsfor each second
avideo lasted longer. All other audience interaction parameters
and video source were excluded from the model as they were
no significant predictors.

In theimmunogl obulin gene rearrangement group, asignificant
regression equation with an R®> of 0.407 was found
(F1,6,=42.547; P<.001). The predicted C&C score is equal to
2.987 + 0.010 (length in seconds). C& C score increased 0.010
pointsfor each second avideo lasted longer. All other audience
interaction parameters and video source were excluded from
the model asthey were no significant predictors.

The correlation between different scoring systems are given in
Multimedia Appendices 10 and 11.

Discussion

Principal Findings

The main reason for this research was the assessment of
YouTube as a Web-based educational source for medical
students on major concepts in clinical immunology [12-14].
Due to its rich audiovisual content, the site is especialy
attractive in the context of blended learning where traditional
classroom methods are combined with Web-based digital media
It enables studentsto control aspects of individual learning such
as time, place, or pace. The availability of audiovisua
educational materia is especialy important for the study of
(patho)physiological processesthat involve multiple regulators,
complex sequences, and feedback loops. Such concepts may be
difficult to comprehend for novices when they have to rely
solely on a single presentation in the classroom and individual
study using textbooks or review articles [11]. High-quality
Web-based videos could facilitate the understanding of these
subjects, especialy if the local ingtitution does not provide
access to audiovisua educational materia [28,29]. However,
the publication of YouTube videosisnot automatically subjected
to the scrutiny of the classical scientific review process or the
guarantee of the academic expert, resulting in variable quality
and sometimes misleading i nformation, which might not always
be detected by students[16,17].

In this study, we selected 2 important immunological concepts
whereavisual representation of all the sequentia and interacting
processes is imperative for understanding. Both antigen
presentation and immunoglobulin gene rearrangement areideal
exemplar concepts as they are part of the core curriculum in
clinical immunology, are well defined, well studied, and not
too novel to be present in Web-based educational videos. In our
study, we selected movies based on keywords that medical
students would use to search for relevant videos on these 2
topics. For every keyword, we scanned the top 60 videos asthis
isthe maximum amount of hit the average internet user screens
during aWeb search [20]. After thefinal selection, we assessed
content, cinematography, and demographic data of these movies
by means of validated scoring systems. A total of 3 of our
scoring systems quantify the scientific content either very
objectively (reliability score and C& C, using a gold standard)
or in a more subjective manner (GQS). We found that videos
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on both topics had mean C& C scores between 5.8 and 9.8 out
of atotal 20, reliability scores of 1.5to 1.7 out of 3, and GQS
of 2.8t0 3.4 out of 4. This suggeststhat YouTube videos about
2 central conceptsinimmunology are generally only of moderate
quality and often provide insufficient information for a full
“academic” understanding. These results are in line with what
has been shown in previous research on medical-related
YouTube videos[11,18,19,30,31]. Thisleads usto corroborate
the hypothesis that YouTube resources should be dealt with
carefully and should be subjected to critical assessments of
accuracy and reliability.

We classified the selected videos by source, as we intended to
see if videos made by academic experts scored better when
compared with those made by students or other sources. More
than half of the videos turned out to be made by organized
channels (59.76% (49/82) for antigen presentation and 51.43%
(36/70) for immunoglobulin gene rearrangement). Contrary to
what we anticipated, these videos did not have a higher content
score (C&C) or attractiveness score (U& A) compared with the
videos of student origin or other sources.

In our selection, 3 recordings of academic lectures were found.
These had amean C& C of 17.0/20, aU& A of 7.3/8, areliability
scoreof 2.3/4, and aGQS of 4.3/5. These scores are significantly
higher than those of the overall group, especially with regard
to scientific content. These data are in line with other studies
reporting that medical educational videos uploaded by
universities and research institutes usually score higher on
quality scales [18,19]. In sharp contrast to their clearly
appropriate and verified content, the academic lecture videos
in this study had a markedly lower VPI than the mean of all
reviewed videos (4.3 vs 16.2). Thisillustrates what has already
been reported by Desai et al [32] that the most qualitative videos
often do not receive the most views.

Interestingly, when the data from the 2 biggest YouTube
channels about antigen presentation in our analysis (Armando
Hasudungan and Shomu'’s Biology) were considered together,
amean C&C of 12.9/20, an U& A of 7.3/8, areliability score
of 1.6/3, and a GQS of 4.1/5 were observed. At the sametime,
thesevideoshad arelatively high VPI (49.9). This suggeststhat
greatly organized channels dedicated to the creation of
high-quality educationa videos provide the best Web-based
resources for students and that they also are currently being
used by these students in larger numbers. To engage students,
videos should be appealing and illustrative [33,34]. This was
also the casein these videos, which contained beautiful drawings
of the pathways involved, making them at once entertaining to
watch, something which isreflected in their subjective score of
3/3.

In our study, videos classified as useful were found to have
higher U&A, C&C, GQS, and subjective scores. In the
immunoglobulin gene rearrangement group, ahigher reliability
score was also observed in these videos as well as a higher
number of views. Thiseither suggeststhat YouTube users might
judge about the quality of theinformation themselves and prefer
to watch the more accurate and reliable videos or that the
YouTube agorithm preferentially shortlists these videos based
on these keywords. The latter isless probable as no significant
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difference regarding audience interaction parameters was seen
in the antigen presentation group, which corresponds with the
finding in previous studies assessing YouTube videos, namely
that no relationship was observed between number of views,
likes, or comments and usefulness [18,19,30]. In general, the
majority of the videos from each source were classified as not
useful.

On the basis of the findings in this study, a preferential search
strategy to detect videos with the best and most comprehensive
content can be derived. First of all, videos from organized
channel sourcestend to have ahigher C& C scorethan the other
sources and were more often classified as useful . Students could
actively look for such organized channels. Furthermore, the
multiplelogistic regression model showed that the length of the
video wasthe single most important predictor of the C& C score.
Itisclear that arelevant overview of these processes cannot be
given in avideo with aduration of 3 min. The age of the video
did not influence the C&C score, most likely because the
essential s of theseimmunological processesdid not significantly
change in recent years. Views, likes, and comments did not
predict C& C score, probably because the search results also
included several popular videos that were lacking adequate
information or were meant for alay audience. If students select
their video using a relevant keyword and subsequently use the
criteria of source and longer duration of the video, they will be
more likely to find relevant educational videos on YouTube.
Unfortunately, this strategy will never be foolproof. As an
illustration, we listed the top 3 and bottom 3 videos (based on
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C&C score) for videos about antigen presentation and
immunoglobulin gene rearrangement (see Tables 5 and 6). In
the latter one, 1 of the top 3 videos is provided by a
biotechnological company with a special interest in antibody
technology rather than an academic institution.

Limitations

There are some limitationsin our study, though. First, we only
considered English-language YouTube videos showing up in
the first 60 results of each search term but did not check links
to videos from other educational websites or videos that were
referred to within these videos. However, it has been
demonstrated that 90% of all search engine usersonly click on
results within the first 3 pages, which corresponds to our 60
YouTube results [20]. After all, our purpose was to simulate a
regular search for educational resources, aswould be conducted
by a medical student. Furthermore, as 30 seconds of YouTube
watching counts as a view [47], we were unable to determine
whether users were engaged for the full duration of the video.
Third, one could imaginethat videosthat wereliked and viewed
more in the past are also more likely to be liked and viewed in
the future, thereby representing a self-enforcing feedback
mechanism. However, thisal so correspondsto theway students
will find and interact with videos during their search. A fina
limitation is inherent to any research assessing the quality of
YouTube videos. we could only cover a single snapshot.
YouTube is a dynamic and ever-growing website, and as a
consequence, rankings and views are subject to change, with
new videos uploaded at a very high pace.

Table 5. Top 3 and bottom 3 based on content and comprehensiveness for videos about antigen processing.

Video name Source Reference
Top 3
Immunology Lecture Mini-Course, 4 of 14: Antigen Presentation to T lymphocytes Albert Einstein College of Medicine [35]
Major histocompatibility complex Shomu's Biology [36]
Mod-11 Lec-24 The Maor Histocompatibility Complex: MHC class || pathway NPTEL hrd [37]
Bottom 3
MHC Class| CRKing [38]
MHC Class | Processing Garland Science [39]
Immune system: MHC proteins Walter Jahn [40]
Table 6. Top 3 and bottom 3 based on content and comprehensiveness for videos about immunoglobulin gene rearrangement.
Video name Source Reference
Top 3
Models of immunoglobulin gene structure Vidya-mitra [41]
Immunology — antibody somatic (VDJ) recombination |1 Armando Hasudungan [42]
Antibody diversity rearragment Creative Biolabs [43]
Bottom 3
Where does V DJ recombination occur? Atunakai3a [44]
Medical vocabulary: what does V (D) J recombination mean? Botcaster inc. bot [45]
“Immunology,” Immunoglobulin genes are rearranged in antibody producing cells MyCyberCollege [46]
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Conclusions

In conclusion, this study focusing on immunology videos
showed that YouTube can provide useful auxiliary resources
for students, although it cannot substitute excellent academic
lectures, validated textbooks, or state-of-the-art reviews when
it comes to scientific accurateness. As most videos were found
not to be educationally useful and references or bibliography
were often missing, strong critical assessment skills remain

Van den Eynde et d

imperative if these videos are used as complementary study
material. Another important finding wasthat organized YouTube
channels dedicated to Web-based educational videos provide
the most qualitative and appealing resources. Students and
educators alike should be aware of the quality of available
videos, and increasing effort should be spent on collecting
videos suited for medical students on channels with appealing,
reliable, and accurate information.

Acknowledgments

DB received funding from Research Foundation Flanders as a senior clinical investigator. RS is a senior clinica investigator

fellowship Research Foundation Flanders.

Authors Contributions

JVDE, AC, PGD, LVE, and JT conceived the study. VDE, AC, PGD, and LVE collected the data. JVDE analyzed the data,
performed statistical analyses, and drafted the manuscript. DB, RS, and JT gave important intellectual contribution and critically

revised the manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Scoring system: Understandability and attractiveness.

[DOCX File, 13KB-Multimedia Appendix 1]

Multimedia Appendix 2
Scoring system: Reliahility.
[DOCX File, 12KB-Multimedia Appendix 2]

Multimedia Appendix 3

Scoring system: Content and comprehensiveness, antigen presentation.

[DOCX File, 14KB-Multimedia Appendix 3]

Multimedia Appendix 4

Scoring system: Content and comprehensiveness, immunoglobulin gene rearrangement.

[DOCX File, 14K B-Multimedia Appendix 4]

Multimedia Appendix 5
Scoring system: Global Quality Score.

[DOCX File, 12KB-Multimedia Appendix 5]

Multimedia Appendix 6
Audience interaction parameters.

[DOCX File, 15K B-Multimedia Appendix 6]

Multimedia Appendix 7
Audience interaction parameters, pairwise comparison.

[DOCX File, 15KB-Multimedia Appendix 7]

http://mededu.jmir.org/2019/1/e12605/

RenderX

IMIR Med Educ 2019 | vol. 5 | iss. 1| e12605 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app1.docx&filename=4a32283a85dfafba016a37965f08f5f2.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app1.docx&filename=4a32283a85dfafba016a37965f08f5f2.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app2.docx&filename=2fc0a6492236f679ce1b33200e69d0b8.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app2.docx&filename=2fc0a6492236f679ce1b33200e69d0b8.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app3.docx&filename=15825342ff8290bbb91519fe57709d65.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app3.docx&filename=15825342ff8290bbb91519fe57709d65.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app4.docx&filename=24b39288078b3a211813af9b90a3a991.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app4.docx&filename=24b39288078b3a211813af9b90a3a991.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app5.docx&filename=d5eb62c3e797ab7dacdbd6877875b2ef.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app5.docx&filename=d5eb62c3e797ab7dacdbd6877875b2ef.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app6.docx&filename=4f8f5fcce752dba83ba0cb5c38ec5527.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app6.docx&filename=4f8f5fcce752dba83ba0cb5c38ec5527.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app7.docx&filename=f51f6922fa5786036fd8d3454f610da4.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app7.docx&filename=f51f6922fa5786036fd8d3454f610da4.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION Van den Eynde et al

Multimedia Appendix 8
Antigen presentation videos:. categorized by source, pairwise comparison.

[DOCX File, 14KB-Multimedia Appendix 8]

Multimedia Appendix 9
Immunoglobulin gene rearrangement videos: categorized by source, pairwise comparison.

[DOCX File, 13KB-Multimedia Appendix 9]

Multimedia Appendix 10
Correlations between video scoring systems in the antigen presentation group.

[DOCX File, 13KB-Multimedia Appendix 10]

Multimedia Appendix 11
Correlations between video scoring systems in the immunoglobulin gene rearrangement group.

[DOCX File, 13KB-Multimedia Appendix 11]

References

1.  Internet World Stats. 2018. World internet users on December 31th, 2017 URL: https.//www.internetworl dstats.com/stats.
htm[WebCite Cache ID 7304nVaZB]

2. Heuberger RA, lvanitskaya L. Preferred sources of nutrition information: contrasts between younger and older adults. J
Intergenerat Relation 2011 Apr;9(2):176-190. [doi: 10.1080/15350770.2011.567919]

3. DaviesK, Harrison J. The information-seeking behaviour of doctors. areview of the evidence. Health Info Libr J 2007
Jun;24(2):78-94 [FREE Full text] [doi: 10.1111/j.1471-1842.2007.00713.x] [Medline: 17584211]

4. Bosdet GT, Torke AM, Hickman SE, Terry CL, Helft PR. The patient-doctor relationship and online social networks:
resultsof anational survey. JGen Intern Med 2011 Oct;26(10):1168-1174 [FREE Full text] [doi: 10.1007/s11606-011-1761-2]
[Medline: 21706268]

5. Jamaludin TS. Usage of internet for academic purposes on university students achievement: aliterature review. Nurs
Health Care Int J 2018;2(1):000135 [FREE Full text] [doi: 10.23880/NHIJ-16000135]

6.  Shahibi MS, Rusli KN. Theinfluence of internet usage on student’€™s academic performance. Int JAcad Res Business
Soc Sci 2017 Oct 1;7(8):873-887. [doi: 10.6007/I JARBSS/v7-i8/3301]

7.  Purcdl G, Wilson P, Delamothe T. The quality of health information on the internet: Asfor any other medium it varies
widely; regulation is not the answer. Br Med J 2002 Mar 9;324(7337):557-558 [FREE Full text] [doi:
10.1136/bmj.324.7337.557] [Medline: 11884303]

8.  Muthukumarasamy S, Osmani Z, Sharpe A, England RJ. Quality of information available on the World Wide Web for
patients undergoing thyroidectomy: review. JLaryngol Otol 2012 Feb;126(2):116-119. [doi: 10.1017/S0022215111002246]
[Medline: 21867585]

9. HarrisVC, Links AR, Hong P, Walsh J, Schoo DP, Tunkel DE, et a. Consulting Dr. Google: quality of online resources
about tympanostomy tube placement. Laryngoscope 2018 Dec;128(2):496-501 [FREE Full text] [doi: 10.1002/lary.26824]
[Medline: 28842989]

10. Craigie M, Loader B, Burrows R, Muncer S. Reliability of health information on the internet: an examination of experts
ratings. JMed Internet Res 2002;4(1):e2 [FREE Full text] [doi: 10.2196/jmir.4.1.e2] [Medline: 11956034]

11. RakosA, Waidyasekara P. How useful is YouTube in learning heart anatomy? Anat Sci Educ 2014;7(1):12-18. [doi:
10.1002/ase.1361] [Medline: 23564745]

12.  YouTube. 2018. YouTube Press URL : https.//www.youtube.com/intl/en-GB/yt/about/press/ [accessed 2018-09-01] [WebCite

Cache ID 7304u2yRW]
13.  YouTube. 2018. About YouTube URL: https.//www.youtube.com/intl/en-GB/yt/about/ [accessed 2018-10-23] [WebCite

Cache ID 73055Pfgy]

14. Tolu S, Yurdakul OV, Basaran B, Rezvani A. English-language videos on YouTube as a source of information on
self-administer subcutaneous anti-tumour necrosis factor agent injections. Rheumatol Int 2018 Jul;38(7):1285-1292. [doi:
10.1007/s00296-018-4047-8] [Medline: 29761222]

15. MerchDope. 2018. 37 Mind Blowing YouTube Facts, Figures and Statistics URL : https.//merchdope.com/youtube-stats/
[accessed 2018-10-23] [WebCite Cache ID 7305B52IV]

16. Erdem MN, Karaca S. Evaluating the accuracy and quality of the information in Kyphosis videos shared on YouTube.
Spine (PhilaPa 1976) 2018 Nov 15;43(22):E1334-E1339. [doi: 10.1097/BRS.0000000000002691] [Medline: 29664816]

http://mededu.jmir.org/2019/1/€12605/ JMIR Med Educ 2019 | vol. 5| iss. 1| e12605 | p. 12
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app8.docx&filename=73018a658ce656a007437522a6b7e881.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app8.docx&filename=73018a658ce656a007437522a6b7e881.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app9.docx&filename=8743f76a97ed46718f0259aebe768279.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app9.docx&filename=8743f76a97ed46718f0259aebe768279.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app10.docx&filename=4fbc9653175dbf346436914de0af92d5.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app10.docx&filename=4fbc9653175dbf346436914de0af92d5.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app11.docx&filename=7649e1624df52a7d9197b2436d1dd934.docx
https://jmir.org/api/download?alt_name=mededu_v5i1e12605_app11.docx&filename=7649e1624df52a7d9197b2436d1dd934.docx
https://www.internetworldstats.com/stats.htm
https://www.internetworldstats.com/stats.htm
http://www.webcitation.org/

                                            73O4nVaZB
http://dx.doi.org/10.1080/15350770.2011.567919
https://doi.org/10.1111/j.1471-1842.2007.00713.x
http://dx.doi.org/10.1111/j.1471-1842.2007.00713.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17584211&dopt=Abstract
http://europepmc.org/abstract/MED/21706268
http://dx.doi.org/10.1007/s11606-011-1761-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21706268&dopt=Abstract
https://medwinpublishers.com/NHIJ/NHIJ16000135.pdf
http://dx.doi.org/10.23880/NHIJ-16000135
http://dx.doi.org/10.6007/IJARBSS/v7-i8/3301
http://europepmc.org/abstract/MED/11884303
http://dx.doi.org/10.1136/bmj.324.7337.557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11884303&dopt=Abstract
http://dx.doi.org/10.1017/S0022215111002246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21867585&dopt=Abstract
http://europepmc.org/abstract/MED/28842989
http://dx.doi.org/10.1002/lary.26824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28842989&dopt=Abstract
http://www.jmir.org/2002/1/e2/
http://dx.doi.org/10.2196/jmir.4.1.e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11956034&dopt=Abstract
http://dx.doi.org/10.1002/ase.1361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23564745&dopt=Abstract
https://www.youtube.com/intl/en-GB/yt/about/press/
http://www.webcitation.org/

                                            73O4u2yRW
http://www.webcitation.org/

                                            73O4u2yRW
https://www.youtube.com/intl/en-GB/yt/about/
http://www.webcitation.org/

                                            73O55Pfgy
http://www.webcitation.org/

                                            73O55Pfgy
http://dx.doi.org/10.1007/s00296-018-4047-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29761222&dopt=Abstract
https://merchdope.com/youtube-stats/
http://www.webcitation.org/

                                            73O5B52lV
http://dx.doi.org/10.1097/BRS.0000000000002691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29664816&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION Van den Eynde et al

17. Selefson M, Hanik B, Chaney B, Chaney D, Tennant B, ChavarriaEA. eHealth literacy among college students: asystematic
review with implications for eHealth education. JMed Internet Res 2011 Dec 1;13(4):€102 [EREE Full text] [doi:
10.2196/jmir.1703] [Medline: 22155629]

18. Azer S. Understanding pharmacokinetics: are YouTube videos a useful learning resource? Eur Rev Med Pharmacol Sci
2014 Jul;18(13):1957-1967 [FREE Full text] [Medline: 25010628]

19. Azer SA, AlgrainHA, AlKhedlaif RA, AlEshaiwi SM. Evaluation of the educational value of YouTube videosabout physical
examination of the cardiovascular and respiratory systems. JMed Internet Res 2013 Nov 13;15(11):e241 [FREE Full text]
[doi: 10.2196/jmir.2728] [Medline: 24225171]

20. iProspect. 2006. iProspect Search Engine User Behaviour Study URL : http://district4.extension.ifas.ufl.edu/Tech/TechPubs/
WhitePaper 2006_SearchEngineUserBehavior.pdf [accessed 2018-09-22] [WebCite Cache ID 7305LH7aR]

21. Shoemaker SJ, Wolf MS, Brach C. Development of the Patient Education Materials Assessment Tool (PEMAT): anew
measure of understandability and actionability for print and audiovisual patient information. Patient Educ Couns 2014
Sep;96(3):395-403 [FREE Full text] [doi: 10.1016/j.pec.2014.05.027] [Medline; 24973195]

22. Silberg WM, Lundberg GD, Musacchio RA. Assessing, controlling, and assuring the quality of medical information on the
internet: caveant lector et viewor--let the reader and viewer beware. JAm Med Assoc 1997 Apr 16;277(15):1244-1245.
[Medline: 9103351]

23. Krensky AM. The HLA system, antigen processing and presentation. Kidney Int Suppl 1997 Mar;58:S2-S7. [Medline:
9067934]

24. Blum JS, Wearsch PA, Cresswell P. Pathways of antigen processing. Annu Rev Immunol 2013;31:443-473 [EREE Full
text] [doi: 10.1146/annurev-immunol-032712-095910] [Medline: 23298205]

25. RuH, Chambers MG, Fu T, Tong AB, Liao M, Wu H. Molecular mechanism of V(D)J recombination from synaptic
RAG1-RAG2 complex structures. Cell 2015 Nov 19;163(5):1138-1152 [FREE Full text] [doi: 10.1016/j.cell.2015.10.055]
[Medline: 26548953]

26. Jung D, Giallourakis C, Mostoslavsky R, Alt FW. Mechanism and control of V(D)J recombination at the immunoglobulin
heavy chain locus. Annu Rev Immunol 2006;24:541-570. [doi: 10.1146/annurev.immunol.23.021704.115830] [Medline:
16551259]

27. Bernard A, Langille M, Hughes S, Rose C, Leddin D, van Zanten SV. A systematic review of patient inflammatory bowel
disease information resources on the World Wide Web. Am J Gastroenterol 2007 Sep;102(9):2070-2077. [doi:
10.1111/j.1572-0241.2007.01325.x] [Medline: 17511753]

28. Sdlinal, Ruffinengo C, Garrino L, Massariello P, Charrier L, Martin B, et al. Effectiveness of an educational video as an
instrument to refresh and reinforce the learning of a nursing technique: a randomized controlled trial. Perspect Med Educ
2012 May;1(2):67-75 [FREE Full text] [doi: 10.1007/s40037-012-0013-4] [Medline: 23316461]

29. Drozd B, Couvillon E, Suarez A. Medical YouTube videos and methods of evaluation: literature review. JMIR Med Educ
2018 Feb 12;4(1):e3 [FREE Full text] [doi: 10.2196/mededu.8527] [Medline; 29434018]

30. Camm CF, Sunderland N, Camm AJ. A quality assessment of cardiac auscultation material on YouTube. Clin Cardiol 2013
Feb;36(2):77-81 [FREE Full text] [doi: 10.1002/clc.22080] [Medline: 23172251]

31. Fischer J, Geurts J, Valderrabano V, Hiigle T. Educational quality of YouTube videos on knee arthrocentesis. J Clin
Rheumatol 2013 Oct;19(7):373-376. [doi: 10.1097/RHU.0b013e3182a69fb2] [Medline: 24048116]

32. Desai T, Shariff A, DhingraV, Minhas D, Eure M, Kats M. Is content really king? An objective analysis of the public's
responseto medical videoson YouTube. PLoS One 2013;8(12):e82469 [ FREE Full text] [doi: 10.1371/journal.pone.0082469]
[Medline: 24367517]

33. Dash S, Kamath U, Rao G, Prakash J, Mishra S. Audio-visual aid in teaching "fatty liver". Biochem Mol Biol Educ 2016
May 6;44(3):241-245 [FREE Full text] [doi: 10.1002/bmb.20935] [Medline: 26625860]

34. Stockwell BR, Stockwell MS, Cennamo M, Jiang E. Blended learning improves science education. Cell 2015 Aug
27;162(5):933-936 [FREE Full text] [doi: 10.1016/j.cell.2015.08.009] [Medline: 26317458]

35. YouTube. Immunology Lecture Mini-Course, 4 of 14: Antigen Presentation to T lymphocytes URL: https://www.
youtube.com/watch?v=ft378X DNkvQ [accessed 2019-05-16]

36. YouTube. Maor histocompatibility complex URL : https.//www.youtube.com/watch?v=-cSWNA chDs4 [accessed 2019-05-16]

37.  YouTube. Mod-11 Lec-24 The Major Histocompatibility Complex: MHC class |1 pathway URL : https.//www.youtube.com/
watch?v=pocDrSawdNM [accessed 2019-05-16]

38. YouTube. MHC Class | URL: https://www.youtube.com/watch?v=zDuFcF28QGY [accessed 2019-05-16]

39. YouTube. MHC Class| Processing URL: https.//www.youtube.com/watch?v=vrEMWyJwGxw [accessed 2019-05-16] >

40. YouTube. Immune system: MHC proteins URL : https://www.youtube.com/watch?v=C980eHPrHn0 [accessed 2019-05-16]

41. YouTube. Models of immunoglobulin gene structure URL: https://www.youtube.com/watch?v=9e4EPCTE3nk [accessed
2019-05-16]

42.  YouTube. Immunology —antibody somatic (V DJ) recombination Il URL: https://www.youtube.com/watch?v=_D2x-dhh6Pg
[accessed 2019-05-16]

43.  YouTube. Antibody diversity rearragment URL: https://www.youtube.com/watch?v=-E1PelBtyClI [accessed 2019-05-16]

http://mededu.jmir.org/2019/1/€12605/ JMIR Med Educ 2019 | vol. 5| iss. 1| e12605 | p. 13

(page number not for citation purposes)


http://www.jmir.org/2011/4/e102/
http://dx.doi.org/10.2196/jmir.1703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155629&dopt=Abstract
http://www.europeanreview.org/article/7581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25010628&dopt=Abstract
http://www.jmir.org/2013/11/e241/
http://dx.doi.org/10.2196/jmir.2728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24225171&dopt=Abstract
http://district4.extension.ifas.ufl.edu/Tech/TechPubs/WhitePaper_2006_SearchEngineUserBehavior.pdf
http://district4.extension.ifas.ufl.edu/Tech/TechPubs/WhitePaper_2006_SearchEngineUserBehavior.pdf
http://www.webcitation.org/

                                            73O5LH7aR
http://europepmc.org/abstract/MED/24973195
http://dx.doi.org/10.1016/j.pec.2014.05.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24973195&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9103351&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9067934&dopt=Abstract
http://europepmc.org/abstract/MED/23298205
http://europepmc.org/abstract/MED/23298205
http://dx.doi.org/10.1146/annurev-immunol-032712-095910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23298205&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0092-8674(15)01411-7
http://dx.doi.org/10.1016/j.cell.2015.10.055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26548953&dopt=Abstract
http://dx.doi.org/10.1146/annurev.immunol.23.021704.115830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16551259&dopt=Abstract
http://dx.doi.org/10.1111/j.1572-0241.2007.01325.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17511753&dopt=Abstract
http://europepmc.org/abstract/MED/23316461
http://dx.doi.org/10.1007/s40037-012-0013-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23316461&dopt=Abstract
http://mededu.jmir.org/2018/1/e3/
http://dx.doi.org/10.2196/mededu.8527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29434018&dopt=Abstract
https://doi.org/10.1002/clc.22080
http://dx.doi.org/10.1002/clc.22080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23172251&dopt=Abstract
http://dx.doi.org/10.1097/RHU.0b013e3182a69fb2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24048116&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0082469
http://dx.doi.org/10.1371/journal.pone.0082469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24367517&dopt=Abstract
https://doi.org/10.1002/bmb.20935
http://dx.doi.org/10.1002/bmb.20935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26625860&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0092-8674(15)01022-3
http://dx.doi.org/10.1016/j.cell.2015.08.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26317458&dopt=Abstract
https://www.youtube.com/watch?v=ft378XDNkvQ
https://www.youtube.com/watch?v=ft378XDNkvQ
https://www.youtube.com/watch?v=-cSWNAchDs4
https://www.youtube.com/watch?v=pocDrSawdNM
https://www.youtube.com/watch?v=pocDrSawdNM
https://www.youtube.com/watch?v=zDuFcF28QGY
https://www.youtube.com/watch?v=vrFMWyJwGxw
https://www.youtube.com/watch?v=C98OeHPrHn0
https://www.youtube.com/watch?v=9e4EPCTE3nk
https://www.youtube.com/watch?v=_D2x-dhh6Pg
https://www.youtube.com/watch?v=-E1Pe1BtyCI
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION Van den Eynde et al

44,

45,

46.

47.

YouTube. Where does V DJ recombination occur? URL : https.//www.youtube.com/watchv=pj1PzGDWK 48 [accessed
2019-05-16]

YouTube. Medical vocabulary: what does V (D) J recombination mean? URL : https.//www.youtube.com/
watch?v=bnkOrUDaymU [accessed 2019-05-16]

YouTube. “Immunology,” Immunoglobulin genes arerearranged in antibody producing cells URL : https.//www.youtube.com/
watch?v=8L oXuB99M Po [accessed 2019-05-16]

Marketing Land. 2015. What's A Video View? On Facebook, Only 3 SecondsVs30 At YouTube URL : https://marketingland.
com/whats-a-video-view-on-facebook-only-3-seconds-vs-30-at-youtube-128311 [accessed 2018-02-07] [WebCite Cache
ID 6x2HErY ch]

Abbreviations

C&C: content and comprehensiveness score
GQS: Globa Quality Score

PEMAT: Patient Education Materials Tool
U&A: understandability and attractiveness score
VPI: Video Power Index

Edited by G Eysenbach; submitted 25.10.18; peer-reviewed by K Deldar, H WU; commentsto author 21.03.19; revised version received
24.03.19; accepted 26.04.19; published 28.05.19

Please cite as:

Van den Eynde J, Crauwels A, Demaerel PG, Van Eycken L, Bullens D, Schrijvers R, Toelen J

YouTube Videos as a Source of Information About Immunology for Medical Students: Cross-Sectional Sudy
JMIR Med Educ 2019;5(1):€12605

URL: http://mededu.jmir.org/2019/1/e12605/

doi: 10.2196/12605

PMID: 31140440

©Jef Van den Eynde, Alexander Crauwels, Philip Georg Demaerel, Lisa Van Eycken, Dominique Bullens, Rik Schrijvers, Jaan
Toelen. Originally published in IMIR Medical Education (http://mededu.jmir.org), 28.05.2019. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
Medica Education, is properly cited. The complete bibliographic information, a link to the origina publication on
http://mededu.jmir.org/, as well as this copyright and license information must be included.

http://mededu.jmir.org/2019/1/€12605/ JMIR Med Educ 2019 | vol. 5| iss. 1| e12605 | p. 14

RenderX

(page number not for citation purposes)


https://www.youtube.com/watch?v=pj1PzGDWK48
https://www.youtube.com/watch?v=bnk0rUDaymU
https://www.youtube.com/watch?v=bnk0rUDaymU
https://www.youtube.com/watch?v=8LoXuB99MPo
https://www.youtube.com/watch?v=8LoXuB99MPo
https://marketingland.com/whats-a-video-view-on-facebook-only-3-seconds-vs-30-at-youtube-128311
https://marketingland.com/whats-a-video-view-on-facebook-only-3-seconds-vs-30-at-youtube-128311
http://www.webcitation.org/

                                            6x2HErYch
http://www.webcitation.org/

                                            6x2HErYch
http://mededu.jmir.org/2019/1/e12605/
http://dx.doi.org/10.2196/12605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31140440&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

