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SCIENCE AND SOCIETY - A NEW ERA
FOR SCIENCE COMMUNICATION
IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT

Abstract: The high degree of interest in scientific topissiénce and research) has been observed espsaialty
the pandemic. This includes the ongoing transitérihe chemical industry toward sustainability hesm the
accompanied changes have to be coordinated ingdialaiith society. Parallelly, there is increasintgiest in
science communication in general, as well as thweasing need for its proper understanding. How we
communicate is probably today as important as wkeatommunicate. The purpose of this study is tdceghow
society perceives science, research, scientifigit,esand their role in the modern world. The meitlnged in the
study was a diagnostic survey, and the data wagctedl using an online questionnaire. This studgdus
a quantitative method. The results showed thansei@ommunication needs to be developed much mithe w
special attention paid to the economic, social, political context. The results analysed and irdtggt in this
article could provide substantive suggestions aeip tlevelop science communication.
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I ntroduction

We live in very complicated times and never befaage we had such rapid and easy
access to information, which also means informatibat is not true, i.e. fabricated.
Probably each of us has come across misinformafade, news about the climate, nuclear
energy, new medicines, more energy-efficient malgriways of generating energy, or
green chemistry [1, 2]. This was particularly eviden the past pandemic period.
The susceptibility of society to this type of disirmation is high and often results from the
complexity of issues, an insufficient level of krledge on a given topic, media
competence, or, unfortunately, the politicisatidntlee topic. By widely communicating
results based on the scientific method, sciencedoa solid counterweight against fake
news and the misconception and gives possibiliigsto ignore scientific evidences to
conscious members of society.

According to the Pew Research Center 2019 survgyif3he medical and nutrition
sectors, American society demonstrates a tendeocyatue the opinions of science
practitioners, who directly provide treatments ardommendations to the public above
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those of researchers working in the same area. |\WNdwlf (47 %) of respondents
highlighted that dietitians provide ‘fair and acat@ information’ ‘all or most of the time’

dietitians provide ‘fair and accurate informatiowhile only 24 % of respondents believe
that equally adequate information is provided fodemst most of the time by nutrition
research scientists. However, these data shouldom¢rasted with the 86 % rate of
respondents who claim to have at least ‘a fair arhofi confidence’ that scientists act in
the public interest. It should be noted that similatterns are also observed in Europe [4].

The compilation of the foregoing data leads to tfuestion where the problem is
centered in the relationship between scientistssaetety. The diagnosis of such a problem
is accompanied by a number of misconceptions. Ticedilly, the perception of this issue is
centered on the concept of ‘trust. However, insmegly in the academic doctrine,
an important distinction is drawn between the gehattitude to science and the ‘trust to
science’ in specific matters. Therefore, accordiogLeshner [5]: “Science and public
policy experts have long taught that important siecis [.....] are rarely, if ever, made
solely on the basis of science, but are based ¢m facts and values, or on facts and
personal experience”. As a consequence, Hendrikt @8] reported that “trust in science
develops and changes in light of the public’s vieaimout specific scientific topics”.
Therefore, while identifying the problem, greatevdrage shall be put upon sociocultural
backgrounds and the values of the particular spciet

This observation provides a basis for the conclusi@t the genuine problem lies in
the inadequate strategies for science popularisaiach remarks can be amplified by one
additional notion. Approximately 20 % of Americamslieve that scientists are ‘transparent
about possible conflicts of interest with industgyoups’ all or most of the time.
The findings of the survey [1] undoubtedly provate important guide for the conduct and
dissemination of scientific research results.

Scientists are generally perceived as experts given field of science [7, 8]. They
possess extensive knowledge and abilities thatlerthbm to apply complex techniques
and procedures to conduct research. With this imdmit can be said that it is a narrow
group of people who stand out from the rest ofetyciAs such, they may have difficulty
making themselves more understandable to otherswel#r, science seems to be
unattractive to ordinary people who are not ablertderstand its complicated language and
techniques; the public does not understand muackihat scientists do. As Seethaler et al.
[9] rightly noted, scientists are often perceivedpaople who cannot talk about their work
and its effects in an accessible way.

By communicating science publicity, it is possibdegive a human face to a field that
can be viewed as cold and aloof. Its improvemeeitnseparticularly crucial for millions of
people around the world because the results oftkaglies and understanding of their
results can determine people’s lives. It is obvithat the most important thing is helping
scientists bridge the gap between academies anefysoend this topic has been taken up
by many authors [10-14]. The question arises hopojaularise science in order to show its
value and importance not only for researchers, fiost of all to the large majority of
society.

Science communication plays a key role, as it diyetorms the visibility and
reputation of scientists. Another problem is redaie the personal credibility of researchers
with respect to the transparency of their work étHB]. An adverse effect of inadequate
communication strategies lies in the erosion ofrémutation of scientists in the eyes of the
society. Beyond that, the adequacy of communicagtoategies influences the scientist’s
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career, such as promotion, grant recruitments &ed definition of research priorities
[15-19].

Easy access to the news has resulted in an infanmatverload. The cost of
information diffusion, according to Wu [20], fatdtes ‘to weaponise the speech as the tool
of speech control’. As Eysenbach [21] accuratedynoéd, the digital media are deprived of
traditional ‘gatekeepers’, e.g. as journalists addors. Consequently, such tendencies lead
to undermine the information security of the sdemtas well as open a gate for
disinformation and manipulations of facts. Therefat is essential to notice the crucial role
of adequate science communication strategies ierh®f digitalisation [6, 22-25]. It must
be underlined that the ability to judge the truthéss of the information given is vital not
only from the point of view of the political deasi-making process, but also from the daily
choices of individuals regarding their health aafkty [26, 27].

In effect, implementing adequate popularisatiomtstgies remains a critical task for
contemporary science [28-32]. Simultaneously, thgedy shall be treated as the essential
partners within this communication.

Furthermore, adequate science communication stestegable researchers to develop
new skills indispensable in their academic pursfi8j. Unquestionably, public speaking
skills play a crucial role for the grant applicatj@onference presenting, and didactics.

In this context, the adequacy of science commuioicatan accomplish three things.
First, we must ‘combat negative stereotypes’ reiggrdscience [33]. Second, it can
demonstrate the usefulness of science to lay peépially, it can overcome allegations
regarding the area of research ethics and transpare

Purpose of the study

The purpose of the research was to provide a theaka@lescription of the situation
related to the presence of scientific knowledge @sarch results in society’s awareness
by collecting their opinions about science andrtdie research in Poland. The opinions
collected allow for recognition of the actual stioa of science communication, as well as
recognition of areas requiring support and furtthevelopment. The research was designed
to provoke scientists to reflect on the need faper and effective preparation for science
communication and their ability to provide soci&tith opportunities for participation in
different forms of communication and positive outers, also in the aspect of expected
change in the awareness of society in the future.

The research problem was analysed using sub-prehistad below:

- Research question no. 1: Does gender / age £ mécesidence / status of: pupil,
student, teacher / school, university subject, afezxperienced have the effect e
opinion that current scientific knowledge, conddctesearch, and the application of
scientific results in practice are important to thspondent?

- Research question no. 2: Does gender / age £ magesidence / status of: pupil,
student, teacher / school, university subject, afezxperienced have the effect e
opinion that current scientific knowledge, conddctesearch, and the application of
scientific results in practice are important to tesnporary societies?

- Research question no. 3: Does gender / age ¢ plaesidence / status: pupil, student,
teacher / school, university subject, area of eérepee have the effect on the opinion
that every citizen has easy access to scientifimkedge, conducted research, and its
achievements in your country?
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- Research question no. 4: Does gender / age ¢ pliiesidence / status: pupil, student,
teacher / school, university subject, area of éepee have an effect on the opinion
that science research conducted in your countmesegmts an important contribution to
world science?

Resear ch methodology

M ethods

The method used in the study was a diagnostic gwrsig a questionnaire developed
by the authors. The survey was carried out in tienfof an online version in two steps:
step no. 1 - pilot step, step no. 2 - the actualesustage.

Questionnaires are a popular method of researabviding a fast, efficient and
inexpensive way of collecting large amounts of dedan large amounts of samples. These
tools are especially effective in measuring theavéur, preferences, intentions, attitudes
and opinions of the subjects. Using open and clossdarch questions allows researchers
to obtain qualitative and quantitative data, amaljutes a more comprehensive result [34].

The tool used in this study is a questionnaire gisinLikert scale of five levels
(1 - absolutely not; 5 - absolutely yes). The doesiaire consists of 7 closed questions.
This questionnaire was validated by an expert iene® communication from Poland.
The reliability of the questionnaire was tested apndfirmed for the first time in a pilot
study with more than 100 respondents from Poland.

Participants

The research was carried out on a randomly selessatple of all participants who
completed the questionnaire. Figure 1 presentstiaeacteristics of the respondents.

AVERAGE
oty

FEMALE

Fig. 1. Characteristic of the respondems=(1305)
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Context

The rapid development of new technologies and aligitedia provides wide access to
all information, regardless of country and timeitsn31]. Access to information and the
ability to select it and assess its credibility besic skills that will allow the conscious use
of digital media [22, 23, 25].

Disinformation campaigns that intensified duringe thandemic are aimed, among
others, at polarising society by imposing a nareathat evokes a sense of threat, fear, as
well as reinforcing antiscientific theses or antaiging specific people or groups. Examples
of such actions are the deliberate discreditingC@VID-19 vaccines; issues related to
sustainable development, sustainable developmecttarhistry and ecology are extremely
common topics [1, 35].

Therefore, it seems that actions are necessarych@\e the overarching goal of
reliable and objective information available to faliman beings. And this is where science
popularisation has to intervene [36].

Data collection

The survey was conducted during the first parthef 2021 year (pilot step) and the
next two parts during the summer semester of tH#1/2022 and winter semester of the
2022/2023 academic year. The invitation to paréitgpin the survey was sent by email to
potential respondents (schools, universities, andtitutions). Authors also spread
an invitation based on official and private wayg(social media).

Data analysis

For the purposes of this article, some parts ofi@stionnaire have been selected for
analysis. Statistical calculations were performeih@ the Statistica 13 programme of the
StatSoft company for the assumed significance lealal toa = 0.05. Pearson’s
chi-square testy?) was used in order to demonstrate the relationstiipshe nominal
variables, we obtain statistical significance ia #vent that the calculat@evalue is lower
than the assumed significance lewel= 0.05. Furthermore, the correlation (strength of
association) between the variables considered watsilated using Cramér’s V, which is
interpreted only in the case of significantly stitial variablesg < 0.05). A classification
scale was used: very weak correlation below 0.23k#ew correlation from 0.2 to 0.4;
moderate correlation from 0.4 to 0.6; strong ceieh from 0.6 to 0.8; very strong
correlation from 0.8 to 0.9; almost complete relaship from 0.9 to 1.0.

Findings and discussions

Q.1. Does gender / age / place of residence / status of: pupil, student, teacher / school,
university subject, area of experience have the effect on the opinion that current scientific
knowledge, conducted research, and the application of their results in practice are
important to the respondent?

72.3 % of the respondents answered “definitely yesid another 22.1 % - “rather
yes”. Among the respondents who answered “definitads”, the dominant group are
residents of large cities (over 100,000) and mapeeple (36-50 years old). The number of
the declared “definitely yes” answers is decreasginfpe row: teachers; Ph.D. students, and
students; pupils (Fig. 2).
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Teachers are much more likely than students toewelithat current scientific
knowledge, conducted research, and application ansfic results in practice are
important to them (Chi square tggt= 137.73;p < 0.05).

DO YOU CONSIDER SCIENCE
TO BE IMPORTANT TO YOU?

m school teacher mschool student muniversity student

NEITHER YES, NOR NO @ 8.30%

RATHER YES 34.30% -
DEFINITELY YES 91.80% 55.10% _

Fig. 2. How did respondents from different grougtsitus: students, teachers) answer Question 1?

It seems that thinking about the significance aésce for its own sake, people start to
pay more attention to their own life (not to theolhsociety, that is to say; everyone but
themselves) and notice how much science has ghem aind changed in their lives (and it
still does). It is visible at every turn and thesalise that science has given them their
standard of living. Mature people prevail becauseythave seen the development of
science over the years (for instance, the develapofea phone, television, or the Internet).
Younger people do not have this perspective.

The decreasing number of responses among tea¢tei3, students, and students is
directly related to the age of the respondents ¢lder, the more aware, and more they
experience the presence of science in life). Anoflessible reason may also be the fact
that a teacher, by definition teaching his own sab)joften tries to find as many scientific
aspects as possible in his own life to impart g¢bool students. This is the reason why the
teacher can see the high relevance of educatianeBts and Ph.D. students delve into
science of their own accord, and therefore thepaoty see how important science is for
them on a day-to-day basis, and nobody tries twinoa them to it (as it is in the case of
school students; that is why students and Ph.[@estis rank higher). They do not look for
applications of science wherever they can find thasteachers may do to encourage
school students to learn.

Q.2. Does gender / age / place of residence/status of: pupil, student, teacher / school,
university subject, area of experience have the effect on the opinion that current scientific
knowledge, conducted research, and the application of scientific results in practice are
important to contemporary societies?

65.8 % of the respondents answered “definitely y&h& dominant group among these
respondents is residents of a large city (over A@®,inhabitants), 67.9 %, and rural
residents, 65.9 %. The percentage of “definitelg”y@nswers decreases slightly with age
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from 67.6 % (20 years or less) to 59 % (51 yearmore). It also decreased slightly from
students and Ph.D. students (69.8 %) to teach&r&}6

However, the high value of the “definitely yes” pesses pleases; it may be due to
various reasons. One of them is the fact that todaylive in the ‘age of knowledge’,
knowledge is ubiquitous (irrespective of the pladeresidence); every once in a while,
people are faced with new technologies and newtisals to various health or
environmental problems. This generates the sensetlie development of science is
indispensable for societies to progress and sidite.

The effect of age can be difficult to explain. laynbe worth paying attention to the
fact that young people still “experience” knowledw®d science, which is behind it, either
at school or at university. This leads to a seffises gignificance in everyday life, since it is
its direct part. Most older people must exert s@ifert to experience science, for example,
by reading articles, watching the news, or using technologies. For this reason, science
often does not have to be a direct part of thégr(kt least in the sense that they are directly
seen by them). That is why they certainly feel g@énce is not as necessary for everyday
life.

In the context of the decline of the sense of ingure of science to societies from
students to teachers, it seems that students varb fttidying are somehow convinced
about the significance of science, for that reaaorong others they want to immerse
themselves in science and study. Since they havdata wide knowledge so far (about
how science works and what it can bring), they feat it has many undiscovered aspects
and is potentially very important for the develomtnand life of societies. The more
knowledge people gain and the more they transfgeaichers), the stronger they may begin
to feel that science is not so ‘unusual’ and ineisgable. At the same time, they may think
that its development does not give as much as imagined it would do during their
college days.

In this part of the survey, one more research turesippeared: What do you think of
science and scientific research as important tisP@ociety? 49.2 % of the respondents
answered “definitely yes”, and another 33.9 % tHea yes”. Both in the case of “definitely
yes” and “rather yes” answers, the fewest respasdam in rural areas and small towns.

People 36-50 years of age (Fig. 3) are much masdylithan others to believe that
science is not important to the Polish society (€hiare tesy? = 42.43;p < 0.05).

It was surprising that teachers (Fig. 4), considigramore often than
university students and pupils, say that sciencenas important to Polish society
(Chi square test? = 32.44;p < 0.05).

Another reason may be the awareness of young pabplat how little they still know
about the results of scientific research and howhrscience can bring people to everyday
life. Perhaps teachers often see that what theshtesmy not be so important to the entire
society. Unfortunately, surely teachers’ currerttiglostatus and a bad situation in terms of
work and earnings contribute to such an opinionPofish teachers on the subject in
general.
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DO YOU CONSIDER SCIENCE
TO BE IMPORTANT TO POLISH
SOCIETY?

m definitely yes mrather yes mneither yes, nor no

51 YEARS OR MORE 33.30% 3.00%
36-50 YEARS [[EES  3040%  1260%
21-35 YEARS 36.00%  11.70%

20 vears or Less [ IERE  33%0% 830%

Fig. 3. How did respondents of different age ans@ueestion 2?

DO YOU CONSIDER SCIENCE
TO BE IMPORTANT TO POLISH
SOCIETY?

m definitely yes mrather yes mneither yes, nor no

UNIVERSITY STUDENT 40.90% 32.50% 10.
SCHOOL STUDENT 51.90% 36.10% 8.'
SCHOOL TEACHER 44.60% 31.60% 8-'

Fig. 4. How did respondents from different groustsius: students, teachers) answer Question 2?

Q.3. Does gender / age / place of residence / status. pupil, student, teacher / school,
university subject, area of experience have an effect on the opinion that every citizen has
easy access to scientific knowledge, conducted research, and its achievements in your
country?
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48.9 % of the respondents answered, “rather yed™definitely yes”; the respondents
represent small towns and villages and are bet&éeand 35 years old; have the status of
a student and a doctoral student.

DO YOU CONSIDER THAT EVERY CITIZEN
HAS EASY ACCESSTO SCIENCE AND ITS
ACHIEVEMENTSIN YOUR COUNTRY?

mdefinitely yes mrather yes mneither yes, nor no

OVER 100 000 INHABITANTS [@s{ey 36.50% _

UP TO 100 000 INHABITANTS m 28.00% _

UP TO 50 000 INHABITANTS 50.70% -
COUNTRYSIDE SEG 44.90% -

Fig. 5. How did respondents from places of varisiaes answer Question 3?

DO YOU CONSIDER THAT EVERY
CITIZEN HAS EASY ACCESSTO
SCIENCE AND ITSACHIEVEMENTS IN
YOUR COUNTRY?

Ewoman Eman

NEITHER YES, NOR NO 24.20% 22.70%
RATHER YES 39.70% 42.60%

DEFINITELY YES 6.40% 12.30%

Fig. 6. How did women and men answer Question 3?

People living in large cities (up to 100,000 inltabts; Fig. 5) more often believe that
in Poland every citizen has easy access to sdeitifowledge and its achievements
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(Chi square tesp? = 22.58;p < 0.05). It seems obvious that large cities offeany
opportunities, for example, to contact universjtmsentists, or participate in various forms
that popularise scientific research and its possalplplication in everyday life.

Women (Fig. 6) more often than men disagree wighidiea that in Poland all members
of society have easy access to science, scierkificwledge, and its achievements
(Chi square tesf® = 18.396; p < 0.05).

Q.4. Does gender / age / place of residence / status: pupil, student, teacher / school,
university subject, area of experience have an effect on the opinion that science and
scientific research conducted in your country represents an important contribution to world
science?

Only 14.6 % of the respondents, who live mainlyarge cities (more than 100,000),
are “definitely yes”. 39.3 % of the respondentdeha that it is “rather yes”, and these are
mainly respondents aged 21-35 (which is in linehwihe largest number of these
indications for students and Ph.D. students) amal 6% years of age.

Many people probably know that Polish scientistgehan important contribution to
world science. However, it is difficult for them tadicate some of them from history, not
to mention those from modern times. In relationthis, many responses are limited to
‘rather yes’ - due to the lack of certainty. Stutdesind Ph.D. students often answer like this
for a rather simple reason: they themselves artogfate due to contact with science;
therefore, they remember the history of Polishrsme and undoubtedly they also know the
names of currently important Polish scientists.

People under 20 years of age (Fig. 7) often discowere than other age groups
that Polish science does not make an important ribotibn to world science
(Chi square tes? = 111.5;p < 0.05).

DO YOU CONSIDER THAT SCIENTIFIC
RESEARCH AND ITSACHIEVEMENT IN
YOUR COUNTRY REPRESENT AN
IMPORTANT CONTRIBUTION TO WORLD
SCIENCE?

mdefinitely yes mrather yes mneither yes, nor no

51 YEARS OR MORE 56.10% 1520%
36-50 YEARS 36.80% 17.60%
21-35 YEARS 49.50% | 2250%
20 YEARS OR LESS [Xgisa70% . 3080%

Fig. 7. How did the respondent of different agenarsQuestion 4?
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Unfortunately, this shows that young learners oftennot know much about Polish
science and scientific research; probably it mayndécated that not enough emphasis has
been placed during young people’s education on sigpRolish science in the world.

Teachers (Fig. 8) have responded considerably naoften than students that
Polish science does not make an important contobutto world science
(Chi square tesf? = 121.218p < 0.05).

DO YOU CONSIDER THAT SCIENTIFIC
RESEARCH AND ITSACHIEVEMENT IN
YOUR COUNTRY REPRESENT AN
IMPORTANT CONTRIBUTION TO WORLD
SCIENCE?

mdefinitely yes mrather yes mneither yes, nor no

UNIVERSITY STUDENT NV 45.90% -
SCHOOL STUDENT 32.20% _
SCHOOL TEACHER 29.40% 43.70% -

Fig. 8. How did respondents from different grougtsius: students, teachers) answer Question 4?

Perhaps teachers do not see the contribution aghPstience to the subjects they
teach. Perhaps there is too little emphasis on thisthe core curriculum or in
school/university programs and school/universigthieok. And they may evaluate this not
from the perspective of their own knowledge, buhea the knowledge they share with
their students.

Conclusion

A necessary factor in the development of scienak ianparticular in increasing its
impact on society and the economy is communicaimhdialogue. This is also true for the
ongoing transition of the chemical industry towarttainability because the accompanied
changes have to be coordinated in dialogue withstheety. Science communication is
an integral part of science and needs to be adzitesith seriousness and appreciation,
acting effectively and professionally. Engaging fheblic in this dialogue also provides
valuable knowledge to scientists, as the opiniorsated take into account different
perspectives. Communication in science can becompmmising career path for young
people, it strengthens the cultural importance cdérge, and hence scientists gain more
influence on important policy decisions. In the attcommunication, the recipient must
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think critically and must know how to separate émms from facts, control emotions,
argue, and not fall into the trap of reasoning.

Proper school education determines how critic&enits will be, i.e. whether they will
be innovative and open to various life activitigés;luding learning about the results of
scientific research and the possibility of theiplgation in everyday life [37-39].

Significant and important factors were observechdge inequalities in science, the
problem of interculturality in science communicaticand ethical threats resulting from
unequal access to knowledge and science.

The global idea of sustainability should becomeiarjby focus area for schools, not
limited to the topic of climate and environmeniaks.

One of the objectives of formal and informal edigratn any (more or less) developed
country should be to transmit enough scientificwlealge about processes in the biosphere
and products encountered in daily life. Teacherschbol should encourage young people
to learn about science and scientific results duvirell-created didactic situations in class.
Teachers who could do this should be better edddate¢his area. It must involve some
changes in education: the core curriculum, schobléssity programmes, textbook, and
handbook should present actual state of sciententsdic achievements, and their role in
the development of society. In the next proposaliversities should offer science
communication programming that includes obligatedrses that may lead to a certificate
or degree of specialisation. Much more offers g@& journalists, teachers, and educators
the opportunity to collaborate in formal professibrtraining. Perhaps a new job
perspective as a science communicator should bedmyed.

Global and systemic solutions are needed for altdipics mentioned above.

So it is worth science communication? Yes, becgqagrilarisation is an investment.
We must establish credibility and support for sceby demonstrating the importance of
our research and supporting the informed publievdfwant the public to be convinced of
what we do, they must know first. It is worthwhtle promote science to demonstrate its
interest, that it is not at all hermetic and thatsi simply attractive. It is ultimately our
commitment to society, which funds the activitiéshe public universities through taxes.
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