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Abstract

The Science Media Literacy (SML) framework aims to prepare students for the rapidly changing me-
diascape, where the task of gatekeeping is increasingly transferred to consumers. In this explorative
study we reconstructed pre-service physics teachers’ ideas of the communication of science in society
and the strategies they apply when examining a scientific claim made in social media. Furthermore,
we investigated to what extent SML could be promoted during an intervention. Results indicate that
initially held ideas had been challenged and their strategies for dealing with a scientific claim in public

were shifting from epistemic to sociological.
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Theoretical Background and State of Research

Citizens need “the ability to engage with sci-
ence-related issues and with the ideas of sci-
ence” (OECD, 2015), which is the essence of
Scientific Literacy. In addition to scientific con-
tent and methodological knowledge, adequate
ideas about Nature of Science (NOS) are of ut-
most importance for reaching this goal (Hol-
brook & Rannikmae, 2007; Albe, 2008; Abd-El-
Khalik, 2003). Therefore, NOS has been
integrated into numerous curricula e.g., the
Next Generation Science Standards (2013),
where several aspects of NOS, such as the ten-
tativeness of scientific knowledge, are listed.
The German Bildungsstandards (Kultusminister
Konferenz, 2020) do not include NOS explicitly
but nevertheless give implications for learning
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about NOS e.g., when asking students to un-
derstand how science affects our environment
materially, intellectually and culturally.

In everyday life students encounter science in a
mediated way and hopefully based upon reli-
able and relevant expertise. The latter is often
not the case (e. g., false expert problem ad-
dressed by Oreskes & Conway, 2010; Allchin,
2021), since over the past two decades the me-
diascape has rapidly changed towards an in-
creasing number of online sources exhibiting
systematic differences compared to the role of
traditional (print) media as gatekeepers (Kozy-
reva et al., 2020). This development has a com-
pelling impact on science communication and
the resulting challenges must be taken into ac-
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count in science education. When striving for
successful social participation, it therefore has
to be considered how scientific knowledge is
publicly communicated, mediated and trans-
formed through the new media environment
(Hottecke, 2020). The Science Media Literacy
(SML) framework (Hottecke & Allchin, 2020)
takes all of this into account by aiming to recon-
ceptualize NOS within a science-in-society
framework. In doing so, conventional NOS
concepts are being complemented by new
concepts (e.g., Allchin, 2011) that take account
of social-communicative practices and mecha-
nisms of control and critique within the scien-
tific community (e.g., peer review). Covering a
set of competencies that include reflecting
one’s own role when consuming (social) media
and knowledge about the changing role of the
media, SML enables students to take a bird’s
eye view of science and its communication in
society.

Challenges of the rapid change in the media
arise in particular against the background of so-
cial media becoming an increasingly popular
source of scientific information, which espe-
cially applies to adolescents (Héttecke, 2020).
Due to psychological effects (e. g., confirma-
tion bias, Geschke et al., 2019) as well as a lack
of control mechanisms, social media contribute
to a growing number of non-scientific claims
regarding socio-scientific issues, such as cli-
mate change or vaccination. The process of
gatekeeping, which in traditional (print) media
mitigates the epistemic dependence of layper-
sons on expert knowledge (Hardwig, 1985), is
absent in social media. Gatekeeping instead is
rather transferred to the individual consumer.
Hence, science media-literate students should
be able to make reasoned decisions about
whether any claim publicly made can be con-
sidered as scientific and trustworthy. In addi-
tion to epistemic strategies, sociological criteria
deriving from new NOS concepts (Allchin,
2011) represent a promising but so far neglect-
ed approach in this context (Zemplén, 2007).

An implementation of didactic concepts in sec-
ondary school education requires an imple-
mentation of these concepts in teacher training.
Since students’ naive ideas about the NOS
could be traced back to inadequate ideas on
the part of teachers (Chen et al., 2015), imple-
mentation in teacher training is an important
task. Firstly, in the case of SML, teachers need
to understand how science is communicated in
society including the particular roles scientists,

the media and the public play. They should be
aware of the respective actors” underlying logic
and interests as well as the transformations of
scientific knowledge. Secondly, to teach strate-
gies to school students, teachers themselves
need to have a wide variety of fruitful strategies
at their disposal which they can apply to make
reasoned decisions about the credibility of
claims. These include epistemic strategies con-
cerned with the plausibility of knowledge
claims and sociological strategies, which in-
volve making a judgement of trustworthiness
based on sociological criteria (Bromme & Kien-
hues, 2014; Zemplén, 2007). Sociological strat-
egies are particularly important if one’s own
scientific expertise is not sufficient to make a
plausibility judgment. Reflecting on one’s own
epistemic dependence therefore plays a pivotal
role in selecting and applying a variety of cop-
ing strategies.

Previous research has shown that pre-service
physics teachers hold numerous inadequate
ideas of the conventional NOS, which concern,
for example, the existence of a single scientific
method and the tentative nature of scientific
knowledge (e.g., Lederman, 1992; Irez, 2006;
Hottecke & Riels, 2007). Studies on ideas about
the transformation of knowledge in the course
of science communication as well as on strate-
gies for the verification of knowledge claims
represent a hitherto unexplored field. Our in-
vestigation aims to provide a starting point for
future research in this field.

Research Questions and Study Design

This study aims at answering two explorative
research questions both concerned with SML:

(RQT1) Which ideas about the path of scientific
knowledge, starting from research to the pub-
lic, can be identified among pre-service phys-
ics teachers (a) and how do they change due to
an intervention? (b)

(RQ2) Which strategies do pre-service physics
teachers apply to verify scientific claims (a) and
how do they change due to an intervention? (b)

To answer these research questions, we devel-
oped an instrument to explore the SML of pre-
service physics teachers. To answer (RQT1), an
open-ended activity was developed: partici-
pants were asked to express their own under-
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Figure 1: Study design. Pre- and post-test, each consisting of an activity concerned with ideas about the “path of scientific

knowledge” as well as an activity which asked participants to apply strategies. The intervention is given by five seminar ses-

sions dealing with NOS and SML.

standings by making a drawing of the “path of
scientific knowledge” from scientific research
to the public. Both a starting and an end point
of such a path were given and located on the
left and right margins of an otherwise blank
sheet of paper. The space in between had to be
filled by the participants. The “path” serves as a
metaphor for initiating and structuring ideas
(Henke & Hottecke, 2013). A drawing sample
from the post-test data can be found in the ap-
pendix.

Based on an additional activity in which a sci-
entific assertion had to be examined, we ex-
plored strategies participants in our study had
applied to answer (RQ2). Participants were ex-
amining a diagram and a quote from a lecture
about the Coronavirus and its impacts. The lec-
ture was given by a scientist addressing lay
people in a non-scientific setting. She present-
ed data in a diagram to purposefully downplay
the threat of COVID-19. Participants in our
study were then asked to imagine themselves in
a role of giving advice to a friend how to deal
with this presentation. The activity was de-
signed as being encouraging on the one hand,
but not too directive on the other.

Our exploratory survey instrument was admin-
istered to a convenience sample of N = 15 pre-
service physics teachers, who were all enrolled
in a physics teacher preparation course (20 par-
ticipants, 4th - 6th semester of Bachelor-pro-
gram) at our faculty and voluntarily participated
in our study. Our instrument was set up in a
pre-post design, in which the intervention of
five seminar sessions 90 min each was con-
ducted between pre- and posttest (fig. 1). Dur-
ing the intervention, pre-service teachers were
listening to lectures as well as doing various
activities related to SML (e. g., Hottecke, 2021;
Allchin, 2020). They were also engaged in
open-ended discussions about NOS and SML
and were analyzing case scenarios. Data com-

parison led to insights about pre-service phys-
ics teachers’ ideas and strategies concerned
with SML (RQ1a, RQ2a) as well as how they
had changed (RQ1b, RQ2b). Data were collect-
ed June — July 2021. 11 pre-service teachers
each participated in the pre- and post-test. Data
were analyzed using a structuring qualitative
content analysis (Mayring, 2015). Thereby, a
theory- and data-driven coding scheme suit-
able to answer our research questions was de-
veloped.

Results

Regarding (RQ1a), out 8 of 11 participants men-
tioned science and the media as decisive stake-
holders along a chain of information transfer
from science to the public. However, commu-
nicative processes among scientists or media
stakeholders and interest-driven actions (e. g.
media striving for attention, scientists striving
for credibility) were only mentioned inciden-
tally by 2 participants. Accordingly, analysis of
pre-test data led to the result that participants
understand the “path of scientific knowledge”
from science to the public primarily as a mere
transmission of knowledge. The basic role of
the media was acknowledged but appeared to
be generally biased.

In the process of science communication, a
rather passive role was assigned to the public.
For example, 2 participants noted that oppos-
ing opinions among the public were merely a
result of how media coverage was framed. This
contrasts with a more adequate view according
to which citizens actively choose their news
sources and thereby shape information flow in
society. Indeed, the sociological dimension of
science communication between laypersons is
highly influenced by the use of social media.
Despite this, social media were mentioned by
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only one participant in the pre-test dataset. At
the same time, 5 participants recognized an
epistemic dependence of the public from scien-
tific expertise in the pre-test.

Regarding science, both adequate as well as in-
adequate ideas were found. 4 participants
showed adequate ideas regarding the tentative
character of scientific knowledge in the pre-
test. Nevertheless, very little attention was paid
to interpersonal exchange and communication
between scientists. This indicates inadequate
ideas of participants concerning the high sig-
nificance of team work and trust within the sci-
entific community.

Post-test data indicated that initially held ideas
had been challenged (RQ1b). This concerns so-
cial aspects of SML: the (international) exchange
and communication between scientists was
emphasized by 6 participants as a significant
part of scientific knowledge acquisition versus
only one participant in the pre-test. Scientists
were addressed as persons by 7 participants
versus 4 participants in the pretest, when the
more abstract notion of “science” was predom-
inant. Furthermore, 6 out of 7 pre-service
teachers who participated in both pre- and
post-test identified a more active role of the
public instead of thinking about the public as a
passive receiver of science. More precisely, the
public was assigned the task of making deci-
sions about which sources and which spokes-
persons in science to trust. Other ideas, how-
ever, were found to persist. These included the
lack of consideration of social media as a sig-
nificant source of information for the public.
Post data also indicated that participants did
not consider the scientific community’s social
control mechanisms (e. g., peer-review) to be
an essential part of scientific research.

With regard to (RQ2a), we found participants in
the pre-test primarily used epistemic strategies
concerned with the scientific content at stake.
Doing so, 6 pre-service teachers mainly fo-
cused on questioning and interpretating the di-
agram presented in the activity whereas 4 par-
ticipants applied their scientific content
knowledge about coronavirus. Strategies using
sociological criteria hardly played any role in
the pre-test. The trustworthiness of the scientist
was addressed to some extent by 2 participants.
However, it became apparent that this was
done without application of certain criteria or
justifications.

Post-test data indicated that the participants in
our study used significantly more versatile strat-
egies to examine scientific claims (RQ2b). In
addition to epistemic strategies, 8 out of 11 par-
ticipants also applied sociological strategies.
These included checking the professional back-
ground of a person making a (non-)scientific
claim. Some of the participants made rather
specific suggestions: For example, 3 partici-
pants considered checking whether the scien-
tist is indeed an expert in the scientific field
(virology in our case) and emphasized the ne-
cessity of exploring the socio-academic net-
work of the scientists under scrutiny (who she is
collaborating with). Another sociological strat-
egy is to relate the scientific claim made by the
scientist to a scientific consensus in a wider
community of scientists. 2 participants thereby
clearly realized that the claim made by the sci-
entist contradicted a widely held scientific con-
sensus regarding the threat of the coronavirus.
Furthermore, in the post-test 4 participants
started reflecting their own epistemic depen-
dence for example by explicitly designating
themselves as laypersons concerning the given
subject matter.

Discussion

SML as part of science education seeks to pro-
mote successful social participation by enabling
citizens to make well-founded and reasoned
judgments about scientific claims. The prereq-
uisite for this is a perspective on scientific
knowledge as being critically developed within
social communities of expertise. Our explor-
atory intervention study was conducted with a
sample of 15 pre-service physics teachers, all of
whom were enrolled in a physics teacher prep-
aration course. Our results indicate that SML
was enhanced in the course of an intervention.
Significant learning gains were evident with re-
spect to the strategies used to verify scientific
claims (RQ2). Participants extended their ini-
tially held epistemic strategies with sociological
strategies. Thus, learning about the use of soci-
ological strategies is an appropriate means to
promote SML. Moreover, our data indicate that
some inadequate ideas about the “path of sci-
entific knowledge” could be challenged by the
intervention (RQ1). Accordingly, the interven-
tion provided adequate learning opportunities
regarding SML with special focus on science as
a social system of expertise and the active role
of the public in science communication. On
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the downside, psychological effects of social
media and sociological control mechanisms
within the scientific community were hardly
addressed by participants. This could be an in-
dication that these topics should have been ad-
dressed more intensively without presuming
any prior knowledge. Another learning objec-
tive which was not fully achieved is profound
knowledge about the specific interests and ap-
proaches of the individual stakeholders within
science communication. For this purpose, it is
necessary to develop and test further suitable
learning opportunities. A promising approach
can be role play arrangements as indicated by
recent research (e. g, Roozenbeek & v.d. Lin-
den, 2019).

The empirical study presented here is subject to
limitations. The sample size is rather limited but
nevertheless allowed an initial exploration of
how SML might be fostered in teacher educa-
tion. There was only a period of three weeks
between pre- and post-test, which increases
the chance of learning gains due to the test in-
stead of the intervention. Moreover, the stabili-
ty of learning gains was not checked by a fol-
low-up test. In addition, participants” ideas had
to be derived from their drawings and written
comments in a highly inferential manner and
without the chance of any communicative vali-
dation. However, the metaphor-based drawing
activity turned out to be a fruitful stimulus for
generating ideas. In future research, the draw-
ing activity should be followed by a focus inter-
view based on the drawing. This would allow
further, deeper, and more refined insights into
participants” ideas about the “path of scientific
knowledge” from science to the public.

Overall, our results indicate that pre-service
physics teachers” SML could be promoted as a
result of a short-term intervention. A remark-
able shift from only epistemic strategies to ad-
ditionally applied sociological strategies was
observed. Moreover, our results provide guid-
ance for the development of further learning
opportunities on the concept of SML, which are
supposed to be based on students’ ideas as
well as prior knowledge. Future research should
take a closer look at how teaching and learning
about SML as part of science education can en-
able students to successfully apply a variety of
strategies to verify (non-)scientific claims.

References

Abd-El-Khalik, F. (2003). Socioscientific Issues in Pre-Col-
lege Science Classrooms. The Primacy of Learners’
Epistemological ~ Orientations and Views of Nature of
Science. In D.L. Zeidler (Ed.), The Role of Moral Rea-
soning on Socioscientific Issues and Discourse in Sci-
ence Education (pp. 41-61). Dordrecht, Netherlands:
Kluwer Academic Publishers.

Albe, V. (2008). Students’ positions and considerations of
scientific evidence about a controversial socioscientific
issue. Science & Education, 17, 805-827. https:/doi.
org/10.1007/511191-007-9086-6

Allchin, D. (2011). Evaluating knowledge of the nature of
(whole) science. Science Studies and Science Educa-
tion, 95(3), 518-542. https://doi.org/10.1002/sce.20432

Allchin, D. (2020). The Credibility Game. The American
Biology — Teacher,  82(8), 535-541.  https:/doi.
org/10.1525/abt.2020.82.8.535.

Allchin, D. (2021). Who Speaks for Science? Science &
Education. https:/doi.org/10.1007/s11191-021-00257-4

Bromme, R. & Kienhues, D. (2014). Wissenschaftsverstin-
dnis und Wissenschaftskommunikation. In T. Seidel &
A. Krapp (Eds.), Padagogische Psychologie (pp. 55-81).
Weinheim, Germany: Beltz.

Chen, J.A., Morris, D.B. & Mansour, N. (2015). Science
Teachers’ Beliefs: Perceptions of Efficacy and the Na-
ture of Scientific Knowledge and Knowing. In H. Fives
& M.G. Gill (Eds.), International Handbook of Research
on Teachers’ Beliefs (pp. 370-386). New York, United
States: Routledge.

Geschke, D., Lorenz, J. & Holtz, P. (2019). The triple-filter
bubble: Using agent-based modelling to test a meta-
theoretical framework for the emergence of filter bub-
bles and echo chambers. British Journal of Social Psy-
chology,  58(1), 129-149. https://doi.org/10.1111/

bjs0.12286

Hardwig, J. (1985). Epistemic Dependance. Journal of Phi-
losophy, 82(7), 335-349. https:/doi.
0rg/10.2307/2026523

Henke, A. & Hottecke, D. (2013). Students’ beliefs about
the diachronic nature of science: a metaphor-based
analysis of 8th-graders’ drawings of “the way of sci-
ence”. In C. C Silva & M.E.B. Prestes (Eds.), Aprenden-
do ciéncia e sobre sua natureza: abordagens histéricas
e filoséficas (pp. 327-356). Sao Paulo, Brazil: Tipo-
graphia Editoria Expressa

Holbrook, J. & Rannikmae, M. (2007). The Nature of Sci-
ence Education for Enhancing Scientific Literacy. Inter-
national Journal of Science Education, 29(11), 1347-
1362. https://doi.org/10.1080/09500690601007549

Hottecke, D. & Riel, F. (2007). Rekonstruktion der Vorstel-
lungen von Physikstudierenden Uber die Natur der
Naturwissenschaften — eine explorative Studie. Physik
und Didaktik in Schule und Hochschule, 6(1), 1-14.

Hottecke, D. (2020). The mediation of science in the age
of social media. Journal & Proceedings of the Royal So-

This journal is © Science Education Review Letters ISSN 2566-9087

Research Letters, Volume 2022, 1-6 5



Published on 20/04/2022 on http://edoc.hu-berlin.de/serl

ciety of New South Wales, 152 (3), 307-319.

Hottecke, D. & Allchin, D. (2020). Reconceptualizing na-
ture-of-science education in the age of social media.
Science Education, 104(4), 641-666. https:/doi.
org/10.1002/sce.21575

Hottecke, D. (2021). Klimawandel in den Medien: Drei
Antworten, wie man Schilerinnen und Schiler darauf
vorbereiten kann. Unterricht Physik, 183(32), 50-55.

Irez, S. (2006). Are We Prepared? An Assessment of Pre-
service Science Teacher Educators’ Beliefs About Na-
ture of Science. Science Teacher Education, 90(6),
1113-1143. https:/doi.org/10.1002/sce.20156

Kozyreva, A., Lewandowsky, S. & Hertwig, R (2020). Citi-
zens Versus the Internet: Confronting Digital Challeng-
es with Cognitive Tools. Psychological Science in the
Public Interest, ~ 21(3),  103-156.  https:/doi.
org/10.1177/1529100620946707

Kultusminister Konferenz. (2020). Bildungsstandards im
Fach Physik fir die Allgemeine Hochschulreife. Re-
trieved from https:/www.kmk.org/themen/qualitaetssi-
cherung-in-schulen/bildungsstandards.html

Lederman, N.G. (1992). Students’ and Teachers’ Concep-
tions of the Nature of Science: A Review of Research.
Journal of Research in Science Teaching, 29(4), 331-
359. https://doi.org/10.1002/tea.3660290404

Appendix

Research on
strategies to
combat
coronavirus

Mayring, P. (2015). Qualitative Inhaltsanalyse. Grundlagen
und Techniken. Weinheim, Germany: Beltz.

Next Generation Science Standards. (2013). Topic Ar-
rangements of the Next Generation Science Standards.
Retrieved from https://www.nextgenscience.org/sites/
default/files/All Topic.pdf

Oreskes, N., & Conway, E.M. (2010). Merchants of doubt.
How a handful of scientists obscured the truth on is-
sues from tobacco smoke to global warming. New
York, United States: Bloomsbury Press.

Organisation for Economic Co-Operation and Develop-
ment (OECD) (2015). PISA 2015 draft science frame-
work. Retrieved from https://www.oecd.org/pisa/pisa-
products/pisa2015draftframeworks.htm

Roozenbeek, J. & van der Linden, S. (2019). The fake news
game: actively inoculating against the risk of misinfor-
mation. Journal of Risk Research, 22(5), 570-580.
https:/doi.org/10.1080/13669877.2018.1443491

Zemplén, G.A. (2007). Putting Sociology First — Reconsid-
ering the Role of the Social in ‘Nature of Science’ Edu-
cation. Science & Education, 18, 525-559. https:/doi.

org/10.1007/s11191-007-9125-3

People discuss the
coronavirus in
everyday life: how
dangerous is the
virus? What has to
be done?

Figure 2: Drawing sample of the “path of knowledge” from the post-test data. The square boxes and the contents inside of
these as well as the colored image with speech bubbles were given. Anything else was drawn by the participant. To pre-
serve anonymity the drawing was traced and the handwritten was retyped. Additionally, the instrument and the data were

translated from German to English.
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