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Abstract 

Within the realm of the natural sciences there are different written genres for interested 

readers to explore. Popular science articles aim to explain advanced scientific research to a 

non-expert audience while research articles target the science experts themselves. This study 

explores these genres in some detail in order to identify linguistic differences between them. 

Using two corpora consisting of over 200 000 words each, a corpus linguistic analysis was 

used to perform both quantitative and qualitative examinations of the two genres. The 

methods of analysis included word frequency, keyword, concordance, cluster and collocation 

analyses. Also, part-of-speech tagging was used as a complement to distinguish word class 

use between the two genres. The results show that popular science articles feature personal 

pronouns to a much greater extent compared to research articles, which contain more noun 

repetition and specific terminology overall. In addition, the keywords proved to be significant 

for the respective genres, both in and out of their original context as well as in word clusters, 

forming word constructions typical of each genre. Overall, the study showed that while both 

genres are very much related through their roots in natural science research they accomplish 

the task of disseminating scientific information using different linguistic approaches. 

 

Keywords: corpus linguistics, popular science, popularization, research articles, word 

frequency, concordance, keyword-in-context, word clusters, part-of-speech 
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1. Introduction 

The idea behind popular science is to simplify and explain the complex argumentation and 

terminology used in research articles, leading to shorter texts that are easier to understand. 

This process of popularization can be a useful tool to sustain a healthy relationship between 

researchers and the general public, according to Giannoni (2008), and could potentially allow 

researchers to reach a wider audience. Therefore, the language of popular science articles 

becomes important for the dissemination of scientific knowledge to a non-expert readership. 

If the readers experience difficulties during their reading, they might not comprehend the 

content. Alternatively, if the articles become overly simplified, it might not be possible to 

convey the ideas behind the original research. Therefore, there is merit in investigating some 

of the linguistic differences between popular science and research articles. 

If the idea behind popular science is to explain scientific research to a non-expert readership, 

the language must be appropriate for this audience, regarding the explanation of technical 

terminology and sentence complexity for instance. Yet, there are also the original research 

articles to consider, since the findings presented in them often lay the foundations for popular 

science articles. Hyland (2010) claims that research articles are “a discourse of exclusivity 

underpinned by a specialized knowledge of methods and of the meanings which results have 

for insiders” (p. 118). This implies that readers of research articles are expected to be 

specialists within their fields and already have the necessary prerequisite knowledge to 

understand the texts.  

By comparing linguistic features between the two genres it should be possible to see how well 

popular science articles achieve their goal. The articles will be selected from the same fields of 

research, namely those pertaining to the natural sciences, allowing for a large collection of 

data. Also, natural science has a reputation for containing a lot of advanced technical 

terminology and being difficult to understand for non-experts, making it a suitable focus for 

this study. The significant amount of data required to conduct a meaningful comparison calls 

for a corpus linguistic investigation. According to Gledhill (2000, p. 130), corpus linguistics is 

well suited for investigations regarding lexical and grammatical correspondences at different 

levels of specializations, including traditional and popularized science. By creating two 

separate corpora for the two genres of articles it should be possible to identify certain lexical 
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and grammatical features that distinguish the genres from each other through a textual analysis. 

Against this background, this investigation poses the following primary research question:  

What are the main linguistic differences between popular science and peer-reviewed 

research articles in the natural sciences? 

This question can be answered by investigating the following sub-questions: 

1. What are the most frequently used words in the two genres? 

2. Which words hold the greatest significance in each genre by comparison? 

3. How do the some of the significant words appear in their actual context? 

4. What are the most frequently used multiple word units in the two genres? 

5. What word classes tend to be favored in each genre? 

 

2. Background 

To understand the point of popular science and its relation to traditional science writing, this 

section explores the concept of popularization and some of its potential benefits. This is 

followed by an overview of corpus linguistics, and finally, a review of some previous corpus 

linguistic research on the two genres considered in the present study. 

2.1 The popularization of science 

Hyland (2010, p. 118-119) claims that popular science audiences have no professional need of 

acquiring scientific knowledge. Instead, most of them simply desire to be updated on new 

developments and discoveries within their research disciplines of interest. However, the 

popularization of science has been criticized on the basis that it is a form of “journalistic 

dumbing down of science, disseminating simplified and often sensationalized accounts to a 

passive mass readership” (Hyland, 2010, p. 119). Yet, if popular science is dismissed on such 

grounds the scientific community could miss out on potential benefits of popularization. 

Popular science could, in theory, be a bridge between the fairly closed off scientific 

community and the general public, allowing the researchers’ discoveries to reach a wider 

audience. As a result, non-experts could gain a greater understanding of scientific research as 

a whole, while taking the validity of the research for granted, which is accomplished by 
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emphasizing the original research and its credibility (Hyland, 2010, p. 119, 122). A greater 

understanding of scientific research among the general population could lead to greater 

appreciation for both researchers and their work, potentially providing not only goodwill, but 

also opportunities for additional research funding. Another possible benefit of popular science 

lies within the realm of education. 

Parkinson & Adendorff (2004) argue that incorporating popular science in science education 

could lead to science being more focused on the researchers and not exclusively on their 

findings. Human participants, such as researchers, tend to be more prominent in popular 

science, by having their names and affiliated institutions highlighted (Parkinson & Adendorff, 

2004, p. 388-389). The authors claim that this shows solidarity toward to the readers, 

effectively reducing the perceived distance between experts and non-experts. Essentially, 

reducing this distance is one way popular science authors can involve the readers, including 

science students, in scientific discourse. Thus, students might also be encouraged to learn more 

about the scientific investigation process, while making the notion seem less daunting.  

Students could also benefit from learning about science that is not finalized yet, which is often 

reported upon in popular science (Parkinson & Adendorff, 2004, p. 391-392). This could 

allow students to discuss scientific developments with a critical mindset instead of solely 

reading about established facts in textbooks. In addition, a case study by Wu, Lee, Chun & 

Chan (2018) revealed that students who immersed themselves in the language of popular 

science were better able to develop their own academic communication abilities, in terms of 

how to discuss scientific topics with both experts and non-experts, as well as adapting their 

scientific writing to suit different audiences. The present investigation, based on a corpus 

linguistic approach, could become a useful tool in this respect as well, by revealing linguistic 

features typical of the two genres. 

2.2 Corpus linguistics 

The term corpus, in the present context, refers to a collection of linguistic data that is intended 

to be used in a linguistic analysis (Weisser, 2016, p. 13), and can be used when compiling any 

large amount of linguistic data. This data can primarily be divided into two categories, written 

and spoken (Weisser, 2016, p. 3). However, since the present study focuses on articles, only 

written data will be taken into consideration here. Park & Nam (2017, p. 429) describe corpus 

linguistics as concentrating on the actual use and structure of language. Therefore, corpus 
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linguistics is not necessarily used to investigate expected language features as produced by an 

idealized native speaker. Instead, it is used to analyze large quantities of data to determine 

what linguistic patterns or features emerge in actual use. Also, the increasing popularity of 

corpus linguistics is related to the advancement in computer technology, according to Park & 

Nam (2017, p. 429-430). Some corpus linguistic investigations regarding popular science and 

scientific writing have focused on direct linguistic comparisons between the two genres (e.g. 

Hyland, 2010; Pilkington, 2017), while other research put emphasis on one of the genres (e.g. 

Gledhill, 2000; Peacock, 2012; Vongpumivitch, Huang & Chang, 2009), or compare them to 

other genres entirely (e.g. Fu & Hyland, 2014). 

2.2.1 Corpus linguistics and popular science 

Previous research predominantly focused on specific linguistic features within popular 

science texts, such as the use of interactional metadiscourse, as in Fu & Hyland (2014), who 

examined 200 popular science articles in their comparison between popular science and 

opinion pieces, making the use of a corpus-based approach necessary. Among other findings, 

they discovered that popular science authors sometimes use engagement markers, such as an 

inclusive we, to form a connection with the readers (Fu & Hyland, 2014, p. 9). Other typical 

engagement markers include the use of rhetorical questions and a fairly limited range of 

directives, such as consider, suppose, imagine and think (Fu & Hyland, 2014, p. 11). Another 

linguistic feature used by popular science is hedges, in the form of certain modal verbs (e.g. 

may, might), lexical verbs (e.g. suggest, appear) and adverbs (e.g. likely, possible), which are 

often used when information either cannot be verified or lacks empirical support, similar to 

the function of hedges in research articles (Fu & Hyland, 2014, p. 16). Finally, the authors 

discovered that popular science often contains attitude markers, such as important(ly) and 

surprising(ly) (Fu & Hyland, 2014, p. 22). 

Additionally, Pilkington (2017) investigated 50 popular science texts and five lab literature 

novels to study the differences in language used for descriptions of scientific apparatuses. She 

found that it is quite uncommon for popular science texts to include detailed descriptions of 

apparatus and their operation. General terminology without references to particular equipment, 

such as microscope or telescope rather than the equipment’s actual specifications, tends to be 

used instead (Pilkington, 2017, p. 295). According to Hyland (2010, p. 121), this is because 

popular science writers cannot assume that readers possess the required knowledge to 

understand technical terminology. Therefore, they have to reference ideas and objects that the 
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readers are assumed to be familiar with already. This is also the reason why popular science 

writers have to define and explain new concepts as they are introduced. Furthermore, 

Pilkington (2017) claims that “The whole concept of empirical support [… ] is expressed in 

general terms. The author, it appears, does not want to dwell on it” (p. 294). This ties in with 

Hyland’s (2010, p. 119) argument that readers can digest popular science without having to 

worry about whether or not the research is valid and reliable. However, this does not mean that 

there is a disregard for validity in popular science. On the contrary, Pilkington (2017, p. 294) 

argues that there is some trust in the procedures used by scientists, and this is one reason why 

popular science often has minimal technical descriptions regarding lab work and equipment. 

Essentially, the researchers are expected to ensure that their own work has enough empirical 

support to be considered trustworthy. In fact, Hyland (2010, p. 126) suggests that in-depth 

descriptions of how scientific findings are discovered would distract readers from the novelty 

and accessibility offered by popular science writing.  

When scientific equipment is referred to in popular science it is usually for specific reasons. 

Pilkington (2017, p. 297) found that popular science articles and blogs usually describe 

apparatus in greater detail when writing about renowned equipment that carries weight in 

itself, such as the Large Hadron Collider. Seemingly, popular science writers only provide the 

specifications of scientific technology when there is an expectation that non-experts already 

have some knowledge about it. Even though the data used in Pilkington’s study was limited 

compared to most corpus-based studies, the findings still revealed something regarding the 

language in popular science. This suggests that close textual examinations can be useful as 

complement to corpus-based approaches. 

2.2.2 Corpus linguistics and research articles 

A common approach in linguistic studies regarding research articles is to focus on specific 

sections of the texts and their linguistic properties. Gledhill (2000) compiled a corpus of 

medical research articles to examine the discourse function of collocations in the texts, 

focusing on the introductions. Certain grammatical words, namely has/have been, is, of and 

to, were particularly noticeable (Gledhill, 2000, p. 120). Investigating the collocations of the 

aforementioned terms led to the discovery of patterns typical to the introductions of medical 

research articles, such as has/have been being tied to passive constructions, and of being used 

to qualify nouns related to scientific processes and form fixed specialized terminology 

(Gledhill, 2000, p. 121, 125). Gledhill (2000, p. 122) also found that the verb shown was more 
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frequently used together with qualitative explanations, while reported tended to be used in 

connection with quantitative observations, revealing that verb usage changes depending on 

context. Evidently, collocations can reveal quite a lot about language use. That said, 

Gledhill’s study was limited to a particular subject matter, namely medicine, which means 

that his findings might be exclusive to that particular discipline. 

In fact, Peacock (2012) found that collocations in research articles tend to differ depending on 

research discipline, at least in the abstracts, and these collocations fulfil an important part of 

the linguistic function of their accompanying nouns. One example of this is the noun analysis, 

which is often preceded by elemental in chemistry, thermal in material science and data in 

computer science (Peacock, 2012, p. 37). Essentially, the collocations explain what type of 

analysis the researchers used, suggesting that nouns are quite salient when examining research 

articles across different disciplines, since even a fairly generic word like analysis acquired 

different meanings when examined in context. 

Additionally, Vongpumivitch et al. (2009) created a corpus consisting of 200 research articles 

in applied linguistics to investigate word usage compared to the Academic Word List (AWL). 

The AWL is a collection of frequently occurring words in research articles, excluding words 

that are deemed to be common in the English language, such as some of the most common 

words in the British National Corpus (Sert & Asik, 2018, p. 11). Vongpumivitch et al. (2009, 

p. 36) found that AWL word forms made up 11.17 % of the total number of words in their 

corpus. Other non-AWL words that appeared frequently in their corpus were specialized 

terms for particular fields of research (Vongpumivitch et al., 2009, p. 38). These words can 

still be considered typical for academic writing, but are too specific to be included in a general 

list. Based on Vongpumivitch et al. and Peacock’s findings, then, there seems to be certain 

expectations regarding word use in research articles.  

That said, Giannoni (2008) found evidence of popularizing features, such as questions, 

personalization and appeals to the reader, in a corpus of 40 medical and applied linguistics 

journal editorials, which are often found in the same academic journals as research articles. 

These features are typically more common in popular science than research articles. While 

journal editorials do not fulfil the exact same functions as research articles, the notion that 

some editors of academic journals are open to the idea of popularizing their texts could mean 

that some researchers might also be open to incorporating popularized features in their 
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articles, albeit to a presumably limited extent. Yet, it is worth taking into consideration for the 

present investigation. Regardless, it is clear that there are defined characteristics of both 

popular science and research articles that can be discerned by using corpus linguistics, 

assuming that the corpora contain sufficient amounts of relevant linguistic data. 

 

3. Material and methods 

The quality of the corpus compilation has a direct influence on the quality of the results of a 

corpus linguistic analysis (Kachru, 2008, p. 6). Therefore, the data must be selected with 

specific criteria in mind, to ensure that the results will be relevant to the aims of the study. 

3.1 Data collection 

The data for this study consists of written English texts from popular science and research 

articles from the natural sciences. Of course, natural science is a fairly broad category, with 

disciplines ranging from biology, physics and chemistry, to astronomy and earth science, all 

of which are about researching natural phenomena. In terms of research methods, natural 

science is often associated with observations, experiments and the expectation that valid 

findings should be reproducible. Therefore, it is expected that some linguistic properties 

should be observable in texts across different fields of research, allowing for both genres to be 

compiled into one generalized sub-corpus each, regardless of research discipline.  

A common approach within corpus linguistic comparisons is to collect an equal number of texts 

for each genre (e.g. Fu & Hyland, 2014; Hyland, 2010). However, both popular science and 

research articles can vary in length depending on publication guidelines. Furthermore, popular 

science articles are usually much shorter compared to research articles, which often range 

between 5 000 and 10 000 words in length, whereas popular science articles in some cases are 

no longer than regular news articles. These shorter articles were mostly avoided in favor of 

feature-type articles of at least 1 000 words. The goal of the data collection was to accumulate a 

roughly equal number of words from both genres, and subsequently create two corpora of 

comparable word count. Inevitably, more popular science articles than research articles were 

necessary to acquire two corpora of similar size. Nevertheless, the idea was to create two 

corpora that can be seen as representatives for the two genres, which required a substantial 

amount of data. To ensure that the corpora could function as accurate representatives, there was 

no predetermined target for their word counts. Instead, the compilation was considered finished 
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based on regular updates and examinations of part of the analysis process (see section 3.3), 

although there were a few more criteria to consider. 

The popular science articles were selected from five popular science magazines: Lab News, 

MIT Tech, Physics Today, Physics World and The Planetary Report. These were chosen due 

to their focus on natural science content. Collecting texts from five different magazines 

allowed for sufficient variation regarding authors and content, and they provided a sufficient 

number of relevant articles through open access, without paywalls or subscription fees. While 

there were no specific restrictions regarding the number of words or articles per research field, 

there was still plenty of variation between the individual articles selected. Also, to ensure that 

the analysis would be dealing with current language use, none of the included articles was 

published before January 1, 2018.  

The same principles were applied to the selection of research articles with the added caveat 

that they had to have undergone peer-review, to ensure their validity. However, for this genre 

no specific journals were selected. Instead, Scopus, a citation database for peer-reviewed 

research publications, was used to find research articles on comparable topics to those in, or at 

least within the same fields of research as, the popular science corpus. Unfortunately, access 

to relevant articles was in many cases restricted. Therefore, a portion of the selected research 

articles was accessed via journal databases, subscribed to by Mälardalen University. 

3.2 Corpus compilation 

The articles’ body texts were saved as individual .txt files in order to make the data 

compatible with the corpus software tool used for analysis (see section 3.3). In 

Vongpumivitch et al.’s (2009) study all reference lists, appendices, footnotes and 

acknowledgements were removed in their compilation of research articles, since they deemed 

that not every part of the articles was of interest for their investigation. Consequently, the 

same procedure was used for the present study, but all abstracts, tables, figures and other non-

relevant sections of the articles were also disregarded, since only the body texts were 

considered useful data here. However, in-text citations, as well as certain symbols and 

equations, that could not be easily removed had to be left in the corpora, since altering the 

data should be avoided if possible. While the removal of tables, figures and other in-text 

elements could potentially be seen as tampering, it was a necessary process to acquire more 

refined data overall, as these elements interrupted actual passages of text when converting the 
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articles to .txt-files, which could have harmed both the concordance and cluster analysis 

segments of the present study if left alone. 

3.3 Corpus linguistic analysis 

Laurence Anthony’s toolkit for corpus linguistic analysis AntConc (Anthony, 2019) was used 

for both data compilation and analysis. The software includes tools for most facets of a corpus 

linguistic analysis, including word frequency calculations, keyword listings, concordancing 

and more. That said, AntConc is primarily suited to finding lexical properties, not 

grammatical ones. By using EncodeAnt (Anthony, 2017), a conversion software, all .txt files 

could be exported as UTF-8 files, which meant that the part-of-speech tagging software 

TagAnt (Anthony, 2017) could be used to determine word classes for words in both corpora.  

The analysis methods were selected with the intention of providing both quantitative and 

qualitative examinations of large amounts of linguistic data, with the first step being a word 

frequency analysis. By uploading both corpora to AntConc, the software calculated the most 

commonly used words within them in order of frequency. However, while word frequency 

lists are an important aspect of corpus linguistics, the method does not reveal the full extent of 

the words’ importance in relation to their corpus, merely how often they appear. Therefore, 

the next logical step was a keyword analysis: by comparing the popular science corpus to the 

research corpus and vice versa, AntConc was able to determine a list of keywords for each 

corpus by finding significant differences between the two, listing words that more frequently 

appear in one corpus compared to the other one. These methods are primarily quantitative in 

nature, but AntConc also provides tools to dig deeper into specific parts of a corpus. 

Based on the results from the word frequency and keyword analyses, it was possible to select 

significant items and investigate them in greater detail. One option was concordancing, which is 

an examination of the contexts of specific words, also known as keyword-in-context (Weisser, 

2016, p. 68). Thus, certain words could be examined within the article passages where they 

originally appeared, allowing for a qualitative complement to the present study. Considering 

that one major aspect of corpus linguistics is to examine language in practice, according to Park 

& Nam (2017, p. 429), concordancing becomes a useful addition in corpus-based studies. 

AntConc also contains a tool known as concordance plots, which shows the number of instances 

a specific item is used per text in a corpus, making it possible to determine if a word is 

primarily used in a limited number of articles or across the entire sub-corpus. 
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Another feature to investigate was which words often appeared together with some noteworthy 

items, also referred to as a cluster analysis. Weisser (2016, p. 196-197) describes clusters as 

commonly occurring word sequences of varying semantic and syntactic significance, also 

known as n-grams. In addition, a collocation analysis was used to examine the difference in 

words in close proximity to the pronoun we, which was common in both corpora, to further 

investigate how its use contrasted between the two genres. Finally, part-of-speech tagging was 

used to delve deeper into some of the grammatical properties of the collected data, by 

categorizing the words of both corpora into word classes using TagAnt. 

The word frequency and keyword lists for both corpora were updated and examined regularly 

throughout the data collection process, to see when the lists started to stabilize into results that 

could be seen as general representations of the two genres, even as more texts were added to 

the corpora. This stabilization started to occur when both corpora approached 200 000 words 

each. For a more reliable measure, approximately 30 000 additional words were included in 

both corpora, leading to final corpora sizes of 223 024 words from 130 popular science articles 

and 217 932 words from 35 research articles. 

 

4. Results 

The findings presented in this section follow the order used in section 3.3, starting with the 

word frequency analysis. This is followed by the keyword analysis and a concordance 

analysis of certain keywords in their context. Then, a cluster analysis based on n-gram 

searches is performed, followed by a collocation analysis. Lastly, the section is concluded by 

examining the part-of-speech tags attributed to the words of both corpora. Essentially, the 

following sub-sections correspond to the sub-questions of the primary research question posed 

in the introduction. 

4.1 Word frequency analysis 

The two corpora were designated as the Popular Science Article Corpus (PSAC) and the 

Research Article Corpus (RAC), and uploaded to AntConc, which calculated the word 

frequency lists. A stoplist, which was a .txt-file comprised of mathematical variables and 

other units without linguistic function, was uploaded to the software prior to the frequency 

analysis, to remove these units from all analysis methods used in the present study and thus, 

preventing them from potentially influencing the results. Also, to facilitate a better 
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comparison, normalization was used to display the frequencies per 200 000 words. This 

number was chosen on the basis that it provides common denominators for both corpora while 

still being relatively close to their overall sizes. Selecting a normalizing value that is either too 

low or too high may cause exaggerated differences, which is why fixed factors, such as per 

thousand or per one million words should be treated with caution (Weisser, 2016, p. 175). The 

50 most common words in both corpora can be seen in Table 1: 

Table 1: Word frequency comparison with normalized values per 200 000 words 

 PSAC RAC 

RANK word abs. freq. rel. freq. norm. word abs. freq. rel. freq. norm. 

1 the 14985 6.72 % 13438 the 14753 6.77 % 13539 

2 of 7462 3.35 % 6692 of 8518 3.91 % 7817 

3 to 5785 2.59 % 5188 and 7457 3.42 % 6843 

4 and 5550 2.49 % 4977 in 5356 2.46 % 4915 

5 in 4802 2.15 % 4306 to 4337 1.99 % 3980 

6 that 3292 1.48 % 2952 is 2645 1.21 % 2427 

7 is 2852 1.28 % 2558 for 2310 1.06 % 2120 

8 for 1908 0.86 % 1711 with 1749 0.80 % 1605 

9 as 1711 0.77 % 1534 that 1649 0.76 % 1513 

10 it 1710 0.77 % 1533 as 1529 0.70 % 1403 

11 with 1540 0.69 % 1381 on 1333 0.61 % 1223 

12 are 1487 0.67 % 1333 by 1332 0.61 % 1222 

13 be 1379 0.62 % 1237 are 1283 0.59 % 1177 

14 by 1344 0.60 % 1205 from 1260 0.58 % 1156 

15 on 1321 0.59 % 1185 at 1231 0.56 % 1130 

16 at 1234 0.55 % 1107 this 1127 0.52 % 1034 

17 from 1214 0.54 % 1089 we 945 0.43 % 867 

18 but 961 0.43 % 862 be 940 0.43 % 863 

19 can 942 0.42 % 845 an 761 0.35 % 698 

20 have 935 0.42 % 838 which 714 0.33 % 655 

21 an 923 0.41 % 828 was 685 0.31 % 629 

22 we 895 0.40 % 803 were 679 0.31 % 623 

23 they 869 0.39 % 779 not 596 0.27 % 547 

24 or 758 0.34 % 680 or 580 0.27 % 532 
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25 more 749 0.34 % 672 climate 571 0.26 % 524 

26 this 747 0.33 % 670 have 529 0.24 % 485 

27 which 745 0.33 % 668 it 529 0.24 % 485 

28 was 678 0.30 % 608 these 518 0.24 % 475 

29 not 677 0.30 % 607 can 502 0.23 % 461 

30 will 638 0.29 % 572 also 471 0.22 % 432 

31 has 615 0.28 % 552 model 464 0.21 % 426 

32 energy 604 0.27 % 542 time 454 0.21 % 417 

33 their 601 0.27 % 539 between 452 0.21 % 415 

34 its 563 0.25 % 505 more 407 0.19 % 374 

35 one 552 0.25 % 495 has 394 0.18 % 362 

36 than 543 0.24 % 487 data 391 0.18 % 359 

37 such 521 0.23 % 467 using 381 0.17 % 350 

38 says 495 0.22 % 444 change 345 0.16 % 317 

39 also 490 0.22 % 439 other 344 0.16 % 316 

40 other 487 0.22 % 437 but 339 0.16 % 311 

41 could 474 0.21 % 425 our 335 0.15 % 307 

42 time 470 0.21 % 421 than 331 0.15 % 304 

43 would 462 0.21 % 414 during 315 0.14 % 289 

44 so 424 0.19 % 380 both 313 0.14 % 287 

45 there 424 0.19 % 380 over 311 0.14 % 285 

46 into 418 0.19 % 375 may 307 0.14 % 282 

47 about 407 0.18 % 365 used 305 0.14 % 280 

48 these 404 0.18 % 362 figure 297 0.14 % 273 

49 he 402 0.18 % 360 high 297 0.14 % 273 

50 when 402 0.18 % 360 such 297 0.14 % 273 

 

Based on Table 1, the 20-25 most frequently used words for both corpora correspond quite 

well to standard English writing (e.g. Sert & Asik, 2018). Evidently, even scientific writing of 

various levels of complexity still contains frequent use of common function words, implying 

that perhaps most written genres share some of these basic word frequencies. Unsurprisingly, 

both lists are primarily dominated by function words overall, although there are some 

noteworthy lexical words that are worth considering nonetheless. For instance, there are only 
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two nouns, energy and time, among the 50 most common words in PSAC, while there are 

several words in the RAC list that either are or could be nouns, like climate, data, figure, time, 

model and change.  

Conversely, the RAC list only includes two personal pronouns, we and it, while the PSAC list 

includes we, it, they and he. This suggests that research articles feature fewer types of personal 

pronouns, especially those that can be used to refer to people, while having a stronger emphasis 

on noun usage. Also, the fact that he, with 402 instances, was used enough times in PSAC to 

appear in Table 1 reveals that popular science contains more references to men than women, 

since she was only used 65 times by comparison. Otherwise, it seems that some common 

function words like and, of and it, among others, feature more frequently in one list, meaning 

that there was a need to investigate what words are most significant for their corpus compared 

to the other one. 

4.2 Keyword analysis 

By comparing the generated word frequency lists from each corpus to the other one, the 

software provided a list of keywords for each. Since the comparison is between two corpora of 

roughly equal size the keyword statistic setting in AntConc was set to chi-squared rather than 

log-likelihood, which is used when comparing a smaller corpus to a larger one. AntConc also 

attributes a number to each word in the keyword list, a so-called keyness value, which indicates 

the word’s prominence in the source corpus compared to the reference corpus (Weisser, 2016, p. 

169). Essentially, a word that often features in one corpus but rarely in the other one will attain a 

high keyness, while a word that rarely features in one corpus compared to the other will attain a 

low keyness. A comparison of the two keyword lists can be seen in Table 2, with the keywords 

ranked according to their keyness values, which typically range from – 10 000 to + 10 000: 

Table 2: Keyness comparison of significant words, measured using chi-square 

 PSAC RAC 

RANK keyword frequency keyness keyword frequency keyness 

1 it 1710 527 and 7457 468 

2 they 869 461 ozone 287 259 

3 says 495 451 runoff 245 258 

4 that 3292 415 climate 571 243 

5 he 402 346 model 464 227 
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6 you 322 284 basin 235 227 

7 but 961 247 of 8518 190 

8 energy 604 230 variability 188 190 

9 quantum 260 219 precipitation 175 170 

10 stars 266 204 uncertainty 202 168 

11 us 319 174 supplementary 144 157 

12 will 638 166 analysis 251 152 

13 could 474 160 glacier 156 150 

14 earth 321 159 sericin 135 147 

15 out 342 157 auroral 125 136 

16 just 246 156 series 178 129 

17 liquid 197 151 results 291 120 

18 what 302 151 annual 143 120 

19 his 180 126 values 177 120 

20 way 230 126 were 679 118 

21 them 251 125 changes 271 117 

22 space 249 121 stratospheric 125 116 

23 colleagues 128 117 this 1127 113 

24 heat 141 115 services 112 110 

25 its 563 115 ecosystem 119 110 

26 one 552 112 tropospheric 100 109 

27 star 168 111 during 315 104 

28 would 462 110 influence 137 102 

29 up 374 110 total 178 102 

30 get 128 109 stress 151 102 

 

The word frequency lists hinted that there are discrepancies regarding nouns for the two 

corpora, which is further evidenced by Table 2. The keyness list for RAC is heavily dominated 

by nouns, both fairly generic terms and words specific to particular research subjects, such as 

ozone and glacier, which are primarily connected to the environment. The PSAC keyness list 

does not necessarily display an absence of nouns, but those that appear seem to be more 

generalized, such as energy, liquid, space and heat. Then again, several of the nouns in the 

RAC list can be considered fairly generic as well, including model, results, values, analysis and 
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uncertainty. Based on concordance examinations, these items seem to be used in conjunction 

with descriptions of the researchers’ methods and findings (see section 4.3). 

Another aspect that the frequency lists hinted at was the use of personal pronouns in popular 

science. According to Table 2, personal pronouns like it, they, he, you and us are considered some 

of the most significant words overall for the popular science corpus compared to the research 

article corpus. However, neither list includes the commonly used personal pronoun we, 

suggesting that it is not particularly significant for either corpus from a quantitative perspective at 

least. Yet, the fact that we was the only personal pronoun in both lists in Table 1 that can be used 

to refer to people made it a suitable candidate for further examination (see section 4.3 and 4.4), to 

determine if there are any noteworthy differences in how we is used in the two genres. 

The keyness lists also revealed some other differences that were not as noticeable in the word 

frequency lists as the nouns and personal pronouns. The keyness list for PSAC features the 

verb forms will, would and could, while the RAC equivalent includes were, the past tense 

plural form of be. A possible explanation for this finding could be that popular science writers 

might be more inclined to consider future possibilities or speculate while researchers may be 

content with simply reporting their findings, in addition to frequently referencing previous 

research. Another prominent verb form in the PSAC list is says, the present tense 3rd person 

singular form of say, which can be used to quote other people, similar to news articles. 

Additionally, while both the preposition of and the conjunction and appeared high up on both 

word frequency lists they are only considered keywords in RAC, suggesting that research 

articles perhaps feature more complicated sentence structure compared to popular science 

ones, since these terms, among other things, can allow for longer, and more complex, noun 

phrases, as well as more compound sentences in the case of and. 

It should be noted that the keyness values are fairly low overall, signifying that both corpora are 

related even though they encompass different genres. Since both corpora deal with natural 

science writing it was not expected that the keyness values would be particularly high, because 

the keywords of one corpus were likely to be used in the other one as well, at least to some 

extent. Nevertheless, word frequency and keyword lists are only able to reveal rather general 

differences. To gain a greater understanding of the linguistic differences between the two 

genres, some of the findings needed to be examined within their context. 
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4.3 Concordance: keyword-in-context 

The keyword lists revealed that popular science features more types of personal pronouns 

compared to research articles. However, we is common in both corpora, making it is possible 

to utilize concordancing to investigate the word in context in both genres. Unfortunately, 

AntConc does not provide a method for randomized concordance sampling. Instead, the 

concordance lines are sorted alphabetically, based on the next word in the sentence. That said, 

by choosing to only display every nth line it is possible to gather a somewhat randomized 

sample where the value of n can be varied depending on the total number of hits. All 

concordance examinations in this section used n values ranging from 5 to 15, meaning that the 

n values provided a fair amount of variation between different articles and follow-up words. 

An in-context comparison of we can be seen in Figures 1a and 1b: 

 

Figure 1a: Sample concordance lines for we in the PSAC. 

 

Figure 1b: Sample concordance lines for we in the RAC. 
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In Figure 1b the accompanying verbs imply that we primarily references the authors and their 

actions (lines 2, 3 and 8), or thoughts (lines 11 and 12), in RAC. In Figure 1a on the other hand, 

we often refers to the author and the reader, or to the idea of humanity as a collective (lines 2, 8 

and 16). These instances suggest that the use of we in PSAC is predominantly inclusive in 

nature, with the exception when other people are quoted in popular science articles, where we 

refers to a specific group of people, such as a research team. Even though we did not appear on 

either keyword list it would appear that its use is quite different for the two genres. A difference 

that was revealed by the keyword lists was the use of generalized versus specialized terminology. 

Of course, the specific terms were likely to be a result of the particular articles included in the 

corpora. Yet, it is not the terms themselves that are of interest, but their use in context, such as 

some of the passages in PSAC that include energy and liquid, as shown by Figures 2a and 2b: 

 

Figure 2a: Sample concordance lines for energy in the PSAC. 

 

Figure 2b: Sample concordance lines for liquid in the PSAC. 
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Based on Figures 2a and 2b, it seems that both energy and liquid are predominantly used as 

simplifications in popular science. In some instances, an adjective is used to specify energy 

types, such as dark or thermal energy in lines 1 and 7 of Figure 2a. Otherwise, a large majority 

of the sample lines suggest that energy can be used in many different circumstances, such as 

when discussing energy generation (line 6), energy levels (line 9) or energy loss (line 10). 

These examples imply that energy is often used as a general catch-all term for various energy 

types. Similarly, the sample for liquid in Figure 2b suggests that its use in popular science is 

fairly generic as well. Instead of describing a substance with its proper chemical formula or 

nomenclature, it seems sufficient to call it liquid air (line 1) or liquid crystal (line 3).  It should 

be noted that energy and liquid appeared 604 and 197 times respectively in PSAC and only 

154 and 11 times respectively in RAC, even though the total word counts were comparable. 

This is potentially a result of research articles containing the actual specifications or formulas 

of different energy and liquid types, whereas popular science often seem to feature simplified 

descriptions as seen in Figures 2a and 2b. 

That said, not all noun keywords from RAC were specialized terms. Some can be viewed as 

general words that may be typical of scientific writing, such as the previously introduced 

keywords model, results, values, analysis and uncertainty. However, analysis and uncertainty 

are examples of nouns that are modified from a verb (analyze) and an adjective (uncertain), 

which should also be considered. By searching for analy* and uncertain* with AntConc, it 

will provide all words beginning with those letters. As a result, it is possible to discern how a 

noun like analysis compares to the verb analyze/analyse, as well as the adjectives analytic and 

analytical, while also including the plural form analyses. The singular and plural forms of 

analysis accounted for 279 of the total 393 hits for analy*, more than 70 %. Similarly, 

uncertainty and uncertainties constitute 249 of the 258 hits from uncertain*, or 96.5 %. The 

same calculations for PSAC show that analysis and analyses account for 54 of the 91 

concordance hits for analy*, i.e. only 59 % of the total number of hits, while uncertainty and 

its plural form make up 34 out of 42 hits for uncertain*, or 81 %. Not only is the total number 

of hits much lower in PSAC, but the relative ratios of nouns compared to total hits decreased 

as well. It seems that words such as analysis, uncertainty and other terms connected to science 

and research may be quite significant for research articles despite their generic appearance. 

Their use in context can be seen in Figure 3a and 3b respectively: 
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Figure 3a: Sample concordance lines for analysis from the RAC. 

 

Figure 3b: Sample concordance lines for uncertainty from the RAC. 

Figure 3a reveals that analysis is primarily used in relation to researchers describing their 

methodology (lines 2, 6 and 9). Also, the word is sometimes used in tandem with adjectives to 

define specific methods of analysis used by the researchers, such as an economic analysis 

(lines 1 and 8) or a statistical analysis (lines 9, 13 and 15). It can be used as a general term as 

well, although that seems to be slightly less common by comparison. Instead, researchers 

seem to prefer specifying what type of analysis is used, either with pre- or postmodifiers. 

Concordance examinations for model, results and values reveal similar results as analysis, 

suggesting that this is a common feature in research articles. The extracts in Figure 3b seem 

slightly different, though. There, uncertainty seems mostly to be used without accompanying 
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nouns, and when researchers want to specify unknown variables or effects. These unknown 

elements can be related to data, findings or other uncertain aspects of the research process. 

One trait the generalized RAC keywords have in common is that they are used across a large 

number of research articles, which was discovered using concordance plots. Conversely, the more 

specialized keywords, like ozone, glacier and sericin, generally only appeared in one or two 

articles, but were used enough times within those ones to rival the more generalized terms in 

overall frequency. Based on the concordance sample lines observed in Figures 1-3, there were 

multiple instances when other words, both function and lexical ones, frequently were used 

together with the examined keywords, forming collocations and word clusters. 

4.4 Word cluster and collocation analysis 

Using the n-gram search function in AntConc makes it possible to identify the most frequently 

used word clusters in a corpus. In this case, the software was set to find clusters consisting of 

two to five words. The larger the cluster, the rarer it will be in comparison to smaller clusters, 

making it unlikely that any significant clusters for the genres considered in the present study 

will consist of more than five words. 

Based on the 150 most commonly used n-grams for both corpora it seems that many fall into 

two main categories. The first being common word clusters of English in general, such as of the 

and it is. These featured in both corpora and can be disregarded since they are not significant of 

either genre. The other category is word clusters related to the keyword lists in section 4.2. This 

means that at least part of the cluster consists in a keyword for one of the two corpora. For 

PSAC, this manifests itself primarily through personal pronouns, including he says, they are, 

we are/can/have and if you. Yet, the verb forms will, could and would from the PSAC keyword 

list also appear among the 150 most common clusters as will be, could be and would be. This 

lends further credence to the idea that popular science writers may not be averse to speculation 

in their texts.  

The n-gram search for RAC showed similar traits, since common word clusters often contained 

at least one keyword, usually a noun, including changes in, time series and analysis of. Of 

course, changes could, in theory, be the present tense 3rd person singular form of change rather 

than the plural form of a noun. Therefore, the cluster was evaluated with a concordance check, 

revealing that changes was used as a noun in almost all of the 169 instances where changes in 
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featured in RAC. Nevertheless, some common clusters found in RAC that were not as common 

in PSAC did not have a strong relation to the keyword list, for instance may be, which is 

commonly used as a hedge, in addition¸ which can be used to build upon previous arguments 

and findings, and according to, which is a typically used with in-text references. Another 

noticeable difference between the two n-gram lists was that RAC was more likely to contain 

word clusters of three or more words, such as due to the, the presence of, see for example, 

based on the, the number of and as well as. By comparison, the only unique clusters of three or 

more words found in the equivalent PSAC list were one of the and the university of. That said, 

n-gram searches only take words that are directly next to each other into account. Thus, there is 

also a point in performing a collocation analysis, since this method considers other words 

located near the keyword under investigation. 

One of the two available measurements for collocations in AntConc is mutual information, 

MI. This is a value obtained by comparing the ratio of observed frequency to expected 

frequency based on the corpus size (Weisser, 2016, p. 208). Consequently, a collocation with 

a high MI-score is considered a strong collocate, and may reveal something about the lexical 

properties of the corpus in question. Collocates with an MI-score lower than 3 can be 

disregarded for the same reason. Unlike the automated n-gram search, a collocation analysis 

requires a keyword as a starting point. Based on previous findings regarding we and its 

functions, it was selected for further examination here. Thus, the 10 strongest collocates of 

we, based on MI-scores, for both corpora can be seen in Table 3a and 3b respectively, with 

the total frequency and how often the collocate was used to the left or right of we in sentences 

also included: 

Table 3a: Strongest collocates of we in the PSAC, with at least 25 occurrences 

RANK COLLOCATE FREQ. FREQ. (L) FREQ. (R) MI-SCORE 

1 know 52 1 51 7.03737 

2 find 25 5 20 6.35629 

3 don't 28 2 26 6.19009 

4 need 39 2 37 5.97847 

5 see 42 3 39 5.34842 

6 now 38 10 28 5.34327 

7 do 34 9 25 5.15760 

8 what 40 32 8 5.00541 
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9 if 45 41 4 4.80641 

10 our 40 17 23 4.72026 

 

Table 3b: Strongest collocates of we in the RAC, with at least 25 occurrences 

RANK COLLOCATE FREQ. FREQ (L) FREQ (R) MI-SCORE 

1 assume 32 2 30 11.33693 

2 consider 25 2 23 7.98078 

3 use 50 1 49 6.05795 

4 model 34 20 14 6.05516 

5 found 33 1 32 5.50685 

6 used 43 2 41 5.34253 

7 this 86 59 27 4.80319 

8 our 35 15 20 4.52761 

9 also 46 3 43 4.50881 

10 not 51 8 43 4.19130 

 

It seems that even though the n-gram search suggested that we is often attached to can, are 

and have, its strongest PSAC-specific collocate is know, according to the MI-scores in Table 

3a. Using concordancing, we know can be observed in context in Figure 4a: 

 

Figure 4a: Sample concordance lines for we know in the PSAC. 
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In most of the instances on display in Figure 4a we know refers to general human knowledge, 

supporting the idea that we is used in an inclusive manner, referring to the author and the 

readers as a collective, or part of humanity as a whole. Simultaneously, the use of we assume 

in RAC strengthens the notion that we in research articles typically refers to the researchers 

themselves, as evidenced by Figure 4b: 

 

Figure 4b: Sample concordance lines for we assume in the RAC. 

Figure 4b reveals that we assume generally refers to assumptions made by the researchers 

themselves, and not assumptions made on behalf of humanity as a whole, lending further 

credence to the idea that the function of we in research articles is predominantly non-

inclusive. Evidently, we appears frequently in both corpora, but the manner of its usage 

diverges between the two genres, whether examined on its own or together with its strongest 

genre-specific collocate. 

4.5 Part-of-speech tagging 

A consistent point of divergence between the two genres has been a difference in word classes, 

or part-of-speech. Using TagAnt, every word in the two corpora was given a part-of-speech 

(PoS) tag, resulting in two new corpora. The tags and their meaning can be found in the 

Appendix. Granted, it is unlikely that every word was tagged properly, since some words can 

belong to multiple word classes. According to Weisser (2016, p. 102), the accuracy of PoS 

tagging is approximately 90 % for corpora without phonetical transcriptions, making it useful 

as a complement to the other methods of analysis used in the present study, but not on its own. 
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Nevertheless, running the tagged corpora through the word frequency function in AntConc 

yielded the results shown in Table 4: 

Table 4: PoS Tag frequency comparison of the two corpora 

 PSAC RAC 

RANK PoS Tag Frequency PoS Tag Frequency 

1 NN 41532 NN 43667 

2 IN 33671 IN 34775 

3 DT 24533 JJ  22247 

4 JJ 21932 DT  21935 

5 NNS 18394 NP 20312 

6 NP 12037 NNS 16219 

7 TO 11520 SENT 9652 

8 RB  10307 CC 8778 

9 SENT 9531 CD 8753 

10 CC 7356 TO 8638 

 

Table 4 shows that the most common PoS tags for both corpora are fairly similar overall. In 

fact, it would appear that the assertion that RAC contains more nouns than PSAC may not 

have been entirely accurate. The number of nouns used, including plural forms, is fairly even 

in both corpora, meaning that PSAC might feature a larger variety of nouns while RAC 

features repeated nouns to a greater extent, allowing more of them to appear on the 

corresponding keyness list in Table 2 (see section 4.2). Another notable aspect of Table 4 is 

that the PSAC list does not include the personal pronoun tag. Therefore, a keyness 

comparison was required to attempt to reveal which tags are most important for each corpus 

compared to the other one, which can be seen in Table 5: 

Table 5: PoS Tag keyness comparison of the two corpora 

 PSAC RAC 

RANK PoS Tag Frequency Keyness PoS Tag Frequency Keyness 

1 PP 6257 1338 NP 20312 2384 

2 VV 6150 766 CD 8753 1705 

3 IN/THAT 4803 626 SYM 2099 1237 
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4 VVD 2838 465 LS 939 879 

5 RB 10307 441 FW 482 424 

6 VVZ 3481 429 CC 8778 174 

7 MD 3035 426 NN 43667 141 

8 RP 727 372 VVN 6444 86 

9 TO  11520 327 IN 34775 69 

10 VVP 2326 132 POS 53 55 

 

Table 5 shows that the personal pronoun tag is by far the most significant tag for PSAC 

compared to RAC, despite not featuring in Table 4. For RAC, it seems that proper nouns hold 

considerable weight compared to PSAC, which can be explained by recurring in-text 

references to other researchers throughout research articles. Also, the fact that both 

coordinating conjunctions and prepositions are considered slightly more important in RAC 

overall is probably due to two of the function words (of, and) in Table 2. Other perceptible 

differences include the various verb form tags in PSAC, especially modal and present tense 

third person singular verb forms. These findings correspond to the use of verbs forms like 

will, could, would and says in PSAC. Overall, the PoS tagging seems to fulfil its role as a 

supplement to the previously employed analysis methods while also providing some enhanced 

understanding of certain findings, such as the use of nouns in RAC. Taking the combined 

results from section 4 into consideration, there is plenty to discuss regarding the linguistic 

differences between popular science and research articles. 

 

5. Discussion and conclusions 

The language of popular science and research articles within the natural science disciplines 

does not differ that much, as evidenced by the overall low keyness values seen in Table 2. 

Still, there were several differences observed as a result of investigating the linguistic 

properties addressed by the sub-questions in the introduction. The word frequency lists hinted 

at differences regarding noun and personal pronoun usage, and these hints were subsequently 

verified by the keyword lists. Through concordancing it was then possible to discern the in-

context appearance of some significant words for each corpus, while the n-gram searches 

revealed the most common word clusters for both corpora. Additionally, the collocation 

analysis of we shed more light on how a common word can be used in different ways 
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depending on genre. Finally, the PoS tagging provided an overarching view of how the two 

corpora compare in terms of word classes. Based on the results presented in section 4, some 

of the main linguistic differences between the two genres can be broken down into four 

categories: nouns, personal pronouns, word clusters and references. 

5.1 Nouns: generalized versus specialized terminology 

Based on Table 1, many of the words that are frequently used in popular science and research 

articles are also used in English writing in general (e.g. Sert & Asik, 2018). However, beyond 

the 20-25 most commonly used words some striking differences emerged. While the PSAC 

frequency list did not stray too far from what could be considered general writing, including 

the use of personal pronouns, the RAC equivalent contained more specialized terminology, 

such as climate, data, figure, time, model and change. While some of these words can belong 

to multiple word classes, concordance checks revealed that even ambiguous words like 

change was used as a noun in the vast majority of cases, to the point where change being used 

as a verb can be considered an anomaly for RAC. By comparison, the PSAC list only 

included two items that would normally be used as nouns, namely energy and time. 

Furthermore, the keyword lists in Table 2 imply that nouns are a prominent word class for 

RAC compared to PSAC overall, because most of the words in the RAC list can be used as 

nouns. On the other hand, the PoS tagging suggests that the total number of nouns is not 

particularly different between the two corpora. 

A possible explanation for this is that researchers seem to be inclined to repeat nouns to a 

greater extent than popular science writers, perhaps because terminological accuracy and 

consistency takes precedence over language variation for researchers. Of course, a 

counterargument to this could be that the overall number of articles in RAC is smaller than in 

PSAC, leading to a lop-sided comparison where the longer average word count of research 

articles means that frequently used technical terminology from specific articles gain high 

keyness values compared to PSAC. Then again, this would only explain why words such as 

ozone, climate and sericin appear on the keyword list, and not the inclusion of generic nouns 

like model, results, values and analysis, which are used across a large number of articles. In 

context, the sample concordance lines for analysis in Figure 3a showed that the word is often 

used to describe research methods and often combined with pre- and/or postmodifiers to 

specify what type of analysis is used, depending on the subject matter, which coincides with 

Peacock’s (2012) findings. Concordance checks for some of the other generic nouns revealed 
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similar characteristics to analysis, therefore, even these seemingly generalized terms become 

specialized when observed in context, making them a significant linguistic feature of research 

articles. Furthermore, a sizeable portion of the words used in research articles is reflected in 

the Academic Word List (11.17 %) or represents terminology specific to the research 

discipline in question, according to Vongpumivitch et al. (2009), which validates the 

frequency and keyword lists of RAC. 

By comparison, the generalized nouns often used in popular science seem to represent 

simplified terms that readers are familiar with rather than specialized terminology. Where 

research articles might provide the actual physical or chemical specifications, such as 

complex formulas, for certain particles or substances, popular science writers seem to be 

content with simply referring to such elements with words like energy or liquid, as observed 

in the extracted samples in Figures 2a and 2b. Popular science writers presumably present 

readers with the actual specifications early in the articles, but use simpler language when 

referring back to these entities. The authors are probably content if readers are aware that it is 

a type of energy, liquid or another matter that is being discussed in the article. This echoes 

Pilkington’s (2017, p. 295) observation that popular science writing tends not to reference 

specific equipment, preferring to use more general terms instead. Consequently, the readers 

do not encounter seemingly strange and unfamiliar words, which would limit the accessibility 

of popular science, according to Hyland (2010, p. 126). As a result, they can focus on the 

overall scientific developments or events described in the articles, rather than advanced 

technical terminology. 

5.2 Personal pronouns and the use of we 

Personal pronouns were a noteworthy feature for PSAC in terms of frequency, keyness and 

clusters, as well as the PoS tagging, suggesting that personal pronouns constitute a significant 

difference between popular science and research articles. Most of the significant personal 

pronouns in the PSAC keyness list were those that can be used to refer to people, i.e. we, us, 

they and he. Both they and he serve the purpose of referring back to previously introduced 

entities, such as (a) researcher(s). By comparison, RAC did not contain these pronouns to the 

same extent. Instead, research articles are more likely to feature the names of the referenced 

people, even if it might lead to a more repetitive language use. This would also explain the 

high keyness attributed to proper nouns in research articles in Table 5. That said, not every 

personal pronoun seems to be used in this manner. 
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In fact, we was quite common in both corpora, yet its use in context seemed to differ. The 

sample concordance lines in Figures 1a and 1b reveal that we in popular science is often 

inclusive, referring to the author and the readers as a collective, while we in research articles 

usually refers to the researchers alone. This was further evidenced by the collocation analysis 

and the subsequent concordance sample lines of we know in PSAC and we assume in RAC, as 

shown in Figures 4a and 4b respectively. This is in line with Fu & Hyland’s (2014, p. 9) finding 

that the function of we in popular science is often an engagement marker that can build 

connections between authors and readers. The fact that us was also identified as a keyword for 

PSAC compared to RAC suggests that it serves a function similar to that of we, namely to 

reduce the perceived distance between authors and readers, thereby facilitating the inclusion of 

the latter in science discourse. Nevertheless, personal pronouns were not solely of interest in 

isolation, but also when used in word clusters. 

5.3 The implications of word clusters and collocations 

Many of the common word clusters used in PSAC included a personal pronoun in conjunction 

with a verb, for example he says or we are. This supports the idea that popular science often 

features personal pronouns when reporting on researchers’ findings, as well as to include the 

readership under the umbrella of the word we, grouping together humanity as one entity with 

shared knowledge. In addition, since these types of word clusters are not common in RAC, it 

seems quite clear that these ideas are associated with popular science and not scientific 

writing overall. Instead, frequently used word clusters in RAC often have a connection to 

significant nouns, such as those in Table 2. Furthermore, instead of being tied to verbs, these 

nouns are often grouped together with function words, such as prepositions, creating clusters 

like changes in and analysis of. This may not appear to be significant, but these clusters can 

often divulge typical patterns or features in writing. 

Clusters like changes in and analysis of help explain why finite verb forms seem to be less 

important in research articles compared to popular science, as shown by Table 5. Obviously, 

grammatically complete sentences require a finite verb, but clusters consisting of a noun 

followed by a preposition allow for longer sentences in general, reducing the need to have as 

many finite verbs in RAC as in PSAC. This also mirrors Gledhill’s (2000, p. 125) observation 

regarding of as a collocation of nouns used in relation to scientific processes, while these 

findings suggest that other prepositions, like in, can serve a similar purpose. Rather than 

describing how something changes or how the researchers analyze something, researchers 
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tend to describe changes in something or the analysis of something. After all, prepositions, as 

well as other function words, can reveal important linguistic patterns when examined within 

word clusters, or with their collocations (Gledhill, 2000). However, Gledhill started with 

certain function words, like of, and arrived at these findings, which is a reversed methodology 

compared to the present study, suggesting that both approaches can yield similar results. 

As seen in both the keyword and cluster analysis there are a few verb forms that create a 

recurring pattern, namely will, could and would for PSAC, while the most prominent verb 

form used in RAC compared to PSAC is were. The frequent use of these auxiliaries in popular 

science suggests that authors are not averse to consider future developments and possibilities, 

thereby indulging the readers’ scientific curiosity. Yet, to consider what will, could or would 

happen as a result of certain research requires some degree of trust in the research itself. 

Hyland (2010, p. 119) argues that one benefit of popular science is that the validity and 

reliability of the research can be taken for granted. Therefore, a mutual understanding 

between authors and readers that the reported science is trustworthy may allow for this type of 

speculation. Another aspect that encourages speculation is that popular science articles 

occasionally describe non-finalized research (Parkinson & Adendorff, 2004, p. 391-392). This 

is a potential element of freedom not available to researchers, from whom empirical evidence 

is expected, aside from the end of research articles where implications and future research 

might be considered.  

Of course, could and would can also be used when constructing hedges, especially when 

clustered together with be. According to Fu & Hyland (2014, p. 16), hedges are a common 

feature of both genres. Yet, neither could be or would be appeared among the 150 most 

common word clusters in RAC, nor did either of the verb forms appear among the most 

significant words for RAC, suggesting that perhaps this type of hedge construction is more 

commonly used in popular science. For RAC, it seems that may be is a more common hedge 

construction, in addition to words like uncertainty. Uncertainty also provides another example 

of how researchers use nouns instead of other word classes to achieve certain linguistic 

functions, such as hedges. 

5.4 References to other researchers 

The art of referencing other researchers seems to be accomplished in different ways for the 

two genres. One the one hand, there seems to be a preference for directly quoting the 
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researchers in popular science, often using a personal pronoun that refers back to the 

researcher(s) and the verb says, similar to standard news articles. This also coincides with 

Parkinson & Adendorff’s (2004, p. 388-389) claim that popular science is people-oriented, 

often highlighting names and affiliations, hence the inclusion of the university of as one of the 

few common clusters in PSAC with more than two words. On the other hand, research articles 

tend not to use quotatives in this manner, yet there is no equivalent for the verb says within 

any of the most prominent findings related to RAC.  

Instead, a commonly used cluster can be used to achieve the same purpose, namely according 

to. This cluster appeared among the 150 most frequently used ones in RAC, and together with 

at least one proper noun it forms a functional reference to previous findings. Of course, it is 

also possible to use another verb form in conjunction with a proper noun, suggesting that 

researchers perhaps use a large variety of quotative verbs, making each too uncommon too 

appear on the RAC frequency or keyness list. Taking these findings into consideration, 

popular science and research articles appear to be related by their roots within the natural 

sciences, yet still consist of several linguistic differences that could be the subject for an in-

depth study, especially if some of the limitations that unfortunately restricted this 

investigation could be circumvented. 

5.5 Shortcomings and limitations 

The main challenge encountered in this investigation was the restricted accessibility of popular 

science and research articles. In order to avoid paywalls, subscriptions and similar obstacles 

only open access articles or, in the case of research articles, those that could be accessed 

through the subscriptions by Mälardalen University were included in the data. However, this 

made it challenging to gather an equal number of words for each genre while also ensuring 

that the individual branches of the natural sciences were equally represented, which would 

have been ideal. Instead, certain topic areas ended up being overrepresented. It was still 

possible to investigate linguistic differences, but it would have been preferable to compare 

scientific terminology in both genres on the basis of equal representation. Another minor issue 

was that some articles were written in British English and some in American English. This 

was circumvented using search terms like analy*, which took both varieties into account. Still, 

it would probably have been more efficient to only include data representing one variety. 
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5.6 Implications and future research 

The present study aimed to identify and explain some of the main linguistic differences 

between popular science and research articles in the natural sciences. Considering the 

difference in readership between the two genres, the writing must be suitable for the respective 

audiences. Essentially, the present study could allow those with an interest in scientific writing 

some understanding of important linguistic features of both genres, as well as where they 

differ, to assist in developing their own scientific communication for different recipients. 

Understanding what differentiates the language of these genres could be beneficial to both 

science students, who may want to develop their own scientific communication abilities (e.g. 

Parkinson & Adendorff, 2004; Wu et al., 2018), and experienced researchers, who might be 

interested in adopting more popularizing features into their own articles (e.g. Giannoni, 2008). 

In terms of future research, any of the individual results, such as personal pronouns in popular 

science or noun repetition in research articles, could be further explored. Because the present 

study primarily focused on general differences between two broad genres, emphasizing 

linguistic features of specific topic areas was not considered necessary, although it could yield 

interesting results in future studies. After all, according to Peacock (2012), individual 

disciplines tend to have their own linguistic properties, such as different collocations 

accompanying certain nouns, as in his own study. Ultimately, both popular science and 

research articles are rich with linguistic data, which can be analyzed for a wide variety of 

purposes in future research.  
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Appendix: Description of PoS tags 

TreeTagger Tag Set (58 tags) used by TagAnt, retrieved from: 

https://courses.washington.edu/hypertxt/csar-v02/penntable.html 

POS TAG DESCRIPTION EXAMPLE 

CC coordinating conjunction and, but, or, & 

CD cardinal number 1, three 

DT determiner the 

EX existential there there is 

FW foreign word d'œuvre 

IN preposition/subord. conj. in, of, like, after, whether 

IN/THAT complementizer that 

JJ adjective green 

JJR adjective, comparative greener 

JJS adjective, superlative greenest 

LS list marker (1), 

MD modal could, will 

NN noun, singular or mass table 

NNS noun plural tables 

NP proper noun, singular John 

NPS proper noun, plural Vikings 

PDT predeterminer both the boys 

POS possessive ending friend's 

PP personal pronoun I, he, it 

PP$ possessive pronoun my, his 

RB adverb however, usually, here, not 

RBR adverb, comparative better 

RBS adverb, superlative best 

RP particle give up 

SENT end punctuation ?, !, . 

SYM symbol @, +, *, ^, |, = 

TO to to go, to him 

UH interjection uhhuhhuhh 

VB verb be, base form be 

VBD verb be, past was| were 

VBG verb be, gerund/participle being 

VBN verb be, past participle been 

VBZ verb be, pres, 3rd p. sing is 

VBP verb be, pres non-3rd p. am| are 

VD verb do, base form do 

VDD verb do, past did 

VDG verb do gerund/participle doing 

VDN verb do, past participle done 

VDZ verb do, pres, 3rd per.sing does 

VDP verb do, pres, non-3rd per. do 

VH verb have, base form have 

VHD verb have, past had 

VHG verb have, gerund/participle having 

VHN verb have, past participle had 

https://courses.washington.edu/hypertxt/csar-v02/penntable.html
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VHZ verb have, pres 3rd per.sing has 

VHP verb have, pres non-3rd per. have 

VV verb, base form take 

VVD verb, past tense took 

VVG verb, gerund/participle taking 

VVN verb, past participle taken 

VVP verb, present, non-3rd p. take 

VVZ verb, present 3d p. sing. takes 

WDT wh-determiner which 

WP wh-pronoun who, what 

WP$ possessive wh-pronoun whose 

WRB wh-adverb where, when 

: general joiner ;, -, -- 

$ currency symbol $, £ 

 


