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Quantum science and technology is an emerging field of research expected to have a transformative impact on society. Its inherent 
complexity and counterintuitive nature, however, may pose a barrier to communication with general audiences. Metaphors can play an 
important role in bridging the gap between abstract quantum concepts and public engagement. Yet, no research to date has system-
atically examined which metaphors are used in communication about quantum directed at non-experts. In this study, we address this 
gap by performing a content analysis of 816 Dutch newspaper articles published between January 2010 and March 2024. We first 
identify which quantum mechanical concepts and technologies are described metaphorically, and which source domains are used. We 
then examine how elements of the source domains are used to explain key features of the target domains in question, with particular 
attention to the most frequently metaphorized concepts. The results show 331 metaphors and reveal systematic patterns in the re-
lationships between target domains and the source domains used to describe them. For example, some concepts are consistently framed 
through objects and materials, others through familiar physical phenomena, and others through references to existing technologies. 
Specific elements of the source domains are used to foreground particular features, such as particle movements or functional processes. 
Overall, this study contributes to our understanding of how quantum science and technology is represented in public discourse, and 
highlights both the diversity and systematic use of metaphorical language in newspaper coverage.
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1. Introduction

Quantum science and technology promise to have a transformative impact on our lives and on society at large (e.g., 
European Quantum Flagship, 2020). In recent years, academics have stressed the importance of societal engagement 
with quantum science and technology to ensure that future developments in the field comply with societal needs and 
ethical, legal, and social values (e.g., De Jong, 2022; Vermaas, 2017). The abstract and counterintuitive nature of quantum 

mechanics, however, creates challenges for making its fundamental principles and implications accessible to non-specialist 
audiences.

Metaphors can play an important role in bridging the gap between abstract quantum phenomena and public engage-
ment. Metaphors are conceptual, linguistic, and communicative devices that are used to communicate and potentially think 
about one concept (belonging to the metaphors' target domain) in terms of another (drawn from the metaphors' source 
domain) (Lakoff and Johnson, 1980; Semino, 2008). A classic example of a metaphor in discourse about quantum science is
Schr € odinger's cat (Van de Merbel et al., 2024), which describes the phenomenon of quantum superposition through the
metaphoric image of a cat in a box that is considered both alive and dead until observed. This metaphor draws on a set of 
systematic associations between target domain elements (e.g., ‘particles in superposition can exhibit features of multiple 
states simultaneously until a measurement is done’) and analogous aspects of the source domain (e.g., ‘one cannot tell 
whether the cat in the box is dead or alive - and thus it can be considered to be in both states at the same time - until the box 
is opened and the cat can be observed’). This process of cross-domain mapping is inherently selective: choosing one 
particular metaphorical source domain (over another) can affect the way in which the target domain is presented and 
understood. A metaphor thus offers one perspective through which complex concepts may be interpreted or understood.

Studying metaphors that are used to discuss a given topic can provide important insights into how this topic is described 
in communication with non-experts. Although previous studies have explored metaphors in the context of quantum 

computing (see Godoy-Descazeaux et al., 2023; Hilkamo and Granqvist, 2022), no research to date has systematically 
examined which metaphors are used to communicate quantum science and technology to non-experts. In the present study 
we address this research gap by analyzing which quantum mechanical concepts and technologies are described meta-
phorically, and by means of which source domains. Specifically, we analyze occurrences of signaled metaphors in Dutch 
newspaper articles about quantum science and technology that have been published between January 2010 and March 
2024.

Our decision to focus on newspaper articles about quantum science and technology is motivated by the fact that 
newspapers are a frequently used source through which citizens interact with information about science and technology 
(European Commission, Directorate-General for Communication, 2021). A small-scale study by Van de Merbel et al. (2024) 
also demonstrated that, for Dutch citizens’ attitudes and knowledge of quantum science and technology in particular, media 
such as newspapers were a relevant source through which participants had heard about quantum. Another reason to focus 
on Dutch newspaper articles on quantum science and technology is that the Netherlands has a strong research base in this 
field; in recent years, it has made major public investments to develop its quantum technology sector further (Netherlands 
Enterprise Agency, 2025). These investments have also prompted academic research on the ethical, legal and social aspects 
of quantum technology, with the aim of promoting responsible implementation of these new technologies 
(QuantumDeltaNL, n.d.).

In order to gain insight into the ways in which quantum science and technology are metaphorized in Dutch newspapers, 
we perform a content analysis in which we combine linguistic analysis of metaphor with insights from research on 
communication about science and technology. The first main research question that we address is: Which metaphors are 
used to conceptualize quantum science and technology in Dutch newspapers (RQ1)? In answering this question, we take the 
following sub questions into account: Which quantum mechanical concepts and technologies (or: target domains) are described 
metaphorically (RQ1a)? And Which source domains are used to describe the target domains (RQ1b)? The second main research 
question examines how these metaphorical mappings are structured. Specifically, we conduct a more detailed analysis of 
the target domains that are metaphorized most frequently in our data, addressing the question: How are elements of the 
source domains used to structure and explain key features of the target domains (RQ2)? By analyzing (recurring) metaphors, we 
provide insight into how abstract quantum concepts and technologies are expressed in more familiar terms for non-expert 
audiences.

2. Theoretical framework

2.1. Metaphor in communication about science and technology

Metaphors serve as conceptual devices that facilitate complex cognitive processes by mapping abstract concepts onto 
more familiar experiences, thereby supporting comprehension and communication (Lakoff and Johnson, 1980). Because of 
this function, metaphors are widely considered essential tools in communication about science (Herrman, 2013). Early work 
by Black (1962) and Hesse (1966) emphasized that metaphors are not merely stylistic devices but can play a constitutive role 
in scientific reasoning and discovery. Indeed, analogies and metaphorical models, such as the wave theory of light, can guide
the development of new ideas and theories (Beger and J € akel, 2015; Reynolds, 2022).
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Building on this perspective, Boyd (1993) distinguished between the role of metaphor in scientific theory-building and 
its role in public communication. In expert contexts, metaphors can contribute to the development and revision of theories, 
whereas in communication with non-specialists they tend to serve a more explanatory or pedagogical function. Subsequent 
research has refined this distinction, showing that the function of metaphors often differs across contexts, yet the same 
metaphors often operate in both domains (Knudsen, 2003; Smedinga et al., 2023). In communication directed at general 
audiences, their figurative nature helps non-specialists understand abstract concepts by linking them to familiar ideas, 
whereas in specialist discourse metaphors are often integrated into the conventional scientific lexicon. At the same time, 
metaphors may undergo processes of “closure” and subsequent “re-opening,” whereby expressions that have become 
conventionalized in expert discourse are later reactivated in new communicative contexts, particularly in science popu-
larization (Knudsen, 2003, p. 1254).

Taken together, these studies highlight both continuity and variation in metaphor use across contexts. Research on 
journalistic coverage of science and technology adds that metaphor use may diverge even more strongly from expert 
discourse. Droog et al. (2020), for example, found that journalists reporting on emerging information technologies often 
draw on source domains absent from expert discourse, favoring instead familiar metaphors from established technologies. 
This suggests that metaphor use in journalistic science communication is shaped not only by the adaptation of metaphors 
from expert discourse, but also by the introduction of metaphors that do not originate in it. However, there is still a lack of 
systematic analysis of which metaphors are employed in science communication for non-specialist audiences, and how 

particular scientific concepts are related to their source domains.

2.2. Quantum science and technology

Quantum science and technology is an emerging field of research that is expected to have a large impact on society. We 
are currently in the midst of the so-called ‘second quantum revolution’ (Dowling and Milburn, 2003). The first quantum 

revolution, which took place in the first half of the twentieth century, saw the emergence of the field of quantum physics. It 
also marked the development of practical applications that make use of the properties of quantum physics, such as lasers 
and transistors — technologies that are foundational for the development of computers, telecommunications, satellite 
navigation, smartphones and modern medical diagnostics (European Commission, 2025).

The current, second quantum revolution is marked by the development of next-generation quantum technologies, 
including quantum computing, quantum sensing, and quantum networks. Envisioned applications of these so-called 
quantum 2.0 technologies — ranging from improved drug development (Outeiral et al., 2021) to secure communication 
(Vermaas et al., 2019; Wehner et al., 2018) — are expected to have a transformative societal impact. At the same time, 
scholars warn that these technologies may prove disruptive, particularly if their development outpaces regulatory frame-
works and societal preparedness (Vermaas, 2017).

To help ensure that innovation aligns with societal values, researchers have emphasized the importance of public dia-
logue about the ethical, legal, and social implications of quantum technologies (e.g., De Jong, 2022; Young et al., 2024). 
Although meaningful engagement involves more than increasing public understanding (Bucchi, 2008; Van Burgsteden et al., 
2025), improving comprehension of core quantum concepts is often regarded as a necessary first step, a ‘preamble’ to 
broader societal debate (Vermaas, 2017).

In this context, it is important to consider which quantum concepts and technologies are most frequently communicated 
to non-expert audiences. Previous research on TEDx talks and newspaper articles has shown that both quantum experts and 
journalists regularly explain fundamental notions (such as entanglement, superposition, and contextuality) and emerging 
applications (such as quantum computers, networks, internet) (Meinsma et al., 2023, 2025). Building on these findings, the 
present study examines how fundamental quantum concepts and emerging technologies are communicated to non-expert 
audiences, focusing on the role of metaphor in making abstract and counterintuitive ideas accessible.

2.3. Previous research on metaphors for quantum computing

For the field of quantum science and technology, no previous research has systematically examined which metaphors are 
used in communication directed at general audiences. Existing studies on metaphors in communication about quantum 

have focused specifically on quantum computing. For example, Godoy-Descazeaux et al. (2023) identified ten dominant 
metaphors in 140 YouTube videos produced by quantum computing practitioners, including labels such as ‘mirage’, ‘su-
percomputer’, ‘casino’, and ‘silver bullet’. Their analysis shows that metaphors describe quantum computing in different 
ways, variously emphasizing threats, opportunities, and potential applications of the technology in near or distant futures. 
Similarly, Hilkamo and Granqvist (2022) analyze how quantum computing, as a ‘brand-new market category’, is culturally 
constructed through analogies and metaphors in interviews and media discourse. Based on a multimodal analysis of in-
terviews, newspaper and magazine articles, the authors argue that analogies and metaphors are not only used to make the
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new technology more relatable, but also to emphasize its strangeness and novelty. Some draw on everyday experiences (e.g., 
household objects or game pieces) to make quantum computing more comprehensible, others compare quantum 

computing to another, existing technology to present it as a promising future technology that is currently in the early stages 
of development, and a third type emphasizes its strangeness by presenting it as mysterious or magical (e.g. a ‘magic ma-
chine’ or a technology exploiting ‘weird’ properties of subatomic particles).

Together, these studies show that metaphors for quantum computing draw on diverse source domains and foreground 
different aspects of the technology. However, their scope remains limited in several respects. First, they focus exclusively on 
quantum computing, leaving unexplored how other foundational quantum concepts and quantum technologies are 
metaphorically constructed in public discourse. Second, their empirical material - i.e., practitioner-produced videos and 
market-oriented multimodal texts - differs from newspaper coverage, which plays an important role in public discourse on 
science and technology. Third, these studies have used thematic or interpretive approaches to identifying metaphor; as a 
result, a comprehensive and methodologically systematic account is still lacking of how quantum concepts and technologies 
are described metaphorically in communication that is directed at general audiences.

The present study addresses these limitations by conducting a systematic content analysis of Dutch newspaper articles 
on quantum science and technology. I.e., rather than focusing on a single technology, we examine metaphors used to 
describe a range of fundamental quantum concepts (such as entanglement, superposition, and contextuality) as well as 
emerging quantum technologies (including quantum computing, quantum networks, and quantum sensing). Using a 
structured and transparent procedure for identifying linguistic metaphors, we first establish which target domains are 
described metaphorically and which source domains are drawn upon. Subsequently, we analyze how particular features of 
these source domains are mapped onto quantum phenomena. This enables us to identify recurring patterns in metaphor use 
and to compare how different quantum concepts and technologies are represented in newspaper articles. Such insights are 
relevant for discussions about public communication of (quantum) science and technology, as the metaphors used in the 
media may shape how these topics are perceived by different audiences. In line with agenda-setting theory, media not only 
influence which topics are perceived as important (first-level agenda setting, Lou et al., 2019), but also how these topics are 
framed and potentially understood (second-level agenda setting, Scheufele and Tewksbury, 2007; Weaver, 2007).

3. Method

3.1. Data selection

In our content analysis, we systematically searched for metaphors in Dutch newspaper articles on quantum science and 
technology. Our dataset consists of 816 unique newspaper articles published in Dutch newspapers in the period between 
01-01-2010 and 01-03-2024. For the compilation of the dataset, the search window was set from January 1, 2009, which was 
the year in which the first quantum computer was unveiled (Hanneke et al., 2010). As will be discussed below, we used the 
data from 2009 for our pilot test and excluded this data for the content analysis.

The articles in our dataset have been published in the six major Dutch national newspapers as listed in the rankings of 
Nationaal Onderzoek Multimedia (NOM) Dashboard 2022-I. These are Algemeen Dagblad, De Telegraaf, De Volkskrant, NRC, 
Trouw, and Het Parool. The articles were collected from the Nexis Uni database (LexisNexis, n.d).

The articles that have been published in the period between 01-01-2010 and 31-12-2021 (n = 698) were collected for an 
earlier study by Meinsma et al. (2025) on frames and explanations for quantum science and technology. For the present 
study, we updated the corpus with newspaper articles published between 01-01-2022 and 01-03-2024 (n = 118). Following 
the same method used by Meinsma et al. (2025), we searched the LexisNexis database for newspaper articles on quantum by 
means of the search string “quantum* OR kwantum*”. 1 We also used the same hybrid automated-manual process to detect 
and remove duplicates. After the removal of the duplicates, a manual check was done to discard articles without sufficient 
quantum science and technology content. Articles were discarded as irrelevant or unsuitable for analysis if, for instance, 
‘quantum’ occurred as part of a reference to the film ‘Quantum of Solace’ or the Dutch retail brand ‘Kwantum’ (for the full list 
of criteria for discarding articles, see Appendix C). In order to ensure that the selection of relevant articles was done in a 
reliable manner, a second coder also performed this manual check on a random sample (10%). The coders reached consensus 
on the coding through discussion.

After discarding the irrelevant articles, we were left with a final dataset of 816 newspaper articles. We then used the 
freeware corpus analysis toolkit AntConc (Version 3.5.8, Anthony, 2018) to systematically search these newspaper articles

1 In Dutch, quantum can be spelled as ‘quantum’ or ‘kwantum’.
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for the presence of potential metaphor flags (similar to Bos et al., 2025; Droog et al., 2020; Skorczynska and Ahrens, 2015). 
Potential metaphor flags are words or combinations of words that can precede or follow a metaphor, such as ‘als’ or ‘zoals’ in 
Dutch (which can be translated to ‘like’ and ‘as’, respectively). In this study we used Pasma's (2011) list of potential metaphor 
flags in Dutch as a starting point (for details, see Appendix A).

The identification and analysis of signaled metaphors serves as an effective way to understand how a topic is concep-
tualized and — potentially — received metaphorically, since metaphors signals are typically used for explanatory purposes 
(Skorczynska and Ahrens, 2015) and signaled metaphors may be more noticeable in text compared to non-signaled met-
aphors (e.g., Krennmayr, 2015; Reijnierse, 2017; Steen, 2008). Our search queries in Antconc resulted in a total of 7713 
unique text fragments (of 400 characters each) 2 containing potential metaphor flags.

3.2. Procedure for identifying and characterizing metaphors for quantum

The procedure for identifying and further characterizing the metaphors in our dataset comprised three main steps: 1) 
identifying metaphors; 2) determining the metaphors’ target domains; 3) labeling the metaphorical source domains. (For 
the codebook, see appendix A; for an overview of the coding procedure, including sub-steps, refer to Appendix B.) The first 
author of this paper coded all data; the second author acted as a second coder of a sample of the data. Details of the 
intercoder reliability results will be discussed in Section 3.3. First, we will discuss the three steps of the procedure in more 
detail below.

3.2.1. Identifying metaphors for quantum
For each of the 7713 unique text fragments containing a potential metaphor flag, we first determined whether the flag in 

that particular fragment was indeed used to signal a comparison (1a). For this step, we compiled a list of all possible 
meanings and example sentences of each potential metaphor flag based on the Van Dale Dutch Dictionary (see Appendix C). 
We used this list to compare the meaning of a potential metaphor flag in a given fragment to the different meanings in the 
dictionary. This proved to be a useful tool to check whether a potential metaphor flag indicated a comparison or not. 3 After 
having filtered out all fragments that did not contain a comparative element (and thus no metaphorical comparison), we 
were left with a substantially smaller dataset for further analysis (n = 1919).

As a next step, we determined whether the comparisons identified concerned metaphorical comparisons (step 1 b). In 
doing so, we adhered to the main principles of the Metaphor Identification Procedure Vrije Universiteit (MIPVU; Steen et al., 
2010). This method allows for identifying direct as well as indirect metaphors. The former type of metaphors concerns direct 
comparisons between words from two distinct domains (Ibid., p. 38—39), such as “electrons collide with protons like a 
billiard ball hitting a bowling ball”, whereas indirect metaphors concern words that have a contextual meaning that is 
different than a more ‘basic’ meaning of that word, yet this contextual meaning can be understood in comparison with this 
more basic meaning (p. 32—33). An example of the latter type of metaphors would be the lexical unit ‘talk’ in the sentence 
“electrons talk to one another”. In this example, electrons do not literally talk to each other by expressing ideas through 
spoken words, but their way of interaction can be understood in comparison with human communication through language. 
Because our study is focused on metaphors for quantum science and technology in particular, we treated the domains of 
non-quantum physics, science, and technology as separate domains.

In step 1c, we determined the relevance of each metaphor for the purpose of our study: if a metaphor was used to 
describe (some aspect of) quantum science or technology, it was included for further analysis. This means that we also 
included metaphors that do not primarily describe a scientific concept or technology itself, but also related features or 
aspects. For the target domain ‘quantum computers/computing’, for instance, we included metaphors that describe chal-
lenges in the development of quantum computing, or metaphors that refer to the (envisioned) computing capabilities of 
quantum computers as well. A main criterion for deciding the metaphors' relevance to quantum science or technology was 
that one part of the metaphorical comparison needs to relate to (at least) one of the quantum subjects listed in the codebook 
(see Appendix A). Metaphors that did not meet this criterion were discarded for further analysis.

The diagram in Fig. 1 shows text fragments that were discarded in each step.

2 We tested various window sizes to find out which size provided enough information in order to identify metaphors for quantum in the text fragments 
extracted from Antconc. A window size of 400 characters proved to be sufficient for this purpose.

3 By means of illustration: in Dutch, the potential metaphor flag ‘zoals’ can mean ‘to the extent of/that’ or ‘for example’. Sometimes it is not clear prima 
facie which meaning applies in a given context. Having an overview of meanings and examples per potential metaphor flag made it easier to discard 
irrelevant fragments in a quick and efficient manner.
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3.2.2. Determining the metaphors’ target domains (top-down and bottom-up)
As a first step in specifying which precise aspects of a quantum phenomenon or technology are described metaphorically, 

we provided a quotation of the target domain from the original text (2a) and a description of the target domain (2 b) for each 
metaphor for quantum identified in 1c. In step 2c, we subsequently assigned a code to each metaphor depending on the 
quantum phenomenon or quantum technology the metaphors pertained to. Metaphors describing (some specific aspect of) 
quantum computing, for instance, were assigned code 4 (‘quantum computers/computing’). 4 An overview of these codes 
(codes 1—8) is provided in the codebook in Appendix A.

In addition to codes 1 through 8 — which were determined in a top-down fashion on the basis of earlier research on 
relevant topics in quantum science and technology — we used a separate code (code 9, ‘other’) that allowed for a bottom-up 
categorization of other quantum phenomena in our data. We used this bottom-up approach to allow themes and patterns to 
emerge from the data rather than only considering a limited list of predefined categories. For this, the first and second 
author first read through the relevant text fragments multiple times to identify key ideas or phrases. They then grouped 
similar topics into broader themes and subsequently refined the categories based on emerging patterns. Frequently 
recurring target domain descriptions were grouped together in a subcategory (e.g., ‘quantum teleportation’ or ‘(quantum) 
decoherence’). For less-straightforward cases that did not contain clear keywords referring to a particular concept or 
phenomenon in quantum mechanics, umbrella terms were used that covered a number of related topics, such as ‘different 
interpretations of quantum mechanics’ (including influential interpretations like the Copenhagen interpretation and the 
Many-Worlds interpretation), or ‘nanosystems, nanostructures, nanotechnology’ (containing descriptions of experiments 
using nanostructures such as quantum dots, nanowires, and sandwich structure systems).

Fig. 1. Procedure for identifying metaphors for quantum science and technology.

4 In cases in which a metaphor concerned several distinct target domains, multiple codes were assigned.
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3.2.3. Determining the metaphors’ source domains
For each of the signaled metaphors identified in step 2 we inductively determined the metaphorical source domains. To 

this end, we used the semantic field labels in the USAS Semantic Tag Set (Rayson et al., 2004). These tags are based on 
semantic fields grouping together word senses that are related to the same mental concept at some level of generality 
(Archer et al., 2002). For each metaphor identified, we first considered all potential basic-meaning definitions of the 
metaphors in the dictionary in accordance with the Metaphorical Source Domain Identification Procedure (MSDIP, 
Reijnierse and Burgers, 2023). We then determined which of the semantic tags corresponded with the basic meaning of 
a metaphor. Because metaphors can have multiple source domains (e.g., Reijnierse and Burgers, 2023), multiple tags could 
be selected.

3.3. Coding procedure and intercoder reliability

As mentioned above, we worked with two coders to reduce the risk of subjective interpretations and biases in our coding 
procedure. The codebook and the coding procedure were discussed with the other researchers involved in this study prior to 
the actual coding.

The two coders first performed a pilot test to establish whether the codebook was valid and reliable for the purpose of 
our study. The pilot test was performed on 137 text fragments containing potential metaphor flags, extracted from 14 
newspaper articles on quantum science and technology published in 2009. These newspaper articles were collected by 
Meinsma et al. (2025) and were not part of the final corpus of the present study. Any cases of disagreement were dis-
cussed and resolved, and if relevant, the instructions in the codebook were adjusted accordingly.

The coders then coded a random sample of 10% (n = 773 text fragments) of the full dataset. Overall, the codebook was 
reliably applied by the two coders. The results of the Krippendorff's alpha intercoder reliability test ranged from α 0.722 to α 
0.837 (with values ≥ α 0.800 indicating satisfactory level of agreement and a reliable rating; and variables with reliabilities 
0.800 > α ≥ 0.667 being suitable for drawing tentative conclusions; Krippendorff, 2019). For an overview of all percentage 
agreements and Krippendorff's alpha values per code, see Table F2 in Appendix F.

A final round of coding was performed to determine the intercoder reliability of the coding procedure of the target 
domains that were determined in a bottom-up fashion (previously coded as ‘9, other’, in step 2a). After developing an initial 
list of target domains, the first and second author each coded a random, 10% sample (n = 21 text fragments) of the 210 
metaphors that had been coded as ‘9, other’. The discussion of the results led to some adjustments to the target domain 
labels and category descriptions. In order to improve consistency and minimize subjectivity, the coders discussed the results 
until consensus was reached about the final list of target domains. The first author then coded the remaining 90% of the 
data; in cases of doubt, the second author was consulted for discussion.

4. Results

This section presents the results of the metaphor analysis. Section 4.1 examines the distribution of metaphors across 
target domains, indicating which aspects of quantum science and technology are described metaphorically (RQ1a) and 
which source domains are used to describe them (RQ1b). Section 4.2 provides an in-depth analysis of the four most 
frequently metaphorized target domains, examining how elements of the dominant source domains are used to structure 
and explain their key features (RQ2).

4.1. Target and source domain frequencies

4.1.1. Target domains
In our dataset we identified 1044 text fragments containing signaled metaphors, 323 of which contained metaphors that 

are used to describe quantum concepts or technologies. We identified a total of 331 target domains in these 323 fragments 
as some metaphorical comparisons pertained to multiple target domains. Table 1 below demonstrates the frequencies of the 
predetermined target domains.

Table 1
Frequency of pre-determined target domains in the dataset (parentheses show 

the codes used in the coding procedure, see also the description of Fig. 2).

Target domain Frequency

Quantum computer/computing (4) 38
Superposition (2) 23
Entanglement (1) 22
Quantum physics (the field) (7) 16
Quantum internet/networks 10
Contextuality (3) 8
Quantum sensor/sensing (6) 0
Quantum technology (the field) (8) 0
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The remaining target domains (n = 214) were determined in an iterative-inductive manner, which resulted in a list of 15 
additional target domains. The full list of these target domains and their frequencies is provided in Table 2 below; a more 
detailed description of the inductively determined target domains is provided in Appendix E.

Taken together, the four most frequent target domains identified in the dataset are ‘Subatomic particles and quasipar-
ticles’, ‘Wave-particle duality and wave function’, ‘Quantum computer/computing, and ‘Superposition’.

4.1.2. Source domains
Each metaphor identified in our dataset was assigned one or multiple source domains on the basis of the semantic tags 

from the USAS Semantic Tag Set (Rayson et al., 2004). Table 3 below shows which source domains were assigned to the 
metaphors, and how often each of these occurs in the data.

The most frequent source domains identified in the dataset are ‘Substances, materials, objects and equipment’, ‘The 
world and our environment’, ‘Entertainment, sports and games’, ‘Movement, location, travel and transport’, and ‘Science and 
technology’.

The distribution of the source and target domains — and the relation between the two — is visualized in the heatmap in 
Fig. 2 below:

Table 2
Frequency of inductively determined target domains in the dataset (parentheses show the codes used in the coding procedure, see also 
the description of Fig. 2).

Target domain Frequency

Subatomic particles and quasiparticles (9a) 58
Wave-particle duality and wave function (9 d) 46
Qubits (9j) 20
Quantum aspects of magnetism and/or low temperatures (9i) 19
Quantum field theory and string theory (9c) 16
Cosmology and black holes, connection of quantum mechanics with general relativity (9f) 14
Nanosystems, nanostructures, nanotechnology (9 b) 12
Quantum companies, institutes, groups, or individuals active in quantum (9n) 8
Quantum teleportation (9 g) 7
(Abstract description of) equipment for quantum experiments (9o) 4
Decoherence (9 m) 3
Mystical interpretations of quantum mechanics (9e) 2
Quantum biology and quantum processes in biology (9 h) 2
Interpretation of quantum mechanics (9 k) 2
Art installations based on principles of quantum mechanics (9p) 1

Table 3
Frequency of source domains in the dataset.

Source domain Frequency

Substances, materials, objects and equipment (O) 72
The world and our environment (W) 58
Entertainment, sports and games (K) 54
Movement, location, travel and transport (M) 41
Science and technology (Y) 41
Architecture, building, houses and the home (H) 26
Arts and crafts (C) 17
Linguistic actions, states and processes (Q) 17
Numbers and measurement (N) 14
Social actions, states and processes (S) 16
Food and farming (F) 11
Life and living things (L) 11
Time (T) 8
Psychological actions, states and processes (X) 6
The body and the individual (B) 4
General and abstract terms (A) 4
Money and commerce (I) 3
Government and the public domain (G) 2
Emotional actions, states & processes (E) 1
Education (P) 0
Names and grammatical words (Z) 0
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The heatmap demonstrates, for example, how metaphors for the second largest target domain in our data, ‘Wave-particle 
duality and wave function’ (9 d), mostly draw from the source domain ‘The world and our environment’ (W) (n = 34), 
followed by ‘Substances, materials, objects and equipment’ (O) (n = 16). 5,6 In addition, the heatmap shows that there are 
only three other source domains for ‘Wave-particle duality and wave function’, i.e., ‘Movement, location, travel and 
transport’ (M) (n = 3); ‘Entertainment, sports and games’ (K) (n = 2); ‘Time’ (T) (n = 1)), each occurring relatively infre-
quently compared to O and W.

The heatmap also demonstrates the high frequency of cross-domain mappings between the target domain of ‘Subatomic 
particles and quasiparticles’ (9a) and the source domains of ‘Entertainment, sports and games’ (K) (n = 13) and ‘Substances, 
materials, objects and equipment’ (O) (n = 12). Other metaphors that occur in our data relatively often concern mappings 
between the target domains ‘Quantum computers/computing’ (4) and ‘Qubits’ (9j) and the source domain ‘Science and 
technology’ (Y) (n = 13 and n = 12, respectively).
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Fig. 2. Heatmap showing the correlations between target domains (codes 1—9p, rows) and source domains (codes A-Z, columns). Each cell indicates how often 
a particular source-target domain combination occurs, with darker colors representing higher frequencies. (For a full list of target domain labels, see Tables 1 
and 2; for source domain labels, see Table 3.).

5 Because a single metaphor can involve multiple source domains (Reijnierse and Burgers, 2023), the total number of source domains exceeds the 
number of target domains.

6 We did not include the verbs klinken, aanvoelen, eruitzien, schijnen as these verbs are typically accompanied by the prepositions als or alsof (compare 
the English equivalents: ‘sound (like)’, ‘feel (like)’, ‘look (like)’, ‘appear (like)’, respectively); because als is already included in the search query, these verbs 
are redundant as separate search words. We did include the verb lijken, conjugated in the following ways: lijken (the infinitive of the verb; present tense, 
third person plural, indicative), lijkt (present tense, third person singular, indicative), leek (past tense, third person singular, indicative), leken (past tense, 
third person plural, indicative), geleken (past participle).
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4.2. Source-target domain combinations

To further interpret co-occurrence patterns, we need to zoom in on specific cases of metaphor use and conduct a more in-
depth analysis of the metaphors in question. In this section, we therefore focus on the most common combinations, namely 
the most frequent source domains associated with each of the four most frequent target domains (RQ2).

4.2.1. Quantum computer/computing
Metaphors describing quantum computers and computing often draw on established or more widely described tech-

nologies to make the abstract nature of this emerging technology more relatable. By comparing quantum computing to 
other technologies, journalists highlight the challenges involved in developing quantum computers. For instance, by 
comparing quantum computing to the development of nuclear fusion, emphasis is put on the technical challenges and 
uncertainties associated with building reliable quantum computers. Other metaphors in this domain focus on the differ-
ences between quantum and classical computers, illustrating how their underlying principles, operations, and capabilities 
diverge. In these cases, metaphors serve to contextualize the technology in relation to a technology that is well-known and 
familiar.

A distinct set of metaphors draws from the domain of arts and crafts. These metaphors tend to foreground the speed and 
efficiency with which quantum computers can perform complex calculations, e.g. by comparing them to a ‘powerful new 

tool’ capable of dealing with difficult problems such as developing new medicine. Another example compares their 
computing abilities to ‘cutting a beautiful shape into an entire stack of paper instead of simply cutting a single sheet in half’, 
emphasizing their ability to handle complex operations with precision and efficiency.

4.2.2. Superposition
Metaphors for superposition often draw on familiar objects, substances, or materials to make this quantum concept more 

accessible. In quantum mechanics, superposition refers to the principle that a particle can exist in multiple states at the 
same time. To convey this idea, particles in superposition are frequently compared to everyday objects that appear to occupy 
two states at once. These comparisons typically involve objects with physical properties, attributes, or shapes that create the 
impression of existing or functioning in two states at once. Because few if any objects in everyday experience actually 
occupy multiple states at once, these metaphors approximate the concept of simultaneous states. They are likened, for 
instance, to a coin showing both heads and tails simultaneously, or a light switch that is on and off at the same time. Other 
metaphors emphasize the indeterminate nature of superposition. Descriptions such as a fuzzy cloud or a fuzzy image suggest 
a lack of clear boundaries, highlighting the idea that a particle does not occupy a definite state until it is observed. Just as the 
edges of a cloud or image can be diffuse or blurry, the state of a particle in superposition remains unresolved until measured.

A separate group of metaphors draws on the category of life and living things. In these cases, references are made to the 
thought experiment of Schr €odinger's cat. In Schr € odinger's thought experiment, a particle is compared to a cat that is
simultaneously alive and dead until observed. The figurative comparison between subatomic particles (in superposition) 
and a cat (that is simultaneously dead and alive) is used to illustrate the paradoxical nature of superposition. In our data we
find different types of references to Schr € odinger's cat. In some instances, the thought experiment is explicitly introduced to
illustrate the principle of superposition, with the cat functioning as an entry point for explaining the idea of simultaneous
states. In other cases, however, references to Schr € odinger's cat are made without further elaboration, suggesting that the
analogy has become familiar enough to require no further explanation. In some of these cases, the metaphor is not primarily 
used to explain superposition, but rather to extend it - for example, to emphasize the scale of diamonds in superposition, 
which are exceptionally large by the standards of quantum mechanics. This indicates that the metaphor can be used both as 
an explanatory device for the principle of superposition and a reference point for explaining another (related) phenomenon.

4.2.3. Subatomic particles and quasiparticles
Metaphors for subatomic particles draw on a range of source domains to make the behavior of these otherwise abstract 

entities easier to grasp. Metaphors that draw on entertainment, sports, and games typically describe the motion of particles 
in experiments by comparing them to toys or sports equipment, such as different types of sports balls. Examples of these 
metaphors describe electrons colliding with photons to a billiard ball bouncing off a bowling ball or liken fermions spinning 
around their axis to little spinning tops. Metaphors of this category frequently overlap with movement-related metaphors, 
which emphasize trajectories and motions of particles in experimental settings.

Another set of metaphors for subatomic particles and quasiparticles draws on substances, materials, objects and 
equipment. Such metaphors often refer to physical properties such as shape, texture, or form to illustrate how specific 
(quasi)particles interact in experiments. Examples include metaphors that compare the process in which so-called zero 
modes of Majorana particles are moved around each other in a specific way to ‘braiding’ or to ‘a flat knot in a ring or bracelet 
that cannot be untangled without cutting’.

Lastly, metaphors drawing on the domain of architecture are used to describe the foundational role attributed to 
Majorana particles in the development of topological quantum computers. In these cases, Majorana particles are referred to 
as building blocks, highlighting their role as fundamental components that form the basis of the technology.
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4.2.4. Wave-particle duality and wave function
As noted earlier, for wave-particle duality and wave function, source domains are most often drawn from the world and 

our environment, followed by substances, materials, and objects. This distribution reflects the nature of wave-particle 
duality, a fundamental concept in quantum mechanics according to which entities such as photons and electrons exhibit 
both wave-like and particle-like behavior, depending on how they are observed. Metaphors drawing on the aforementioned 
domains are used to make these properties more accessible by highlighting different aspects of particle behavior. For 
instance, metaphors that describe photons as ripples in a pond or as moving like a wave to explore different routes illustrate 
how particles can spread out and pass through multiple paths simultaneously. In contrast, metaphors that emphasize their 
particle-like behavior foreground their discrete and localized nature, portraying them as concrete objects that occupy a 
specific location. Together, these metaphors capture complementary aspects of the same phenomenon.

A slightly distinct type of metaphor in the dataset foregrounds the dual nature of wave-particle duality more explicitly. 
Rather than illustrating specific behaviors, these metaphors emphasize the fact that entities like photons and electrons can 
be characterized in different ways. For instance, a metaphor that likens wave-particle duality to the way music can be 
characterized in terms of both melody and harmony highlights the fact that these entities can exhibit different properties 
depending on the experimental circumstances.

5. Discussion

5.1. Key findings and relation to previous research

In this study, we analyzed 816 Dutch newspaper articles published between January 2010 and March 2024 to examine 
how metaphors are used to describe quantum science and technology to general audiences. In our dataset, 323 text frag-
ments contained one or more signaled metaphors related to quantum science or technology (RQ1), representing 23 different 
target domains (RQ1a). The largest category of target domains was ‘Subatomic particles and quasiparticles’ (n = 58). The 
prominence of this domain can be explained by the fact that particle physics is a widely covered topic in newspapers 
(Kristensen et al., 2021) — which is often discussed in relation to quantum physics because quantum theory explains the 
behavior of subatomic particles, and because distinct quantum properties and behaviors of (quasi)particles form the basis of 
quantum technologies. Across the dataset, metaphors drew on 19 source domains (RQ1b), with ‘Substances, materials, 
objects and equipment’ being the most frequent (n = 72). These were used primarily in relation to ‘Wave-particle duality 
and wave function’ (n = 16) and ‘Subatomic particles and quasiparticles’ (n = 12), typically highlighting similarities or 
differences between quantum phenomena and familiar, classical objects or forms of motion.

In the second part of our study, we conducted a more detailed analysis of the four most frequently occurring target 
domains, to explore how elements of dominant source domains are used to structure and explain key features of the target 
domains (RQ2). The analysis suggested some recurring tendencies in how source and target domains are combined. Across 
the four target domains, metaphors make abstract quantum phenomena more accessible by linking them to familiar 
concepts or experiences, but they do so in distinct ways. Whereas some metaphors emphasize functional and technological 
aspects of quantum technology, others primarily serve to support sense-making of the counterintuitive properties, be-
haviors, and interactions of quantum particles.

The observed patterns in source-target domain combinations provide a useful point of comparison with previous 
research on metaphor use in communication about quantum. As discussed in Section 2, earlier studies have focused spe-
cifically on quantum computers (Hilkamo and Granqvist, 2022; Godoy-Descazeaux et al., 2023). This target domain is also 
prominently represented in our dataset as the third most frequent target domain. Our findings on metaphors for quantum 

computers and computing show overlap with those identified by Hilkamo and Granqvist. Like Hilkamo and Granqvist, we 
found metaphors that draw on everyday experiences (e.g., ‘performing calculations’ in a way that can be compared to 
knitting); metaphors that liken quantum computing to existing technologies (e.g, classical computing, noise-cancelling 
headphones, or a mobile phone); and metaphors of the ‘mystifying type’ that could generate awe (e.g., quantum computers 
described as performing a cunning magic trick, or resembling superman). These correspond closely to the three categories 
proposed by Hilkamo and Granqvist.

By contrast, fewer commonalities emerge when comparing our findings to those of Godoy-Descazeaux et al. (2023), who 
distinguished ten dominant metaphors for quantum computing in YouTube videos, variously emphasizing threats, op-
portunities, and potential applications of the technology in near or distant futures. Only one of these - the quantum 

computer as a ‘supercomputer’ - also appeared in our dataset. These discrepancies likely reflect differences in media type 
and communicative purposes. Whereas the YouTube videos analyzed by Godoy-Descazeaux et al. (2023) were primarily 
aimed at business practitioners and tended to emphasize potential applications and implications of quantum computing for 
achieving business objectives, newspaper articles in our dataset more often focused on the computational capabilities and 
operational principles of quantum computers. Overall, these findings suggest that metaphor use is shaped by communi-
cative context, including audience expectations and the conventions of the medium, which in turn influence which aspects 
of quantum computing are highlighted.

Beyond variation across media and audiences, an additional factor that may shape metaphor use concerns their origins, 
including their emergence in scientific discourse, where certain terms are conventionally used among experts. Newspaper 
articles may reproduce or adapt these expert terms for a general audience. This aligns with earlier research on the theory-

D.Y.M. Wackers et al. / Language & Communication 110 (2026) 97—117 107



constructive and pedagogical roles of metaphor in discourse about science (Boyd 1993; Knudsen, 2003). Some metaphors in 
our data appear to illustrate this trajectory, having played a theory-constructive role before being taken up in non-specialist 
writings. A clear example from our data concerns the concept that subatomic entities exhibit both wave-like and particle-
like properties. In physics, this concept is conventionally referred to as ‘wave-particle duality’, a term often treated as jargon 
in expert discourse. In the newspaper articles analyzed in the present study, however, descriptions of wave-particle duality 
rely on explicit figurative analogies that show how subatomic entities can display both particle-like properties (small, 
localized objects) and wave-like properties (spread-out disturbances in a medium). These re-opened metaphors serve a 
primarily pedagogical function, helping readers grasp complex scientific concepts, in contrast to the theory-constitutive role 
they played in the development of scientific theory itself. This exemplifies Knudsen's (2003) observation that metaphors 
which are conventionalized and ‘closed’ in expert discourse can be re-opened for lay audiences.

Taken together, the present study's findings provide a comprehensive picture of the metaphors employed in Dutch 
newspapers to communicate quantum science and technology. The findings show both the diversity of source and target 
domains and the recurring patterns through which quantum concepts and technologies are made accessible to general 
audiences. At the same time, these findings also raise questions about the broader context of the study and its limitations. 
The following section addresses these issues by discussing the study's limitations and outlining directions for future 
research.

5.2. Limitations and suggestions for future research

This study offers a detailed analysis of signaled metaphors used in newspaper coverage of quantum science and tech-
nology, but several limitations should be considered. A first constraint concerns the scope of the dataset. We focused on 
newspaper data because newspapers remain an important way for the general public to engage with developments in 
science and technology (European Commission, Directorate-General for Communication, 2021) and because journalists 
usually adapt their writing, including the use of metaphors, to make complex topics easier to understand and more engaging 
(Biber, 1988). However, this focus may restrict the generalizability of the findings to other media outlets or contexts. As 
noted in the discussion of our results in relation to the findings of Godoy-Descazeaux et al. (2023), metaphors for quantum 

computing seem to vary depending on the media outlet and the intended audience. Future research could therefore explore 
such differences more systematically - for instance by examining how metaphors appear in blogs, social media, or other 
forms of science communication, and how they are integrated into texts to convey complex scientific ideas (Rossi and 
Macagno, 2021).

Second, this study did not investigate the origins of the metaphors in detail. We therefore cannot draw definitive con-
clusions about the source of these metaphors, nor about the reasons why journalists select particular source domains to 
describe specific target domains. As noted above, some metaphors in our dataset appear to originate in expert discourse and 
are later recontextualized in journalistic explanations for non-specialist audiences. Beyond this process of adaptation from 

expert discourse, metaphor use in journalistic texts can also be influenced by framing strategies, genre conventions, and 
audience expectations, with some metaphors adapted from scientific discourse and others created by journalists them-
selves (Kohring, 2005; Cook, 1998; Gans, 1979). Future research could therefore more systematically investigate the origins 
and trajectories of metaphors in communication about quantum science and technology, for example through interviews 
with journalists or comparative analyses of metaphors in scientific articles and communication about science for general 
audiences (cf. Knudsen, 2003; Smedinga et al., 2023). In particular, diachronic studies could examine metaphor use over 
time in both expert and media discourse, and explore whether certain source domains become more prominent, more 
abstract, or are used to describe different aspects of target domains.

Third, the present study focused on occurrences of metaphor rather than on their effects on readers' understanding, 
engagement, or attitudes. While it is generally recognized that metaphorical mappings can make abstract concepts more 
accessible (Lakoff and Johnson, 1980), empirical evidence on their effects in discourse about quantum remains mixed. On the 
one hand, empirical research has shown that explanations of quantum phenomena can improve actual comprehension of 
quantum concepts while simultaneously reducing perceived understanding of those same concepts, and that metaphorical 
explanations do not necessarily provide additional benefits over non-metaphorical ones (Meinsma et al., 2026). On the 
other hand, Meinsma et al. (2024) found that different frames can influence engagement with and perceived relevance of 
quantum technology in different ways: Explanatory frames increase interest, and benefit frames enhance internal efficacy - 
that is, participants’ belief that they can understand and engage with information about quantum technology. Combined 
benefit-risk framing may lower perceived knowledge, while enigmatic framing shows no effect. Future work could further 
explore how variation in metaphorical source domains and in the aspects of target domains they foreground relates to the 
effects of framing on public understanding of, engagement with, and attitudes toward quantum science and technology.

Finally, this study focused on occurrences of signaled metaphors. A limitation of this approach is that it excludes non-
signaled, visual, and multimodal metaphors, thereby capturing only those cases in which metaphoricity is explicitly 
marked in the text, and potentially overlooking more implicit and non-linguistic forms of metaphor in communication 
about quantum science and technology. Future research could expand the scope and include these forms of metaphor, 
enabling comparative analysis across different modes of metaphor (also see Hilkamo and Granqvist, 2022). Such work could 
contribute to a more comprehensive understanding of metaphor use in communication about quantum science and 
technology. The present study provides a first, fundamental step in that direction by systematically examining discourse
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about quantum employs metaphors for quantum phenomena that defy everyday experience, beyond the iconic
Schr € odinger's cat.
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Appendix A - Codebook 6

1a. Is the potential metaphor flag* used to a comparison signal?
*i.e.: “als”; “zoals”; “alsof”; “als een soort”; “soort”; “lijkt”; “lijken”, “leek”; 

“leken”; “geleken”; “als het ware”; “bij wijze van spreken”; “zeg maar”; 
“zogezegd”; “zogenaamd”; “metafoor”; “metaforisch”; “figuurlijk”; 
“letterlijk”; “min of meer”; “in zekere zin”; “tot op zekere hoogte” 
(Based on Pasma, 2011)

0 � no (discard example for further analysis)

For example:
• Als het vijf uur is, is haar werkdag voorbij. (Translation: When it is five 

o'clock, her working day is over.)

1 � yes

For example:
• De spin van het elektron in A fungeert daarbij als een soort tussenstation. 

(Translation: The electron's spin in A functions as an intermediate station.)

1b. Is the potential metaphor flag used to signal a direct comparison 
between words from two distinct domains (i.e., a cross-domain 
mapping between a word and a more basic referent or topic in the text) 
or is the potential metaphor signal used to signal a metaphorically 
used word whereby the basic meaning of that word (in the context of 
the fragment) differs from, and can be compared to, a more basic 
meaning* of that word as recorded in the van Dale Dutch dictionary?** 
*Do not include meanings that are indicated by ‘verouderd’ (outdated); 
for nominalisations of a verb (e.g. the noun ‘de aanpak’, derived from 

the verb ‘aanpakken’): do not include the meanings of the verb but only 
consider the meanings of the noun/nominalisation. 
**If a metaphor flag signals the use of multiple metaphors, code them 

separately for steps 3—7.

0 � no (discard example for further analysis)

For example:
• De qubits van IBM zijn net als de qubits van Google gebaseerd op kleine 

ringetjes van supergeleiders.
(Translation: IBM's qubits, like Google's qubits, are based on small loops 
of superconductors.))

1 � yes (mark as metaphorical)*

For example:

• De spin van het elektron in a fungeert daarbij als een soort tussenstation. 
(Translation: The electron's spin in A functions as an intermediate sta-
tion.)
(Concerns a direct metaphor: a Direct comparison is made between 
words from two distinct domains)

• De formules die wij zoeken hebben een diepere lading, ze horen ergens bij.
Je moet ze echt ontdekken. Het is alsof ze ingegraven zijn. Je bent door de 
woestijn aan het lopen, je vindt een stukje steen, en dat is niet zomaar een 
steen, het is, als je geluk hebt, het begin van een piramide. Dat was er weer 
een, een metafoor. 
(Translation: The formulas we are looking for have a deeper meaning; 
they belong somewhere. You really have to discover them. It's as if they 
are buried. You're walking through the desert, you find a piece of 
stone, and it's not just any stone, it's, if you're lucky, the beginning of 
a pyramid. That was another one, a metaphor.)
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(Concerns a direct metaphor: a (more elaborate) direct comparison is 
made between concepts from two distinct domains)

*This also includes comparisons between (aspects of) quantum me-
chanics and non-quantum mechanical physics

1c. Is the metaphor used to describe (some aspect of) quantum science 
or technology?

0 � no (discard example for further analysis)

• if it is argued that, from a quantum mechanics perspective, something 
is not true or does not exist (e.g. previous, classical understandings of 
phenomena), code 0.

For example:
• [Beerdiertjes] zien eruit als een soort pantserwagens met pootjes, die het 

desondanks presteren koddig te zijn. (Translation: [Tardigrades] look like 
little armored vehicles with legs, and yet they still manage to be cute.)

• Maar zoals ijs bij een temperatuur hoger dan nul graden opeens smelt, en 
bij 100 graden overgaat in damp, zo kunnen ook de abstracte materi-
etoestanden een zogeheten fase-overgang ondergaan. Eigenschappen 
veranderen dan plotseling ingrijpend, alsof er een kaartenhuis omvalt. 
(Translation: But just as ice suddenly melts at temperatures above zero 
degrees, and turns into steam at 100 ◦ , abstract states of matter can also 
undergo what's called a phase transition. Properties then change suddenly 
and drastically, as if a house of cards collapses.)

1 � yes, quantum science or technology
• Examples of fields in quantum nanotechnology: Quantum technology, 

quantum information processing, quantum computational processing, 
nanotechnology

• Other examples of fields in which quantum science plays a role: 
quantum mechanics, quantum field theory, string theory, quantum 

optics, quantum cosmology (incl big Bang theory and the black hole 
information paradox), quantum gravity, particle physics, high energy 
physics, photonics, condensed matter physics, nuclear physics, post-
quantum cryptography

For example:
• De spin van het elektron in A fungeert daarbij als een soort tussenstation. 

(Translation: The electron's spin in A functions as an intermediate sta-
tion.)

• Het Delftse resultaat maakt een eind aan de laatste twijfels die fysici 
hebben over de volledigheid van de quantumtheorie van deeltjes. Die geeft 
aan dat sommige eigenschappen niet vaststaan, zoals in de normale 
natuurkunde. Pas bij een meting komt, als bij een loterij, een van de 
mogelijke eigenschappen aan het licht. (Translation: The result from Delft 
puts an end to the last doubts physicists had about the completeness of the 
quantum theory of particles. It shows that some properties are not fixed, as 
they are in classical physics. Only when a measurement is made does one 
of the possible properties come to light, like in a lottery.)

2a. Quote the word or clause (in the original text) that is described 
metaphorically

e.g.: In de wereld van de kleinste deeltjes kunnen bits zonder blikken of 
blozen tegelijk zowel 1 als 0 zijn (als een lichtschakelaar [die] op hetzelfde 
moment aan � en uit staat.) (Translation: In the world of the tiniest particles, 
bits can, without batting an eye, be both 1 and 0 at the same time (like a light 
switch that is both on and off at once.)

2b. What is the target domain of the metaphor?
Quote or paraphrase the words in the text fragment that are described 

metaphorically

e.g.: superposition

2c. Code the target domain
This will be partially determined bottom-up, partially top-down:
Codes 1—6 concern key concepts that are often discussed in relation to 

quantum science and/or technology.
Codes 7—8 concern the fields of quantum physics and quantum technology 

in general.
Code 9 offers the option to add other target domains.
There are two general guidelines for determining the target domain term:

- If the text contains a noun or noun phrase that functions as the meta-
phor's referent (a concrete object or concept that is designated by the

1 = entanglement
2 � superposition
3 � contextuality
4 � quantum computer/computing
5 � quantum internet/network
6 � quantum sensor/sensing
7 � quantum physics (the field)
8 � quantum technology (the field)
9 = other: …
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Appendix B - Overview of the coding procedure

1. Identifying metaphors for quantum

1a. Is the potential metaphor flag used to signal a comparison?
Yes/no (if not, discard for further analysis)
1b. Is the potential metaphor flag used to signal a metaphorical comparison — a comparison between words from two distinct domains (following 

MIPVU)?
Yes/no (if not, discard for further analysis)
1c. Is the metaphor used to describe (some aspect of) quantum science or technology?
Yes/no (if not, discard for further analysis)

2. Determining the metaphors' target domains

2a. Quote the word or clause (in the original text) that is described metaphorically e.g., “In the world of the smallest particles, bits can be 
simultaneously 1 and 0 at the same time”

2b. Provide a brief description (one or two words) of the target domain e.g., ‘superposition’
2c. Code the target domain of the metaphor e.g., 1: superposition

3. Determining the metaphors' source domains

3a. Quote the metaphorical description of the target domain e.g. “a light switch being on and off at the same time” 
3b. Provide the potential source domain(s) (using the USAS semantic tagset) e.g., tag O3

metaphor), write down this noun or noun phrase (see e.g. the examples 
under 7 in the adjacent column)*

- If the target domain concerns a more elaborate description of a phe-
nomenon, label the target domain by a noun or noun phrase that cap-
tures the phenomenon (see e.g., the examples under 1 and 2 in the 
adjacent column)

*This means that the eventual target domain terms may be quite specific; 
after the full corpus has been coded, it can be determined whether some 
can be grouped together under a more general umbrella concept.

3a. Quote the metaphorical description of the target domain (i.e., as 
provided in the original text)

• e.g.: In de wereld van de kleinste deeltjes kunnen bits zonder blikken of 
blozen tegelijk zowel 1 als 0 zijn, als een lichtschakelaar [die] op het-
zelfde moment aan � en uit staat.
(Translation: In the world of the tiniest particles, bits can, without batting 
an eye, be both 1 and 0 at the same time, like a light switch that is both 
on and off at once.)

• e.g.: ([de ‘geometrische fase'] is een quantummechanisch effect waardoor 
deeltjes in zekere zin) onthouden welke route ze hebben afgelegd. 
(Translation: the ‘geometric phase’ is a quantum mechanical effect 
through which particles, in a certain sense, remember the path they have 
taken.)

3b. Provide the potential source domain(s), on the basis of the basic 
meaning(s) in the dictionary (following MSDIP) and the UCREL 
semantic analysis system:

a) Following MSDIP (Reijnierse and Burgers, 2023): Determine the 
potential source domain(s) based on the available sense descriptions in 
the van Dale dictionary* by summarizing the domain(s) that cover(s) 
the sense description(s) in a single word;

b) For labeling the source domain(s), choose from semantic tags provided 
by the UCREL semantic analysis system (Rayson et al., 2004)

After coding, the precise description of the source domains will be 
determined using the UCREL semantic tags as a starting point
*Van Dale Dutch dictionary

Source domains:
A = general and abstract terms
B = the body and the individual
C = arts and crafts
E = emotional actions, states and processes
F = food and farming
G = Government and the public domain
H = architecture, building, houses and the home 
I = money & commerce
K = Entertainment, sports and games
L = life and living things
M = movement, location, travel and transport
N = numbers and measurement
O = substances, materials, objects and equipment 
P = education
Q = linguistic actions, states and processes
S = social actions, states and processes
T = time
W = the world and our environment
X = psychological actions, states and processes
Y = science and technology
Z = names and grammatical words
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Appendix C - List of meanings and examples from the Van Dale Dutch dictionary, per potential metaphor flag

Potential
metaphor
flag

Meanings (based on Van Dale Dutch 
dictionary)

Examples (from Van Dale Dutch 
dictionary)

Does this meaning indicate - or leave 
room for the possibility - that a 
comparison is being made?

Als
ter aanduiding van een 
Overeenkomst tussen twee met elkaar 
vergeleken zaken of personen

Rule of thumb: In deze categorie kan ‘als’ 
ook wel door ‘zoals’ vervangen worden; 
in het geval van ‘aanduiding van een 
hoedanigheid’ kan dat niet

• “het is nergens zo fijn als in 
Amsterdam”

• “een man als ik”
• “‘xy’ als in ‘xylofoon’”
• “zoals in het genoemde voorkomt, 

zoals het hier bedoeld is”

Yes

(Informeel) dan
(Minder juist), ter aanduiding van een 
verschil tussen twee met elkaar 
vergeleken zaken of personen; na een 
comparatief of na ‘ander(s)’)

• “anders als de bedoeling was”
• “zij is knapper als haar vriend”

Yes

ter aanduiding van een hoedanigheid, 
bij een bijstelling of bepaling van 
gesteldheid

• “als beloning kreeg hij een cadeaubon”
• “ik heb die man nog als jongen gekend”
• “hij werd, als oudste in jaren, de tij-

delijke voorzitter”
• “dat werd als de beste oplossing 

beschouwd”

No

wanneer (ter aanduiding van een 
herhaaldelijk of gewoonlijk 
voorkomende gelijktijdigheid)

• “zij gaan naar bed, als de zon 
ondergaat”

No

indien (ter aanduiding van een 
voorwaarde)

• “als je dat doet, timmer ik je in elkaar”
• “als de hemel naar beneden valt, heb-

ben we allemaal een blauwe hoed”

No

Alsof
z � odanig dat het erop lijkt dat (ter
aanduiding van een vergelijking)

• “hij doet alsof hij ziek is”
• “het is alsof de duivel ermee speelt”

Yes

Lijken
de schijn hebben het genoemde te zijn 
[koppelwerkwoord]

• “het lijkt maar alsof”
• “je lijkt wel gek!”
• “je lijkt [je vader] wel”

Potentially
Example:
“het leven lijkt een rodeo” 

bevallen, geschikt zijn voor 
[koppelwerkwoord]

• “het lijkt me niets” No

Lijken op, naar overeenkomst hebben 
of tonen [onovergankelijk werkwoord]

• “op elkaar lijken als twee druppels 
water”

• “dat lijkt nergens/naar/op/”
• “sprekend lijken op iemand”

Yes

Zoals
In die mate als (vergelijkend) 
(Betekenisverwante termen: Gelijk, 
naar, voor, zo)

• “het is zoals ik u zeg”
• “het is verbazend zoals die jongen 

vooruitgegaan is”

Yes

‘als daar zijn’, ‘bijvoorbeeld’ (verklarend • “voertuigen, zoals auto's, wagens, 
bakfietsen”

• “zoals bijvoorbeeld” (tautologisch voor 
‘zoals’)

No

Zogezegd
Om het zo uit te drukken “het is zogezegd een kwajongen Potentially

Example:
“het is zogezegd de Rolls Royce van de 
facelifts”

Zo goed als • “dit boek is zogezegd klaar” No
Bij wijze van 
(spreken)

Om het zo maar eens te zeggen — Potentially
Example:
“het platform is nu bij wijze van 
spreken nog een lege technische doos.”
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(continued )

Potential
metaphor
flag

Meanings (based on Van Dale Dutch 
dictionary)

Examples (from Van Dale Dutch 
dictionary)

Does this meaning indicate - or leave 
room for the possibility - that a 
comparison is being made?

Als het ware
Bij wijze van spreken — Potentially

Example:
“de woordkennis binnen de identiteiten 
van het woord is als het ware als een 
computernetwerk geordend”

(Als een) 
soort

Biologisch taxon, groep planten of 
dieren die samen met een of meer 
andere soorten een geslacht vormen 

• “de evolutie van een soort”
• “instandhouding van de soort”

No

Groep personen of zaken met 
gemeenschappelijke kenmerken 

• “soort bij soort”
• “dit soort liedjes is/zijn populair”

No

Kwaliteit • “eerste soort”
• “in alle soorten en maten”

No

Iets dat grote overeenkomst vertoont 
met wat een bepaling uitdrukt

� “een soort brommer” Yes

Zeg maar
[Not in dictionary] — —

Zogenaamd
die bepaalde naam dragend • “de zogenaamde toppereend” No
voor iets doorgaand, maar het niet in
werkelijkheid zijnd [bijvoeglijk 
naamwoord]

• “die zogenaamde vrienden van je” Potentially (very similar to the
meaning below)

In schijn, niet in werkelijkheid 
[bijwoord]

• “hij was zogenaamd ziek” Potentially
Example:
“Het probleem bestaat al jaren en is 
een zogenaamd ‘veelkoppig monster'.”

Metafoor
stijlfiguur waarbij een begrip 
vervangen wordt door een beeld

• “een voorbeeld van een metafoor is 
‘een kameel is het schip der woestijn’”

Potentially
Example:
“superpositie kan worden uitgelegd 
aan de hand van de volgende metafoor
[ …]”

Metaforisch
figuurlijk • “een metaforische uitdrukking” Potentially

Example:
“superpositie kan metaforisch worden 
omschreven als [ …]”

Figuurlijk
Beeldspraak bevattend • “figuurlijk gesproken”

• “een figuurlijke uitdrukking”
• “in figuurlijke zin”

Potentially
Example:
“De Mercedes S-Klasse is de kampioen 
zwaargewicht, zowel letterlijk als 
figuurlijk”

Letterlijk
Precies overeenstemmend met het 
geschrevene of het gezegde

• “in de letterlijke opvatting”
• “iets letterlijk vertalen”
• “een letterlijke vertaling”
• “iets letterlijk weergeven”

Potentially (in this case, a language 
user uses ‘letterlijk’ incorrectly - in 
order to describe something that is in 
fact a figurative way of putting it 
Example:
“Dit is letterlijk janken met de kraan 
open”

Min of meer 
Min of 
meer

Enigszins, ongeveer Potentially
Example:
“Detlef van Vuuren is min of meer de 
broeikasboekhouder van de wereld”

In zekere zin
In een bepaald opzicht Potentially

Example:
“In zekere zin is de oorlog in Oekraïne 
te vergelijken met de coronacrisis”

Tot op zekere 
hoogte

In zekere mate Potentially
Example:
“De mens is tot op zekere hoogte op te 
vatten als een informatieverwerkend 
systeem”
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Appendix D - Reasons for discarding newspaper articles as irrelevant or unsuitable for the analysis (from Meinsma 
et al., 2025)

Appendix E - Inductively determined target domains

Indicator Example quote

1 Keyword “quantum” contained in (common) terms unrelated to 
quantum science/technology, e.g.:
- “quantum leap”
- “quantum gray”
- A ‘quantum’ as in a quantity of something

“The latest campaign cleverly responds to previous quantum leaps: ‘The 
strippenkaart became the OV-chipkaart.'”
“He took it for granted that I was talking about the garbage bag gray 
colour instead of quantum gray.”

2 Keyword “quantum” used in a proper noun that is unrelated to 
(quantum) science/technology, e.g. a company name or product name

“Quantum of solace” [movie]
“Quantum leben”
“He added that the Dutch occupants were in a quantum-minivan 
belonging to tour company eco coaches.”

3 Metaphorically referring to quantum (concepts) to make a point/explain 
something else, i.e. without further notice or explanation of (quantum) 
science/technology.

“Quantum mechanics states that light is a wave and a particle at the 
same time. […] and now I'm actually proposing something similar where 
people are concerned. Can you experience another person as a fellow 

human being and as a stranger at the same time?”
“In the same week in which the minister says he would like to be a 
quantum particle - minister and scientist in one - …”

4 Mentioned a word/proper noun containing the keyword “quantum” as 
part of a text/document that only forms a:
- TV guide
- Table of contents for (news) articles
- (Event) announcements
(Also for lectures/talks without reasonable discussion of content)
- Short independent corrections on earlier articles (e.g. misspellings)
- Other short listings of independent and incoherent sentences/words 

instead of a normal newspaper article.

“SUN 5 APR search for the lowest temperature and visible quantum 

phenomena. Lecture by physicist Dirk Bouwmeester.”

5 Mentioning/Listing quantum science (concepts), technology as a 
scientific or technological example without further mention, explanation 
or discussion of the topic.

“… for example an LED, or another light source like a quantum well.” 
“A broad palette: With the a for Alzheimer's, the L for LGBTQIA+, and the 
Q for quantum computer.”

6 Mentioning scientific instruments/experiments or names of other things 
with the keyword “quantum” without mentioning or discussing its 
relation to quantum science (concepts) or technology

“The rocket carried the so-called X-ray quantum calorimeter …” 
“Rotational field quantum magnetic resonance” _

7 Used the topic or a concept of quantum physics/technology as an 
example to make a point or explain something else, i.e. without further 
notice of (quantum) science/technology. [Note: ‘Use’ — more 
extensive/focused than ‘mention’ or ‘listing’]

“If you also want to describe what happens inside a molecule, you have to 
do quantum mechanical calculations. But then you get nowhere — then 
you can only describe a hydrogen atom.”

8 Mentioning or listing a person or institution that is related to/works 
on/knows about quantum science or technology without further 
mention or discussion of the topic itself.

“The science battle between quantum scientist Julia cramer and 
cognitive neuroscientist Barbara Braams: It will be spectactular.”
“She studied chemistry in the 1920s at a time when quantum 

mechanics was just emerging.”
9 Mentioning the topic of quantum science (concepts) or technology to 

indicate that something unrelated is (not) difficult/(not) complex (to 
understand).
OR indicating that the author/someone else does not understand 
quantum science/technology.

“Now Kleine Goos knows as much about the [sacred] scripture as about 
quantum mechanics, …”
“I won't bother children with quantum mechanics either, because they 
obviously don't understand anything about it.”
“How I need a drink, alcoholic of course, after the heavy lectures 
involving quantum mechanics.”

10 Very shortly mentioning quantum physics in relation to paranormal, 
consciousness, reality without any explanation of the quantum physics 
part

“I wonder if there is something of his inner world left in his skill, an 
energetic quantum-like something, in a matter that I cannot observe.”

9a Subatomic particles and quasiparticles
Covers fundamental particles and quasiparticles such as electrons, quarks, and Majorana particles.
9b Nanosystems, nanostructures, nanotechnology
Covers nanostructures such as quantum dots, nanowires, sandwich structure systems, and ‘a memory built from atoms’.
9c Quantum field theory and string theory
Covers how particles and fields interact at the quantum level, including supersymmetry, string theory, quantum field theory, Higgs fields, and Higgs 

particles.
9d wave-particle duality and wave function
Covers wave-particle duality and the wave function.
9e Mystical interpretations of quantum mechanics/Not aligned with mainstream scientific theories
Covers (for example) the maharishi effect.
9f Cosmology and black holes, connection of quantum mechanics with general relativity
Covers the large-scale universe, black holes (and their horizons), cosmic inflation, singularities, spacetime, and gravity.
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Appendix F - Intercoder reliability scores

Appendix G - Source domain frequencies for target domains (4), (2), (9a), (9d)

Table F1
Intercoder reliability scores (percentage agreement and Krippendorff's α), based on a random sample of 10% of the dataset (n = 773 text fragments).

Percentage agreement Krippendorff's α

1a. Is the potential metaphor flag used to signal a comparison? 91,32% α 0.801
1 b. Is the potential metaphor flag used to signal a metaphorical comparison? 86,05% α 0.722
1c. Is the metaphor used to describe (some aspect of) quantum science or technology? 89,25% α 0.786
2c. Code the target domain 92,86% α 0.746
3 b. Code the source domain(s) 90,50% α 0.837

9g Quantum teleportation
Covers the transfer of quantum information.
9h quantum biology and quantum processes in biology
Covers topics such as how green plants capture sunlight and convert it into chemical energy.
9i Quantum aspects of magnetism and/or low temperatures
Includes topics such as the Geometro-meissner effect, magnetic signals, exchange of magnetic quantum information, spin, pressing atoms into their 

lowest state, gas atoms cooled to just above absolute zero, and Bose-einstein condensates.
9j Qubits
9k Interpretation of quantum mechanics
Covers various interpretations attempting to explain quantum mechanics, such as the Copenhagen interpretation and the many-worlds theory. 
9m Decoherence
Covers phenomena such as the loss of quantum properties due to interaction with the environment.
9n Quantum companies, institutes, groups, or individuals (active in quantum physics or technology)
Describes companies, research institutes, groups, or individuals working in the field of quantum physics and/or technology, including competition and 

discoveries made by specific groups.
9o (Abstract description of) equipment for quantum experiments (excluding quantum technology already coded elsewhere)
For example: SQUID, quantum vibrator.
9p Art installations based on principles of quantum mechanics or intended to demonstrate quantum effects
Includes fictional quantum technologies.

Table G1
Frequency of source domains for target domain ‘Quantum computer/computing’ (4).

Source domain Frequency

Science and technology (Y) 13
Arts and crafts (C) 5
Numbers and measurement (N) 5
Entertainment, sports and games (K) 4
Substances, materials, objects and equipment (O) 4
Architecture, building, houses and the home (H) 3
Movement, location, travel and transport (M) 3
Time (T) 3
Linguistic actions, states and processes (Q) 2
General and abstract terms (A) 1
The body and the individual (B) 1
Food and farming (F) 1
Life and living things (L) 1
The world and our environment (W) 1
Psychological actions, states and processes (X) 1

Table G2
Frequency of source domains for target domain ‘Superposition’ (2).

Source domain Frequency

Substances, materials, objects and equipment (O) 6
Life and living things (L) 5
Entertainment, sports and games (K) 3
Movement, location, travel and transport (M) 3
Arts and crafts (C) 1
Government and the public domain (G) 1
Money and commerce (I) 1
Numbers and measurement (N) 1
Social actions, states and processes (S) 1
The world and our environment (W) 1
Science and technology (Y) 1
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