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Abstract
The advent of ChatGPT, a novel AI-powered language model able to create grammatically accurate and coherent texts, has generated considerable concern among educationalists anxious about its potential to enable cheating among students and to undermine the development of critical thinking, problem-solving and literacy skills. The similarities and differences between ChatGPT texts and human writing, however, remain underexplored. This study aims to bridge this gap by comparing the use of 3-word bundles in A-level argumentative essays written by British students with those generated by ChatGPT. Our findings show that ChatGPT essays contain a lower frequency of bundles but these have a higher type/token ratio, suggesting that its bundles are more rigid and formulaic. We also found noun and preposition-based bundles are more prevalent in ChatGPT texts, employed for abstract descriptions and to provide transitional and structuring cues. Student essays are characterized by more epistemic stances and authorial presence, crucial in persuasive argumentation. We attribute these distinct patterns in ChatGPT’s output to its processing of vast training data and underlying statistical algorithms. The study points to pedagogical implications for incorporating ChatGPT in writing instruction.
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1. Introduction
The use of AI (artificial intelligence) in language learning is nothing new. Computational linguistics using rule-based modelling of human language have been applied to support teaching in such settings for decades (Ji et al., 2023). More recently, however, advances in machine learning have meant that programmes such as ChatGPT (Chat Generative Pre-trained Transformer) are able to interact in a conversational way by responding to queries from users (OpenAI, 2023). This AI powered chatbot uses natural language processing to create humanlike dialogue, respond to questions and compose written texts such as social media posts, newspaper articles, emails and student essays.  

The enhanced capabilities of such AI programmes have sparked heated discussions about their role in language learning and text construction (Barrot, 2023; Bin-Hady et al., 2023). Clearly, however, there are potential benefits in ChatGPT’s ability to correct and explain language use, offer example sentences and translations (Kohnke et al., 2023), and to scaffold and review students’ argumentative writing (Su et al., 2023). Most commonly, and controversially, however, such AI models are used to write, edit and polish academic texts (van Dis et al., 2023; van Noorden & Perkel, 2023). This has raised concerns that students, and others, might pass off GPT-generated texts as their own, and it has so far proved impossible to identify such texts reliably (Gao et al., 2023). 

Clearly, we need to know the extent to which, and how, ChatGPT-generated texts mimic or diverge from those by human writers, and this paper takes a step towards the goal of identifying ChatGPT-generated texts. Here we examine the distribution, structures and functions of multi-word expressions (or lexical bundles) in academic texts created by ChatGPT and human writers. Bundles are a key aspect of natural language use and their study offers insights into machine and human writing. Comparing ChatGPT argumentative essays of similar length and on the same topics with those produced by British university students, our analysis provides textual evidence to identify ChatGPT-generated essays and suggests how such programmes might support L2 student writers. First we introduce the key elements of the study. 

2. ChatGPT and writing assistance
Developed by OpenAI, ChatGPT is based on machine learning algorithms that have been trained on a diverse and extensive dataset of texts using reinforcement learning through human feedback and models that rank the best responses. By “reading” a large amount of existing text, the programme learns how words generally appear in their context with other words. It therefore represents a significant advance in natural language processing and artificial intelligence. A form of generative AI, it uses specialized algorithms to find patterns within data sequences to respond to user prompts with images, texts or videos created by artificial intelligence. Essentially, the model predicts the most likely subsequent word in a sentence, given the words that precede it. This ability is not merely based on statistical probability but also on understanding context, nuances, and even the implied meaning in a dialogue (OpenAI, 2023). 

ChatGPT provides a range of applications in language learning: explaining the meaning of terms in context, creating texts in various genres, analysing discourse, and providing translations (Bin-Hady et al., 2023; Kohnke et al., 2023; Mageira et al., 2022). Yet it is seen as most useful when assisting with writing (van Noorden & Perkel, 2023). Here ChatGPT can serve as an initial sounding board for ideas or as a tool for drafting and revising academic texts (Su et al., 2023). This capacity to create texts which resemble human writing (Barrot, 2023, p. 2) makes ChatGPT particularly useful for non-native English speakers keen to improve their academic writing skills.

However, while it has a remarkable facility to produce grammatically correct and coherent text, there are ongoing debates about the extent to which it can generate content with the same depth of argumentation and engagement as a skilled human writer (Barrot, 2023; Crosthwaite & Baisa, 2023). This is particularly the case with argumentative writing, which involves logical reasoning to persuade readers to accept the author’s position (Wingate, 2012). Success therefore depends on the control of linguistic and dialogical aspects of argumentation (Hyland, 2005a; Su et al., 2023). The linguistic aspect underscores a strategic use of linking words to enhance clarity, coherence and cohesion, while the dialogical aspect emphasizes acknowledging and addressing multiple perspectives (Ferretti & Graham, 2019; Hyland, 2005b). 

We know little about the linguistic and dialogical differences of argumentation between ChatGPT and human written texts. Gao et al. (2023), however, compared scientific abstracts generated by ChatGPT to real abstracts and found human reviewers only identified 68% of abstracts generated by ChatGPT compared with those written by humans. However, while these reviewers found the ChatGPT abstracts to be “vaguer and more formulaic” (p.1), they provided no textual evidence for this. Our study sets out to provide such evidence by looking at lexical bundles. 

3. Lexical bundles and academic writing
Multi-word expressions, normally called Lexical bundles, clusters or chunks, are frequently recurring extended collocations which appear more often than expected by chance in a collection of texts (Hyland, 2008). They are an important component of fluent linguistic production as they “act as processing short-cuts and work to facilitate pragmatically efficient communication” (Hyland & Jiang, 2022, p. 3). Bundles are typically identified by corpus analysis software employing certain frequency and distribution criteria (Biber et al., 1999), which displays results which are either idiomatic (at the moment, more and more) or incomplete grammatical units (it is the, may be a). Despite different forms, they are frequently employed in academic writing, referring either to physical or abstract entities, discourse organization and the participants involved (Hyland & Jiang, 2018).  

Lexical bundles are an important aspect of the communicative experience of users, suggesting an inherent connection between repeated input, processing and output of formulaic expressions (Northbrook & Conklin, 2019). As Hyland and Jiang (2018) note, “everything we know about a word is a result of our encounters with it, so that when we formulate what we want to say, the wordings we choose are shaped by the way we regularly come across them in similar texts”. Typically, sentences are composed of interlocking bundles, which results from the psychological “priming” of words to be used together by our exposure to their common associations (Hoey, 2005). This phraseological tendency is also seen in the working of ChatGPT. As noted above, the model is trained to recognise not just individual words, but how words are typically used together in phrases and sentences, so that when generating text, ChatGPT predicts the next word or phrase based on the context provided by the previous text (Murgia, 2023; Schryver, 2023). 

Acknowledging the role of lexical bundles in enhancing the fluency and coherence of academic writing, researchers have moved beyond identifying patterns of fixed expressions to analyse their forms and functions. Thus Biber et al. (1999) found preposition + noun phrase fragment and noun phrase with post-modifier fragment are the most common bundle forms in academic writing, while Biber et al. (2004) and Chen and Baker (2014) have sought to combine broad structural patterns into noun phrase-based, prepositional phrase-based and verb phrase-based categories. There have also been attempts to classify the rhetorical functions performed by different bundles. For example, Hyland (2008) see bundles either research, text or participant oriented in academic writing, used to structure the activities of the real world, shape the relationships of arguments and build solidarity between the writer and readers.

In addition, because the use of lexical bundles is “strongly influenced by their communicative purposes” (Biber & Barbieri, 2007, p. 273), research shows that bundles differ across modes (Biber et al., 2004), genres (Hyland, 2012) and disciplines (Hyland, 2008). For example, Biber et al. (2004) found that the spoken mode of classroom teaching made heavier uses of noun/preposition bundles for referential purposes than research prose and textbooks. Furthermore, Hyland and Jiang (2018) reported a greater proportion of these types of bundles in biology and electrical engineering across over the last 50 years, although electrical engineering was found to employ more frequent and varied bundles than biology, applied linguistics and business (Hyland, 2008). The distribution of bundles is also a strong marker of authorial status, with students using them less frequently than professional authors (Cortes, (2004) and differences in the bundles used by native and non-native English writers (Hyland and Jiang (2022). However, no studies have yet explored how lexical bundles might help us to understand formulaic language in ChatGPT generated texts.

4. Data and analysis
4.1 Data collection
As outlined above, we set out to compare the argumentative essays generated by ChatGPT with those by British university students. For the latter, we used the Louvain Corpus of Native English Essays (LOCNESS), a collection of texts written by British and American university students (Granger, 2013), to extract 145 argumentative essays by British students. The topics cover Britain’s relationship to the EU, transport, boxing, the parliamentary system, computers and life, eating beef, the lottery and fox hunting.

For the ChatGPT corpus we wrote a prompt for each topic, following the student prompts as closely as possible. We recognised the sensitivity of ChatGPT to phrasing and took advice from the literature on effective AI prompts (Skrabut, 2023; Stainton, 2023). In particular, we ensured that ChatGPT was provided with a specific role, a realistic context and the rules and tone of the writing assignment. For the topic of transport, for example, we instructed the programme thus:
 “You are an expert in academic writing. Write 16 argumentative essays with a persuasive writing style on the topic of transport. Each essay is about 500 words long.” 

We used ChatGPT 4.0 for the essay generation, which is a more advanced model than its predecessor, especially in terms of its enhanced understanding and contextualization abilities, its expanded knowledge base and its improved language skills (OpenAI, 2023). The details of the two corpora are shown in Table 1.
Table 1 Corpus characteristics
	Corpus
	No. of texts
	Tokens
	Types

	ChatGPT essays
	145
	72,819
	7,164

	British student essays
	145
	78,060
	6,975



4.2 Bundle identification
To begin, we decided on the length of strings to identify. 2-word bundles are “too numerous and usually represent recurrent collocations” (Salazar, 2014, p. 43), while 5 and 6-grams are comparatively rare and often subsume shorter ones. Considering the short average length of our texts (approximately 500 words), we decided that it would be more productive to analyse 3-word rather than 4-word bundles, as these would furnish more examples as well as a wider variety of structures and functions (Salazar, 2014). Simpson-Vlach and Ellis (2010) have also pointed to the value of studying 3-word bundles, arguing that they show a “utility which is educationally and psychologically valid”, with the majority of bundles in the most frequent top 50 of the academic formulas list being three-word bundles.

We also needed to specify cut-off points for frequency of occurrence and of breadth of use to identify the bundles (e.g., Biber et al., 2004; Hyland, 2012; Hyland & Jiang, 2018). Researchers have used different criteria here, with the threshold frequency for determining candidate bundles ranging from 10 (Biber et al., 1999) through 20 (Hyland, 2008) to 40 times per million words (Biber et al., 2004). However, such a one-million word threshold can be problematic to a small corpus size. As Cortes (2015) argues, in a small corpus, word combinations do not need to repeat very frequently to meet the cut-off point, because when their frequencies are normalized any phrase that repeats a couple of times could be considered a lexical bundle. Thus Chen and Baker (2014) used raw frequency for a cut-off point.

A second criterion is that sequences have to occur in a specified number of files in the corpus to avoid the idiosyncratic preferences of individual writers. This is typically 3-5 texts overall (e.g. Biber & Barbieri, 2007) or 10% of all the texts in the corpus (Hyland & Jiang, 2022). Considering the number of texts and the average length, we set a raw frequency at 5 occurrences and included only those lexical bundles which occurred in at least 5 texts.

4.3 Data analysis
Following our criteria of including only strings which occurred at least 5 times in at least 5 texts, we searched for 3-word bundles using AntConc (Anthony, 2021), manually excluding those with text-dependent noun phrases (e.g. ‘in the United Kingdom’). For overlapping sequences where two 3-word bundles are actually part of a 4-word string (e.g. is crucial for and crucial for the), we read a wider context to decide whether to merge the two or count them separately. The results were then transferred into an Excel file where we coded each example for its function and grammatical structure. We worked independently to code a 10% sample, refining agreement through successive passes to achieve an inter-rater reliability of 98% (structure) and 97% (functions). When comparing bundles across the corpora, we followed Hyland (2008) and Salazar (2014)’s practice of using log-Likelihood tests to determine differences of statistical significance. 

5. Bundle use by ChatGPT and British students: An overview
We identified 2,233 bundle tokens in the ChatGPT data and 3,162 in the student essays, averaging 15.4 and 21.8 cases per text respectively. The difference is even more striking when we consider that the ChatGPT corpus had a higher type/token ratio (0.10 vs 0.09) of words. This is a measure of the total number of unique words (types) in the texts divided by the total number of words (tokens) and indicates that the machine-created texts had a higher degree of lexical variation. So the data suggests that while ChatGPT employed a more varied vocabulary when creating its essays, it relied less on 3-word bundles to do so. However, when comparing the bundles themselves, rather than the words, the ChatGPT essays contained a higher type/token ratio of bundles (0.11 vs 0.09), indicating that they contained not only fewer bundles but also that these were more formulaic. 

By contrast, the lower type/token ratio of bundles in the human essays shows that the students employed a more restricted repertoire of 3-word bundles, although they used them more frequently. This finding concurs with Hasselgård’s (2020) observation that students, including native speakers, tend to “use some bundles very frequently”. Compared with the large language model of ChatGPT then, students may possess a smaller knowledge-base and more limited processing capability, often generating bundles they are familiar with to fit into a wider range of contexts as ‘phraseological teddy bears’ (ibid p.339) to fill gaps in their knowledge. The limitations of their language input and processing may influence their use of formulaic expressions (Northbrook & Conklin, 2019).

The seemingly more formulaic language in the ChatGPT texts can be seen in the most frequent 3-word bundles in the corpora (Table 2). The Table shows that the pattern one of the is the only cluster shared between ChatGPT and British students. This is also one of the most common 3-word bundles in academic prose (Biber et al., 1999), where it typically either implies variety within a group (e.g., one of the many disadvantages of genetic manipulation) or qualifies the group (e.g., one of the most immediate impacts). However, other common 3-word bundles, including in order to, the number of, the use of, the fact that, there is a, and there is no, which Biber et al. (1999) report as having over 200 occurrences per million words, appear in the student list but do not occur in the ChatGPT list. This observation points to a clear difference in how the ChatGPT essays differ from those produced by human writers.
Table 2 15 most frequent 3-word bundles by ChatGPT and British students
	ChatGPT essays
	British student essays

	bundles
	frequency
	range
	bundles
	frequency
	range

	in conclusion the
	44
	44
	one of the
	47
	37

	one of the
	35
	35
	that it is
	40
	32

	can lead to
	38
	31
	there is no
	31
	29

	this essay will
	27
	24
	there is a
	32
	27

	the development of
	24
	24
	the fact that
	32
	26

	the potential for
	31
	23
	due to the
	33
	24

	the future of
	27
	23
	be able to
	29
	24

	has been a
	25
	22
	it would be
	24
	21

	essay will explore
	27
	21
	it is the
	22
	19

	the ability to
	21
	21
	the number of
	32
	18

	the need for
	23
	20
	a lot of
	23
	18

	the potential to
	23
	20
	the use of
	23
	18

	the long term
	23
	20
	have to be
	22
	18

	in conclusion while
	21
	20
	in order to
	22
	18

	there is also
	20
	19
	more and more
	21
	18



It is also interesting to note that four of the most common bundles in the ChatGPT texts include the words essay and in conclusion, although these were absent from the students’ corpus. These text-referential metadiscourse markers perhaps occur as a result of the way ChatGPT generates responses. As Goar et al. (2023) reports, the model generates responses which are “coherent and contextually relevant to the input prompt” (p.111), thus, as shown in example (1) and (2), the ChatGPT responses refer back to the specific prompt: 
(1) In conclusion the integration of cycling into urban transport networks presents a sustainable path forward for cities worldwide. (ChatGPT)
(2) This essay will explore the history of boxing, from its ancient roots to its modern evolution as a global sport. (ChatGPT)

6. Structural differences in bundles by ChatGPT and British students
Differences in the formal characteristics of lexical bundles mark how writers employ these “repeated building blocks” in constructing academic texts (Hyland & Jiang, 2022, p. 15). In academic writing, bundles are frequently prepositional phrases with -of fragments (in terms of), noun phrase + of fragments (the presence of) (Biber et al., 2004; Hyland, 2008) and anticipatory it fragments (it appears that) (Salazar, 2014). Together, these three forms comprise over 70% of all multi-word patterns in academic writing but rarely figure in conversation (Biber et al., 1999), where the majority of bundles contain a verb phrase, particularly ‘personal pronoun + verb phrase’ (e.g. I don’t know).

In this study, we referred to Hyland and Jiang’s (2018) structural categorisation of bundles and Biber et al.’s (1999) 12 categories of written academic bundles, and made modifications based on a careful examination of our two corpora. Accordingly, we arrived at the structural categorisation of three-word bundles shown in Table 3 and coded the sequences we found in the corpora.

There are a couple of observations to be made about this classification. First, we found a large number of bundles containing lexical verbs (e.g., lead to a and has played a), modal verbs (e.g., would have to and may not be), gerunds (e.g., leading to a and making it a) and infinitives (e.g., to be a and to make the). These forms were not clearly distinguished in previous categorisations (Biber et al., 1999; Hyland & Jiang, 2018), and may be confined to 3-word chunks. We therefore added these to the verb-related categories in this study. Second, bundles containing conjunction-fragments (e.g., if it is, but also a ) were observed in our corpora, so were added to our categorisation. Third, there were a few unpredictable and occasional instances of patterns such as out of the and more and more, but were so few that they did not warrant a new category and were classed as ‘others’.

Table 3 Structural classification of three-word lexical bundles in essay writing
	verb phrase-related bundles
	· passive verb (be used to, seen as a)
· copular be (is not without, is a significant)
· lexical verb (lead to a, has played a)
· model verb (could lead to, would mean that)
· infinitive-fragments (to be a, to make the)
· gerund-fragments (leading to a, making it a)

	clause-related bundles
	· anticipatory it (it is possible, it can be)
· abstract subject (this would mean, this essay will)
· human subject (I believe that, some argue that)
· as-fragments (as it is, as it would)
· there-fragments (there is a, there has been)
· wh-fragments (what it means, when it comes)
· that-fragments (that they have, that could be)
· conjunction-fragments (if it is, but also a)

	noun/preposition-related bundles
	· noun phrase with of-phrase fragment (the use of, a sense of)
· noun phrase with other post-modifier fragment (the fact that, the need for)
· prepositional phrase expressions (in terms of, with respect to)

	others
	· erratic instances (out of the, more and more)



The analysis revealed a sharp distinction in the distribution of the structures of three-word bundles in the essays by students and ChatGPT. As shown in Table 4, noun/preposition bundles constituted the most frequent type in both corpora, confirming previous studies that noun/preposition-related bundles are predominant in academic prose (Biber & Barbieri, 2007; Salazar, 2014). This is because these bundles are often employed to “focus readers on a particular instance or to specify the conditions under which a statement can be accepted, thereby working to elaborate, compare, and emphasize aspects of an argument” (Hyland & Jiang, 2018, p. 401). Examples (3) and (4) illustrate the functions these bundles play in academic prose, indicating why they dominate the frequencies in this register.
(3) The cultural significance of fox hunting has also sparked debates about the role of government in regulating cultural practices. (ChatGPT)
(4) Times and attitudes change, and in some cases that means obliterating tradition.                                (student essays)


Table 4 Structural distribution of 3-word bundles in the two corpora (raw & %)
	
	ChatGPT essays
	British student essays

	
	raw
	%
	raw
	%

	[bookmark: _Hlk153738825]verb-related
	542
	24.27
	833
	26.34

	passive verb
	15
	0.67
	75
	2.37

	copular verb
	159
	7.12
	226
	7.15

	lexical verb
	155
	6.94
	93
	2.94

	modal verb
	109
	4.88
	255
	8.06

	gerund fragments
	37
	1.66
	0
	0.00

	infinitive fragments
	67
	3.00
	184
	5.82

	clause-related
	282
	12.63
	988
	31.25

	abstract subject
	50
	2.24
	114
	3.61

	human subject
	18
	0.81
	107
	3.38

	anticipatory it
	37
	1.66
	245
	7.75

	as-fragments
	0
	0.00
	77
	2.44

	conjunction-fragments
	81
	3.63
	128
	4.05

	there-fragments
	60
	2.69
	161
	5.09

	that-fragments
	5
	0.22
	122
	3.86

	wh-fragments
	31
	1.39
	34
	1.08

	noun/prep-related
	1403
	62.83
	1278
	40.42

	[bookmark: _Hlk153711851]noun + of
	670
	30.00
	613
	19.39

	noun + other
	412
	18.45
	221
	6.99

	prepositional phrase
	321
	14.38
	444
	14.04

	others
	6
	0.27
	63
	1.99

	Total
	2233
	100.00
	3162
	100.00



It is also worth noting that noun and preposition-related bundles account for a remarkably higher proportion in the essays by ChatGPT than those by British students (LL=17.75, p<0.001). Furthermore, we can see that the proportion of both clause-related and verb-related bundles in the student essays exceed those of the texts produced by ChatGPT, while the ChatGPT-generated essays demonstrate a significantly higher frequency of verb-related bundles compared to clause-related bundles. 

We suggest that these distributions are closely related to how ChatGPT produces text in response to prompts. According to Wolfram (2023), the model combines probabilistic calculations with contextual understandings to produce meaningful language. At its simplest, it works to predict the next word in a sequence of text and does this repeatedly until the output is complete. Noun-related chunks tend to be simpler and more straightforward for language processing than complex verb phrases or clauses which normally involve decisions regarding tense, aspect and mood (Huddleston & Pullum, 2002). Consider examples (5) and (6). Unlike the noun-related bundle in (5), the use of the verb-related bundle (has also been) in (6) leans on both the singular form of the subject (the impact of these changes) and the past participle of the following verb (felt). Since ChatGPT generates text one token at a time, simpler structures that are easily predictable from the preceding context are more readily produced.
(5) This has spurred the development of beef substitutes. (ChatGPT)
[bookmark: _Hlk155600450](6) The impact of these changes has also been felt in staffing and location strategies.                               (ChatGPT)

We can also see the different distribution of structures in the subcategories in Table 4. While we have noted that ChatGPT relies more on noun and preposition-related bundles in the essays it created, this is especially marked in the case of “noun + of” bundles, which comprises 30% of all the 3-word bundles in the ChatGPT corpus. This string has a high frequency in academic writing, and both Biber et al. (1999) and Salazar (2014) show that “noun + of” is among the most common 3-word bundles. Presumably, its frequency in the training data means that ChatGPT encounters this structure regularly and so ‘learns’ to reproduce it, making it more likely to reproduce similar noun phrases in its responses. Importantly, “noun + of” phrases typically present concrete subjects or objects and align well semantically and syntactically with the rest of the sentence (Greenbaum & Quirk, 1990), making it easier for ChatGPT to maintain coherence in its responses. Thus we find copious examples in our corpus of ChatGPT essays.
(7) the role of beef consumption in society may see shifts in both perception and practice. (ChatGPT)
(8) Overcoming challenges in the gym and winning matches fosters a sense of accomplishment and belief in one’s abilities. (ChatGPT)

Turning to verb-related bundles, although ChatGPT and the students’ essays show similar percentages for verbal bundles (24.27 vs 26.34), ChatGPT relies far more on lexical verb bundles in creating arguments. Our analysis of each lexical verb bundle shows that lead to a, has led to and have led to contribute most to this difference. As (9) and (10) indicate, “lead to” can be used flexibly with either noun or pronoun subjects, and point to different forms of objects. These features may make it easier for the AI programme to maintain coherence in its responses.
(9) This can lead to a decline in physical socialization and the weakening of real-world community ties.                    (ChatGPT)
(10) Computer-assisted surgery has led to minimally invasive procedures, reducing recovery times and the risk of complications. (ChatGPT)

This may help explain the extremely frequent use of leading to a and potentially leading to in the ChatGPT essays. In contrast, no such gerund-fragment bundles were found in the students’ essays, suggesting that the writers’ used other means of achieving textual coherence. 

Most striking in the comparisons shown in Table 4, however, is the significant differences in the distribution of clause-related bundles, with the student essays containing some 2.5 times more than the ChatGPT texts (LL=368.16, p<0.001). Clause-related bundles typically include multiple linguistic components, such as subject-verb agreement, tense, aspect, and mood as in (11) and (12). 
(11) Once, the sport may have been necessary to cull the numbers of foxes but now foxes have become so rare that they are rarely seen in the wild. (Student essays)
(12) The moral implications of this are huge, and as it is a scientific creation, then scientists must be held responsible for their actions. 
(Student essays)

The interaction of these elements can make clause-related bundles less predictably fixed, as they can be adapted to different contexts and meanings. It seems that the British students in our corpora are more adept at recognising contextual predictability than ChatGPT, which generates its responses essentially based on probabilistic calculations (Wolfram, 2023).

It is also worth pointing out that bundles which contain human-subjects are also less commonly used in the ChatGPT essays (LL=64.21, p<0.001), which merely employ objective formula such as some argue that and critics argue that. The British students, on the other hand, included more varied human subjects in their texts, with I think that, I believe that and I feel that being the most frequent three bundles in this regard. As in (13) and (14), the use of self-mention with first person pronouns makes a clear claim for a distinct authorial perspective and stance on the topic (Hyland, 2005a). As can be seen in these examples, this helps to build a persuasive voice in argumentative writing. 
(13) Abolition may be too much to hope for, but I think that the system should be closely looked at before the license is renewed. (Student essays)
(14) All things considered, I believe that genetic manipulation will be a benefit to modern society and to future societies to come. (Student essays)


7. Functional differences in bundles by ChatGPT and British students
Although in different structural forms, bundles are typically used to present experience, construct interaction and organise discourse. To capture the ideational, interpersonal and textual functions of bundles (Halliday, 1994), Biber et al. (2004) categorised bundle functions into stance expressions, discourse organisers, and referential expressions, while Hyland (2008) suggested a different classification, proposing research-oriented, text-oriented and participant-oriented functional groups. Clearly, there are similarities across the two taxonomies, with Biber’s addressing a broader corpus of spoken and written registers and Hyland’s classification more specifically concerned with research-focused genres. 

While following Biber et al. (2004) and Hyland’s (2008) modelling, we renamed the main functional categories to better reflect the characteristics of argumentative essays, naming them ‘descriptive expressions’, ‘discourse organisers’ and ‘stance markers’. We also identified several subcategories which seem to be specifically associated with argumentation. Drawing on Hyland’s (2005b) model of academic stance, we see bundles as a rhetorical indication of evidentiality, affect and self-presence of writer positioning. Table 5 shows the functional categories and specific meanings of 3-word bundles.

Table 5 Functional categories of three-word lexical bundles in essay writing
	[bookmark: _Hlk153801657]descriptive expressions
	· identification − identifying existence and quantity (one of the, a source of);
· procedure – describing procedure and sequence (the creation of, the use of);
· specification − specifying attributes of the following head noun (the ability to, the impact of);
· time/place reference − referring to particular places or times in the text itself (at the moment, in the end).

	discourse organisers
	· transition signals – establishing additive or contrastive links between elements (however it is, in addition to);
· resultative signals – marking inferential or causative relations between elements (in response to, as a result);
· structuring signals – offering text-reflexive signposts which organise stretches of discourse or direct reader elsewhere in text (in conclusion the, this essay will);
· framing signals – situating arguments by specifying limiting conditions (in terms of, in some cases).

	stance
markers
	· epistemic stance – conveying the writer’s judgement on certainty/uncertainty about propositions (it could be, it is possible)
· attitudinal stance – indicating the writer’s affective attitude to propositions (is a good, it is important) 
· authorial presence – presenting a discoursal self (I think that, in my opinion)



We acknowledge that a single bundle may have multiple functions. For example, bundles such as the end of and the same time can function literally as referring to a time or place (it could be the end of the mad cows disease), or as structuring the argument (at the end of this analysis of transportation’s evolution). We examined all potentially multi-functional bundles to determine their primary function in the text. The distribution of 3-word bundles in the two corpora according to their primary function is presented in Table 6. 

Table 6 Functional distribution of 3-word bundles in the two corpora (raw & %)
	
	ChatGPT essays
	British student essays

	
	raw
	%
	raw
	%

	descriptive expressions
	1404
	62.88
	1792
	56.67

	  identification
	620
	27.77
	1063
	33.62

	  procedure
	111
	4.97
	174
	5.50

	  specification
	511
	[bookmark: _Hlk154093212]22.88
	374
	11.83

	  time/place reference
	162
	7.25
	181
	5.72

	discourse organisers
	527
	23.60
	676
	21.38

	  transition signals
	182
	8.15
	153
	4.84

	  resultative signals
	162
	7.25
	269
	8.51

	  structuring signals
	130
	5.82
	0
	0.00

	  framing signals
	53
	2.37
	254
	8.03

	[bookmark: _Hlk154156525]stance markers
	302
	13.52
	694
	21.95

	  epistemic stance
	127
	5.69
	523
	16.54

	  attitudinal stance
	175
	7.84
	86
	2.72

	  authorial presence
	0
	0.00
	85
	2.69

	Total
	2233
	100.00
	3162
	100.00



We can see that the use of bundles as descriptive expressions accounts for the highest percentage among the three functions in both corpora. There is a connection here with the structural patterns discussed earlier, with descriptive bundles mainly comprising noun and preposition-related structures. Within this functional category, both ChatGPT and British students largely used bundles to identify entities or ideas - predominantly to express the existence or presence of what is under discussion, as in (15) and (16). This function seems essential to present controversial issues with an appropriate degree of authorial investment and a clear stance (e.g. Wingate, 2012), although it occupies a higher percentage in the British students’ essays.
[bookmark: _Hlk154093724](15) The potential for ‘genetic tourism’ illustrates the need for global dialogue and policy-making.                    (ChatGPT essays)
(16) The fact that the concept of a single market is itself very hard to define has been the source of much confusion and some hostility towards it from the British public.                 (Student essays)

The use of bundles for the specification of abstract qualities is also a frequent feature of the essays, comprising 22.9% of all 3-word bundles in the ChatGPT texts, double the proportion found in students’ essays (LL=31.88, p<0.001). Speculatively, this may suggest something about ChatGPT’s way of dealing with abstract concepts in argumentative writing. Examples (17) and (18) show how the programme uses specification, here of economic impact and development, to narrow the focus of the discussion to an explicit aspect of an abstract concept, helping to target the discussion and make it relevant to the essay’s thesis.
(17) The economic impact of high-speed rail on regional connectivity is profound.                                    (ChatGPT)
[bookmark: _Hlk154116956](18) The development of high-speed rail networks also has a transformative effect on regional connectivity by encouraging the development of ancillary services and fostering innovation in transportation.                                (ChatGPT)

The use of 3-word bundles to organise discourse also accounts for a higher percentage in the ChatGPT production, where the bundles mainly function as transition and structuring signals. Bundles like on the other hand (19), not just a and but also a (20) act as transitional elements to guide the reader from one point to another, maintaining the flow of the argument. This shows how ChatGPT typically provides coherence and smooth transitions between different parts of the text. 
(19) On the other hand, some argue that boxing provides a lifeline for individuals in impoverished circumstances, offering them a chance to escape poverty and pursue a better life.          (ChatGPT)
[bookmark: _Hlk154117229](20) Beef is not just a dietary staple but also a significant commodity in the global economy.                         (ChatGPT)

The use of bundles as structuring signals in (21) and (22) offers another perspective on the organisation method utilized in ChatGPT’s output, offering it a conventional means of indicating the purpose of the argument to follow. Interestingly, we found none of these in the students’ writing:
(21) This essay will explore the impact of high-speed rail networks on regional connectivity, focusing on their economic, social, and environmental effects.                       (ChatGPT)
(22) This essay will explore the cultural significance of fox hunting and examine the arguments made by both sides of the debate. 
(ChatGPT)

In contrast, the percentage of resultative and framing signals is considerably higher in the essays by the students than those by ChatGPT (LL=19.93, p<0.001; LL=129.53, p<0.001). Resultative signals in (23) and (24) are used to indicate either the reason or consequence of an argument and play a crucial role in demonstrating how a particular line of thought contributes to the overall thesis:
(23) This would do little to eliminate the problem due to the fact that there would be less provision for safety than if it were legal. 
(student essays)
(24) As a result of a lower beef demand in places of food production there would be a lower need for beef cows.          (student essays)

Framing signals, on the other hand, work to set up an interpretative frame by which the following text is intended to be understood. They are often seen in the introduction of an essay where the writer sets the stage for his or her argument (25), and where the context or scope of a proposition is being defined or limited (26).
(25) If there is a point where supply outweighs demand, farmers will produce less beef and make less money.        (student essays)
(26) It is true in a way the development of portable calculating machines (calculators) has meant that we no longer need to be able to work out sums in our heads.                             (student essays)

It is important to recognise that each of these different types of discourse organising signals in 3-word bundles contributes uniquely to the cohesion and coherence of argumentative essays. Transition and structuring signals, while essential for readability and flow, “do not add any propositional information to a discourse” (Mauranen, 1993, p. 161) but serve to “make explicit relations that already exist in a text” by virtue of the meanings of the propositions that they link (p.168). They do not, therefore, contribute to shaping the content of the text, but serve to guide the reader through the argument. In contrast, resultative and framing signals are tied directly to the core content and argument of the text, often indicating critical connections and conclusions. They therefore play a direct role in constructing and framing the argument within a specific perspective (Hyland, 2005a). All this provides some insight into the different ways which ChatGPT and human writers create a well-structured, intelligible and persuasive text.

Finally, the most striking difference in the use of 3-word bundles between the ChatGPT and student essays is in the percentage of stance patterns. By taking a stance, writers step into their texts to put their personal authority or beliefs behind their knowledge claims (Hyland, 2005b) and then build solidarity with readers. Thus stance helps regulate the level of personality in a text and is central to building a convincing argument (Hyland, 2005a). Perhaps surprisingly, the use of bundles to express attitudinal stance is significantly more frequent in the ChatGPT essays than the students’ texts (LL= 37.47, p<0.001). Noun-related phrases including the benefits of, the risk of, the promise of, the loss of, and the importance of are the five most common attitudinal bundles in the ChatGPT essays. They effectively express authorial attitudes and values while pulling readers into a conspiracy of agreement so that it can often be difficult to dispute these judgements.
(27) From an ecological standpoint, the benefits of a plant-based diet are clear.                                    (ChatGPT)
(28) There is also the risk of information overload and the need to cultivate skills to critically evaluate the credibility of online content. 
(ChatGPT)

Conversely, the students made significantly greater use of epistemic stance in their bundles (LL=232.24, p<0.001). Epistemic stance modulates the writer’s commitment to the reliability or truth of the propositions he or she presents. At the same time, it allows the writer to negotiate a discursive space to involve readers by offering them the opportunity to dispute the claims being made (29) or to close down alternatives by assuming their agreement (30):
(29) It is possible that IVF would be used in a case where both these scenarios are combined, although I suspect this may be considered unethical and full of problems.               (student essay)
(30) Of course the technology does have beneficial effects. 
(student essay)

Cortes (2004) found published writers in biology used more epidemic bundles, such as is likely to be, it is possible that and may be due to, than novice writers. Our result indicates that these British students make better use of this rhetorical device to strengthen the argumentation in their essays.

Interestingly, we only found the use of explicit authorial self-mention in these 3-word bundles in the students’ essays and none in the ChatGPT ones. Authorial presence is expressed by coupling bundles with either first person pronouns or possessive adjectives to present propositional, affective and interpersonal information in (31) and (32):
(31) In my opinion, the only way forward is the increased use of public transport systems because of the sheer waste caused by the average two-car family.                               (student essays)
(32) I believe that it is an aspect which is more threatening to British sovereignty than the general concept of the single market. 
(student essays)

By presenting a discoursal self, writers foreground their personal role in the argument and identify themselves strongly with a particular argument and gain recognition for an individual voice. As Hyland (2005b) notes, this is “a clear indication of the perspective from which a statement should be interpreted” (p.181), enabling writers to stress their own contribution to the topic and gain agreement for it in the writing.

8. Conclusion and final remarks
The debates surrounding the role of AI-powered large language model in language teaching show no sign of subsiding, with institutions taking different positions on the issue. The research we have presented here suggests that ChatGPT-generated writing is vaguer and more formulaic than human writing. Our analysis of 3-word bundles shows the ChatGPT essays contain a higher type/token ratio of bundles, indicating greater lexical variation in the machine texts, despite a lower frequency of bundles, suggesting that the bundles produced in ChatGPT production are more rigid and standardised. Clearly, ChatGPT is proficient at recognizing and generating fixed structures due to their high frequency and regularity in the language data it was trained with.  

[bookmark: _Hlk154455098]We also found that noun/preposition-related forms comprised the most common bundles in the argumentative essays by both ChatGPT and the British students, although the ratio is significantly higher in the AI output, especially the “noun + of” bundles. ChatGPT-generated essays also show less use of clause-related than verb-related bundles. Once again, this almost certainly is a result of the machine learning mechanism that gives ChatGPT its power. The massive dataset of texts which provides its learning input almost certainly contains a high density of noun and preposition-related bundles as these are common in many registers of writing. At the same time, the generative pretrained transformer architecture also allows the programme to combine probabilistic prediction with contextual understanding to produce meaningful responses. In this process, clause-related bundles tend to be less fixed and predictable for ChatGPT to generate, contributing to the sense that ChatGPT outputs are unoriginal and lacking in insight.

We have also seen that 3-word bundles are principally used to identify the existence or presence of what is addressed in the argumentative writing. Here however, the ChatGPT created bundles are prominently used to specify abstract qualities, indicating the way ChatGPT deals with topics in the prompts it is given. The results also show that ChatGPT uses bundles to provide transitions and structuring signals between different parts of the text. When organising discourse, the students were inclined to build coherence for critical connections and conclusions using resultative and framing patterns. Another difference between bundles in the essays is in the use of stance markers. ChatGPT used bundles to express attitudinal stance more frequently while the students tended to use 3-word bundles to express epistemic stance and authorial presence, offering a more forceful and personal argumentative voice.

This is one of the first linguistic analyses comparing academic texts by ChatGPT and human writers. It must be said that we were tremendously impressed by the ability of the large language model to generate a series of extended and coherent responses to the prompt we gave it, and by the statistical procedure it uses to organise and present points in a logical sequence. Nevertheless, our findings indicate that ChatGPT is less adept at injecting the text with a sense of personal perspectives and persuasive interactions that are typically valued in argumentative writing. This takes nothing away from our positive assessment of the essays it generated nor are we undervaluing the obvious power and affordances of ChatGPT for writing assistance. It just does not do this in the same way, or as effectively, as human writers.

Finally, we believe our study contributes not only to the possible identification of AI generated texts, but also raises pedagogical implications for the use of ChatGPT to assist the teaching and learning of writing to second language students. Its limited ability to incorporate an individual voice and nuanced argument perhaps indicates a potentially important role as a supplementary tool for teachers rather than a standalone writing solution. Teachers, may find it possible to leverage the affordances of ChatGPT by using the model’s outputs as a contrasting backdrop to human writing, demonstrating to students the importance of epistemic stance, authorial presence, and resultative coherence in argumentative essays. Focusing on salient differences can help foster skills of critical analysis among students, enabling them to discern between the mechanical organisation of ideas and the nuanced, persuasive expression that characterises argumentative writing. Furthermore, the findings can be used to guide students in understanding the limitations and strengths of AI in language production, thereby promoting a balanced and informed approach to utilizing AI tools in their writing processes.
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