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Abstract
Structural linguistic features are often overlooked yet potentially important aspects of journalistic

practice. Especially in news reporting on climate change, these features can play a crucial role as the

proper use of language is tied to message credibility, processing fluency and knowledge retention, which

can positively influence the reader to take more climate action. This article analyzes language use in

Danish news articles on climate change using a sample of around 32,000 articles from four different

outlet types (quality news, niche papers, tabloids, and public service broadcasters) published from 1990

to 2021. We create a machine-learning model of text complexity covering this concept’s semantic and

syntactic dimensions. Our findings confirm expected differences in complexity between news outlets,

highlighting tabloid articles as engaging with higher semantic complexity, while quality papers and niche

papers exhibit higher syntactic complexity. We observe a significant decrease in semantic complexity

and a slight increase in syntactic complexity over time, a trend towards more generic language, and an

increased use of pronouns, verbs, and adverbs. Most of these changes can be attributed to the emergence

of articles by public service broadcasters. Articles by public service broadcasters are characterised by

high syntactic complexity, which we consider problematic due to their popularity among the general

public.
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1. Introduction and background

The way individuals perceive, understand, and engage with information about climate change

(CC), including the potential to enhance knowledge on the subject, is influenced by the com-

plexity of the language with which it is presented. Simpler (vs. more complex) language may

facilitate further engagement and learning about human-emitted greenhouse gases and ap-

proaches to CC mitigation and adaptation. Language complexity has several effects. Newspaper

complexity, for instance, has been shown to explain the knowledge gap hypothesis as groups

with differing socioeconomic status will have less or more knowledge due to their literacy

(Kleinnijenhuis 1991). Language is essential as it expresses facts, represents realities and influ-

ences attitudes and behaviours, thereby shaping new realities (Fløttum 2016). Finally, language

influences the credibility of the message communicated in a text (Tolochko and Boomgaarden
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2018). Ultimately, language is a critical factor in citizen involvement and when used properly

can motivate people to become more climate-conscious and support climate-friendly policies.

CC communication can be considered an instance of science communication facilitating

dialogue between the public and scientific research. Linguistic strategies of CC communication

among politicians and CC activists have been studied by eco-linguistics (Cunningham, Foxcroft,

and Sauntson 2022). In the media, it is equally important to adopt effective strategies for com-

municating scientific research (Moser 2016). Previous research in mediated CC communication

has mostly looked into effective communication strategies using frame analysis (Schäfer and

O’Neill 2017; Robertson 2022), or investigating drivers of media attention (Hase et al. 2021). Less

is known about the textual complexity and comprehensibility of CC news articles. However,

structural linguistic features of news reporting can be a crucial aspect of journalistic practices,

which are often overlooked but potentially important. In this paper, we use a sample of around

32,000 newspaper articles from nine of Denmark’s most prominent news outlets covering the

period 1990 to 2021 to study the structural linguistic characteristics of CC news reporting.

1.1. Text complexity and its operationalisation

Structural linguistic characteristics are an essential aspect of written communication. Linguistic

complexity is a multidimensional construct for which metrics to measure these concepts fall

into the categories of semantic and syntactic complexity (Tolochko and Boomgaarden 2019).

Many previous studies, however, fall short of acknowledging this multidimensional nature

and operationalise text complexity only via single-item readability measures, like the Flesch

reading ease (Tolochko and Boomgaarden 2018). Readability measures are inherently syntactic

measures as they usually — among other aspects — measure the number of words per sentence.

However, they are only a weak proxy for text complexity as they exclude the semantic dimension.

Semantic complexity is usually represented via metrics of lexical richness or diversity, e.g. the

type/token ratio, i.e. the number of unique words (types) vs the total number of words (tokens)

in a text (Tolochko, Song, and Boomgaarden 2019). Recently, researchers have begun to account

for the multi-faceted nature of text complexity and combine multiple features and data reduction

techniques, like factor analysis, to build machine learning models of text complexity (Tolochko

and Boomgaarden 2018, 2019; Tolochko, Song, and Boomgaarden 2019).

Applying this approach, previous research successfully links objective linguistic complexity to

the perceived and more subjective complexity of a text. E.g., Tolochko, Song, and Boomgaarden

2019 found that the more syntactically complex a text is, the stronger decreases the ability of

people to recall factual information it conveys (Tolochko, Song, and Boomgaarden 2019). These

findings align with research on election ballot wording, which shows that the more semantically

and syntactically complex the wording is, the lower the voter’s processing fluency (Shulman

et al. 2022). However, while final empirical validation in the context of news articles on CC is

still missing, variation in semantic versus syntactic complexity would likely produce differing

learning processes and information retention.

2



Analysis of Textual Complexity in Danish News Articles on Climate Change

1.2. Text complexity and newspaper type

One of our primary interests is the structural linguistic differences between various journalistic

outlets. A broad distinction can be made between broadsheet papers, also referred to as quality

papers, and tabloid news (Richardson 2007; BBC 2023). It is well known that broadsheet news

sometimes covers the same topic in a completely different style than tabloid newspapers (Baker

2010). Tabloid journalists use simpler and shorter sentences characterised by emotive, dramatic,

or sensationalist language (BBC 2023). Quality press, on the other hand, features a straightfor-

ward and factual style with longer and more complex sentences. Tolochko and Boomgaarden

2019 systematically compared articles from quality newspapers, tabloid newspapers, children’s

books, and legal texts. They conclude that tabloid articles are semantically complex yet charac-

terised by low syntactical complexity. In comparison, quality newspapers are the direct opposite.

Children’s books score low on both syntactic and semantic complexity as they use language

designed to be understandable. Possible explanations for the differences found in news articles

are language standardisation in quality news, i.e. following a strict editorial process, which

leads to a lower semantic complexity. In contrast, tabloid articles have a greater variety of

styles, featuring emotional language, usage of synonyms, colloquialism, and jargon that is rarely

found in the highly standardised language of quality news (Tolochko and Boomgaarden 2018).

We are following a desideratum put forward by Tolochko and Boomgaarden that asks for a

longitudinal study on the diachronic development of semantic and syntactic complexity that

could give further clarification on the tabloidization of news (Esser 1999; Skovsgaard 2014). Some

researchers consider the tabloidization of news a potential threat to democracy (Skovsgaard

2014). However, in the context of CC communication, a tabloid-style news reporting could

be potentially beneficial as it would follow UN recommendations on how to report about CC

by making CC stories more engaging and relatable to individuals, thereby paving the way for

positive climate action (Nations 2022). Table 1 summarises the main characteristics of semantic

and syntactic complexity.

Structural differences between quality newspapers, tabloids, and even citizen journalism

(blogs) have been studied before (Tolochko and Boomgaarden 2018). However, how online

news articles by public service providers differ in this respect has mostly been overlooked.

One exception is a study by Jung 2003 comparing online business news from CNBC, CNN,

and CBSMarketWatch with print news from the Wall Street Journal, the New York Times,

and USA Today. Jung 2003 finds that online news has a more challenging writing style, with

higher average sentence length and low reading ease scores. In our context, we deal with

online articles published by public service providers. Research has shown that public service

media report differently on political issues than market-driven outlets (Cushion 2022). Thus,

our main aim is not to compare print vs online articles but rather the difference between CC

news produced by traditional media like national newspapers and CC news provided by public

service corporations.

1.3. Complexity of climate change texts

While most people pay more attention to TV or movie documentaries, news stories from major

news organisations still feature second as the main information source on CC (Robertson 2022).
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Table 1
Overview of characteristics of semantic and syntactic complexity known from related work.

Semantic complexity Syntactic complexity

Caused by Emotional tone, colloquialism, jargon Long sentences with many dependent clauses

Prominent in Tabloid, blog articles Broadsheet papers (quality news), legal texts

Metrics Lexical diversity and lexical richness Readability measures, Dependency parsing

However, research on the complexity of CC news could be more extensive. Textual material

covering the science of CC can be difficult to read, as shown by a study by Barkemeyer et al. 2015

on language use in IPCC’s summaries for policymakers (SPM). When comparing IPCC’s SPMs

with scientific publications and news articles from English language tabloids and quality papers,

they identify SPMs as the least readable texts. On the other hand, the readability of CC reporting

in newspapers has been steadily increasing. Additionally, the study found these articles have

become more emotive over time (Barkemeyer et al. 2015). To sum up, we are addressing the

following three research questions:

RQ1 How has semantic and syntactic complexity developed over time, and how does this vary

across news outlets?

RQ2 Can structural characteristics of language use explain this development?

RQ3 For which news outlet types do semantic and syntactic complexity differ most signifi-

cantly?

2. Data and methods

Our analysis is based on a sample of articles collected programmatically by API access to

Infomedia, one of the largest media archives in Scandinavia. We collected articles on CC and

related keywords (greenhouse effect and global warmning)
1

between 1990 and 2021, from all

printed newspapers currently in circulation as well as two online news sites by Danish public

service corporations, Danmarks Radio (dr.dk) and TV2 (tv2.dk), which are the fourth and fifth

most visited websites in Denmark (Similarweb 2023). We decided only to use core climate

change articles, meaning we focus on all news items that contain one of the keywords at least

twice. Table 2 gives an overview of our corpus. One of our main research questions is how

textual complexity varies by the type of news outlet. Our sample is dominated by articles from

quality newspapers, which are regular board sheet papers intended to be read by the general

public. Niche papers appeal more to the intellectual elite. Information andWeekendavisen belong

to this category, also representing both ends of the political spectrum (left-right). Public service

providers (DR and TV2) publish online-only news. These stories mostly consist of frequent

news updates and breaking news focusing on episodic, less politicized and less controversial

1

The original query in Danish was: klimaforandring* OR "global* opvarmning" OR drivhuseffekt*.
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topics. Finally Ekstra-Bladet is the only tabloid newspaper in our sample. We study 32,214

articles with an average length of 763.6 words (median=580, min=101, max=13,429).

Table 2
Description of the sample of news articles used in the analysis.

Outlet name #Print #Web Type Time frame

Berlingske 2,988 3,000 Quality paper 1990-2021

Danmarks Radio (DR) - 1,523 Public service 2007-2021

Ekstra-Bladet 261 892 Tabloid 1990-2021
Information 2,914 1,466 Niche paper 1997-2021

Jyllands-Posten 2,810 4,061 Quality paper 1996-2021

Kristeligt-Dagblad 1,091 1,786 Niche paper 2001-2021

Politiken 3,724 2,682 Quality paper 1990-2021

TV2 - 1,874 Public service 2008-2021
Weekendavisen 942 200 Niche paper 1990-2021

Total 14,730 17,484 32,214

2.1. Feature engineering

While syntactic complexity is more clearly defined, a definition of semantic complexity can be

more demanding. In this paper, we follow the extensional approach to semantic complexity as

introduced by Tolochko and Boomgaarden 2019. Following this definition, the more ambiguity

that is associated with a lexical unit (e.g. synonymy, polysemy) the more semantically complex it

is. Thus we will mainly use lexical units as proxies for semantic complexity. In our aim to capture

as many different characteristics of textual complexity, we calculate multiple measures including

the average word length (AWL), the average sentence length (ASL), and various measures of

vocabulary richness and lexical diversity, e.g., the word variation index (ordvariationsindex,

OVIX), and the mean average type-token ratio (MATTR) (Covington and McFall 2010). Moreover,

we calculate LIX (Läsbarhetsindex), a readability index commonly used for Nordic languages

(Falkenjack and Jönsson 2014). As previously mentioned, readability measures are commonly

seen as measures of syntactic complexity. Finally, we use the Python NLP framework DaCy,

an adaption of spaCy for Danish, to perform dependency parsing and extract the height of

the dependency tree (Enevoldsen, Hansen, and Nielbo 2021). The tree’s height is the longest

dependency chain in the sentence, starting from the root node, the verb.

In the following description of features, 𝑆 refers to the total number of sentences, 𝑁 refers

to the total number of tokens, 𝑉 to the number of types, and 𝑓𝑣(𝑖,𝑁) to the numbers of types

occurring 𝑖 times in a sample of length 𝑁 .

• AWL= 𝑁
𝑛𝑐ℎ𝑎𝑟𝑠

• ASL= 𝑁
𝑆

• LIX= 𝑁
𝑆 + (𝑁>6𝑐ℎ𝑎𝑟𝑠

𝑁 ) * 100
• OVIX= 𝑙𝑜𝑔(𝑁)

𝑙𝑜𝑔(2− 𝑉
𝑁

)
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• Yule’s I= 𝑉 2

𝑀2−𝑉 with 𝑀2 =
∑︀𝑉

𝑖=1 𝑖
2 * 𝑓𝑣(𝑖,𝑁)

• MATTR= Is the mean of multiple TTRs (
𝑉
𝑁 ) calculated for a moving window of tokens

from the first to the last token of the text (𝑤𝑖𝑛𝑑𝑜𝑤𝑠𝑖𝑧𝑒 = 100).

• Syntactic depth: Height of the dependency tree based on DaCy. We take the average of

all sentences for a document.

In a next step, we use these features in a principal component analysis (PCA).

2.2. Principal component analysis

Figure 1: Contribution of features/variables to the two principal components of the PCA. The dashed
line in red indicates the expected average contribution. If all variables would contribute equally, the
expected value would be 1/7 = 14.3%. Contributions above the threshold can be considered important to
a dimension.

Our goal is to capture the many facets of textual complexity, characterised by the features

presented in the previous section, in a two-dimensional model. With this in mind, we perform

dimensionality reduction using PCA to see which features would load onto a model with two

main components. The first two principal components explain 70.5% of the variation in the data,

which we consider an acceptably large percentage. Next, we determine how much each variable

is represented in each component. Figures 1 A) and B) show the variable loadings for the two

extracted principal components. In Figure 1 A), we can see that it is primarily measures of lexical

diversity and richness like Yule’s I, MATTR and OVIX that load on the first component (Dim-1).

Thus, we consider Dim-1 to represent semantic complexity. Figure 1 B) shows that the average

sentence length, the syntactic depth and LIX load more than average on the second component

(Dim-2). Given that these metrics can be considered to measure syntactical characteristics, we

consider Dim-2 to represent syntactic complexity. Each article is characterised by a syntactic

and semantic complexity value (principal component score), which we analyse now regarding

the research questions we presented in section 1.

3. Findings

In the following, we first present the diachronic development of text complexity. Next, we

use additional analyses to get further insights into possible explanations for the changes that
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semantic complexity undergoes. Finally, in section 3.3, we take a closer look at the effect of

outlet type on the complexity dimensions.

3.1. The evolution of text complexity

Figure 2: Average A) semantic and B) syntactic complexity over time, with LOESS regression lines
indicating the trends.

Our sample of CC articles covers 32 years. Given this long time frame, we assume that writing

variations must occur and affect the complexity dimensions. Figures 2 A and 2 B visualise the

development of average semantic and syntactic complexity over time. It becomes evident that

while semantic complexity decreases steadily from principal component score values of around

1 in the early 90s to -0.5 in 2015 and later, syntactic complexity increases, especially from 2008

onwards. This correlates with seeing more web articles from public service providers.

We use the Mann-Kendall test to assess whether the two complexity dimensions’ downward

and upward trends are significant. The Mann-Kendall test can be interpreted as a non-parametric

rank-correlation test (Kendall’s 𝜏 ) that tests for ordinal association between time and the variable

of interest. The test was statistically significant for both semantic and syntactic complexity

(semantic complexity: 𝑧 = −5.60, 𝑛 = 32, 𝑝 ≪ 0.00; syntactic complexity: 𝑧 = 3.13, 𝑛 =
32, 𝑝 ≪ 0.00). With 𝜏 = −0.70, semantic complexity shows a strong monotonic downward

trend. The trend for syntactic complexity is not as pronounced. However, syntactic complexity

increases slightly over time (𝜏 = 0.39).

To better understand whether variations in the different outlet types can explain these overall

trends, we created Figure 3. Figure 3 A) visualises the temporal evolution of semantic complexity

for each news outlet category. Interestingly, all four types exhibit somewhat different patterns.

While articles from quality papers show a decreasing trend over time, articles from niche papers

become more semantically complex and stay constant for a while before declining in the last

years of the sample period. Most notable, however, is the development of public service articles,

which exhibit a rapid decrease. We consider this evidence of the fact that the overall decrease

in semantic complexity can most likely be attributed to the emergence of online articles by

public service providers and less due to a strong decrease in semantic complexity among other

newspaper types.

Figure 3 B) confirms some of our expectations about syntactic complexity. For instance, it is

above average for articles among niche papers, while tabloid articles are below average across

the entire sample period. Contrary to semantic complexity, the temporal patterns for syntactic
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Figure 3: Average A) semantic and B) syntactic complexity over time split by type of news outlet.

complexity are surprisingly stable over time. This is an interesting positive observation as it

means that the articles on CC have not become more difficult to read. Nevertheless, again,

public service articles stand out as their emergence explains the increase in syntactic complexity

observable in Figure 2 B).

To sum up, it is primarily online articles by public service providers that stick out and are

responsible for the temporal changes in text complexity. We investigate semantic complexity

further as we observed the most striking change for this dimension.

3.2. A closer look at semantic complexity

Besides public service media, other news outlets, like niche papers and quality news, also

exhibit a decline in semantic complexity. To find potential explanations for this development,

we perform two additional analyses. The first is a study of vocabulary usage, which can shed

light on whether word usage has become more generic. The second is a part-of-speech (POS)

analysis to study whether writing style has become more conversational and informal.

3.2.1. Analysis of vocabulary usage

A possible explanation for the decrease in semantic complexity could be that language use

in media coverage of CC has become more generic over the years. At the beginning of the

sampling period, CC reporting was dominated by the notion of greenhouse effect, which is

mainly associated with technical and scientific terms. Gradually, greenhouse effect was replaced

by the term global warming during the 2000s and later with the current and broader term

climate change. We assume that more general vocabulary being used in recent years can be

explained by this gradual shift towards the notion of climate change, which is less scientific and

more generic. Additionally, this could be paralleled by journalist’s efforts to describe climate

change in layman’s terms and by using more simple language. Either because of editorial

requirements, which impose a standard language pattern on each article, reducing the number

of synonyms, colloquial language and jargon to a minimum (Tolochko and Boomgaarden
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2018), or simply because they want everyone to understand the causes and effects of human-

created greenhouse gas emission. We expect that these efforts will decrease vocabulary richness

and, thus, decrease features like MATTR and Yule’s I, which contribute highly to semantic

complexity. We investigate this explanation further by calculating the normalized pointwise

mutual information (NPMI) for each word type (Lucy et al. 2023).

As publishing activity in the 1990s is sparse, we group our sample period into five chunks.

Using these periods, we assess whether language use has become more generic when communi-

cating CC. Words specific to a certain period will occur more frequently during this period and

consequently have a high NPMI. A word whose occurrence is decoupled from a specific period

and has an NPMI close to 0 is a more generic word. Following this definition, we can look at the

distribution of NPMI values of all words within each period. Periods with many NPMI values of

0 or close to 0 use more generic language than periods with negative/positive NPMI’s with a

more specialised vocabulary. Finally, we sampled 1000 documents from each period to avoid

over-representing articles from periods with high publishing activity. We also set the number

of minimum occurrences of a word to 25. The NMPI of a word 𝑡 in a period 𝑝 is calculated as

follows:

𝑁𝑃𝑀𝐼𝑝(𝑡) =
𝑙𝑜𝑔(𝑃 (𝑡|𝑝)/𝑃 (𝑡)

−𝑙𝑜𝑔𝑃 (𝑡, 𝑝)

𝑃 (𝑡|𝑝) is the probability of a word 𝑡 occurring in a news article from period 𝑝. 𝑃 (𝑡, 𝑝) is their

joint probability and 𝑃 (𝑡) is the probability of the word overall (Lucy et al. 2023).

Figure 4: Distribution of NPMI values for each publishing period. During the first period (1990-1999)
more specialised vocabulary is used.

Figure 4 shows the distribution of NMPI values for each publishing period. We observe that

word usage between the periods is different, as the density curve for the period 1990-1999 is

flatter with a slight tendency to the right. The two most recent periods, 2011-2015 and 2016-2021,

have high peaks at 0, indicating a higher frequency of words that are used across all periods.

Thus, while we can see some differences between the periods and a slight trend of language use

becoming more generic, the differences seem only minor and don’t allow for final conclusions.
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3.2.2. Part-of-speech analysis

To investigate the development of semantic complexity in more detail, we turn to an approach

used by Yasseri, Kornai, and Kertész 2012 which compare POS statistics for each publishing

periods. For POS tagging we again used DaCy.

Figure 5: Share of part of speech (POS) tags for each publishing period. The abbreviations are defined
as ADJ: adjective; ADP: adposition; ADV: adverb; AUX: auxiliary; CCONJ: coordinating conjunction;
DET: determiner; NOUN: noun; NUM: numeral; PART: particle; PRON: pronoun; PROP: proper noun;
PUNCT: punctuation; SCONJ: subordinating conjunction; VERB: verb.

Figure 5 shows the share of POS tags for all five periods. With a ratio of around 20% in each

period, every fifth word tends to be a noun (NOUN), which seems intuitive as news articles

frequently refer to named entities, like persons or organisations. Over time, however, we see a

drop in the use of nouns and an increase in pronouns (PRON) from around 4.8% in the 90s to

6.7% in the most recent period. Together with an increase in verbs (VERB; from 9.7% to 10.7%)

and adverbs (ADV; from 7.1% to 7.8%) these trends might indicate a movement towards a more

conversational, informal writing style.

Finally, while the above analysis has mostly focused on semantic complexity, we also find

an increase in sentence length and, thus, indirectly increasing syntactic complexity. This is

additionally supported by a slight uptick in the use of conjunctions (CCONJ) (e.g. and, or, but),
which increases the average number of words per sentence, and thus contributes to making

sentences longer and more complex.

3.3. The influence of news outlet type on text complexity

Finally, we were interested in how text complexity varies by news outlet. Our sample features

four different outlet types, which cater to different audiences and are characterized by different

properties in terms of language and writing styles. Previous work and common knowledge

about outlets characteristics allow us to hypothesise about the picture that might emerge. For

instance, as niche papers, are read by the intellectual elite, these news items are most likely

characterised by high semantic and high syntactic complexity. On the other hand, tabloid

news are probably of lower syntactic complexity and are mainly read by working-class and

lower-middle-class readers (Baker 2010; BBC 2023). Less is known about public service news,

so it will be interesting to see how our model locates it in relation to other news outlet types.

Figure 6 A) plots all articles along the two complexity dimensions. It is evident that most
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Figure 6: A) Scatter plot of all articles with color representing the different types of outlets. The graph
can be divided into four sectors along the syntactic and semantic complexity axes. Figure 6 B) shows
the relative share of outlet type in each sector.

articles are positioned around the centre and that extreme principal component scores are

scarce. The two axes, representing the two complexity dimensions, divide the articles into four

sectors. Interestingly, the sample is divided into almost four equally sized chunks. In sector

1 (low sem - low syn) we find 8238 (25.6%) news items, in sector 2 (low sem - high syn) 7899

(24.5%) articles, in sector 3 (high sem - high syn) 8339 (25.9%) articles, and in sector 4 (high sem

- low syn) 7739 (24%) articles.

Figure 6 B) shows the share of news outlet types per sector. It partly confirms our expectations.

Sector 3, where both complexity dimensions are above average, is dominated by articles from

niche papers (35.4%). Likewise, in sector 1, where the two dimensions are below average,

we find that the largest share of news items belongs to tabloid news. Surprisingly, the share

of tabloid articles is also highest in sector 4 (30%) where semantic complexity is higher and

syntactic complexity is lower than average. Tolochko, Song, and Boomgaarden 2019 describe

sector 4 as the ideal scenario in which the basis for knowledge acquisition is highest as this is

where complex information (characterised by high semantic complexity) is described easily and

concisely (low syntactic complexity). Following this logic, sector 2, where semantic complexity

is below average and syntactic complexity is above average, should be avoided. Yet, this is the

sector where the share of public service articles is highest.

To better understand these findings, we study whether the observed differences in complexity

for newspaper types are statistically significant by assessing if the 95% confidence interval

(CI) of the differences in bootstrapped means (1000 re-samples) shows the null effect. Figure 7

visualizes the pairwise comparison between all newspaper types for both complexity measures.

11



Analysis of Textual Complexity in Danish News Articles on Climate Change

Figure 7: Pairwise comparison between different newspaper types for A) semantic and B) syntactic
complexity. The bars indicate the 95% confidence interval.

A significant effect is present if the bars do not overlap the dashed line at 0. The first row in

Figures 7 A) and B) show the comparison between articles from quality papers and tabloids.

While no difference between the two newspaper types is visible concerning semantic complexity,

syntactic complexity is significantly higher in quality papers, as the bars can be found on the

right side of the dashed line. On the other hand, semantic complexity is higher for tabloids than

public service outlets, hence it can be found on the left side of the dashed line.

We find surprisingly many significant differences, most of them confirming general expecta-

tions, for example, that tabloid articles have the lowest syntactic complexity compared to other

types of news outlets. The strongest effect is between niche papers and tabloids. The principal

component score for syntactic complexity of niche paper articles is, on average, between 0.69

and 0.9 (95% CI) higher than for tabloid articles. Interestingly, public service is the outlet type

with the lowest semantic complexity. However, its syntactic complexity is fairly high; only

articles published in niche papers are syntactically richer. Thus, the statistical analysis confirms

the picture that emerged from the analysis of Figures 3 A) and B) as well as Figures 6 A) and B).

4. Discussion and conclusion

This article presents the analysis of textual complexity in Danish news articles on CC. More

concretely, using a sample of around 32,000 news articles from four different outlet types, we

build a machine-learning model to capture variations in semantic and syntactic complexity,

addressing three research questions.

RQ1 raised the question of how semantic and syntactic complexity have developed over time

and how this development varies across news outlet types. We found evidence for a strong

decrease in semantic complexity and a slight increase in syntactic complexity. A closer look

at how the evolution of the two complexity dimensions varies by outlet types shows that the

changes can mainly be attributed to the emergence of articles by public service providers, which

impact the overall picture. This finding can be considered both positive but also problematic.

First, it means that articles by niche or quality papers have not become more syntactically

complex over the sample period. Consequently, their readers are not in need of increased

literacy to gain knowledge on CC. However, it also indicates that articles from public service

providers have lower semantic complexity and higher syntactic complexity than the average
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article. Below, we will discuss the implications of this finding in more detail.

Because syntactic complexity showed little variation, RQ2 focused on further analysing the

semantic dimension of text complexity and the changes that, e.g. quality news undergoes. We

did so by 1) Identifying whether language use has become more generic over the years and 2)

POS analysis to see how the usage of lexical categories has changed. Indeed, we found evidence

for less specialised vocabulary being used in more recent times when writing about CC. This

aligns with a decrease in semantic complexity as a lack of specialised vocabulary also means

a decrease in lexical richness and diversity, measured via MATTR, Yule’s I, and OVIX, which

all load highly on this principal component. Our POS analysis highlighted an increased usage

of pronouns, verbs, and adverbs, which can be interpreted as a trend towards a more informal

tone and emotional language. This, however, does not align with the overall trend of decreasing

semantic complexity.

Finally, RQ3 studied the differences in complexity between the four types of news outlets

in our sample. Many of our expectations are confirmed, and findings by previous studies

corroborated (Tolochko and Boomgaarden 2018, 2019). Two of the most relevant findings are:

1) Tabloid articles, being mostly easy to read (low syntactic complexity) and engaging (high

semantic complexity), should not be underestimated and disregarded as a channel of telling the

climate story with increased urgency. 2) Articles by public service providers are dominant in the

category low semantic complexity - high syntactic complexity. Indeed, further analysis showed

that concerning syntactic complexity, articles by public service providers are only surpassed by

articles from niche papers, which cater to an intellectual elite.

Taking all our findings together, it becomes evident that CC reporting in established outlets

like tabloids, quality papers, or niche papers has, from a structural linguistic perspective, stayed

fairly consistent over the years. We could not detect any evidence for the tabloidization of CC

news. However, this picture has changed with the emergence of online articles by public service

providers. Consequently, we may consider public service broadcasting a driver of change in

terms of public CC communication. Public service articles have, on average, less semantic

complexity but higher syntactic complexity, i.e. a combination that, according to Tolochko and

Boomgaarden, should be avoided as it limits knowledge acquisition and retention (Tolochko,

Song, and Boomgaarden 2019). Indeed, it is problematic that online articles that are daily

consumed by millions of Danes, have a higher syntactic complexity, which makes them harder

to process, than articles by quality news.

What can explain this tendency in CC news by public service media? Considering the

structural constraints of public service corporations in the Danish media system (Willig 2021)

is important. As taxpayer’s money funds them, they are mandated to stay politically neutral.

Consequently, unlike other media outlets, public service media have no opinion pieces, which

generally resemble more informal or oral communication strategies. Instead, CC reporting

in public service media favours technical and specialized language, which is assumed to be

more politically neutral. This is augmented by the tendency of public service news to be rather

topical, focusing on news updates and breaking news. As a consequence, CC reporting in public

service media is driven by political developments, international summits (e.g. COP meetings),

and scientific reports (e.g. by IPCC). However, such news stories also tend to be more technical

and scientific, requiring high rather than low syntactic complexity. We are left with a bit of a

paradox. While public service media contribute to a generally well-informed public (Curran
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et al. 2009), the communicative constraints surrounding CC reporting may prevent a truly

engaging modality of CC information.

Our analysis is limited as it is only a quantitative by-proxy account of text complexity. It

does not allow us to draw any conclusions about how readers actually perceive the complexity

(subjective complexity) of public service articles nor how much knowledge retention is possible.

Objective and subjective text complexity will likely differ, as studies show that the latter one

is being influenced by factors like topic interest (Strømsø, Bråten, and Britt 2010). However,

the findings of this study can inform future experiments with reader groups from varying

demographics, similar to the ones Tolochko and Boomgaarden 2019 performed, by using the

categorisation of the two-dimensional model as a guide in selecting stimulus material. Our

study suffers from further limitations that future work should address. For a start, it is not

yet well studied which combination of linguistic features and machine learning models have

the highest accuracy in capturing semantic and syntactic complexity. Moreover, to enhance

generalizability of findings in this area cross national studies would be necessary. Finally, we

have to acknowledge that due to the lack of a meaningful baseline, we can not say whether

our findings are specific to CC news or document an overall, topic independent trend in news

reporting. Addressing these limitations would, without doubt, give us a more holistic picture

of text complexity in CC news reporting and thus advance communications and journalism

research not only in Denmark but at a global scale.
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