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Abstract

Quantum technology is expected to have an impact on society. Earlier
literature suggests that certain themes may either create barriers or facilitate
effective science communication. We studied 385 Dutch newspaper articles
for the use of these themes. Newspapers commonly explained quantum
concepts when mentioning quantum technology. They also regularly
presented quantum technology as beneficial and enigmatic, often in
prominent positions of the articles. The themes on economic development/
competitiveness, mystical viewpoint, social progress, and risks were less
common. Although these barriers are only potential barriers, we encourage
journalists to weigh them when communicating about quantum technology.
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Introduction

In October 2019, Google claimed to have reached a milestone. They argued
they had built a so-called quantum computer that could perform a task in 200
seconds, when—according to them—the world’s best supercomputer would
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take around 10,000 years to complete the task (Arute et al., 2019). News
media worldwide paid attention to Google’s achievement, including Dutch
newspapers.

Het Parool, for instance, wrote about possible benefits (Van Unen, 2019):!

According to Google, the possibilities are endless in the long term. Think of
connecting the data points from which weather forecasts are drawn up at
lightning speed, or predicting changes in climate.

De Telegraaf, on the contrary, ended their article with concern
(“Geheimschrift,” 2019):

It [i.e. the quantum computer] offers many possibilities, but also potential
problems. The encryption, which secures our e-mail traffic, can be cracked in
the blink of an eye. And if I were the secret service, I would already start
thinking of an alternative to my secret code.

The media coverage of Google’s achievement illustrates that quantum tech-
nologies, which include quantum computers, are communicated in different
ways. Quantum technologies are emergent technologies that use quantum
physics principles, which describe the behavior of particles at very small
scales. These new technologies are categorized into the domains of quantum
computing and simulation, quantum communication, and quantum sensing
and metrology (Stichting Quantumdelta NL, 2020). There are several appli-
cations envisioned for quantum technologies, for example, quantum comput-
ers for drug discovery (Outeiral et al., 2021), a quantum internet for secure
communication (Wehner et al., 2018), and quantum sensors for monitoring
underground infrastructure (Stray et al., 2022).

Most of these technologies are still in their infancy, but it is expected that
once they mature, they will start to impact society at large (European Quantum
Flagship, 2020; Stichting Quantumdelta NL, 2020; Vermaas et al., 2019,
2022). Therefore, it is important already at this early stage to consider public
engagement with quantum technology, which means dialogue and delibera-
tion with the public early in the technology’s development (see “upstream
engagement”’; Mooney, 2010; Priest, 2010). One of the reasons for this is to
ensure that the technology is built in a socially robust way (Roberson et al.,
2021).

The different ways in which quantum technology is communicated to
newspaper readers can impact public engagement in diverging ways. For one,
Het Parool’s statement that quantum computing can accurately forecast the
weather has been called “really far-fetched” (Ezratty, 2022, p. 8). Although it
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is feared that such hyped-up promises will result in a decline in public trust in
scientists (Ezratty, 2022), they may also help by raising awareness and subse-
quently spark new discussions (Roberson, 2020). The “quantum computing
as a threat” narrative, which De Telegraaf mentioned, could also affect public
engagement. According to Seskir et al. (2023), this narrative, without pre-
senting a realistic timeline or information on how organizations are already
actively working on dealing with the threat, could place time restrictions on
potential public engagement and deliberation activities.

As quantum technologies are expected to impact society in the future,
there is a role for science communicators and journalists in the process of
public engagement with quantum technology. In this article, we quantita-
tively examine how quantum science and technology are communicated in
Dutch newspapers. The theoretical concepts on which our study is based are
covered in detail in the next section.

Theory

Most members of the public become acquainted with scientific information
through science-news articles published in (online) media (Schifer, 2017). In
the current online era, despite the emergence of new media platforms such as
blogs, social networking sites, and video sharing sites, traditional news media
continue to play an important role (Weimann & Brosius, 2017). In the
Netherlands, for instance, both online and print newspapers are a frequently
used source through which citizens interact with information about science
and technology (Directorate-General for Communication, European
Commission, 2021; Rathenau Instituut, 2021).

As newspapers and other forms of traditional news media emphasize cer-
tain news, for instance through the amount of coverage, they can impact what
the public considers to be important topics (Lou et al., 2019). This is known
as first-level agenda setting (McCombs & Shaw, 1972). In addition to this
first level, agenda setting theory also includes a second level (Scheufele &
Tewksbury, 2007; Weaver, 2007; Weimann & Brosius, 2017). While the first
level is concerned with which topics are discussed in the media, the second
level is concerned with sow the media communicate about those topics
(Weaver, 2007). For instance, when discussing a given topic, media outlets
can focus on themes such as the benefits or risks involved in the issue at hand
(Chuan et al., 2019; Lewenstein et al., 2010; Strekalova, 2015; Veltri, 2013),
which can subsequently influence people’s attitudes toward the issue
(Achterberg, 2014; Cobb, 2005; Druckman & Bolsen, 2011).

The influence of news media is particularly important in the case of emer-
gent technologies (Scherrer, 2023; Scheufele & Lewenstein, 2005), as this is
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likely the first exposure people have to such a technology. News media cov-
erage for emergent technologies usually seems to follow a typical attention
cycle of a bell-shaped curve of salience: it starts off with a growing amount
of coverage followed by a decline (Lewenstein et al., 2010; Nisbet et al.,
2003; Veltri, 2013). Previous content analyses of emergent technologies,
such as nanotechnology (Lewenstein et al., 2010; Strekalova, 2015), artificial
intelligence (AI) (Chuan et al., 2019), and stem cells (Nisbet et al., 2003),
show that the news media in general paint a positive picture when reporting
on these technologies. The emphasis is, for instance, on themes such as busi-
ness opportunities and social progress. At the same time, attention is also paid
to the risks of the technologies. For example, a content analysis of nanotech-
nology in the Spanish news media showed that controversies were reported
early on (Veltri, 2013). A content analysis of Al in the U.S. news media found
that risks were covered less but in more depth than the benefits (Chuan et al.,
2019).

An important emergent technology currently under development is quan-
tum technology. It holds the potential to impact society at large once it arrives
(Stichting Quantumdelta NL, 2020; Wehner et al., 2018). As with any new
technology, quantum technology poses both benefits and risks for society.
For example, quantum computers have the potential to design new types of
materials and molecules that could save or extend lives through drug discov-
ery (Outeiral et al., 2021), but they can also enable new forms of modern
warfare that could fall in the hands of terrorist groups (Vermaas et al., 2019).

Because of the expected impact of quantum technology, it is important to
establish good connections between quantum and society. This means engag-
ing the public early in the technology’s development and building up trust in
society (Mooney, 2010). However, literature warns of barriers to effective
public communication about quantum, which could hinder public engage-
ment (Seskir et al., 2023; Vermaas, 2017) and public trust (Grinbaum, 2017).
At the same time, there is also a plea for sufficient attention to reflect on the
impact of quantum technology on society (Roberson et al., 2021).

In terms of barriers to effective public communication about quantum,
Vermaas (2017), for instance, argues that quantum is often communicated as
enigmatic. He argues that this could hinder public understanding of quantum
technology and subsequent engagement in societal dialogues to explore the
implications of quantum technology on society. Furthermore, according to
Seskir et al. (2023), describing quantum technology in terms of having to win
a race poses a barrier to participatory efforts with quantum technology
between different stakeholder groups. In a military context, for instance, it
can lead to research having to be kept secret for certain groups. Third,
Grinbaum (2017) states that popular media do not explain underlying
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quantum physics concepts when mentioning quantum technology, which he
argues could influence the public’s trust in quantum technology. Finally,
mystical viewpoints of quantum, often found in popular scientific talks
(Meinsma et al., 2023), present a pseudoscientific, inaccurate image of quan-
tum. As such, this potential barrier can result in misconceptions about its
applications (Bondani et al., 2024).

In contrast, Roberson et al. (2021) advocated for focusing on themes that
promote effective public communication about quantum. This includes high-
lighting ways in which quantum technology can impact society for the better
while its risks are minimized. The authors encourage a reflection on the ways
in which quantum technology might improve or solve problems in people’s
lives (i.e., the social progress theme) and this reflection should entail both the
risks and the benefits of quantum technology, thereby providing a balanced
perspective.?

In a recent content analysis of 501 TEDx talks, Meinsma et al. (2023)
studied the prevalence of the different quantum-related themes described
above. Results of their analysis showed that while the spooky and enigmatic
theme occurred in about a quarter of the talks, the quantum race theme and
the mystical viewpoint theme were hardly present. In addition, and contrary
to what had been suggested in the literature, relatively many TEDx talks con-
tained quantum physics concept explanations. Regarding the balanced per-
spective, benefits greatly outnumbered the risks, while reference to social
progress was scarce. Only some of the concerns from literature were thus
present in TEDx talks, and overall, quantum was portrayed in a positive way.

While TEDx talks reach a rather specific audience (their local audiences
and web users; Mattiello, 2019), most members of the general audience will
likely learn about quantum through (online) news media. As agenda setting
predicts that what and how is being talked about in these media may affect
people’s perceptions of emergent technologies, it is important to examine if
(first-level agenda setting) and how (second-level agenda setting) quantum
technology is communicated in news outlets. The Dutch scientific commu-
nity is heavily involved in quantum technology (Stichting Quantumdelta NL,
2020), and the societal connection is explicitly mentioned in its National
Agenda Quantum Technology. In this study, we, therefore, investigate to
what extent and in which ways quantum technology is communicated in
Dutch newspaper articles. Our research questions are as follows:

Research Question I: (a) Which attention cycle do Dutch national news-
papers follow in relation to quantum technology and (b) which of the
quantum domains (computing and simulation, communication, sensing
and metrology) receive most attention?
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Research Question 2: How often are the following themes present in
Dutch national newspaper articles about quantum science and
technology?

(a) spooky and enigmatic

(b) economic development/competitiveness

(c) explaining fundamental quantum concepts when mentioning quantum
technology

(d) mystical viewpoint

(e) social progress

(f) benefits

(g) risks

Moreover, news articles have a specific structure, such that the most impor-
tant information is shared first, while the remaining text presents less impor-
tant information (Angler, 2017). This implies that themes positioned in the
beginning of news articles (e.g., in the head) are the most prominent. Magusin
(2017) highlights three features of heads that make them worth studying.
First of all, readers tend to read heads more often than the full article itself.
Second, the information in the head guides readers toward the facts presented
in the article. And finally, heads rely on cultural knowledge that is believed to
be widespread in society, and therefore, they may influence the dominant
discourse more than the rest of the article. We argue that in addition to the
head, the subhead and lead also contain important information (Angler,
2017), and therefore, we ask

Research Question 3: Which themes do journalists most often place in a
prominent location?

Methods

Sample Collection

To answer the research questions, we collected a sample of Dutch newspaper
articles with quantum science and technology content. Our data collection
method is shown in Figure 1. We used the search string “quantum* OR kwan-
tum*” in the Nexis Uni database (LexisNexis, Nexis Uni, n.d.) and set the
search window from January 1, 2009 (the year in which the first quantum
computer was unveiled; Hanneke et al., 2010) to December 31, 2021. Articles
written by the six major Dutch newspapers as listed in the rankings of
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Figure |. Data Collection Method.

Nationaal Onderzoek Multimedia (NOM) Dashboard 2022-I were included,
namely Algemeen Dagblad, De Telegraaf, De Volkskrant, NRC, Trouw, and
Het Parool. The search returned a total of 2,553 articles.

In the second step, duplicate articles were deleted via a hybrid automatic-
manual process. Details of this process can be found in Section Al in the
Supplemental Appendix and in the referenced source code.? It resulted in a
total of 2,240 unique articles. Afterward, we selected the articles with suffi-
cient quantum science and technology content for our study. The reasons for
discarding an article are included in Table A1 in the Supplemental Appendix.
The primary reason (n = 599) for excluding an article was due to using the
search string in a company or product name, for example, references to the
Dutch company “Kwantum” or the James Bond film “Quantum of Solace.”
The two first authors of this article checked the article selection on a 20%
random sample of the data set, which resulted in an acceptable level of agree-
ment (=0.830,92.4%; Krippendorff, 2004). In total, we discarded 1,542
articles which left us with a data set of 698 articles. The metadata of all these
articles were obtained through Nexis Uni (LexisNexis, Nexis Uni, n.d.),
which included the newspaper brand, the section in which the article was
published, the date of publication, the article headline, the name of the author,
and the word count of the article.
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Based on formulas for standard error and confidence intervals (Neuendorf,
2017), we drew a random sample of 385 articles for our analysis. We opted
for a simple random sample due to limited coding resources, and sampling
theory suggests that coding the entire data set is unnecessary as we can be
95% confident that the true population percentage is within 5% of the sample
percentage. Descriptives of the sample are shown in Table A2 in the
Supplemental Appendix.

Codebook

The complete codebook can be found in Supplemental Appendix B and was
based on the codebook from Meinsma et al. (2023).

We coded the barriers to effective communication of quantum science
and/or technology. If a theme was found, the sentence that reveals the theme
was copied into the coding sheet. The spooky and enigmatic theme was iden-
tified when “quantum” was associated with “spooky” or “enigmatic” or a
synonym of those terms. Second, the economic development/competitive-
ness theme was found when a news article made reference to the effect that
quantum science and technology can have on the economy, and/or when the
article highlights the competitive side on a local, national, or global level (see
Nisbet, 2009). Third, we identified the presence of an explanation of three
types of fundamental quantum concepts: superposition, entanglement, and
contextuality in articles that make reference to quantum technology (i.e.,
articles with a quantum technology indicator). An explanation of superposi-
tion includes that a particle can be in multiple states at the same time; of
entanglement that two particles share a quantum state, meaning that it does
not make sense to discuss those particles as separate entities anymore; and
finally, contextuality is considered a harder concept (see Jaeger, 2019), which
we operationalized as that performing a measurement irreversibly affects a
quantum state. Finally, the mystical viewpoint was identified when an article
included ideas that do not adhere to established scientific paradigms of quan-
tum, such as connections to spirituality, religion, and consciousness.

In addition, we coded the themes referring to a balanced perspective on
quantum science and/or technology. The social progress theme was present
when an article emphasized how quantum science and technology can solve
problems or improve people’s lives (see Nisbet, 2009). The benefit theme
was identified when either a positive evaluation of quantum science and tech-
nology was given, quantum science and technology was said to have advan-
tages over something else (e.g., it was attributed to being faster, safer, and
better), or when a specific reference was made to how quantum science and
technology will benefit a particular field. Note that social progress
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is inherently a benefit, and therefore, the benefit theme was automatically
identified when the social progress theme appeared in the article. The risk
theme appeared when concerns about quantum science and technology were
highlighted.

Finally, themes that were placed in the head, subhead, or lead were coded
as prominent. We only included news reports and features in this part of the
analysis, as these are the articles that typically have a structure with the most
important information first, followed by less important information (Angler,
2017).

Coding Procedure and Reliability

To ensure reliable results, the first two authors conducted three independent
coding rounds and discussed similarities and differences in their application
of the codebook extensively. The first coding round was a pilot based on 36
articles from 2022. The second round involved drawing a random sample of
n = 267 articles with n = 54 articles (20%) for intercoder reliability. Overall,
the codebook was reliably applied. Only for certain codes, low occurrences
affected reliability, as a slight difference in interpretation between the first
and second coders was already detrimental for o. The coders, therefore,
extensively discussed the differences and reached a consensus in all cases.
With the discussion in mind, one of the coders proceeded with coding the
entire sample of 267 articles. Because the coding process went smoother than
anticipated, time allowed us to extend our initial sample of 267 articles to 385
articles of which an additional 24 articles were randomly selected for inter-
coder reliability testing (totaling n = 78 articles, 20% of 385 articles). As
Table A2 in the Supplemental Appendix shows this procedure ensured over-
all the reliable application of the codebook and for any remaining disagree-
ments, a consensus was reached between the two coders. The primary coder
then proceeded to code the rest of the sample. The details of the analysis plan
can be found in Table A4 in the Supplemental Appendix.

Results

Amount of Coverage

Of the 385 articles in our sample, most articles were published in 2014 and
2018 (in both years: n = 41, 10.6%), and the least in 2009 (n = 14, 3.6%). As
can be seen in Figure 2, there are spikes in coverage. Figure Al in the
Supplemental Appendix shows that the curve of the total number of articles
in the complete data set (N = 698 articles) resembles the curve in Figure 2.
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Dutch newspaper articles per year in sample
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Figure 2. Frequency of Articles by Year of Publication (N = 385).

For an overview of the distribution of articles per year per newspaper in our
sample, please see Figure A2 in the Supplemental Appendix.

Quantum science and/or technology was the main focus in a little less than
half of the articles (n = 170, 44.2%). The topic of quantum computing and
simulation occurred most frequent (n = 153, 39.7%), followed by quantum
communication (n = 33, 8.6%) and only two articles mentioned quantum
sensing and metrology (0.5%).

Themes

Table 1 shows the prevalence of the themes that we analyzed. Below, we
describe these findings in more detail and provide illustrative examples from
our data set.

First of all, the spooky and enigmatic theme appeared in 24.2% of the
articles in our sample (n = 93). An example is “The theory behind quantum
mechanics is bizarre and counterintuitive. [. . .] There is nothing weirder than
quantum mechanics” (Schenk, 2018). In this example, the terms “bizarre”
and “weird” are indicative of the theme as they are semantically similar to the
terms “spooky” and “enigmatic.”
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Table 1. Frequency Table of the Newspaper Articles Comparing the Predefined
Set of Themes.

Total number of

Theme articles % 95% ClI

Spooky and enigmatic 93 242 [0.199, 0.284]

Economic development/ 33 8.6 [0.058, 0.114]
competitiveness

Quantum concept explanations 90 50.6 [0.432, 0.579]

for articles with quantum
technology indicator (n = 178)

Mystical viewpoint 10 29 [0.013, 0.047]
Social progress 13 34 [0.018, 0.057]
Benefit 128 332 [0.285, 0.380]
Risk 21 5.5 [0.032, 0.077]

Note. Multiple themes can occur in one article. *indicates the exact Clopper—Pearson
confidence interval was calculated.

Second, the economic development/competitiveness theme appeared in
8.6% of the articles in our sample (n = 33). An example is “NSA fears
European lead in race for ‘qubits’” (Hond, 2014), where competitiveness is
highlighted through the word “race.”

Third, to establish whether articles include an explanation of a quantum
physics concept when referring to quantum technology, we analyzed the
articles with a quantum technology indicator (n = 178) for including an
explanation on superposition, entanglement, and/or contextuality. Results
show that 50.6% of the articles with a quantum technology indicator (n =
90) explained at least one of these three concepts. Out of the three con-
cepts, superposition is explained most often (see Figure A3 in the
Supplemental Appendix). An example of a quantum concept explanation is
as follows:

If you apply the elusive properties of quantum physics to classical bits, you
take the step to the qubit: an information carrier that can be not only zero or
one, but also zero and one at the same time, something that physicists call
superposition (Hal, 2017).

The mystical viewpoint was found in 10 articles (2.9%). An example
appeared in an interview with a theologist, who pleads for connection and
solidarity (Huttinga, 2017):



12 Science Communication 00(0)

I find it comforting and telling that quantum physics shows us the same thing:
everything is completely intertwined and connected—already at the level of the
electron. In the universe, everything is mysteriously connected to everything in
every possible way. It is up to us to tune into that.

In only 13 articles (3.4%), reference was made to the fact that quantum
would mean something good for society and should be developed and
deployed in such a way. An example of the social progress theme is as fol-
lows: “According to her, quantum technology is going to revolutionize soci-
ety. It can provide solutions to global issues in climate, energy, health care,
and security” (Van onze correspondent, 2016). The example focuses on
quantum technology as a solution to major problems that our society cur-
rently faces.

To examine the balanced perspective of quantum technology, we quanti-
fied the occurrence of the benefit theme and the risk theme. First of all, the
benefit theme appeared in 33.2% of the articles in our sample (n = 128). An
example is as follows (Wayenburg, 2014):

The promises are great: with control of quantum information you could build
quantum computers that calculate faster than all current computers, because
they can analyse many billions of variants of the problem at the same time.
Quantum information also offers the possibility to transmit information in an
non-eavesdropping manner. And then there are probably even more applications
that have not yet been thought of.

By stating that “the promises are great,” the author gives a positive evaluation
of quantum computers. In addition, by using the word “faster” for comparing
quantum computers to current computers, the author emphasizes an advan-
tage of quantum computers.

Finally, the risk theme appeared in only 5.5% of the articles in our sample
(n = 21). An example is as follows (Brugh, 2016):

Imagine that everything you email, that you bank online, that you store on your
computer, is no longer secure. [. . .] Peter Schwabe (35), cryptographer at
Radboud University Nijmegen, is seriously concerned about that scenario.
Because with the imminent arrival of quantum computers, which promise
unprecedented computing power, this becomes a real danger.

The phrases “seriously concerned” and “a real danger” in relation to the
arrival of quantum computers indicate risk. Furthermore, this example men-
tions a specific field that is being impacted: the digital security/privacy field.



Meinsma et al. 13

To gain more insight into these specific fields that are mentioned to be ben-
efited or harmed by quantum technology, we carried out an additional analy-
sis (see Figure A4 in the Supplemental Appendix). This showed that the
digital security and privacy field were most often mentioned to be impacted
by quantum science and technology, both in terms of causing benefits and
causing risks to the field.

Table A4 in the Supplemental Appendix shows the number of times each
theme was placed in a prominent location in news reports or features, and its
percentage compared with the total number of prominent themes. The benefit
theme was most often placed prominently (25 X), followed by the spooky and
enigmatic theme (15X). In addition, when comparing the number of times a
theme appeared in a prominent location with its total occurrences, we found
that themes were typically placed prominently in about a quarter of the news
reports and features, with percentages ranging from 20% (mystical view-
point) to 30% (risk), except for quantum concept explanations (15.5%) and
social progress (8.3%).

Discussion

This study examined how quantum physics and technology were described
in Dutch newspapers during the period 2009 to 2021. We quantified the
occurrence of themes relevant to the setting of quantum science and
technology.

First-Level Agenda Setting: How Often Is Quantum Technology
Written About?

Both in the fully coded sample (385 articles) and in the total data set of 698
articles with quantum science and technology content, we find that the
typical bell-shaped curve of salience for emergent technology is not (yet)
visible (such as for nanotechnology in the American and Spanish news;
Lewenstein et al., 2010; Veltri, 2013). Overall, we see an upward trend
interrupted by several dips, including one in 2020 that may be related to
COVID-19. As quantum technology is in an early stage of development, it
is possible that we are currently at the start of the bell-shaped curve of
salience.

Between 2009 and 2021, the six major Dutch newspapers wrote an
average of around 50 articles per year with content about quantum science
and technology. This number seems relatively small compared with the
number of research outcomes in the Dutch media in general (Hijmans
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et al., 2003) and compared with the prevalence of other physics disciplines
(Kristensen et al., 2021). It may thus be that the public has not yet been
largely exposed to quantum science and technology and may not know
much about it yet.

Second-Level Agenda Setting: How Is Quantum Science
and Technology Written About?

We identified how quantum science and technology are described in Dutch
newspaper articles, focusing on both potential barriers to, and potential facili-
tators of, effective science communication suggested in the literature.
Contrary to claims from the literature, the economic development/competi-
tiveness theme (Seskir et al., 2023) and mystical viewpoint (Bondani et al.,
2024) were relatively uncommon (8.6% and 2.9%, respectively). This sug-
gests that these potential barriers might not be very salient in the minds of
Dutch newspaper readers and possibly less influential for the way people
think about quantum science and technology. By contrast, quantum concept
explanations (Grinbaum, 2017) were relatively frequent (50.6%), indicating
that this barrier (i.e., lack of explanation) is not overly prominent in media
coverage of quantum.

At the same time, however, the frequency of other themes aligns with
concerns voiced in the literature. The spooky and enigmatic theme (Vermaas,
2017) appeared relatively often (24.2%), whereas the social progress theme
(Roberson et al., 2021) was hardly present (3.4%). Furthermore, the fre-
quency of the benefit frame (33.2%) largely exceeded that of the risk frame
(5.5%), creating an unbalanced perspective (Roberson et al., 2021) on quan-
tum in Dutch newspapers. In addition, the benefit theme and the spooky and
enigmatic theme were often placed in prominent locations within news
reports and features, potentially making them more influential than other
themes. We, therefore, encourage journalists and science communicators to
carefully consider the use and positioning of these themes in their public
communication about quantum.

In comparing quantum technology coverage to that of other emerging
technologies, it is surprising that the focus on economic benefits (Chuan
et al., 2019; Lewenstein et al., 2010; Nisbet et al., 2003) and social progress
(Chuan et al., 2019; Nisbet, 2009) is less clear. However, the tendency of
news media to paint a positive picture while rarely mentioning the risks of
quantum technology is consistent with other emergent technologies (Chuan
et al., 2019; Lewenstein et al., 2010; Nisbet et al., 2003; Strekalova, 2015;
Veltri, 2013). We know from previous research that a positive focus in news
media can have a positive effect on the acceptance of emergent technologies
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(Scherrer, 2023; Scheufele & Lewenstein, 2005). Future research should
investigate whether this is also the case in this context.

Limitations

A limitation of our study is that we used a predefined set of themes to code
the data, which may overlook other interesting themes that a bottom-up
approach could reveal. In addition, only a small number of authors contrib-
uted significantly to the coverage of quantum science and technology in
Dutch newspaper articles, suggesting possible self-reinforcing effects as
journalists look at each other’s articles or previous work. Since our study
focused on a single country, the Netherlands, this may limit the generaliz-
ability of our findings. We, therefore, encourage replication in different con-
texts for the external validity of the study. Finally, although the concept is
more nuanced, we operationalized contextuality as the idea that a measure-
ment irreversibly affects a quantum state. We have limited our codings to
only address this aspect of a measurement because of the concept’s complex-
ity. Further qualitative research could examine which quantum concepts are
all described and how deeply they are discussed in popular communication.

Practical Implications

News articles may influence perceptions and subsequent attitudes toward
quantum technology. Therefore, we encourage journalists and science com-
municators to already consider the potential barriers and potential facilitators
to effective science communication in literature. This way, communication
about quantum might jump from a state of superposition—where it is effec-
tive and ineffective at the same time—to one of effectiveness.
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Notes

1. The quotes have been translated from Dutch.

2. Note that the balanced perspective advocated by Roberson et al. (2021) differs
from the issue of “balance as bias” or “false balance,” which deals with the bias
that arises from balanced science reporting, when, for example, voices that con-
tradict scientific findings receive as much attention as the scientific findings
themselves (Boykoff & Boykoff, 2004).

3. Coderepo available at https://github.com/t-rothe/quantum-in-Dutch-newspapers.

References

*This reference cited in the supplementary material.

Achterberg, P. (2014). Knowing hydrogen and loving it too? Information provi-
sion, cultural predispositions, and support for hydrogen technology among
the Dutch. Public Understanding of Science, 23(4), 445-453. https://doi.
org/10.1177/0963662512453117

Angler, M. (2017). 6. Writing about science for newspapers. In Science jour-
nalism: An introduction. (1st ed., pp. 132 — 170). Routledge. https://doi.
org/10.4324/9781315671338-6

Arute, F., Arya, K., Babbush, R., Bacon, D., Bardin, J. C., Barends, R., Biswas, R.,
Boixo, S., Brandao, F. G. S. L., Buell, D. A., Burkett, B., Chen, Y., Chen, Z.,
Chiaro, B., Collins, R., Courtney, W., Dunsworth, A., Farhi, E., Foxen, B., &
Martinis, J. M. (2019). Quantum supremacy using a programmable supercon-
ducting processor. Nature, 574, Article 7779. https://doi.org/10.1038/s41586-
019-1666-5

Bondani, M., Galano, S., Malgieri, M., Onorato, P., Sciarretta, W., & Testa, .
(2024). Development and use of an instrument to measure pseudoscientific
beliefs in quantum mechanics: The PSEUDO-QM scale. Research in Science &
Technological Education. Advance online publication. https://doi.org/10.1080/0
2635143.2024.2390847


https://orcid.org/0000-0002-1826-8801
https://orcid.org/0009-0008-2596-3643
https://orcid.org/0000-0003-0147-2643
https://orcid.org/0000-0003-1743-9493
https://orcid.org/0000-0002-4756-0043
http://journals.sagepub.com/doi/suppl/10.1177/10755470251318300
http://journals.sagepub.com/doi/suppl/10.1177/10755470251318300
https://github.com/t-rothe/quantum-in-Dutch-newspapers
https://doi.org/10.1177/0963662512453117
https://doi.org/10.1177/0963662512453117
https://doi.org/10.4324/9781315671338-6
https://doi.org/10.4324/9781315671338-6
https://doi.org/10.1038/s41586-019-1666-5
https://doi.org/10.1038/s41586-019-1666-5
https://doi.org/10.1080/02635143.2024.2390847
https://doi.org/10.1080/02635143.2024.2390847

Meinsma et al. 17

Boykoft, M. T., & Boykoff, J. M. (2004). Balance as bias: Global warming and the
US prestige press. Global Environmental Change, 14(2), 125-136. https://doi.
org/10.1016/j.gloenvcha.2003.10.001

Brugh, M. aan de. (2016, September 5). De cryptocalypse komt eraan [The cryptoca-
lypse is coming]. NRC Handelsblad, p. 18.

Chuan, C.-H., Tsai, W.-H. S., & Cho, S. Y. (2019). Framing artificial intelligence in
American newspapers. In Proceedings of the 2019 AAAI/ACM Conference on
Al, Ethics, and Society (pp. 339-344). Association for Computing Machinery.
https://doi.org/10.1145/3306618.3314285

Cobb, M. D. (2005). Framing effects on public opinion about nanotechnology. Science
Communication, 27(2), 221-239. https://doi.org/10.1177/1075547005281473

Directorate-General for Communication, European Commission. (2021). Special
Eurobarometer 516: European citizens’ knowledge and attitudes towards
science and technology version (vI1.00). http://data.europa.cu/88u/dataset/
S2237 95 2 516_ENG

Druckman, J. N., & Bolsen, T. (2011). Framing, motivated reasoning, and opin-
ions about emergent technologies. Journal of Communication, 61(4), 659—688.
https://doi.org/10.1111/j.1460-2466.2011.01562.x

*Epitools. (n.d.). Calculate confidence limits for a sample prop. https://epitools.aus-
vet.com.au/ciproportion

European Quantum Flagship. (2020). Strategic research agenda (p. 114).

Ezratty, O. (2022). Mitigating the quantum hype (arXiv:2202.01925). arXiv. https://
doi.org/10.48550/arXiv.2202.01925

Geheimschrift. Secret writing (2019, October 1). De Telegraaf, p. 11.

Grinbaum, A. (2017). Narratives of quantum theory in the age of quantum tech-
nologies. Ethics and Information Technology, 19(4), 295-306. https://doi.
0rg/10.1007/s10676-017-9424-6

Hal, G. van. (2017, January 21). Heel het heelal is informatie [The entire universe is
information]. NRC.NEXT, p. 28.

Hanneke, D., Home, J. P., Jost, J. D., Amini, J. M., Leibfried, D., & Wineland, D.
J. (2010). Realization of a programmable two-qubit quantum processor. Nature
Physics, 6(1), 13—-16. https://doi.org/10.1038/nphys1453

Hijmans, E., Pleijter, A., & Wester, F. (2003). Covering scientific research in Dutch
newspapers. Science Communication, 25(2), 153—176.

Hond, B. den. (2014, January 4). Met supercomputer is code sneller te kraken. Trouw,
p. 5.

Huttinga, W. (2017, March 27). God doet het niet voor ons. Trouw, pp. 6-7.

Jaeger, G. (2019). Quantum contextuality in the Copenhagen approach. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering
Sciences, 377(2157), 20190025. https://doi.org/10.1098/rsta.2019.0025

Krippendorff, K. (2004). Reliability in content analysis. Human Communication
Research, 30(3), 411-433. https://doi.org/10.1111/j.1468-2958.2004.tb00738.x

Kristensen, S. W., Cramer, J., McCollam, A., Reijnierse, W. G., & Smeets, 1. (2021).
The matter of complex anti-matter: The portrayal and framing of physics in


https://doi.org/10.1145/3306618.3314285
https://doi.org/10.1177/1075547005281473
http://data.europa.eu/88u/dataset/S2237_95_2_516_ENG
http://data.europa.eu/88u/dataset/S2237_95_2_516_ENG
https://doi.org/10.1111/j.1460-2466.2011.01562.x
https://epitools.ausvet.com.au/ciproportion
https://epitools.ausvet.com.au/ciproportion
https://doi.org/10.48550/arXiv.2202.01925
https://doi.org/10.48550/arXiv.2202.01925
https://doi.org/10.1007/s10676-017-9424-6
https://doi.org/10.1007/s10676-017-9424-6
https://doi.org/10.1038/nphys1453
https://doi.org/10.1098/rsta.2019.0025
https://doi.org/10.1111/j.1468-2958.2004.tb00738.x

18 Science Communication 00(0)

Dutch newspapers. Journal of Science Communication, 20(07), A02. https://doi.
org/10.22323/2.20070202

Lewenstein, B. V., Gorss, J., & Radin, J. (2010). The salience of small: Nanotechnology
coverage in the American press, 1986-2004 [Report]. https://ecommons.cornell.
edu/handle/1813/14275

LexisNexis, Nexis Uni. (n.d.). [dataset]. https://www-lexisnexis-com.ezproxy.leide-
nuniv.nl/en-us/professional/academic/nexis-uni.page

Lou, Y., Burley, H., Moe, A., & Sui, M. (2019). A meta-analysis of news media’s
public agenda-setting effects, 1972-2015. Journalism & Mass Communication
Quarterly, 96(1), 150-172.

Magusin, H. (2017). If you want to get away with murder, use your car: A discursive
content analysis of pedestrian traffic fatalities in news headlines. Earth Common
Journal, 7(1), Article 1. https://doi.org/10.31542/j.ecj.1229

Mattiello, E. (2019). A corpus-based analysis of scientific TED Talks: Explaining
cancer-related topics to non-experts. Discourse, Context & Media, 28, 60—68.
https://doi.org/10.1016/j.dcm.2018.09.004

McCombs, M. E., & Shaw, D. L. (1972). The agenda-setting function of mass media.
The Public Opinion Quarterly, 36(2), 176—187.

Meinsma, A. L., Kristensen, S. W., Reijnierse, W. G., Smeets, 1., & Cramer, J. (2023).
Is everything quantum “spooky and weird?”” An exploration of popular commu-
nication about quantum science and technology in TEDx talks. Quantum Science
and Technology, 8(3), 035004.

Mooney, C. (2010). Do scientists understand the public? American Academy of Arts
and Sciences.

Neuendorf, K. A. (2017). The content analysis guidebook. Sage. https://doi.
org/10.4135/9781071802878

Nisbet, M. C. (2009). Framing science: A new paradigm in public engagement. In L.
Kahlor & P. Stout (Eds.), Understanding science: New agendas in science com-
munication (pp. 40-67). Routledge.

Nisbet, M. C., Brossard, D., & Kroepsch, A. (2003). Framing science: The stem cell
controversy in an age of press/politics. Harvard International Journal of Press/
Politics, 8(2), 36-70. https://doi.org/10.1177/1081180X02251047

Outeiral, C., Strahm, M., Shi, J., Morris, G. M., Benjamin, S. C., & Deane, C. M.
(2021). The prospects of quantum computing in computational molecular biol-
ogy. WIREs Computational Molecular Science, 11(1), Article e1481. https://doi.
org/10.1002/wems. 1481

Priest, S. H. (2010). Encyclopedia of science and technology communication. Sage.

Rathenau Instituut. (2021). Vertrouwen van Nederlanders in wetenschap (enquéte
2021).

Roberson, T. (2020). Can hype be a force for good? Inviting unexpected engagement
with science and technology futures. Public Understanding of Science, 29(5),
544-552.

Roberson, T., Leach, J., & Raman, S. (2021). Talking about public good for the sec-
ond quantum revolution: Analysing quantum technology narratives in the context


https://doi.org/10.22323/2.20070202
https://doi.org/10.22323/2.20070202
https://ecommons.cornell.edu/handle/1813/14275
https://ecommons.cornell.edu/handle/1813/14275
https://www-lexisnexis-com.ezproxy.leidenuniv.nl/en-us/professional/academic/nexis-uni.page
https://www-lexisnexis-com.ezproxy.leidenuniv.nl/en-us/professional/academic/nexis-uni.page
https://doi.org/10.31542/j.ecj.1229
https://doi.org/10.4135/9781071802878
https://doi.org/10.4135/9781071802878
https://doi.org/10.1177/1081180X02251047
https://doi.org/10.1002/wcms.1481
https://doi.org/10.1002/wcms.1481

Meinsma et al. 19

of national strategies. Quantum Science and Technology, 6(2), 025001. https://
doi.org/10.1088/2058-9565/abcSab

Schifer, M. S. (2017). How changing media structures are affecting science news
coverage. In K. H. Jamieson, D. M. Kahan & D. A. Scheufele (Eds.), The
Oxford handbook of the science of science communication (pp. 50-59). Oxford
University Press. https://doi.org/10.1093/0xfordhb/9780190497620.013.5

Schenk, D. (2018, December 1). “Het vergt lef om te geloven dat je meer versies
hebt”; Deze man bestaat miljarden malen; Natuurkundige Sean Carroll denkt dat
hij in voortdurend splitsende universa leeft. NRC.NEXT, p. 1.

Scherrer, A. (2023). How media coverage of technologies affects public opinion:
Evidence from alternative fuel vehicles in Germany. Environmental Innovation
and Societal Transitions, 47, 100727. https://doi.org/10.1016/j.eist.2023.100727

Scheufele, D. A., & Lewenstein, B. V. (2005). The public and nanotechnology: How
citizens make sense of emerging technologies. Journal of Nanoparticle Research,
7(6), 659-667. https://doi.org/10.1007/s11051-005-7526-2

Scheufele, D. A., & Tewksbury, D. (2007). Framing, agenda setting, and priming:
The evolution of three media effects models. Journal of Communication, 57(1),
9-20. https://doi.org/10.1111/5.0021-9916.2007.00326.x

Seskir, Z. C., Umbrello, S., Coenen, C., & Vermaas, P. E. (2023). Democratization of
quantum technologies. Quantum Science and Technology, 8(2), 024005. https://
doi.org/10.1088/2058-9565/acbbae

Stichting Quantumdelta NL. (2020). Projectvoorstel Nationaal Groeifonds (v8.0; p.
122).

Stray, B., Lamb, A., Kaushik, A., Vovrosh, J., Rodgers, A., Winch, J., Hayati, F.,
Boddice, D., Stabrawa, A., Niggebaum, A., Langlois, M., Lien, Y.-H., Lellouch,
S., Roshanmanesh, S., Ridley, K., de Villiers, G., Brown, G., Cross, T., Tuckwell,
G., ... Holynski, M. (2022). Quantum sensing for gravity cartography. Nature,
602(7898), Article 7898. https://doi.org/10.1038/s41586-021-04315-3

Strekalova, Y. A. (2015). Informing dissemination research: A content analysis of U.S.
newspaper coverage of medical nanotechnology news. Science Communication,
37(2), 151-172. https://doi.org/10.1177/1075547014555025

Van onze correspondent. (2016, April 20). EU investeert in supercomputers. De
Telegraaf, p. 022.

Van Unen, D. (2019, October 24). Computer breekt het rekenrecord. Het Parool, p. 1.

Veltri, G. A. (2013). Viva la Nano-Revolucion! A semantic analysis of the Spanish
national press. Science Communication, 35(2), 143-167.

Vermaas, P. E. (2017). The societal impact of the emerging quantum technologies: A
renewed urgency to make quantum theory understandable. Ethics and Information
Technology, 19(4), 241-246. https://doi.org/10.1007/s10676-017-9429-1

Vermaas, P. E., Nas, D., Vandersypen, L., & Elkouss Coronas, D. (2019). Quantum
Internet vision team. Delft University of Technology. https://www.tudelft.nl/
over-tu-delft/strategie/vision-teams/quantum-internet

Vermaas, P. E., Wimmer, M. T., Lomas, J. D., Almudever, C. G., & Scappucci, G.
(2022). Quantum computing: From hardware to society. Delft University of


https://doi.org/10.1088/2058-9565/abc5ab
https://doi.org/10.1088/2058-9565/abc5ab
https://doi.org/10.1093/oxfordhb/9780190497620.013.5
https://doi.org/10.1016/j.eist.2023.100727
https://doi.org/10.1007/s11051-005-7526-2
https://doi.org/10.1111/j.0021-9916.2007.00326.x
https://doi.org/10.1088/2058-9565/acb6ae
https://doi.org/10.1088/2058-9565/acb6ae
https://doi.org/10.1038/s41586-021-04315-3
https://doi.org/10.1177/1075547014555025
https://doi.org/10.1007/s10676-017-9429-1
https://www.tudelft.nl/over-tu-delft/strategie/vision-teams/quantum-internet
https://www.tudelft.nl/over-tu-delft/strategie/vision-teams/quantum-internet

20 Science Communication 00(0)

Technology.  https://www.tudelft.nl/over-tu-delft/strategie/vision-teams/quan-
tum-computing

Wayenburg, B. van. (2014, June 2). Teleporteren in 5 stappen. NRC.NEXT, p. 17.

Weaver, D. H. (2007). Thoughts on agenda setting, framing, and priming.
Journal of Communication, 57(1), 142—147. https://doi.org/10.1111/j.1460-
2466.2006.00333.x

Wehner, S., Elkouss, D., & Hanson, R. (2018). Quantum Internet: A vision for the
road ahead. Science, 362(6412), Article eaam9288. https://doi.org/10.1126/sci-
ence.aam9288

Weimann, G., & Brosius, H.-B. (2017). Redirecting the agenda: Agenda-setting in the
online Era. The Agenda Setting Journal, 1(1), 63—102. https://doi.org/10.1075/
asj.1.1.06wei

Author Biographies

Aletta Meinsma is a PhD candidate at Leiden University, the Netherlands. In her
PhD project, she investigates popular communication about quantum science and
technology aimed at a wider audience. She is also interested in the effect that certain
communication aspects around quantum science and technology can have on public
understanding and engagement.

Thomas Rothe is a computational physicist and quantum information theorist with a
Master’s degree from Leiden University, The Netherlands. His work focuses on
applying numerical simulation, numerical optimization, and machine learning to
research in physics. In particular, he is interested in how quantum phenomena, such
as entanglement, contribute to the power of quantum algorithms and shape the com-
plexity of quantum many-body systems. Additionally, he has engaged in science com-
munication research, employing computational techniques in that field as well.

W. Gudrun Reijnierse is an assistant professor of Language and Communication at
Vrije Universiteit Amsterdam, the Netherlands. After completing her PhD in linguis-
tics on the use and effects of metaphors in a range of contexts, her research focus
shifted to the role of metaphors and, more broadly, language use in science communi-
cation. She has a particular interest in the language of science journalism.

Ionica Smeets is a professor of science communication at Leiden University, the
Netherlands. Her main research interest is bridging the gap between experts and the
general public. She enjoys working in interdisciplinary projects that focus on effective
science communication about a specific topic, ranging from statistics to biodiversity
and from quantum to health research.

Julia Cramer is an assistant professor “Quantum and Society” at Leiden University,
the Netherlands. She is a quantum physicist and science communication researcher,
interested in the boundary between fundamental science and society, and fascinated
about communicating science to (nonobvious) publics. Her research focus is on the
interaction between quantum and society.


https://www.tudelft.nl/over-tu-delft/strategie/vision-teams/quantum-computing
https://www.tudelft.nl/over-tu-delft/strategie/vision-teams/quantum-computing
https://doi.org/10.1111/j.1460-2466.2006.00333.x
https://doi.org/10.1111/j.1460-2466.2006.00333.x
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1126/science.aam9288
https://doi.org/10.1075/asj.1.1.06wei
https://doi.org/10.1075/asj.1.1.06wei

