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SCIENCE LITERACY AND STEM. WHO IS THE BOSS?

Abstract. Science literacy, science popularization and STEM were analyzed as the structural elements on popular
science landscape. Author considers audience, tools and other specific features for each of these elements. Mod-
ified definitions are suggested for simplification of further analysis. It was shown that starting from 21st Century
science literacy and science popularization can be considered as two separate elements with different objectives
and different audience. One more conclusion is the following. Public funding is the mandatory requirement for
sustainable development of science literacy. The joint project was proposed for acceleration of World Organization
on Science Literacy creation. The essence of this project is to create, print and distribute joint textbook “Create
yourself by use your own tale” for increasing children creativity. The book should be adapted to the features of up
to 10 countries.
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INTRODUCTION

The expressions: “science popularization” (SP)
and “science literacy” (SL) are relatively new, but
activities, which are corresponding to these terms
have been known during long times. Physical/
scientific experiments in sovereigns’ palaces in
the Middle Ages are well known from the history.
This was the specific format of SP and dissemina-
tion of SL at that time. Public experiments with the
Leiden Jar [1] and the Magdeburg Hemispheres
[2] were used for enlargement of the audience in
a later time. The next increasing of the number of
ordinary people who are interested in the science
achievements was in the twentieth century. First
of all, it was triggered by increasing of population
general literacy. Another reason is use of scientific
achievements in everyday life. Examples: cars (in-
terest to chemistry, thermodynamics, mechanics),
telephones (electronics), aviation (aerodynam-
ics, strength of materials). Space has formed one
more group of enthusiasts. Above examples can
be named as SP, which are increasing SL at the
same time. In other words, it was quite difficult
to separate these two concepts / elements in the
past. But really nobody has needs for such separa-
tion: the size of SP/SL “users” as % % of the total
population of the Earth was negligible.

Let’s return to the present. Aimost all popula-
tion of the Earth has the daily needs in scientific
knowledge (science literacy). The majority of the
inhabitants of our planet starts their morning from
analysis of COVID-19 data. Another examples: in-
formation about weather anomalies or air pollution.
Let’s preliminary name this demand as well as all
“additional parts” (audience, tools, etc.) of this
element as SL (in 21st Century).

At the same time, the groups of enthusiasts
(ordinary people), which want to get extra infor-
mation about space or biology, don’t disappear.
These second type of people requires more spe-
cific scientific information. It is natural to save SP
as the name of this element.

The difference between two groups is more
clear in case one uses the analogy with meal. The
first type is similar to the daily bread and the sec-
ond one is the dish from the restaurant. Therefore,
author assumes that SP and SL should be sepa-
rated in the 21st century. Moreover, new element,
which is STEM (Science, Technology, Enginee-
ring, Mathematics) was added to the original two
ones for completion the the overall picture. Each
of these elements has its own audience, its own
promotion tools, funding sources. Below are the
author’s definitions for each of the elements, their
short descriptions, as well as the arguments for
their separation.

SCIENCE POPULARIZATION

Both “ordinary people” and “promoters” con-
sider SP as hobby until the beginning of 20t Cen-
tury. The main format of popularization was the
writing and publication of relevant books. Scien-
tists described the essence of complex scientific
phenomena for the ordinary reader. The classic
example is M. Faraday’s book “The Chemical His-
tory of a Candle” [3]. An outstanding scientist of
the 19t Century showed the main physical/chemi-
cal processes that occur during the burning of a
candle, and also their relationship. The novelty of
this book is remained even for present.

The above term “ordinary people” defines the
audience of “users”. This term should be clarified
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as following. The audience of “users” of SP con-
sists of “ordinary” readers in the sense that their
main profession is not the science. But these “or-
dinary” readers are not fully ordinary because they
have hobby: interest to science.

The increased role of science in the twentieth
century initiated the beginning of a systematic ap-
proach for its popularization. Scientific achieve-
ments began to be popularized not only by the
books. Specialized movies were appeared. For
example, YouTube became a storage of “light” sci-
entific information in the format of short movies.
The National Geographic channel with its excellent
programs/movies is another tool of SP.

New step (or even jump) in SP was made at
the end of the 20t Century. The creation of popu-
lar presentations — PP (films, books, lectures)
became the part of significant number of scien-
tific projects. These PPs explain in the language
understandable for ordinary people: why do we
need the results of this particular scientific project.

Let’s imagine SP until the second half of the
twentieth century as certain “amorphous sub-
stance”. By use of this analogy, we can say that
“microcrystals” (individual PPs) spontaneously
appeared from this amorphous substance at the
end of the last century. And PP “community” can
be named as “big crystal” — absolutely new for-
mat inside the traditional science popularization.
The term “big crystal” is used because PPs dif-
fer from the old tools (amorphous substance) by
their structuredness / self-sufficiency. Namely:
the own audience (which is still limited), regular
and qualified authors and (which is the most im-
portant) understandable and sustainable funding.
Similar to the crystallization process in nature, our
mental “big crystal” was not limited by PP of sci-
entific projects. Similar schemes have been used
by industrial companies for popular explanation of
complex machine work (with advertising of their
own products at the same time). One more part
of “big crystal” is popularization of history: new
type of movies with participation of both actors
and scientists. As to the author’s opinion, the ag-
gregate of listed self-sufficient projects should
be named now as “popularization of science” (for
21st Century).

In other words, science popularization is sim-
plification of deep and complicated scientific
knowledge (by use special formats), which trans-
forms boring and abstract results into understand-
able and interesting for wide audience

The author sees the following as confirmation
the fact that the modern popularization of science
has become a new systemic phenomenon. SP be-
came itself as the subject of scientific research.
Good example is the Report on the Development of

National Science Popularization Capacity in China
(2006-2016) [4].

We should stress one more positive effect of PP
at the end of this chapter. It is evident that PP is the
extra tool for inspection of public funding use. From
the one side, PP lobbies of the extension of on-go-
ing scientific project. At the same time, PP makes
this specific project more transparent and supports
public inspection of the quality of scientific research.

STEM

Let’s continue the analogy from the previous
section. The second “crystal” appeared after the
first one from the amorphous substance. Unlike
the first case of “spontaneous crystallization”, the
second “crystal” is the result of the focused efforts
of a group of stakeholders. In 2001, the STEM Al-
liance was created in the USA [5]. Its main objec-
tive is promotion of importance of development of
natural science, technology, engineering in the US.
At the initial stage STEM day-to-day practice can
be used as “etalon” for lobbing. Alliance reports
showed that the time between Alliance request
and US Senate’s decision is one month or less.
The immediate reaction of decisionmakers opens
the possibility for creation of efficient system for
training of talented young people in the field of
natural sciences. Next step was expansion of STEM
scheme worldwide. Please, note that the global
STEM lost its function as lobbying organization.
It has transformed into yet another system for the
dissemination of scientific knowledge. One can
find STEM training courses everywhere. Similar
to the modern popularization of science, STEM is
also can be characterized by its structuredness /
self-sufficiency. It has its own target audience,
teachers and funding sources. The author sug-
gests the following definition for STEM. STEM is
the selection of young people with good abilities in
natural sciences as further “innovation engines”.
Again, like SP, STEM covers a limited part of the
world’s population.

The definitions for SP and STEM proposed by
the author in chapters 2 and 3 are not new. They are
almost the same as the generally accepted ones.
The objective of author’s corrections are for un-
derlining the difference between SP, SL and STEM.

SCIENCE LITERACY

Elementary skills in science literacy were easily
mastered by the world’s population. For example,
most of us learned without external support of how
to extract short-term weather forecasts from the
Internet.

Unfortunately (or fortunately), science has cre-
ated and continues to create much more compli-
cated problems. And each individual has to find
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his/her own answer. The list of such problems in-
cludes, but is not limited by the followings:
e Due to global climate change, huge areas,
where millions of people live today may be
flooded. Others will turn into deserts. What is
about your personal place of living?
¢ The development of artificial intelligence has
already led to the destruction of a number of
“routine” professions and this trend will be only
continued. Does your position ok?
e COVID-19 has transformed online communica-
tions from exotic to routine. Are you inside the
trend?
e Space programs of a number of countries are
already planning the mass colonization of other
planets. Are you ready for such future for your
kids?
¢ Robotization can transfer the conflict between
human beings and robots from Si-Fi books/
movies into reality. Do you feel the threat?
¢ Social networks with billions of users are radical-
ly changing the way of people communications.
Are you ready to eliminate eye-to-eye meetings?
This list can be continued. But one can make
the first conclusion even from above. To find the
own answers for navigation in the modern world,
the minimum of scientific knowledge (MSK) is
needed for each person on our planet: for house-
wife, for businessman, for metallurgist, for farmer.
Of course, the content and size of MSK is not a
universal constant (like the speed of light) for all in-
habitants of the Earth. Obviously, that the required
MSK will be different for the people of the different
ages and the different educational background.
Most likely, it can be different for the population
of different countries. Even within each country,
MSK will differ from region to region: for exam-
ple, for urban and rural areas. One should take
into account the cultural, religious features of the
inhabitants as well as language distribution in the
specific and region during determination of MSK.

Fortunately for us, the modern science is not
only created the challenges, but is also produced
convenient tools. Today one has no needs to visit
the library for MSK: everybody has Internet at home.
Physical visits to the school or to the university are
not necessary: the required consultations can be
obtained on-line. Simple software tools allow every-
one to formulate conclusions in the friendly format.
Based on above, the forming of individual MSK is
simplified (or is made more complicated?). Each in-
habitant of our planet can create his own MSK inde-
pendently. The only problem is to be sure that gath-
ered information is not false. Thus, external support
is needed for teaching of how to get fair information.

With above remarks, we can suggest the defi-
nition for SL. Science Literacy is the “aggregate

of actions and tools” with free access by use of
which any human being on our planet can obtain
min needed portion of fair scientific information
to feel himself comfortable in the modern world.

At the end of this chapter, let’s look, what was
left in “amorphous substance” after above struc-
turization made by author. Regular SP products
(in traditional/old meaning) almost absent in the
modern world. The same time masterpieces are
appeared on case to case basis. And it is natural,
because the masterpiece is always a single case.
The last example is the 2021 Oscar-winning movie
“My Octopus Teacher” by C. Foster [6].

SOURCES FOR SUFFICIENT SL FUNDING

In the previous sections, the author has made
some corrections of the generally accepted defi-
nitions of SL, SP and STEM. They were made to
emphasize the following.

STEM is state oriented education policy to sat-
isfy specific country needs with limited audience;

The most active part of SP transforms into a
chain of business tools for promoting certain types
of innovative products.

The rest is SL according to author’s definition.
There are two reasons for such classification.

The first one connects with funding scheme and
requires some comments. By use business terminol-
ogy, the STEM clients demand is to get better edu-
cational training in selected areas (natural sciences
and technology). The request from SP client is to get
some sort of entertainment. STEM and SP commu-
nity provides their clients by required products/ser-
vices. And can do this job (more or less) efficiently.

The situation with SL clients (in author’s defi-
nition) is differ from above. SL clients require (not
too much but FAIR) information to make decisions
about key human needs. The number of such type of
clients exponentially increased at the beginning of
the 21stCentury. According to author’s definition SL
covers all categories of human beings, from kids to
Nobel Prize winners, including experts and house-
wives. And this huge audience of ordinary people
is left almost alone with the questions described
above because present SL aggregate of actions and
tools mainly consists of borrowings from SP and
STEM. The nomenclature and quality of such tools
couldn’t satisfy even small part of new audience.

One can find the contradiction in the above
description. In case author would like to use busi-
ness terminology, the basic business laws should
be worked. In other words: a lot of clients auto-
matically increases the number of suppliers. But
it is evident that such statement is not correct for
considered case.

We do believe in the absence of the mistake. It
is impossible to consider SL as ordinary business:
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potential profit is too small at the moment. More
likely that SL is the “special type of business”, which
was appeared in the middle of the twentieth cen-
tury. The first examples were: the space and atomic
industries. Solar energy, cars with electric engines,
private space programs, and even STEM are the
examples from the 21st Century. The scheme for
any of the above projects was almost the same.
e The size of potential market should be really
huge.
e The initial decision is based on the general
feasibility of idea.
e Sufficient funding is allocated without deep
analysis of existing technological level.
¢ Project development pulls up science and
technology to the profitable level.
¢ Product is become profitable, and the project
is extended worldwide.

The key difference of above business scheme
from regular one is sufficient funding based on
forecast only. Decisionmakers don’t have satisfac-
tory technologies at the moment of funding launch.

There are at least two criteria for application of
special business scheme: a) to be the first on the
market; b) to have really huge market size.

Structurization of the whole popular science
landscape allows to consider “special business
scheme” as the most acceptable for SL. This is
the first conclusion from above analysis.

Potential institutions, which can provide SL pro-
ject by funding are: World Bank or other international
financial organizations; Belt and Road Initiative; G7
recently announced Global infrastructure project.

Unfortunately, zero stage was missed in above
(very optimistic) list of actions. Zero stage is the
long period of “knocking into the door” by initia-
tors/enthusiasts.

Appropriate decision about SL as world size
project has not been made and is not even dis-
cussed. Thus, the enthusiasts are required to ex-
plain the role of SL to decision makers. Such en-
thusiasts have already appeared. Representatives
of more than 20 countries became the members
of Working Group for the creation of the World Or-
ganization for Scientific Literacy (WOSL). Since
October 2018, international seminars and meet-
ings have been regularly held, at which members
of the working group exchange views and form a
common vision of the problem. One can find more
information about Working Group activities on the
website: https://www.wcsl.org.cn/index_en. To be
honest, the present progress is impossible without
the organizational support of these enthusiasts
by China Association of Science and Technology.

Enthusiasts should knock the door more louder
for successful start of large scale project. And this
is the second conclusion.

The more concrete proposal about the first
joint project is in the next chapter.

PRIORITY JOINT PROJECT

The author has previously described the mech-
anisms for the successful promotion of scientific
literacy [7]. The most effective one is the printing
and distribution of books. It is clear that the books
should be distributed in the countries-members of
WOSL Working Group at first. Our proposal is to
select modified textbook “Create yourself by use
your own tale” for the first joint project [8]. UNISEF
funded the creation and printing of the initial ver-
sion of this textbook in 2003.

This specific choice was preliminary (and very
briefly) discussed at the meeting of the WOSL
Working Group in March 2021. Present chapter
contains detailed arguments to support this variant.

¢ Why do we suggest exactly this book? First of
all, UNISEF label confirms the high quality of
this product. Secondly, the book audience is
children, which is always the priority. Thirdly,
this textbook is the base for successful training
of children in Ukraine during last 15 years;

e The formal and the main objective of this
textbook is to transfer to children the basic
knowledge about methodology of inventions.
At the same time, successful completion of the
course does not mean that 100 % of students
will become inventors in the future. They can
be successful scientists or engineers. They
also can be successful businessmen, econo-
mists or designers in the future. The key word
is “successful”. Because the course supports
and develops one of the most demanded skill
today: CREATIVITY;

e Of course, the first joint SL project cannot be
based on the old (20 years old) content. There
were no smartphones, no unmanned cars, or
detailed plans for the colonization of other plan-
ets at the time of writing proposed textbook. So,
the primary variant of the book should be up-
graded. And the author already started this job;

¢ |t seems, that the new version of book should
be structured as the next:

The book should have up to 10 versions pre-
pared for 5-10 countries of members of the WOSL
Working Group;

Approximately 70-80 % of the total volume is
the general part, written by Dr. Nikolai Turov, the
author of the initial book;

The remaining 20-30 % is a variable part,
which will be prepared according to the features
of each country;

The representatives from appropriate countries
of WOSL Working Group should be the co-authors
of the variable parts;
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It seems that all 5-10 versions of the book will
be prepared in English, although the possibility
of publication in national languages looks more
attractive;

e The main. characteristics of the future book
should be the following:

The volume of the book is about 100 pages;

It should be printed in color;

It should be (at least) 300 copies for each ver-
sion/country;

The electronic content as the annexes (may
be in local languages for each version).

Creation of proposed textbook will give great
push for completion of WOSL.

CONCLUSIONS

1. Structurization of the whole popular science
landscape demonstrates element with extremely
huge audience, namely, Science Literacy.

2. The quality product, which doesn’t exist yet,
should be provided to this audience. The core of
this product must be the same worldwide with dif-
ferences according to the age, language, mental-
ity, etc. in the regions.

3. The niche is temporary empty. Without de-
livering of quality product this niche will be filled
by electronic game, drugs, etc.

4. Qutstanding results of STEM promo-
tion was reached due to regular public funding.
Similar scheme should be applied for SL pro-
motion.

M. M. KIPKOXIH, kaHA. ¢i3.-maT. Hayk, C. H. C.

5. Initiator of SP extension worldwide is WOSL
Working Group. Creation of full size WOSL skids
by many reasons at the moment. Thus, WG size
should be enlarged for acceleration.

6. Creation, printing and distribution of text-
book “Create yourself by use your own tale” is
proposed as WOSL primary joint project.

7. The last but is not the least: clear answer
on the question in the title. The answer is simple:
both elements (similar to two wings) are needed
for future progress.
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3MATAHHS1 HAYKOBOI FPAMOTHOCTI TA STEM: XTO € FrOJIOBHUM?

Pe3tome. Y cTarti HaykoBa rpaMoTHICTb Ta STEM 6y npoaHanidoBaHi sik CTRYKTYPHI enieMeHTU 3arasbHoi kap-
TVHW 3 nonynspu3adii Haykn. ABTOp po3risaae ayanTopiro, iHCTPYMEHTU Ta iHLi 0COBINBOCTI 4J151 KOXHOIro 3 Lnx
€JIEMEHTIB. 3 METOI CrpPOLLEHHS 0AabLIOro aHasidy 6y 3arnpornoHOBaHi MoANGIKOBaHI BUBHAYEHHS AJIS1 LiNX
esieMeHTIB. Byno rnokasaHo, Lo, no4nHarydm 3 XXl CT. HaykoBY rpaMOTHICTb Ta MonyJspu3alito Hayku MOXHa po3-
rs4aty 9K ABa OKPeMi e/1IeMEHTU 3 PISHUMU LIISIMU Vi ayaAnTopismu. BucioBneHo AyMKy, Lo gepxaBHe piHaHCy-
BaHHSI € 0060B’SI3KOBOIO YMOBOIO CTas1I0ro PO3BUTKY HAMpPsMy “HaykoBa rpaMoTHICTb”. 3arnpornoHOBaHO CrisibHWUM
MPOEKT AJ1s1 NMPUCKOPEHHSI CTBOpPEeHHS CBITOBOI opraHi3auii 3 HaykoBOi rpaMOTHOCTI, CYTHICTb SIKOro rnoJisira€ B
CTBOPEHHI, APYKY Ta PO3NOBCIOAXEHHI CrisIbHOro niapy4Huka “Cteopu cebe yepes ka3ky”, Lo Mae Ha MeTi Cripu-
STU NiABULLIEHHIO ANTSY0I KpeaTuBHOCTI. 3aniaHoBaHo, WO niapy4YHUK 6yae agantoBaHo A0 0COBAMBOCTEN npu-
61M3HO AecsiTy KpaiH cBiTy — 4neHiB Pobo4oi rpynu 3i ctBopeHHs1 CBiTOBOI opraHi3alii 3 HaykoBoi rpaMoOTHOCTI

Knroyosi cnoBa: HaykoBa rpamMoTHiCTb, STEM (Hayka, TEXHOOTII, IHXUHIPUHI, Maremarvka), nonynspuaaLis Hayku,
BU3HAY€HHSI MOHSTb.
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