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Abstract 
Changing levels of public trust in the news are of deep concern to both researchers and practitioners. We use data from 2015 to 2023 in 46 
countries to explore how trust in news has changed, while also exploring the links with sociodemographic variables, differences by media sys
tem, and changing patterns of news use. We find that (a) there has been a small overall decline in trust in news since 2015, but also that (b) 
there are different trends in different countries. More specifically, trust has declined more in media environments that have become less struc
tured by television news use, and increasingly structured by social media news use. Our findings underscore how changing structures of media 
use may be central to explaining trust dynamics in recent years, which suggests new avenues for restoring trust where it has eroded.
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Across the world, platforms that offer personalized content 
have become increasingly important for how people access 
news, as the importance of broadcast television, radio, and 
printed newspapers that offer everyone the same bundle of 
content has stagnated or declined. At the same time, trust in 
news has fallen in many parts of the world (Newman 
et al., 2023).

Are these two developments linked? Has the move from 
media environments in which publishers controlled both 
news content and the channels through which people access 
it, to a world in which publishers still provide much of the 
news content people see, but where it is increasingly accessed 
via platforms such as social media, contributed to declining 
levels of trust? Is the shift away from a news media environ
ment structured around one-way communication to one 
offering more opportunities for interaction and participa
tion—including commenting on, criticizing, and ridiculing 
news coverage—linked to reduced trust in news?

Many journalists, editors, and publishers certainly think so 
(Ross Arguedas et al., 2022). Here, we analyze annual online 
survey data collected from 2015 to 2023 across 46 countries 
(N¼667,001) to investigate whether they are right. We find 
that they are—even if they may be wrong about how signifi
cant this shift is relative to other factors, what specific form it 
takes, or what drives it.

By using random effects within-between (REWB) models 
designed to analyze repeated cross-sectional data and the 
effect of both individual-level and societal-level variables, 

we find, first, that there has been a small overall decline in 
trust in news since 2015 in the countries covered. These 
declines are not evident in every country, and there is obvi
ous, non-linear fluctuation within countries over time. But 
overall, the trend toward lower trust in news is evident.

Second, across the 333 separate nationally representative 
surveys that make up the dataset, we find that on average, 
there are cross-sectional individual-level associations between 
age, gender, education, interest in news, media use, and trust 
in news—with older people, women, those without a univer
sity degree, those more interested in news, and television 
news users all having higher levels of trust. Those who access 
news on social media have lower levels of trust in news. 
While the significant positive effect of interest in news and 
television news use is evident in around 90% of country– 
years, the effects of the other variables are less consistent, 
helping us make sense of mixed results from single coun
try studies.

Third, we find that the fluctuations in trust in news over 
time are aligned with changes to the structure of the news me
dia environment—more specifically, the extent to which that 
environment is characterized by particular types of news me
dia use. People in national news media environments that be
came less based on television news use—and more based on 
social media news use—have lower trust in news. Fourth, 
there are some consistent patterns by media system, with 
trust in polarized pluralist and hybrid media systems falling 
in the last ten years, while trust in news in democratic 
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corporatist countries has remained stable. However, as we 
also show, changes to trust in news are better explained by 
yearly changes to media use than by differences in me
dia system.

One recent literature review on trust in news noted that al
though “communication researchers have comprehensively 
studied the correlates of trust in news media at the individual 
level, relatively little attention has been paid to the societal 
level” (Fawzi et al., 2021, p. 163). Our main contribution, 
therefore, is to go beyond most existing research and analyze 
the influence of structural- or societal-level variables on trust. 
In doing so, we provide evidence that people’s trust in news is 
closely aligned with recent changes to the news media envi
ronment, in addition to the effect of the individual-level pat
terns we describe earlier. We ground this finding in 
comparative media systems research and structuration theo
ries drawn from audience research, thus pursuing a series of 
hypotheses and research questions anchored in existing re
search with a very large and internationally diverse dataset. 
In particular, we argue that structural change in media use, 
specifically the decline of television and the growth of social 
media as a way of accessing news, has contributed to recent 
declines in trust in news, above and beyond the role played 
by many other factors including interpersonal trust, trust in 
institutions, and political factors such as polarization and 
elite cues identified in previous work (Hanitzsch et al., 2018; 
Ladd, 2012; Str€omb€ack et al., 2020; Watts et al., 1999).

In the first part of the article, we develop our research ques
tions and hypotheses based on the growing body of research fo
cused on trust in news. In the second part, we describe the data. 
In the third part, we explain our analytical approach, before 
turning, fourth, to the results. We conclude by offering a theo
retically grounded interpretation of our findings to help inform 
future work on how structural change in media use may be 
among the factors that influence trust (and by extension, poten
tially other media attitudes and perceptions). Drawing on ear
lier scholarship, we suggest that television news may be 
associated with higher trust in news because audiovisual infor
mation is seen as inherently more credible, coverage is often 
more immediate, television newsreaders tend to be viewed 
more favorably than other journalists, and—at least in coun
tries with relatively free media—many broadcasters have a 
commitment to impartiality. News on social media, on the 
other hand—even though it can come from television brands— 
is characterized by higher levels of exposure to lower quality 
news and information, more partisan, cross-cutting exposure, 
more disagreement, and criticism of independent media.

We hope that future work will build on the work done 
here, test what we have found, and unfold the causal mecha
nisms at play. We suggest that more sustained attention to 
such structural differences and changes over time will help 
supplement established accounts focusing on the role of, for 
example, political trust.

Defining trust in news
Trust is an important factor for understanding how people 
navigate contemporary news media environments, and 
changes to levels of public trust in news are of deep concern 
to both researchers and practitioners. There is no single 
agreed-upon definition of trust in the literature, but there 
tends to be consensus around several core features. First, trust 
constitutes a relationship between audiences (trustors) and 

news organizations (trustees) (Bl€obaum, 2016; Schiffrin, 
2019; Tsfati & Cappella, 2003). Second, trust refers to audi
ences’ positive expectation that news organizations will per
form their journalistic function in a manner that is favorable 
or beneficial for audiences (Engelke et al., 2019; Fawzi et al., 
2021; Kohring & Matthes, 2007). Third, trust requires that 
audiences accept a degree of uncertainty or risk, as they typi
cally cannot verify information firsthand (Kohring & 
Matthes, 2007; Tsfati & Cappella, 2003); hence, they must, 
in some sense, be “vulnerable” to news content (Hanitzsch 
et al., 2018, p. 5)—willing to accept the risk associated with 
not being able to verify the information for oneself.

Importantly, trust is not necessarily aligned with underly
ing trustworthiness, however defined or assessed, but a sub
jective judgment each of us must make when we rely on 
others. Most newsworthy events occur outside of one’s per
sonal experience, so people’s willingness to believe the news 
media’s descriptions of them must partly depend on whether 
they are trusted. Some degree of trust is thus, in a sense, a pre
condition for people to be informed by the news media.

What influences trust in news?
This is why trust in the news attracts considerable scholarly 
attention—particularly in recent years, following the decline 
of trust in some countries (Newman et al., 2022). Most re
search has examined trust at the individual level, focusing on 
the direct or indirect role of trust for people’s news consump
tion and their acquisition of knowledge, beliefs, and atti
tudes, or on the individual characteristics of those that do or 
do not trust the news (Fawzi et al., 2021; Str€omb€ack et al., 
2020; Toff et al., 2020). However, studies that examine the 
influence of sociodemographic variables like age, gender, and 
education are inconsistent, often arriving at contradictory 
conclusions. Similarly, while some find that the use of tradi
tional or mainstream news sources such as television and 
newspapers is positively associated with trust, others do not, 
and when it comes to social media news use, researchers have 
also found a variety of different patterns (Fawzi et al., 2021). 
This happens, in part, because studies are drawn from sepa
rate countries where the dynamics of trust may be completely 
different, and/or because of the inconsistent use of measures 
of trust and media use. This creates confusion over what fac
tors are consistently important, and to what extent. 
Furthermore, despite very pronounced cross-country varia
tion, research has rarely explored the influence of structural 
factors on trust in news alongside individual-level associa
tions (Fawzi et al., 2021).

Research that has considered the influence of structural 
factors on trust has tended to focus on its relationship to 
other attitudes about political or elite institutions. These 
studies usually treat attitudes to news media as an extension 
of other attitudes about the political systems they are embed
ded within. For example, one landmark study comparing 
across countries used World Values Survey data to establish a 
strong link between confidence in politics and confidence in 
the press—referred to as the “trust nexus” (Hanitzsch et al., 
2018), which has strengthened in more polarized societies. 
The present study seeks to complement this work by looking 
instead at how changing patterns of media use, and the media 
environments structured by these patterns, relate to changes 
in trust in news over time.
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Trust in different news sources
Although results are mixed, a handful of multi-country stud
ies have shown that low trust in news is associated with using 
non-mainstream news sources like social media and digital- 
born outlets, whereas high levels of trust are associated with 
using television and newspapers (Fletcher & Park, 2017; 
Tsfati & Cappella, 2003). This can be explained by the fact 
that people have different levels of trust in different news 
sources (Aharoni et al., 2024; Mangold et al., 2022) and may 
have different sources of news in mind when asked about 
trust in general (Daniller et al., 2017). If we look at aggregate 
brand-level trust scores, we see considerable variation be
tween outlets (Newman et al., 2023), but also a consistent 
pattern showing that television brands—particularly public 
service media (where it exists)—are more trusted (Schulz 
et al., 2020). Conversely, in most countries, people have 
lower levels of trust in news on social media compared to 
news in general (Newman et al., 2021), and experiments sug
gest that people tend to trust the same stories less when 
accessed through Facebook (Karlsen & Aalberg, 2023). It 
therefore follows that people are likely to trust news less if 
they come into contact with sources that are generally seen as 
untrustworthy.

Television
But why do people find television sources more trustworthy? 
A rich body of research offers several answers. First, people 
tend to see television as inherently more credible than other 
legacy media—in part due to its technological features (see 
Metzger et al., 2003 for a review). Television is a highly vi
sual medium, providing viewers with a sense that they are 
seeing events with their own eyes, enhancing its believability 
compared to print and radio—“seeing is believing”, as the ex
pression goes (e.g., Carter & Greenberg, 1965; Wilson & 
Howard, 1978). Scholars have labeled this the “realism heu
ristic,” predicting that people are more likely “to trust audio
visual modality because its content has a higher resemblance 
to the real world” (Sundar, 2008, p. 80).

Second, research suggests that the temporality of live televi
sion reports confers a sense of importance and authority 
through vicarious experience, as audiences witness breaking 
news in real time (e.g., Chang & Lemert, 1968).

Third, the prominent role of news anchors in delivering 
television news can make it more believable when these pro
fessionals are perceived favorably, compared to the “invisible 
newsman” behind print (Chang & Lemert, 1968; Newhagen 
& Nass, 1989). Television news is particularly amenable to 
the formation of parasocial relationships (Levy, 1979), as 
viewers, over time, can develop emotional bonds with news 
anchors, which in turn fosters a sense of trust (Pellizzaro & 
Liseblad, 2021). This is one reason why public opinion polls 
regularly find that television news readers are more trusted 
than journalists in general (e.g., Ipsos, 2022).

Fourth, television news has often—for a variety of profes
sional, commercial, and sometimes regulatory reasons (at 
least in countries with a history of press freedom)—sought to 
occupy a relatively impartial position. Long-established tele
vision channels with such a legacy frequently remain rela
tively highly and broadly trusted, able to reach politically 
diverse audiences (Schulz et al., 2019). In more competitive 
multi-channel environments, some cable channels—most no
toriously, perhaps, Fox News in the United States—are highly 

polarizing and mostly trusted by partisans, even as other tele
vision brands (e.g., ABC, CBS, etc) have higher, broader 
trust, and more diverse audiences. In many markets, how
ever, mainstream television brands remain among the most 
widely used and trusted news media.

Most importantly, these four features of television do not 
operate in isolation; instead, they combine to have a cumula
tive effect on trust. In other words, trust in television as a me
dium is best understood as resulting from a combination of 
symbolic and material features that together are more than 
the sum of its parts. As such, we predict that television use 
for news will be associated with higher trust.

Social media
Social media, on the other hand, has been linked to much 
lower levels of trust in news (Ceron, 2015; Park et al., 2020; 
Park & Lee, 2023). There are several reasons such percep
tions may have taken hold. First, for many audiences, social 
media platforms are viewed as places saturated with low- 
quality news and information. While news sources deemed 
trustworthy by independent raters account for the majority 
of social media engagement with news in many countries, 
news sources rated untrustworthy engage more people on so
cial media than they do on the open web (Altay et al., 2022). 
There are also particular concerns about the amount of mis
information that is spread via social media, and research has 
found that greater perceived exposure to misinformation on 
social media decreases media trust over time (Stubenvoll 
et al., 2021). Negative discourse about misinformation on so
cial media, including from news coverage itself, may also 
magnify perceptions of these sites as places where misinfor
mation is rampant and hence less trustworthy (e.g., 
Thorson, 2024).

Second, alongside low-quality information, social media 
tends to expose people to cross-cutting news and information 
that goes against people’s attitudes or beliefs (Lu & Lee, 
2019; Masip et al., 2018, 2020). Although there may be 
some benefits to cross-cutting exposure (Matthes et al., 
2019), it may also decrease trust in news through an in
creased awareness of what the ‘other side’ is saying, and 
some experimental work has found cross-cutting exposure 
increases hostile media perceptions (Arceneaux et al., 2012). 
Although people may also encounter cross-cutting informa
tion on television, the nature of this exposure is different, be
ing arguably more intentional than incidental, and shaped by 
professional norms of journalism. In many countries, televi
sion networks seek to present all sides of an issue concur
rently for the purposes of balance. However, on social media, 
people are more likely to get news from more partisan sour
ces (Fletcher et al., 2023), meaning that any balance is con
structed differently and is far from guaranteed.

A third feature of social media that could lower trust in 
news is the abundance of sources that compete for users’ at
tention. While this plurality has the advantage of increasing 
media choice (e.g., Hargittai et al., 2012), it can also lead to 
confusion or uncertainty over what to believe. As Webster 
(2011) and others (e.g., Thorson et al., 2021) point out, in
formation presented on platforms is shaped by algorithms 
that sort users by how interested they are in news, potentially 
contributing to widening disparities between those most at
tentive to (and trusting toward) news and others. Studies 
have also shown that when audiences access news on social 
media they tend to have more difficulty recalling the 
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provenance of that information compared to information 
they consume directly from news organizations 
(Kalogeropoulos et al., 2019). These tendencies may under
mine audience connections to the news media as an 
institution.

Fourth, in contrast to the overwhelmingly one-way com
munication from a very small number of outlets to much 
larger audiences associated with mass media, and often rela
tively clear distinctions between professionally produced 
news and other kinds of content, the way social media are 
structured also constitutes a far more complex environment, 
where people may come across not only content from many 
different kinds (and qualities) of sources, but also where they 
and others can comment on, criticize, and ridicule news that 
purports to be authoritative. Indeed, studies show that nega
tive commentary on social media impacts the perceived credi
bility of news stories (Boot et al., 2021), and platform users 
tend to report higher exposure to media criticism than non- 
users (Mont’Alverne et al., 2022). This criticism can come 
from the general public, but in some countries can also come 
from elites, including those who use partisan cues to attack 
and criticize the news media for their own ends (Ladd, 2012).

Fifth, as some have argued (Ross Arguedas et al., 2022; 
Van Dijck et al., 2018), the platformization of news on social 
media may also have a corrosive influence on the nature of 
the information that circulates in these digital spaces, as the 
prevalence of audience metrics may incentivize news organi
zations to distribute content that is more attention-grabbing 
(such as clickbait) but less likely to engender trust. Again, 
these five features of social media operate in conjunction, 
compounding the negative effects of any single one.

While the (non-exhaustive) list of features described above, 
for both television and social media, can have effects at the 
individual level (e.g., the sense that a person can trust televi
sion news they can see with their own eyes), they also matter 
at the societal level, reshaping the broader media environ
ment. For example, given the tendency for television news to 
adhere more closely to professional norms of impartiality, the 
media environment in countries structured more heavily 
around television news use is more likely characterized by 
less partisan, more balanced reporting, which may lead to a 
sense that journalism is more unified or consistent across the 
board. On the flipside, more criticism of journalism and the 
greater plurality of viewpoints on social media create a con
text in which everything can be challenged, alternative 
explanations abound, and where there is little consistency 
around particular norms, which may lower trust in news in 
countries where social media is more prominent.

It is also worth acknowledging that some of the individual 
features we suggest promote trust in television news can also 
be found in some social media content, for instance, video- 
heavy platforms, where visuals and real-time streaming are 
common. Past studies have shown how activists live- 
streaming on-the-ground events make claims to truth based 
on the purported rawness and unfiltered nature of their vid
eos (e.g., Kavada and Trer�e, 2020). While grassroots report
ing may benefit from realism heuristics, it is still the case that 
such information circulates in the context of social media 
platforms where users must navigate competing claims or 
evaluate a variety of different sources they may know little to 
nothing about (rather than news anchors they recognize)— 
sources which are unconstrained by professional norms of 
journalism. Trusting individual sources or pieces of 

information with these features does not imply people trust 
news on social media more generally, and the evidence 
reviewed above confirms the opposite. Again, the aforemen
tioned features—both those we suggest may favor trust in 
television news and discourage trust in social media news— 
likely have a cumulative effect rather than working 
individually.

Structuration and trust
The research reviewed above helps explain why, at the indi
vidual level, people who use different types of news sources 
might have different levels of trust in news. But to understand 
why the media environment as a whole might affect trust, we 
draw on structuration approaches to audience research. 
Simply put, structuration theory calls for empirical research 
on how the structure of the media environment shapes (and is 
shaped by) media users’ collective attitudes and behaviors. It 
avoids separating analysis of structure from analysis of 
agency by underlining that the media environment plays an 
important role in influencing media use, and perceptions 
about that environment, even as these media are also influ
enced by how audiences engage with them (Webster, 
2011, 2014).

For example, linear television offers a set number of chan
nels, based in part on what media organizations believe there 
is effective demand for. But people’s experience of using these 
channels also influences how they think of television, and 
these perceptions will be among the factors influencing what 
they watch, and this viewership will in turn influence which 
channels are available and what they offer. Structure thus 
influences individual-level agency, even as agency, over time, 
shapes structure. Patterns in media use are among the factors 
that define national media systems (in early comparative 
work, for example, differences in the prominence of the writ
ten press versus television, see, e.g., Hallin & Mancini, 
2004). Changes in these patterns are increasingly playing out 
through differences in how much people rely on digital plat
forms that operate quite differently from traditional news 
media (Napoli, 2014; Nelson, 2021). In the present study, we 
investigate whether these changing media structures are a sig
nificant factor contributing to declining audience trust in ad
dition to the political factors identified in other studies.

This approach shares an interest in the potential influence 
of different media on communication with the work some
times labeled as “medium theory” (see, e.g., Meyrowitz, 
1985), but eschews the stronger, more deterministic, 
claims—along the lines of “the medium is the message”— 
that some scholars of the latter are associated with. We ex
tend structuration theory here by building on previous work 
to investigate whether the media environment influences, not 
just media use, but also media perception—in this case trust 
in news. Just as theoretical and empirical research focused on 
how political factors influence trust in news does not imply 
deterministic or mono-causal accounts, this also, of course, 
does not mean we are arguing that changing structures of me
dia use are the only factor that influence trust—simply that it 
is a factor, and that it is therefore important to investigate 
whether the use of different media for news, with their differ
ent affordances, content styles, and associated journalistic 
practices, influences trust.

This structurational approach to analyzing trust in news 
does not necessitate ignoring political factors or cross- 
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country institutional variation in political and media sys
tems—though we do intentionally focus on under-explored 
media-related factors more than political factors which have 
been explored in prior literature (e.g., Hanitzsch et al., 2018). 
To capture comparative differences, we draw on a third liter
ature on comparative media research (Hallin & Mancini, 
2004), which seeks to characterize national news media sys
tems, but which has rarely examined trust as a key dimen
sion. In other words, differences in trust between polarized 
pluralist systems—such as in Spain and Italy, where political 
parallelism is high, newspapers are weak, and journalistic 
professionalism is lower—and democratic corporatist sys
tems—such as in the Nordic countries, where the opposite is 
true—have yet to be explored.

Research questions and hypotheses
To better understand the overall landscape, we first ask how 
trust in news has changed over time. This is particularly im
portant with multi-country analyses because previous work 
has consistently warned against assuming changes in trust in 
a small number of (often unusual) countries represent 
broader phenomena (Norris, 2011). We also focus on a pe
riod after that covered by existing work (e.g., Hanitzsch et al. 
[2018] uses data up to and including 2014) whose findings 
should not be assumed to hold for continuously changing me
dia and political environments. 

RQ1. How has trust in news changed over time?

Before looking at what might explain this change over 
time, we use the dataset to explore what demographic varia
bles are associated with trust at the individual level, given 
that prior studies have found inconsistent results associated 
with demographic variables like age, gender, and education 
(Fawzi et al., 2021). This is partly due to inconsistent mea
surement, but also because results from single-country stud
ies, conducted at a single point in time, have been used to 
draw broader conclusions. We believe using our much larger 
dataset, including 333 separate surveys with identical meas
ures, provides a more robust basis for exploring the extent to 
which these associations hold up over a much more extensive 
set of countries and longer period of time. 

RQ2a. What is the association between age and trust 
in news?
RQ2b. What is the association between gender and trust 
in news?
RQ2c. What is the association between education and 
trust in news?
RQ2d. What is the association between interest in news 
and trust in news?

We then explore the association with individual news me
dia use. As with demographic variables, evidence from exist
ing studies on the relationship between the use of different 
news sources and trust is mixed (Fawzi et al., 2021). 
However, drawing on the research described above, we hy
pothesize that television will be associated with higher trust 
in news, and social media with lower trust in news. 

H1a. People who use television news have higher trust 
in news.

H1b. People who use social media for news have lower 
trust in news.

We then turn our attention to societal-level factors. 
Because trust in news varies across countries, and because 
media systems differ in ways that might influence this, we ex
plore how trust has changed in different media systems. 
However, because media systems theory does not specifically 
explain how trust in news might have changed over time in 
different media systems, we ask a research question instead 
of forming specific hypotheses. 

RQ3. How has trust in the news changed in different me
dia systems over time?

We then focus on the structure of the news media environ
ment people inhabit—more specifically, the extent to which 
that environment is characterized by different types of news 
use. For the reasons outlined earlier, we hypothesize that for 
people in a national news media environment that is less 
based on television news use—and/or more based on social 
media news use—trust in the news will be lower. 

H2a. People in countries where the media environment is 
structured around television news use have higher trust 
in news.
H2b. People in countries where the media environment is 
structured around social media news use have lower trust 
in news.

Because we effectively have panel data at the country level 
through repeated cross-sectional surveys, we can also explore 
the effect of changes to the structure of the media environ
ment—which, as with panel data at the individual level, pro
vides a more meaningful and robust test of the effect of 
that variable. 

H3a. People in countries where the structure of the media 
environment is becoming less characterised by television 
news use will have lower trust in news.
H3b. People in countries where the structure of the media 
environment is becoming more characterised by social me
dia news use will have lower trust in news.

Methods
Data
Our data come from the 2015–2023 Digital News Reports.1 

The Digital News Report project at the Reuters Institute for 
the Study of Journalism is based on nationally representative 
online surveys fielded by YouGov simultaneously across mul
tiple countries. The main advantage of the dataset is that the 
relevant questions were asked in the same way each year and 
in each country, meaning that the data are highly compara
ble. An important limitation is that respondents were drawn 
from opt-in online panels rather than selected at random. 
This means that samples may over-represent certain groups, 
likely those who use more news, those who get news online 
instead of offline, and those who have higher trust. A second 
limitation is that the data on news use are based on recall and 
may not accurately describe people’s actual behavior. Results 
from passive tracking data, available in a small number of 
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countries, often show different results to survey data. For ex
ample, research from the United States has found that youn
ger people tend to over-report television news use (Prior, 
2009). However, the Pew Research Center (2020) has found 
that it is not clear whether people over-report or under- 
report because of large variation in different tracking meas
ures. Furthermore, researchers are starting to discover new 
limitations with web tracking which preclude it from being 
used as a ground truth (e.g., Bosch et al., 2023). As such, it is 
difficult to know how any limitations and biases associated 
with survey data will affect the analysis here. It is also worth 
remembering that tracking cannot be used to measure the use 
of sources such as print newspapers, meaning that survey 
data are the only option for cross-country, single source, sin
gle currency data capturing both different types of media use 
and different media attitudes. The relevant parts of the data
set are available upon request.

Countries
The dataset covers 46 countries in total.2 Due to the practical 
limitations of online surveying, most are from the Global 
North, score relatively highly on the United Nations’ Human 
Development Index (based on life expectancy, education, and 
income),3 and generally have relatively high levels of press 
freedom according to Reporters Without Borders.4 These 
facts are reflected in our hypotheses, which—because they 
are informed by previous research that has mainly focused on 
countries with relatively free media—refer to the nature and 
use of television and social media in a particular context. We 
will explore the potential for different relationships and me
dia use to emerge in low press freedom contexts later in 
the analysis.

The dataset contains 333 country–years. However, data 
were not collected from all 46 countries every year (see 
Supplementary Table S5). This is because the Digital News 
Report project focused on Europe and the United States in 
2015, but expanded to Asia-Pacific and Latin America by 
2017, adding a small number of African countries from 2019 
onward. This means, in total, there are more data from 
Europe, which, even within the context of this sample, means 
countries with higher levels of human development and press 
freedom are over-represented—which is important to keep in 
mind when interpreting the results.

Measures
Our dependent variable is trust in the news. Many different 
researchers have attempted to measure some aspect of trust 
in news using surveys. As Str€omb€ack et al. (2020) highlight, 
studies have measured trust in a variety of ways. Here we fo
cus on measuring people’s overall trust in all news media con
tent. This was measured in the same way in every survey, 
using the following question: “Please indicate your level of 
agreement with the following statement: I think you can trust 
most news most of the time.” Respondents could select from 
a five-point Likert scale ranging from (1) “Strongly disagree” 
through (3) “Neither agree nor disagree” to (5) 
“Strongly agree”.

Our independent variables at the individual level are age, 
gender, education, interest in news, and binary measures of 
different types of media use (television, radio, print, online 
print, online broadcast, online other, and social media). At 
the societal level, our measures of the structure of the media 
environment are derived from the media use measures. As the 

various measures of individual-level media use are binary, 
they can be represented as percentages at the country level 
(i.e., the percentage of the sample that used television news in 
a given country–year). Our media system variable was cre
ated using the classifications from Humprecht and colleagues 
(2023). Their categories are democratic corporatist, hybrid, 
and polarized pluralist. Unfortunately, because this scheme 
only covers Europe and the United States, many of the coun
tries in the data we use here are unclassified, reflecting the 
lack of comparative media system research that compares 
across continents. However, this largely does not affect com
parisons between the other categories. In the main analysis, 
we control for political polarization and media bias at the 
country level using measures from the V-Dem (Varieties of 
Democracy) project, and press freedom from Reporters 
Without Borders. All measures are described in full in the 
Supplementary material.

In the main analysis, we restrict control variables to those 
that are present in every Digital News Report survey, or are 
available from external sources for every year from 2015 to 
2023, to avoid dropping cases. Despite this, we are able to 
test for the effect of several potential confounding variables 
(frequency of news use, political leaning, generational shift, 
interpersonal trust, and confidence in government) as part of 
robustness checks, which are detailed in the Supplementary 
material. None of these tests produced findings that depart 
from those described below.

Analysis
Most of the analyses rely on a modeling approach suggested 
by Fairbrother (2014). This approach, which is based on the 
random effects within-between (REWB) framework (Bell 
et al., 2019), was specifically designed for the analysis of 
comparative survey datasets, where cross-sectional surveys 
are repeatedly fielded in the same country over time.5 Thus, 
data at the individual level are cross-sectional, but repeated 
cross-sectional surveys over time form panel data at the coun
try level.

As with modeling panel data using fixed effects, the main 
strength of this approach is that it allows us to estimate the 
effect of changes in the independent variable on changes in 
the dependent variable within the same country over time. 
This focus on within-country variation means that estimates 
are far less influenced by national differences in how people 
define and conceptualize “trust” and “news,” and has the re
lated advantage of controlling for the effect of all stable 
(time-invariant) country-level variables, regardless of whether 
they were measured or not. In addition, REWB models can 
account for the nested structure of the data by specifying ran
dom effects for country and country–year, given that individ
uals at level one are nested within country–years at level two, 
which are in turn nested in countries at level three (Schmidt- 
Catran & Fairbrother, 2016). This allows for the additional 
estimation of individual-level effects (e.g., age) across coun
tries and between-country effects (e.g., media system). The 
ability to simultaneously estimate individual-level effects also 
reduces the risk of committing the ecological fallacy. One ver
sion of this is when patterns observed at the group (country) 
level are assumed to be caused by similar patterns at the indi
vidual level—which does not have to be the case. But, if we 
can observe the same patterns at the country level and the in
dividual level, then the risk of committing the ecological fal
lacy is lower. Including individual effects alongside societal- 
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level effects also means that any estimates of the effect of the 
structure of the media environment exist in addition to the 
effects of media use at the individual level, ensuring that the 
two are not conflated. Nonetheless, the ability to control for 
all stable country-level variables does not address the possi
bility of reverse causation, which here would mean news hab
its changing in response to declining trust levels rather than 
trust levels changing because of news use. This is a key limita
tion of our analysis.

Results
Our first research question explores what has happened to 
average levels of trust in news since 2015. The results from 
Model 1 (Table 1) show that, on average, there has been a 
small but statistically significant decrease in trust over time 
(B¼−.01, p < .001). In other words, there has been an aver
age yearly decrease in trust of .01 on the five-point scale. This 
amounts to an average decline of around .08 between 2015 
and 2023 (Figure 1a). If we re-run the model with year as a 
factor to estimate differences from 2015, we can plot the 
non-linear year-on-year trend (Figure 1b). This shows that 
there has not been a consistent decline in trust in every year, 
with trust rising between January/February 2020 and 
January/February 2021 during the first year of the coronavi
rus pandemic.

However, pooling countries in this way risks oversimplifi
cation. To explore variation in the trust trend by country, we 
run separate OLS models for each country with fixed effects 
for year. When we plot the coefficients in Figure 1c, we can 
identify the countries where trust has significantly decreased 
over time, where it has increased, and where there has been 
no statistically significant change. In line with the average, in 
24 of the 46 countries (52%)—including Germany and the 
UK—there is evidence of a significant linear decline in trust in 
news since 2015. In 13 countries (28%)—including Sweden 
and the Philippines—there was evidence of a significant in
crease, while there was no statistically significant effect of 
year in Australia, Ireland, and seven other countries (20%). 
The coefficients for the effect of year vary from −0.06 in 
Chile to 0.11 in Kenya—equivalent to a predicted −0.54 de
crease and a 0.99 increase on the five-point scale since 2015, 
respectively. However, the change in trust since 2015 for 
many countries was much smaller.

We now address RQ2a–d and H1a–b by adding 
individual-level demographic and media use terms to the 
model (Model 2). The results across all country–years show 
that, on average, older people (B ¼ .001, p < .001), women 
(B ¼ .09, p < .001), those without a university degree 
(B¼−.04, p < .001), and those with higher levels of interest 
in news (B ¼ .14, p < .001) all have higher trust in the news. 
If we instead run a separate OLS regression models for each 
country–year, and then plot all 333 standardized effect sizes 
(Figure 2), we see a statistically significant positive associa
tion between age and trust in news in 45% of cases, com
pared to just 9% of cases where younger people were 
significantly more likely to trust the news (there was no sig
nificant association between age and trust in the remaining 
46% of country years). This is aligned with the results from 
the multilevel model, as the number of positive associations 
outweighs the number of negative associations, even though 
there is not a positive association most of the time. Women 
were significantly more likely to trust the news in 46% of 

cases, whereas men were more likely to have higher trust in 
just 1%. Those without a university degree were more likely 
to trust the news in 29% of cases, compared to just 4% with 
a degree. For these variables, there are a large number of 
country–years where there was no significant association, but 
this is not the case with interest in news, which was positively 
associated with trust in news in 91% of cases. There was a 
negative association less than 1% of the time. Figure 2 also 
shows that the standardized effect sizes for interest were typi
cally larger than for the other demographic variables.

Turning to H1a–b, on average across all country–years 
there is a positive individual-level association between televi
sion news use and trust in news (B ¼ .21, p < .001), and a 
smaller but statistically significant negative association be
tween social media news use and trust (B¼−.03, p < .001). 
If we look instead at the results of separate OLS models for 
each country–year, we see very consistent results for the asso
ciation between television news use and trust. There were a 
positive association in 89% of cases and no evidence of a neg
ative association in any of the country–years analyzed. The 
effect size for television news use is comparable to that of in
terest in news, but also varies considerably. For social media 
news use, we did find evidence of a positive association in 
7% of cases, but this is outweighed by the negative associa
tion in 21%.

Moving now to the societal level, RQ3 asks whether pat
terns of trust in news are evident if countries are grouped by 
media system. As explained earlier, the dataset is longitudinal 
at the societal level, so we are concerned with both differen
ces between countries, and within countries over time. If we 
add a term for media system to the existing model (Model 3), 
setting democratic corporatist as the reference category, we 
see that average levels of trust in polarized pluralist media 
systems are −.32 lower than in democratic corporatist coun
tries (B¼−.32, p < .001), −.21 lower in hybrid countries 
(B¼−.21 p < .05), but not significantly lower across all other 
countries analyzed (B¼−.14 p > .05). To understand differ
ent trends, we must look at the interaction between media 
system and year. Here, we see a significant negative coeffi
cient for polarized pluralist countries (B¼−.02, p < .001) 
and hybrid countries (B¼−.01, p < .05), meaning that 
declines in trust have been significantly steeper here com
pared to democratic corporatist countries—where trust levels 
have remained stable (Figure 3).

Now we add the between-country and within-country vari
ables for the structure of the news media environment, and 
country-level controls for media bias, political polarization, 
and press freedom (for which we have yearly data, allowing 
for the inclusion of within-country terms).6 When we do this 
(Model 4), media system is mostly no longer a statistically 
significant variable. This is partly due to the inclusion of the 
variables for the structure of the news media environment. 
For H2a, we hypothesized that people in countries where the 
media environment is structured around television news use 
will have higher trust in the news. However, we do not find 
evidence that countries with higher average levels of televi
sion news use also have higher trust in news (B ¼ .10, p >
.05). It is important to recognize that there are a limited num
ber of data points at the between-country level, so even quite 
large effects will not be statistically significant, and we should 
avoid over-interpreting these results. As with television, we 
do not find any evidence that countries with a news media en
vironment structured around social media news use have 
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Table 1. REWB models where the dependent variable is trust in news.

Model 1 Model 2 Model 3 Model 4

Predictors B SE p B SE p B SE p B SE p

(Intercept) 3.14 0.03 <0.001 2.83 0.03 <0.001 3.18 0.06 <0.001 0.02 4.81 0.996
Year −0.01 0.00 <0.001 −0.00 0.00 0.345 0.00 0.00 0.801 0.03 0.01 <0.001
Demographic variables
Age (individual) 0.00 0.00 <0.001 0.00 0.00 <0.001 0.00 0.00 <0.001
Gender (individual) 0.09 0.00 <0.001 0.08 0.00 <0.001 0.09 0.00 <0.001
News interest (individual) 0.14 0.00 <0.001 0.18 0.00 <0.001 0.14 0.00 <0.001
Education (individual) −0.04 0.00 <0.001 −0.03 0.00 <0.001 −0.04 0.00 <0.001
News use variables
TV (individual) 0.21 0.00 <0.001 0.21 0.00 <0.001
Radio (individual) 0.06 0.00 <0.001 0.06 0.00 <0.001
Print (individual) 0.09 0.00 <0.001 0.09 0.00 <0.001
Online print (individual) 0.02 0.00 <0.001 0.02 0.00 <0.001
Online broadcast (individual) 0.07 0.00 <0.001 0.07 0.00 <0.001
Online other (individual) −0.05 0.00 <0.001 −0.05 0.00 <0.001
Social media (individual) −0.03 0.00 <0.001 −0.03 0.00 <0.001
Media system (ref¼Democratic corporatist)
Hybrid −0.21 0.09 0.016 −0.11 0.12 0.359
Unclassified −0.14 0.07 0.057 0.08 0.17 0.658
Polarized pluralist −0.32 0.09 <0.001 −0.21 0.16 0.179
Hybrid: Year −0.02 0.01 0.009 −0.00 0.01 0.496
Unclassified: Year −0.01 0.01 0.135 0.01 0.01 0.032
Polarized Pluralist: Year −0.03 0.01 <0.001 −0.00 0.01 0.592
Societal variables
Age (between) 0.00 0.02 0.780
Age (within) 0.01 0.01 0.418
Gender (between) 0.86 2.83 0.761
Gender (within) 0.32 0.36 0.372
News interest (between) 0.29 0.20 0.160
News interest (within) 0.15 0.07 0.022
Education (between) 0.36 0.40 0.366
Education (within) 0.24 0.08 0.002
Structure of the media environment
TV (between) 0.10 0.53 0.854
TV (within) 0.77 0.23 0.001
Radio (between) 0.63 0.60 0.293
Radio (within) 0.09 0.18 0.603
Print (between) −0.36 0.48 0.454
Print (within) 0.32 0.17 0.050
Online print (between) 0.38 0.46 0.402
Online print (within) −0.08 0.17 0.636
Online broadcast (between) −0.33 0.56 0.554
Online broadcast (within) 0.17 0.21 0.421
Online other (between) 0.09 0.31 0.757
Online other (within) −0.09 0.11 0.388
Social media (between) −0.10 0.46 0.835
Social media (within) −0.57 0.15 <0.001
Societal-level controls
Polarization (between) −0.05 0.04 0.292
Polarization (within) −0.06 0.02 0.004
Media bias (between) −0.08 0.10 0.418
Media bias (within) 0.01 0.02 0.583
Press freedom (between) 0.00 0.01 0.429
Press freedom (within) −0.00 0.00 0.758
Random effects
σ2 1.04 0.99 1.01 0.99
τ00 0.01 Country:year 0.01 Country:year 0.01 Country:year 0.01 Country:year

0.04 Country 0.04 Country 0.03 Country 0.03 Country

ICC 0.04 0.04 0.04 0.03
N 46 Country 46 Country 46 Country 46 Country

9 year 9 year 9 year 9 year

Observations 667,001 661,687 661,687 661,687
Marginal R2/Conditional R2 0.001/0.043 0.045/0.085 0.041/0.077 0.065/0.097

Note: Bold text within p column indicates p < .05.
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lower overall levels of trust in news (B¼−.10, p > .05). 
Therefore, H2b is not supported. However, it is important to 
keep in mind that the within-country estimates for the struc
ture of the media environment that we turn to next provide a 
more robust and more meaningful indication of the effect of 
media use on trust than the between-country estimates.

In H3a, we hypothesized that people will have higher trust 
in news in countries where the structure of the news media 
environment is increasingly characterized by television news 
use. The results from the model, specifically the within- 
country term for television news use, support this hypothesis 
(B ¼ .77, p < .001). H3b, which hypothesized that people 
will have lower trust in news in countries where the structure 
of the news media environment is increasingly characterized 

by social media news use, is also supported (B¼−.57, 
p < .001).

Putting these results in the context of the overall decline in 
trust in news, they mean that a yearly decrease of around 3 
percentage points (pp) in television news use is associated with 
a decrease of around −.025 in trust in news on the five-point 
scale (Figure 4). A yearly increase of around 3 pp in social me
dia news use is associated with a decrease of around −.016. 
These are small annual changes, but it should be kept in mind 
that, since 2015, many countries have seen simultaneous 
declines in television news use and rises in social media news 
use. Furthermore, the data span nine years, so annual changes 
have compounded year-on-year in countries that have seen, for 
example, consistent declines in television news use. In the 

Figure 1. The (a) predicted linear effect of year on trust in news across all 46 countries, (b) predicted non-linear effecr of year on trust in news across all 
46 countries, and (c) linear effecr of year on trust in news by country. 
Note. Shaded area/error bars represent 95% confidence intervals. Gray bars in plot c indicate that the effect was not statistically significant at the .05 level.
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Unites States, weekly television news use has fallen from 64% 
in 2015 to 48% in 2023, while weekly social media news 
use has grown from 40% to 48% (Newman et al., 2023). 
These findings are a particularly important illustration of the 
value of structuration theory that considers the interplay be
tween societal and individual-level factors, and of how our 
large dataset enables us to examine change over time.

We describe our results here in the context of overall 
declines in trust in news. However, it also follows from the 
results that in years when television news was higher than 
normal—such as in 2021, when television news increased 
during the coronavirus pandemic (Newman et al., 2023)— 
trust in news also increased. This is particularly important to 
remember, given that trust is not declining in every country, 
and there is considerable year-on-year fluctuation.

We should also keep in mind that the countries we analyze 
mostly have relatively high levels of press freedom—which 
could bias the overall results in a particular direction. In the 

Supplementary material, we show that the effects of both 
television and social media news use on trust start to move in 
the opposite direction in countries with lower levels of press 
freedom, as some of the affordances that underpin our hy
potheses no longer apply (e.g., commitment to impartiality 
on television). Although we do not have sufficient countries 
with very low levels of press freedom in our sample, future re
search could explore the possibility that the effects we find 
here could be inverted in media systems characterized by gov
ernment control over mainstream media, and the use of social 
media for free expression.

We also note that, although there are significant 
individual-level associations between the use of all types of 
news media (e.g., radio, print, etc) and trust, none of the 
other within-country coefficients are statistically significant, 
meaning that we have no evidence, for example, that as me
dia environments become less structured around newspaper 
use, trust in news decreases. Although included as control 

Figure 2. Standardized effects of different variables on trust in news across 333 separate country years. 
Note. Predicted effects ordered by size in each plot. Error bars represent 95% confidence intervals. Gray bars in plot indicate that the effect was not statistically 
significant at the .05 level.
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variables, we do see a significant negative effect of political 
polarization at the within-country level, meaning when politi
cal polarization is higher than usual, trust in the news is typi
cally lower (b¼−.06, p < .01).

Although the within-between models allow us to associate 
levels of media use with levels of trust in news while control
ling for all unobserved stable country-level variables, they do 
not reveal anything about the direction of causation. In other 

words, while it may be the case that levels of trust in news 
fall because television are less widely used, it could also be 
that television becomes less widely used in response to declin
ing trust.

Discussion
In this study, we analyzed survey data from more than half a 
million people across 46 countries between 2015 and 2023 to 
explore the effect of different types of media use on trust in 
news. Our analysis, based on REWB modeling, enabled us to 
explore changes in trust in news over time, as well as the effect 
of individual-level and societal-level factors simultaneously.

We find that there has been a small average decline in trust 
in news between 2015 and 2023, covering a period that goes 
beyond previous work in this area (Hanitzsch et al., 2018). 
The overall trend is clear, but, aligned with data from the 
World Values Survey and other studies (Livio & Cohen, 
2018; Poletti & Brants, 2010), it is not universal, varies sig
nificantly by country, and is not necessarily linear within 
countries. In some countries there are clear declines, while in 
others we see stability—and, in a smaller number of cases, 
increases in trust in news over time, contrary to the popular 
Western narrative.

What might help explain these differences? Our results at 
the individual level show a positive association between age 
and women and trust in news, and a negative association 
with education. However, these associations are inconsistent 
across countries, present in less than half of all 333 individual 
country–years analyzed. Interest in news, on the other hand, 
is consistently and positively associated with trust in news. 
The same is true of television news use. In none of the coun
try–years analyzed is television news use negatively associ
ated with trust at the individual level. Overall, we found a 

Figure 3. Predicted effect of media system on trust in news over time. 
Note. Shaded areas represent 95% confidence intervals. Countries classified 
using Humprecht et al. (2022).

Figure 4. Predicted effect of change in the structure of the media environment in terms of (a) television news use and (b) social media news use across 
all 46 countries. 
Note. Shaded areas represent 95% confidence intervals.
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negative individual-level association between trust in news 
and social media use, but in most country–years there is no 
significant effect. These findings bring some clarity to the cur
rent literature on trust, which is primarily characterized by 
mixed results from single country studies.

At the societal level, media system partially explains the 
patterns we see, since democratic corporatist countries have 
seen almost no change in trust, whereas polarized pluralist 
and hybrid countries have lower and declining levels of trust 
overall. But our key finding is that changes to the structure of 
the news media environment better explain trust in news. 
Specifically, as media environments became less characterized 
by television news use, and increasingly characterized by so
cial media news use, this was associated with a decline in 
trust. This is an important contribution that goes beyond the 
role played by political and social factors identified in previ
ous work.

However, it is important to acknowledge that the analysis 
we present here cannot identify the direction of causation. It 
may be that changing levels of trust in news are primarily 
influencing both news use and the structure of the media en
vironment or that this is happening alongside the mechanisms 
we describe. Although there are methods for addressing re
verse causation, they are difficult to apply to the data we 
have here, with annual data collection likely unsuitable for 
pinpointing whether changes in media use precede trust, or 
vice versa (Leszczensky & Wolbring, 2022).

Our analysis demonstrates both the utility of pursuing a 
structuration approach, examining the interplay between 
structure (the media environment) and agency (media use), 
and extends structuration theory to media attitudes (trust). It 
also points to the importance of integrating a structuration 
theory approach into studies of trust in news to help focus at
tention on the role of macro-level factors and affordances of 
different kinds of media use.

Our argument is not that the structure of news use solely 
determines trust in news, but that—just like interpersonal 
trust, confidence in politics, or political polarization—it is 
among the factors that may well explain changes in trust in 
news, and we have shown here that it is a consistent factor 
globally where prior theories have faced limitations. 
Although the available data do not allow us to test the effect 
of media structures alongside some of these variables, on bal
ance we do not think this significantly undermines our find
ings because, on the whole, they are not theoretically 
plausible confounders.

The positive link between television news use and trust 
could be explained with reference to findings from other 
studies discussed. We formulated hypotheses H1–3a on the 
basis of literature which shows how trust in news can be 
established, such as through audiovisual material, real-time 
coverage and—in countries where press freedom is relatively 
high—trusted personnel and a commitment to impartiality, 
leading to distinct trust relationships when compared to other 
sources (e.g., Metzger et al., 2003; Pellizzaro & Liseblad, 
2021; Schulz et al., 2019). This can be contrasted with social 
media, where—again, at least in countries with high press 
freedom, according to the studies in which we grounded hy
potheses H1–3b—people often encounter low-quality infor
mation, more partisan, cross-cutting news, all in the context 
of often contentious conversations or news criticism, and in a 
volume that hinders people’s evaluations of what is or is not 
trustworthy, potentially adding complexity and confusion 

(e.g., Fletcher et al., 2023; Masip et al., 2020; Stubenvoll 
et al., 2021). Prior research has also highlighted the degree to 
which social media structures, with their reliance on algo
rithms and metrics, may be contributing to qualitatively dif
ferent perceptions about the quality of the media 
environment—associations which may in turn be fueling ero
sion in the public’s trust (Fletcher & Nielsen, 2019).

Although the strength and direction of the effects may dif
fer depending on press freedom, the basic point remains that 
changing structures of media use are one of several factors 
that can help explain trends in trust in news in recent years. 
The decline of television and the growth of social media are 
near universal trends, but not at the same rates in all places, 
and as trust goes up in some countries and down in others, 
we can partly understand this through the different affordan
ces they have in different political contexts.

But even focussing on North America and Western Europe, 
some of the very features of television news critics have long 
decried (e.g., dominated by long-established “mainstream 
media”, little space for nuance, one-way transmission with 
no space for counter-speech, etc) may have helped engender 
trust in news, and some of the very features of social media 
often held up as positive contributions (e.g., incidental expo
sure leading people to more and more diverse sources of 
news, greater opportunities for participation) may at the 
same time erode trust. The American CBS evening news pre
senter Walter Cronkite’s legendary sign-off “and that’s the 
way it is” captures some of the authority television news has 
often assumed, in striking contrast to the diversity and dis
agreement often experienced on social media (Carlson, 
2017). (Whether, when, and under what condition that as
sumed authority was deserved, and whether the trust engen
dered aligned with trustworthiness, are separate questions 
from the ones we are focused on here.)

These differences between modes of media point toward 
potential new avenues for scholars and practitioners who 
seek to devise effective strategies to respond to declines in 
trust, which go beyond a strict focus on journalistic reporting 
practices, and we hope this study can help spur innovation in 
this vein. This study holds other scholarly implications as 
well, making significant theoretical and empirical advances in 
understanding what may be driving declines in trust in news 
across political information environments around the globe. 
It demonstrates how a combination of political forces but 
also changing media structures, in line with structurational 
accounts of audience attention, are contributing to a fraying 
of the relationship between the public and institutions of 
journalism in many places. As audiences are increasingly 
accessing news via social media platforms rather than televi
sion, they may be less likely to develop distinct relationships 
with a small number of unique journalistic sources, which are 
instead encountered in a more incidental manner and evalu
ated alongside a wider array of content. Webster’s (2011, 
2014) work on structuration and audience formation has 
long underlined the importance of paying close attention to 
the often-reciprocal relationship between structure and 
agency—an especially important point given the rapid pace 
of change in many forms of media use at the current junc
ture—and we extend this line of thinking here to help us un
derstand changes in trust in news. It is possible that similar 
relationships exist between various kinds of media use and 
other attitudes toward and perceptions of the media, and we 
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hope our approach offers a way of investigating that across 
countries over time.

We also believe that the approach we have taken here dem
onstrates how larger-scale comparative studies looking both 
across countries and over time can complement in-depth 
qualitative work, single country case studies, and cross- 
sectional comparative research. This helps communications 
scholars arrive at a firmer understanding of which trends and 
mechanisms are more general, and which ones more particu
lar, strengthening our ability to generalize, and protecting us 
against the risk of drawing unwarranted broad conclusions 
from studies of a single unusual country like, say, the United 
States. This is important for understanding trust in news, but 
also many other questions central to the theoretical and em
pirical concerns of communications research.

While we believe that this study is unprecedented in empiri
cal scale and scope, demonstrating relationships between me
dia use and trust in news across countries and over time, we 
want to underline that the theoretically grounded interpreta
tions we offer here, aligned with the research we ground our 
hypotheses in, do not represent the only possible explana
tions for the empirical findings, and we hope future work will 
focus on testing the relative role of different possible causal 
factors, including counterarguments and alternative explana
tions. Furthermore, while we have identified a variety of fea
tures that prior research suggests may distinguish television 
and social media when it comes to trust, we cannot adjudi
cate which of these features—or constellations of features— 
are most important, something future work should examine. 
This study also has some other limitations. We have evidence 
that media use matters for trust—even as the mechanisms we 
describe play out differently in different political contexts— 
but our focus on countries with relatively high press freedom 
means we cannot be sure that this is true everywhere. We 
should note that we do see a significant individual-level asso
ciation between some types of media use and trust—for ex
ample, a positive association with print use. This is a 
reminder that a major part of our analysis refers to societal- 
level changes. Future research could explore the effect of me
dia use on changes in trust at the individual level. It could 
also expand our understanding by separating out the inher
ent, universal aspects of television and social media use that 
are relevant for trust, from those where the effect is contin
gent on the political context.
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Notes
1. We also include data from the 2015 Reuters Institute Supplementary

Digital News Report and the 2019 Reuters Institute India Digital
News Report.

2. These could be more accurately described as markets, given that Taiwan
and Hong Kong are not universally recognized as countries.

3. http://hdr.undp.org/en/content/human-development-index-hdi
4. https://rsf.org/en/ranking
5. Although we are not aware of the use of this specific approach elsewhere

in communication research, the broader REWB framework has been
used by Schemer et al. (2021) and Stier et al. (2022).

6. Within and between terms were included in the analysis because interest
in news varies over time, and although education levels are generally sta
ble, additional education quotas were incorporated into the Digital
News Report data collection from 2019, meaning university educated
respondents were over-represented in earlier years, and thus introduc
ing variation.

References 
Aharoni, T., Tenenboim-Weinblatt, K., Kligler-Vilenchik, N., 

Boczkowski, P., Hayashi, K., Mitchelstein, E., & Villi, M. (2024). 
Trust-oriented affordances: A five-country study of news trustwor
thiness and its socio-technical articulations. New Media & Society, 
26(6), 3088–3106. https://doi.org/10.1177/14614448221096334

Altay, S., Kleis Nielsen, R., & Fletcher, R. (2022). Quantifying the 
“infodemic”: People turned to trustworthy news outlets during the 
2020 coronavirus pandemic. Journal of Quantitative Description: 
Digital Media, 2, 1–29. https://doi.org/10.51685/jqd.2022.020

Arceneaux, K., Johnson, M., & Murphy, C. (2012). Polarized political 
communication, oppositional media hostility, and selective expo
sure. The Journal of Politics, 74(1), 174–186. https://doi.org/10. 
1017/S002238161100123X

Bell, A., Fairbrother, M., & Jones, K. (2019). Fixed and random effects 
models: Making an informed choice. Quality & Quantity, 53(2), 
1051–1074. https://doi.org/10.1007/s11135-018-0802-x

Bl€obaum, B. (2016). Trust and communication in a digitized world. 
Springer International Publishing. https://doi.org/10.1007/978-3- 
319-28059-2

Boot, A. B., Dijkstra, K., & Zwaan, R. A. (2021). The processing and 
evaluation of news content on social media is influenced by peer-user 
commentary. Humanities and Social Sciences Communications, 8(1), 
1–11. https://doi.org/10.1057/s41599-021-00889-5

Bosch, O. J., Sturgis, P., Kuha, J., & Revilla, M. (2023). Uncovering 
digital trace data biases: Tracking undercoverage in web tracking 
data. Communication Methods and Measures, https://doi.org/10. 
31235/osf.io/t2dbj

Carlson, M. (2017). Journalistic authority: Legitimating news in the 
digital era. Columbia University Press. https://doi.org/10. 
7312/carl17444

Carter, R. F., & Greenberg, B. S. (1965). Newspapers or television: 
which do you believe? Journalism Quarterly, 42(1), 29–34. https:// 
doi.org/10.1177/107769906504200104

Ceron, A. (2015). Internet, news, and political trust: The difference be
tween social media and online media outlets. Journal of 
Computer-Mediated Communication, 20(5), 487–503. https://doi. 
org/10.1111/jcc4.12129

Chang, L. K. H., & Lemert, J. B. (1968). The invisible newsman and 
other factors in media competition. Journalism Quarterly, 45(3), 
436–444. https://doi.org/10.1177/107769906804500303

Daniller, A., Allen, D., Tallevi, A., & Mutz, D. C. (2017). Measuring 
trust in the press in a changing media environment. Communication 
Methods and Measures, 11(1), 76–85. https://doi.org/10.1080/ 
19312458.2016.1271113

Engelke, K. M., Hase, V., & Wintterlin, F. (2019). On measuring trust 
and distrust in journalism: Reflection of the status quo and sugges
tions for the road ahead. Journal of Trust Research, 9(1), 66–86. 
https://doi.org/10.1080/21515581.2019.1588741

Fairbrother, M. (2014). Two multilevel modeling techniques for analyz
ing comparative longitudinal survey datasets. Political Science 

Journal of Communication (2024), Vol. 00, No. 0     13 


article-lookup/doi/10.1093/joc/jqae044#supplementary-data
http://hdr.undp.org/en/content/human-development-index-hdi
https://rsf.org/en/ranking
https://doi.org/10.1177/14614448221096334
https://doi.org/10.51685/jqd.2022.020
https://doi.org/10.1017/S002238161100123X
https://doi.org/10.1017/S002238161100123X
https://doi.org/10.1007/s11135-018-0802-x
https://doi.org/10.1007/978-3-319-28059-2
https://doi.org/10.1007/978-3-319-28059-2
https://doi.org/10.1057/s41599-021-00889-5
https://doi.org/10.31235/osf.io/t2dbj
https://doi.org/10.31235/osf.io/t2dbj
https://doi.org/10.7312/carl17444
https://doi.org/10.7312/carl17444
https://doi.org/10.1177/107769906504200104
https://doi.org/10.1177/107769906504200104
https://doi.org/10.1111/jcc4.12129
https://doi.org/10.1111/jcc4.12129
https://doi.org/10.1177/107769906804500303
https://doi.org/10.1080/19312458.2016.1271113
https://doi.org/10.1080/19312458.2016.1271113
https://doi.org/10.1080/21515581.2019.1588741


Research and Methods, 2(1), 119–140. https://doi.org/10.1017/ 
psrm.2013.24

Fawzi, N., Steindl, N., Obermaier, M., Prochazka, F., Arlt, D., 
Bl€obaum, B., … Ziegele, M. (2021). Concepts, causes and conse
quences of trust in news media—a literature review and framework. 
Annals of the International Communication Association, 45(2), 
154–174. https://doi.org/10.1080/23808985.2021.1960181

Fletcher, R., Kalogeropoulos, A., & Nielsen, R. K. (2023). More di
verse, more politically varied: How social media, search engines and 
aggregators shape news repertoires in the United Kingdom. New 
Media & Society, 25(8), 2118–2139. https://doi.org/10.1177/ 
14614448211027393

Fletcher, R., & Nielsen, R. K. (2019). Generalised scepticism: How peo
ple navigate news on social media. Information, Communication & 
Society, 22(12), 1751–1769. https://doi.org/10.1080/1369118X. 
2018.1450887

Fletcher, R., & Park, S. (2017). The impact of trust in the news 
media on online news consumption and participation. Digital 
Journalism, 5(10), 1281–1299. https://doi.org/10.1080/21670811. 
2017.1279979

Hallin, D. C., & Mancini, P. (2004). Comparing media systems: Three 
models of media and politics. Cambridge University Press.

Hanitzsch, T., Van Dalen, A., & Steindl, N. (2018). Caught in the 
nexus: a comparative and longitudinal analysis of public trust in the 
press. The International Journal of Press/Politics, 23(1), 3–23. 
https://doi.org/10.1177/1940161217740695

Hargittai, E., Neuman, W. R., & Curry, O. (2012). Taming the 
Information Tide: Perceptions of Information Overload in the 
American Home. The Information Society, 28(3), 161–173. https:// 
doi.org/10.1080/01972243.2012.669450

Humprecht, E., Castro Herrero, L., Blassnig, S., Br€uggemann, M., & 
Engesser, S. (2022). Media systems in the digital age: An empirical 
comparison of 30 countries. Journal of Communication, 72(2), 
145–164. https://doi.org/10.1093/joc/jqab054

Ipsos (2022). Ipsos Veracity Index 2022. Ipsos. https://www.ipsos.com/ 
en-uk/ipsos-veracity-index-2022

Kalogeropoulos, A., Fletcher, R., & Nielsen, R. K. (2019). News brand 
attribution in distributed environments: Do people know where 
they get their news? New Media & Society, 21(3), 583–601. https:// 
doi.org/10.1177/1461444818801313

Karlsen, R., & Aalberg, T. (2023). Social media and trust in news: an 
experimental study of the effect of facebook on news story credibil
ity. Digital Journalism, 11(1), 144–160. https://doi.org/10.1080/ 
21670811.2021.1945938

Kavada, A., & Trer�e, E. (2020). Live democracy and its tensions: 
Making sense of livestreaming in the 15M and Occupy. 
Information, Communication & Society, 23(12), 1787–1804. 
https://doi.org/10.1080/1369118X.2019.1637448

Kohring, M., & Matthes, J. (2007). Trust in news media: development 
and validation of a multidimensional scale. Communication Research, 
34(2), 231–252. https://doi.org/10.1177/0093650206298071

Ladd, J. M. (2012). Why Americans hate the media and how it matters. 
Princeton University Press. https://doi.org/10.1515/9781400840359

Leszczensky, L., & Wolbring, T. (2022). How to deal with reverse cau
sality using panel data? Recommendations for researchers based on 
a simulation study. Sociological Methods & Research, 51(2), 
837–865. https://doi.org/10.1177/0049124119882473

Levy, M. R. (1979). Watching TV news as para-social interaction. 
Journal of Broadcasting, 23(1), 69–80. https://doi.org/10.1080/ 
08838157909363919

Livio, O., & Cohen, J. (2018). Fool me once, shame on you’: Direct per
sonal experience and media trust. Journalism, 19(5), 684–698. 
https://doi.org/10.1177/1464884916671331

Lu, Y., & Lee, J. K. (2019). Stumbling upon the other side: Incidental 
learning of counter-attitudinal political information on Facebook. 
New Media & Society, 21(1), 248–265. https://doi.org/10.1177/ 
1461444818793421

Mangold, F., Bachl, M., & Prochazka, F. (2022). How news audiences 
allocate trust in the digital age: A figuration perspective. Journalism 

& Mass Communication Quarterly, 1–26. https://doi.org/10.1177/ 
10776990221100515

Masip, P., Suau, J., & Ruiz-Caballero, C. (2020). Incidental exposure 
to non-like-minded news through social media: Opposing voices in 
echo-chambers’ news feeds. Media and Communication, 8(4), 
53–62. https://doi.org/10.17645/mac.v8i4.3146

Masip, P., Suau-Mart�ınez, J., & Ruiz-Caballero, C. (2018). 
Questioning the selective exposure to news: Understanding the im
pact of social networks on political news consumption. American 
Behavioral Scientist, 62(3), 300–319. https://doi.org/10.1177/ 
0002764217708586

Matthes, J., Knoll, J., Valenzuela, S., Hopmann, D. N., & Von 
Sikorski, C. (2019). A meta-analysis of the effects of cross-cutting 
exposure on political participation. Political Communication, 36 
(4), 523–542. https://doi.org/10.1080/10584609.2019.1619638

Metzger, M. J., Flanagin, A. J., Eyal, K., Lemus, D. R., & Mccann, R. 
M. (2003). Credibility for the 21st century: Integrating perspectives
on source, message, and media credibility in the contemporary me
dia environment. Annals of the International Communication
Association, 27(1), 293–335. https://doi.org/10.1080/23808985.
2003.11679029

Meyrowitz, J. (1985). No sense of place: The impact of electronic media 
on social behavior. Oxford University Press.

Mont’Alverne, C., Badrinathan, S., Ross Arguedas, A., Toff, B., 
Fletcher, R., & Nielsen, R. K. (2022). The trust gap: How and why 
news on digital platforms is viewed more sceptically versus news in 
general. Reuters Institute for the Study of Journalism. https://doi. 
org/10.60625/RISJ-SKFK-H856

Napoli, P. M. (2014). Automated media: An institutional theory per
spective on algorithmic media production and consumption: auto
mated media. Communication Theory, 24(3), 340–360. https://doi. 
org/10.1111/comt.12039

Nelson, J. L. (2021). Imagined audiences: How journalists perceive and 
pursue the public. Oxford University Press.

Newhagen, J., & Nass, C. (1989). Differential criteria for evaluating 
credibility of newspapers and TV news. Journalism Quarterly, 66 
(2), 277–284. https://doi.org/10.1177/107769908906600202

Newman, N., Fletcher, R., Schulz, A., Andi, S., Robertson, C. T., & 
Nielsen, R. K. (2021). Reuters institute digital news report 2021. 
Reuters Institute for the Study of Journalism.

Newman, N., Fletcher, R., Robertson, C. T., Eddy, K., & Nielsen, R. K. 
(2022). Reuters institute digital news report 2022. Reuters Institute 
for the Study of Journalism.

Newman, N., Fletcher, R., Eddy, K., Robertson, C. T., & Nielsen, R. K. 
(2023). Reuters institute digital news report 2023. Reuters Institute for 
the Study of Journalism. https://doi.org/10.60625/RISJ-P6ES-HB13

Norris, P. (2011). Democratic deficit: Critical citizens revisited. 
Cambridge University Press.

Park, S., Fisher, C., Flew, T., & Dulleck, U. (2020). Global mistrust in 
news: The impact of social media on trust. International Journal on 
Media Management, 22(2), 83–96. https://doi.org/10.1080/ 
14241277.2020.1799794

Park, S., & Lee, J. Y. (2023). Incidental news exposure on Facebook 
and its relation to trust in news. Social Media þ Society, 9(1), 
https://doi.org/10.1177/20563051231158823

Pellizzaro, K., & Liseblad, M. (2021). Reporting from my home: 
Location effect on the para-social phenomenon and the news broad
cast industry. Journal of Broadcasting & Electronic Media, 65(4), 
595–614. https://doi.org/10.1080/08838151.2021.1993226

Pew Research Center. (2020). Measuring news consumption in a digital 
era. Pew Research Center. https://www.pewresearch.org/journal 
ism/2020/12/08/measuring-news-consumption-in-a-digital-era/

Poletti, M., & Brants, K. (2010). Between partisanship and cynicism: 
Italian journalism in a state of flux. Journalism, 11(3), 329–346. 
https://doi.org/10.1177/1464884909360923

Prior, M. (2009). The immensely inflated news audience: Assessing bias 
in self-reported news exposure. Public Opinion Quarterly, 73(1), 
130–143. https://doi.org/10.1093/poq/nfp002

14                  The link between changing news use and trust 

https://doi.org/10.1017/psrm.2013.24
https://doi.org/10.1017/psrm.2013.24
https://doi.org/10.1080/23808985.2021.1960181
https://doi.org/10.1177/14614448211027393
https://doi.org/10.1177/14614448211027393
https://doi.org/10.1080/1369118X.2018.1450887
https://doi.org/10.1080/1369118X.2018.1450887
https://doi.org/10.1080/21670811.2017.1279979
https://doi.org/10.1080/21670811.2017.1279979
https://doi.org/10.1177/1940161217740695
https://doi.org/10.1080/01972243.2012.669450
https://doi.org/10.1080/01972243.2012.669450
https://doi.org/10.1093/joc/jqab054
https://www.ipsos.com/en-uk/ipsos-veracity-index-2022
https://www.ipsos.com/en-uk/ipsos-veracity-index-2022
https://doi.org/10.1177/1461444818801313
https://doi.org/10.1177/1461444818801313
https://doi.org/10.1080/21670811.2021.1945938
https://doi.org/10.1080/21670811.2021.1945938
https://doi.org/10.1080/1369118X.2019.1637448
https://doi.org/10.1177/0093650206298071
https://doi.org/10.1515/9781400840359
https://doi.org/10.1177/0049124119882473
https://doi.org/10.1080/08838157909363919
https://doi.org/10.1080/08838157909363919
https://doi.org/10.1177/1464884916671331
https://doi.org/10.1177/1461444818793421
https://doi.org/10.1177/1461444818793421
https://doi.org/10.1177/10776990221100515
https://doi.org/10.1177/10776990221100515
https://doi.org/10.17645/mac.v8i4.3146
https://doi.org/10.1177/0002764217708586
https://doi.org/10.1177/0002764217708586
https://doi.org/10.1080/10584609.2019.1619638
https://doi.org/10.1080/23808985.2003.11679029
https://doi.org/10.1080/23808985.2003.11679029
https://doi.org/10.60625/RISJ-SKFK-H856
https://doi.org/10.60625/RISJ-SKFK-H856
https://doi.org/10.1111/comt.12039
https://doi.org/10.1111/comt.12039
https://doi.org/10.1177/107769908906600202
https://doi.org/10.60625/RISJ-P6ES-HB13
https://doi.org/10.1080/14241277.2020.1799794
https://doi.org/10.1080/14241277.2020.1799794
https://doi.org/10.1177/20563051231158823
https://doi.org/10.1080/08838151.2021.1993226
https://www.pewresearch.org/journalism/2020/12/08/measuring-news-consumption-in-a-digital-era/
https://www.pewresearch.org/journalism/2020/12/08/measuring-news-consumption-in-a-digital-era/
https://doi.org/10.1177/1464884909360923
https://doi.org/10.1093/poq/nfp002


Ross Arguedas, A. A., Badrinathan, S., Mont’Alverne, C., Toff, B., Fletcher, 
R., & Nielsen, R. K. (2022). “It’s a battle you are never going to win”: 
Perspectives from journalists in four countries on how digital media plat
forms undermine trust in news. Journalism Studies, 23(14), 1821–1840. 
https://doi.org/10.1080/1461670X.2022.2112908

Schemer, C., Masur, P. K., Geiß, S., M€uller, P., & Sch€afer, S. (2021). 
The impact of internet and social media use on well-being: A longi
tudinal analysis of adolescents across nine years. Journal of 
Computer-Mediated Communication, 26(1), 1–21. https://doi.org/ 
10.1093/jcmc/zmaa014

Schiffrin, A. (2019). Credibility and trust in journalism. In A. Schiffrin 
(Ed.), Oxford Research Encyclopedia of Communication (pp. 
1–29). Oxford University Press. https://doi.org/10.1093/acrefore/ 
9780190228613.013.794

Schmidt-Catran, A. W., & Fairbrother, M. (2016). The random effects 
in multilevel models: getting them wrong and getting them right. 
European Sociological Review, 32(1), 23–38. https://doi.org/10. 
1093/esr/jcv090

Schulz, A., Fletcher, R., & Popescu, M. (2020). Are news outlets viewed 
in the same way by experts and the public? A comparison across 23 
European countries. Reuters Institute for the Study of Journalism. 
https://doi.org/10.60625/RISJ-NBG4-8B23

Schulz, A., Levy, D. A. L., & Nielsen, R. K. (2019). Old, educated, and 
politically diverse: Measuring the reach of public service news. 
Reuters Institute for the Study of Journalism. https://doi.org/10. 
60625/RISJ-5KZQ-Z093

Stier, S., Mangold, F., Scharkow, M., & Breuer, J. (2022). Post 
post-broadcast democracy? News exposure in the age of online 
intermediaries. American Political Science Review, 116(2), 
768–774. https://doi.org/10.1017/S0003055421001222

Str€omb€ack, J., Tsfati, Y., Boomgaarden, H., Damstra, A., Lindgren, E., 
Vliegenthart, R., & Lindholm, T. (2020). News media trust and its 
impact on media use: Toward a framework for future research. 
Annals of the International Communication Association, 44(2), 
139–156. https://doi.org/10.1080/23808985.2020.1755338

Stubenvoll, M., Heiss, R., & Matthes, J. (2021). Media trust 
under threat: antecedents and consequences of misinformation 

perceptions on social media. International Journal of 
Communication, 15(2021), 2765–2786.

Sundar, S. (2008). The MAIN model: A heuristic approach to under
standing technology effects on credibility. In M. J. Metzger & A. J. 
Flanagin (Eds.), Digital media, youth, and credibility (pp. 73–100). 
The John D. and Catherine T. MacArthur Foundation Series on 
Digital Media and Learning. The MIT Press.

Thorson, E. (2024). How news coverage of misinformation shapes per
ceptions and trust. Cambridge University Press. https://doi.org/10. 
1017/9781009488815

Thorson, K., Cotter, K., Medeiros, M., & Pak, C. (2021). Algorithmic 
inference, political interest, and exposure to news and politics on 
Facebook. Information, Communication & Society, 24(2), 
183–200. https://doi.org/10.1080/1369118X.2019.1642934

Toff, B., Badrinathan, S., Mont’Alverne, C., Ross Arguedas, A., 
Fletcher, R., & Nielsen, R. K. (2020). What we think we know and 
what we want to know: Perspectives on trust in news in a changing 
world. Reuters Institute for the Study of Journalism.

Tsfati, Y., & Cappella, J. N. (2003). Do people watch what they do not 
trust?: Exploring the association between news media skepticism 
and exposure. Communication Research, 30(5), 504–529. https:// 
doi.org/10.1177/0093650203253371

Van Dijck, J., Poell, T., & de Waal, M. (2018). The platform society. 
Oxford University Press.

Watts, M. D., Domke, D., Shah, D. V., & Fan, D. P. (1999). Elite cues 
and media bias in presidential campaigns: Explaining public percep
tions of a liberal press. Communication Research, 26(2), 144–175. 
https://doi.org/10.1177/009365099026002003

Webster, J. G. (2011). The duality of media: A structurational theory of 
public attention. Communication Theory, 21(1), 43–66. https://doi. 
org/10.1111/j.1468-2885.2010.01375.x

Webster, J. G. (2014). The marketplace of attention: How audiences 
take shape in a digital age. MIT press.

Wilson, C. E., & Howard, D. M. (1978). Public perception of media ac
curacy. Journalism Quarterly, 55(1), 73–76. https://doi.org/10. 
1177/107769907805500110

© The Author(s) 2024. Published by Oxford University Press on behalf of International Communication Association.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
Journal of Communication, 2024, 00, 1–15
https://doi.org/10.1093/joc/jqae044
Original Article

Journal of Communication (2024), Vol. 00, No. 0     15 

https://doi.org/10.1080/1461670X.2022.2112908
https://doi.org/10.1093/jcmc/zmaa014
https://doi.org/10.1093/jcmc/zmaa014
https://doi.org/10.1093/acrefore/9780190228613.013.794
https://doi.org/10.1093/acrefore/9780190228613.013.794
https://doi.org/10.1093/esr/jcv090
https://doi.org/10.1093/esr/jcv090
https://doi.org/10.60625/RISJ-NBG4-8B23
https://doi.org/10.60625/RISJ-5KZQ-Z093
https://doi.org/10.60625/RISJ-5KZQ-Z093
https://doi.org/10.1017/S0003055421001222
https://doi.org/10.1080/23808985.2020.1755338
https://doi.org/10.1017/9781009488815
https://doi.org/10.1017/9781009488815
https://doi.org/10.1080/1369118X.2019.1642934
https://doi.org/10.1177/0093650203253371
https://doi.org/10.1177/0093650203253371
https://doi.org/10.1177/009365099026002003
https://doi.org/10.1111/j.1468-2885.2010.01375.x
https://doi.org/10.1111/j.1468-2885.2010.01375.x
https://doi.org/10.1177/107769907805500110
https://doi.org/10.1177/107769907805500110

	Active Content List
	Defining trust in news
	What influences trust in news?
	Trust in different news sources
	Structuration and trust
	Research questions and hypotheses
	Methods
	Results
	Discussion
	Supplementary material
	Funding
	Acknowledgements
	References 


