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Understanding pharmacokinetics: are YouTube
videos a useful learning resource?
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Abstract. - OBJECTIVES: To investigate
whether YouTube videos on pharmacokinetics
can be a useful learning resource for medical
students.

METHODS: YouTube was searched from 01
November to 15 November 2013 for search terms
“Pharmacokinetics”, “Drug absorption”, “Drug
distribution”, Drug metabolism”, “Drug elimina-
tion”, “Biliary excretion of drugs”, and “Renal
excretion of drugs”. Only videos in the English
and those matching the inclusion criteria were
included. For each video, the following charac-
teristic data were collected: title, URL, duration,
number of viewers, date uploaded, and viewer-
ship per day, like, dislike, number of comments,
number of video sharing, and the uploader /cre-
ator. Using standardized criteria comprising
technical, content, authority and pedagogy para-
meters, three evaluators independently as-
sessed the videos for educational usefulness.
Data were analyzed using SPSS software and
the agreement between the evaluators was cal-
culated using Cohen’s kappa analysis.

RESULTS: The search identified 1460 videos.
Of these, only 48 fulfilled the inclusion criteria.
Only 30 were classified as educationally useful
videos (62.5%) scoring 13.83+0.45 (mean+SD)
while the remaining 18 videos were not educa-
tionally useful (37.5%) scoring 6.48+1.64
(mean=SD), p = 0.000. The educationally useful
videos were created by pharmacologists/educa-
tors 83.3% (25/30), professors from two universi-
ties 13.3% (04/30) and private tutoring body 3.3%
(01/30). The useful videos were viewed by 12096
(65.4%) and had a total of 433332 days on
YouTube, while the non-educationally useful
videos were viewed by 6378 (34.6%) viewers and
had 20684 days on YouTube. No correlation was
found between video total score and number of
like (R? 0.258), dislike (R? 0.103), viewers (R?
0.186), viewership/day (R? 0.256), comments (R?
0.250), or share (R? 0.174). The agreement be-
tween the three evaluators had an overall Co-
hen’s kappa score in the range of 0.582-0.949.

CONCLUSIONS: YouTube videos on pharma-
cokinetics and drug elimination showed a range
of variability in regard to the contents of their
educational usefulness. Medical educators
should be aware of the potential influence of
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YouTube videos may have on student’s under-
standing of pharmacokinetics and drug elimina-
tion. Users who rely on the comments made by
viewers or the approval expressed in terms of
the number of like given by viewers should be-
come aware that these indicators are not accu-
rate and do not correlate with the scores given
to videos.
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Introduction

Pharmacokinetics is a quantitative discipline
that involves understanding the time course of
drug concentrations attained in different regions
of the body during and after dosing'. This neces-
sitates application of mathematical principles to
describe drug absorption, distribution, metabo-
lism and excretion/elimination from a body sys-
tem with the aim to predict drug behavior in pa-
tient populations®. Therefore, knowledge of phar-
macokinetics is crucial for drug development and
understanding preclinical toxicity testing as well
as to decide on an appropriate dosing regimen
and identify covariate influences on human phar-
macokinetics; which are important for potential
dose adjustment and drug labeling?. Clinical
pharmacology is the application of pharmacoki-
netic principles to the safe and effective manage-
ment of drug treatment in patients*. This is im-
portant particularly in severely ill patients who
need individualization of the dose regimen de-
pending on how rapidly a physician needs a ther-
apeutic plasma concentration to be reached and
whether the clearance of the drug is impaired be-
cause of liver or kidney dysfunctions. Students
typically find basic pharmacokinetics challeng-
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ing either because it requires mathematical skills
or they do not understand how to bridge the gap
between theory and clinical applications®.

With the changes introduced to medical curric-
ula and the introduction of self-regulated learn-
ing approaches to most medical curricula, stu-
dents tend to use online resources such as
YouTube in their search for knowledge’ . Sever-
al studies showed that medical and allied health
students prefer online learning resources rather
than reading recommended textbooks and med-
ical journals'*'®. For example, students searching
for their learning issues in a problem-based
learning or case-based learning program usually
start by searching Google®. While websites could
provide students with topics related to their
search that they can read, the accuracy of the
contents, the reliability and the validity of the on-
line resources cannot be guaranteed. While thou-
sands of such resources are freely available and
the users only need an Internet connection to
their computers, most of these resources have not
written by experts and there are no editors ap-
pointed to review them. For example, YouTube
and Wikipedia websites have no experts or re-
viewers to edit/review the material and correct
the scientific content prior to publication'’. Fur-
thermore, reading resources such as Wikipedia or
textbooks may provide some factual knowledge
but not necessarily foster understanding of diffi-
cult concepts or experience the application of
knowledge learnt to clinical situations.

Several researchers have recently evaluated
YouTube videos in relation to their use as a re-
source for clinical procedures'®, a learning resource
for nurses'?, an anatomy resource on surface anato-
my?, in clinical examination of the cardiovascular
and respiratory systems?!, burn first-aid*?, in dental
education® and as a source of medical information
on heart transplantation®*. However, not all re-
searchers found YouTube videos to be educational-
ly useful videos and some videos may convey
wrong messages®. The author is not aware of any
study that has examined whether there are educa-
tionally useful YouTube videos on pharmacokinet-
ics that can be used as learning resources. There-
fore, the aim of this study was to assess YouTube
videos covering pharmacokinetics.

Methods

YouTube (www.youtube.com) was searched
independently by three evaluators (the author and

two research assistants) from 01 November to 15
November 2013 for videos on pharmacokinetics.
The following search words were used “Pharma-
cokinetics”, “Drug absorption”, “Drug distribu-
tion”, “Drug metabolism”, “Drug elimination”,
“drug biliary excretion”, and “Drug renal excre-
tion”.

Exclusion Criteria

Videos were excluded if they were: (1) cover-
ing professional conferences on pharmacology,
(2) an advertisement, (3) discussing pharmacoki-
netics of a particular drug as part of a research
presentation, (4) covering general pharmacology
issues, (5) created for lawyers and none health-
care professionals, (6) covering reflections made
by PhD students about their research on pharma-
cokinetics, (7) discussing a textbook on pharma-
cology, (8) covering songs or dramas on pharma-
cokinetics and pharmacology.

The inclusion and exclusion criteria were im-
plemented and only videos fulfilling the inclu-
sion criteria were identified and placed on a new
Excel sheet by each evaluator. The findings were
discussed among the researchers in a meeting
and a final Excel sheet was created covering a
common pool for videos fulfilling the inclusion
criteria from the work completed by the three
evaluators. For each video, the following data
were collected: title, URL, duration of the video,
number of days on YouTube, total number of
viewers, and name of uploader/creator (organiza-
tion, group of people, one person). The number
of “likes” and “dislikes”, comments, and number
of video sharing were recorded. Because the
number of days on YouTube varies widely among
videos, we decided to calculate viewership/day
as a more accurate parameter compared to total
number of viewers. The viewership per day is the
ratio of number of viewers to the number of days
a video is on YouTube. Only videos in English
and those matching the inclusion criteria were in-
cluded.

Criteria Used

The criteria used for grouping videos into edu-
cationally useful and non-useful videos have
been tested and published in an earlier work?*2!,
The criteria were modified to match the needs of
this work. In summary, the comprises major and
minor items and can be summarized as follows:
Major criteria: (1) the video uses clear graphs
and or illustrations to explain the topic, (2) Con-
tents about pharmacokinetics are scientifically
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correct, (3) the images are clear, (4) the topic is
clearly presented, and enhances understanding,
and (5) sounds are clear and the background is
free from noise. The minor criteria comprise: (1)
the vide covers the topic identified in the title, (2)
the video is designed at the level of undergradu-
ate medical/healthcare students, (3) time to
download is reasonable (about 5-10 minutes at
the maximum not interrupted or there are no
challenges to download as reported by the three
evaluators), (4) the educational objectives are
stated, and (5) the creator/organization providing
the video is mentioned.

“Educationally useful” means, the video pro-
vides scientifically correct and up-to-date knowl-
edge, and its contents are accepted by educators
in other teaching institutions and match with the
current information in the literature. Therefore, it
can be included as a teaching resource and can
be used by students to complement their learning
anywhere in the world.

As per earlier work?*?!, two scores were allo-
cated for each item in the major criteria and one
score was allocated to each item under the minor
criteria. The reason for allocating two marks to
items in the major criteria was the significance of
these items and their ability of discrimination. If
an item was fulfilled, an allocated score was giv-
en; if not fulfilled, a zero was given. No half
scores were used. A video is grouped as educa-
tionally useful if all major criteria items were ful-
filled together with at least three items from the
minor criteria’*?!. The maximum score is 15.
The study on YouTube was approved by the Re-
search Ethics Committee at King Saud Universi-
ty College of Medicine.

Piloting the Process of Evaluation

To ensure that each evaluator was oriented to
the criteria, able to apply and use the criteria cor-
rectly in evaluating the videos, it was decided to
pilot the criteria prior to applying it. A total of
20 videos (other than those identified but match
with the purpose and scope of the study) were
randomly selected and used for this purpose. The
criteria were applied independently by each eval-
uator and the findings were placed on an Excel
sheet. Any disagreement among the evaluators
and for videos that were difficult to classity, the
issues were discussed and resolved in a meeting.
Concerns regarding the criteria items were also
adjusted and changes were introduced according-
ly. Another 20 videos were again evaluated and
the findings were discussed again in a meeting.

The piloting process helped in enhancing the use
of the criteria and increasing the agreement
among the three evaluators to > 95%.

Conducting the Video's Evaluation

The criteria were then applied by the three
evaluators, independently, to the common pool of
videos identified. The scores for each item were
placed on an Excel sheet template. The findings
were discussed in a meeting and disagreement
among the evaluators, if any, was resolved
through discussion.

Engagement parameters and
Video Total Score

The following parameters for each video were
considered in assessing user engagement: num-
ber of like, dislike, viewers, viewership/day,
comments, and video sharing?®. It was interesting
to assess if any of these parameters correlate with
the video total score and examine the degree of
interdependence for each metric against others.

Statistical Analysis

Data was summarized on a Microsoft Excel
2010 sheet (Microsoft Corp., Redmond, WA) and
were checked before conducting any analysis.
The relative frequencies and continuous data
such as mean with standard deviation or median
with minimum and maximum were calculated.
The ANOVA model was used to compare the
means. Analysis was conducted with SPSS Soft-
ware (version 18.0 for MS Windows, SPSS Inc.,
Chicago, IL, USA). To assess the degree to
which different judges or raters agree in their as-
sessment decisions, Cohen’s kappa for inter-rater
reliability was used to assess inter-rater
reliability?’. Pearson’s correlation coefficient (r)
was calculated to determine if there is a correla-
tion between the engagement parameters and the
video total scores?®?. For all calculations, a p
value < 0.05 was considered significant.

Results

The search identified 2096 videos (search term
pharmacokinetics = 352, drug absorption = 259,
drug distribution = 27, drug metabolism = 382,
drug elimination = 188, renal drug excretion =
163, biliary drug excretion = 89 videos). After
excluding irrelevant videos, and on the basis of
inclusion and excretion criteria, 48 videos were
included in the study (Figure 1).
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898 videos were

evaluated further

Excluded (n=562)
Duplicate videos.
Videos not in the English

language.
News, comedy, poems

Excluded (n=850
Covering conferences.
Advertisement
Pharmacokinetic studies of
a particular drug.

General pharmacology.
Created for lawyers or
other health i
Reflection by PhD students
Discussing textbooks or
research projects

18 (37.5%) were not
useful educationally

Figure 1. Searching YouTube for videos on pharmacokinetics.

Educationally Useful Videos

Table I summarises the descriptive statistics of
the educationally useful videos. A total of 30
videos were educationally useful scoring

Table I. Videos covering pharmacokinetics on YouTube.

13.83+0.45 (mean+SD). The total duration of
these videos was 351 minutes and 9 seconds.
And the total views of these videos were 12096
(65.4%). The videos were for 433332 days on

Number Duration in Total number of days  Total number
of minutes on YouTube (mean, of viewer Total scores
Video videos (%) (seconds) minimum, maximum) ship (%) (mean = SD)
Educationally useful 30 (62.5) 351 (09) 433332 (14444.4; 12096 (65.4) 13.83 £0.45
102; 87146)
Not useful 18 (37.5) 295 (07) 20684 (1149.1; 1; 6378 (34.6) 6.48 = 1.64
4982) p =0.000

—
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YouTube (mean = 14444.4; minimum = 102 and
maximum = 87146). The educationally useful
videos were created by pharmacologists/educa-
tors 83.3% (25/30), professors from two universi-
ties 13.3% (04/30) and private tutoring body
3.3% (01/30). Although the exact place/institute
where these educators associate was not men-
tioned, the two professors were from the Univer-
sity of Pennsylvania, and the University of Col-
orado Boulder,

Non-Educationally Useful Videos

The remaining 18 (37.5%; 18/48) videos were
non-educationally useful scoring 6.48+1.64
(mean+SD). The total duration of these videos
was 295 minutes and 7 seconds and the total
number of viewers was 6378 (34.6%;
6378/18474). The videos were for 20684 days on
YouTube (mean = 1149.1, minimum = 1 and
maximum = 4982), see Table 1. Table II shows
detailed information about the 48 videos includ-
ed in the study. The majority of the non-educa-
tionally useful videos failed to fulfill one or more
of the major criteria items.

Engagement Parameters and
Video Total Score

Figure 2 (A to F) shows the correlation be-
tween engagement parameters and video total
score. There were no correlations between total
score and number of like (R? 0.258), dislike (R?
0.103), viewers (R? 0.186), viewership/day (R?
0.256), comments (R? 0.250), or share (R?
0.174). There were no correlation between like
and dislike (R? 0.292), dislike and comments (R?
0.363) but there were correlation between like
and share (R? 0.567) and like and number of
comments (R? 0.740).

Agreement Between Evaluators

Table III summarises the agreement between
the evaluators for each item in the major and mi-
nor criteria. The agreement was measured using
Cohen kappa and had an overall score ranging
from 0.582 to 0.949.

Discussion

The aim of this study was to assess the quality
of YouTube videos available on the topic pharma-
cokinetics and whether there were educationally
useful videos that can be used by students in
their self-regulated learning and by teachers in

their teaching sessions. The results show that
there were 48 videos fulfilling the inclusion and
exclusion criteria. Of these videos 30 were edu-
cationally useful and the remaining 18 were not
educationally useful. The original number of
videos identified using the key search words was
1460 indicates the limitation of YouTube search
engine in filtering the videos searched by users.
It also shows the wide range of videos covering a
particular topic and the variability of the educa-
tional quality of videos. Based on the criteria
used, the educationally useful videos had a score
of 13.83+0.45 (mean+SD) and the non-useful
videos had a score of 6.48+1.64. This is mainly
because YouTube is freely available to anyone to
upload their work and there are no reviewers or
editors who can review submissions prior to re-
leasing them to be viewed by the public. Further-
more it was demonstrated in this study that there
were no correlation between the number of view-
ers or the viewership/day and the video total
scores. Although it is difficult from the data pro-
vided by YouTube website to identify whether
the same person had watched the video more
than once, the findings indicate that many view-
ers may not be drawn in their search to videos
with accurate content/educationally useful or
they watched parts of the video only. Also there
were no correlation between other engagement
parameters including like, dislike, number of
comments, number of video sharing and video
total scores indicating that none of these parame-
ters can help in identifying educationally useful
videos, supporting the need for criteria to help in
identifying educationally useful videos.

A number of methods were described in evalu-
ating videos®*3%-32, However, it was decided to
use the system developed, piloted and tested by
the author?*?!. The decision to use the criteria in
this study was not only based on the high relia-
bility and high inter-rater correlation between
evaluators but also because of the breadth of the
coverage provided by the system (scientific con-
tent, technical, authority, and pedagogy) as well
as being simple and easy to apply.

This study shows that out of the total number of
videos, 30 were educationally useful. These videos
had approximately 351 minutes and 9 seconds that
can be used in learning and teaching purposes.
These videos were linked to or produced by phar-
macologists/educators, universities and profession-
al bodies, indicating the role of universities and re-
search institutes in knowledge transfer and provid-
ing useful educational resources that can be used
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Figure 2. A-F, Correlation between video total score and engagement.

by students anywhere on the globe. This education-
al responsibility is particularly important with cur-
rent changes in medical education and the changes
in the priorities of students in their selection of
their learning resources™.

Much emphasis has been placed on pharmaco-
kinetics in basic and clinical pharmacology in
current medical curricula®3*3%, To learn such
skills, students usually relay on textbooks, web-
sites and lectures. However, understanding diffi-
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Table IlI. Overall agreement between the three evaluators using the criteria.

Mean scores (minimum and maximum) Evaluator
Item variability
number Item* Evaluator 1 Evaluator 2 Evaluator 3 (kappa range)
1. The videos use clear graphs and | 1.54 (0.00-2.00) 1.54 (0.00-2.00) 1.50 (0.00-2.00) 0.943-1.000
or illustrations to explain topics
2. Contents about pharmacokinetics | 1.75 (0.00-2.00) 1.75 (0.00-2.00)  1.71 (0.00-2.00) 0.911-1.00
are scientifically correct.
3. The images are clear 1.54 (0.00-2.00)  1.54 (0.00-2.00)  1.50 (0.00-2.00) 0.943-1.00
4. The topic is clearly presented, 1.29 (0.00-2.00) 1.25 (0.00-2.00)  1.29 (0.00-2.00) 0.955-1.00
engaging and enforces
understanding.
5. Sounds are clear, no noises in 1.58 (0.00-2.00) 1.54 (0.00-2.00)  1.50 (0.00-2.00) 0.939-1.00
the background.
6. Minor
The videos cover the topic 0.90 (0.00-1.00)  0.92 (0.00-1.00)  0.81 (0.00-1.00) 0.565-0.878
identified the title.
7. The video is designed at the
level of undergraduate students. | 0.77 (0.00-1.00)  0.83 (0.00-1.00)  0.67 (0.00-1.00) 0.441-0.804
8. Time to download is reasonable | 0.96 (0.00-1.00)  0.98 (0.00-1.00)  0.92 (0.00-2.00) 0.291-0.594
9. The educational objectives. 0.33 (0.00-1.00)  0.27 (0.00-1.00)  0.38 (0.00-1.00 0.582-0.656
are stated
10. The creator/organization 0.50 (0.00-1.00)  0.50 (0.00-1.00)  0.71 (0.00-1.00) 0.417-0.917
is mentioned

*Items 1-5 represent major criteria, and items 6-10 represent minor criteria used. The maximum score is 15.

cult concepts and application of principles learnt
to real life situations may not be enabled through
reading texts. Learning about pharmacokinetics’
calculations and applying principles necessitates
deep understanding and explanations that text-
books and possibly some lecturers may not be
able to provide. Educationally useful well-de-
signed videos, on the other hand, could fill this
gap and enable understanding. Add to this the
advantages inherit in YouTube videos, namely,
being free of charge, can be replayed as needed,
and all the users need is a connecting their com-
puter or mobile phone with the Internet. Online
videos have become a routine and important tool
in student’s learning. Attending lectures, reading
textbooks along with watching online videos and
applying skills learnt is an important learning
strategy that have been used by medical students.
While the current move by the learners is in
favor of the use of Internet as their primary
source of information, it is important that med-
ical educators recognize the significance of
YouTube in the learning and teaching and shar-
ing the responsibility in developing resources
that can be uploaded and shared on YouTube*!¥’.
Although there are other websites providing
free videos such as Pharmacology Corner (phar-
macologycorner.com); and Principles of clinical

pharmacology provided by NIH Clinical Center
(pep.nihtraining.com), it was decided to include
YouTube videos solely in this study for a number
of reasons: First, YouTube website is popular,
preferred by users®®. and is easily to find com-
pared to other websites; Second: YouTube pro-
vides an extensive variety of videos with approx-
imately 100 hours of video are uploaded to
YouTube every minute®-*’; giving more opportu-
nities for users to find the videos they are search-
ing for; Third, YouTube introduces continuous
improvement to its website. Recently, YouTube
launched YouTube EDU, an area of YouTube
dedicated to high quality credentials. Such move
may have a major impact to the uses and up-
loaders and is likely to be a useful source for
scholarly videos.

The criteria used in this study are simple, easy
to apply and are based on four parameters includ-
ing technical, content, authority and pedagogy
components. The agreement among evaluators
had an overall Cohen’s kappa score in the range
of 0.582 to 0.949.

Limitations

The study covers a snapshot of videos avail-
able on YouTube during 1 November to 15 No-
vember 2013, however, it is expected that more
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videos are uploaded and added to this area. Con-
sidering the continuing increases in the number
of videos uploaded on YouTube on daily basis, it
is difficult to make a final conclusion about the
status of YouTube in this area. However, there is
a need for future research to assess whether there
has been high quality videos covering deficien-
cies identified have been added to YouTube and
more educationally useful videos on pharmacoki-
netics are available to learners. Another limita-
tion is the small number of videos included in the
study and the limitation of the study on videos in
the English language. Also this study was limit-
ed to videos on YouTube website and there is the
possibility that more videos on medical and phar-
macology and toxicology societies’ websites
were not included.

Conclusions

The data presented in this study suggest that
overall the most easily accessible or watched
YouTube videos on pharmacokinetics are not
necessarily educationally robust or scientifically
correct. Although a few videos had high scores
as per the criteria used and were educationally
useful, other videos were not fulfilling the inclu-
sion criteria and were of limited educational val-
ue. They were not that different from textbooks
and did not effectively use the inherit capacities
that can enable the learners’ deep understanding.
Considering the tendency of medical students to
depend on YouTube videos in their learning, it
may be necessary to train students on how to use
guidelines such as the criteria used in this study
in evaluating videos to identify educationally
useful videos. Also it is clear from this study that
users who rely on the comments made by view-
ers or the approval expressed in terms of the
number of “like” given by viewers should be-
come aware that these indicators are not accurate
and they do not correlate with the scores given to
videos. Given the expectation of medical educa-
tors and medical teachers that students should
take responsibilities of their self-regulated learn-
ing and the learning resources they use, there is a
need for YouTube to provide rigorous evaluation
of videos and identify educationally useful
videos. This recommendation together with the
need of medical schools to offer training to its
students on how to select their online resources
such as educationally useful videos on YouTube
is necessary.
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