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OZET

Akademik Amagli Ingilizce yaziminda, disipline 6zgii sdylemi sekillendirmeye katk1 saglayan
yinelenen ¢ok sozciiklii kaliplara siklikla bagvurulmaktadir. Bu kaliplar arasinda ifade gergevelerini
akademik metinlerin deyimsel yapisinda 6nemli bir rol oynadigi gosterilmistir. Bu calisma,
mithendislik akademik sdylemine nasil katki sagladiklarini incelemek amaciyla Jeoloji ve
Madencilik Miihendisligi arastirma makalelerinde kullanilan ifade ¢ercevelerini ve bunlarin
dagilimini arastirmay1 amaglamaktadir. Bu ¢alisma igin her biri 133 arastirma makalesinden olusan
iki disipline 6zgii derlem olusturulmustur. Ifade gergevelerini kfNgram araci kullanilarak ¢ikarilmis
ve her derlemdeki en sik gegen 100 ifade cergevesi analiz edilmistir. Disiplinler arasinda ortak ve
alana 0zgi ifade cercevelerini belirlemek icin siklik ve log-likelihood analizleri yapilmis; ifade
gercevelerinin sdzciiksel goriiniimleri ve retorik iglevlerini incelemek amaciyla ek olarak baglam ve
esdizim analizleri uygulanmistir. Elde edilen sonuglar, iki derlemin birkag yiiksek frekansli ifade
cerceveleri paylastigini ve bunun da disiplinler arasi genel akademik yapilara isaret ettigini ortaya
koymustur. Ancak bu kaliplar1 dolduran sézciiklerin ¢cogunlukla farkli oldugu ve her alanin kendine
0zgili kavramsal odagini ve terminolojisini yansittig1 goriilmiistiir. Ayrica bazi ifade gercevelerinin
sonu¢ bildirme ve neden-sonug iliskilerini ifade etme gibi temel retorik islevlerle yakindan iligkili
oldugu bulunmustur. Bu bulgular, Akademik Amach Ingilizce baglamlarinda disipline &zgii
deyimsel kaliplara iliskin farkindalik gelistirmede veri giidiimlii 6grenme yaklasimlarinin
potansiyelini vurgulamaktadir. Sketch Engine ve kfNgram gibi derlem araglariin, 6grencilerin daha
dogru ve disipline uygun akademik yazma becerileri gelistirmelerini desteklemek i¢in nasil

kullanilabilecegini gdstermek amaciyla DDL temelli sinif etkinligi dnerileri de sunulmustur.

Anahtar Kelimeler: Akademik Amagh ingilizce, Derlem Dilbilim, ifade Cergevesi,
Miihendislik, Veri Giidiimlii Ogrenme



ABSTRACT

Academic writing in English for Academic Purposes (EAP) often relies on recurrent multi-
word patterns, which contribute to shaping discipline-specific discourse. Among these patterns, P-
frames have been shown to play a crucial role in the phraseological structure of academic texts. This
study aims to investigate the use and distribution of P-frames in Geology and Mining Engineering
research articles to explore how they contribute to engineering academic discourse. Two discipline-
specific corpora, each consisting of 133 research articles, were compiled for this study. KfNgram
was used to obtain the top 500 P-frames. Among them, the top 100 P-frames were analysed.
Frequency and log-likelihood analyses were conducted to identify shared and discipline-specific P-
frames, while concordance and collocation analyses were used to examine their lexical realisations
and rhetorical functions. The results demonstrated that both corpora have shared high-frequency P-
frames, which refers to the existence of general academic language across disciplines. However,
when it comes to the types of filling these frames, they were generally different, demonstrating the
unique terminology of each discipline. In addition, it has been found that some P-frames are closely
related to general academic language such as reporting results and expressing cause—effect relations.
Furthermore, the findings highlight the potential use of corpus-based data-driven learning (DDL) to
raise students’ awareness about discipline-specific phraseological patterns in EAP engineering
contexts. Suggested DDL-based classroom activities are provided to demonstrate how corpus tools
such as Sketch Engine and kfNgram can be used to support students in developing more accurate

and discipline-appropriate academic writing skills.

Keywords: Corpus Linguistics, Data-driven Learning, EAP, Engineering, P-frames
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CHAPTER ONE

1. OVERVIEW OF THE STUDY

1.1 Introduction

"I took the one less travelled by, and that has made all the difference."

Robert Frost

Technology has gained considerable attention over the last decade, resembling a growing
avalanche that accelerates daily. These advancements have had a profound impact on various sectors,
including education. In particular, language education has greatly benefited from technological
developments. Advancements such as Web 2.0 tools, computers, and online/offline applications have
been increasingly integrated into language classroom settings, which is transforming traditional
approaches to teaching and learning. Among the innovative methods that benefit from technological
progress, Corpus Linguistics (CL) has been used in language teaching. The growing interest in corpus
linguistics (CL) and the increasing use of corpus tools within the field of linguistics have contributed
to the rising popularity of corpus-based teaching methods. A large body of electronically stored texts
directs researchers, lexicographers, terminologists, translators, and language instructors to
sympathise with the use of corpus (Kunilovskaya & Koviazina, 2018). Moreover, the nature of CL
can be conceptualised as an independent field of study and as a methodological tool that enhances
and supports research in various disciplines (McCarthy & O'Keeffe, 2010). In other words, the

flexible nature of corpus linguistics enables it to be applied across all fields.

In today's globalised academic environment, proficiency in English for Academic Purposes
(Hereafter, EAP) is essential for students in different disciplines. In the academic setting of
engineering disciplines that rely heavily on technical reports, research papers and academic
interaction, proficiency in academic English is essential for academic success and effective
professional practice in the field. However, many resources are designed with a general language
perspective and often ignore the specific linguistic needs of engineering students. Therefore, a need
has emerged for more focused and detailed academic language in an engineering context. In this
respect, corpus-based data-driven learning plays a significant role in providing various tools and

methods for learners to engage them with authentic and discipline-specific academic language. One



of the main characteristics of corpus linguistics is the ability to enable users to analyse language more
profoundly. With this, engineering students have a chance to access their specific needs in their
academic journey. Particularly, vocabulary knowledge, which can also be referred to as mastery of
the language, is a significant part of the process. Especially, the majority of EAP learners need to
produce discipline-specific written work. Therefore, it is essential for learners to be a master in
technical terms in their field, as well as to raise awareness of vocabulary and frequently occurring
multi-word expressions. In this context, Data-Driven Learning (DDL), a subfield of corpus-based
approaches, has emerged as a potential to increase learner autonomy and raise language awareness
through direct interaction with authentic language data. DDL supports learners by encouraging them
to discover linguistic patterns, engage with real-life language use, and take an active role in their own
learning process. As noted by Gilquin and Granger (2010), by using DDL activities, students gain
three significant abilities, which are encouraged to observe corpus data, make a hypothesis and
formulate rules” (p. 359). These abilities create an environment for EAP learners not only to enhance
their linguistic competence but also to improve critical thinking and independent learning, which are

crucial in academic contexts.

Overall, it can be suggested that the integration of corpus linguistics into English for Academic
Purposes (EAP) through Data-Driven Learning (DDL) provides valuable insights for authentic
language use and academic language awareness. Within the scope of EAP, especially in the case of
engineering learners, they need to improve their academic and discipline-specific language. With this
respect, this thesis aims to explore phrase frames (P-frames) by using corpus linguistics methods.
Regarding this, corpus-based DDL applications can raise learners' language awareness and enable

them to analyse discipline-specific language by themselves.

1.2 The Framework of the Study

Throughout history, language learning has been a complex and challenging process, often
requiring considerable effort for learners to develop successful language skills. Over time, however,
significant advancements have been made in the field of language education. Among these
developments, technology and its associated tools have emerged as some of the most influential
innovations, transforming both the methods and accessibility of language learning. In the field of

linguistics, corpus linguistics can be among the new techniques.

Corpus methods can serve various purposes. In particular, the discovery of patterns in lexis,
grammar, semantics, and pragmatics can be a leading example of areas in which corpus methods can
be applied. Regarding this statement, Boulton (2010) mentioned that the potential integration of
electronic corpora in language teaching and learning has gained growing interest in recent years.

Furthermore, the only things that can be searched with a corpus are not limited to them. Researchers,



teachers, and students can also use the corpus to check work frequency, keywords, N-grams, P-
Frames, collocations, and keywords in context (KWIC). In a nutshell, Flowerdew (2009) made clear
the potential of the corpus as “the combination of frequency data regarding all the words in a corpus
and the verbal environment in which these words occur.” (p.328). Together with this explanation, he
added that thanks to the corpus, researchers can reach out with a click to the nature of typical patterns

of lexical and grammatical use.

The integration of corpus linguistics into English for Academic Purposes (EAP) has
significantly enhanced our understanding of authentic academic language use and enabled more
targeted and practical instruction for discipline-specific learners. In other words, corpus linguistics
can be a beneficial method in English for Academic Purposes (EAP), where learners are required to
master academic conventions, discipline-specific vocabulary, and formal language structures. In
many respects, learners must be equipped not only with academic writing skills but also with
discipline-specific vocabulary to engage with their field of study effectively. In this regard, as Gillett
(2022) states, the purpose of an EAP course is to help learners acquire linguistic and cultural
knowledge within an institutional and disciplinary context which is relevant to their studying or

working environment, where English is the primary language.

Corpus Linguistics can be practical when integrated with Data-Driven Learning (DDL).
Moreover, DDL aims to expose learners to authentic language use through corpora and encourage
them to take an active role in their language learning process. One of the most distinctive features of
DDL is its ability to integrate corpus data in the creation of language learning materials. By
interacting directly with real language data, learners have an opportunity to notice patterns, formulate
hypotheses, and develop a deeper understanding of how language functions in authentic contexts. In
this regard, corpus-based DDL enables EAP learners to explore authentic academic texts that are

related to their field and become familiar with real usage patterns in their academic disciplines.

1.3 Background of the Study

In recent decades, education has greatly benefited from the use of technology. With the
increasing availability and affordability of technological devices, along with easy access to the
internet, new opportunities have emerged for researchers and teachers to integrate technology into
their work. As Flowerdew (2009) emphasised, with digital literacy, people become more open to new
methods. The integration of technology, in turn, brings innovation to education and paves the way
for new teaching methods. With increasing pressure on non-native writers to publish in international
journals, it becomes essential to propose effective methodologies and strategies to address the
linguistic challenges encountered during the publication process (Abdelmageed, 2024). This is
particularly essential for students of English for Academic Purposes (EAP). Discipline-specific



standardisation becomes necessary for students in their field to express themselves effectively in the
academic world. In this context, corpus linguistics emerges as a supportive tool for teaching foreign
languages. Recent improvements in the availability and quality of user-friendly, freely downloadable
corpus tools, supported by Data-driven learning (Hereafter, DDL), have turned out to be significant

assets in promoting pedagogical approaches for EAP learners.

To draw a clear frame, the definition of the corpus can be stated as “the study of language based
on large collections of ‘real life’ language use” (Nordquist, 2019, para.1). The main aspect to
emphasise here is focusing on 'real-life use.' Corpus provides authentic language data, making it
valuable not only for linguists and lexicographers but also for teachers and students. Teachers become
more aware of the evident benefits of the corpus. From Boulton’s (2010) perspective, thanks to the
promising use of corpora in education, there is an increased interest in language teaching and
learning. It offers new paths in language learning, contrary to stereotyped and conventional
approaches. For example, most textbooks and dictionaries rely on fabricated and invented language
examples that often encourage learners to memorise patterns, sentences, and words that are rarely
used. On the other hand, the corpus provides examples from authentic resources and real-life
contexts, creating an environment where learners can actively explore and engage with the language
itself. This issue is significant for EAP learners, as they need strong proficiency in discipline-specific
vocabulary to be successful in their academic studies. In this case, Corpus tools perform an essential
role in identifying common lexical and grammatical patterns in academic texts, allowing instructors
and students to focus on the language most relevant to their discipline. The process of learning and
using English is shaped mainly by the learner's specific goals and communicative needs. In other
words, individuals learn English not only for general proficiency but also for particular purposes,
such as academic study, professional communication, or specialised fields of work. English for
Academic Purposes (EAP) is one of the key areas in which students seek to develop proficiency, as
it equips them with the language skills necessary for academic success. English for Academic
Purposes (EAP) is a teaching and learning approach specifically designed to meet the academic needs
of students in higher education. For instance, Hamp-Lyons (2011) pointed out that EAP has a “focus
on teaching English specifically to facilitate learners’ study or research through the medium of
English” (p. 89). It places particular emphasis on academic vocabulary, critical thinking, and the

conventions of academic discourse across disciplines.

Building on this perspective, recent corpus-based research has paid increasing attention to a
specific type of recurrent multi-word sequence known as p-frames. In other words, even the results
can vary, the majority of studies have highlighted that a substantial portion of language consists of
fixed or semi-fixed multi-word combinations, which speakers and writers utilise to achieve
communicative goals in diverse contexts (Romer, 2009). P-frames are structurally recurrent patterns
with variable slots that serve as functional units in discourse. In the context of English for Academic

Purposes (EAP), especially within engineering disciplines, p-frames are particularly valuable as they

4



help identify the formulaic structures commonly used to express stance, describe processes, present
results, and structure arguments. Thus, examining p-frames provides insights not only into
phraseological tendencies of academic texts but also into how language is shaped by disciplinary

field and communicative needs.

The basic definition of DDL, as defined by Crosthwaite et al. (2021), is “the use of corpora for
the purposes of language teaching and learning” (p. 1392). In other words, the DDL approach is
based on the principle that “evidence is needed to answer the learner's questions and relies on the
learner's intelligence to find answers” (John, 1991, p. 2). Ma et al. (2024) suggested that the main
emphasis of DDL lies in language learners independently exploring corpora, rather than on the
pedagogical application by teachers. Crosthwaite and Baisa (2024) emphasised that most corpus tools
are commonly used for corpus-based data-driven learning, primarily designed for research rather
than teaching. They added that much of the research on DDL reveals that students and teachers often
fail to use DDL after the initial training due to usability issues with the tools. In this section, the
general definitions and theoretical background of Data-Driven Learning are explained, with further
details provided in the literature review section. As mentioned earlier, advancements in technology
have opened new paths for the field of linguistics, and a range of methods for studying language have
emerged. DDL is one of the innovations that contribute to language studies as a subfield of corpus
linguistics. In the context of English for Academic Purposes (EAP), DDL offers significant
advantages by allowing learners to access and analyse discipline-specific language used in authentic
academic texts. This hands-on engagement with real academic discourse helps EAP learners develop
a deeper understanding of field-specific vocabulary, collocations, and rhetorical patterns—skills that
are crucial for success in academic writing and research. Therefore, the integration of corpus-based
DDL into EAP instruction not only supports language acquisition but also empowers students to

become more independent and critical users of academic English.

1.4 Purpose of the Study

This study aims to examine the use and distribution of P-frames in Engineering English for
Academic Purposes (EAP) texts, explicitly focusing on research articles written in the fields of
Geological Engineering and Mining Engineering. By comparing these two sub-disciplines, the study
seeks to reveal both the shared and discipline-specific patterns of P-frames and to explore how these
patterns contribute to the construction of academic discourse in engineering. Adopting a corpus-
based approach, this study also aims to discuss the potential of integrating Data-Driven Learning
(DDL) as a pedagogical method to help engineering students become more aware of such

phraseological patterns in their academic writing.



1.5 Research Questions

1. To what extent do Geology and Mining Engineering research articles share high-frequency
P-frames, and which P-frames occur significantly more often in one discipline than the other?

2.How can user-friendly corpus tools be used to raise engineering students’ awareness of
discipline-specific phraseological patterns in academic writing?

3. What rhetorical functions (e.g., reporting results, showing cause—effect relations) are
commonly associated with the most frequent P-frames, and how can these be taught through data-

driven learning (DDL) activities?



CHAPTER TWO

2. LITERATURE REVIEW

2.1 Introduction

Academic writing in English for Academic Purposes (EAP) has increasingly drawn attention
to the role of formulaic language and recurrent multiword patterns in shaping disciplinary discourse.
Research based on corpus linguistics reveals that fixed and semi-fixed multi-word expressions
comprise a considerable part of the English phraseology (Garner, 2016). In this regard, the study of
phraseological patterns, particularly P-frames, offers valuable insights into how discipline-specific
discourse is constructed. Moreover, there have been supporters of corpus linguistics as “the
emergence of a new view of language” (Sinclair, 1991, p. 1). Therefore, analysing language through

corpus-based approaches is considered essential for understanding how academic discourse operates.

2.2 Corpus Linguistics and Corpora

The field of Corpus Linguistics (CL) has attracted academic interest in recent decades. As
technology has advanced, CL has gained importance, providing valuable insights into the use of
spoken and written language in various contexts and fields. Starting in the mid-1980s, language
corpora have seen great potential in computer-assisted language learning, research and teaching
(Cotos, 2014). Similarly, since 1990, computers and concordance tools have become increasingly
popular for language research as well as pedagogy due to their growing interest (Bao, 2021). Contrary
to popular belief, corpus linguistics has existed in paper-based collections, not in electronic form, for
nearly a century. Xu (2022) noted that “the utilization of corpus-based quantitative methods relying
on a large body of natural texts dates back to the early 19th century” (p.12). In the past,
lexicographers consistently attempted to compile written texts of language and store these texts.
Since then, technological advances have considerably simplified the process of compiling and
analysing extensive collections of natural language texts, which leads to potential for both research
and educational purposes (Ordonana, 2023). However, in the modern world, language samples are
now often stored digitally. In other words, thanks to the widespread use of the internet, corpus

linguistics is going beyond its traditional boundaries.

In the relevant literature, the corpus can be defined based on a variety of criteria. A basic
definition of corpus is a large amount of text. In other words, corpus linguistics is a way of studying

the language by using the vast amount of collected texts (plural ‘corpora’), as Rithlemann (2019)



noted, “texts ranging from, say, 100,000 words to trillions of words.” (p.1). Therefore, there are, in
fact, no maximum boundaries for the number of words in a corpus. For instance, the first electronic
corpus, known as the Brown Corpus, was created in 1961 at Brown University in the United States
and consisted of approximately one million words. At the time, the size of the Brown Corpus was
considered remarkable as it was the first of its kind. However, the sizes of corpora, such as the British
National Corpus and the Bank of English, now exceed millions of words. Similarly, Bennet (2010)
pointed out that a corpus is “a large, principled collection of naturally occurring examples of language
stored electronically” (p. 2). Moreover, as Leech (2007) highlighted, “continuing growth in the
number and extent of text archives and other text resources” gives rise to the improvement in corpus
linguistics (p.133). In this respect, it is worth noting that various types of corpora have emerged over

the years.

Building a corpus involves a series of carefully planned steps to ensure the collected data is
both relevant and reliable for linguistic analysis. Contrary to common belief, simply collecting large
amounts of text to build a corpus is not enough. Specific steps and design criteria need to be followed.
Firstly, one of the cornerstones of the corpus is that it should consist of “naturally occurring language
rather than ‘edited’ language” (Riihlemann, 2019, p.1). Natural language data is the key element of
a corpus. For instance, in the case of some corpora used to provide examples of how native speakers
use a given language, real-life language use is necessary. Moreover, edited language is standard, as
almost all dictionaries, textbooks, and educational resources contain edited language. Therefore,
deciding the purpose of a corpus in the first step is significant, as a natural or authentic language
corpus differs from these resources. In this sense, edited language can mislead individuals. Another
essential element of building a corpus is representativeness. The corpus should be representative of
that language to provide authentic data. At that point, Leech (2007) noted that researchers often
prioritise representatives and claim them as a key to the corpus. Additionally, he stated that he
identified representation as the holy grail, an ideal that is challenging to attain, yet he insisted that it
is worth pursuing. However, many researchers overlook the importance of including representative
samples during the text collection process, which can lead to biased or misleading results in the

corpus analysis later.

It is essential to acknowledge that corpora have made substantial contributions to the field of
language studies today. For instance, one of the most tremendous benefits of corpora is that they
enable learners to conduct more systematic and evidence-based research in the field of linguistics as
well as “how language is used today and how that language is used in different contexts, enabling us
to teach language more effectively” (Bennett, 2010, p.7). This feature of a corpus is closely related
to authenticity. A corpus provides individuals with a unique language used in a natural context
without any editing process. In this way, people can observe and understand the meaning of the

language and learn more about its use. Furthermore, through a corpus, individuals can gain insights



into aspects such as frequency, register and language use, as found, for example, in exercises

involving adverbs of degree.

While it is essential to understand what corpus linguistics is, it is equally important to be aware
of what corpus linguistics is not. Bennett (2010) drew attention to this issue by pointing out three
elements of corpus linguistics that it is not. The first one, “corpus linguistics is not able to provide
negative evidence”, refers to the fact that the corpus cannot show what is true or what is wrong. The
only information provided by a corpus is what is present in that corpus. The second one, “corpus
linguistics is not able to explain why,” he points out that corpus can only say “why something is the
way it is, only tells us what it is. (p.3). The last one “corpus linguistics is not able to provide all
possible language at one time” emphasises features of representatives of the corpus. Even if a corpus

consists of many words, that does not mean that it surely represents the language itself.

2.3 Types of Corpora

As mentioned above, a corpus is an electronically stored text that helps researchers explore
language and find answers to questions that might be difficult to see based on intuition. Each corpus
has its speciality and is used for a specific aim. Therefore, there are various types of corpora in the
field. According to Bennett (2010), a crucial consideration when selecting a corpus is asking the
fundamental question: “What exactly should you look for?” (p. 12). This highlights the importance
of having clear criteria and objectives during the corpus selection process. While numerous types of
corpora exist, only the most well-known will be discussed in the following: generalised corpora,
specialised corpora, learner corpora, pedagogic corpora, historical corpora, parallel corpora,

comparable corpora, and dynamic corpora.

2.3.1 Generalised Corpora

Generalised corpora provide a general overview of the language. Primarily, it comprises a
substantial number of words, including at least 10 million words. As stated, even though corpora
cannot be present in every aspect of language, generalised corpora aim to provide people with as
complete a picture of a language as possible (Bennett, 2010). This type of corpus consists of texts
from newspapers, magazines, articles, fiction, non-fiction texts, and spoken data. In this respect, the
Cambridge International Corpus, the British National Corpus (BNC), the Longman Spoken and
Written Corpus, and the Corpus of Contemporary American English (COCA) can be good examples

of generalised corpora.



2.3.2 Specialised Corpora

As it is clear from the name, specialised corpora encompass texts of a specific type and aim to
be representative of the language. This type of corpus can be both large and small in size. The primary
features of this type of corpus are to lead researchers to find answers to their specific questions. The
Michigan Corpus of Academic Spoken English (MICASE) is a well-known example of a specialised

corpus that contains spoken language in academic discourse.

2.3.3 Learner Corpora

Learner corpora are a type of specialised corpus that consists of written or spoken data from
students. These students are mainly in the process of learning a language. This kind of corpus
provides insight into learners' mutual errors or diversities. For instance, the International Corpus of
Learner English (ICLE) is among the leading and popular learner corpora, which is a corpus of essay

writing by upper-intermediate and advanced learners (Granger et al., 2020).

2.3.4 Pedagogic Corpora

The primary focus of the Pedagogic corpora is the language that is used in the classroom
setting. This type of corpora can consist of textbooks, transcripts of classroom interactions, or any
other written text or spoken data that students can be exposed to in the classroom (Bennett, 2010).
Students can use a pedagogic corpus to learn specific language patterns and usage, as well as explore

authentic language.

2.3.5 Dynamic Corpora

Dynamic corpora are a type of corpus that demonstrates differences in linguistic features within
a language over a period. Regarding this kind of corpus, researchers can analyse how the use of

language changed and what increases or decreases have been observed in word usage.

2.4 Corpus In ELT

Corpus linguistics has become an increasingly recognised approach in English Language
Teaching (ELT) for providing data-driven insights into actual language use. The general framework
of corpus linguistics is taken into consideration; it is noteworthy to mention that corpora can offer
significant opportunities in the field of education. Advancements in technology are making it easier
for everyone to access technology. Flowerdew (2009) emphasised that people become more open to

new methods with digital literacy. In other words, researchers and teachers have slowly but gradually
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discovered and realised the possible advantages of applying technology in the classroom. The corpus
has a critical place in language teaching, providing a considerable amount of language data.
Similarly, it was noted that the effects of the corpus have revolutionised both the field of linguistics

and second language learning and teaching in recent decades (Romer, 2011).

As can be seen, the corpus provides numerous and diverse examples of language. To support
this idea, it is noted that with the light of the corpus “the potential for finding out new facts about
language is infinite” (Flowerdew, 2009, p. 329). It provides lexis, grammar, semantics, pragmatics,
and textual features of the language, which are almost impossible and time-consuming to investigate
one by one without a corpus. In this regard, the use of a corpus in teaching can be an effective way
to enhance language learning. Specifically, the basic advantage and significance of the corpus is that
it consists of ‘real’ language rather than ready-made, which provides an advantage in the field of
language teaching. In addition to this, a corpus serves as a language that dictionaries or grammar
books can hardly offer, as these sources have been deficient in fully describing the language.
Therefore, the use of a corpus broadens the view of language knowledge with given examples of

authentic language.

As previously mentioned, a corpus can provide a wealth of highly beneficial insights for
language pedagogy. Researchers and educators have integrated corpus linguistics into various areas,
including language description, curriculum design, and teaching methodology, making it a valuable
resource for enhancing English language teaching practices. For instance, using corpora in the design
of grammar books, dictionaries, course books, testing materials, and other educational resources is
common (Bessidhoum & Ghania, 2021). To emphasise this point, it can be highlighted that the corpus
provides detailed information about the nature and frequency of words, multi-word phrases,
collocations, grammatical patterns, semantic and pragmatic features, and textual characteristics.
Awareness of these properties and prior knowledge of them enable teachers to determine which terms

to teach and when to teach them, with guidance from input on related materials.

It is worth mentioning that some key issues should be taken into consideration when applying
the corpus to the classroom setting. One of the significant issues is selecting an appropriate corpus
for teaching. This is particularly among the most crucial issues. To support this, Leech (2007)
emphasised that “the corpora which are easiest to compile are not necessarily those which are most
useful for language learning purposes.” (p. 18). In other words, while creating a corpus or using a
ready-made corpus can sometimes be seen as attractive, this does not mean that these corpora are
suitable for use in language education. Therefore, it is essential to remember that not all corpora are
appropriate for students. Another vital issue is the differences among students. Teachers should also
not ignore students’ language level, age, and needs when selecting a corpus. The corpus should be
within the scope of their necessities and respond to their needs. For instance, as Flowerdew (2009)

suggested, “a model for young learners might be child language” (p.336). Moreover, another issue is
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the authenticity of corpus data and the level of the corpus. As stated in the learner needs, at some

point, maybe students need more simplified language examples rather than complex ones.

Although interest in corpus linguistics has grown steadily, teachers and educators have shown
a weakness in the practical application of corpora in classroom settings. While the benefits of corpus
linguistics are almost undeniable, there is “still a lack of awareness of corpora and, in some cases,
resistance toward corpora from students, teachers, and materials writers” (Romer, 2011, p. 206).
Corpus linguistics has some limitations, such as a lack of types of equipment or a corpus that can be
purchased. As Flowerdew (2009) noted, it is a bare fact that the lack of technological equipment has
caused slow improvement in corpus-based teaching and learning applications in the classroom

environment.

2.5 Corpora for Teaching and Learning: Data-Driven Learning (DDL)

Corpus linguistics plays a central role in the development of Data-Driven Learning (DDL), an
approach that encourages learners to explore authentic language data and discover linguistic patterns
independently. Rather than relying solely on rules provided by textbooks or teachers, DDL promotes
learner autonomy by giving students direct access to corpora and corpus tools. In the relevant
literature, the rationale of DDL is explained with a variety of definitions. Firstly, it is worth noting
that the term "Data-Driven Learning" was first used by Tim Johns, also known as the father of DDL.
According to him, DDL is a way of learning “whose learning needs to be driven by access to
linguistic data.” (Johns, 1991, p.2). In terms of this statement, it can be stated that the ‘linguistic data’
refers to the corpus. Another well-known definition of DDL is clarified by Crosthwaite et al. (2021),
who define DDL as the utilisation of corpora in the language teaching and learning process. To
support this explanation, Vincent and Nesi (2018) define DDL as a method of language teaching and
learning that utilises corpora in the learning process, helping students explore authentic data and
apply it to their learning. Overall, the purpose of DDL is to “provide authentic usage of language
through internet-based corpora” (Celik, 2011, p.276). As is obvious, these definitions mainly
emphasise the importance of using authentic and large-scale data in the language learning process.

In other words, it can be called using the corpus.

To emphasise the fundamental mission of the DDL, Johns (1998) created a metaphor, “Every
student is a Sherlock Holmes” (p.101). This metaphor presents the general framework of DDL
because it is well known that Sherlock Holmes is a brilliant detective who always tries to solve cases
and figure out who was murdered and how the crime occurred. Namely, he is always on the way to
discovering and investigating. In this regard, when DDL is taken into consideration, learners also

become detectives in the language learning process, analysing the language itself.
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In many ways, DDL approaches differ from traditional teaching and learning methods. These
points can be stated in terms of several subcategories, such as DDL, which provides potentiality by
discovering the language, serving authentic language, and fostering learner autonomy. To clarify
these titles, DDL provides learners with opportunities to take an active role in their learning process
and discover how language works by investigating thorough corpus data. In this sense, corpus data
guides learners to authentic examples rather than invented ones. In comparison, learners discover the
language through online corpus tools and become autonomous learners. In this regard, it can be
claimed that DDL encourages and guides learners on how to be active in their learning, and as a
result, students’ awareness increases. This leads to “empowering learners and making them more
autonomous outside the classroom” (Bessidhoum & Ghania, 2021, p. 594). In other words, students

become conscious and active inside and outside the classroom.

Besides these definitions, there are various remarks about DDL, as it “consists in using the
tools and techniques of corpus linguistics for pedagogical purposes” (Gilquin & Granger, 2010, p.
359). Moreover, they emphasise two significant elements of DDL: the corpus and a tool to explore
the corpus. As stated previously, the importance of which corpus is used in this process is among the
key points. Also, Chambers (2010) emphasised the importance of corpus-based sources, such as
dictionaries and coursebooks; however, she notes that it is worth indicating that DDL is quite
effective in learning, provides an active role for students in their knowledge, and helps them

familiarise themselves with the corpus.

There are several significant advantages of DDL in the teaching of language. Among them, one
of the considerable benefits of DDL for students is that it provides examples of language that are
hard to find in conventional learning methods, such as dictionaries, grammar books, and textbooks.
Even this issue is noted by Celik (2011) as he firstly criticises the insufficiency of traditional
dictionaries. Then he adds that conventional ways “often provide vague, limited, and artificial
examples for each definition, which is insufficient to fully understand an unfamiliar word.” (p. 275).
Thus, it is evident that DDL is different from traditional methods in terms of teaching and support.
What separates DDL from other methods can be listed in two main titles (Smart, 2014). The first one
is that DDL authentic language is a fundamental source of the learning process. The second one is
the corpus-based DDL activities that engage students in the discovery process and enable them to

become autonomous learners.

To this point, Frankenberg-Garcia (2014) has commented that, thanks to corpora and the
advanced technology in the field of pedagogical lexicography, learner dictionaries have comprised
authentic language examples for more than a decade. Thus, it is noteworthy to mention that exposure

to the language is a significant part of the language learning process (Boulton, 2017).
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Undeniably, although DDL has significant aspects in teaching language, it also has some
shortcomings and limited parts. These parts are titled by Gilquin and Granger (2010) as “the logistics,
the teachers’ point of view, the learners’ point of view, and the content of DDL.” (p.366). The logistics
aspects of DDL are related to the availability of equipment such as computers, internet access,
purchased corpora, and corpus tools. All these have costs and paying them at some point can be
challenging. The second one concerns teachers’ abilities. As mentioned previously, teachers
sometimes lack digital literacy and cannot use corpus tools efficiently in classroom settings.
Moreover, teachers need digital literacy skills, and students should have them. Otherwise, dealing
with the corpus tool would be hard for them. Additionally, some students may struggle to find the
correct answers, leading to a fallacy, which can create anxiety. Therefore, some researchers suggested
that DDL can be a proper tool for a specific group of students. The last one is regarding the content
of the DDL. This aspect of DDL has already been mentioned, but it would not be wrong to remind
ourselves of it again. The corpus should meet the requirements; in other words, it should not include

irrelevant data, and it should provide answers to the questions.

Another significant point of the DDL approach is that it changes the roles of language
instructors and students. This transition is part of the learning and teaching process. As students’ role
changes from learner to explorer, teachers’ role also changes “From knowledge-transmitter to
consultant, guide, coach, and/or facilitator.” (Chong, 2016, sec. 9). Furthermore, Johns (1991)
described language instructors’ role as “who has to learn to become a director and coordinator of
student-initiated research.” (p.3). In other words, students become explorers or detectives who search

for answers while the teacher guides them.

2.6 The Pedagogic Potential of Data-Driven Learning

In recent years, corpus linguistics has had a significant influence on English Language
Teaching (ELT), particularly through the Data-Driven Learning (DDL) approach. DDL emphasises
learner autonomy and discovery by encouraging students to analyse authentic language data from
corpora, rather than depending solely on pre-determined rules or teacher explanations. This method
enables learners to observe real-world usage patterns, including frequent vocabulary, collocations,
grammatical structures, and discourse features, thereby fostering a more realistic and contextual
understanding of English. Regarding the language teaching perspective, Gilquin and Granger (2010)
highlighted the DDL as “using the tools and techniques of corpus linguistics for pedagogical
purposes” (p.359). Similarly, Johns (1991) noted about DDL, “simply provide the evidence needed
to answer the learner's questions and rely on the learner's intelligence to find answers” (p. 2). In
addition, Celik (2011) noted that using concordance programs enables users to investigate language
structures in authentic contexts through a corpus. Moreover, he emphasised the importance of corpus

tools and noted that students are more engaged with language, and their learning skills improve
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quickly with corpus tools. Likewise, Boulton (2017) reported that, contrary to the traditional method
of directly asking instructors or using prepared sources, the DDL approach enables students to access

an authentic corpus in terms of their needs and to explore the answers.

One of the most evident features of Data-Driven Learning (DDL) is its potential to raise
learners' language awareness. Learners are encouraged to notice patterns and make discoveries by
engaging directly with authentic language data. Thus, their linguistic knowledge becomes broadened,
and their understanding of how language functions in authentic contexts is improved. The DDL
method is also named as an advisory service that “is likely to lead to improved language awareness
and noticing” (Boulton, 2017, p. 1). Furthermore, Crosthwaite et al. (2021) expanded the definition
of DDL into two versions: the first involves teacher-printed concordances prepared before the
classroom by the teacher using a corpus, and the second involves the direct use of a corpus by

students to gain competence and awareness in the target language.

Several benefits of this approach were stated from the pedagogical part of the DDL (Gilquin &
Granger, 2010). The first benefit refers to authenticity. According to them, DDL provides numerous
natural language examples, creating an excellent opportunity for learners to learn a language from
real-world examples. The second one is related to the corrective features of DDL. This feature should
be clarified, as students have the opportunity to compare their writing with native or non-native
corpora. With this implementation, students can identify areas of deficiency, such as misuse, overuse,
and underuse. It is worth noting that this second feature can be suitable for advanced learners. The
last benefit of DDL is interest discovery. The discovery can make the learning process more fun and
motivating for students. For that matter, it can be said that this discovery suggests that the learning
and active participation of learners give rise to lasting learning. Additionally, O’Sullivan (2007)
emphasised the skills acquired by students through corpus consultation. These skills are “predicting,
observing, noticing, thinking, reasoning, analysing, interpreting, reflecting, exploring, making
inferences (inductively or deductively), focusing, guessing, comparing, differentiating, theorising,

hypothesising, and verifying” (p.277).

It is essential to note that integrating the DDL approach requires two fundamental prerequisites:
a suitable corpus and a corpus tool. The selection of an appropriate corpus is vital to this process
(Gilquin & Granger, 2010). Almost all types of corpora can be suitable for DDL, including written,
spoken, learner, and monolingual corpora. However, it is worth emphasising that focusing on a
specific corpus may provide more benefits for particular topics. Additionally, when selecting a
corpus, teachers should consider their students' needs. For instance, in the wrong corpus, students
may feel like strangers due to cultural differences and struggle to adapt to it. To refer to this issue,
Braun (2006) noted that if a corpus does not work for students, then “the texts themselves usually
remain an 'anonymous mass' to the learners.” (p.26). Furthermore, only selecting a proper corpus

does not meet the requirements. The corpus should be authentic and have strict design criteria.
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Another significant aspect of DDL that should be considered is manipulation. Manipulation is
a part of this process. While language instructors prepare materials, they can include specific
examples or choose which text to use, the amount of text, or the size of the corpus (Gabrielatos,
2005). Moreover, at some point, this manipulation is also related to concordance results. At some
point, the corpus can give complex results, which can be confusing for the students. Therefore,
researchers argue whether these concordance results should be edited or shared as they are. For this,
Gabrielatos (2005) stated that “This manipulation should be carried out with the understanding that
the adapted samples are not good guides to the frequency of a language item.” (p.18). Another
statement made by Boulton (2009) is that editing concordance lines causes a lack of authenticity and
does not provide students with accurate language samples, and “leaving them unprepared for the
realities of the authentic language we are presumably preparing them for.” (p. 89). However,
Nesselhauf (2004) suggested that, at some point, editing concordance results should be conducted to
prevent learners from learning incorrect information. Specifically, he studied this issue in learner
corpora. He noted that sometimes results should be edited because “learners might even come to the

conclusion that this construction is not possible in English.” (p.144).

2.7 English for Academic Purposes (EAP)

Since English has established itself as the global language of science and technology, English
for Academic Purposes (EAP) has become a crucial area of language education, particularly for
students in disciplines that require practical academic skills. English for Academic Purposes (EAP)
is becoming an indispensable component of language education for achieving professional and
academic competence in English. EAP instruction helps learners become familiar with the genre-
specific features, rhetorical structures, and specialised vocabulary that characterise academic texts in

their discipline.

There are numerous reasons why individuals seek to learn English, including educational,
general communicative, professional, and academic purposes. In recent years, corpus tools in English
for Academic Purposes (EAP) research have become increasingly widespread due to the accessibility
of corpus-based tools and online platforms that offer versatile functionalities for text analysis. This
development has contributed significantly to popularising data-driven approaches in language
teaching and research. EAP-oriented studies have benefited from these developments, using corpora
to investigate academic discourse, identify discipline-specific patterns and improve teaching

practices.
The role of instructors in EAP courses is equally essential. Although EAP encourages learner

autonomy and places more responsibility on learners, the guidance and support provided by

instructors remain highly important. First, EAP teachers “need to be aware of different learning
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preferences and approaches” (Robinson, 1991, p. 5). Additionally, Klimova (2015) stated that
teachers play a vital role in analysing students’ needs and creating course instruction based on
students’ academic and disciplinary requirements. Moreover, Robinson (1991) highlighted that, after
this process, teachers may not leave students alone and need to check students' improvements and

analyse the students’ present performance and knowledge.

One of the main components of EAP is the understanding of specialised technical vocabulary.
Students in engineering and related fields need to engage with subject-specific texts and research, so
they must acquire a solid knowledge of technical terminology. In this respect, Ha and Hyland (2017)
emphasised the importance of tools that can provide technical assistance to EAP instructors,
particularly in identifying and teaching specialised vocabulary. Thanks to this tool, it would be
possible “to select words of appropriate technicality levels from the reference discipline-specific

word lists according to students’ needs and abilities” (p. 36).

2.8 The Integration of Corpus into EAP Classrooms

The integration of corpus linguistics into the English for Academic Purposes (EAP) classroom
has brought about a truly radical change in the way academic language is taught and learned. With
the increasing popularity of corpus tools and user-friendly interfaces, both teachers and students have
the opportunity to reach out directly to authentic language data. This opportunity enables students to
explore real examples of academic language, identify frequently used collocations, phrases, and
discipline-specific patterns. Therefore, they can gain a deeper understanding of how language
functions in academic contexts. In the literature, there have been many studies about integrating

corpus linguistics into language education in terms of discipline-specific students' needs.

For instance, in the study of Malakhovskaya et al. (2021), which is titled “Teaching noun-
phrase composition in EAP/ESP context”, it has been pointed out that there is adequate focus on
noun phrase structures in EAP/ESP teaching. The students who participated in the study were taught
to master the use of NNCS based on the published articles in their disciplines. The result was that
this method provided students with NNP patterns to be mastered, and EAP/ESP instructors needed

to create new, discipline-specific, and updated language teaching materials.

Rudneva (2020) investigated how a corpus can be presented to non-linguist students to help
them understand inherent semantics, go beyond the general superficial understanding of professional
texts, and develop a deeper understanding of the structures and meanings to improve students' and
teachers' overall linguistic competence. In her lesson, she utilised the free EcoLexicon online corpus.

The study found that using corpus-based tools shows the unreliability of automatic translation tools
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and encourages novice professionals to move away from assisted translation toward independent

exploration of the semantic nuances of target-specific languages.

In another related study conducted by Marinov (2017), the researcher focused on the use of
corpora and data extraction, employing a data-driven learning method with twelve tourism students.
The vocabulary files of students were examined and identified by referring to the problems faced,
and the effectiveness attained in responding to the given exercises. The variety of approaches used
to complete the assignments emerged in many areas to analyse, such as chunking, paraphrasing,

coherence, paragraphing, and organising.

A workshop designed by Flowerdew (2015) focused on the discussion section of the PhD
theses. The PhD students were first introduced to the discussion sections of PhD theses for analysing
different rhetorical functions involved, and this was followed by the use of ConcGram for exploring
the lexico-grammatical patterns employed to observe the rhetorical functions and judge their
appropriateness using the corpus. The result was that they had recently noticed some familiar multi-
word combination patterns. The workshop was completed with such positive results that the students

easily adjusted themselves to the corpora.

Cortes (2014) designed a 14-week corpus-based academic writing course and taught the
participants how to use AntConc through an experimental and control group procedure. The
experimental group of students compiled discipline-specific corpora and explored various moves.
The result was that the experimental group evaluated the course with more positive outcomes than

the control group students.

Onder-Ozdemir (2014) used a data-driven learning method to teach medical English
terminology in Turkey. A needs analysis was conducted with 323 Turkish medical students to identify
their needs. The study showed that 41.2% of the students agreed that learning English words with
their collocations is very important, and only 0.9% considered collocations unimportant. Considering
the need analysis, a specialised corpus was compiled, and each content word was identified in
frequency through AntConc. Onder-Ozdemir noted that using a specialised corpus is appropriate for

students due to its ease of control and potential to provide relevant samples.

In their 13-week course, Lee and Swales (2006) utilised a BNC corpus and an expert corpus,
employing the WordSmith tools software package. The students were also asked to compile their
own corpora and conduct several independent comparative analyses. The result was that several
students found using corpora, especially with discipline-specific texts, effective, giving them greater

autonomy.
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2.9 The Concept of Phraseology: Patterned Language

The growing confidence in corpus evidence has reshaped how linguists and educators perceive
language use, especially in academic contexts. Sinclair (2004), one of the pioneers in corpus
linguistics, emphasised that the ability to study language through corpus data has the potential to

transform our understanding of language itself fundamentally.

“we should strive to be open to the patterns observable in language in quantity as
we now have it. The growing evidence that we have suggests that there is to be found a
wealth of meaningful patterns that, with current perspectives, we are not led to expect.
We must gratefully adjust to this new situation and rebuild a picture of language and
meaning which is not only consistent with the evidence but also exploits it to the full.
This will take some time, and the first stage should be an attempt to inspect the data with

as little attention as possible to theory.” (p.10).

The basic meaning of the phraseology is a branch of linguistics that covers p-frames, multi-
word combinations and the patterned nature of language. In the case of English for Academic
Purposes (EAP), understanding and having an idea about patterns is a significant issue. Regarding
this, students may produce discipline-specific and idiomatic academic texts. By drawing on large
corpora, researchers have identified common phraseological patterns across academic genres,

providing new insights into how knowledge is built and integrated within specific disciplines.

Regarding the popularity of corpus linguistics, language analysis has evolved from
observations at the level of single texts to a more comprehensive examination of recurring patterns
in large collections of texts. With this respect, Tognini-Bonelli (2004) highlighted that “from
basically observing and describing a single communicative event, a text, to accessing, with the help
of a computer, a whole collection of texts, a corpus, and observing the repeated lexical and
grammatical choices of a certain community of language users” (p. 11). This transformation has
brought about significant consequences for the study of phraseology. These patterns are not only
reflections of language but also serve as cornerstones of discipline-specific academic contexts. Thus,
corpus-based approaches bring valuable insights into how phraseology contributes to English for

Academic Purposes (EAP) settings.

The study of Golparvar and Barabadi (2020) aimed to identify the key P-frames structures used
in the discussion of research articles. The corpus consisted of 422 articles published in 13 prestigious
journals between 2013 and 2018. The size of the corpus was 503,877 words. The four- and five-word
p-frames were extracted with the kfNgram software. These p-frames were compared with the British

Academic Written English Corpus (BAWE) to identify those words which is specific to higher
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education. A total of 58 four-word and 40 five-word specific p-frames were found in the study. It was
found that most of the p-frames contained non-verb content words (nouns, adjectives, adverbs) and
that these structures mostly had a referential function (structures that convey information). The study
emphasised that p-frames used in discussion can contribute to students' academic writing. The results
also showed the importance of preparing discipline-specific phraseology lists for EAP (English for
Academic Purposes) programs. Additionally, p-frame-based materials can enhance students'

language awareness and improve their writing.

The study of Casal and Kessler (2020) examined an understudied promotional genre by
analysing the distribution of frequent p-frames across the rhetorical stages of 148 purpose statements
from accepted Fulbright grant applications. The researchers identified 69 unique p-frames using a
corpus of approximately 95,000 words comprising 148 successful application texts. They examined
how these p-frames are distributed across different rhetorical phases of writing and how helpful
teachers and students find these structures pedagogically. The study results showed that p-frames
have strong associations with specific rhetorical functions in application essays. P-frames were found
to be used with high intensity in rhetorical moves. Moreover, 10 experienced EAP teachers and 10
advanced L2 learners who participated in the study found most p-frames highly useful in teaching

promotional writing.

Liu and Chen (2022) investigated the phraseological exploration of university lectures through
phrase frames. While previous research has primarily focused on academic writing, this study aimed
to fill an essential gap in the literature by exploring the phraseological profile of academic speech.
The researchers used a 4.38-million-word corpus of 565 course transcripts from four main disciplines
(Engineering, Humanities and Arts, Natural Sciences, and Social Sciences). The corpus analysis
identified 117 five-word and 29 six-word p-frames. The study categorised them based on structures
and functions. Finally, structural categorisation showed that most p-frames consisted of verb-based
structures (62%). Functionally categorised, reference p-frames accounted for the most significant
proportion of lessons (29%), indicating that the genre is focused on providing informative content.
Moreover, expert teachers found 93.2% of the p-frame list to be pedagogically useful. This supports
the integration of such structures as instructional materials in EAP (English for Academic Purposes)

teaching.

2.10 P-Frames

In recent years, several corpus-based studies have suggested the need for lists of academic
phrases for students and teachers of English for Academic Purposes (EAP), as compiling such lists
and providing several pedagogically useful lists of different types of academic phrases can be

beneficial. Similarly, Garner (2016) noted that corpus-based and psycholinguistic studies reveal “the
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importance of acquiring a productive knowledge of English phraseology for L2 learners.” (p. 32).
Building on this tradition, the present study adopts Phrase frames (P-frames), which are recurrent
word combinations that follow a fixed structure. The basic definition of the p-frames is a type of
semi-fixed multi-word sequence in which fixed words surround an open slot (e.g. the * of the)
(Stubbs 2007). Unlike fully fixed phrases, P-frames are semi-fixed and can adapt to different lexical
items, which makes them particularly useful for analysing academic discourse where variation and

repetition coexist.

By identifying and categorising these P-frames using corpus linguistics, the research aims to
contribute to a better understanding of idiomatic behaviours in Engineering EAP. In doing so, it aligns
with the pedagogical goals of helping students master repetitive academic expressions for more

effective communication.

2.11 Corpus-Based EAP in Engineering Context

Corpus linguistics and the use of corpus tools played a significant role in applying many EAP-
based lexicogrammatical features and identifying the genre-based lexical properties of the articles

under scrutiny.

In his 2021 study in the context of civil engineering, Otto (2020) identified special-purpose
words for teaching as part of data-driven learning (DDL) vocabulary activities, using a corpus
approach. The word selection was made according to the level of difficulty, the order of importance,
and the suitability of DDL. The results were effective in that 18-word patterns that were problematic
for the students were identified. Finally, two strengths were discussed related to the functionality of
the words in a civil engineering context and the identification of words that could be disregarded

easily due to a lack of sound connection.

A case study conducted by Eak-in (2015) focused on corpus-based methods for learning
abstract writing. He worked with 100 low-proficiency engineering students, and the scope of his
research was to examine the possible effects of the corpus methodology in improving students’
abstract writing skills, as well as creating awareness of the linguistic characteristics of journals and
applying them to students’ writing process. Eak-in (2015) collected data using a mixed-methods
approach and concluded that the corpus-based method appears to have a positive effect on students’

use of the DDL methodology when composing abstract sections.
Although previous studies have highlighted the significance of P-frames in identifying

phraseological patterns in academic discourse, most of these studies have focused on general EAP

contexts. In addition, there are very few studies that have explored the discipline-specific use of P-
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frames within engineering fields. Therefore, this thesis aims to fill this gap by conducting a corpus-
based comparison of high-frequency P-frames in Geology and Mining research articles. This
approach will contribute to a better understanding of how P-frames operate across related yet distinct
engineering disciplines, revealing both their shared and discipline-specific patterns. Moreover, the
thesis also aims to explore the potential of implementing Data-Driven Learning (DDL) in terms of

pedagogical materials.
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CHAPTER THREE

3. METHODOLOGY

3.1 Introduction

This chapter presents the methodological framework of the thesis, which investigates the use
of P-frames in Geological Engineering and Mining Engineering texts. The overall aim is to examine
how P-frames function in engineering discourse and their contribution to academic language use.
This chapter covers a brief introduction to the research design, detailed explanations of the data

collection procedures, materials and tools, corpus completion process and extraction of P-frames.

The following parts introduce the corpus tools and the procedures used for identifying P-
frames. The specific emphasis on 3-slot and 4-slot patterns. The analysis includes both qualitative
and quantitative components. The study also consists of descriptive statistical data to illustrate the
frequency and contexts in which certain P-frames occur across two corpora. Furthermore, this thesis
suggested potential pedagogical materials from the findings, regarding the teaching of academic

expressions in Engineering EAP contexts.

3.2 Research Design

The present study employs a corpus-based analysis design, combining qualitative and
quantitative research approaches. The study focuses on authentic academic texts within the discipline
of Engineering English for Academic Purposes (EAP) rather than examining learner output or
conducting classroom-based research. Specifically, it analyses how P-frames function across a corpus

which consists of research articles written in the field of Geological and Mining Engineering.

This research design enables the investigation of naturally occurring language patterns using
corpus linguistics, without requiring data manipulation or involving human participants. All the
analyses were conducted on a corpus compiled for this study. A quantitative analysis was conducted
to examine the frequency, structural predictability, and variability of the P-frames in Geology and
Mining Engineering. 3-slot and 4-slot P-frames were analysed. Regarding the analyses, the study
aims to indicate phraseological aspects and discourse functions of these P-frames. In addition, a
qualitative approach was adopted to interpret the potential pedagogical application of selected P-
frames. In this respect, the DDL method was used. This combination of methods allowed for both

statistical insight and functional features of phraseological patterns within the discipline-specific
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academic texts. As it is known, corpus-based studies rely on empirical data and patterns of language.
Therefore, the research does not include surveys or interviews but instead focuses on language

patterns in context.

3.3 Materials and Tools
3.3.1 KfNgram

In this study, the kfNgram program (Fletcher, 2012) was used as a primary tool. This program
enables users to generate lists of n-grams and p-frames of varying lengths from a corpus. It is a free,
downloadable, and user-friendly tool. This tool works with text files; therefore, the corpus should be
converted to the txt format. It has one main screen and does not require additional page viewing or
operations. By inputting the corpus files into kfNgram, frequently occurring lexical bundles with one

or more variable elements (slots) were automatically retrieved. Figure 1 shows the main interface.

Figure 1. Main Interface of kfNgram
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3.3.2 Sketch Engine

As clearly mentioned above, corpus linguistics has become an inseparable part of the field of
linguistics, thanks to the opportunity for easy access to technology. Therefore, the use of corpus
linguistics has been widespread among a variety of experts, such as researchers, lexicographers,
terminologists, translators, teachers, and students. In this regard, it can be said that the number of
people benefiting from the corpus has been increasing steadily. An area has emerged as an open space
for various types of corpora, as well as corpus tools. Each corpus has its unique features and special
design criteria, which enable it to address different users with varying purposes. From the perspective
of the corpus tool, this situation can be more flexible. In other words, while some corpora are just
suitable for certain specific groups, corpus tools can be used for many purposes. Almost all corpus
tools share common characteristics such as wordlist, concordance, keyword, and n-gram options. In
other words, each corpus tool also has its speciality. Moreover, it has a friendly interface with various
ready-made corpora, as well as enables users to load their own corpora. Sketch Engine is a powerful
and multifunctional tool that guides users to discover the language. It analyses billions of words
within the authentic texts in minutes. Kilgarriff et al. (2014) divided Sketch Engine into two main
parts, which are the software and the web service. The web service side of Sketch Engine provides
“a large number of corpora pre-loaded and ‘ready for use’, and tools for creating, installing and
managing your own corpora.” (p.8). The main options of the Sketch Engine are Word Sketch, Word
Sketch Difference, Word lists, Concordance, Thesaurus, Trends, N-grams, Keywords, and

WebBootCaT. See Figure 2 for the main page of Sketch Engine.

Figure 2: Main Interface of Sketch Engine
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3.4 Corpus Compilation

The primary data source for this study is a self-compiled academic corpus of Engineering EAP
texts, specifically constructed to investigate phraseological patterns, with a focus on P-frames, in
expert academic writing. The texts included in the corpus were drawn from two disciplines: Geology
Engineering and Mining Engineering, both of which are departments within Karadeniz Technical
University (KTU). These disciplines were selected due to their shared technical language, relevance

within the field of applied sciences, and availability of specialised academic publications.

To ensure the academic and linguistic quality of the data, the texts included in the corpus consist
of research articles published in peer-reviewed, high-impact journals indexed in internationally
recognised databases such as Scopus and Web of Science. Articles written by authors who are
experts, such as scholars affiliated with engineering departments or research institutions. These
articles represent a range of research topics within the respective fields and were written entirely in
English for international dissemination, making them suitable examples of Engineering English for
Academic Purposes (EAP). Non-research genres such as book reviews, editorials, and conference

announcements were excluded to ensure genre consistency.

The corpus was compiled in accordance with fundamental corpus design principles, with
particular attention to representativeness and disciplinary balance between the two selected
engineering fields. Expert consultancy was used to ensure the suitability and academic relevance of
the selection of articles. Each corpus consists of 133 full-text research articles, resulting in a total of
985,778 tokens in the Geology corpus and 974,261 tokens in the Mining corpus. The overview of the
corpus is presented in Table 1 below. All the articles were selected from open-access sources. Then,

the identified articles were downloaded from the Karadeniz Technical University’s database.

All research articles were converted into plain text format, and several non-linguistic elements
were systematically removed from the texts. In order to obtain more accurate data, a cleaning process
was conducted. In this process, especially, author names, institutional affiliations, journal titles,
tables, figures, reference lists, and appendices were excluded from the texts. Thanks to the cleaning
process, the data became consistent and understandable. The corpus, consisting of the main body of
the articles, provided a more uniform and reliable dataset for the extraction and examination of P-
frames. Corpus sizes were calculated using Sketch Engine, which was also employed for additional

corpus searches in the following analysis, such as frequency lists and concordance searches.
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Table 1 : Corpus Info

Discipline-Specific Corpora: Geology Number of Texts Corpus size (Tokens)
and Mining Engineering
Geology 133 985.778
Mining 133 974.261

3.5 Extraction of P-Frames Using KfNgram

P-frames were extracted using the kfNgram (Fletcher, 2012) application, which identifies n-
grams containing at least one variable slot (*), (See Figure 3). KfNgram was used for the extraction
of P-frames and helps to analyse n-gram sequences that include one or more variable slots in
academic texts. The first 500 P-frames from each corpus were listed, and the top 100 were selected

for detailed analysis to narrow the focus on high-frequency patterns.

Figure 3: The Extraction of P-frames with kfNgram
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In this study, both 3-word and 4-word P-frames were extracted from both geology and mining
corpora. The analysis criteria were respectively a minimum frequency threshold of 5, a maximum of
one variable slot, and case-insensitive matching. This identification enables the detection of high-

frequency P-frames that characterise academic language use in engineering contexts.

Furthermore, a collocation analysis was conducted with the P-frames as well. The reason was
to see whether selected P-frames are combined with general academic or discipline-specific
vocabulary. This analysis revealed not only the structural features of the p-frames themselves but
also their functional roles in academic texts. By focusing on the collocates occurring to the left and
right of the P-frames, it became possible to identify whether these patterns are seen as part of widely
shared academic phraseology or whether they acquire discipline-specific meanings through their

association with specialised terminology.

3.6 Ethical Considerations

All texts used in the compiling corpus were publicly available research articles. They were
downloaded from the university database. Public information and other indicative information have

been removed.

3.7 Validity and Reliability

In order to ensure the validity and reliability, several actions were taken. Firstly, there was an
appropriate selection criterion which met the purpose of the study. These criteria consist of the type
of articles, where they are published, and their authors. The selected articles were published in high-
impact journals and written by experts in the relevant fields. Moreover, the P-frame extraction
process was carefully completed. All extracted P-frames were manually checked to eliminate
potential failures generated by the extraction tools. In addition, the analysis tools were also selected
among the well-known corpus tools, which are kfNgram and Sketch Engine. Additionally, during the
analysis, patterns and results were cross-checked to reduce researcher bias and verify the internal

consistency of the classification process.
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CHAPTER FOUR

4. RESULTS AND DISCUSSIONS

This section demonstrated the findings of the P-frame analysis conducted on the Geology and
Mining corpora. The framework of the study aims to identify both shared and discipline-specific
phraseological patterns, focusing on the three-word and four-word P-frames in each corpus. With
this respect, frequency, type diversity, and structural similarities were examined to reveal how these
frames contribute to the phraseological profile of Engineering English in different disciplines. The
P-frames were extracted using the kfNgram application. As thousands of results were generated, the
scope of this study was limited to the top 100 P-frames to ensure clarity of analysis and
manageability. Nevertheless, the first 500 P-frames are provided in Appendix 1 and Appendix 2 for

reference. Furthermore, possible pedagogical materials were also created.

4.1 Common P-Frames across Geology and Mining Corpora

In the scope of this study, the top 100 P-frames were analysed. When focusing on the shared
P-frames in both the Geology and Mining corpora, significant similarities emerge. These common
patterns highlight the extent to which academic writing in engineering-related disciplines relies on a

shared phraseological core; in other words, they reflect general academic English discourse.

In the case of three-word P-frames, 65 out of the top 100 were shared across both corpora.
These shared P-frames are listed in Table 2 below. This considerable overlap indicates that Geology
and Mining academic writing largely shares phraseological similarities, reflecting the pervasive role

of general academic English structures.

Table 2: Shared Three-Word P-frames

Geology Mining Geology Mining

Corpus Corpus Corpus Corpus
P-frame Freq Type Freq  Type P-frame Freq Type Freq Type
* and the 1429 | 224 1966 290 | a*of 1166 | 103 1284 | 106
* as the 439 39 442 42 and * of 566 104 859 152
* at the 470 82 462 87 and * the 622 77 595 94
* based on 651 87 647 96 and the * 1403 | 250 1842 | 290
* between the | 398 46 397 43 are * in 475 40 413 32
* by the 959 89 823 88 asa* 303 36 399 45
* can be 717 83 749 93 on the * 1646 | 208 1612 | 320
* for the 1697 | 247 186 167 | of the * 9176 | 933 9900 | 908
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Table 2: (Continued)

Geology Mining Geology Mining
Corpus Corpus Corpus Corpus

P-frame Freq Type Freq Type P-frame Freq Type Freq Type
* from the 1029 | 129 873 109 | ofa* 438 73 402 65
* in the 5255 | 562 5210 613 | of *and 730 112 945 141
* in this 519 76 403 58 it is * 591 57 773 75
* is the 725 79 730 92 is the * 635 111 735 111
*itis 446 61 465 54 is * to 729 62 817 74
*of a 514 90 525 93 is *in 443 46 399 40
* of the 10175 | 779 10719 | 816 | inthis * 883 26 756 35
* on the 1655 | 141 1822 147 | inthe * 5498 | 509 5269 | 518
* shown in 405 12 680 8 in * the 409 46 370 30
* that the 1355 96 1009 84 in * of 347 24 503 26
* the same 462 35 383 26 from the * 887 153 742 114
* this study 414 11 361 13 from * to 513 30 388 28
* to be 396 47 440 53 for the * 1652 | 239 1049 | 178
* to the 2542 | 178 2407 164 | dueto * 453 25 592 30
* used to 358 15 469 14 can be * 979 84 1000 99
* with the 1042 | 105 752 105 | by the * 491 97 465 94
at the * 640 81 703 83 based on * 793 42 801 42
shown in * 464 9 728 19 the * and 1607 | 251 1506 | 244
that the * 762 148 527 105 | the * area 531 32 512 45
the * in 610 71 633 97 the * between | 348 34 356 30
the * is 475 90 518 90 the * of 8117 | 572 10820 | 714
the * the 389 76 448 71 the results * 441 23 427 27
to * the 1859 | 152 285 179 | tobe* 300 51 385 64
to the * 1911 | 298 1720 276 | witha* 411 71 385 62
with the * 867 136 686 110

Similarly, in the case of four-word P-frames, 46 out of the top 100 were shared across both
corpora. These shared P-frames are listed in Table 3 below. As in the three-word P-frames, there is
also a significant degree of overlap in the four-word P-frames. Several high-frequency structures are

shared across both corpora, reflecting the reliance on standard academic phraseology.

Table 3: Shared Four-Word P-frames

Geology Mining Geology Mining

Corpus Corpus Corpus Corpus
P-frame Freq Type Freq Type P-frame Freq Type Freq Type
* based on the 252 33 259 47 | are shown in * 105 5 122 9
* due to the 109 20 127 24 | asa*of 129 8 127 6
* one of the 90 9 116 10 | asshownin * 138 7 358 15
* part of the 164 21 149 21 | aswellas* 133 12 120 9
* shown in fig 257 7 222 4 at the * of 119 17 172 16
* the case of 113 4 108 3 based on the * 203 37 204 40
* the number of | 149 19 195 21 | canbe seen * 80 6 101 5
* the study area | 257 9 113 7 due to the * 81 17 159 28
and * of the 158 34 132 26 | in * of the 126 10 254 9
and the * of 123 27 254 51 | inorderto * 156 29 145 28
can be * as 142 13 112 14 | in the * area 174 12 201 16
for the * of 217 37 182 32 | in this study * 186 18 133 14
in the * of 700 71 838 80 | is shownin * 100 5 147 10
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Table 3: (Continued)

Geology Mining Geology Mining

Corpus Corpus Corpus Corpus
P-frame Freq Type Freq Type P-frame Freq Type Freq Type
in this * the 179 16 126 12 |itcanbe* 112 11 119 13
is the * of 123 23 175 25 | itis * that 149 17 139 20
it is * to 140 9 275 16 | of'the * and 178 33 189 34
of the * area 160 10 102 10 | ofthe *in 86 18 109 27
of the * of 281 49 262 53 | onthe * of 224 37 376 58
one of the * 84 7 102 |9 the * between 159 18 170 15

the

the * in the 184 26 151 |32 the * of a 158 23 164 28
the number of * | 124 21 150 |27 to the * of 249 43 279 60
the results of * 129 9 133 |7 used to * the 135 23 168 28
with a * of 78 14 117 16 with the * of 120 20 236 26

Overall, both three and four-word P-frames primarily consist of high-frequency prepositions
and structural patterns that are widely recognised as part of general academic English. Their frequent
occurrence in both text corpora indicates that, regardless of discipline focus, authors rely heavily on
these traditional idiomatic units to structure arguments, describe processes, and present results. This
overlap suggests that while discipline-specific variations certainly exist, a significant part of
academic writing in engineering fields is built upon a shared recurrent linguistic frame. However, it
should be kept in mind that differences in discipline can play a significant role as well. In some cases,
even if they shared a common phrase, its contextual meaning may change depending on the
discipline. Therefore, it can be emphasised that while these frameworks function as devices for
constructing discourse that ensures consistency across disciplines and rhetorical clarity, the subtle

lexical differences within them can still reflect the identities of different disciplines.

4.2 Comparison of the Top Ten Three-word P-frames in Geology and Mining Corpora

As stated above, this study aimed to examine the academic use of P-frames; therefore, the top
ten three-word P-frames were compared across both corpora. The analysis of the top ten three-word
P-frames across the Geology and Mining corpora reveals both considerable overlap and discipline-
specific variations. By presenting the most frequently used P-frames side by side, it becomes
apparent that these two engineering fields share a particular set of recurrent phraseological structures,

mainly centred around prepositional patterns as shown in Table 4.

Table 4: Top Ten Three-Word P-frames

Geology Corpus Mining Corpus
Three-word P-frames Three-word P-frames
P-frame Freq Type P-frame Freq Type
* of the 10175 779 the * of 10820 714
of the * 9176 933 * of the 10719 816
the * of 8117 572 of the * 9900 908
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Table 4: (Continued)

Geology Corpus Mining Corpus
Three-word P-frames Three-word P-frames
P-frame Freq Type P-frame Freq Type
in the * 5498 509 in the * 5269 518
*in the 5255 562 *in the 5210 613
*to the 2542 178 *to the 2407 164
to the * 1911 298 to * the 2085 179
to * the 1859 152 * and the 1966 290
* for the 1697 247 and the * 1842 290
*on the 1655 141 *on the 1822 147

As shown in Table 4, both the Geology and Mining corpora display a significant number of
overlapping three-word P-frames, which is eight words out of ten. P-frames indicated in italics
represent those shared by both corpora. The recurrence of these patterns across both disciplines
demonstrates that they are not only discipline-specific but rather constitute part of the broader world
of academic English. In addition, represents common phraseological structures widely used in
academic writing. Moreover, the frequencies of these shared P-frames are also relatively close to

each other, which emphasises their role as stable and pervasive elements of academic discourse.

Table 5: Top Ten Four-Word P-frames

Geology Corpus Mining Corpus
Four-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
the * of the 2523 296 the * of the 3022 321
in the * of 700 71 in the * of 838 80
of the * of 281 49 on the * of 376 58
* shown in fig 257 7 as shown in * 358 15
* the study area 257 9 to the * of 279 60
* based on the 252 33 itis * to 275 16
to the * of 249 43 of the coal * 263 19
bulletin of the * 240 6 of the * of 262 53
on the * of 224 37 * based on the 259 47
for the * of 217 37 in * of the 254 9

The findings in Table 5 reveal a significant structural similarity between Four-word P-frames
in the Geology and Mining corpora. In both corpora, fundamental academic patterns such as “the *
of the, in the * of, * based on the, to the * of, on the * of” indicate the existence of a common
interdisciplinary academic language. Additionally, it may be interesting that they share the two
highest frequencies in both corpora. However, while field-focused and visualisation-based structures
such as “ * shown in fig, * the study area, bulletin of the * , and for the * of” are noticeable in the
Geology corpus, process descriptions and material-focused expressions such as “as shown in *, it is
* 1o, of the coal *, and in * of the” are encountered in the Mining corpus. Additionally, in terms of

frequency, the overall frequency of four-word P-frames is lower than that of three-word structures.
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Overall, these findings highlight how P-frames can simultaneously reveal shared academic discourse

while also uncovering disciplinary preferences in textual organisation and rhetorical practice.

In addition to the analyses made above, Log-likelihood tests were conducted to compare the
distribution of shared three-word and four-word P-frames across the geology and mining corpora.
These tests were employed to determine whether the frequency differences between the two corpora
were statistically significant. The following tables present the frequencies of each P-frame in both

corpora, along with their log-likelihood values and corresponding p-values.

Table 6: Log-Likelihood Test Results of Shared Three-Word P-Frames in the Geology and

Mining Corpora

Shared Three- Geology Corpus Mining Corpus  Log-likelihood p-value
word P- frames Freq. Freq. value

* of the 10175 10719 1.79 18

of the * 9176 9900 3.37 .06
the * of 8117 10820 39.43 <.001
in the * 5498 5269 0.41 52

* in the 5255 5210 0.00 .95

* to the 2542 2407 0.66 41

to * the 1859 2085 5.19 .02

* on the 1655 1822 3.61 .05

From a statistical aspect, Table 6 presents the log-likelihood test results for the most frequent
three-word P-frames shared between the geology and mining corpora. The results indicate that only
“the * of” (LL = 39.43, p <.001) and “to * the” (LL = 5.19, p = .02) show statistically significant
differences between the two corpora. In addition, “* on the” reached a marginal level of significance
(p = .05). No significant differences were found for the other P-frames (p > .05). These findings
suggest that while certain three-word P-frames are more characteristic of one corpus, the majority

display similar distributions across both.

Table 7: Log-Likelihood Test Results of Shared Four-Word P-Frames in the Geology and

Mining Corpora
Shared Four-word Geology Corpus Mining Corpus Log-likelihood p-value
P- frames Freq. Freq. value

the * of the 2523 3022 13.27 <.001
of the * of 281 262 0.37 .54

* based on the 252 259 0.15 .69
to the * of 249 279 1.62 .20
on the * of 224 376 31.22 <.001
in the * of 700 838 7.85 .005
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Similarly, Table 7 presents the log-likelihood test results for the most frequent four-word P-
frames shared between the geology and mining corpora. The results indicate that “the * of the” (LL
= 13.27, p <.001), “on the * of” (LL = 31.22, p < .001), and “in the * of” (LL = 7.85, p = .005)
show statistically significant differences between the two corpora. No significant differences were
observed for the other P-frames (p > .05). These findings suggest that while certain four-word P-
frames are more characteristic of one discipline, the majority exhibit similar distributions across both

corpora.

4.3 Examining the Types of Shared High-Frequency P-frames

In the case of P-frames, another significant aspect to consider is their types. While frequency
highlights how often particular P-frames occur, the notion of type reflects the number of different
variations of a given P-frame found within the corpus. In other words, type measures the range of
lexical or structural variation that a P-frame can take. This distinction is essential because a high
frequency may indicate the prominence of a certain P-frame. Still, a higher number of types suggests
greater variability in how that frame is employed across different contexts. By examining both
frequency and type, it becomes possible to capture not only the quantitative dominance of specific

patterns but also the qualitative richness of their usage within the discipline.

To provide more detailed information, the types of shared high-frequency P-frames were
analysed individually in order to determine whether they show similarities or differences across the
two corpora. In the following section, this analysis is presented to illustrate how shared P-frames

vary not only in their frequency but also in their structural diversity.
There were eight shared three-word P-frames identified across the two corpora. To provide a
clearer picture of their distribution, the top ten types of these shared P-frames are presented in the

following table, arranged in order of frequency.

Table 8: Types of Shared High-frequency Three-Word P-frames

Geology Corpus Mining Corpus
P-frame Types P-frame Types
part of the part of the
bulletin of the one of the
one of the characteristics of the
* of the analysis of the * of the analysis of the
results of the results of the
most of the value of the
distribution of the area of the
effect of the strength of the
value of the length of the
structure of the model of the
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Table 8: (Continued)

Geology Corpus Mining Corpus
P-frame Types P-frame Types
of the seismologic of the coal
of the study of the mining
of the model of the rock
of the earth of the rib
of the * of the fault of the * of the working
of the seismic of the mine
of the earthquake of the roof
of the data of the shearer
of the source of the study
of the tsunami of the main
the number of the number of
the effect of the use of
the results of the results of
the presence of the impact of
the * of the use of the * of the development of
the case of the effect of
the gulf of the stability of
the distribution of the case of
the role of the presence of
the value of the amount of
in the study in the mining
in the region in the case
in the case in the area
in the north in the coal
in the * in the present in the * in the study
in the south in the rock
in the western in the process
in the upper in the form
in the area in the goaf
in the northern in the mine
changes in the located in the
used in the used in the
increase in the changes in the
located in the increase in the
% observed in the * in the included in the
in the . L
occurred in the concentration in the
variation in the shown in the
data in the change in the
earthquakes in the content in the
values in the present in the
due to the according to the
according to the due to the
compared to the related to the
related to the compared to the
* 1o the close to the * to the close to the
applied to the perpendicular to the
similar to the link to the
attributed to the addition to the
respect to the lead to the
refers to the line to the
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Table 8: (Continued)

Geology Corpus Mining Corpus

P-frame Types P-frame Types
to determine the to determine the
to estimate the to improve the
to obtain the to evaluate the
to calculate the to study the

to * the to study the to * the to calculate the
to evaluate the to assess the
to improve the to reduce the
to investigate the to obtain the
to understand the to analyze the
to assess the to predict the
based on the based on the
depending on the depending on the
study on the impact on the
effect on the study on the

* on the impact on the * on the effect on the
located on the research on the
focused on the mining on the
dependent on the information on the
data on the focused on the
information on the located on the

As illustrated in Table 8, certain types of shared P-frame types are found in both corpora
(italicised). For instance, the P-frame “* of the” can be considered as discipline-general academic
expressions, reflecting phraseological patterns widely used in academic writing. This is because the
P-frame includes shared types across both corpora, indicating its broader role in academic discourse
beyond disciplinary boundaries. The types “part of the, one of the, analysis of the, results of the, and
value of the” are the same in both corpora. On the other hand, the remaining types are discipline-
specific, for example, “bulletin of the” in the Geology corpus or “strength of the” in the Mining
corpus, which highlight the distinctive textual practices of each field. This distinction between
general and discipline-specific types provides an essential insight into how academic discourse

operates at both a shared and specialised level.

In the case of “of the *” in Table 8, there is only one shared type, which is “of the study”.
Beyond this overlap, however, the majority of the types were discipline-specific, reflecting the
distinct thematic and terminological phrases of Geology (e.g., of the earthquake, of the seismic) and
Mining (e.g., of the coal, of the mine). This indicates that although the underlying p-frame pattern is
the same, the types employed tend to become discipline-specific. In other words, rather than

frequency alone, it is terminological diversity that makes the disciplinary differences more visible.

As can be seen in Table 8, the P-frame “the * of” also shares a variety of types across both

corpora. Types such as “the number of, the effect of, the results of, the presence of, the use of, and
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the case of” can therefore be regarded as part of general academic English, reflecting phraseological

patterns that are widely employed in academic writing.

As shown in Table 8, the P-frame “in the *” has fewer shared types across the two corpora,
with only three identified in common. However, when examining the discipline-specific side, it can
be observed that the Geology corpus contains field-related terms such as region, north, south, and
western. In contrast, the Mining corpus features its own specialised terminology, including coal,

mining, rock, and goaf.

As demonstrated in Table 8, the P-frame “*in the” has four shared types and “* fo the” has
five shared types across the two corpora. A noteworthy finding is that both p-frames have these types
of ranks among the top in terms of frequency. It can be noted that they have a significant role in

academic discourse across both disciplines.
In the case of the P-frames to “to * the” and “*on the”, they account for the majority of the
shared types across the two corpora. This suggests that these patterns play an essential role in

academic discourse within the field of engineering.

Table 9: Types of Shared High-frequency Four-Word P-frames

Geology Corpus Mining Corpus
P-frame | Types P-frame | Types
the results of the the results of the
the effect of the the length of the
the magnitude of the the stability of the
the top of the the thickness of the
the * of the the amplitude of the the * of the the area of the
the accuracy of the the height of the
the location of the the end of the
the case of the the size of the
the size of the the mining of the
the center of the the roof of the
in the * of in the case of in the * of in the case of
in the gulf of in the form of

in the range of

in the vicinity of
in the area of

in the form of

in the frequency of
in the context of

in the presence of
in the middle of

in the process of
in the area of

in the vicinity of
in the field of

in the context of
in the presence of
in the order of

in the middle of
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Table 9: (Continued)

Geology Corpus Mining Corpus

P-frame | Types P-frame | Types

of the effects of of the impact of

of the gulf of of the number of

of the order of of the use of

of the number of of the results of
of the * of of the presence of of the * of of the height of

of the center of of the development of

of the ratio of of the effect of

of the amount of
of the occurrence of
of the trend of

of the influence of
of the analysis of
of the area of

* based on the

pet based on the
models based on the
Eurasia based on the
results based on the
calculated based on the
estimated based on the
values based on the
method based on the
model based on the
approach based on the

* based on the

model based on the
calculated based on the
method based on the
evaluated based on the
values based on the
established based on the
developed based on the
paper based on the
determined based on the
data based on the

to the presence of
to the north of
to the study of
to the south of

to the results of

to the presence of
to the formation of
to the lack of

to the * of to the number of to the * of to the use of
to the east of to the bottom of
to the development of to the influence of
to the value of to the development of
to the end of to the number of
to the lack of to the value of
on the basis of on the basis of
on the simulation of on the surface of
on the surface of on the stability of
on the results of on the results of
on the * of on the use of on the * of on the type of

on the analysis of

on the number of

on the order of

on the effect of

on the characteristics of

on the characteristics of
on the analysis of

on the application of

on the degree of

on the principle of

As illustrated in Tables 9, the four-word p-frames also reveal both general and discipline-
specific tendencies. Several -frames such as “the * of the, in the * of, of the * of, * based on the, to
the * of, and on the * of” contain types that are shared across both corpora, for example the results
of the, in the case of, in the presence of, of the number of, based on the method, to the development

of, and on the basis of. These shared types can be regarded as part of general academic English,
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reflecting common phraseological patterns frequently preferred in academic writing regardless of
discipline. At the same time, many other types are field-specific. In the Geology corpus, types such
as “the magnitude of the, the fault of the, or in the range of” are closely related to earth science
terminology, whereas in the Mining corpus, types like “the mining of the, the roof of the, or in the
process of” highlight the technical and operational aspects of mining discourse. This contrast
indicates that while shared four-word p-frames demonstrate the commonality of general academic
expressions, the discipline-specific types underline the distinctive lexical and conceptual needs of
each field.

4.4 Collocational Tendencies of Shared High-frequency Three-word P-frames

In the previous section, it was observed that some shared p-frames also appeared as shared
types across both corpora. With this respect, it can be understood that these structures play a role in
general academic English beyond disciplinary boundaries. Nevertheless, frequency and type alone
cannot fully capture how these p-frames function within texts. For this reason, a collocation analysis
was conducted to examine whether similar patterns could also be identified in their own lexical
environments. By focusing on the words that co-occur with these p-frames, this analysis provides
further insight into whether they are used in connection with general vocabulary or whether they
acquire more specialised meanings through associations with discipline-specific terminology. The
following tables present the results of this collocational investigation. The collocation analysis of P-
frames in the form of ... * ...”” was not included in this study, as the collocates were examined only
at the immediate left (-1) and right (+1) positions. Since four-word P-frames extend beyond this span,
they were not suitable for this type of analysis and sorting. For this reason, the collocational patterns

presented in the following section focus exclusively on shared high-frequency three-word p-frames.

Table 10: Discipline-specific Collocational Patterns of Shared High-frequency Three-word P-

frames
Geology Corpus Mining Corpus
P-frame Frequent Collocates P-frame Frequent Collocates
(£1 window) (£1 window)

*of the northern, vertical, eastern, * of the upper, lower, maximum,
spatial, western, seismic, mechanical, mining, stress,
different, central, upper, surface, average, water,
lower central

of the * area, model, data, region, of the * pillar, face, area, seam, coal,
wave, zone, field, source, mass, model, rock, body,
function, layer layer

in the * area, region, direction, in the * area, industry, mass, region,
zone, domain, section, mining, direction, layer,
model, atmosphere, sea, zone, process, mine

layer
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Table 10: (Continued)

Geology Corpus Mining Corpus

P-frame Frequent Collocates P-frame Frequent Collocates

(£1 window) (£1 window)

*in the seismic, earthquake, water, *in the mining, water, stress, gas,
seasonal, data, stress, significant, energy, rock,
velocity, large, increasing, environmental, metal,
significant methane

*to the very, mainly, probably, *to the appropriate, credit, directly,
directly, analytic, direction, plane, mainly, carcinogenic,
similar, mostly, lines, waste, direction, areas,
extended calculated

* on the models, significant, mainly, * on the significant, negative,
calculated, seismic, stress, carried, mining, calculated,
estimated, pressure, values, great, experimental, method,
highly mainly, stress

As shown in Table 10, the collocational analysis of the shared high-frequency three-word P-
frames reveals both similarities and discipline-specific tendencies. On the one hand, several
collocates overlap across the two corpora, particularly those that represent general academic or
descriptive functions. For example, collocates such as "area, lower, central, significant, stress,
calculated, and mainly" appear in both the Geology and Mining corpora, suggesting that these words
form part of a general academic phraseological unit commonly used in engineering-related

disciplines.

On the other hand, the results also demonstrate apparent disciplinary variation. In the Geology
corpus, collocates such as “seismic, earthquake, wave, fault, zone, tsunami, and atmosphere” reflect
terminology closely tied to earth sciences and natural phenomena. Conversely, the Mining corpus is
characterised by collocates such as coal, seam, pillar, mine, methane, environmental, and waste,
which are specific to the technical and industrial context of mining. This indicates that while the
underlying p-frames are shared, their immediate collocates tend to adapt to the disciplinary focus of
each field.

Overall, these findings suggest that collocational analysis demonstrated an essential dimension
to understanding p-frames. It highlights not only their role as general academic structures but also
their capacity to integrate field-specific terminology, thereby reflecting the dual nature of academic

discourse as both shared and specialised.

In order to gain a deeper understanding of how P-frames operate in authentic academic
discourse, several examples from the concordance lines are provided below. While the quantitative
results highlight the frequency and collocational tendencies of p-frames, concordance lines allow for

a closer examination of their actual usage in context. This qualitative perspective makes it possible
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to see how shared collocates may function differently across disciplines and how discipline-specific

collocates contribute to shaping the distinctive discourse of each field.

Concordance Examples Extracted from Shared Collocations in Both Corpora

e “...The upper part of the arca is a pebble block and the size of the pebbles
decreases towards the sea...” (Geology Corpus)
e “...The most intense contamination affects the upper part of the old embankment

to a depth of 3-4 m...” (Mining Corpus)

e “...which in turn provided the inter-annual variability in terms of the geographical
area influenced by the extreme winds over...” (Geology Corpus)
o “...Exceeding the optimal size of the mining area leads to an increase in transport

and ventilation costs...” (Mining Corpus)

o “ ..Therefore, daily precipitation records of 83 meteorological stations in the
Marmara region were extracted between 00:00 and 23:59 UTC...” (Geology
Corpus)

e “...The average thickness in the northern region is 13.67 m and the maximum is

35.04 m...” (Mining Corpus)

e “ . .and since 1950 onwards, a significant decrease in the frequency of moderate
rainfall events (5—-100 mm)...” (Geology Corpus)
e “__.in the form of crystallo- hydrates contributes to a significant increase in the

volume of the material...” (Mining Corpus)

e “...As the new scaling field is derived from Euler's Homogeneity equation, the
scaling exponent is also revealed to be directly related to the structural index...”
(Geology Corpus)

o . ..Thelocality of a mining product is directly related to the extraction and logistic
costs, prices, and socio-political factors...” (Mining Corpus)

e “...Normal faults are mainly distributed on the northern margin of the Jianghan
Basin...” (Geology Corpus)

e “...Under no-tillage conditions, crop residues were mainly distributed on the soil

surface, while under ploughing conditions...” (Mining Corpus)
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Concordance Examples Extracted from Discipline-Specific Collocations in Both

Corpora

e .  hydrostatic pressure fluctuations due to the vertical motion of the ocean
because of the weather conditions,...” (Geology Corpus)

e “...Besides, the principal stress ratio of the principal stress field in the area within

100 m of the working front of 23130 working face...” (Mining Corpus)

e “...Thus, the amplitude and duration of the seismic wave radiated back to the half-
space will be smaller...” (Geology Corpus)
e .. .otherwise, the maximum value within the fusion result of the target layer is

taken as the final state of the terminal...” (Mining Corpus)

e “...The rod was centered in the solution domain with its long axis parallel to the
x-axis...” (Geology Corpus)

e “ ..Introducing sustainable development and reviewing environmental
sustainability in the mining industry technological developments and safe and

clean production methods...” (Mining Corpus)

e “...we employed a smooth interpolation scheme between the velocity values in the
bottom layers of our profiles...” (Geology Corpus)
e “...The share of electricity generated by renewable energy sources in the total

electricity generation...” (Mining Corpus)

e “...the second at greater depth, probably linked to the transition between
fractured...” (Geology Corpus)

e “ ..where a large amount of mining waste goes to the Atrato River or its
tributaries...” (Mining Corpus)

e “ .field of pressure variations on the Earth surface near Moscow was
constructed...” (Geology Corpus)

e “...Currently, the mining industry has a negative impact on the environment in the

regions...” (Mining Corpus)

4.5 Pedagogical Implications of Data-Driven Learning (DDL) and Suggested Activities

The scope of this thesis may provide a basis for the application of Data-Driven Learning (DDL)
in engineering education as part of its pedagogical implications. As stated above, DDL is a valuable
way of integrating students into their own learning process. This process not only promotes

autonomous learning but also strengthens academic writing skills by linking linguistic forms with
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disciplinary contexts. Therefore, by employing user-friendly corpus tools such as Sketch Engine,
students can be trained to actively explore p-frames, collocations, and concordance lines to enhance

their awareness of both general academic English and discipline-specific phraseological patterns.

Regarding the integration of Data-Driven Learning (DDL) into the engineering context, several
drafts of classroom activities were designed based on the findings of this study. These activities
aimed to help students explore discipline-specific P-frames and understand their functional roles in
academic texts. Therefore, learners are encouraged to observe recurring phraseological patterns and
identify their collocational and rhetorical functions by using Sketch Engine. The following Table 11
presents three suggested DDL activities that can be integrated into language education. These

activities tried to enhance students’ awareness and support them in using P-frames in their academic

writing.
Table 11: Data-Driven Learning Activities for P-frame Awareness
Expected
Activity Objective Materials Procedure Learning
Outcomes
Teacher- Raise awareness | Pre-selected list of | 1.Students search Students have a
provided of frequent | P-frames and | the given P-frames | chance to
keywords discipline- frequent collocates | on Sketch Engine compare P-
specific P- 2. Then generate frame structures
frames concordance lines and their
3.And highlight | collocational
collocates and | behaviour in
discipline-related authentic texts
terms
Cause-effect | Help  students | List of P-frames | 1.Students classify | Students may
identification | understand used in cause/effect | which concordance | develop
rhetorical contexts lines show cause or | awareness of the
functions result functional use of
(explaining 2.And rewrite some | P-frames in
results and sentences using | academic
causes) alternative P-frames | argumentation
Guessing Enhance pattern | Mixed 1.Students  predict | Students  have
from mixed | recognition and | concordance lines | which P-frame fitsin | the ability to
concordances | contextual with missing P- | each blank infer the correct
guessing skills frames 2.Then, check with | P-frames from
the actual | context and
concordance collocates,
3.And discuss the | showing a more
clues they used profound
understanding
of patterning
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Another significant issue is how to apply P-frames in practice. In this regard, students are
assigned to write a short academic paragraph that contains word combinations identified through
corpus analysis. This activity allows students to understand the meaning of the discipline-specific
words and integrate them into their own learning. Moreover, their awareness may be raised, and they

may gain a new perspective on the use of corpus analysis.

The suggested activities begin with students’ existing knowledge. In the first steps, there are
no right or wrong answers. The primary goal is to enhance students' understanding of their field's
terminology. Then, the activities follow a step-by-step learning process by using corpus data. In this
stage, concordance, frequency, and collocation analyses, along with error identification and
recognition of rhetorical functions, are the most commonly used features. There are detailed activities

below.

Activity 1: Predicting Shared Collocates

This activity aims to enable students to explore how shared p-frames are used in various
disciplines. Students first predict collocations based on their own background knowledge, then check
these predictions by using Sketch Engine. This allows students to compare both general academic

patterns and discipline-specific terminology usage.

Steps: The students are given shared three-Word P-frame structures. Then, students are asked
to complete these p-frames in terms of their own fields. Students then use Sketch Engine to conduct
a concordance search and check whether the selected collocations appear in the corpus. To do this
search, students used a concordance search, followed by a frequency order, and then chose the
location indicated by the asterisk (*). The detailed explanation of these steps is given below in Figure
3. In the final stage, students compare their predictions with the corpus results and engage in a brief

discussion about cross-domain differences.
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Figure 4: Detailed Explanation of Sketch Engine Searching Steps

DASHBOARD  mnng

MINING

@ Word Sketch
o= Thesaurus

Parallel Concordance

oo

4 OneClick Dictionary

CONCORDANCE g

8 Word Sketch qﬂ!eyn:nce BASIC D <
Concordance Simple search (2
- * of the
Wordlist

_ Keywords
8 ol

) Texttype analysis
s .

Text types ? v
i Biingual terms

SEARCH

Jusu.edu to Article
he developmental
2015).</s><s>The

%0d & Agricul- ture

CE S ’
by

Q 3 =0 @4 4 F WORD FORMS WORD FORMS
KWi ontext PART OF SPEECH PART OF SPEECH
13 of the Mining Act in Taiwan, mining rights have a limitation of 20 years, anc Iy Acs TAGE
basisof the  E of and (TEEB) mo [§
LEMMAS LEMMAS
lackofthe  ES market value causes people o ignore or underestimate ES valu¢ I

Organization of the United Nations, 2016).</s><s>Thus, forests are a major ecosystem [f§

Table 12: Activity 1

LEMMAS

H

* of the o JENNE' AN
of the * L 2
in the * L
* in the e
o T TN

45



Table 12: (Continued)

* to the L

to * the .

* on the L R

Activity 2: Discovery of P-frames

The purpose of this activity is to familiarise students with the P-frame templates used in
academic writing for explanation/justification, and to observe how these templates are used in
Geology and Mining engineering disciplines. The teacher gives the first 50 four-word P-frame lists
to the students. Students are then asked to find patterns in this list that serve an
explanatory/justification function. After that, students are required to examine the usage of the p-
frames that they have identified in the list. In this section, they should use the Sketch Engine

application and select the concordance option.

Table 13: Activity 2.1

Four-word P-frames in Geology

P-frame Explanation/justification Not
sure
the * of the
in the * of
of the * of

* shown in fig
* the study area
* based on the
to the * of
bulletin of the *
on the * of

for the * of
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Table 13: (Continued)

based on the *
in this study *
the * in the

in this * the
of the * and
To be
continued. ..

Table 14: Activity 2.2

Four-word P-frames in Mining

P-frame Explanation/justification Not
sure

the * of the

in the * of

on the * of

as shown in *

* science and
technology
science and
technology *
of mining * and

of mining science
%

* mining science
and

to the * of

To be

continued. ..

Overall, through such activities, Sketch Engine, with an easy-to-use interface, can be
effectively integrated into a DDL approach, enabling engineering students to discover and practice
both general and discipline-specific language patterns. As a result, students have the opportunity to
develop greater linguistic awareness, which especially contributes to improved academic writing

competence within their respective fields.

4.6 Discussion

This thesis aims to examine the use and distribution of P-frames in Engineering English for
Academic Purposes (EAP) texts, explicitly focusing on research articles written in the fields of
Geological Engineering and Mining Engineering. The study tries to explore how P-frames contribute
to the construction of academic discourse in the engineering field. Adopting a corpus-based
approach, this study also aims to discuss the potential of integrating Data-Driven Learning (DDL) as

a pedagogical method to help engineering students become more aware of such phraseological
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patterns in their academic writing. This section discusses the research questions presented in the
introduction chapter of this thesis. The research questions which pave the way for this thesis are as

follows:

1. To what extent do Geology and Mining Engineering research articles share high-frequency

P-frames, and which P-frames occur significantly more often in one discipline than the other?

2.How can user-friendly corpus tools be used to raise engineering students’ awareness of

discipline-specific phraseological patterns in academic writing?

3. What rhetorical functions (e.g., reporting results, showing cause—effect relations) are
commonly associated with the most frequent P-frames, and how can these be taught through data-

driven learning (DDL) activities?

4.6.1 Discussion of the First Research Question

The analysis of the two discipline-specific corpora revealed that both Geology and Mining
Engineering articles share several high-frequency three-word and four-word P-frames. This suggests
that specific phraseological frames are widely used as part of general academic discourse in
engineering-related fields. This overlap can be referred to as recurrent frames, which constitute part
of a general academic register within engineering, providing authors with ready-made structural

patterns for academic writing.

At the same time, the log-likelihood results showed that some of these shared P-frames were
significantly more frequent in one corpus than the other, indicating a degree of disciplinary
preference. This finding supports previous research arguing that while academic writing heavily
relies on recurrent phraseological frames, the lexical realisations within these frames often become
discipline-specific (Garner, 2016). Therefore, these results highlight that shared P-frames serve as a
common structural base. At the same time, their discipline-specific lexical fillings reflect the

distinctive conceptual focus and discourse practices of each field.

4.6.2 Discussion of the Second Research Question

The findings of this study also provide implications for how user-friendly corpus tools, such as
Sketch Engine and kfNgram can be integrated into academic writing instruction to raise students’
awareness of discipline-specific phraseological patterns. Although this study did not directly assess
learners’ performance, the corpus-based approach demonstrates that such tools can act as effective

mediators between disciplinary discourse and student awareness of phraseological patterns.
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Moreover, the corpus-based DDL activity design suggests that these tools can support students in
discovering recurrent P-frames and their collocational behaviour in authentic disciplinary texts.
Through the analysis of frequency lists, collocational networks, and concordance lines, learners can
independently explore how academic meaning is constructed in their discipline, which is a key
principle of Data-Driven Learning (DDL) (Johns, 1991). This can be related to previous studies that
emphasise the value of data-driven learning in promoting learner autonomy and inductive learning
(Boulton & Cobb, 2017). Similarly, unlike traditional top-down teaching methods, where instructors
present ready-made examples, DDL encourages a discovery role for students. By observing authentic
language data, students construct their own generalisations about how academic texts work. This
process aligns with the principles of learner autonomy and noticing, both of which are central to

contemporary EAP pedagogy (Flowerdew, 2015).

As a result, corpus-based DDL can promote more discipline-sensitive writing awareness,
fostering both transferable academic skills and specialised discourse competence. Students can
observe how discipline-specific terminology is embedded within general academic frameworks by
exploring concordance lines and frequency lists. Such hands-on exploration enables students to move

beyond direct memorisation and gain a deeper understanding of the language used in their field.

4.6.3 Discussion of the Third Research Question

The analysis of concordance lines and collocational behaviour revealed that several of the most
frequent P-frames are systematically associated with specific rhetorical functions, particularly in
relation to reporting results, describing procedures, and expressing cause—effect relationships. These
findings confirm that P-frames are not only structural elements but also functional in constructing
disciplinary argumentation. To support students in recognising and applying these rhetorical patterns,

corpus-based data-driven learning (DDL) tasks can be helpful.

From a pedagogical view, these insights demonstrate how corpus-based Data-Driven Learning
(DDL) activities can bridge the gap between linguistic form and rhetorical function. By exploring
authentic concordance lines, students can observe how particular P-frames perform communicative
roles within disciplinary contexts. In this case, students can explore authentic concordance lines,
classify the rhetorical roles of P-frames, and apply them to their own writing. Such activities can
bridge the gap between linguistic form and rhetorical function, as well as enabling students to use P-
frames more deliberately in disciplinary contexts. Therefore, it can be noted that P-frames can be
viewed not only as frequent lexical templates but also as cognitive and rhetorical scaffolds that

support disciplinary knowledge construction.
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CONCLUSIONS AND RECOMMENDATIONS

This study investigated the use and distribution of P-frames in Geology and Mining
Engineering research articles. Regarding these disciplines, the study explores the P-frames and their
potential contribution to academic writing in engineering fields. The results revealed that both
disciplines share several high-frequency words in both three-word and four-word P-frames, which
appear to function as general academic structures. Moreover, log-likelihood analyses demonstrated
that some of these shared P-frames occurred significantly more often in one corpus than the other.
This refers to the discipline-specific preferences. Additionally, the concordance and collocation
analyses showed that the lexical items filling types of these P-frames usually reflected field-specific
terminology. In other words, when types were analysed one by one, it can be seen. In the case of
pedagogical application, several activities have been created. These activities may be seen as a

starting point. The activities can be developed.

Pedagogical Implications

The findings of this study highlight the potential of integrating data-driven learning (DDL) into
English for Academic Purposes (EAP) engineering contexts. By using user-friendly corpus tools
such as Sketch Engine, students have a chance to explore authentic examples of discipline-specific
P-frames and understand how they are employed in real academic texts. This approach can help
learners to gain an awareness of phraseological patterns. Moreover, thanks to activities, students can
use them more accurately and purposefully in their own writing. The corpus-based DDL activities
presented in this study may serve as a starting point for integrating corpus-based methods into

engineering education. Further developments should be done in order to vary.

Limitations of the Thesis

This thesis has several limitations. Firstly, the analysis was conducted on only two corpora,
which may limit the generalisability of the findings to other academic disciplines. Therefore,
additional corpora from different fields could have provided a broader picture of the use of p-frames
in academic texts. Secondly, the thesis specifically focused on P-frame analysis. While this offers
valuable insights into phraseological patterns, other corpus-based approaches were not taken into
consideration. Therefore, expanding the scope of study to include broader corpus-based analysis
might have brought a more comprehensive understanding of disciplinary variation in academic

English.
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Further Suggestions

This thesis focused on P-frames in two disciplines, which are Geology and Mining
Engineering. As stated in the findings, the analysis was limited to three-word and four-word P-
frames, and their types and collocational patterns. Moreover, the study tried to provide pedagogical
DDL materials. Further research may expand this study by adding different engineering fields or
other academic disciplines to compare similarities and differences in the use of p-frames. Moreover,
the scope of analysis can be extended beyond p-frames to provide a more comprehensive analysis of

discipline-specific features in academic texts.

Another worth noting suggestion, which should be taken into consideration, is the pedagogical
application of corpus-based findings. Tools such as Sketch Engine can be used in English for
Academic Purposes (EAP) classrooms to raise students’ awareness of both general academic
expressions and discipline-specific language patterns. By analysing concordance lines and
collocational patterns derived from authentic texts, learners are encouraged to notice how specific
phraseological units function in academic discourse and how their meanings shift depending on
context. In this way, corpus-based data-driven activities can not only enhance students’
understanding of academic English but also contribute to the development of teaching resources and

materials for specific disciplines.
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Appendix 1: List of Geology Corpus Top 500 P-Frames

Geology Corpus
Top 500 P-Frames

Three-word P-frames

Four-word P-frames

P-frame Freq Type P-frame Freq Type
* of the 10175 779 the * of the 2523 296
of the * 9176 933 in the * of 700 71
the * of 8117 572 of the * of 281 49
in the * 5498 509 * shown in fig 257 7
* in the 5255 562 * the study area 257 9
* to the 2542 178 * based on the 252 33
to the * 1911 298 to the * of 249 43
to * the 1859 152 bulletin of the * 240 6
* for the 1697 247 on the * of 224 37
* on the 1655 141 for the * of 217 37
for the * 1652 239 based on the * 203 37
the * and 1607 251 in this study * 186 18
on the * 1464 208 the * in the 184 26
* and the 1429 224 in this * the 179 16
and the * 1403 250 of the * and 178 33
* that the 1355 96 in the * area 174 12
a*of 1166 103 1s * to the 165 18
* with the 1042 105 the study area * 164 20
* from the 1029 129 * part of the 164 21
can be * 979 84 of the * area 160 10
* by the 959 89 the * between the 159 18
from the * 887 153 and * of the 158 34
in this * 883 26 the * of a 158 23
with the * 867 136 in order to * 156 29
based on * 793 42 in the * and 155 28
that the * 762 148 the * part of 151 18
of * and 730 112 it is * that 149 17
1s * to 729 62 * the number of 149 19
* is the 725 79 in the study * 146 5
* can be 717 83 in this * we 146 8
*in fig 658 36 * in this study 145 21
* based on 651 87 can be * as 142 13
at the * 640 81 itis * to 140 9
is the * 635 111 as shown in * 138 7
and * the 622 77 a * of the 136 19
the * in 610 71 used to * the 135 23
itis * 591 57 the * intensity bin 135 5
and * of 566 104 of the study * 134 4
the * area 531 32 as well as * 133 12
* in this 519 76 the results of * 129 9
*ofa 514 90 the * and the 129 30
from * to 513 30 asa * of 129 8
the study * 502 19 in * of the 126 10
in * study 492 5 the effect of * 124 11
by the * 491 97 the number of * 124 21
* applied geophysics 479 6 and the * of 123 27
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Appendix 1: (Continued)

Geology Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
are * in 475 40 is the * of 123 23
the * is 475 90 with the * of 120 20
* the study 470 17 at the * of 119 17
* at the 470 82 1s * in the 116 16
shown in * 464 9 in the * region 115 18
* the same 462 35 * the case of 113 4
due to * 453 25 it can be * 112 11
* it is 446 61 with regard to * 112 2
we * the 444 57 can be * to 112 7
is * in 443 46 * due to the 109 20
the results * 441 23 on the other * 107 2
* as the 439 39 on the * hand 107 2
ofa* 438 73 are shown in * 105 5
over the * 414 43 are * in table 102 6
* this study 414 11 * the effect of 100 17
with a * 411 71 1s shown in * 100 5
in * the 409 46 part of the * 100 18
* shown in 405 12 is * by the 98 19
* geophysical research 404 18 * results of the 95 5
* between the 398 46 * summer monsoon 94 6
rainfall
* to be 396 47 in the * part 92 15
the * the 389 76 as * as the 92 3
of * research 369 6 where * is the 91 20
data * the 361 26 * the presence of 91 11
* used to 358 15 * one of the 90 9
is * by 356 44 the results * the 88 4
the * data 356 51 * the results of 88 17
* analysis of 350 32 the gulf of * 87 5
of geophysical * 349 5 be * to the 86 7
during the * 349 48 of the * in 86 18
the * between 348 34 indian summer 85 5
monsoon *

in * of 347 24 * that of the 85 7
the data * 340 35 one of the * 84 7
and applied * 340 7 the * distribution of 83 5
* with a 331 61 order to * the 82 16
are * to 330 40 due to the * 81 17
number of * 328 49 * the gulf of 81 5
* study area 327 6 can be * that 81 6
* due to 323 51 can be seen * 80 6
this study * 322 33 * gulf of aden 79 4
the * region 317 41 shows a * correlation 78 2
that * the 313 35 with a * of 78 14
society of * 312 8 results * that the 77 8
used to * 308 47 the * of this 77 11
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Appendix 1: (Continued)

Geology Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
* the data 308 29 * changes in the 77 10
* the model 307 20 * bay of bengal 77 5
isa* 303 65 can be * by 76 14
asa* 303 36 used in this * 75 5
the model * 300 41 we * that the 75 10
to be * 300 51 can be used * 74 4
the same * 298 42 be * that the 74 6
this * is 296 32 is * on the 73 5
* using the 295 46 * increase in the 73 3
* distribution of 295 19 * spatial distribution 73 4
of
analysis of * 293 30 in the present * 72 4
between * and 291 27 * a depth of 72 3
be * to 291 21 are * in the 72 15
ina* 290 58 * of the study 72 12
* over the 289 54 the spatial * of 72 4
part of * 289 8 summer monsoon 71 16
rainfall *

* the fault 288 19 an increase in * 69 6
of *in 284 43 the presence of * 69 9
as * as 284 11 * the use of 69 12
for * the 284 34 * this study the 68 2
* the results 281 35 * related to the 68 8
in * and 277 45 is * of the 68 3
which is * 273 35 * distribution of the 68 6
the fault * 271 28 * effect of the 68 3
* changes in 270 23 a case study * 68 5
*ina 269 50 in * to the 68 6
according to * 266 13 * can be seen 67 2
changes in * 265 26 of * in the 67 14
* shows the 264 18 can be * in 67 5
the number * 263 2 * an increase in 67 7
model * the 263 17 in * study the 66 2
it * be 260 9 a depth of * 65 6
* part of 258 32 is * that the 65 10
this * the 253 24 * the present study 65 4
as * in 250 16 * correlation with the 65 5
as the * 250 54 * intensity bin shows 64 5
the seismic * 248 30 * analysis of the 64 9
* results of 247 11 * consistent with the 64 7
* the seismic 246 17 * be used to 63 5
of * data 245 20 of the * model 63 13
results * the 245 11 the * number of 63 8
* effect of 243 5 * than that of 62 7
*toa 242 29 intensity bin shows * 62 3
there is * 240 7 * of the earth 62 4
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Appendix 1: (Continued)

Geology Corpus
Top 500 P-Frames

Three-word P-frames

Four-word P-frames

P-frame Freq Type P-frame Freq Type
of this * 240 24 the western * of 62 6
the time * 238 25 * bin shows a 62 3
with * to 237 7 * freezing and thawing 61 6
the * society 234 7 * there is a 61 8
between the * 233 38 freezing and thawing * 61 4
the * method 232 40 * most of the 61 9
as well * 230 3 by the * of 61 10
has been * 230 39 are presented in * 60 6
distribution of * 229 25 intensity bin * a 60 2
* during the 229 47 * the west coast 60 4
* the two 229 17 than that * the 60 3
of * study 226 3 that the * of 59 15
using the * 226 46 in the * study 59 3
shows a * 224 21 in the * direction 59 10
compared to * 223 10 * located in the 59 7
by * the 222 32 is located * the 59 6
to*a 221 31 * shows that the 59 10
depth of * 220 13 is based on * 59 3
* depth of 218 12 used in * study 58 2
values * the 218 13 bin shows a * 58 5
*asa 217 40 of this * is 58 6
the * value 217 27 * amplitude of the 58 4
the * part 217 22 with respect to * 58 3
the * for 216 34 * standard deviation of 58 5
* the other 214 12 than * of the 57 3
up to * 214 13 than that of * 57 6
* the source 213 19 over the * coast 57 2
was * to 212 23 * magnitude of the 57 3
of * the 211 35 the effects of * 57 8
* shows a 211 18 the magnitude of * 57 2
* the north 211 11 the study * the 57 6
obtained * the 211 11 correlation with the * 56 8
along the * 210 37 of the earth * 56 3
results of * 209 16 with * to the 56 3
* the earthquake 207 15 the results * that 56 7
used * the 207 8 an * in the 55 2
* research letters 206 7 of the fault * 55 8
study area * 206 27 may be * to 55 5
used in * 203 5 * the same as 55 7
* increase in 203 10 in the frequency * 55 4
* the upper 199 14 in terms of * 55 7
* time series 198 17 in the region * 54 11
an * of 197 30 in the * zone 54 7
time series * 197 19 the case of * 54 4
and * in 197 40 in the * the 54 12
* the region 197 7 * it can be 54 8
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Appendix 1: (Continued)

Geology Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
the upper * 196 16 * obtained from the 54 11
the source * 195 28 in this case * 53 7
* value of 192 18 * observed in the 53 7
is * the 191 25 the * proposed by 53 4
is * as 191 25 of the model * 52 10
* than the 189 19 * value of the 52 7
study * the 188 16 in the north * 52 8
* terms of 188 2 at the * station 51 3
be * as 188 16 as aresult * 51 2
the * time 188 25 * depth of the 51 6
the earthquake * 187 31 of * of the 51 9
the * to 187 33 * used in the 51 8
* the time 187 19 * the bay of 51 5
spatial * of 185 14 in the upper * 51 7
* used in 184 20 * the effects of 50 9
* the indian 184 13 the west coast * 50 6
the indian * 184 11 1s * than that 50 9
located * the 183 10 of the seismic * 50 10
parameters * the 183 11 the distance * the 50 4
the * zone 182 16 the use of * 49 8
* in table 182 8 in * with the 49 5
the north * 181 18 * time of the 49 6
* has been 181 25 with * increase in 49 2
the inversion * 179 16 * geophysical research 49 11
letters

* intensity bin 179 7 * this study we 48 2
* the most 178 17 are * to the 48 11
the * surface 178 15 bay of bengal * 48 8
* such as 178 31 * top of the 48 2
* the observed 178 22 in the western * 48 7
* of this 177 24 * in order to 48 8
* the south 177 11 shows a positive * 48 2
the * intensity 176 10 for * of the 48 6
have been * 176 29 in the south * 48 7
and its * 175 29 the other hand * 48 3
observed * the 174 12 * in the study 47 12
* that of 173 10 can be expressed * 47 2
is * that 173 20 * the fault zone 47 3
effect of * 173 16 * found that the 47 7
* seismic data 172 21 the location of * 47 3
the other * 172 12 * of the most 46 2
we * that 172 17 in this * is 46 7
for a * 171 31 a function of * 46 5
* the maximum 171 20 physics of the * 46 2
for each * 171 33 * a positive correlation 46 2
the most * 169 25 the amplitude * the 46 2
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Geology Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
* case of 168 4 earth and * science 46 2
this * we 168 11 * the ground surface 46 6
* the following 167 16 * accuracy of the 46 2
* effects of 167 7 * structure of the 46 9
is used * 167 6 at * depth of 46 2
*bya 166 29 the top * the 46 2
* carried out 166 13 pet based on * 45 2
* study the 166 7 the extreme intensity * 45 2
analysis * the 166 9 * show that the 45 5
* the surface 165 13 a large * of 45 3
the presence * 165 2 of the earthquake * 45 11
increase in * 164 18 the same as * 45 6
one * the 164 4 increase in the * 45 8
the * are 163 24 the northern * of 45 6
is * for 163 24 from the * of 45 9
the vertical * 163 23 that there is * 44 3
* which is 163 32 a * number of 44 4
the maximum * 162 24 * parameters of the 44 7
toa* 162 33 * of the earthquake 44 6
there * a 162 4 the present study * 44 7
one of * 162 3 before and after * 44 4
changes * the 160 8 at the same * 44 2
of * of 160 27 of the * the 44 11
distribution * the 160 8 * pet based on 44 3
time * the 159 13 can be * from 44 6
* the vertical 159 18 * be noted that 44 2
the correlation * 158 13 * the magnitude of 44 10
the * distribution 158 20 is * with the 44 3
* the number 158 20 * attributed to the 44 3
* comparison of 158 10 * applied to the 44 8
* the west 157 12 * the analysis of 43 6
value * the 157 8 * caused by the 43 10
* associated with 156 22 * found to be 43 4
in * with 156 15 the other * the 43 2
order to * 156 29 the difference * the 43 3
we * a 155 24 very high * extreme 43 2
* use of 155 4 * parts of the 43 9
* data and 155 18 of the indian * 43 6
the case * 155 6 and * in the 43 11
the following * 154 26 of the * is 43 10
values of * 154 17 * anegative 43 2
correlation
* values of 153 19 changes in the * 43 11
is * than 152 11 * the upper 42 5
atmosphere
the region * 152 22 inversion of * data 42 3
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Geology Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
of seismic * 152 23 * idriss and boulanger 42 6
less than * 152 12 * the indian ocean 42 5
the * results 151 18 most of the * 42 11
associated with * 151 10 for the period * 42 4
structure * the 151 11 * of interest the 42 2
* study of 151 9 the changes in * 42 5
* have been 150 24 * be attributed to 42 2
area * the 150 15 the location * the 41 2
value of * 150 13 * compared to the 41 4
be * that 150 9 * in this paper 41 7
of earthquake * 150 21 * shows a positive 41 6
intensity bin * 149 13 * Jocation of the 41 2
the area * 149 16 in the * section 41 4
* pure and 148 15 in the area * 41 3
there are * 148 22 * variation in the 41 3
* the area 147 9 compared to the * 41 10
* used for 146 13 * large number of 41 2
be * by 146 22 * the area of 40 4
* the inversion 145 10 to the * and 40 8
* related to 144 14 the performance of * 40 3
the * wave 144 16 * correlation coefi 40 6
cient

gulf of * 144 6 is * to be 40 6
in addition * 144 8 * a result of 40 2
the period * 143 10 * the top of 40 4
* the tsunami 143 15 * to determine the 40 5
* the case 142 7 of the * zone 40 4
* the average 142 22 in this work * 40 4
* inversion of 142 16 * the changes in 40 4
was * by 142 24 used in the * 40 8
* gulf of 142 5 the ratio * the 39 2
characteristics of * 141 12 * the range of 39 2
carried out * 141 16 it * possible to 39 2
the average * 141 21 in the * domain 39 5
the frequency * 141 10 over the indian * 39 4
the south * 141 13 * the location of 39 8
* the western 140 10 * result of the 39 3
* the main 140 20 of the data * 39 7
this paper * 140 16 * noted that the 39 5
* there is 139 12 * comparison of the 39 4
the present * 138 6 * to note that 39 2
the observed * 138 17 * earth and planetary 39 3
presented in * 138 8 the * value of 39 7
effect * the 137 5 can be obtained * 39 5
* applied to 137 12 * size of the 39 3
* be used 137 9 is located in * 39 2
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Geology Corpus
Top 500 P-Frames

Three-word P-frames

Four-word P-frames

P-frame Freq Type P-frame Freq Type
are shown * 136 6 the data * the 39 5
data and * 136 17 * close to the 38 6
related to * 136 4 very high intensity * 38 4
* and its 135 29 * spatial and temporal 38 4
the two * 135 28 * the development of 38 8
is shown * 134 7 * of earth sciences 38 4
was used * 134 7 positive correlation * 38 2
the
well as * 134 12 * the distribution of 38 8
* bulletin of 134 26 * the study region 38 4
* the northern 134 12 a negative correlation 38 8
*
* the present 133 6 the fault zone * 38 9
may be * 133 20 in the east * 38 5
the west * 133 8 as * in the 38 9
be * in 133 16 it * be noted 38 2
the western * 133 17 * in the northeastern 38 8
most of * 132 4 * of the fault 38 11
is not * 132 26 the area of * 38 5
of * seismic 132 7 * evolution of the 38 5
than that * 132 7 in the range * 38 2
* the earth 131 6 * compared with the 38 8
the * values 131 24 was * in the 38 9
results * that 130 10 seismic * in the 37 6
be used * 130 4 a positive correlation * 37 3
an * in 130 6 spatial distribution of 37 5
*
seismic data * 130 21 carried out * the 37 7
that of * 130 10 was carried out * 37 8
* the total 130 14 * line represents the 37 4
the tsunami * 130 19 shows the * of 37 8
the initial * 129 17 * function of the 37 5
the spatial * 129 12 * values of the 37 3
* the second 128 10 the values of * 37 3
* range of 128 9 it is possible * 37 2
the * function 127 14 * the time series 37 6
of * earth 127 3 the * area is 37 3
* the ground 127 13 the * area the 37 3
the surface * 126 16 * be due to 37 3
* seismic hazard 126 10 * each of the 37 3
region * the 126 16 it was * that 36 5
correlation * the 126 6 * would like to 36 4
* monsoon rainfall 126 4 in the northern * 36 4
the * study 126 6 of the * data 36 7
* characteristics of 125 13 * associated with the 36 5
magnitude of * 125 8 * occurred in the 36 5
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Geology Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
of * model 125 6 isa* of 36 7
* the east 125 8 * very high intensity 36 2
to determine * 125 4 in * case the 36 3
seismic hazard * 125 11 is * to note 35 2
* solid earth 125 3 of this study * 35 6
to obtain * 124 7 according to the * 35 10
* series of 124 4 the depth of * 35 3
* the period 124 6 the distribution of * 35 3
the * coast 124 8 the relationship 35 2
between *
the * was 124 27 the low intensity * 35 2
the * parameters 123 21 in the middle * 35 3
* ground motion 123 13 is * as the 35 6
* the frequency 123 12 is * for the 35 8
are * by 123 22 the relationship * the 35 2
the analysis * 122 11 a * study of 35 3
the amplitude * 122 8 the calculated pet * 35 2
* presented in 122 8 the frequency of * 35 7
the effects * 122 2 magnitude of the * 35 4
of * earthquake 122 7 * be related to 34 5
* compared to 122 15 the main * of 34 10
caused by * 121 4 * shows a negative 34 4
comparison * the 121 4 * results and 34 2
discussion

* for a 121 29 * as well as 34 8
the proposed * 121 12 a total of * 34 3
the * that 121 17 is observed * the 34 3
* the eastern 121 10 of the * wave 34 4
is * on 120 7 with an * of 34 5
* role of 120 3 oil and gas * 34 6
were * to 120 18 of the * region 34 5
for * of 120 19 * listed in table 34 3
close to * 120 7 * end of the 34 5
* the correlation 120 15 the frequency * of 34 5
* the initial 119 15 results are * in 34 4
solid earth * 119 3 are * to be 34 6
applied * the 119 6 is * than the 34 5
* of earthquake 119 18 the value of * 34 3
a * correlation 119 6 there is a * 33 6
an increase * 119 2 of the * function 33 4
* caused by 118 22 seasonal * in the 33 2
* magnitude of 118 7 are * from the 33 8
* determine the 118 4 * the critical angle 33 4
* the central 118 10 a * correlation with 33 3
depth * the 117 8 the * structure of 33 7
and a * 117 25 * to estimate the 33 7
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Geology Corpus
Top 500 P-Frames

Three-word P-frames

Four-word P-frames

P-frame Freq Type P-frame Freq Type
* along the 117 31 the time * of 33 4
* the previous 117 8 the vertical * of 33 5
institute of * 117 18 * calculated pet based 33 2
than * of 117 4 was * by the 33 4
* than that 116 9 from the * model 33 6
* which the 116 7 * of this study 33 5
* is not 116 18 * the role of 33 5
the main * 116 26 * in terms of 33 9
* a new 116 14 * supported by the 33 3
* obtained from 115 15 * study area the 33 2
used for * 115 17 it * observed that 33 2
* represents the 115 19 that of the * 33 8
* estimate the 115 4 * into account the 33 4
* maps and 115 3 in the central * 33 4
* the top 115 11 is less than * 33 7
of * city 115 6 during the * of 33 5
maps and * 115 3 the time series * 33 4
the * source 115 16 on the * surface 32 5
the * layer 114 19 of the total * 32 7
earthquakes * the 114 9 to * depth of 32 2
* apparent resistivity 114 10 the study * is 32 2
is * of 114 8 * study of the 32 4
the top * 114 13 in addition to * 32 2
* function of 114 9 the analysis of * 32 3
of earth * 114 8 * high intensity bin 32 2
* found that 114 9 the * of an 32 5
* data set 113 15 ground motion 32 2
prediction *
* the original 113 11 spatial and temporal * 32 6
inversion of * 113 13 * change in the 32 4
as * the 113 9 to the * in 32 7
associated * the 113 2 are * with the 31 5
regard to * 113 2 in addition * the 31 2
the magnitude * 113 7 at the top * 31 2
consistent with * 113 6 * below ground level 31 2
which * the 112 17 * trend in the 31 4
this is * 112 14 * generated by the 31 6
in * area 112 4 the role of * 31 6
zone * the 112 12 * gravity and magnetic 31 5
effects of * 112 16 * earthquakes in the 31 6
shows that * 111 3 * results show that 31 3
data set * 111 18 as compared * the 31 2
* evolution of 111 11 northern * of the 31 4
increase * the 111 3 * time series of 31 5
* the proposed 111 12 * this study is 31 3
* area of 111 9 of the royal * 31 4
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Geology Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
obtained from * 110 6 * study area is 31 2
* climate change 110 13 of the upper * 31 4
of * fault 110 4 to * that the 31 6
the northern * 110 15 * number of events 31 5
the east * 110 10 * effects of the 31 4
* observed in 110 11 * this article is 31 3
the depth * 109 12 * difference between 31 2
the
the focal * 109 10 * used in this 30 5
the * with 109 22 * and west up 30 3
* time of 109 13 be * by the 30 6
* less than 109 13 is * from the 30 6
* change in 109 10 * the simulation of 30 3
* the lower 109 11 high and extreme * 30 3
* the city 109 9 * the increase in 30 5
which * be 108 5 * the frequency of 30 2
does not * 108 21 the range of * 30 6
the total * 108 18 over the * region 30 4
ground motion * 108 15 from the * to 30 6
the * period 108 19 the * for the 30 8
* the local 108 16 the average * of 30 6
the gravity * 107 13 also * that the 30 7
found * the 107 7 the dry intensity * 30 2
the * hand 107 2 western * of the 30 4
* the current 107 11 which can be * 30 7
* other hand 107 2 the * to the 30 6
for this * 107 17 * the end of 29 4
* the effect 107 18 be * in the 29 4
line * the 107 10 as compared to * 29 2
with an * 107 12 in the west * 29 4
the second * 107 17 in * agreement with 29 2
more than * 107 10 the * from the 29 5
* the three 107 6 the same * the 29 3
note that * 107 10 the * line represents 29 4
* as follows 106 12 * east of taiwan 29 5
* indian summer 106 8 the * component of 29 5
magnitude * the 106 6 structure of the * 29 8
a * study 106 6 * is used to 29 6
located in * 106 3 time series * the 29 5
* set of 106 9 the inversion of * 29 4
the mean * 105 16 as a * the 29 3
* consistent with 105 9 in the same * 29 6
* negative correlation 105 6 the total * of 29 3
similar to * 105 6 * note that the 29 3
the ground * 105 7 the * of earthquakes 29 4
* obtained by 104 11 the ratio of * 28 3
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Top 500 P-Frames

Three-word P-frames

Four-word P-frames

P-frame Freq Type P-frame Freq Type
* one of 104 10 * used for the 28 4
the thermal * 104 10 of different rainfall * 28 2
* of earthquakes 104 17 the end of * 28 2
very high * 104 8 spatial * of the 28 2
well * the 104 3 that * of the 28 5
are used * 103 7 western gulf of * 28 3
* research solid 103 2 * according to the 28 4
such as * 103 9 the time of * 28 2
* all the 103 11 * 01l and gas 28 5
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Appendix 2: List of Mining Corpus Top 500 P-Frames

Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
the * of 10820 714 the * of the 3022 321
* of the 10719 816 in the * of 838 80
of the * 9900 908 on the * of 376 58
in the * 5269 518 as shown in * 358 15
* in the 5210 613 * science and 357 4
technology
* to the 2407 164 science and 346 15
technology *

to * the 2085 179 of mining * and 319 7
* and the 1966 290 of mining science * 295 3
and the * 1842 290 * mining science and 290 2
* on the 1822 147 to the * of 279 60
to the * 1720 276 itis * to 275 16
on the * 1612 230 of the coal * 263 19
the * and 1506 244 of the * of 262 53
a*of 1284 106 * based on the 259 47
* for the 1086 167 in * of the 254 9
of mining * 1062 57 and the * of 254 51
for the * 1049 178 shown in fig * 246 10
* that the 1009 84 with the * of 236 26
can be * 1000 99 * shown in fig 222 4
* of mining 952 64 * the working face 211 12
of * and 945 141 based on the * 204 40
the mining * 908 67 in the * area 201 16
* from the 873 109 in the mining * 196 11
* the mining 868 36 * the number of 195 21
and * of 859 152 of the * and 189 34
* by the 823 88 of the * pillar 182 4
is * to 817 74 for the * of 182 32
based on * 801 42 * the coal seam 176 11
itis * 773 75 1s the * of 175 25
in this * 756 35 of * coal seam 174 10
* with the 752 105 at the * of 172 16
* can be 749 93 of the mining * 171 22
from the * 742 114 the * between the 170 15
is the * 735 111 * proceedings of the 169 2
* is the 730 92 in proceedings of * 169 2
shown in * 728 19 used to * the 168 28
* coal seam 714 39 the * of a 164 28
at the * 703 83 of the * face 162 6
the coal * 691 33 * the rock mass 159 5
with the * 686 110 due to the * 159 28
* shown in 680 8 of the rock * 152 13
of coal * 670 44 the * in the 151 32
coal seam * 648 54 the number of * 150 27
* based on 647 96 the working face * 149 14
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Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
* the coal 644 29 * part of the 149 21
the * in 633 97 the coal seam * 148 22
of * coal 607 38 is shown in * 147 10
mining * and 600 38 in order to * 145 28
and * the 595 94 * the rib pillar 145 3
due to * 592 30 heavy metal loid * 144 2
according to * 551 19 according to the * 140 33
of * mining 531 25 shown in figure * 140 2
of *in 529 87 it is * that 139 20
that the * 527 105 of * in the 137 28
*ofa 525 93 of the rib * 136 3
* of coal 525 84 the results of * 133 7
* number of 519 22 in this study * 133 14
* coal mining 519 37 and * of the 132 26
the * is 518 90 * shown in figure 130 4
in * mining 518 29 * the mining industry 130 6
the * area 512 45 * j rock mech 129 2
in * of 503 26 * the use of 128 16
* used to 469 14 of * working face 128 3
as * in 469 17 asa* of 127 6
by the * 465 94 * due to the 127 24
*itis 465 54 * according to the 127 21
* at the 462 87 in this * the 126 12
* working face 453 18 as * in fig 125 2
coal mining * 449 44 the rib pillar * 125 14
the * the 448 71 * of the coal 125 26
* as the 442 42 of the * seam 124 5
science and * 441 6 are shown in * 122 9
* to be 440 53 of the * coal 121 13
* and technology 430 4 as well as * 120 9
the results * 427 27 as aresult * 119 4
* gcience and 425 10 it can be * 119 13
are * in 413 32 with a * of 117 16
in * to 410 10 * one of the 116 10
in fig * 410 11 of the working * 114 2
* in this 403 58 ata * of 114 8
ofa* 402 65 the * of mining 114 18
and technology * 400 18 of * rock mass 114 3
is * in 399 40 * as shown in 114 20
asa* 399 45 china university * 113 2
mining
* between the 397 43 * the study area 113
of * rock 396 16 can be * as 112 14
from * to 388 28 china university of * 111
the * face 388 11 * of the rock 111 16
to be * 385 64 china coal soc * 111
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Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
science * technology 385 2 of the * is 110 20
with a * 385 62 of the * in 109 27
* rock mass 384 17 * the case of 108 3
* the same 383 26 in the case * 108 2
as shown * 379 2 at the same * 106 3
* the rock 378 20 in fig * the 105 7
in * the 370 30 of heavy metal * 104 4
the rock * 368 27 of the * area 102 10
mining * the 366 34 one of the * 102 9
* this study 361 13 * of the mining 102 21
the * between 356 30 can be seen * 101 5
working face * 355 28 university of * and 101 3
* the mine 347 19 university of mining * 101 2
the * coal 347 34 * in this study 100 19
used to * 346 53 the * and the 100 23
was * to 343 38 from the * of 100 15
in * study 337 7 in the * and 99 21
ina* 336 57 the * of this 98 16
* the main 334 30 of the * mass 97 2
* due to 334 59 on the * hand 97 2
as * as 332 9 the * value of 96 15
of * science 330 5 the * part of 96 13
to*a 327 32 * results of the 95 4
*isa 326 30 of mining and * 95 7
*in fig 326 13 the stability of * 94 6
number of * 322 55 it * possible to 93 2
that * the 321 33 rock mech min * 93 4
* such as 319 52 a * of the 93 11
the number * 315 3 the use of * 93 15
mining science * 312 3 * a result of 93 3
* mining and 311 23 * of the rib 92 11
the * to 303 56 in the * industry 92 4
the working * 302 13 * bairin left banner 92 5
* mining science 299 2 as * as the 91 3
* mining area 295 17 min sci technol * 91 3
is * by 295 36 the rock mass * 89 17
mining and * 294 28 as * result of 89 2
* use of 292 10 of * and technology 89 2
rock mass * 289 40 can be * that 89 9
this study * 286 32 is * by the 88 14
of * the 283 48 * the results of 88 12
be * to 281 28 * the mining area 87 3
the * pillar 280 4 the total * of 87 10
* with a 280 63 is * to the 87 15
it * be 278 10 of the * the 87 18
the * mining 278 42 can be * to 86 5
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Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
in order * 276 3 * the mining-geology- 86 2

petroleum engineering
the * seam 274 11 the results * the 86 2
in * and 274 42 mining-geology- 86 2

petroleum engineering

bulletin *
the study * 274 17 the * of coal 85 16
* the working 273 15 it is possible * 85 2
and * in 271 51 as * in figure 84 2
the mine * 270 39 * can be seen 84 2
* coal mine 269 35 engineering * and the 84 2
between the * 268 50 can be used * 84 4
* analysis of 268 23 * value of the 84 9
*asa 267 49 * analysis of the 84 9
the main * 267 46 * of mining and 84 5
* the most 266 24 under the * of 83 11
the most * 266 30 the * coal seam 83 8
as the * 265 53 a case study * 83 6
the same * 264 31 in * mining area 82 4
* the surface 263 14 the impact of * 82 8
* according to 262 43 are * in the 81 7
mining * in 261 30 part of the * 81 17
the * model 260 29 * strength of the 80 7
under the * 258 24 the mining industry * 79 13
* results of 256 14 in the coal * 79 10
* the roof 256 18 this is an * 79 2
as well * 255 2 the distance * the 78 4
* the study 253 16 creative commons 78 2

licence *
*ina 251 36 that the * of 78 18
part of * 251 6 can be * by 78 9
which is * 251 35 * creative commons 78 3

licence
value of * 251 24 is * of the 77 2
* value of 250 20 * the development of 77 9
in figure * 250 5 is * in fig 76 2
of this * 248 24 than * of the 75 4
an * of 248 24 the * working face 75 6
* characteristics of 248 29 a total of * 75 8
the * stress 248 24 * increase in the 75 5
of rock * 248 28 * the drawing body 74 4
part * the 247 6 * the stability of 74 14
* development of 247 15 bairin left banner * 74 8
characteristics of * 247 19 a large * of 74 3
isa* 241 47 * the impact of 74 13
* carried out 240 12 * area of the 74 8
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Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames
P-frame Freq Type P-frame Freq Type
there is * 239 13 * into account the 73 4
mining area * 238 28 * included in the 73 3
* heavy metal 238 21 * located in the 73 7
the * for 238 35 be * that the 73 8
is * the 236 33 metal loid * in 72 2
area * the 236 19 * than that of 72 7
by * the 235 29 * of heavy metal 72 8
heavy metal * 234 13 of the roof * 72 13
coal mine * 233 36 * length of the 72 4
the roof * 233 25 * shown in table 72 3
when the * 232 43 * the hydraulic support 71 5
this * the 231 24 * the area of 71 5
such as * 229 28 carried out * the 71 8
the surface * 227 27 in this paper * 71 10
during the * 227 35 results * that the 70 6
the upper * 226 21 * thickness of the 69 5
this * is 224 26 of the * rock 69 12
in * coal 223 15 * height of the 69 5
carried out * 223 17 the main * of 69 13
are * to 223 35 than that * the 69 4
coal * in 222 19 * be used to 68 5
analysis of * 221 22 during the * of 68 10
in uence * 220 11 the development of * 68 10
in table * 219 6 * of the total 68 5
one * the 219 7 of the * body 67 5
* the results 219 21 the results * that 67 6
* mining industry 218 9 * this is an 67 4
of * mine 217 9 are * in table 67 5
* part of 216 27 in the area * 66 6
* the upper 214 17 in * to the 66 5
* the total 213 19 * the presence of 65 9
the total * 213 28 the mining * the 65 4
the maximum * 212 36 * a depth of 65 4
there are * 211 25 * top coal caving 64 5
the * surface 210 23 with the increase * 64 2
results * the 208 9 the length of * 64 2
results of * 208 10 the area of * 64 6
the * mass 207 3 in * rock mass 64 2
coal * the 207 19 is * in the 63 8
the * value 206 26 the relationship 63 4
between *

coal * and 205 20 in the process * 63 2
* the number 205 22 the drawing body * 63 5
this is * 204 14 * the process of 63 2
* impact of 203 8 * of the working 62 16
the * was 202 40 in the rock * 62 3
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Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
* in figure 202 10 order to * the 62 15
* amount of 199 10 strength of the * 62 7
* assessment of 199 17 * the mining of 62 7
has been * 198 37 of the shearer * 61 7
were * to 197 20 * stability of the 61 2
* area of 197 14 included in the * 61 4
* hydraulic support 195 9 * related to the 61 8
in addition * 195 12 * characteristics of the 61 7
was used * 194 7 * in the mining 61 11
* the other 194 10 environ monit assess * 61 2
* effect of 193 11 can be * in 60 6
* of this 192 30 a * number of 60 4
in * case 192 5 the case of * 60 6
the * industry 191 5 with an average * 60 7
* case study 189 10 is located * the 60 6
* the following 188 22 where * is the 60 12
study * the 188 17 was carried out * 60 9
were * in 187 34 the upper * of 59 8
is shown * 186 5 coal * in the 59 10
which * the 186 29 the effect of * 59 9
the lower * 186 15 * mining of the 59 5
used in * 186 11 the area * the 58 4
of heavy * 185 3 * coal seam no 58 3
development of * 185 22 * the range of 58 4
area of * 185 20 of * hydraulic support 58 3
* the area 184 9 the study area * 58 10
* study area 183 10 of the mine * 58 11
* the average 183 20 of coal seam * 57 5
is an * 182 9 * of the shearer 57 9
land use * 181 18 in * with the 57 6
the area * 181 15 of mining technology 57 3

%
rock mech * 181 4 * fully mechanized 57 5

mining
mining of * 180 16 of science and * 57 3
* the lower 180 16 creative commons * 57 2

and
in * area 179 6 the * number of 56 8
* under the 179 21 * that of the 56 4
used * the 178 6 at * depth of 56 2
* than the 178 13 the height of * 56 4
the rib * 178 3 * relationship between 56 2

the
distance * the 178 9 * it can be 56 8
* distribution of 177 19 * the increase of 56 2
in mining * 177 19 * this study the 55 3
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Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
* using the 177 27 * the end of 55 3
the average * 177 26 during the mining * 55 3
* land use 177 16 the * coal sample 55 4
for * the 176 23 the mining of * 55 4
* be used 176 7 an increase in * 55 3
* the two 175 10 of coal mining * 55 8
located * the 175 10 is * that the 55 11
* in table 174 9 the mining area * 54 8
1s not * 172 19 were * in the 54 13
related to * 172 13 * coal seam is 54 7
* shows the 172 8 than that of * 54 4
*in uence 171 15 a depth of * 54 9
* the maximum 171 22 the creative commons 54 3

£
be * as 171 20 * the creative 54 3

commons
model * the 171 13 * the effect of 54 12
have been * 170 28 top coal caving * 53 4
* mining of 170 11 of the study * 53 4
analysis * the 170 6 * an increase in 53 7
rib pillar * 170 18 on the * surface 53 7
* this paper 169 6 * in this paper 53 7
* used in 169 16 on the surface * 53 5
assessment of * 169 20 an * in the 53 3
caused by * 168 14 aresult of * 53 4
in coal * 168 10 the same * the 52 6
*is an 168 10 in the * part 52 9
the impact * 168 2 height of the * 52 9
use of * 168 24 * the return corner 52 3
of * study 168 4 * of science and 52 2
1s * than 165 9 was * in the 51 8
the case * 165 5 the mechanical * of 51 6
the development * 164 4 * risk assessment of 51 6
* terms of 164 2 this article is * 51 4
between * and 164 23 coal seam * the 51 8
the * process 164 29 the * strength of 51 5
* coal seams 162 24 * of coal seam 51 11
* metal loid 162 4 * end of the 51 2
the * method 162 27 * model of the 51 10
height of * 162 13 * size of the 50 3
1s * as 161 22 it was * that 50 4
the * body 161 9 fully mechanized 50 8

mining *
the * rock 160 18 the increase * the 50 2
* thickness of 160 8 * this article is 50 3
* coal mines 160 18 * width of the 50 2
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Appendix 2: (Continued)

Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
*1t0 a 160 24 characteristics of the * 50 11
be * in 159 21 * there is a 49 8
was * by 159 26 the other hand * 49 7
* mining in 159 23 can be obtained * 49 4
* increase in 158 7 is * on the 49 4
it can * 158 2 * result of the 49 2
* related to 158 18 in terms of * 49 5
the * time 158 12 by the * of 49 12
* there is 158 17 * side of the 49 8
case study * 157 12 the value of * 49 5
the data * 157 25 of the * international 48 6
the water * 157 27 of the * model 48 7
* range of 157 10 of * of the 48 11
of * of 156 29 * oil and gas 48 5
be used * 156 5 * found that the 48 6
* and mining 156 20 the roof * the 48 3
the * part 156 16 * of this study 48 7
* of rock 155 27 in this * are 48 6
and mining * 155 22 the degree of * 48 10
model of * 155 16 be * to the 48 5
the ore * 155 17 the * to the 48 8
* the model 154 11 with regard to * 47 3
* the case 154 7 * working face is 47 4
* the water 154 19 the increase of * 47 5
less than * 154 14 is * than the 47 5
metal loid * 154 2 of the * river 47 5
is used * 153 8 the end of * 47 2
* the rib 152 3 * the longwall face 47 7
the * layer 151 20 the * mining area 47 7
the following * 151 30 at the end * 46 2
* when the 150 24 of the deposit * 46 10
* coef cient 150 19 of * mining area 46 2
should be * 150 25 of the upper * 46 8
* model of 150 21 * the analysis of 46 9
the * results 150 19 * large number of 46 2
characteristics * the 149 3 of this study * 45 8
* creative commons 149 4 * are shown in 45 6
* of china 149 12 the mining * is 45 7
thickness of * 149 14 * impact on the 45 10
the * zone 149 14 * in the goaf 45 7
the * rate 149 18 * the amount of 45 6
* aresult 149 3 of the * stress 45 6
creative commons * 148 5 * concentration in the 45 3
order to * 148 29 isa * of 45 12
of * working 148 3 the * and lower 45 2
data * the 148 12 * used in the 45 6
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Appendix 2: (Continued)

Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
fully mechanized * 147 6 * roof of the 44 2
there * a 147 3 maps and institutional 44 2

%
* process of 147 9 the roof of * 44 2
* caused by 146 24 * the coal sample 44 3
* as follows 146 17 * of coal mining 44 8
* underground mining 146 10 * the surface of 44 5
* mining areas 145 15 the coal * and 44 7
is * that 145 21 not * in the 44 3
* has been 145 23 the same time * 44 5
increase * the 145 4 in the * mining 44 9
as * result 145 2 the hydraulic support * 44 9
china coal * 145 3 * location of the 43 3
mining * is 145 19 * temperature of the 43 5
with an * 145 15 the surface * the 43 2
* possible to 145 7 in the upper * 43 5
more than * 144 12 the surface of * 43 2
* is not 143 9 * sides of the 43 4
* height of 143 12 risk assessment of * 43 6
* degree of 143 5 can be * into 43 3
of * rib 142 2 * carried out in 43 6
* china coal 142 3 as * in table 43 4
the stability * 142 6 is based on * 43 3
* mining institute 142 2 the * for the 42 9
hydraulic support * 142 23 * seam dip angle 42 5
higher than * 142 10 * the fact that 42 4
* stability of 142 4 under * creative 42 2

commons
changes in * 142 9 higher than * of 42 2
of water * 142 20 an * of the 42 6
* depth of 141 7 of the total * 42 8
* study of 141 10 higher than that * 42 3
* angle of 141 11 * bottom of the 42 2
than * of 141 4 upper * of the 42 6
results * that 141 9 * of the cable 42 5
* effects of 141 14 is located in * 42 2
will be * 140 26 * upper and lower 42 2
the * mine 140 18 mining * in the 42 10
there * no 139 4 * health risk 42 5

assessment
to * and 139 30 * is shown in 42 11
this paper * 139 18 results are * in 42 3
* higher than 139 14 fig * shows the 41 3
are shown * 138 3 of heavy metals * 41 3
* case of 138 2 * of the slope 41 6
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Appendix 2: (Continued)

Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
in * paper 138 2 * binchang mining 41 3

area
in * rock 138 12 in * coal seam 41 4
* strength of 137 10 oil and gas * 41 8
coal * is 137 10 it is important * 41 2
up to * 137 11 * soft-rock protective 41 3

seam
the stress * 137 19 the range of * 41 7
of * institute 137 2 * shows that the 41 7
* study the 137 4 of the * layer 41 9
angle of * 137 12 is * in figure 41 3
depth of * 136 18 * of the deposit 41 10
* that of 136 9 in the * the 41 7
was * in 135 23 a * amount of 41 3
in * with 135 16 * conditions of the 41 6
a * study 134 7 mining of the * 41 5
properties of * 134 13 used in this * 40 4
the other * 134 11 fully mechanized coal 40 3

k
* should be 134 20 on the coal * 40 4
were used * 134 6 * thermal circuit 40 2

model
* used for 133 10 lower stope footwall * 40 2
impact of * 133 12 the * drawing stage 40 2
* the use 133 16 * of the roadway 40 8
aresult * 133 4 * development of the 40 3
be * that 132 10 * the surrounding rock 40 7
presented in * 132 10 the * characteristics of 40 9
of china * 132 11 of the main * 40 6
* top coal 132 10 * the russian 40 3

federation
* which the 130 8 it * found that 40 2
* in mining 130 21 the * waste dump 39 2
* determine the 130 6 * in the return 39 2
* fully mechanized 130 8 in addition * the 39 3
mining industry * 130 19 the * from the 39 7
* into account 129 4 * to determine the 39 8
the process * 129 9 the coal * the 39 7
than that * 129 5 the amount of * 39 6
a case * 129 4 was * to be 39 7
* result of 129 2 health risk assessment 39 3

k
* the roadway 128 8 of the * sample 39 3
* the data 128 15 of the model * 39 8
the increase * 127 3 * coal mining area 39 4
is * of 127 10 * away from the 39 4
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Appendix 2: (Continued)

Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
* an average 127 7 with an * of 39 6
* coal sample 127 7 * the value of 38 8
mechanical * of 127 8 * heavy metals in 38 2
* surrounding rock 127 5 in figure * the 38 2
* there are 127 21 of * fully mechanized 38 2
* one of 127 12 the characteristics of * 38 4
coal seams * 127 18 * be divided into 38 2
* the goaf 126 7 a creative commons * 38 3
to determine * 126 4 * the mining process 38 3
mining in * 126 19 be * in the 38 10
conditions * the 126 8 mining and technology 38 4

%
coal mines * 126 19 the maximum * of 38 7
* the soil 125 11 be * asa 37 6
and * mining 125 17 * ecosystem service 37 6

value
* coal samples 125 12 and a * of 37 9
amount of * 125 24 * in the case 37 7
* the deposit 124 8 * a thickness of 37 3
of * metal 124 2 in this case * 37 4
in * of 124 4 within the * of 37 4
the presence * 123 2 is greater than * 37 4
be * by 123 18 is * as the 37 7
* have been 123 25 the spatial * of 37 4
top coal * 123 8 the * area is 37 5
within the * 123 21 in the * drawing 37 2
the * river 122 8 carried out in * 37 3
underground mining * 122 15 was used * the 37 3
for * of 122 20 the analysis of * 37 2
* relationship between 122 3 of the cable * 37 6
* the process 121 8 * of the study 37 8
* level of 121 10 rock mass * the 37 7
the * are 121 19 * second longwall 37 2

panel
well as * 121 9 are presented in * 36 5
the hydraulic * 120 6 * the coal surface 36 2
greater than * 120 11 impact of * mining 36 5
* length of 120 6 the * distribution of 36 5
* changes in 120 19 in the goaf * 36 5
* application of 120 9 results of the * 36 8
* the highest 120 11 for * of the 36 5
total * of 119 12 during * mining of 36 3
china * of 119 3 was used to * 36 6
* as shown 119 21 * as well as 36 11
of * roof 119 2 in addition to * 36 3
* properties of 119 13 between the * and 36 10
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Appendix 2: (Continued)

Mining Corpus
Top 500 P-Frames
Three-word P-frames Four-word P-frames

P-frame Freq Type P-frame Freq Type
and * is 119 18 * underground coal 36 4

mining
* uence of 119 2 the top coal * 36 3
located in * 119 3 side of the * 36 8
in underground * 119 10 in the north * 36 4
length of * 119 8 * increase of the 36 2
* rate of 119 18 for the mining * 36 4
of each * 118 25 * terms of the 36 2
* fly ash 118 9 fully mechanized * 36 2

mining
strength of * 118 6 the water-conducting * 36 2

zone
out * the 118 11 of this * is 36 5
* dip angle 118 5 * mechanical 36 3

properties of
an open * 118 4 area of the * 36 9
* located in 118 9 be seen * the 35 3
the distance * 118 8 of the * mine 35 5
for * mining 117 12 of the * mining 35 8
is * for 117 15 of the proposed * 35 6
* be seen 117 2 * an average of 35 3
related * the 117 2 in underground coal * 35 3
* of heavy 117 16 the presence of * 35 7
* the second 117 11 * water-conducting 35 2

fractured zone
* the slope 117 10 when the * of 35 5
* divided into 116 4 of the longwall * 35 3
* concentration of 116 11 * in order to 35 9
* risk assessment 116 11 * working face the 35 2
toa* 115 24 state of the * 35 5
range of * 115 14 the new afton * 35 5
* the longwall 115 12 the dynamic stress * 35 6
* than that 115 7 * affected by the 35 4
the in * 115 5 concentration in the * 35 4
the proposed * 115 11 value of the * 34 8
large * of 115 8 on the * and 34 9
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