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a b s t r a c t

Today, it takes only a few months for the amount of knowledge to double. The volume of information
available has grown so much that it cannot be fully encompassed by the human mind. For this reason,
science, learning, and education have to change in the third millennium. The question is thus: what is it
that needs to be done? The answer may be found through three basic stages. The first stage is persuading
scientists of the necessity to change science education. The second stage is more difficult, in that sci-
entists must be told that they should not place an exaggerated importance on their own academic field
and that they should see their field as being on an equal basis with other fields. In the last stage, scientists
need to condense the bulk of information on their hands to a manageable size. “Change” is the magic
word of our time. Change brings about new rules, and this process happens very quickly in a global
world. If we scientists do not rapidly change our scientific learning and education, we will find our
students and ourselves caught up in an irreversibly destructive and fatal change that sets its own rules,
just like the Arab spring.
© 2015 The Author. Published by Elsevier Ltd on behalf of IJS Publishing Group Limited. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Sage: this word may not often be used in our time, but it is the
most ancient word that has to do with knowledge. Until the end of
the seventeenth century, also known as the enlightenment, sages
were regarded as the people who possessed all kinds of knowledge
about thought, science, and art. There are no longer sages of this
kind in our day. Scientists today are only knowledgeable about one
of more than 20 fundamental sciences (and often only a branch of a
particular fundamental science), let alone possessing knowledge
about art and philosophy in their entireties. There are a great many
scientists who devote their lives to only a single subject. For
example, a surgeon who studies thyroid surgery would likely tell
you candidly that the knowledge he has about the trachea, which is
adjacent to the thyroid, is less than that of a medical school
freshman.

What is the reason behind this accumulation of knowledge we
now face? This is a curious question with three possible answers:

a) We cannot attain knowledge,
b) The cognitive functions of the human species have diminished

over time. We can no longer grasp knowledge as strongly as we
used to, and we cannot retain that which we do grasp.

c) The amount of knowledge has grown so much that a healthy
mind cannot possibly possess it all.

Although the era we are living in is called “the age of informa-
tion”, we are in fact living in “the age of Internet”. In the 1990s, the
question of “whether the printing press or the Internet is a greater
invention” was worth debate, or at least the taking of sides. The
number of proponents for both sides being almost equal, thosewho
favored the Internet slightly outweighed the others with the
addition of a number of scientists. Twenty years since the emer-
gence of the Internet and this heated debate, the proponents of the
Internet outnumbered those arguing for the printing press in a
landslide. Unfortunately, there is still a small group of scientists
who argue in favor of the printing press. Not surprisingly, they are
the ones who cannot use the Internet.* Tel.: þ90 216 4863059.

E-mail address: erhanaysan@hotmail.com.

Contents lists available at ScienceDirect

Annals of Medicine and Surgery

journal homepage: www.annalsjournal .com

http://dx.doi.org/10.1016/j.amsu.2015.04.026
2049-0801/© 2015 The Author. Published by Elsevier Ltd on behalf of IJS Publishing Group Limited. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Annals of Medicine and Surgery 4 (2015) 158e161

http://creativecommons.org/licenses/by-nc-nd/4.�0/
mailto:erhanaysan@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.amsu.2015.04.026&domain=pdf
www.sciencedirect.com/science/journal/20490801
http://www.annalsjournal.com
http://dx.doi.org/10.1016/j.amsu.2015.04.026
http://creativecommons.org/licenses/by-nc-nd/4.�0/
http://creativecommons.org/licenses/by-nc-nd/4.�0/
http://dx.doi.org/10.1016/j.amsu.2015.04.026
http://dx.doi.org/10.1016/j.amsu.2015.04.026


Thanks to search engines, accessing knowledge is easier, faster,
and cheaper than it has ever been before in the entire course of
human history. Ironically, some propose that the word “Saint” be
put before Google; Saint Google!

It is awell-known natural law that the functions of the tissues of
living organisms that are not used will weaken, or even disappear,
due to atrophy, while those that are frequently or consistently used
will thrive, both functionally and numerically. Therefore, because
we are a healthy human species living in the age of the Internet, it
cannot possibly be the case that our cognitive functions have
diminished. Even if there is such a thing, it must be perceived as a
pathological process and researched scientifically.

During the 1500s BC, when writing was invented, the speed at
which the amount of knowledge doubled was 6500 years. This
period dropped to 4 years in the 1980s, which was when the
Internet entered our lives. Today, it takes mere months for the total
amount of human knowledge to double.

The first encyclopedia was written by Ephraim Chambers et al.
(1727) in the age of Enlightenment. Although we do not have that
encyclopedia now, if we did, and if we searched for a simple entry
such as “knowledge”, we would probably access information con-
sisting of a few paragraphs or around 250 words. Today, however,
when you perform a search on any search enginedsuch as (saint)
Googledit will turn up approximately 1,990,000,000 entries for the
word “knowledge”. It would be nearly impossible to estimate the
sum of the number of words under each of these entries, and even if
it could be done, the person performing this calculationwould have
extreme difficulty expressing it in understandable numerical form.

If we go back to the above posited question with three possible
answers and look at why scientists today do not know everything
(as did true sages) and are entangled only in a very specific subject,
we might be able to find the true answer easily: the amount of
information today has grown so much that it cannot be possessed
within a healthy mind.

Plato and his follower Aristotle did not need to read books to
become philosophers because there were no books at the time.
Likewise, it sufficed at the time for Avicenna to read a couple of
books on medicine and astronomy. The situation was no different
for Galenus.

Then, what is a student of medicine supposed to do today? How
many textbooks is s/he supposed to read in order to become a good
doctor? Is it only textbooks or books? Howmany journal databases,
how many articles, science websites, question books, scholarly
texts, etc.? Is it enough only to read? What about practical appli-
cations and the accompanying written sources?

It is because of these questions and this surfeit of knowledge
resources that science learning and education has to change in the
third millennium. This is primarily because the information mass
has grown so large that it cannot be learned in its entirety. So what
is it that needs to be done?

Just like the junk DNA (which corresponds to 95e98% of the
entire genome) that does not code for protein synthesis, unnec-
essary (junk) information should be eliminated from educational
sources. Eliminating junk information, however, is not enough in
itself to rectify the problems facing us. In the same manner as a
specific segment of DNA codes for only a certain protein and not
others, certain information should be presented only to certain
educational actors. Not all information should be presented to
every actor; due selection should be made. The first step in this
process (as is the case with educational advancement) is to educate
the educator. Such an educational program could be comprised of
three basic stages; two philosophical and one technical.

The first stage is persuading scientists of the necessity for
change in science education. This act of persuasion is composed of
two steps: first, the general consensus, and second, the

simplification of the educational process. Having overcome the
difficult task of “general persuasion”, it is also important to accept
that this process must be easy, as it is in most fields outside science.
Vertical educational systems, horizontal educational systems, in-
tegrated systems, etc. are undoubtedly important, and all of them
are going to find their proper place in educational institutions.
However, it should not be forgotten that in a global world, partic-
ularly one where the Internet has radically changed all kinds of
systems (such as commerce, communication, fashion, entertain-
ment, economy, and even national interest), it is impossible to think
that science can have a privileged position. After all, is it not the
Internet that is the basic cause of the “increase in the amount of
information” that is forcing a change in education?

In the last decade, there have been two silent but surprising
changes in the world of science. The first change was an increase in
the amount of information and a decline in the educational en-
deavors of students and scientists despite the growing number of
scientists and academic institutions (especially universities).
Transfer of scientists and the sector of academic congresses have
been experiencing a serious recession. Although the large, world-
renowned academic institutions have not shown signs of being
affected by this problem as yet, the middle- and small-scale in-
stitutions are already having an observer problem. The websites of
these institutions are now creating attractive advertisements for
“observership programs”. Congresses are held with fewer partici-
pants, in smaller and more modest halls, and with more humble
refreshments. According to the 2009 statistical report by the In-
ternational Congress and Convention Association (ICCA), medical
science is the largest segment of the congress industry. Although
the number of medical meetings and participants increases every
year as usual, there was a recession between 2000 and 2009 for the
first time; the fastest decline of all time in the number of partici-
pants at the medical meetings took place in 2009 with a rate of
17.8%. The same decline took place in other sectors as well, with
technology taking second place and (other) science congresses
third.

A second and more surprising change took place with the
stagnancy in the sales of science books. Currently, you will never be
able to find a medical book in Amazon's list of 100 bestsellers,
which is by far the most visited book sales website and which is
updated every hour. Many publishers of science books (especially
medical books) are either going out of business or having dire
times. The medical bookstores around medical schools and
research hospitals that were once staples of the community and go-
to locations for students are becoming increasingly rare; the vast
majority have been closed and converted into (usually) either caf�es
or fast-food restaurants. Fewer and fewer science books are being
written, and publishers are increasingly reluctant to publish even
the highly qualified books, written with so much difficulty, often-
times asking thewriter to meet the publishing expenses. Even if the
book is published, it rarely makes it to bookstore shelves because of
the lack of interest by distribution companies.

The major factor behind both of these changes in the scientific
community is the Internet. Today, the theoretical knowledge that is
the main aim of scholarly endeavors can easily be obtained from
institutional websites, presentation websites (i.e., Slideshare), free
and serious information portals (i.e., Wikipedia), and science jour-
nal databases (i.e., ScienceDirect and PubMed). Moreover, one can
follow science publications and the latest contributions by other
scientists in various well-respected journals.

Practical knowledge, processes, and manipulative sources can
be obtained from video-sharing websites (i.e., YouTube) or web-
based communication (live presentations through satellite, etc.).
Through these means of communication, the loss of labor, time, and
money has been minimized.
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