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ABSTRACT

The importance of collocations in language learning cannot be overstated, particularly with successful academic
writing. Previous research on collocation compilation has focused on identifying and compiling lists of general
multiword expressions (MWEs) found in academic genres for pedagogical purposes. However, the wide-angle
approach employed by these studies may be insufficient for English for Specific Purposes (ESP) courses, given certain
formalities and conventions associated with academic texts, which are often demonstrated through MWEs unique to
each field or domain of study. This paper presents a corpus-based investigation to develop a list of commonly and
pedagogically useful noun collocations specific to the Geographical Information System (GIS). The research used a
corpus containing 1.5 million words from GIS research articles. An innovative four-step selection process was used
to compile this list. The outcomes of this study are twofold. First, the collocations associated with the 20 most
frequently encountered nouns (including noun + noun, noun + verb, verb + noun, and adjective + noun combinations)
within the GIS research articles were identified. Second, this investigation presented fresh insights into the different
categories of noun collocations. The research provides important pedagogical implications for ESP instruction,
particularly on how collocations might be better understood and taught. The findings emphasise the necessity of
focusing on domain-specific collocations, underscoring the role of context in language learning and teaching. The
results are expected to help shape effective instructional strategies and material development in ESP classrooms,
particularly in GIS-related contexts.
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INTRODUCTION

Collocations, fundamental to language fluency and mastery, are pillars of linguistic proficiency.
Their central role in language acquisition is undeniable, with proficiency in their use being a
hallmark of linguistic adeptness (Lei & Liu, 2018; Nizonkiza & Van de Poel, 2019). This
proficiency directly influences the accuracy and fluency of language output and comprehension
(Basal, 2019; Durrant, 2014). However, despite their significance, mastering collocations remains
a daunting task for many, even among advanced learners. This challenge often arises from the
inherent complexity of collocations, interference from one’s native language, and the nuances
introduced by certain teaching methodologies (Nesselhauf, 2003).

Collocations, often semantically transparent (like ‘serve the purpose’, ‘dark night’, and
‘make a decision’), seem straightforward due to their individual word relationships (Durrant, 2014).
As a result, learners and teachers may overlook collocation errors. Moreover, learners may
gravitate towards collocations that align with their first language (L1), as seen in the Malaysian
context, where native speakers of the Malay language might perform a literal translation from their
mother tongue (Ang et al., 2011). For example, in English, ‘bake a cake’ is ‘buat satu kek' (make
a cake) in Malay, and ‘home country’ is ‘negara asal’ (original country). Learners’ reliance on L1
transfer may suggest that they express themselves by constructing the expressions from individual
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words rather than from semi-prefabricated units (Lei & Liu, 2018; Wray, 2002). Such tendencies
imply their struggle to master collocation knowledge.

The issue is compounded by inadequate explicit teaching and limited exposure to
commonly used collocations in non-native language learning contexts. While some believe that
phraseology should be implicitly taught, it raises concerns if learners lack appropriate instruction
and input on collocations. According to Wray (2002), learners are likely to view and learn words
independently, ignoring the concept of word chunks. Moreover, even with sufficient input,
choosing specific collocations to focus on remains challenging for learners (Henriksen, 2013).

To address these difficulties in English for Specific Purposes (ESP) settings, researchers
have compiled lists of collocations and multiword expressions (MWEs), for instance, the cross-
disciplinary collocation lists from seven academic subject areas (Durrant, 2009), general academic
written English MWEs (Liu, 2012), academic collocation lists (Ackermann & Chen, 2013), and
academic English collocation lists (Lei & Liu, 2018). Despite appreciating the usefulness of
general academic collocation lists in aiding ESP students, the wide-angle and cross-disciplinary
approach to identifying academic collocations does not meet writing requirements in a specific
discipline.

The research underscores MWEs exhibit distinct variations across disciplines (Hyland,
2008). Such variations are particularly evident in scientific and academic writing, where the
language is frequently laden with specialised and technical collocations (Durrant, 2014). This trend
towards discipline-specific phrasings arises from the constant evolution and advancement in fields
of study. As new knowledge is generated, it necessitates the creation and acceptance of novel
phrases to describe emerging concepts and methodologies. Consequently, the inherent diversity
and specificity of these collocations across academic fields or domains underscore the importance
of domain-specific resources. Generic lists of academic collocations may fall short of addressing
the nuanced linguistic requirements of each discipline or domain. Therefore, developing discipline
or domain-specific academic collocation lists becomes pivotal to ensure effective and accurate
academic writing. These tailored lists would give writers a refined toolset, enabling them to convey
complex ideas within their respective domains precisely.

Nouns, the most frequently occurring lexical word category in English, are often found in
collocations in academic writing (Biber et al., 1999; Halliday, 1993; Nizonkiza & Van de Poel,
2019). Due to their higher prevalence in academic texts than other registers, nouns and their
collocates are significant in academic writing (Biber et al., 1999). Consequently, teaching
collocations should place emphasis on nouns and their collocates (Lei & Liu, 2018; Nizonkiza &
Van de Poel, 2019). Nouns and their collocates, which form collocations, are essential elements of
academic writing (Biber et al., 1999), contributing to the conciseness demanded in scholarly works
(Parkinson, 2015). However, novice writers and learners often struggle with effectively using
nouns and noun constructions, particularly in scientific writing, due to their lexical density and
genericity (Halliday, 1993; Liu & Lu, 2020).

To advocate a domain-specific approach in collocation studies, this paper focuses on
identifying and compiling noun collocations associated with the concept and fundamental
attributes of the Geographical Information System (GIS) language, a key element in understanding,
researching, and representing geographical data. GIS language, influenced by changes in
geographical language, can be seen as a comprehensive and digital symbol system that accurately
depicts geographical entities, their spatial dispersion, and dynamic processes (Hu et al., 2014). It
aids in creating a universal understanding of geographical space by illustrating geographical
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scenarios or symbols with specific geometric, status, processes, and temporal-spatial relationships,
among other features (Miller & Wentz, 2003).

In domains like GIS, students and emerging writers are required to produce a broad array
of written genres indicative of the diverse contexts in which they operate (e.g., private sector,
academic institutions) and the various audiences they communicate with (e.g., research colleagues,
the public, governmental bodies). This highlights the significance of ESP writing in GIS. Thus,
this study aims to examine and compile the most common and pedagogically useful noun
collocations in GIS research articles, which can serve as a beneficial reference and instructional
resource in the relevant ESP setting.

LITERATURE REVIEW
DEFINITIONS AND APPROACHES TO COLLOCATION

Defining ‘collocation’ is a crucial task in collocation research, given the differing interpretations
of the term across various approaches. The two main perspectives are the frequency-based and
phraseological approaches. The frequency-based approach, supported by scholars such as Sinclair
(1987), views collocation as a word’s association with others appearing more frequently than by
chance in its context. The higher the occurrence probability, the stronger the collocation. This
approach employs statistical formulae and uses tools like AntConc (Anthony, 2020), Wordsmith
Tools (Scott, 2020), and Lancsbox (Brezina et al., 2020) to identify collocations. Terms like
‘collocate’, ‘node’ and ‘span’ are used to pinpoint the focus word (node) and the adjacent words
(collocates) that form potential collocations. The frequency-based approach emphasises the
tendencies of words to co-occur, distinguishing between common and significant associations,
where the significance is measured by the exclusivity of the relationship between the node and the
collocates (Brezina et al., 2020). This exclusivity is gauged using statistical measures like mutual
information, log-likelihood, or logDice values.

On the other hand, the phraseological approach classifies word combinations based on their
degrees of fixedness, ranging from fixed and semantically opaque combinations like idioms to
partially fixed ones like collocations and eventually to free combinations (Cowie, 1998). Here,
collocation is seen as a word combination distinct from idioms and free combinations, with
components that are transparent but also “characterised by arbitrary limitations of choice”
(Gyllstad, 2007, p. 11). Advocates of this approach tend to dismiss frequency and statistics as
decisive factors in identifying strong collocations.

However, both approaches have limitations. The phraseological approach struggles with
categorising different word combinations, while the frequency-based approach, which relies solely
on frequency, may extract frequent but less meaningful combinations. Some scholars, such as
Kjellmer (1987), Stubbs (1995), and Nesselhauf (2003), have proposed integrating both
approaches. Kjellmer (1987, p.133) defined collocation as a “sequence of words that occurs more
than once in identical form and which is grammatically well-structured.” Stubbs (1995) used
frequency to identify word combinations with grammatical relations, while Nesselhauf (2003)
used frequency to complement her analysis of learner corpora, proposing three categories of word
combinations: free combinations, restricted collocations and idioms.
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In this study, given its relevance, Kjellmer’s (1987) definition of collocation was adopted,
and frequent noun collocations, i.e., noun + noun, adjective + noun, verb + noun, and noun + verb
collocations in GIS research articles were identified, extracted and compiled following the relevant
procedures.

COLLOCATION LIST COMPILATION

Recent years have seen efforts towards creating useful academic MWE lists, such as Liu’s (2012)
compilation from the British National Corpus (BNC) and the Corpus of Contemporary American
English (COCA). In general academic writing, Liu (2012) identified frequent MWEs like idioms,
lexical bundles, and phrasal verbs. However, his methodology relied on pre-established lists of
potential MWEs, which might have overlooked less frequent but valuable MWEs. Ackermann and
Chen (2013) focused on various collocations, employing statistics, part-of-speech tagging, manual
review, and expert opinions to develop the Academic Collocation List (ACL). Despite its value,
the ACL might overlook some useful collocations due to its + 3 extraction method, and it faced
criticism over the extensive use of human judgement that removed a considerable number of
English-specific collocations, as pointed out by Lei and Liu (2018). This removal might have
limited the ACL’s potential as an idiomatic English collocation resource crucial for language
proficiency (Nesselhauf, 2003).

Lei and Liu (2018) went a step further, incorporating syntactic dependency relation
analysis in creating the academic English collocation list (AECL) using the Stanford CoreNLP
program (Toutanova et al., 2003). This list minimised human judgement to reduce the possibility
of excluding qualified collocations. Despite its broad interdisciplinary scope, the AECL may not
fully address the needs of learners requiring discipline-specific collocational knowledge. Lei and
Liu (2018) stressed the importance of discipline or domain-specific academic English collocation
lists. This stance aligns with the findings of Hyland (2008) and Reppen and Olson (2020), who
both noted the variability of phraseological use across distinct disciplines or domains. This
variability underscores that genres and disciplines often convey meaning uniquely through
lexicogrammar and are influenced heavily by discipline-specific vocabulary. Supporting this
perspective, Durrant (2014) highlighted that academic discourse is not a monolithic entity but
varies significantly across disciplines in its lexical and grammatical structures. Moreover,
Crosthwaite et al. (2017) found that novice writers often adopt a generalised writing style. They
theorised that this tendency might arise from a deficiency in the collocational knowledge essential
for discipline-specific discourse, emphasising the need for more targeted lexical instruction in
academic writing courses.

GEOGRAPHICAL INFORMATION SYSTEM (GIS)

A Geographical Information System (GIS) is a powerful tool that allows users to capture, store,
manipulate, analyse, manage, and present different geographical or spatial data (Miller & Wentz,
2003). Fundamentally, GIS bridges the gap between what we see in the real world and how we
can visually interpret and understand it digitally. It incorporates spatially referenced data to
understand patterns, relationships, and trends in landscapes, demographics, environmental change,
and much more (Hu et al., 2014). GIS is widely applicable, from urban planning to environmental
conservation, public health, and business analytics.
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Linguistically, GIS language pertains to the terminology, concepts, and expressions
associated with the domain of GIS. When discussing GIS language, it revolves around the unique
terms vital for understanding and working within the GIS framework. Central to GIS language
includes datasets superimposed cohesively to form a comprehensive map or model. The datasets
can be of various types, like vectors (points, lines, and polygons) or raster (grid-based, like satellite
imagery). Examples of MWE:s related to GIS language include ‘spatial analysis’, which refers to
the process of examining the locations, attributes, and relationships of features in spatial data,
‘layer stacking’, denoting the overlaying of multiple data layers to create a composite image or
map, and ‘attribute table’, which is a spreadsheet or database linked to spatial features, providing
more information about each feature in the map. Through these systems and terminologies, GIS
offers a dynamic way to interpret and model the world around us (Hu et al., 2014).

Despite the increasing significance of GIS in various professional domains, there remains
a noticeable gap in comprehensive studies focusing on GIS-specific language. In particular,
understanding MWEs, which often encapsulate discipline-specific nuances, is paramount for
clarity, consistency, and effective communication within the field. This linguistic aspect becomes
even more crucial given the interdisciplinary nature of GIS, which sees its application ranging
from urban planning and environmental science to healthcare and transportation, among others.
Each domain might subtly or significantly shape how GIS language is employed. Within this
context, noun collocations—combinations of nouns or nouns with other words that frequently co-
occur—emerge as particularly telling indicators of the discourse’s evolving nature. These
collocations can serve as gateways to deeper thematic insights, revealing prevalent trends, research
foci, and the general direction of academic discourse. Addressing this oversight, the current study
seeks to identify the most commonly used and pedagogically useful noun collocations within
academic articles related to GIS. By doing so, it aims not only to enrich the understanding of GIS-
specific lexical patterns but also to provide a linguistic foundation that can inform and guide both
novice researchers and seasoned practitioners in the field. Therefore, in this study, the following
question is explored:

What are the most frequent noun collocations in GIS research articles?

METHODOLOGY
THE CORPUS

This study exclusively focuses on research articles due to their pivotal role in academic
engagement. Their central position in academic writing (Durrant, 2009) makes them a rich source
for identifying valuable academic collocations. Research articles are the primary forums for
presenting and debating new knowledge (Groom, 2007), and they represent a standard of good
writing that learners strive to achieve (Hyland, 2008). In line with the principles of corpus
development, which emphasises representativeness (Sinclair, 2004), four top-ranked GIS journals
in the Geography domain were selected. These journals, chosen based on the Journal Citation
Reports by the Web of Science group, were further confirmed for representativeness by consulting
two professors in GIS.

To reflect recent trends in GIS writing, 312 highly cited empirical research articles
published between 2016 and 2021 in these four journals were selected. All selected papers were
converted from PDF to text files. Then, a data cleaning process was carried out to remove irrelevant

312


http://doi.org/10.17576/3L-2023-2903-21

3L: Language, Linguistics, Literature® The Southeast Asian Journal of English Language Studies
Vol 29(3), September 2023 http://doi.org/10.17576/3L-2023-2903-21

information, such as tables, figures, numerical data, footnotes, and bibliographical references, to
avoid skewing the analysis results. This process left us with the actual contents of the research
articles, forming a corpus of 1,500,276 words.

THE PROCEDURE FOR COLLOCATION EXTRACTION

THE MOST COMMON NOUNS AS NODE WORDS FOR EXTRACTING COLLOCATIONS

The collocation extraction process was divided into four steps: (i) selection of the most frequent
nouns, (ii) identification and extraction of noun collocation patterns, (iii) validation of collocations,
and (iv) manual checking. These steps are further explained in the following paragraphs.

In this corpus-based study, I employed the online corpus analysis tool and resource Sketch
Engine developed by Kilgarriff et al. (2014) to generate and extract the relevant corpus data. The
initial step was to select a list of node words, all of which were nouns, to serve as entries for
potential collocations (Ackermann & Chen, 2013).

This study aims to establish a list of academic noun collocations that are prevalent and
useful in GIS. To achieve this, the Word List function in Sketch Engine was used to select the top
20 nouns as node words for collocation extraction. Table 1 shows the top 20 nouns chosen for this
research. These top 20 nouns comprise 55,312 words, or 3.7% of the total corpus.

TABLE 1. Top 20 nouns in GIS research articles corpus

Top 20 nouns in alphabetical order Frequency
1 Area 6502
2 Change 5896
3 Density 5232
4 Distribution 4821
5 Image 4622
6 Information 3652
7 Land 3522
8 Line 3367
9 Location 2811
10 Map 2312
11 Model 1751
12 Movement 1622
13 Network 1302
14 Point 1258
15 Population 1159
16 Road 1136
17 Sensor 1121
18 Space 1110
19 Technology 1066
20 Visualisation 1050

DETERMINING AND EXTRACTING NOUN COLLOCATION PATTERNS

The next step in this study involved identifying and extracting potential noun collocations. I
focused on four noun collocation patterns: adjective + noun, noun + noun, verb + noun, and noun
+ verb. Biber et al.’s (1999) classification of noun pre-modifiers was adopted in this study to
classify the pre-modifiers of the head nouns. According to Biber et al. (1999), there are four
categories of noun pre-modification: general adjectives (e.g., ‘thematic map’, ‘temporal
distribution’), ed-participial modifiers (e.g., ‘undeveloped land’, ‘observed location’), ing-

313


http://doi.org/10.17576/3L-2023-2903-21

3L: Language, Linguistics, Literature® The Southeast Asian Journal of English Language Studies
Vol 29(3), September 2023 http://doi.org/10.17576/3L-2023-2903-21

participial modifiers (e.g., ‘low-lying land’, ‘existing sensor’), and noun modifiers (e.g., ‘location
point”, ‘sensor network’).

Each noun from our top 20 noun list was used as the node word in extracting the relevant
MWE:s. Given that collocations were defined as statistically recurring sequences of grammatically
correct items (Kjellmer, 1987), lemma search and Corpus Query Language (CQL) were used to
extract the four types of MWEs that were statistically significant in the corpus. Using CQL and
lemma search enabled the extraction of word combinations with both singular and plural forms of
the nouns. MWESs that appeared at least ten times per million words with a mutual information
(MI) score above 3.0 were extracted using Sketch Engine’s Concordance tool.

In the case of adjective + noun and noun + noun patterns, the adjective in the former pattern
and the first noun in the latter were treated as pre-modifiers in the respective MWEs. The head
nouns were subsequently listed as entries in the collocation list. Building on Lei and Liu’s (2018)
approach, for verb + noun patterns, sequences such as verb + noun, verb + article + noun, verb +
adjective + noun, and verb + article + adjective + noun were extracted and classified under verb +
noun collocations. An example would be ‘develop network’, ‘develop [the] network’, ‘develop
[spatial] network’, and ‘develop [the] [spatial] network’. The collocation can be found under the
noun entry ‘network’. Similarly, for noun + verb pattern, a lemma search was performed to extract
both singular and plural forms of the nouns and all variants of the verbs, including simple present
and past tense verbs. The list of collocations, presented in lemma form, can be found in the
Appendix.

VALIDATION OF THE NOUN COLLOCATIONS

The next step involved data validation. This step was to ascertain whether the noun collocations
extracted were specific to GIS writing. The standardised frequency of each noun collocation was
compared to its counterpart in the British Academic Written English Corpus (BAWE), an
academic English corpus comprised of about 6.5 million words spanning 30 different disciplines.
The standardised frequency was set as per million words. In line with Cunningham’s (2017)
methodology, noun collocations whose normalised frequencies were higher in the BAWE
reference corpus were removed. The Symmetric Mean Absolute Percentage Error (SMAPE) was
utilised to compare these frequencies. This method calculates “the difference of the two values
over the average of the two values" (Cunningham, 2017, p. 75). In practical terms, this equation is
represented as (GIS - BAWE)/[(GIS + BAWE)/2]. The maximum sMAPE value is 2, assuming
the noun collocation frequency in the BAWE reference corpus is not zero. In this study, I used a
threshold SsMAPE value of 1.95 to choose only those noun collocations that occurred about 100
times more often in the GIS research articles corpus than in BAWE.

MANUAL CHECKING

The final stage of collocation extraction was a manual inspection. Following the validation study,
a thorough examination of all noun collocations that met the threshold sSMAPE value of 1.95 was
conducted to ensure that the noun structures extracted were indeed the types of collocations
relevant to the study. For example, the noun + noun collocations were manually checked to ensure
they belong to the same syntactic group and if the first noun acts as a modifier to the second noun.
This manual checking differs from the human judgement used by Ackermann and Chen (2013).
Its primary objective was to confirm the syntactic relationship between the words within the noun
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combination structures and reduce errors in automatic part-of-speech tagging. The analysis results
and a discussion of the noun collocation list in GIS are presented in the following section.

RESULTS AND DISCUSSION

Table 2 provides detailed information about the noun collocations in GIS, including the patterns
of these collocations, their corresponding type and token frequencies, and individual percentages
of the total list. The classification of noun pre-modification, as proposed by Biber et al. (1999), is
only relatable to studies that classify the noun pre-modifier in noun + noun collocations as a noun
rather than an adjective, such as the works of Ackermann and Chen (2013), and Lei and Liu (2018).
Conversely, some studies, like Nizonkiza and Van de Poel (2019), referenced the Oxford
Collocations Dictionary to classify the noun pre-modifier as an adjective and categorise
combinations like ‘investment/family business’ as adjective + noun collocations. Different
classifications of noun pre-modification types may lead to varying, or even conflicting, results.
Therefore, it is essential to specify the classification scheme applied in studies of a similar nature.

TABLE 2. Distribution of noun collocations by type and token

Type Percentage Token Percentage
noun + noun 350 32 4810 32
noun + verb 289 26 3105 21
verb + noun 250 23 3677 25
adjective + noun 211 19 3301 22

1100 100 14893 100

The research findings presented above indicate that the combination of noun + noun and
adjective + noun configurations constitute more than half, precisely 51%, of the total noun
collocation types found. These combinations play a pivotal role in constructing precise academic
prose, hence substantiating the claim made by Biber et al. (1999) that collocations are the most
commonly found type of noun construction in academic written English.

Of these collocations, a substantial majority, about 32%, involve a combination of two
nouns. For example, ‘image rectification’, ‘information visualisation’, and ‘line density’ are
commonly found phrases. This pattern effectively encapsulates complex ideas prevalent in GIS
academic discourse into succinct, clear phrases. The first noun, or the pre-modifier, serves a vital
purpose. It provides specific information about the second noun or the head noun, defining or
determining its purpose, identity, source, or content. This form of construction allows for detailed
conceptualisation of GIS concepts or notions. This mechanism is, thus, very useful in GIS
academic writing where there is a need for both precision and brevity.

On the other hand, the adjective + noun pattern, while less common at 19% prevalence, is
nonetheless significant. Instances like ‘residential location’, ‘digital model’, and ‘focal point’
exemplify this pattern. This type of collocation typically uses an adjective to modify and specify
the meaning of the noun, adding an extra layer of detail or context in GIS writing. It enables the
author to deliver more nuanced and detailed information about the head noun, which enhances the
clarity of the argument or point being made. Although less common than the noun + noun construct,
adjective + noun collocations are essential in forming cogent and succinct academic prose in GIS.
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The findings above present a contrasting view to the previously discussed research on noun
collocations. In the studies by Ackermann and Chen (2013) and Lei and Liu (2018), adjective +
noun combinations were more prevalent than noun + noun combinations, differing significantly
from Biber et al.’s assertion. These alternative research findings further enrich our understanding
of the use and distribution of collocations in academic writing. In Ackermann and Chen’s (2013)
study, which used both corpus-driven and human-judged methodologies to establish a cross-
disciplinary collocation list, only a minor fraction, 2.5% of the collocations were noun + noun
combinations such as ‘background knowledge’, ‘data set’, and ‘assessment process’. In stark
contrast, 71.8% were adjective + noun combinations, which included general collocations like
‘small proportion’, ‘significant impact’, and ‘qualitative analysis’. This prevalence of adjective +
noun combinations suggests that these collocation types may be more versatile across different
academic disciplines, serving to qualify or specify the noun in diverse contexts effectively. Lei
and Liu’s (2018) study corroborated this pattern to a certain extent. In their self-created general
academic corpus, noun + noun combinations represented a slightly more significant fraction of
6.5%, with examples like ‘case study’, ‘leisure time’, and ‘study period’. However, almost half,
49% of all collocations, were still comprised of adjective + noun combinations such as ‘important
aspect’, ‘recent study’, and ‘experimental group’. Moreover, an intriguing discovery was that there
was no overlap between the collocations found in the GIS corpus and those from Ackermann and
Chen’s (2013) and Lei and Liu’s (2018) studies. This divergence implies that domain-specific
collocations might not be detected in cross-disciplinary collocation studies, suggesting the need to
consider the impact of disciplinary language norms when examining academic collocations. These
divergent results highlight that while certain forms of collocations might be prevalent in specific
academic domains, their distribution can vary widely across different disciplines. Hence, it
reinforces the necessity to understand the conventions of language usage in particular fields of
study when examining or employing collocations.

Noun + verb combinations are the second most common, representing 26% of the
collocations examined. This understanding of collocations benefits English for Specific Purposes
(ESP) students, especially those focused on GIS topics, as they frequently need to discuss specific
entities or processes within this discipline. In these noun + verb collocations, the noun typically
represents an entity or concept within the GIS field, while the verb usually specifies the action or
process related to the noun. For instance, in the phrase ‘movement facilitates’, ‘movement’ is a
GIS entity, and ‘facilitates’ is its associated action. Similarly, in the combination ‘[The] map
produces’, ‘map’ is the entity, and ‘produces’ describes the action. Such combinations are common
in GIS-related discourse, for instance, ‘[ The] movement facilitates/affects/enhances/increases’ and
‘[The] map produces/creates/exhibits/generates’. These combinations are integral to expressing
complex relationships or processes in the GIS field concisely and accurately. The significance of
this pattern becomes more evident when considering the practical applications for ESP students.
For instance, when ESP students need to articulate changes in GIS-related processes or specific
entities, their familiarity with these collocations can be highly beneficial. By employing these noun
+ verb combinations, students can precisely and succinctly describe complex GIS concepts or
processes, aiding in clearly and effectively communicating ideas.

Verb + noun collocations form the third largest category of collocations, accounting for
23% of all noun collocation patterns identified in the study. This pattern is also prevalent in the
research conducted by Ackermann and Chen (2013) and Lei and Liu (2018), ranking as the second
most common type. Examples of this kind of collocation within the GIS context include
combinations such as ‘urbanise [the] area’, ‘estimate [the] population’, and ‘deploy [the] sensor’.
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These combinations essentially reflect an action (verb) performed on an object (noun), effectively
communicating processes, methods, or actions within a specific academic or professional context.
In addition, this pattern has been the subject of many studies in learner writing and collocation
learning, as highlighted in the work of Basal (2019) and Nesselhauf (2003). Interestingly, Lei and
Liu (2018) noted that this type of collocation frequently presents the highest number of individual
pairings that language learners find more challenging to grasp than other collocation types. This
observation underscores the complexity and importance of the verb + noun pattern in academic
language learning and usage. However, the current study also stresses the significance of studying
other collocation patterns. Indeed, noun-based combinations such as noun + noun collocations,
despite being somewhat overshadowed by verb + noun collocations in some studies, have proven
to be prevalent in academic registers, as Biber et al. (1999) and Nizonkiza and Van de Poel (2019)
argued. The findings of this study echo these arguments, demonstrating that noun + noun
combinations are also frequently encountered in academic writing, particularly within the GIS
discipline.

The findings of this study point to the significant role that noun collocations play in
academic writing, especially within specialised domains like GIS. Research has shown, as
highlighted by Durrant (2009) and others, that while mastering these collocations can be difficult
for language learners, it is critical to their capacity to properly convey complicated concepts and
engage in discourse within their subject of study. The primary objective of this study, which is to
identify and compile the most frequently used noun collocations, is particularly beneficial for ESP
learners. This is because noun collocations can offer concise and precise expressions for
encapsulating complex concepts, making them valuable tools for academic writing, for instance,
the node word, ‘model’, a term often used in GIS-related discourse. ESP learners can benefit
greatly from understanding the various adjectival modifiers that can describe different types of
‘models’. Examples include ‘spatial model’, ‘digital model’, ‘linear model’, ‘statistical model’,
and ‘dynamic model’. Each combination conveys a specific type of model, allowing for precise
and succinct expression of complex concepts.

The findings from various studies, including those by Durrant (2014) and Hyland (2008),
highlight the considerable variation in vocabulary and phrase structures across different genres,
registers, and academic disciplines. This variation is particularly pronounced in noun collocations,
where certain combinations are more prevalent in certain academic fields than others. Taking the
example of the node word ‘population’, we see a variety of combinations such as ‘population flow’,
‘population density’, ‘population count’, ‘population size’, ‘population growth’, ‘population
distribution’, and ‘population ratio’. These noun + noun collocations are markedly more common
in the GIS corpus than in the BAWE corpus. This pattern exemplifies the specialised language use
within academic disciplines and underscores the value of specialised collocation lists for different
fields. This disciplinary preference for certain noun collocations aligns with Hoey’s (2005) lexical
priming theory, which suggests that language users are ‘primed’ to use certain collocations more
frequently in specific contexts. According to this theory, our prior experiences with language
subtly influence our lexical choices and sentence structures over time, a phenomenon evident in
academic writing. For instance, certain noun collocations might be ‘primed’ for frequent use in
GIS-related discourse due to their relevance and commonality within the field, validated through
sMAPE. Such priming of collocations in specific contexts further underscores the importance of
adopting a discipline-specific approach when compiling collocation lists for language instruction,
as Hyland (2008) advocated. This ensures the vocabulary lists align closely with the specialised
language used in various academic disciplines, enhancing their effectiveness in ESP teaching. By
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tailoring vocabulary instruction to meet the unique linguistic requirements of each discipline or
domain, ESP learners might acquire the necessary language skills for effective communication
within their fields.

CONCLUSION

This study advocates for the need to move beyond a broad, one-size-fits-all approach to the
pedagogical listings of collocations. As argued by Hyland (2008), expecting a single vocabulary
inventory to serve all students across various academic disciplines is unrealistic. In response, the
paper adopts a discipline-specific approach for a more valuable and practical collocation profiling,
focusing specifically on noun collocation patterns in GIS academic writing. This research’s
innovative approach lies in its methodology, which combines statistical analyses, CQL, and
SMAPE test to identify noun collocations unique to academic writing in GIS. This study
emphasises the need to expose ESP learners to these frequently used but discipline-specific
collocations. Given that noun collocations can have various types of collocates, they serve as valid
learning targets. Therefore, a reference tool documenting noun collocations' prevalence and
patterns could be valuable for ESP learners and novice writers. This tool could serve as a helpful
guide when uncertainty arises regarding the appropriateness of specific noun collocations.
Teaching strategies could include providing ESP learners with authentic concordance exercises
featuring selected noun collocations. As Byrd and Coxhead (2010, p. 56) pointed out, this can
allow students to gain adequate exposure to common noun collocations through “multiple focused
encounters in context and the classroom”. Showcasing examples of noun collocations from real-
world texts helps underscore their centrality to language use and the potential for enhanced fluidity
and native-like quality in writing when used effectively.

Besides exploring noun collocations using concordance data, instructors could employ
more specific teaching methods. Examples include using vocabulary notebooks and a “class
vocabulary box,” as Byrd and Coxhead (2010, p. 57) suggested. This approach can foster active
and continuous learning, with students regularly recording, reviewing, and recalling key
collocations. Moreover, the GIS collocation list could be employed as testing material to assess
learners’ use of noun collocations and their vocabulary knowledge (Lei & Liu, 2018). Regular
testing using these materials can highlight areas for improvement and inform instruction, ensuring
that learners gradually progress in their understanding and usage of these crucial language
elements. Lastly, digital tools like online corpora can be integrated into teaching to enhance
students’ familiarity with collocations further. Interactive activities such as collocation quizzes,
word-matching games, or sentence creation tasks using specific collocations can make learning
engaging and memorable. This approach to teaching collocations emphasises active learning, deep
understanding, and the practical application of knowledge in real-world contexts.

While this research provides valuable insights into noun collocations within GIS academic
writing, it has certain limitations that must be acknowledged. First, the focus of the investigation
was solely on the most prevalent nouns and their corresponding collocates, forming noun
collocations. The study did not delve into other types of collocations, such as those involving
adverbs, which can also hold considerable pedagogical importance. Expanding the focus to include
these could enrich our understanding of the complexities of collocation use within the discipline.
The second limitation is that the research only concentrated on academic articles, potentially
excluding insights from other genres that might also be relevant to GIS. A wider scope

318


http://doi.org/10.17576/3L-2023-2903-21

3L: Language, Linguistics, Literature® The Southeast Asian Journal of English Language Studies
Vol 29(3), September 2023 http://doi.org/10.17576/3L-2023-2903-21

encompassing diverse genres could provide a more comprehensive view of the subject matter.
Despite these limitations, the study contributes to understanding noun collocations within GIS. It
opens the path for more extensive research in the area, encouraging future investigations to
broaden their scope to other genres and academic disciplines.

Moving forward, the subsequent research will strive to delve deeper into the realm of noun
collocations in GIS by adopting a part-genre approach. This involves scrutinising and contrasting
noun collocations across various sections of GIS research articles, which can provide a more
granular understanding of collocation use within specific contexts. A more detailed and complex
comprehension of noun collocation usage in academic writing is hoped to be cultivated. This will,
in turn, contribute to more effective and targeted language instruction in ESP and GIS.
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APPENDIX

GIS NOUN COLLOCATION LIST IN ALPHABETICAL ORDER

area
area + noun
noun + area

area + verb
verb + area

adjective + area

ratio, size, difference, distribution

path, service, treatment, core, land, catchment, downtown, forest,
impact, target, buffer

include, cover, become, remain, grow, develop, contain, surround
cover, expand, manage, identify, delineate, locate, affect, calculate,
urbanise, develop, construct

urban, suburban, coastal, high, risky, geographic, potential, residential,
metropolitan, rural

change
change + noun
noun + change

change + verb
verb + change

adjective +
change

detection, vector, pattern, analysis, rate

climate, sea-level, temperature, class, pattern, water-level, area,
neighbourhood, landscape, surface, density, population

occur, result, vary, cause, remain, become

monitor, characterise, quantify, measure, assess, affect, simulate, detect,
observe, model

global, environmental, temporal, urban, seasonal, climatic, large,
subtle, local, sharp

density
density +noun

noun + density
density + verb
verb + density
adjective +
density

surface, function, map, value, calculation, zone, pattern, level, point,
area

population, road, housing, building, pipe

influence, use, have

normalise, predict, calculate, compare, distribute, map, model, estimate
strong, high, low, maximal, urban, residential

distribution
distribution  +
noun

noun +
distribution
distribution  +
verb

verb +
distribution
adjective +
distribution

process, dynamic, pattern, function, map, information, model
population, income, frequency, area, space, rainfall

resemble, model, use

project, report, compare, expect, estimate, follow, influence, model,
quantify, reflect, depict

normal, geographical, cumulative, random, temporal, spatial, seasonal,
local
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image
image + noun

noun + image
image + verb
verb + image

size, segmentation, classification, sequence, interpretation, pixel,

rectification, feature, resolution
satellite, landsat, reference, input
provide, show, exhibit, become, serve, contain

identify, acquire, collect, use, obtain, transform, capture, display,

process

adjective + optical, panoramic, large, digital, temporal
image

information

information +
noun

noun +
information
information +
verb

system, technology, retrieval, visualisation, exchange, extraction,

overload, space, service
location, real-time, attribute, accessibility, change

become, include, contain, show

verb + provide, contain, extract, obtain, collect, store, acquire, disseminate,
information utilise

adjective + geographic, geospatial, spatial, temporal, locational, demographic,
information contextual, dynamic

land

land + noun use, cover, value, classification

noun + land forest, city

land + verb become, cover, represent

verb + land characterise, locate, develop, cover, use

Adjective +
land

agricultural, private, low-lying, dry, undeveloped, rural, urban

line

line + noun
noun + line
line + verb
verb + line
adjective + line

segment, width, string, direction, error, feature, density
zebra, centre, power, transition, railway, regression
represent, cross, pass, indicate

draw, detect, use, handle, cross

solid, parallel, gradient, vertical, dotted

location
location + noun
noun + location
location + verb
verb + location
adjective +
location

information, score, point, accuracy, factor

point, event, activity, server, workplace, sample

influence, affect, remain, provide, differ, become

represent, share, predict, identify, record

residential, geographic, relative, spatial, potential, observed
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map

map + noun
noun + map
map + verb
verb + map
adjective + map

layer, symbol, element, projection, overlay

density, vector, reference, road, base, distribution, displacement
match, become, represent, reflect, indicate, reveal, exhibit, contain
produce, create, exhibit, explore, generate, show, watermark, overlay
thematic, digital, historic, topographic, analogue, interactive

11

model

model + noun
noun + model
model + verb
verb + model
adjective +
model

output, repository, performance, estimates, parameter

regression, simulation, gravity, migration, prediction

produce, provide, generate, exhibit, become, differ

develop, apply, employ, calibrate, construct, generate, design, adopt
spatial, digital, linear, statistical, general, dynamic

12

movement

movement + noun

behaviour, vector, interaction, pattern, direction, area, configuration

noun + pedestrian, surface, sensor, human, ground
movement
movement  + increase, become, enhance, allow, facilitate, count, affect, include
verb
verb + gain, analyse, concentrate, characterise, coordinate, correlate, track,
movement capture
adjective + directional, circular, relative, rapid, integrated, horizontal,
movement distributional, dynamic
13 network

network + noun
noun + network
network + verb
verb + network
adjective +
network

coverage, distance, optimisation, design, structure, link, time, model
road, transportation, sensor, route, space, image

remain, provide, contain, cover, use

build, sustain, support, enter, protect, represent, map, develop
social, neural, multimodal, organisational, artificial

14

point

point + noun
noun + point
point + verb
verb + point

adjective +
point

cloud, dataset, location, feature, distribution, pattern, map, trajectory
control, anchor, feature, access, data, location, target, image, entry
increase, affect, occur, represent, fall

select, contain, locate, generate, extract, connect, move, remove, detect,

transfer, calculate, convert
central, peak, random, focal
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15

population

population + noun

noun +
population
population  +
verb

flow, density, count, size, growth, distribution, ratio, estimate, change,
migration, threshold, concentration
immigrant, street, resident, world, city

become, contribute, live, reside, work, characterise, depend

verb + increase, limit, distribute, include, estimate
population
adjective + general, estimated, existing, local, heterogeneous, urban, residential,
population entire
16 road

road + noun
noun + road
road + verb
verb + road
adjective + road

condition, network, segment, density, buffer, map, length, width
target, slip, trunk

connect, affect, become, remain

develop, enter, extend, explore, access

major, busy, complex, urban, rural

17

sensor
sensor + noun
noun + sensor
sensor + verb
verb + sensor
adjective +
sensor

web, network, observation, deployment, movement, imagery, range
satellite, microwave, video, radar, gravity, displacement

change, move, provide, become, improve

set, deploy, use, provide, change

optical, trifocal, mobile, existing

18

space
space + noun
noun + space
space + verb
verb + space

agency, design, effect, network, model

activity, floor, output, feature, public, information, network
become, have, use, increase, decrease

represent, reduce, map, build, measure, construct, explore, create

adjective + geographic, topological, physical, floor, regional,
space hybrid, heterogeneous
19 technology

technology  +
noun

noun +
technology
technology  +
verb

verb +
technology

adoption, product, advancement

information, communication, liberation, wireless,

visualisation
facilitate, advance, serve, change, support, provide, become, make

management,

integrate, adopt, apply, develop, use, employ

324


http://doi.org/10.17576/3L-2023-2903-21

3L: Language, Linguistics, Literature® The Southeast Asian Journal of English Language Studies
Vol 29(3), September 2023 http://doi.org/10.17576/3L-2023-2903-21

adjective + geospatial, digital, complex, spatial, key, advanced
technology

20 visualisation
visualisation + function, system, change, tool, pipeline, workflow, mode, design,
noun approach
noun + information, noise, data, computer
visualisation
visualisation + rely, start, illustrate, represent, provide, change
verb
verb + facilitate, support, create, provide, include
visualisation
adjective + scientific, realistic, interactive, dynamic, cartographic
visualisation
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