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Abstract. This article informs about new segment of scientific activity, which is developing rapidly through the
entire world, namely: science literacy. The results of two international conferences on the subject (Beijing, 2018
and 2019) were presented. Discussions on these conferences gives enough confirmations that science literacy
has its own niche (target group, methodology, etc.), which is differ from well-known STEM (science, technology,
engineering, mathematics). The main objective of STEM is the selection of talented individuals. The same time
certain amount of scientific information is required not only for the mentioned individuals but also for the rest
people of our planet. It is impossible to identify correctly what is the percentage of population has interest in
specific scientific information. But there are no doubts that all inhabitants of the Earth should have fair information
of how science, technology and engineering would change their personal life in the nearest and far future. Climate
change is the most evident example. But one also can add artificial intelligence as well as irradiation influence from
cell phones on the brain, or shortage of pure water and etc. To cover above demands the specific area of scientific
activity should be distinguished. The natural name of this area is science literacy. As the first step of science literacy
identification the author gives its own definition of new area of scientific activity. The specific promotion tools for
this new area of scientific activity already exist worldwide. They are: popular science books, technical museums and
etc. Author analyzed these tools and made the conclusion that for efficient science literacy promotion they should
be: a) inexpensive; b) reproducible; c) interesting; d) using modern technologies. The examples, which confirm this
conclusion, were listed. The action plan was proposed for more efficient international promotion of science literacy.
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INTRODUCTION

World Science Literacy Conference was held
in Beijing in October 2019. It was the second
Conference on this issue. Both were organized
by China Association for Science and Technology
(CAST) [1]. Presented reports and the Round Table
discussions showed high ranking of the subject.
Moreover, this statement is correct not only for the
developing countries, but also for the developed
countries, presented by France and Norway. The
size of this article doesn’t allow to give comprehen-
sive review of all presentations. Thus, we describe
only two of them [2].

Prof. Guan Xiaohong from Jiaotong University
in his presentation demonstrated very strong links
between music and mathematic. Prof. Guan Xiao-
hong even insisted that music is additional part of
mathematic, similar to algebra or geometry. For
his idea wider distribution Prof. Guan Xiaohong
organized special format of promotion in differ-
ent region of China: lecture about mathematics
as the first part and concert of National Symphony
Orchestra as the second part. The concert in such
presentation realizes two functions: a) natural one,
which is enjoyment from music; b) confirmation of
author’s scientific results.

Comparison of science literacy (SL) level in dif-
ferent countries of European Union was presented

by Dr. Michel Claessens from European Commis-
sion (EC). EC funded research for interviewing of
large group of people in different countries of Eu-
ropean Union. This interview should demonstrate
difference in SL level of the different regions. The
indicator of SL level is correct meaning of some
“scientific words”, like “virus”. Researchers pre-
pared two-column table with scientific expression
in the first column and few explanations in the sec-
ond one. The only one meaning is correct. Natu-
rally, that more correct answers means higher SL
level. Dr. Claessens also presented the next step
of this research, which is extension of investigation
aria to other countries, including China and the US.

The most important parts of both SL confer-
ences were Round Tables, where the representa-
tives of different countries discussed the oppor-
tunity for creation of new institution: World Or-
ganization of Science Literacy (WOSL). During the
second Round Table in Oct, 2019 representatives
of almost twenty countries created Working Group
(WG) and started discussion about WOSL Statute
preparing. WG members agreed unanimously that
the first priority of our job is clear definitions of
WOSL objectives.

Being member of above mentioned WG the
author considers this paper as preparatory materials
for the third round of discussion.
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THE OBJECTIVE OF THIS ARTICLE

There are a lot of activities worldwide, which
are describing modern scientific results in popular
format by use “old tools”, like journals of popular
science or technical museums or “new ones”, like
YouTube or museum of science. STEM (acronym of
Science, Technology, Engineering, Mathematics)
appeared recently and it covers probably almost
all the world for today. Does mankind need some-
thing else?

There are the following objectives of this arti-
cle: 1) to present author’s definition for Science
Literacy; 2) to demonstrate that examples of SL
activities according to proposed definition already
exist worldwide; 3) show the examples of success
stories of SL promotion.

SL VS STEM/ NICHE FOR SCIENCE
LITERACY

One can find the acronym STEM (Science +
+ Technology + Engineering + Math) worldwide
[3]. The US started the process of STEM creation
and it was spread to other world very fast. There
are US STEM alliance; STEM — Europe; STEM —
Ukraine; STEM in many other countries today.
Moreover, author met programs with acronyms:
STEMM (STEM + Medicine) or STREM (R means
religion). But for any acronyms (STEM itself or its
derivatives: STEM + medicine; STEM + religion and
etc.) it is the tool for selection of talented people.
It means that STEM target group is: individuals or
small groups of people. Doing research in phys-
ics and technology for more than 20 years author
totally supports such objective. Moreover, it is very
easy to connect STEM objective and UN Strategic
Development Goals (SDG) [4].

But let’s look on the subject from another side.
In case of above definition STEM covers only few
percentages of all human beings. All the rest are
outside of the process. Author heard many times
from different people something similar to the
following: “Math (physics, technology) is very
complicated for me, let’s speak about something
else”. And such answers were ok until the end of
20t Century. What are the novelties of present
days? Compare to the past, science of 21st Cen-
tury creates challenges for each inhabitant of our
Earth almost every day. There are many confir-
mations of such statement. Here we discuss two
examples only.

The first one is the following. The period from
the day of invention of something new to its mass
production reduced from decades to years or even
months. For confirmation of this conclusion one
can read about, e.g., Elon Mask space story. Mod-
ern communication networks spread information
about certain novelty to billions. At least millions

would like and have opportunity to buy this spe-
cific novelty. As the result the structure of global
industry should be changed very fast to satisfy
such demands. The first iPhone appeared in June
2007. Only 10 years have passed and smart-phone
market increased from zero to 3 % of world GDP.
Above is the example of “kind killing” of traditional
professions. Artificial Intelligence (Al) will kill them
much more toughly. Many professions (includ-
ing prestigious ones) will disappear in the nearest
future with appearance of millions of unemployed
people. Unmanned banks, unmanned call centers
and etc. will join unmanned production facilities of
20" Century. The army of couriers will be replaced
by fleet of drones. Let’s forward above forecast,
e.g., to the farmer. The majority of farmers world-
wide will consider it similar to annoying fly. But, it
seems, farmer’s reaction will change, in case the
description is finished by the question: Can you
recommend your profession for your kids or it will
disappear soon?

The second example is about renewable ener-
gy production and climate change. The share of
renewable energy production was negligible in the
total balance in 2000. Since those times Germany
increased drastically the total power of renewable
sources. Today it is bigger in two times compare
to the whole electricity production in Ukraine. In
other words, Germany has much more active policy
for reducing emission of carbon dioxide. Almost
every day one can see on TV the demonstrations
against climate change. What is the relationship
between German energy policy and mentioned
demonstration? And how do both events link to
the life of ordinary people?

Let’s re-formulate above into the question for
ordinary people: Can one build house in certain
place or this place will be transferred into the de-
sert in the nearest future?

The list of underlined questions can be ex-
tended, but even two such examples undoubt-
edly show the following. Any person, who feels
responsibility for his own future and the future of
his family, requires skills for SCIENTIFIC FORE-
CAST. And this conclusion is valid for the person
of any profession.

The definition of the acronym CTF (Common
Training Framework) is the following: it is min
knowledge and min skills necessary to demon-
strate enough competence [5]. Similar to CTF, cor-
rect SCIENTIFIC FORECAST requires min initial
scientific knowledge and min skills for updating
of this knowledge during all the life.

Summarizing all above the author suggests the
following definition for SL.

Science Literacy is two intersecting sets of
tools both with free access, which gives oppor-
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tunity for any individual to make its own forecast
of the influence of development of science and
technology on his own life. The first set of tools
provides this individual by the min level of basic
scientific knowledge. And the second one is for the
permanent correction the initial package.

Science Literacy can be considered as re-
invention of ancient Chinese Compass. Similar to
the old device SL has two components: a) basic
knowledge (analog is the base of normal com-
pass); b) permanently updated knowledge (similar
to freely turning magnetic arrow).

Above definition shows the niche for Science
Literacy and clearly separates it from STEM. Sci-
ence Literacy is the tool for millions of ordinary
people in contradiction with STEM, which is for
individuals. Moreover such definition automatically
approves the list of activities for Science Literacy,
most of which was discussed on the Round Table
[6]. Such activities should match “mass produc-
tion” criteria. This subject will be discussed in the
next chapter.

EFFICIENT SCIENCE LITERACY
PROMOTION

There are a lot of efficient tools for SL promo-
tion. Author compares the activities in this area in
many countries and recognized same/very similar
formats in many regions. It was great surprise that
enthusiasts invented such (very efficient) formats
independently from each other.

Let’s list the most important criteria for SL pro-
motion. Efficient tools should be:

4.1) inexpensive;

4.2) reproducible;

4.3) interesting;

4.4) using modern technologies.

Below the some concrete cases will be de-
scribed. The description will be answer on the
question: how does specific case match the above
criteria?

Before analyzing the specific technical cases,
the general idea will be illustrated by the case
from “ordinary life”. Author had seen the group
of dancing people in the park in Beijing (China) in
Oct 2018. He found absolutely same case on the
distance of 8,000 km from the original place, while
returned to Kyiv (Ukraine). These dancing have no
relation to SL, but they are excellent illustration of
the efficiency of above mentioned criteria, because
they are totally in harmony with them:

¢ the cost is very low, because space is free.
The only one restriction is rain/snow;

¢ reproducibility is evident;

e organizer can selected the list of melodies,
which are interesting for the concrete group
of people;

e music was produced by Instrument until the
mid of 20th Century. Next “generator” was
tape recorder. Today each participant can
bring his lovely melody on his cell phone. The
only one technical unit, which joins the group
is sound amplifier.

The same analysis can be applied to the tech-
nical cases.

The first example is technical museums.

There are two types of such museums. The
first type is traditional one, which has huge space,
very expensive exhibits and funding from the gov-
ernment. Author visited such museums in Kyiy, in
Zagreb, in Warsaw. These museums totally ignore
above criteria and the result is evident: there are
few visitors per day only.

Modern museums of science saved only word
“museum” in their name, but totally changed the
content. Author visited such museums in Warsaw,
Kyiv, Lisbon, Beijing and other cities. The whole
space in these museums is the place for scientific
games. Visitors can learn the structure of Solar
system, launch the model of rocket, create bub-
bles, which are larger than height of human being,
etc. This case satisfies almost all criteria, except
low cost. And the result is very impressive. Each
museum is full of visitors during all the day.

The second example is “zero-cost” construc-
tion kit.

One can buy different construction kits in spe-
cialized stores. It can be set for young chemists,
young physicists, Lego, etc. The common feature
of these kits is their price, which starts from $ 50.
The same time each family has very inexpensive
“store” for initiation of engineering thinking of their
kids. Probably each family has box(es) with useless
things. Somebody even has the garage, which is
full of such boxes. Our colleagues from Kyiv tech-
nical center for youth [7] organize Pan-Ukrainian
Young Engineering competition annually. The task
for each young team is to design and to create the
working model by use the box with useless things.
The last time future engineers created the model
of cranes.

The last example of efficient SL promotion is
books for science and technique popularization.
It is evident that books match the first two criteria
automatically. To be interesting the modern trends
should be used, like clip thinking. And the most
advanced books are using e-component, namely
connection with e-storage with additional infor-
mation (tests, historical stories, presentations for
teachers, etc.).

As one can see, Science Literacy already has
efficient tools for its promotion. The nearest task
is coordination efforts of enthusiasts from diffe-
rent countries.
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INSTEAD OF CONCLUSIONS: PROPOSED
NEXT STEPS

1. Present situation for SL is not very good. The
only one institution — CAST — is promoting this idea
officially. There are a lot of competitors, like STEM,
in this segment. International support of science

Laboratory for Science Literacy. This temporary
organization should demonstrate the real impor-
tance of SL for world community. And it can be
transformed into World Organization for Science
Literacy on the next stage.
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M.M. KIPKOXIH, kaHa. ¢i3.-maT. Hayk, C.H.C.
TOM-4 TAEMHMLI AN9 NPOCYBAHHA HAYKOBOI FPAMOTHOCTI

Pe3iome. Y cTarti HaBeaeHo iHpOopmaLito rnpo HOBUN CErMeHT HayKOBOI AiisIbHOCTI, SKUM LLIBUAKO PO3BUBAETHLCS B
YCbOMY CBITi T& Ma€e YMOBHY Ha3BYy — HayKoBa rpaMoTHICTb. [51s NigTBepAXeHHSs Uiei AYMKUN HaBeaeHO Npukaaan 3
ZABOX MXKHaPOAHUX KOHGepeHUil, ki 6yn npucBsiHyeHi BkazaHomy nutaHHIo (MekiH, 2018 ta 2019 poku). Auckycii
Ha 3a3Ha4YeHux KOHGEpPEeHLUisX HaaaTe AOCTaTHbO MNiATBEPAXEHb TOro, L0 HayKoBa rPamMoOTHICTb MOXE Matu
BJIaCHY Hilly (uiniboBa rpyrna, MeTofoJ1oris TOLLO), sika BiApi3HIETbCS Big Ao6pe Binomoro STEM (Hayka, TEXHOJOr s,
iHxXxeHepis, matematuka). lonosHe 3aBgaHHs STEM — ue Binbip TanaHoBuUTHX noger. BogHoyac rnesBHa KislbKiCTb
HaykoBoOI iHgpopmaLii NoTpibHa He nvLue Bullle3ragaHuM TajaaHTaM, a i iHLMM Jio4s9M HaLloi naaHeTn. HemoxansBo
TOYHO BU3HAYUTU, SKUK caMe BiJCOTOK HACEIEHHS LiikaBUTbCS CrieliasrbHOK HaykKoBOI iHpopmadieto. OaHak He mae
XKOAHWX CYMHIBIB Y TOMY, LLIO BCi XxuTeni 3emi NoOBUHHI MaTy JOCTOBIPHY iIHOpMaLLio Npo Te, SKUM YNHOM Hayka,
TexHika Ta IHXeHepisi BMIHSITb IXHE 0OCOBUCTE XUTTS B HAOIMXKXHYOMY Ta BiaaaseHoMy MabyTHboMY. 3MiHa Kiimarty €
HavibinbLL SCKPaBUM NPUKIagom. Lo LUboro MOXHa A0AaTV LUTYHHWI IHTEeEeKT, BI/INB BUMPOMIHIOBAaHHS Bifi MOBITbHUX
Tene@oHIB Ha MO30K, HecTaydy NMTHOI BOAM ToLLO. /1719 3a410BOJIEHHS IHTEPecCIB II0ACTBA, siki BkKa3aHi BULLe, MOTPIOHO
copmyBaTu HOBY cepy HayKoBOI AisiibHOCTI. [pupoaHa Ha3sa A5s Uiei cpepu — HaykoBa rpamMoTHICTb. [lepLumm
KPOKOM igeHTugikauii HaykoBOi rpaMOTHOCTI aBTOP rPOroHye A Hei BaacHy AediHiuito. CrneuianibHi IHCTPYMEHTU
AJ151 NPOCYBaHHS B Livi chepi HayKOBOI Aisi/IbHOCTI BXe ICHYIOTb B YCbOMY CBITI. Lje HayKOBO-romny/isipHi KHU, TEeXHIYHI
My3ei ToLo. ABTOp rnpoaHasidyBaB Ui IHCTPYMEHTU Ta AiViLlOB BUCHOBKY CTOCOBHO TOro, LU0 AJ1s1 e(peKTUBHOI o
rpoCyBaHHSI HAYKOBOI rPaMOTHOCTi BOHU MatoTb OyTU: @) HeEAopOorumu; 6) Taknumu, LU0 BiATBOPIOKOTHCS, B) BUKIMKATU
IHTEPEC; ') BUKOPUCTOBYBATM Cy4aCHIi TEXHOJIOrII. Y cTarTi HaBeAeHO npuknaau, siki nigTBEPAXYOTh Lier BUCHOBOK,
a TakoX 3arporioHoBaHoO rnaaH Aivi Ans 6inbLy e PekTMBHOro MiXkHapoAHOro rMNPoOCyBaHHS! HaykKOBOI rpaMOTHOCTI.

KnoyoBi cnoBa: HaykoBa rpamMoTHiCTb, STEM (Hayka, TEXHOJIOrIT, iIHXUHIPUHI, MaTtemaTuka), BU3Ha4eHHs MOHSITh,
MexaHi3mMu BripOBaaXEHHS.

H.M. KUPIOXWUH, kaHg. duns.-maTt. Hayk, C.H.C.
TOM-4 CEKPETA AJ19 NPOABUXXEHUA HAYHYHOW TIPAMOTHOCTHU

Pe3ome. B ctatbe npuBeneHa nHpopmaumnsi 0 HOBOM CErMEHTE Hay4HOU AesTe/IbHOCTU, KOTOPbIY CTPEMUTETb-
HO pal3BuBaeTCsi BO BCEM MUPE U HOCUT YCJIOBHOE Ha3BaHWe — HayyHasi rpaMOTHOCTb. s noagTBepXAEeH S
npuBeaeHsl NPUMepPbl U3 ABYX MeXAyHapoaHbIX KOHGepeHuuii no atomy Bonpocy (lMekuH, 2018 n 2019 roasl).
Juckyccun Ha 3TUX KOHpepeHunsx AatoT 4OCTaTOYHO MOATBEPXAECHUI OTHOCUTE/IbHO TOro, YTO Hay4Hasi rpamoT-
HOCTb MOXET UMETb CBOIO HULLIY (LieneBasi rpyrnna, MeToAo0rvsi U T. A.), KOTopasi OT/IM4aeTcsi OT XOPOLLO N3BECTHOIO
STEM (Hayka, TexHonorvs, nHxeHepus, matremartvka). OcHoBHasi 3aga4a STEM — oTbop TanaHT/imBbIX ito4el. B To
)K€ BPeMsi, HEKOTOPOE KOJINYECTBO HaY4YHOV MHPOpMaLmm TPeBYEeTCs HE TOJIbKO YrIOMSIHYTbIM TaJlaHTaM, HO M OCTallb-
HbIM JIOASIM HALLE rniaHeTbl. HeBO3MOXHO npaBuibHO ONpPeaeinTb, Kakov npoLEeHT HACEIeHUsI UMEET UHTEePEC K
KOHKPETHOU Hay4HOW nHpopmaLmy. Ho HeT HUkakmx COMHEHWI B TOM, YTO BCE XUTen 3eMiiv AO/IKHbI pacrosiararb
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JI0CTOBEPHOU MHpOpMaLUmeri 0 TOM, Kak Hayka, TEXHUKA U MHXEHEPUSI USMEHSIT UX JIMYHYIO XU3Hb B GvxaiLiem v
oTgasieHHoM 6yayluem. IsMeHeHue kammara siB/SieTcs Hanbosiee SSpKUM rMPUMeEPOM, HO Takxke MOXHO A006aBUTb
WCKYCCTBEHHbIVI UHTEJINIEKT, BANSIHUE OBTyHEHUST OT COTOBbLIX T€IE€(OHOB HAa MO3I, HEXBATKY YACTOU BOAbLI U T. A.
YTOObI Y10BNIETBOPUTH BbiLLIEYKA3aHHbIE 3arpPOoChl, C/1eayeT COOPMMUPOBaThL HOBYIO 061aCTb HAYYHOV AESTE/IbHOCTU.
EcTtecTBeHHOe Ha3BaHue 3Tok 0b61acTy — HayyHasi rpaMOTHOCTbL. B kayecTBe nepBoro Liara uaeHTudukaumm Ha-
YYHOV rpamMOoTHOCTY aBTOp rpeasaraeT Ajsl Hee cobCcTBeHHoe onpeaeneHve. CrneunasibHble MHCTPYMEHTbI MpoaBuU-
XKeHUs1 45151 3TOVi 061aCTy HaY4YHOM AeSITENIbHOCTU YXXe CyLLECTBYIOT BO BCEM MUPE. OTO HAaYyYHO-IMOMYJ/ISIPHbIE KHUMY,
TexHu4eckme mysen v T. 4. ABTOP MpoaHaan3npoBas 3Ty NMHCTPYMEHTbI 1 cAesas BbiBOA, YTO A/ 9 PEKTUBHOro
rpoABMXEHWS] HAY4YHOW rPaMOTHOCTY OHU [OJIXHbI ObIThb:! @) HeAoporvMu; 6) BOCPOU3BOANMbBIMU; B) MHTEPECHLIMU;
) UCrosib30Barb COBPEMEHHbIE TEXHOJIOMMU. B cTaTbe rnpusBeaeHsl npuMepsl, NOATBEPXAAIOLUME 3TOT BbIBOA, @ TakxXe
rpeasIoXeH rniaH AenCcTBui a1s 6onee 3¢pGEKTUBHOrO MeXAYHapoAHOro PacrpoCTPaHeHUs] Hay4YHOV rpaMOTHOCTH.
KnouyeBble cnoBa: HayyHasi rpaMoTHOCTb, STEM (Hayka, TeEXHOI0rnmn, MHXUHUPYHI, MaremMartuka), onpeaesieHve
MOHSATUM, MEXaHU3Mbl BHELIPEHMUSI.
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