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ABSTRACT 

This dissertation is composed of three interlinked studies that pilot new methods for combining 

corpus linguistics and semantic network analysis (SNA) to understand and teach academic 

language. Findings indicate that this approach leads to a deeper understanding of technical 

writing and offers an exciting new avenue for writing curriculum.  

 

The first phase is a corpus study of fixed and variable formulaic language (n-grams and p-

frames) in academic engineering writing. The results were analyzed functionally, semantically 

and rhetorically. While previous n-gram analyses highlighted how engineering writing relies on 

text-oriented phrases (Hyland 2008a), the p-frame analysis found that variable phrases are often 

participant-oriented and communicate author stance. The p-frames also demonstrated that 

prepositional phrase and passive verb constructions were key structures for author stance.  

 

The second phase combined corpus and network analysis tools to create educational materials. 

Several elements of successful design were highlighted, including how to best combine corpus 

and SNA tools, the role of a linguistically knowledgeable designer, and the creation of a 

framework that can visualize rich insights into the rhetorical, semantic, and syntactic nuances of 

formulaic language. 

 

Given the complexity of engineering writing, students need clear materials that highlight 

accessible findings and allow them to practice and master formulaic language. Thus, the final 

phase tested the materials in two classes with fifteen graduate students, finding evidence for the 

value of this novel approach. The major benefits were that students learned synonyms for 

overused items; experimented with fresh terms while practicing common syntactic structures and 

moves; and developed skills in identifying and employing author stance. 
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CHAPTER ONE: BACKROUND AND RESEARCH QUESTIONS 

A Challenge and an Opportunity 

Professional academic writing is an important skill and hard to master. One of the hardest areas 

of academic writing for non-native speakers (NNS) is formulaic language, as this is often a 

consistent gap between native-speaker (NS) and NNS writing even after NNS writers have 

acquired syntax and vocabulary at high levels. Many corpus linguistics studies of NNS academic 

writing and formulaic language analyze this gap, but fail to offer successful pedagogical 

approaches to addressing it. While the findings of corpus studies of academic writing is full of 

rich data that can help students improve their own writing, giving the data directly to students 

seems to only heighten their awareness of the existence of formulaic language rather than 

improve their writing (see Jones & Haywood, 2004; Cortes, 2006). 

 

However, by drawing on a tool outside of corpus linguistics, it may be possible to present and 

teach formulaic language in a way that makes it accessible to NNS students and applicable to 

their writing. This tool is semantic network analysis, an approach to language that seeks to 

represent the relationships that corpus linguistics can uncover in meaningful ways through 

knowledge visualization. Teaching formulaic language through visualizations may make the data 

more accessible to students and help them acquire authentic knowledge on how to use the 

phrases. 

 

Before considering how this might be done, however, we will review the work done so far and 

the terminology that will be used in this project. The first section below will look at corpus 

linguistics approaches to analyzing academic writing; the second section will survey what corpus 

has shown about academic writing in general and formulaic language in particular; the third 

section will introduce the field of knowledge visualization and its potential benefits when paired 

with semantic network analysis; and the fourth section will explain why engineering writing is an 

ideal case study for combining the tools of corpus linguistics and knowledge visualization to 

create pedagogical materials. These literature reviews lead to the research questions in the final 

section.  
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Corpus Linguistics Methods for Analyzing Academic Writing 

Before discussing what corpus linguistics has discovered about the features of academic writing 

and the pedagogical uses of those results, it is important to understand the methodologies that 

produce those results. Corpus linguistics has the intriguing ability to pull out patterns from large 

corpora and using these patterns in writing education can make teaching English more targeted 

and efficient. However, the findings must be accurate if they are to be useful to learners. The 

language patterns identified will vary largely depending on how the corpus is constructed, what 

strategies are used to search for the formulaic language, how the results are categorized, and how 

much attention is paid to general trends versus specific genres and disciplines. 

 

There is a multitude of corpus analyses of English for Academic Purposes (EAP) corpora that 

provide models of how to extract meaningful information from large bodies of text. EAP 

analyses often start by searching for “collocations” – combinations of words that appear together 

more frequently than expected by chance (Greaves & Warren, 2010). One of the first approaches 

to unearthing strings longer than two words in length was to extend collocations to find 

“accumulated collocations” (Hunston, 2010). In this method, collocations are iteratively entered 

into the search bar to find their most frequent collocates, and continually extended until there are 

no more common collocates. For example, “the other” could be collocated first with “hand,” 

searched for again, and collocated with “on,” to uncover the formulaic sequence, “on the other 

hand.” However, this process is both tedious and leaves no flexibility for inserted lexemes. For 

example, a search for the phrase ‘with our gratitude’ will miss occurrences such as ‘with our 

deep gratitude.’  

 

As computing capabilities increased, it became possible to search for ‘n-grams,’ i.e., n number of 

words that occur together at frequencies above a set cut-off. A recent example of this comes 

from Simpson-Vlach & Ellis (2010). To find common phrases in an academic English corpus, 

they searched for 3-, 4-, and 5-grams. Because each sequence length has to be individually 

searched, this method requires the researcher to manually eliminate the overlapping results (for 

example, “on the other” and “the other hand” will appear in the 3-gram results, and these will 

overlap with the occurrences of “on the other hand” in the 4-gram results). One further step was 

necessary; as with collocation studies, Simpson-Vlach & Ellis believed that an MI (mutual 
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information) score is a better indicator of internal cohesiveness than raw frequency. MI scores 

indicate how improbable two words’ co-occurrence is, given the frequency of those individual 

words in the corpus. When teachers were asked to rate the sequences according to their 

worthiness for teaching, the sequences’ MI scores were a much better predictor of a higher 

teacher rating than their frequency rates (Simpson-Vlach & Ellis, 2010). Thus, to uncover 

meaningful formulaic sequences, n-gram frequencies must be supplemented with or weighted 

according to MI scores. 

 

However, the ability to easily pull out n-grams from the corpus does not mean that all patterns 

have been identified; some formulaic language is in the form of a set sequence with variable 

slots. Fischer-Starcke’s (2012) “p-frames” extend the methodology of n-grams to find formulaic 

sequences that may be interrupted by inserted words. “P-frames” are phrases of p words, where 

one of the words either varies or is completely absent. It is possible to automate finding these 

phrases by asking a computer program to identify n-grams that include a wildcard (*) at any of 

the phrase’s slots. This not only allows for non-contiguous sequences to be identified, but also 

allows more accurate counts, as sequences with inserted or variable words are not lost. For 

example, a p-frame search would combine the results for “pulling [his/her/my/your/its/our/ their] 

leg,” rather than giving a separate count for each version that occurred frequently enough to 

make it over the cutoff frequency. Thus, the combination of n-gram and p-frame approaches 

allow the researcher to extract the most frequent and highly dispersed lexical patterns from the 

text.  

 

One methodological weakness with the above approaches is that a phrase with a strong 

frequency and/or MI score may occur in a wide range of texts in a corpus, or it may occur 

predominantly in only one subsection or text in the corpus, and the search cannot distinguish 

between these. This has led to the creation of another score for determining a phrase’s 

usefulness: the dispersion score. The dispersion score measures how dispersed the phrase is in 

the corpus, which can indicate whether it is general enough to be worth teaching, or if it too 

specific and likely to be useful only in a small percentage of texts. If a term or phrase appears 

frequently in only one subsection of a corpus, it will likely be defined in that section (Miller & 
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Biber, 2015), making it unnecessary for students to learn it in advance, whereas the most 

dispersed items are also the most widely useful ones.  

 

As a result, when creating EAP vocabulary lists, the most common corrective is to weight 

frequency scores with dispersion scores. However, there are multiple ways to compute a 

dispersion score. The most common is Julliand’s D (Juilland & Chang-Rodriguez, 1964), 

developed for dispersion-weighted word frequency lists for Spanish and French. It is the most 

widely used measure of lexical dispersion, employed in many frequency dictionaries, like Davies 

& Gardner’s (2010) description of contemporary English. But as it was created for a corpus 

broken into a few equally sized parts, recent research indicates that it is not fit for corpora 

divided into many differently sized subsections. In fact, while the results of the statistic are 

supposed to range from 0 (tightly congregated) to 1 (dispersed) the actual numbers mostly fall 

between .6 to .99 (Biber, Reppen, Shnur & Ghanem, 2016). Thus, Biber et al. recommend 

replacing Julliard’s D with Gries’ DP (Gries 2013), the sum of differences in absolute expected 

proportions divided by the observed proportions for each corpus sub-section. Another approach 

is to simply look at the percentage of texts in a corpus in which a word appears. Whichever 

method is employed, the consensus is that frequency should be weighted with dispersion to 

identify the phrases or words most useful for students to learn. 

 

When the aim of corpus work is to identify language patterns for novice learners, there are two 

ways of using the measures described above. Corpus studies can either identify differences 

between a student and target corpora (for example, NNS MA theses with NS MA theses, or MA 

theses with PhD theses); or can seek to accurately characterize a corpus of target writings for the 

benefit of novice writers. A target corpus is any collection of writings that represent a style of 

writing that learners wish to master. Rather than focusing on the differences between their 

current writing and target writing, learners instead observe language patterns in the target corpus 

and integrate them into their writing (Sripicharn, 2010). The benefits to this approach include 

apprentice-style learning from master writing instead of “fixing” existing writing; rich 

information on the context and variation of the language patterns observed; and the learner’s 

active involvement in choosing and implementing language patterns. 
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Thus, the field of corpus linguistics has much interesting data to offer students, and it also has 

tested tools and methods for extracting the data. However, as we shall see in the following 

review of corpus findings on academic writing, the results that corpus linguistics produces are 

often in the form of pages and pages of texts – data charts, percentages, and, of course, lines of 

corpus examples (called “concordance lines”). While this information has the potential to benefit 

students, it is not in a format that is either attractive or easily translated into writing practice. 

This is where the research in knowledge visualization offers practical insight and solutions.  

Features and Challenges of Academic Writing 

Corpus analysis of English academic writing has identified the many ways in which it differs 

from both academic verbal speech and other written genres. Academic writing refers to the 

variety of texts that are produced in a higher education setting and in the realm of research: 

master’s theses, doctoral dissertations, textbooks, classroom materials, abstracts, research articles 

and academic papers (Biber & Barbieri, 2007; Biber & Conrad, 1999; Biber, Conrad, Reppen, 

Byrd, & Helt, 2002; Cava, 2011, Coxhead, 2000; Parodi, 2009). This dissertation will focus on 

the genre of research articles, as for graduate students and other apprentice writers, this genre 

represents the goal of the other types of academic writing. Peer-reviewed publications indicate a 

scholar’s contributions to the scholarly community and validate the quality and applicability of 

their work. And the language of most prestigious journals is predominantly English. Thus, both 

native and non-native speakers are highly motivated to master this genre (Biber et al., 2002; 

Flowerdew, 2004; Flowerdew, 2012).  

 

Academic research writing is also not a skill that is easily acquired, as it is a compressed, 

information-dense genre that has several unique syntactic and structural features. Biber & Gray 

(2010) sum up these difficulties after a syntactic analysis of a 3-million-word corpus of academic 

research articles covering a spectrum of disciplines. They conclude that English academic 

writing emphasizes structural compression through the syntactic devices of attributive adjectives, 

pre-modifying nouns, and adjectival and adverbial prepositional phrases. This is in direct 

contrast to spoken academic discourse, where elaborated structures (such as finite complement 

clause and adverbial clauses) appear at much higher rates. These structures lead to higher 

information density, and to an increase in implicit meanings: the preferred syntactic 
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constructions in academic writing require the reader’s contextual knowledge to decode the 

correct relationship, unlike spoken academic discourse, where the relationships between words 

are more explicit. This makes the discourse less accessible, as “students lack the specialist 

knowledge that would allow them to readily infer the expected meaning of compact, inexplicit 

constructions” (Biber & Gray, 2010, p. 17). Successful NNS graduate writers increase their use 

of these implicit, compressed information delivery structures as they advance in their programs 

(Parkinson & Musgrave, 2014).  

 

Academic writing has other unique linguistic features, such as its vocabulary and its structured 

rhetorical moves. Coxhead (2000) provides a meticulously researched “academic word list,” a set 

of 570 word families that appeared with significantly higher frequency in a multi-disciplinary 

corpus of academic writing than in a corpus of general English. Research articles are also known 

for having discipline-specific genre moves and set structures, which have been analyzed and 

described by researchers (comprehensively outlined in Swales (1990); see Nwogu, (1997), 

Skelton (1994), and Maswana, Kanamaru, & Tajino (2015) for specific examples) and codified 

in books and manuals for novice writers (for example, Swales and Feak’s Academic Writing for 

Graduate Students). These lexical and structural features of academic writing are both well-

documented and explicitly taught to novice academic writers. Building on this previous research, 

but extending it beyond lexical and structural features, we will turn our attention to a less-taught 

linguistic feature that is essential to academic writing. It will be the primary linguistic feature of 

academic writing considered in this study: formulaic language. 

Formulaic Language in Academic Writing 

One particularly challenging aspect of academic writing that makes it difficult for NS and NNS 

writers alike is its dependence on formulaic structures. While vocabulary can often be 

memorized, and structural norms acquired, the segments of fixed and variable language that 

make up large portions of academic writing are difficult for both NNS (Jones & Haywood, 2004; 

Coxhead, 2008) and NS (Cortes, 2006) students to consciously acquire.  

 

Formulaic language has been defined in a variety of ways, but primarily as reoccurring patterns 

in language use (Wray, 2012). This broad category includes many more specific items; the 
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definitions tend to depend on the research methodology used to study formulaic sequences. 

“Collocations” and “lexical bundles” refer to any group of words that appear together in 

unusually high frequencies, and thus are determined using corpus linguistics methods (Hyland, 

2008a). “Collocations” is the older term and can also refer to words that frequently appear 

together within a window of chosen length (O’Keeffe & McCarthy, 2010). “Idioms,” however, 

are defined as fixed multiword constructions that are institutionalized (conventionalized) and 

whose meaning is more than the sum of their parts (Fernando, 1996); these are usually more 

quickly recognized by native speakers, and as they cannot easily be identified through corpus 

methods, they are usually gathered and selected by human analysis (Simpson & Mendis, 2003).  

 

Academic writing “draws on a much larger stock of prefabricated phrases than either news or 

fiction” (Hyland, 2008b), and contains a multitude of unique structural patterns (Hyland & Tse, 

2005), lexical bundles of varying lengths (Biber & Conrad, 1999) and discipline-specific idioms 

(Conrad, 2004). These formulaic sequences also vary widely in terms of quantity, type and 

rhetorical use across the academic disciplines (Hyland 2008b; Conrad & Biber, 2004; Oakey, 

2002; Samraj, 2002; Bloch, 2010). 

 

The use of formulaic language is not unique to written discourse, as speakers make use of these 

sequences in every form of discourse. For example, the studies on the TOEFL 2000 Spoken and 

Written Academic Language (T2K-SWAL) emphasize that lexical bundles are less common in 

written language than in spoken language. Biber & Barbieri (2007) find that lexical bundles are 

more common in written course management (e.g. course syllabi) and classroom lectures than in 

academic written registers and, Biber, Conrad & Cortes (2004) find lexical bundles to occur 

much more frequently in classroom teaching than in textbooks.  

 

However, studies on written academic writing stress the frequency with which formulaic 

sequences occur and their distinctness from the sequences in written speech; these are not 

sequences that even a fluent English speaker uses frequently when speaking. Hyland (2012) 

found that the text-oriented sequences that structure discourse occur much more often in 

academic writing than in other writing types. He broke the frequencies down by academic genre, 

and found the highest percentages are in engineering texts, where four-word bundles accounted 
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for 3.5% of the total words. Similarly, Biber et al. (1999), in their study of an academic corpus, 

found that three- and four-word lexical bundles occurred at least 65,000 times per million words. 

Simpson-Vlach & Ellis (2010), who were concerned with how to best teach formulaic sequences, 

identified a core group of over 200 sequences that occurred frequently in written and spoken 

academic English. While many of these results come from specially constructed academic 

corpora, a study on the largest academic corpus available, the academic sub-sections of the 

British National Corpus and the Corpus of Contemporary American English, similarly asserted 

the prevalence and importance of formulaic sequence to academic writing (Liu, 2011). Shariari 

(2017) looked at the spread of formulaic sequences across research article sections and found 

that the results section was the most densely formulaic, and that each section varied in the 

rhetorical types of bundles preferred.  

 

Thus, the consensus is that formulaic sequences are an important and frequent feature of 

academic discourse, and that they differ substantially from the formulaic language used in other 

genres. Many of these large-scale studies conclude with an appendix of a list of all the formulaic 

sequences found above a certain frequency. However, there are several substantial challenges 

that face novice writers seeking to master their use. The following three sections lay out three of 

these challenges: the variation in formulaic language usage between disciplines; the documented 

difficulties for NNS writers; and the lack of successful teaching strategies for this area of 

language fluency. 

Variation Across Disciplines 

One of the roadblocks to acquisition is that different disciplines, and even sub-disciplines, vary 

widely on their preferred formulaic chunks and their frequency and rhetorical uses. The best 

overview of this topic comes from Hyland (2008b). He compares the use of four-word lexical 

bundles in four distinct disciplines: electrical engineering, microbiology, applied linguistics and 

business studies. He uses the standard frequency cutoff of 20 occurrences of the bundle per 

million words. His primary finding is that discipline matters; more than half of the top 50 

bundles in each discipline are unique to that discipline, and no more than 30% of the sequences 

in any discipline are found in two of the other fields. The fields also differ in the functions of 

these bundles: science and engineering texts employ the most research-oriented bundles, while 
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the linguistics and business texts use the most text-oriented and participant-oriented bundles. 

Research-oriented bundles are those that explain experiment design, text-oriented bundles are 

those used to structure a text, and participant-oriented bundles either directly address a reader or 

reveal the author’s opinions and attitudes. Hyland (2012) uses the same corpus and demonstrates 

that the frequency of formulaic language also changes dramatically; though the engineering and 

biology texts were similar in bundle functions, the engineering texts used bundles at almost twice 

the rate as the biology texts.  

 

Two granular examples of this variation come from Oakey (2002) and Bloch (2010). Oakey 

studies the phrase “it has been/is (often) + reference verb + that.” While he primarily examines 

its many rhetorical functions, he notes that medical writing prefers the present perfect, while 

social and technical sciences prefer simple present. Bloch (2010) finds that sciences and 

engineering articles are more likely to use non-integral quotes, while humanities and social 

sciences employ more integral quotes. Because many of these patterns are a matter of preference, 

or small syntactic variation, it is unlikely that the proficient writers in the field will feel the need 

to explicitly teach these variations to new writers, or that writing instructors who teach a wide 

variety of disciplines will know of these differences. This is where corpus linguistics is helpful: 

by aggregating many examples of writing across disciplines, corpus tools can identify what 

patterns are unique to each discipline. 

Challenges for Non-Native Speakers 

While there are successful approaches for teaching the vocabulary and grammar necessary for 

second language academic writing (Coxhead, 2000; Hinkel, 2004), NNS consistently struggle 

with incorporating formulaic language in their academic writing (Wray, 2002). Multiple studies 

have shown that NNS tend to have a small stock of formulaic sequences that they overuse, and 

that they are less likely to be aware of register differences and appropriate contexts when using 

formulaic sequences (Wray, 2012).  

 

Most corpus studies of this phenomena compare NNS’ use of formulaic sequences with 

reference corpora of native speakers writing in the same genre; these studies map out how NNS 

handle the challenge of formulaic writing as they advance through undergraduate and graduate 
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writing and begin publishing. Undergraduate students tend to overuse certain idiosyncratic 

idioms but underuse them overall (Lee & Chen, 2009). They avoid stance bundles, such as 

hedging and anticipatory it clauses (Chen & Baker, 2010), a trend that will remain persistent 

across time. On average, only 22% of their commonly used phrases overlap with those of native 

speakers (Adel & Erman, 2012); their underused sequences include phrases with negatives, 

hedging, and complex grammatical structures such as the anticipatory it, unattended this (e.g. 

“this would suggest,”), and existential there (Lee & Chen, 2009).  

 

Graduate NNS writers increase in their use of sequences to the point of overusing them, and their 

sequences, while not necessarily incorrect, differ from the ones preferred by native speakers. MA 

& PhD dissertations by NNS writers often have an overabundance of lexical bundles. For 

example, Öztürk & Köse (2016) compare MA & PhD theses by Turkish NNS writing in English 

with MA & PhD theses by NS writers. The Turkish writers use twice as many types of lexical 

bundles as the native speakers and use them at much higher frequencies. Öztürk & Köse 

examined many of the phrases unique to the Turkish authors and identified them as literal 

translations of academic Turkish phrases. This overabundance of idioms in post-graduate writing 

is not limited to Turkish; Wei & Lei (2011) also found it in Chinese NNS writers, and they 

suggest that Chinese writers’ relative underuse of anticipatory it and other participant-oriented 

bundles is because these writers are taught to value impersonality in academic writing. 

 

This overuse settles into a type of hybrid fluency in published academic writing, but still shows 

marked gaps. Perez-Llantada (2014) found that the overlap between frequent NS and NNS 

phrases had risen to 31% in published writing, and that many of the phrases unique to NNS were 

existing English formulaic sequences that they had incorporated at unusually high rates. They 

use idiomatic English phrases, with minor evidence of cross-linguistic transfer, but they use them 

at different frequencies. As in the other studies, the NSS still avoided anticipatory it clauses and 

evaluative or probabilistic hedging. Similarly, even experienced NNS writers in English-

language telecommunications journals had not adopted the clauses and phrases that were 

indicative of expert L1 writers (Pan, Reppen & Biber, 2016).  
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One key area of difficulty for students that appears across studies is that of author stance. 

According to Biber, Conrad & Cortes, stance phrases are those that “provide a frame that is used 

for the interpretation of the following proposition,” (2003, p 81) and convey the author’s attitude 

or assessment of a proposition (Biber & Barbieri, 2007). Because academic writing in general 

and engineering writing in particular stress objective authorial voice, several studies comparing 

NS and NNS academic writing have found that NNS writers underuse stance bundles or do not 

use them with the same connotations as NS writers (Bloch, 2010, Chen & Baker, 2010) The 

existential there  and anticipatory it bundles mentioned above provide examples of author stance, 

as they are often used to provide the author’s assessment ( with phrases like “it is important 

to…” or “there is concern that…”).  

 

Importantly, these findings do not mean that NNS do not know the same formulaic sequences as 

the NS writers. Analysis of student bundle use on oral and written portions of the TOEFL exam 

found that students used formulaic sequences much more frequently in speech than in writing 

(Staples, Egbert, Biber & McClair, 2013). This indicates that NNS may understand and know 

these phrases, but that they are unsure how to idiomatically deploy them, especially the 

participant-oriented phrases whose rhetorical uses are useful when writing academically. Thus, 

there is room for development, even at higher proficiency levels. 

Lack of Successful Pedagogical Approaches 

Many of these studies conclude by listing the grammatical or semantic categories that cause NSS 

writers the most difficulties. This is an essential first step in determining what could be taught; 

however, fewer studies test effective strategies for helping NNS writers improve in using the 

formulaic language they avoid. For example, the studies cited show that NNS writers routinely 

struggle with anticipatory it structures (Chen & Baker, 2010; Adel & Erman, 2012; Wei & Lei, 

2011; Perez-Llantada, 2014) and evaluative or probabilistic hedging (Perez-Llantada, 2014; 

Chen & Baker, 2010). But naming the issues has not led to clear solutions.  

 

Studies that focus on teaching formulaic sequences often report low success rates. For example, 

Cortes (2006) and Jones & Haywood (2004) both explicitly taught students lists of collocations 

specific to their disciplines, but found that while the students reported raised awareness after the 
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lessons, they did not use more formulaic sequences in their writing. Li & Schmitt (2009) 

intensively studied one Chinese master’s student’s writing over the course of a year, and, though 

they saw much improvement, they also saw that it was nearly impossible for the student to 

correct the unidiomatic formulaic sequence usages that had become ingrained in her writing, 

even with teacher feedback. Pedagogical approaches that teach students to construct and analyze 

their own corpora and compare their writing with existing corpora of academic writing have been 

much more successful, but these classes often experience high dropout rates because of the 

difficulty of the tasks and the time it takes to arrive at the applicable results (Lee & Swales, 

2006).  

 

However, several pedagogical successes exist; the best incorporate in-depth review of formulaic 

language in the students’ particular field of study (Eriksson, 2012, Lee & Swales, 2006) and 

uncontrolled production, where the students implement the formulaic language in their own 

professional writing (AlHassan & Wood, 2015). Students in technical fields are especially 

receptive of and interested in pedagogical approaches that are backed with the data a corpus 

study can provide (Lee & Swales, 2006).  

Knowledge Visualization 

There is a wealth of information on formulaic sequences available through corpus tools that can 

benefit NNS and novice writers; but for this information to be useful, it must be effectively 

communicated. This is where knowledge visualization – specifically through the tools of 

semantic network visualization – can create the necessary bridge between academic studies and 

student acquisition.  

Potential Benefits and Application to Academic Writing Materials 

Many studies show that proper visualization of educational content improves both initial 

knowledge acquisition and long-term recall. A review of 48 experimental studies found that 

illustrated texts led to better knowledge retrieval than non-illustrated texts (Levie & Lentz, 

1982). Using both text and visual modalities to enforce a concept results in the richest mental 

representations of that concept (Baggett, 1989). Small adjustments in visualization, such as line 
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thickness or using similar models to indicate similar problems, can help the audience make 

intuitive comparisons (Winn, 1989; Gick 1989). Finally, as time between the initial intake of 

knowledge and testing of its retention increase, visualized knowledge is consistently recalled 

more easily than textual knowledge (Peeck, 1989). These benefits hold across fields; for 

instance, the visual exercise of text mapping increased reader comprehension (Geva, 1983), 

while spatial planning disputes can be solved faster when the plans are visualized (Swaab, 

Postmes, Neijens, Kiers, & Dumai, 2002), and business students explained novel articles more 

fluently after visualizing the contents than they did after traditional note taking (Mento, 

Martinelli, & Jones, 1999). Learners benefit the most when the visual information and the 

written information are contiguous and complement each other (Mayer et al., 1996) and those 

with low prior knowledge of the subject material benefit more from visualizations (Mayer and 

Gallini, 1990). Given the complexity and many variables that arise from combining text with 

visualizations and measuring its impact on the reader, Salomon (1989) finds that there is not 

clear theory on the effects of visual stimuli on performance, but posits that successful visuals 

“overtly model (that is – supplant)” (p.77) the imagery readers may create as they read, or creates 

that imagery when the reader is unable to do so. One final benefit is that student interaction with 

effective visualizations improves student ownership of the material (Mondal, Mondal & Das, 

2016; Mandl & Levin, Mento, Martinelli & Jones, 1999).  

 

Eppler & Burkhard (2005) sum up the benefits of knowledge visualization in three points: it 

eases the transfer of knowledge between individuals with different backgrounds, it inspires the 

creation of new knowledge, and it decreases information overload. These three benefits can 

potentially address the documented difficulties in teaching formulaic language to NNS writers. 

The visual aspect forces the materials creator to carefully present and synthesize their 

knowledge, putting it in a form that is accessible to students who come with a very different 

perspective and might have trouble noticing those patterns in the raw data. Illustrations that show 

where formulaic sequences occur in academic writing and the words around them will allow 

students to visually conceptualize abstract relationships and the role of variable slots in p-frames. 

Clear diagrams can also help the students to take ownership of the materials and employ the 

information in their writings in new and creative ways. Finally, most linguistic studies provide a 

plethora of tiny details and variations that can overwhelm students, so a good visualization will 
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make the information more intuitively approachable by guiding students to concentrate on the 

most essential elements. 

 

While the benefits of knowledge visualization seem tailored to this situation, there has been little 

work relating the two fields. AlHassan & Wood (2015), which has some of the most effective 

teaching materials based on corpus work to date, still present the information in tables and lists. 

There have been a few attempts at interpreting other types of corpus research via visualization 

technology; as summarized in Rayson & Mariani (2009), this includes word clouds and 3D word 

networks. These techniques have been attempted in discourse analysis (Baker & McEnery, 2015) 

and historical linguistics (Brezina, McEnery & Wattam, 2015), but not, to my knowledge, in 

materials development. Thus, we will next turn to the question of what tools for knowledge 

visualization of corpus findings are available and how they might be used to enable NNS writers 

to more easily and thoroughly master formulaic academic language. 

Corpus and Semantic Network Analysis Tools for Knowledge Visualization 

Currently, the primary software packages in which many corpus studies are conducted are 

AntConc (Anthony, 2018a) and WordSmith Tools (Scott, 2018). Each package can comb 

through corpora to identify formulaic language and report frequency and dispersion. Each also 

comes with helpful, elementary visualization tools. AntConc will show the dispersion of a 

lexeme or phrase within the corpus on a bar graph; this gives an immediate visual clue as to 

whether it is rare or common, densely gathered or well-dispersed. In addition, the Keyword in 

Context (KWIC) window in AntConc allows the researcher to scan over many instances of the 

lexeme or phrase being searched, with common collocates color-coded. The collocation and n-

gram search results display simple Excel-compatible charts that can be rearranged by frequency, 

strength, position in the line, etc. WordSmith Tools has slightly more thorough versions of the 

same features. These simple visualizations have been used to introduce students to corpus results 

(Gabrielatos, 2005), but to effectively communicate results, we need software designed for that 

task. 

 

There are a variety of software that work to identify and visualize the overall topics of and 

thematic differences between corpora (Kessler, 2017; Singh, Zerr & Siersdorfer, 2017); but 
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formulaic language requires a fine-grained approach that both identifies individual phrases and 

aggregates information about their surroundings and typical uses. An interesting and currently 

underutilized solution is to use graph theory and its visualizations to help linguists interpret 

patterns in fine-grained language use.  

 

Traditionally, corpus linguistics software has excelled at extracting numerical data and patterns 

from a corpus, regardless of where the patterns occur. As evidenced by Baker (2016), the next 

step is a 3D graph-based visualization of the contexts of phrases and patterns in their uses. This 

is where semantic network analysis (SNA) has potential as an approach to visualization. SNA is 

a branch of text mining that depicts the relationship between concepts in a text in a network 

(Doerfel, 1998). While SNA has not been used widely in linguistics research, it is a logical next 

step to visualize the connections between formulaic sequences and thus better understand their 

context and relationships. SNA has traditionally used the same graph theory mentioned in Baker 

(2016) to map the relationships between ideas or social agents (called “concepts”) in a text 

(Diesner & Carley, 2004). With minor adjustments, SNA tools should be able to map the 

relationships between phrases as easily as the traditional “concepts.” There have been efforts to 

create a corpus tool that uses graph theory to visualize results (see GraphColl in Brezina, 

McEnery & Wattam (2015)), but as a new tool, its applications are limited.  

 

It is more useful to consider the SNA tools AutoMap (Carley, Columbus & Landwehr, 2013) and 

NodeXL (Smith et al., 2010). While AutoMap is designed to map concept relationships (as 

described in the AutoMap guide by Tanenbaum & Brand, 2008), it can also map how any 

selected items in a text are linked, and what words show up frequently before or after these 

items. AutoMap goes beyond GraphColl, as it includes all the formulae & visualization strategies 

of SNA, and thus allows researchers more flexibility in identifying phrases and depicting the 

type and strength of their relationships. However, AutoMap is best at extracting relationships; 

and importantly, it can compile that information in a form that is conducive for use in other 

visualization tools.  

 

Some visualization tools offer slick visuals but little control for the users (such as InfraNodus 

and texttexure, both developed by Nodus Labs (Paranyushkin, 2011)); others are more concerned 
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with uncovering social structures than the connections between lexemes, and thus, while 

effective, they do not take into account data that is relevant from a linguist’s perspective; one 

example of this is VIS, a tool funded by the International Press Institute. One of the more 

promising tools is NodeXL (Smith et al., 2010). NodeXL is a network visualization tool that 

gives the user total control over all aspects of the visualization, from the shape of the graph to the 

color of the nodes. While it is not as visually sleek as some of the other tools, the ability to adjust 

the information in the graph and personalize visualizations makes it possible to create 

educational materials where the creator can highlight the parts of the data that are most relevant 

and interesting to language learners.  

Engineering as a Case Study for EAP and Knowledge Visualization 

The previous sections have highlighted the challenges NNS face in acquiring academic formulaic 

sequences, and the potential benefits that a well-visualized corpus analysis of formulaic language 

can provide. While the proposed methodology should be useful for students working in any field 

that requires academic writing, it is necessary to choose a specialized discipline to make 

meaningful and useful materials. As indicated in the section on interdisciplinary variation in 

formulaic language, there is a great deal of variety between different disciplines in the language 

patterns they use to communicate their research. Thus, testing the usefulness of combining 

corpus results with visualization techniques requires a specific field of study.  

 

For this project, engineering academic writing was selected as the discipline best suited to 

investigation, with NNS engineering graduate students selected as the student population for the 

materials. There were two reasons for the choice of engineering: the research context of the 

project and the previous research on engineering writing. This research project was conducted at 

Purdue University, a Midwestern R1 university known for its engineering programs and history 

in engineering innovation. The teaching materials will be used with Purdue international 

graduate students, and 48% of them (nearly 2000 students) are in the College of Engineering, 

along with an additional 445 international scholars, researchers and faculty in engineering 

(Purdue Office of International Students & Scholars, 2017).  
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At the same time, engineering disciplines are underrepresented in the research on academic 

writing, thus setting up engineering writing as an interesting and useful area of inquiry. The 

multi-word constructions currently taught in English for Academic Purposes classes are often not 

representative of the constructions found in engineering writing (Wood & Appel, 2014). Yet, 

formulaic language occurs frequently in engineering texts. The highest percentages of lexical 

bundles have been found in engineering texts, where four-word bundles accounted for 3.5% of 

the total words (Hyland, 2012). As a subset of the research on formulaic language has been 

conducted on published articles in engineering (Rozycki & Johnson, 2013; Bloch 2010, and 

Hyland, 2008a, 2008b, and Hyland & Tse, 2005 for electrical engineering specifically), those 

studies provide starting points and benchmarks to which this study’s results can be compared. 

Give the research on engineering writing and the abundance of graduate engineering students at 

Purdue, it is a clear choice. Nevertheless, engineering is also a very large discipline; the 

methodological details in Chapter 2 will explain what branches of engineering were selected for 

this study and why.  

 

NNS graduate students were chosen as the student demographic because they are most motivated 

to improve their academic writing and are at a stage when explicit instruction is helpful. 

Undergraduate students often go into professional fields; at Purdue, only 22% of the 2018 

engineering graduates reported continuing education after graduating, while 74% were either 

employed or seeking employment (“May 2018 First Destination Survey Outcome Report,” n.d.). 

Thus, they are less motivated to improve their academic writing abilities. For the graduate 

students, however, learning to write academically is essential, as they are usually expected to 

write research articles and often do not have much background or training in effective academic 

writing (Campbell & Kennell, 2018). NNS writers especially benefit from explicit instruction, as 

they are often dealing with both the language barrier and an unfamiliar writing genre (Carter, 

2017); the corpus studies above detailed some of specific language difficulties NNS writers face 

when writing. Thus, explicit corpus-based instruction on academic writing seems most useful for 

NNS graduate students.  
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Research Questions 

Given the findings from current literature and available tools and methodologies outlined in the 

sections above, we can now formulate the main questions that this investigation seeks to answer:  

 

(1) What formulaic language is uncovered through a corpus study of engineering research 

articles?  

(a) Do these results agree with or deviate from previous studies of academic writing in 

general and engineering writing in particular (as summarized in the previous sections)? 

(b) Which formulaic sequences should be taught to NNS students seeking to develop 

their academic writing?  

 

(2) When using SNA tools to design educational corpus-based visualizations of English phrases 

for NNS learners:  

(a) What is the optimal framework for combining corpus results and visualization 

technology to create accurate and effective materials?    

(b) Can SNA programs (particularly AutoMap and NodeXL) create effective, student-

friendly visualizations of these corpus findings? 

(c) What benefits and challenges are revealed through designer and NNS student 

feedback on the materials? 

  

(3) Can these visualizations lead to better teaching outcomes than the results documented in 

Cortes (2006) and Jones & Haywood (2004)?  

(a) Will students show improvement in the variety and idiomaticity of their formulaic 

language from a pretest to a posttest? 

(b) Will a delayed posttest confirm the posttest results?  
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CHAPTER TWO: METHODOLOGY 

Introduction: A Three-Phase Project 

Given the interdisciplinary nature of the research questions, the methodology for this project 

involves linking three separate phases with unique methodologies. The first question will be 

answered through a corpus investigation; the second question through developing a framework 

for materials creation with corpus and network visualization tools; and the third question through 

testing the materials in a classroom setting. The following sections outline these three phases of 

the methodology.  

Phase One: Corpus Investigation 

Addressing the first research question through a corpus investigation required four steps: corpus 

creation, corpus pre-processing, identifying formulaic language in the corpus, and categorizing 

the formulaic language in meaningful ways. The following sections will lay out both the 

methodology of these four steps and the literature and logic that gave rise to that methodology.  

Corpus Creation 

The corpus used in this study is a small (almost 2 million word) corpus of published engineering 

research articles. The following section will lay out the argument for this type of corpus, and the 

next section will describe the steps involved in constructing the corpus.  

The Specialized EAP Corpus 

The first methodological question in selecting a corpus was the choice between making use of a 

large pre-existing corpus of academic writing or developing a new, specialized corpus. 

Traditionally, some corpus studies have used massive corpora like the British National Corpus 

(BNC), the Lancaster-Oslo-Bergen Corpus (LOB), and the Corpus of Contemporary American 

English (COCA), which strive to present as holistic and varied a view of the English language as 

possible (Lee, 2010). Possibly the largest attempt to create a corpus of specifically academic 

language is described in Biber et al. (2002). Funded by the TOEFL, this study included samples 
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of almost all genres of English an international student would likely encounter at an American 

university. However, most studies of formulaic sequences in academic language are based on 

smaller, genre-specific corpora. Teachers who use corpora to teach language usage have 

discovered the benefits of small, specialized corpora (Flowerdew, 2004). For corpora of written 

language, “small” always means under five million words, and sometimes under 250,000 words 

(Koester, 2010).  

 

There are several reasons that small corpora have dominated the study of academic English, 

including feasibility and ease of creation by a single researcher. The primary advantage of a 

smaller corpus is that it allows for a “closer link between the corpus and the contexts in which 

the texts in the corpus were produced,” (Koester, 2010, p.67). Especially when teaching language 

usage, context is key. It does a student no good to learn a phrase if they are not also taught where 

it is used and how it relates to its context. Context is especially important for students 

specializing in a specific field, as academic disciplines vary widely in which formulaic sequences 

they use most and their connotations (Hyland, 2008b; Hyland, 2012).  

 

Creating a specialized corpus also means that the compiler and the researcher are generally the 

same person, so that the corpus is tailored to the researcher’s research questions or to the needs 

of a specific student population (Flowerdew, 2004). Because the compiler has a deep 

understanding of the materials comprising the corpus, they may intuitively guess which features 

most merit analysis. In addition, large corpora usually depend on samples of texts to avoid 

copyright issues. However, for academic writing, the genre pieces are often very structured (e.g., 

the introduction-methodology-results-discussion format of many research articles), so including 

whole texts in a corpus helps researchers understand how language use varies from section to 

section (Shahriari, 2017). Thus, this study will be based on a specialized corpus built by the 

researcher in order to provide full access to the texts for the researcher and rich contextual 

information for the materials. 

 

In creating specialized corpora, the main concern is internal representation. Because there are 

fewer texts, it is essential to choose texts that present an accurate snapshot of the field. Miller & 

Biber (2015) depict the challenges of creating a truly representative corpus. They created a most 
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frequent words list for a corpus of 10 undergraduate introductory psychology textbooks, to 

examine how using different subsections of the corpus affected the results. Nearly 62% of the 

lemmas in the overall corpora were used in only 3 or fewer of the 10 books; of the over 30,000 

lemmas in the books, only about 4,300 occurred in all 10 books. Breaking the corpora down into 

sub-corpora created significantly different word frequency counts, indicating that including other 

psychology textbooks could also produce different frequency lists. One of their proposed 

solutions for this issue of variety in internal representation is to consider more carefully the range 

of specific topics within an already specialized corpus. Thus, for example, a study of formulaic 

language in the journal Science may want to control for the different sub-disciplines of the 

articles and determine how changes in topic affect language patterns. In the case of this study, 

the discipline of engineering is too broad, with too many specialties, to represent each branch 

equally and meaningfully in a small corpus. Thus, four disciplines within engineering were 

selected to focus the corpus: aerospace, mechanical, industrial and electrical engineering. These 

four disciplines ranked in the top five largest engineering programs at Purdue. Computer 

engineering ranked third, but as it overlapped significantly with electrical, it was not included. 

This gives the additional benefit that by comparing two or more of the disciplines, the researcher 

can separate the patterns that occur across engineering disciplines from any discipline-specific 

patterns and quirks. 

Selecting Corpus Materials 

Once the disciplines represented in the small specialized corpus are selected, the next two 

questions are what type of publications represent target writing for engineering graduate 

students, and what size would allow the corpus to be representative while still being small 

enough to allow for meaningful contextual analysis. 

 

The first question was answered by surveying two graduate students each in each of the four 

selected engineering sub-disciplines. They reported that journal articles and conference 

proceedings are prestigious publications, but that graduate students often publish conference 

proceedings first and then refine these into journal submissions in the final years of their studies. 

When asked to name the most prestigious journals in their fields, six of the graduate students 

answered with a mixture of journals and conference proceedings. However, as most said that the 
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language in conference proceedings tended to be slightly less formal, and that journal language 

was generally considered the target style, I decided to include only journal articles and not 

conference proceedings in the corpus. Databases like Scimago also consistently rank journals 

above conference proceedings in prestige. Even graduate students who are writing proceedings 

benefit from a study of journal writing, as the features of journal articles are usually the target in 

conference proceedings. To maintain consistency, only empirical journal articles with an 

Introduction-Methods-Results-Discussion format were included.  

 

Some studies do not consider published articles by NNS authors to be ideal examples of target 

writing, and they only use papers written by English-L1 authors (as guessed by their last names) 

as target writing samples. However, holding NS writing as the “ideal” target to which NNS 

writers should aspire is both unnecessary and unhelpful; NNS may use different writing 

approaches than NS writers and still communicate well (Silva, 1993). In addition, a study of non-

canonical grammar in engineering journal articles found that a low number of grammar “errors” 

or stylistically odd choices by NNS authors did not keep their research from being understood or 

awarded prestigious awards (Rozycki & Johnson, 2013). Thus, this study did not consider author 

nationality or native language in choosing target writing samples. If an article with NNS authors 

is well written enough to attain publication, then it represents target writing in its field.  

 

Once published engineering journal articles were chosen as the type of target writing, the last 

decisions were which journals and how many articles to include in the corpus. To ensure that the 

journals were representative of target writing in their field, two graduate students in each 

discipline were asked to name the top journals for publishing in their fields, both in the field as a 

whole and in their specialization. Most students were able to easily name the best journals in 

their specific areas, but three out of the four consulted journal rankings to identify the best in 

their field. Thus, the all-field journals were generally named in accordance with the rankings on 

websites like Scimago. The last five available issues of the top two all-field journals and top two 

specialized journals from each area were included in the corpus, as students seeking to publish 

are most interested in current writing norms. This combination of general and specialized 

journals ensures as wide a range as possible of academic writing styles. For ease of access, only 

journals accessible through the Purdue library in PDF format were considered. If a journal was 
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not available through Purdue or other public access options such as Google Scholar, then the 

next journal named by the student was used. Only two journals were eliminated because they 

were not easily accessible. A list of the final sixteen journals that were used in constructing the 

corpus, along with their discipline (and specialization, if relevant), their type/token count, and 

their total word counts can be found in Appendix A. Note that the word counts come from the 

final cleaned version of the corpus; the steps taken to clean the corpus are explained in the next 

section. 

 

For the question of size, other specialized EAP corpora were used as a standard. Examples in the 

literature range from 730,000 words (the RA corpus in Hyland 2008a & 2008b), around 1 

million words (Sharhriari, 2017; Lee & Chen, 2009; Pan, Reppen & Biber, 2015) up to 3 million 

(Öztürk & Gül, 2016). In these studies, corpora with over 1 million words generally consisted of 

learner and target sub-corpora that were to be compared to each other. Because this corpus does 

not consist of such subsections, 1.5 million words was chosen as the target size after pre-

processing.  

 

Given the average length of published engineering research articles, around 250 articles were 

needed to achieve a total of 1.5 million words. Since each of the four disciplines were to be 

represented by four separate journals (to ensure that no one journal’s norms dominated the field), 

this came to 15.6 articles per journal selected. To err on the safe side, 17 articles were collected 

from each journal. This led to 68 articles from each of the four disciplines of engineering, for a 

total of 272 articles. They were chosen following the format in Peacock (2015), where the 

available articles in each journal were numbered and 17 of them selected from a random number 

generator. As one file was corrupted and could not be transferred to a text file, it was excluded 

for a total of 271 articles. This process created a corpus with over 2.4 million words before pre-

processing. These files were converted from PDF files to text files. A list of the articles in the 

corpus is available in Appendix B. 
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Corpus Pre-Processing 

To ensure the quality of the corpus, and to get a more accurate word count, several steps were 

applied to the raw corpus. All numbers were removed. A wordlist of all tokens in the corpus was 

generated through AutoMap, and every item with over 150 occurrences that was not an 

intelligible English-language word was deleted from the corpus. Because the research articles 

included a multitude of mathematical equations, including many with symbols that represented 

constants and variables, this list of items to delete had 132 items on it which together accounted 

for 211,929 tokens in the corpus. Next, the text files were manually cleaned of everything that 

appeared before the opening abstract or summary (generally titles, author and institution 

information, keyword lists), and of the references, acknowledgements, and author biographies at 

the end. This led to the final version of the corpus with 1,925,430 tokens, somewhat larger than 

the 1.5 million words target. The figure headings were left in, as a preliminary analysis with a 

test corpus where the figure headings were separated out showed that the headings did not 

contain novel collocations or language patterns, and thus were not worth separating out. Each 

article was saved in a separate text file, marked for its discipline, and numbered. A separate 

database with the title, author and webpage of each article was created for documentation 

purposes; the author and title information can be found in Appendix B.  

 

As every article was in a standard IMRD format (introduction, method, results, discussion), and 

that the whole text was used rather than a sample, sample size was not considered when building 

the corpus. Of the four disciplines, the mechanical engineering corpus was the smallest, with 

388,961 words, and electrical engineering was the largest, with 536,043 words. Since this was a 

large range, once the n-grams had been gathered, their dispersion across the four corpora were 

checked. There was little difference across corpora; only three n-grams had sub-corpora 

occurrences PMW (per million words) that were more than one standard deviation different than 

the across-corpus occurrences PMW. Given their similar dispersion across sub-corpora, the n-

grams and p-frames were analyzed for their behavior across the whole corpus rather than 

separately in the sub-corpora. 

 

Once assembled, the corpus was pre-processed using several of the pre-processing settings 

available in the AutoMap software. All words were converted to lower-case. British spellings 
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were converted to American spellings. The words were lemmatized using AutoMap’s k-

stemmer. Lemmatization was used because in the test corpus, the n-gram and p-gram searches 

were run on both a lemmatized and non-lemmatized version of the corpus. Lemmatizing allowed 

for a much clearer grouping of plural/singular nouns and past/present verbs, as generally the 

tense or plural choice was not semantically significant and distinguishing between them made for 

results with unnecessary and unhelpful detail. After the lemmatizing was complete, there were 

several words that were incorrectly stemmed (such as “doe” from “does,” and “thu” from 

“thus”). These were corrected to their true stems by creating and running a custom thesaurus 

within AutoMap. Other AutoMap preprocessing options, such as removing noise verbs and 

punctuation, or applying preset delete lists, were not used, as these would remove data that is 

essential to uncovering formulaic language.  

N-Gram and P-Frame Identification 

Once assembled, several searches were run on the corpus using AntConc (Anthony, 2018a) and 

AntGram (Anthony, 2018b). These tools were preferred over Wordsmith (Scott, 2018), as they 

are free of charge, have a user-friendly interface, and could together perform all the desired 

searches. The first search was similar to much of the previous research, drawing out 3-, 4- and 5-

grams. Using the minimum occurrence of 20 times per million words that was used in previous 

studies (such as Hyland, 2008a; Biber, Conrad, & Cortes, 2003; Cortes, 2004) would have 

required at least 58 occurrences in the corpus of each item. However, this study wanted to 

include dispersion as well as frequency as a measure of a phrase’s value to learners. Previous 

literature had suggested .7 or .8 (i.e., appearing in 70% or 80% of texts) as a common cutoff 

point for dispersion (Biber, Reppen, Shnur & Ghanem, 2016). But this corpus is composed of 

many shorter documents; the average word count for an article is 11,260. As a result, using a .7 

dispersion cutoff would have required the phrases to appear at least 120 times, or at least 62 

times per million words. Thus, to compromise between the recommended dispersion and 

frequency cutoffs for n-grams in this study, a .5 dispersion score was chosen. While this meant 

that the frequency cutoff had to be set higher than in most previous studies of n-grams (such as 

Hyland 2008a, 2008b), it meant that students would still access the n-grams that are less 

dispersed but still common enough to be characteristic of this genre.  
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This dispersion score meant a minimum frequency of 62 occurrences, or 32 times per million 

words. This search created a list of 26 n-grams. One of these n-grams was not relevant (‘https doi 

org,’ the result of websites that were cited throughout the articles) and was discarded, but the rest 

were kept. The resulting items were cleaned of duplicates or nested phrases. The n-gram results 

are discussed in more detail in Chapter 3.  

 

The second search followed Fischer-Starcke’s (2012) methodology for finding p-frames, using 

the AntGram software. As p-frames are much more common in the corpora than n-grams, the 

suggested dispersion cutoff point of .8 could be used without any issues. The search was set to 

yield 4-, 5- and 6-frames, with a novel word inserted at any of the inner slots in the p-frame. This 

search yielded 30 p-frames. Only p-frames whose variable words were semantically 

homogeneous, as described in the next paragraph, were kept, as ones with broad semantic 

variation refer to widely disparate concepts and are not conducive to teaching patterns (Fuster-

Marquez & Pennock-Speck, 2015). 

 

To be considered semantically homogenous, at least 51% of the tokens in the wildcard slot had 

to belong to one grammatical category (verb, noun, etc.) have some semantic similarity, and be 

able to be used across disciplines. For example, with the p-frame it be * to, 82% of the slot 

tokens were adjectives, and they were mostly adjectives of evaluation (‘important, sufficient, 

better, feasible, impractical, appropriate’). These words were also not so discipline-specific as to 

be useless for writers in other disciplines. Thus, this p-frame passed the semantic homogeneity 

test and was kept.  An example of a discarded p-frame is “on the ___ of,” where the variable slot 

was filled with widely disparate tokens (measurement, plasticity, set, day, basis, position, etc.). 

While these were mostly nouns, they did not have a semantic similarity to indicate any 

underlying patterns. This type of p-frames is not useful to students. 

 

Of the 30 p-frames collected, 21 passed the semantic homogeneity test and were kept for further 

research. For these p-frames, the information on the tokens in the variable slot and the frequency 

of each token was collected. These results are discussed in Chapter 3.  
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Next, for each item (n-gram or p-frame), AntConc was used to collect information about the raw 

frequency, the normalized frequency, and the dispersion scores of that item in the corpus. The 

dispersion scores have two parts: first, a score representing how dispersed the item is among the 

four corpora, and secondly, four scores, one for each corpus, representing how dispersed the term 

is among the 51 articles in the corpus. Dispersion is calculated as the percentage of texts where 

that term appears. There are multiple ways to calculate dispersion; a current favorite is Gries’ DP 

(Gries, 2013), but recent research has shown that simple percentage calculation leads to nearly 

identical results (Gray, Biber & Geluso, 2015). Like Gries’ DP, this measure is sensitive to 

dispersion and can be used to produce a separate dispersion sub-score for each separate section 

of a corpus (Biber, Reppen, Shnur & Ghanem, 2016). Keyness information was not collected, 

because that would have required an external reference corpus against which to compare the 

frequencies of words in this corpus, and since this is a target corpus, there was not a clear choice 

for comparison. In addition, recent advances in corpus methodology have found that dispersion 

and frequency information is often a better indicator of a corpus’ “aboutness” than keywords, as 

a term that is used occasionally across many texts is more representative of the writing in the 

whole corpus than one that is used frequently within a few texts (Egbert & Biber, 2018). 

Categorizing Results  

Once the quantitative data had been retrieved, the next step was to determine how best to make 

the data useful to researchers and students. Depending on the goal of the research, there are 

several different ways to sort the results. Linguistics-oriented studies typically sort the sequences 

according to two taxonomies; a structural taxonomy described in Biber & Conrad (1999) and 

refined in further studies (Biber, Conrad & Cortes, 2003; Hyland, 2008a), and a functional 

taxonomy, usually either the Biber, Conrad & Cortes (2003, 2004) taxonomy or the Hyland 

(2008a) taxonomy.  

 

The structural taxonomy classifies the phrases by their syntax. Biber & Conrad (1999) created 

the framework that is employed in most the recent literature. They find that most lexical bundles 

contain some section of a matrix clause followed by an embedded complement clause (a to-

clause, that-clause, or WH-clause). These lexical bundles can be categorized by which fragment 

of this combination they represent, such as beginning with a noun phrase, beginning with a 
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personal pronoun, including the preposition of (the most common preposition), other 

prepositions, or post-nominal clause fragments. Hyland (2008a) modified the structural 

categorization system to the following categories: noun phrases + of, passive + prepositional 

phrase, other prepositional phrases, prepositional phrases + of, noun phrases + other, anticipatory 

it structures, and miscellaneous. Later researchers tend to begin with either Biber & Conrad’s 

categorization or Hyland’s, and then focus on the syntactic categories that appear most 

frequently in their corpora, and, if necessary, add novel categories.  

 

In contrast, a functional taxonomy classifies the phrases by their use and thus requires more 

time-intensive and subjective sorting. Biber, Conrad & Cortes’ (2003, 2004) taxonomy was 

developed on a corpus of academic speaking and writing and has three major categories: stance 

expressions, discourse organizers, and referential expressions, along with a small catch-all 

category of special conversational functions. Hyland (2008a) reworked this classification to 

apply specifically to academic research writing. Using Halliday’s linguistic macrofunctions 

(Hyland, 2012), he sorted sequences according to if they were research-oriented (describing the 

field of research), text-oriented (similar to Biber’s discourse organizers, referring to the text 

itself), or participant-oriented (either communicating the writer’s attitudes or addressing readers). 

He found that some structural categories tended to align strongly with certain functional 

categories (Hyland, 2008a). 

 

In practice, sorting these sequences can be tricky. One example comes from Oakey’s (2002) 

study of the variable phrase it has been/is (often) * that, where the wildcard was verbs such as 

“claimed, asserted, believed.” The pragmatic uses of the lexical bundle were much more varied 

than he originally hypothesized. Thus, researchers must fight the urge to categorize their results 

simplistically and must make sure to expose their students to the full range of pragmatic uses of 

the formulaic sequences under consideration.  

 

While much formulaic language research categorizes the phrases by structure as well as function 

(Hyland, 2008a; Biber, Conrad & Cortes, 2003; Liu, 2011), given the pedagogical focus of this 

project, the phrases were only sorted functionally, using the schema in Hyland (2008a). Students 

in previous studies have reported that they prefer functionally organized lessons (Eriksson, 
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2012). This may be because it is easier to learn the nuances of new phrases when they are 

presented alongside semantically similar items, and because learning similar phrases together 

decreases the likelihood that the student will overuse a new functionally novel phrase (AlHassan 

& Wood, 2015; Lee & Swales, 2006).  

 

I also did not follow the previous methodology of sorting the phrases only according to their 

most frequent functional use (as in Biber, Conrad & Cortes, 2004); instead, if the bundles served 

multiple functional purposes, and each purpose occurred above the frequency cutoff score, the 

item was included in each of the functional categories where it appears. When one or more of the 

functional uses fell below the cut-off frequency of 30 instances per million words, it was not 

included on the list.  

 

In addition to Hyland’s functional categories, several other syntactic and rhetorical categories 

have received special attention as being particularly difficult for multilingual speakers to acquire 

and successfully use in academic writing. Thus, if p-frame and n-grams fit these categories, they 

were noted as being particularly useful for students. These categories are intensifiers/qualifiers 

(Ito & Tagliamonte, 2003); if-clauses (Warchal 2010); attribution (Hyland, 2012), passive 

reporting verb structures (Oakley 2002); anticipatory it clauses (Wei & Lei, 2011; Chen & 

Baker, 2010), evaluative that statements (Hyland & Tse, 2005), and hedging phrases (Hu & Cao, 

2011; Perez-Llantada, 2014). When the n-gram and p-frame results included phrases from those 

categories, they were flagged. This information was useful in deciding which formulaic 

sequences to highlight during the materials construction. 

 

The final step was to use the network visualization tools to see what network the p-frames and n-

grams created, and if there were any interesting patterns there that would help teachers and 

students to understand how the phrases connect. The results are reported in Chapter 3.  

Phase Two: Materials Construction 

The goal of the corpus investigations above was to provide results that would primarily interest 

linguists. But as these results are indigestible to most students seeking to apply the findings, we 

come to the material construction phase. This phase has two goals: selecting and visualizing the 
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results to make them accessible to students; and developing accompanying exercises to help 

students identify the context and patterns in formulaic language and apply them to their writing. 

“Selecting Formulaic Language for Materials” and “Creating Visualizations” address the first 

goal, while “Developing Exercises” and “Triangulation of the Corpus Results and Materials” 

address the second goal. It is important to note that in practice, these two steps often occurred 

simultaneously and informed each other. Of specific interest throughout this process is 

addressing the second research question of whether SNA visualization can create effective, 

student-friendly teaching materials.  

 

Given the interdisciplinary combination of corpus linguistics and SNA visualizations in this 

phase, the methodology is more exploratory and iterative in nature than in the previous phase. 

While the corpus stage mostly followed established corpus study norms, this approach combines 

lessons from the literature with experimentation. Thus, the methodology section will outline the 

tools available and the approaches used in creating the exercises, while the fourth chapter will 

seek to answer the second research question by describing the optimal framework for materials 

design that emerged and by evaluating the usefulness of SNA visualization tools in that process.  

Selecting Formulaic Language for Materials 

The real-world restrictions of the classroom implementation in the third phase meant that only a 

small section of the results on formulaic language from the first phase could be taught to the 

students. The implementation consisted of two 75-minute class periods in a six-week short 

course (see “Phase 3: Classroom Implementation” below for details). Given that the goal of the 

project was to introduce students to phrases with rich contextual information and rhetorical uses, 

it was also considered better practice to introduce a few phrases in depth than to skim through 

everything uncovered through the corpus analysis.  

 

Thus, the first step in creating materials was to select a subset of the formulaic language that 

would be most relevant and applicable to students. Past research has employed a variety of 

approaches in selecting phrases, including choosing the most frequent phrases (Cortes, 2004), the 

most dispersed phrases (Egbert & Biber, 2018), phrases rated by EAP experts as most useful to 

students (Simpson-Vlach & Ellis, 2010), or selecting a particular rhetorical or functional 
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category (AlHassan & Wood, 2015). The pedagogical studies named above (Simpson-Vlach & 

Ellis, 2010; Cortes, 2004; AlHassan & Wood, 2015) all balanced their primary form of selecting 

formulaic sequences by considering one or more of the other methods as well.  

 

The second question in choosing materials was how much access the students were to have to 

contextual information, i.e., should concordance lines be included for each n-gram? Should there 

be an example for every item that appears in a variable slot, or only the ones above a certain 

frequency? Should the lines be sorted by rhetorical use of the phrases, or should it be left to the 

student to map the rhetorical functions to the phrases? The tension here is between teacher-

directed and data-driven pedagogical uses of corpus (Gabrielatos, 2005). In the teacher-directed 

approach, the teacher uses corpus data and examples to construct assignments and guide students 

toward certain findings. For example, if the teacher wants students to learn that one citation verb 

is often used more positively than another, they pick examples of those two verbs from the 

corpus that clearly lead students to this conclusion. Data-driven learning, however, would give 

students either access to the corpus and corpus tools, or to the concordance lines of every 

example of the verbs, and ask the students to draw their own conclusions on the nuances between 

the verbs. The benefit of this is that the students are more invested and may be able to spot 

patterns that the teacher did not see; the cost is that it is time intensive and students can go down 

rabbit holes. Both approaches, however, offer the benefit of student involvement and 

consciousness-raising (Gabrielatos, 2005). 

 

The answer for the first question of which sequences to select for the teaching materials was to 

identify a set of thematically similar n-grams and p-frames that each represented a different 

aspect of authorial stance. “Stance” is a rhetorical category that covers how “writers present 

themselves and convey their judgments, opinions and commitments” (Hyland, 2005, p. 176). In 

academic writing, with its strong emphasis on objective, rational judgements, this is often done 

obliquely, through the use of evaluative phrases and words (Peacock, 2015). Because it is 

inexplicit, NNS writers have had trouble acquiring it and have been shown to benefit from 

corpus-backed explicit instruction (Chang & Schleppegrell, 2016). Thus, this category was 

chosen because the formulaic sequences in this category were both frequent and well-dispersed; 

they contained several syntactic elements that tend to appear less frequently in NNS writing than 
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NS writing; and they represented a rhetorical set that had proven difficult for NNS in previous 

research (Peacock, 2016; Chen & Baker, 2010; Adel & Erman, 2012; Perez-Llantada, 2014; Wei 

& Lei, 2011; Öztürk & Köse, 2016). The answers to the second question on teacher-directed or 

data-driven assignments will be discussed in the fourth chapter, as this tension was addressed in 

multiple ways while building a constructive framework for materials creation.  

Developing Exercises 

The second step, which happened concurrently with the first step, was to integrate the 

visualizations produced in the first step with exercises that would allow students to better 

understand the sequences and incorporate them in their writing. These two steps were 

intertwined because the exercises referred frequently to the visualizations, and the visualizations 

were modified to highlight the parts that were pertinent to the exercises. The first section below 

summarizes findings from the literature on teaching formulaic sequences that guided the design 

process, and the second section explains the types of exercises chosen based on that literature.  

Lessons from Previous Studies 

The first set of relevant literature is that which investigates the challenges of successfully 

teaching formulaic sequences. Students report that they avoid formulaic language because it is 

risky; sequences are harder than individual words to implement correctly; they may have been 

taught them as chunks, without context or deeper understanding; and they are more likely to have 

grammatical or semantic issues when using them (Coxhead, 2008). Once a phrase is learned a 

certain way, it can be difficult to incorporate feedback and change its use (Li & Schmitt, 2009).  

 

Several approaches to teaching formulaic language led the students to report raised 

consciousness, but they did not show improvement in formulaic sequence use in their writing. 

This was true both for NNS (Jones & Haywood, 2004), and for native-English speaking 

undergraduates (Cortes, 2006). In the first case, the students were given a series of worksheets on 

academic phrases, from gap-fill to distinguishing grammatical differences. In the second case, 

the undergraduates were presented five 20-minute lessons from a targeted corpus created 

specifically for their discipline (history). While the students reported finding the material helpful 
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and interesting, in both cases, the posttests of their class writing revealed no significant increase 

in either the variety or frequency of formulaic language.  

 

However, despite these challenges, the literature offers several successful approaches to 

overcoming these barriers and encouraging NNS to acquire an accurate command of formulaic 

sequences. The first is the data-driven learning approach that is recommended in Willis (2003); 

he encourages teachers to create small example corpora appropriate for their students’ levels or 

interests, and to allow the students to explore the corpus on their own. While this can take 

considerable time and energy, and searches without adequate direction or understanding can lead 

to confusion, data-driven learning approaches to vocabulary acquisition leads to higher student 

investment and better retention than traditional instruction (Soruc & Tekin, 2017, Karras, 2016). 

More structured approaches are also successful; one particularly useful approach is to take a 

specific functional category and use corpus concordance lines and directed exercises to help the 

students understand and internalize their options for that rhetorical category, as this addresses the 

challenge NNS can have of overusing a phrase because they are not familiar with other 

alternatives. Bloch (2010) used this approach to help his students understand the nuances among 

the most frequent reporting verbs in a corpus of academic articles. He selected concordance lined 

ahead of time that illustrated 27 different verbs and phrases used to report previous research, and 

he guided his students through understanding the rhetorical connotations and common 

collocations of the different types via pen & paper exercises. He observed that the students were 

engaged and understood subtle distinctions quickly. 

 

A similar approach is to take one grammatical feature and teach its functional uses and common 

collocations, with examples from concordance lines. Hyland & Tse (2005) conclude their corpus 

study of evaluative that statements by recommending this method. They found that while NNS 

users had no problem with the syntax of this frame, they tended use more affective items in the 

variable slot than their NS peers, so that their evaluative that statements tended to come across as 

“overstated” or “anxiously persuasive.”  

 

Whether data-driven or teacher-directed, students retain more when the exercises involve 

repetition and ask the students to write novel sentences using the formulaic sequences. Alali & 
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Schmitt (2012) found that in teaching English idioms to Kuwaiti students, students who reviewed 

the idioms had better recall and recognition. Written review was more effective than oral 

repetition. And “uncontrolled production” (AlHassan & Wood, 2015), where students write 

sentences and paragraphs in their own fields with the sequences, is an essential last step. When 

the students practiced the material in the context where they were likely to use them, they were 

both more enthusiastic about using them and more likely to retain them (Eriksson, 2012). 

 

The most successful case studies in teaching academic formulaic language employed a variety of 

learning exercises that included concordances, worksheets, and uncontrolled production. One 

was a brief exercise involving two workshops for PhD students (Eriksson, 2012). In Eriksson’s 

workshops, the PhD students engaged in four activities: speculating about the most common 

bundles & their frequencies in biotechnology, searching the corpora and analyzing concordances, 

working with prepared worksheets sorted by functional categories, and incorporating new 

bundles in their writing. While the students reported enjoying concordance activities and 

functional worksheets the most, the final exercise of writing novel sentences with the bundles 

was essential in helping student internalize and recall new phrases. 

 

AlHassan & Wood (2015) provide the most thorough and data-supported case study for effective 

formulaic sequence pedagogy. Twelve students in EAP programs participated in ten weekly, 90-

minute classes targeted at improving use of lexical bundles. The participants represented four 

different L1s and had a wide range of English placement test scores. Their use of lexical bundles 

was evaluated through pretests, posttests and delayed posttests. The corpora and teaching content 

were again field-specific, with 80% of class time dedicated to presentation of the material and 

worksheets, and 20% to uncontrolled production. Both the posttest and the delayed posttest 

showed significant increase in use of lexical bundles. The students increased in variety, not  just 

number, of lexical bundles used. This study demonstrates the vital importance of discipline-

specificity and uncontrolled production to make the information valuable to students.  

Exercise Types Used in Materials 

The visualizations and exercises that were developed for this project can be found in Appendix 

E, and their development is explained in Chapter 4. Before creating the materials, however, the 
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following three broad categories of exercises were chosen as models because of their proven 

usefulness to students in previous research. As the materials were designed, at least one question 

from each of these categories was included for each phrase:  

 

a) Comparison exercises that examined and contrasted different phrases used for a specific 

rhetorical purpose (Hyland, 2008b); 

b) Exercises specifically oriented at mastering functional & syntactic aspects of formulaic 

sequences that have proved difficult for NNS students in previous research; 

c) Tasks that require the student to implement the sequences in their professional writing, 

following the “uncontrolled production” model in AlHassan & Wood (2015). 

 

The (a) exercises help the students to understand and distinguish semantically similar sequences, 

as several studies have reported that students benefit from this approach (Lee & Swales, 2006; 

Bloch, 2010; Eriksson, 2012). Comparison helps them to distinguish sequences and can prevent 

some of the issues of overusing novel phrases. In this case, for the reasons outlined in a previous 

section, the rhetorical category is authorial stance and the exercises will examine aspects of how 

authors communicate stance. However, if the students merely read and discuss the comparative 

data on quantity of and rhetorical distinctions between phrases, they often to do not internalize 

the information (Eriksson, 2012). Thus, these activities should provide students with the 

comparative data and ask them to choose the most appropriate sequence(s) and defend their 

choice in a variety of fill-in-the-blank exercises.  

 

The exercises in (b) fill in the possible application step that has been suggested by many previous 

studies of NNS syntactic use of formulaic sequences in academic writing. These exercises will 

give students an additional chance to practice the structures that have been most difficult for their 

peers. Among the authorial stance phrases are instances of several syntactic constructions that 

have proven hard for NNS when writing: anticipatory it structures (Chen & Baker, 2010; Adel & 

Erman, 2012; Wei & Lei, 2011; Perez-Llantada, 2014), evaluative or probabilistic hedging 

(Perez-Llantada, 2014; Chen & Baker, 2010) participant-oriented bundles (Wei & Lei, 2011) and 

passive voice (Öztürk & Köse, 2016; Wei & Lei, 2011).  
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Finally, the uncontrolled production in (c) is an essential final step in enabling NNS writers to 

permanently adopt helpful novel structures (AlHassan & Wood, 2015). These semi-structured 

activities coach students to write sentences and paragraphs in their fields of research that employ 

new formulaic sequences. This can be as simple as writing a new sentence with a sequence, or it 

can involve editing previous writing or comparing the same paragraph written with different, 

rhetorically similar sequences. Graduate students often take this type of exercise seriously, as it 

provides a bridge between the instruction and the intended application (Eriksson, 2012).  

Creating Visualizations 

Once a set of phases had been selected, the next step was to visualize these phrases. The 

methodological steps necessary to perform this in the AutoMap and NodeXL software will be 

outlined in this section. In practice, these steps were applied several times in different orders and 

combinations to produce unique visualizations, and these were shared with NNS for feedback 

and editing before they were incorporated into the exercises. As a result, while the methodology 

is laid out below, the fourth chapter will discuss in more detail the best practices of using these 

methodologies to create effective materials.  

 

In creating the visualizations, the purpose is always to present the linguistic findings in a way 

that is attractive and accessible to professional NNS writers without a background in linguistics. 

When students must wade through lists and syntactic information not directly applicable to their 

writing, they quickly lose interest (Lee & Swales, 2006). Thus, these visualizations concentrate 

on the most immediately useful and easily explicable findings.  

 

Once AntConc and AntGram had identified the p-frames and n-grams in the materials, the 

information on the lexemes around the formulaic sequences and the distance and strength of the 

phrases’ connections to the surrounding lexemes could be gathered using AutoMap software 

(Carley, Columbus & Landwehr, 2014) and then visualized using NodeXL (Smith et al., 2010). 

To allow this, formulaic sequences had to be marked in a new corpus so that AutoMap and 

NodeXL would read them as unique items rather than as independent words. Thus, the corpus 

was converted into a second and third corpus appropriate for AutoMap. The second corpus 

contained the same material as the first, but the formulaic sequences were joined by an 
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underscore. For example, the n-gram “on the other hand” became “on_the_other_hand.” P-

frames had ‘pf_’ added to the beginning, and n-grams had ‘ng_’ added, for easy identification 

and ease in sorting the results. The final version of the previous example was 

“ng_on_the_other_hand.” In the first corpus, the variable slot in the p-frames were replaced with 

“XXX” so that “be difficult to be,” became “pf_be_XXX_to_be.”  This corpus allowed for the p-

frames to be studied without consideration for what lexemes appeared in the variable slot. 

However, because it could be useful for students to also learn how choices about the variable 

lexeme affected the material around the p-frame, a third corpus was also created. In this corpus, 

the variable slot in each p-frame was kept, so that “be difficult to be” in the original corpus 

became “pf_be_difficult_to_be.”  

 

These second and third corpora were uploaded to AutoMap, and two semantic (co-reference) 

network lists were generated for each corpus. A semantic network is a list of how often each 

word co-occurs next to another word within a given window size. It is possible to include 

bidirectional networks (looking to both the right and the left of the word within the window size) 

or unidirectional networks (looking only ahead of the word). For this project, the semantic lists 

were unidirectional. As writing is linear, it is essential to know whether the words in question 

tend to appear before or after the phrases.  

 

For the second and third corpus, a semantic list with both 2- and 3-word-window settings were 

created. Thus, each list provided the frequency with which any item occurred within either one 

or two words of each other item, and, for the 3-word-window, it also provided the average 

distance between the two items. This allowed the researcher to determine whether it was more 

likely to appear immediately before or after the phrase or a one-word distance away. The 

information on semantic networks in the second and third corpora were extracted and saved 

separately. For the second corpus, a 10-word-window semantic list was also generated, but this 

amount of information was too unwieldy to deal with in the third corpus. AutoMap recorded this 

data in .csv files that were compatible with NodeXL, the network visualization package. 

 

Finally, a fourth version of the corpus was designed to extract the relationships between just the 

formulaic sequences. In this corpus, using the settings available in AutoMap, everything that was 
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not marked with “pf_” or “ng_” was deleted and a placeholder put in its slot. Relationships 

between the formulaic sequences were measured with a 200-word-window with one paragraph as 

the stop-unit (thus, when the program arrived at the end of a paragraph, it would close the 

window, even if it was shorter than 200 words). This data indicates which formulaic sequences 

tend to occur together within paragraphs, and the average distance between them. 

 

These three datasets were too large for NodeXL to handle without crashing; the first step was to 

simplify the datasets by removing all relationships that did not involve any formulaic sequences, 

as these were not relevant to this study. Before removing them, the smallest .csv file had over 

400,000 relationships in it and the largest had over 711,000 relationships; after removing them, 

the smallest .csv file had about 18,000 relationships, and the largest one had about 36,000.  

 

Because the NodeXL software will visualize whatever data is inserted into it, the best approach 

to making visualizations was to extract all the relationships for one particular formulaic sequence 

from the .csv files, sort and categorize it in a variety of ways, put the data into NodeXL to see the 

results, and then work with the visualization tools there to make the information as accessible as 

possible.  

 

Before inserting it into NodeXL, however, there were a multitude of ways the information could 

be sorted. Each aspect of interest was mapped in a separate column next to each lexeme (see 

Figure 1), as NodeXL could treat each column as a variable associated with that vertex and 

provide many ways to visualize those variables (through color, size, edge length, etc.). The 

online tool WMatrix (Rayson, 2009) was used to tag each lexeme with a part of speech (POS) 

tag and semantic category. This allowed the researcher to quickly notice broad syntactic or 

semantic patterns in the use of the phrase and the surrounding lexemes. For example, some 

phrases often came directly before verbs or adjectives, while others appeared frequently after 

transition words or expressions of quantities. These patterns could then be used to group the 

lexemes when building the visualizations.  

 

There are other tools available for semantic and part of speech tagging, such as WordNet 

(Fellbaum, 2005). In the future, as this technique for sorting p-frames according to the semantic 
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features of their variable items is developed, it would be useful to use additional semantic taggers 

like WordNet and see if they lead to similar results as WMatrix tagging. However, as the 

WMatrix format was better adapted to providing information in cvs files, it was preferred.  

 

Finally, any relationship with a frequency of two or less was generally removed from the data; 

these were considered infrequent enough to not be interesting to the students, though if there 

were any interesting patterns in the data below the cutoff that was not included, this was noted 

separately so that it could be incorporated in the worksheets. Depending on the formulaic 

sequence under discussion, often higher frequency cut-offs were employed; this will be 

discussed in Chapter 4. 

 

 

Figure 1: Example NodeXL Information 

 

Once the selected relationships for one formulaic sequence and its attributes were imported into 

NodeXL, there were a variety of visualization choices. The core feature of NodeXL is that it 

takes whatever relationships are inserted and produces a graph showing the connections between 

vertices, called nodes; in this case, each node is a lexeme or formulaic sequence. It can group 
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vertices together and tabulate network properties (such as the number of in-degrees and out-

degrees and the betweenness and closeness centralities for each vertex). The color, shape, size 

and label of each vertex can be mapped to any of that vertex’s variables (frequency, in-

degree/out-degree, semantic tag, etc.). The color, width, style and label of the edges (the lines 

connecting the vertices) can also be mapped to the edge variables. In addition to the preset layout 

options, the user can manually move any vertex or alter its appearance. Figure 2 below shows the 

visualization created when the n-gram one of the and all its relationships with a frequency of 2 or 

higher were imported into NodeXL. Here, the arrows indicate if the node appeared before or 

after the phrase; the color indicates how close the word is to the phrase (orange being 

immediately next to, blue being at a 1- or 2-word distance), and the edge width is mapped to the 

frequency; the fatter the edge, the more frequently that lexeme appeared around the phrase. 

These are the settings chosen by the software; designing a helpful visual means choosing how 

and if the data points are visualized, how the nodes should be arranged, and what leads to 

maximum readability while communicating as much information as possible.  

 

 

Figure 2: Automatic NodeXL Visualization for one of the. 
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Triangulating the Corpus Results and Materials  

The final step was to triangulate the corpus findings by consulting novice and expert writers in 

each field. While corpus findings can be triangulated through other corpus methods (Baker & 

Egbert, 2016), in this case it is more helpful to triangulate via outside opinions (as in Jaworska & 

Themistocleous, 2017). As the formulaic sequences may vary from field to field in ways the 

researcher is not aware of, input from mature writers in engineering was necessary to ensure that 

students receive accurate information.  

 

Thus, the materials were piloted with six NNS graduate students to ensure that they were 

understandable and useful for their target audience, and to answer the second part of the second 

research question. Each student met with the researcher and went over all the prepared materials, 

attempting some of the questions and evaluating the information and presentation of the 

exercises. They were also asked if they see inaccuracies in how the phrases are grouped, what 

information they find surprising or novel, and if the visualizations are clear or confusing. They 

were able to provide discipline-specific nuances that I as someone who has not written in the 

field was unaware of. Their feedback was documented during each session and then incorporated 

into the materials and into the framework of best practices in making materials. 

Phase Three: Implementing Materials in Classroom 

The third research question asked if the materials developed in the previous phase could lead to 

better teaching outcomes than the results documented in Cortes (2006) and Jones & Haywood 

(2004), and if this could be demonstrated with (a) improvement in the variety and idiomaticity of 

student formulaic language from a pretest to a posttest and (b) similar results in a delayed 

posttest. The final methodological phase thus takes the finished teaching materials and tests their 

usefulness in a classroom setting.  

 

The sections below describes the context and details of the classroom implementation, followed 

with an outline of the three types of assessment employed to answer the third research question. 

The first is an ongoing formative assessment of the materials while the class is in progress; the 

second and third are the summative assessments that seek to answer the questions in 3(a) and 
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3(b). Formative evaluation is “evaluation used to improve a curriculum during its development,” 

while summative evaluation refers to “the final evaluation of a teaching instrument” that 

holistically gauges whether the intended effect of the curriculum is visible in student 

performance (Tyler, Gagné, & Scriven, 1967, p. 87). The goal of the formative evaluation by 

students and teachers is to gather a qualitative analysis of the strengths and weaknesses of the 

materials, and to make adjustments in real time when necessary, while the goal of the summative 

evaluation is to gauge the overall effect of the materials on student learning and writing.  

Classroom Implementation of Materials  

Ideally, students would study the full range of formulaic language in their disciplines and would 

be able to spend many weeks learning, reviewing, and incorporating the fixed and variable 

phrases into their writing. However, the time constraints on graduate students requires that they 

learn efficiently and quickly; this was why, in part, visualization was judged a helpful tool: it 

allows participants to understand and apply information quickly and could be used as an 

immediate reference during future writing. Thus, while it is unfortunate that the implementation 

could not happen over a longer time period, its brevity has the benefit of testing the materials’ 

effectiveness in a tight timeframe. The situational factors below lay out the context and duration 

of the implementation, and the implementation describes how class time was used.  

Situational Factors 

The materials were implemented in Fall 2019 at Purdue University, a large, research-focused 

university in the Midwest. Purdue is known for its engineering programs, and attracts many 

international undergraduate and graduate students, primarily for their programs in the sciences 

and engineering.  In recognition of the language needs of the large international student body, 

Purdue developed PLaCE, the Purdue Language and Cultural Exchange. This program was 

originally established to create a two-semester program to “improve first-year international 

students’ English language skills” (“About PLaCE,” n.d.). However, recently the program has 

extended to include short courses that cover a variety of language and cultural topics, from 

academic conversation skills to reading fluency. These classes are short, intensive, non-credit-

bearing, and have no additional fees for students. Each course targets a specific language skill 
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such as prosody, research presentations, academic conversation skills, sentence-level grammar, 

or common idioms and slang. The classes on academic writing almost exclusively attract 

graduate students and international scholars, so the materials in this project were implemented in 

“Essentials of Academic Writing,” the introductory short course on academic writing.  

Information on the student demographics came from current PLaCE short course instructors, 

who described their learners as highly motivated by intrinsic and extrinsic goals, and under stress 

to use every minute of their time efficiently. The students were mostly international graduate 

students, with a minority of them being visiting scholars. Visiting scholars tended to be very 

committed and make large gains throughout the semester, but they also usually began with 

weaker speaking and writing skills than the graduate students. The graduate students tended to 

enroll either because they had received feedback that they need to improve their writing from 

advisors or instructors, or because they were working on a document or manuscript and wanted 

to improve the quality of that work. Because of the structure of the engineering programs, the 

students were highly motivated to learn writing skills and apply them, but they often struggled 

with not having a scalable way to learn these skills because they had minimal writing 

assignments outside of the major goals of conference proceedings, articles, theses and 

dissertations. Their classes rarely required much writing, and lab reports usually received no 

feedback on structure, syntax or rhetorical effectiveness. Thus, this class offered a valuable 

opportunity for them to hone their academic writing and learn tools for tackling the high-pressure 

projects ahead of them. However, given the other pressures on them and the non-credit nature of 

the class, student dropout throughout the semester was common. 

Classroom Time 

“Essentials of Academic Writing” was offered twice in Fall 2019, and the materials were 

implemented in both sections. The course was six weeks long and met twice for 75 minutes 

every week. In both classes, the fifth week was dedicated to learning and using formulaic 

language. I guest lectured for he primary instructor for those two 75-minute sessions. The 

original and revised lesson plans for those two sessions are in Appendix D; their structure and 

revision are discussed in Chapter 5. To see how the formulaic language section fit into the 

surrounding coursework, the syllabus for the class can also be found in Appendix F. 
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Formative Assessment 

The formative evaluation combines teacher impressions with student feedback. As in Eriksson 

(2012), both short courses concluded with a short discussion of the students’ opinions on the 

effectiveness of the class and the content and accessibility of the teaching materials, both via 

written answers to a questionnaire and oral discussions. After each lesson, the instructor also 

wrote notes on what content was covered, what questions or concerns arose, and what exercises 

received the most and least student attention (following Lee & Swales, 2006). Given that 

previous studies have drawn attention to the difficulty of correcting entrenched inaccurate 

language patterns (Coxhead, 2008; Li & Schmitt, 2009), special note is taken of inaccurate 

patterns evident in the students’ first writings, and the effect of explicit alteration. This, 

combined with the student feedback, allowed me to gather the students’ more immediate 

reactions to the materials and reflect on the role the materials played in hindering or furthering 

the student progress that was measured through the summative evaluation.  

Summative Assessment: Pre-, Post- and Delayed Post- Test 

Several different evaluative methods have been used to measure if students have increased in the 

quantity and quality of their use of formulaic language. Students’ use of formulaic language can 

be analyzed in their essays written after the instruction (Cortes, 2004), or in timed paragraphs 

written in response to a specific prompt (alHassan & Wood, 2015) or via recall and 

comprehension tests (Alali & Schmitt, 2012). 

 

However, given the time constraints, extended writing would not be feasible. And as the students 

were mastering the use of a small family of formulaic language and the differences between 

variants of the variable phrases, it would have been difficult to create a writing prompt that 

would give them an opportunity to use what they had learned in a scenario close to real life. 

These instances of academic writing generally appear once or twice every few paragraphs, and 

the time constraints make it impossible for them to write anything long enough for multiple 

meaningful uses of authorial stance. A writing exercise also would not accurately judge if the 

students had met the objectives of the class, as it would only display what formulaic language 

they chose, not why they chose it or what similar options they considered and discarded. Thus, 
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for this project, a novel form of evaluation was developed: the re-writing exercise.1 The re-

writing exercises assess the students’ abilities to identify the phrases and their uses and produce 

fluent idiomatic re-phrasing. 

 

In the rewriting exercises, the students are given sentences drawn from the corpus described in 

Chapter 1, to ensure that they were accurate representations of academic writing. Each sentence 

contained a highlighted use of one of the phrases covered in class. The prompt asks the student to 

either identify the function of the phrase or reword part of the sentence, to, for example, indicate 

a more positive stance, increase the forcefulness of a statement, or indicate a higher degree of 

certainty or doubt. The total set of questions can be found in Appendix G. The students 

completed these exercises when the first class started on the first day, at the end of class on the 

second day, and a week later at the end of the short course.  

 

The students’ rewording were rated qualitatively before being quantitatively summarized. In the 

first round, correct and incorrect responses were noted, and the incorrect responses were labeled 

with the type of error: no answer, misunderstood question, lack of explanation (if the question 

called for an explanation of their answer), different part of speech (if, for example, a verb was 

replaced with an adjective rather than another verb). In the quantitative summary, the types of 

responses were simplified to three groups: no answer, correct, and incorrect. Partially correct 

answers were included under correct. Partially correct answers included answers were students 

and written down multiple synonyms in answer to a question and only some were true 

synonyms; and when they correctly identified stance or part of speech, but did not provide 

reasoning. The results from the students’ answers on the pre-, post-, and delayed posttest were 

compared. The results of the tests are reviewed in Chapter 5. 

  

                                                   
1 Many thanks to Dr. Matthew Allen, Assistant Director of Curriculum and Instruction at PLaCE, for suggesting this 

approach to assessment.  
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CHAPTER THREE: CORPUS RESULTS 

Introduction 

The first research question was as follows: 

 

(1) What formulaic language is uncovered through a corpus study of engineering research 

articles?  

(a) Do these results agree with or deviate from previous studies of academic writing in 

general and engineering writing in particular? 

(b) Which formulaic sequences are most useful for NNS students seeking to develop their 

academic writing?  

 

To best address the main question, I will describe the results of the corpus analyses while 

touching on Research Question 1(a) where relevant. The bulk of the findings consist of 

classifying and analyzing the 21 p-frames, as they had far more variability and syntactic 

complexity than the n-grams and fell into three distinct groups. This is followed by a summary of 

the n-grams and an explanation of the networks between the phrases in the corpus. Previous 

literature is discussed along with the results that most directly relate to it. For example, the 

section on “Noun & Preposition P-frames” concludes with a discussion of the connections to 

Biber & Gray’s (2010) research on the increase of nominalizations in academic writing. 

Following the corpus findings, the connections to literature are briefly summarized to fully 

answer Research Question 1(a). The final section addresses Research Question 1(b) and leads to 

the next chapter on materials development.  

N-Grams and P-Frames in This Corpus 

P-Frames 

I will discuss the results of the p-frames first, as the patterns that emerged among them were 

salient in categorizing the n-grams. Using the methodology laid out in Chapter 2, “N-Gram and 

P-Frame Identification,” 30 p-frames were identified via the corpus search; 22 of these passed 
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the semantic homogeneity test. Table 1 shows the information for these 22 p-frames, including 

the syntactic feature of the variable slot that allowed it to pass the semantic homogeneity test.  

 

Table 1: P-Frames in Corpus 

P-frame Occurrences Range # variable 

tokens 

Main Type of Variable 

slot 

be * as a 570 199 133 Passivized verb 

be * as the 533 201 199 Passivized verb 

be * by the 985 249 267 Passivized verb 

be * for the 496 194 188 Passivized verb 

be * from the 506 193 149 Passivized verb 

be * in the 1272 252 383 Passivized verb 

be * on the 492 190 165 Passivized verb 

be * to be 784 208 110 Passivized verb 

be * to the 1162 247 195 Passivized verb 

can be * to 444 192 117 Passivized verb 

it be * that 597 171 93 Passivized verb 

it be * to 568 195 137 Passivized verb 

use to * the 565 190 189 Passivized verb 

and the * of 819 227 386 Abstract noun 

for the * of 695 212 276 Abstract noun 

in the * of 1747 250 323 Abstract noun 

of the * be 1007 232 449 Abstract noun 

on the * of 832 218 317 Abstract noun 

that the * of 571 198 281 Abstract noun 

the * in the 850 216 387 Abstract noun 

to the * of 1083 245 447 Abstract noun 

it be * to 568 195 136 Evaluative adjective 

 

This first examination of the p-frames points out several interesting characteristics. Previous 

analysis of p-frames in business writing found that, using intuitive categorization, the most 

common p-frames could be split between those used in general English and those specific to a 

business context. For example, “a * of the” was identified as general English, and “the class * 
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share” and “net asset value *” were business specific (Fischer-Starcke, 2012). However, none of 

the 30 p-frames identified in this corpus included engineering-specific fixed words. Not only 

were the words generic; all words in the p-frames were function (closed-class) words rather than 

content (open-class) words, with the one exception of the “be” and “use” verbs. As “be” is used 

to create a passive, it is, arguably, also a function word. The other words are all articles (the, a), 

prepositions (of, by, from, in, to, with, as), and pronouns (it, that).  

 

Before claiming that this lack of engineering words and predominance of function words was 

significantly different from Fischer-Starcke’s findings, there were two possible methodological 

reasons for the difference to investigate. The first was that, unlike Fischer-Starcke, I did not 

include p-frames with variable slots on the external edges, as these are no different than n-grams. 

Thus, I ran the p-frame search again, allowing for external variable slots. The results overlapped 

completely with the n-grams discussed in the next section, and none of them had engineering-

specific vocabulary. Second, it was possible that the variety of concentrations in the engineering 

corpus obscured technical p-frames because the technical vocabulary differed across sections; 

this was checked by analyzing each disciplinary corpus individually, searching for 4- to 6-frames 

with a dispersion above .8. However, the results in each of the four sub-corpora were nearly 

identical to the results of the entire corpus; and none of them featured p-frames with technical 

vocabulary.  

 

This leads to the conclusion that what writing in engineering journals has most in common is not 

technical idioms and vocabulary; it is phrasal structures. Previous efforts to identify common 

academic phrases (such as in Simpson-Vlach & Ellis, 2010) have had much lower frequency and 

dispersion requirements, and thus have discovered idiomatic phrases. But the p-frames approach 

uncovers the much more common syntactic structures that underlie much of academic writing. 

Words from grammatical (closed) classes primarily serve syntactic functions, as opposed to the 

content provided by the open classes such as nouns and verbs (Harley, 2006: 118-119). 

Essentially, what the p-frame search uncovered was a set of grammatical structures that are used 

heavily in academic engineering writing. These structures could be neatly divided into two 

groups, which we will call passive verb p-frames (with 12 p-frames) and noun + preposition p-

frames (with 8 p-frames). Corpus examples of each of the p-frames within both groups are 
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shown in Table 1Table 2. The following sections will discuss the passive verb p-frames, the 

noun + preposition p-frames, and finally, the one outlier is “it be * to.” 

 

Table 2: Corpus Examples of Passive Verb and Noun + Preposition P-Frames 

Phrase Examples from Corpus 

be * as a “etoclopramide is used as a short-term treatment of heartburn” 

“The in-person training was suggested as a way to help lower barriers” 

be * as the “where the current disturbance is chosen as the band-limited white noise” 

“Although the latest test results were described as the most important,” 

be * by the “the other quantities are calculated by the solver” 

“Evolution was measured by the Hitachi S4 scanning electron microscope” 

be * for the “alleviated concentrations… were observed for the neutrophil-NP” 

“the SPH are utilized for the deformation behavior analysis” 

be * from the  “The model of the vibrational dynamics is borrowed from the work of Esbrook et al” 

“The plate angle is derived from the height measurement” 

be * in the  “Although various distribution network issues are addressed in the above literature,” 

“When T1 and the TOI are located in the abnormal regions,” 

be * on the “SIMS measurements were started on the randomly selected analysis areas” 

“all systems are trained on the corresponding train set” 

be * to be “the coupling ratio is estimated to be 0.24%” 

“given the long time span of the data, the bias is expected to be marginal” 

be * to the “Both of our methods can be related to the surface registration approaches” 

“the plasma flow is introduced to the domain from the left-hand side boundary.” 

can be * to “MUT can be implemented to use either capactive (CMUT) or piezoelectric” 

“Algorithm 2 can be shown to exhibit the same desired properties” 

it be * that “it is envisioned that a kinetic impactor would be jettisoned” 

“It was observed that increasing the aspect ratio decreased the length of the core;” 

use to * the “the classifiers are used to classify the unseen data” 

“It is used to determine the inflow conditions for the second sphere” 

and the # of 

“H corresponds to the proton consumption and the amount of hydroxo linkages” 

“they alter the interpretation and the generalizability of the experimental results” 
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Table 2 continued 

for the # of 

“a new sufficient condition for the stability of the peak covariance was established.” 

“For the sake of simplicity, we merge the quarterly reports of every three months” 

in the # of 

“#4 is dominated by the cost of the SVD involved in the computation of SVT” 

“(See definition 8.14 in the work of Bohner and Peterson)” 

of the # be 

“The concept of the method is illustrated in Fig. 1. 

“a distributed point-mass model of the spacecraft is developed to reflect this” 

on the # of 

“reduce the influence of DRIE process variations on the accuracy of the frequency” 

“this problem formulation relies on the validity of Assumption 3” 

that the # of 

“Raman spectroscopy confirms that the presence of strain coupling…is strongest” 

“Information processing theory suggests that the value of information systems increases” 

the # in the 

“one must consider the uncertainty in the estimate” 

“Fig. 21 illustrates the difference in the temperature modeling” 

to the # of 

“low rank assumption is difficult to be satisfied due to the existence of tail labels” 

‘the average thickness was unchanged compared to the thickness of the original” 

 

Passive Verb P-Frames 

Role of the Passive 

The use of “be” to indicate a passivized verb accounted for 11 of the 12 instances of p-frames 

with be: for example, be * as a most commonly occurred with the variables, “used, defined, 

considered,” and be * to be most commonly occurred with “assumed, found, considered.”  Since 

the p-frame use to * the also primarily had passive verbs in the variable slot, it was included in 

this group. Table 3 gives the percentage of the total occurrences of each p-frame where the 

variable slot was a passive verb. It be * to is included to show that, despite having a similar 

appearance to the other p-frames, it did not have enough verbs in the variable slot to belong. The 

verb count was created by first tagging all the items in the variable slot with WMatrix’s Part of 

Speech Tagger, and then manually resorting the verbs that it had tagged as nouns (WMatrix 

chooses Noun before Verb when tagging ambiguous words like ‘train, design, convert’, so the 

verbs did not have to be checked). 

Table 3 gives the percentage of the total occurrences of each p-frame where the variable slot was 

a passive verb. It be * to is included to show that, despite having a similar appearance to the 
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other p-frames, it did not have enough verbs in the variable slot to belong. The verb count was 

created by first tagging all the items in the variable slot with WMatrix’s Part of Speech Tagger, 

and then manually resorting the verbs that it had tagged as nouns (WMatrix chooses Noun before 

Verb when tagging ambiguous words like ‘train, design, convert’, so the verbs did not have to be 

checked).  

 

Table 3 gives the percentage of the total occurrences of each p-frame where the variable slot was 

a passive verb. It be * to is included to show that, despite having a similar appearance to the 

other p-frames, it did not have enough verbs in the variable slot to belong. The verb count was 

created by first tagging all the items in the variable slot with WMatrix’s Part of Speech Tagger, 

and then manually resorting the verbs that it had tagged as nouns (WMatrix chooses Noun before 

Verb when tagging ambiguous words like ‘train, design, convert’, so the verbs did not have to be 

checked). 

Table 3: Passive Verb P-Frames 

P-frame % passive verb 

be * as a 90% 

be * as the 69% 

be * by the 93% 

be * for the 67% 

be * from the  75% 

be * in the  77% 

be * on the 86% 

be * to be 88% 

be * to the 55% 

can be * to 94% 

it be * that 62% 

it be * to 17% 

use to * the 98% 
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This predominance of passive verb constructions in academic writing is a commonly highlighted 

feature of academic writing and is known to cause difficulties for NNS writers. This is especially 

true of engineering and science writing, which employ “about four times more passive bundles 

[than linguistics and business texts], often followed by a prepositional phrase marking a locative 

or logical relation,” according to Hyland’s 2012 corpus study (p. 164). This predominance is 

difficult for NNS, not because of the grammatical construction, but because of the difficulty in 

identifying its appropriate rhetorical functions. Öztürk & Köse (2016) find that Turkish writers 

import awkward-sounding passive constructions from their L1s. Both Conrad (2018) and Wei & 

Lei (2011) found that advanced Chinese EFL learners overused passives in their writing and 

hypothesized that this stemmed from an attempt to sound impersonal while writing. Oakley 

(2002) emphasized the difficulty NNS students have in mastering these forms when he identified 

the six different rhetorical functions that one passive phrase had in his corpus. Thus, considered 

pedagogically, the existence of a high number of passive constructions in academic writing is not 

a barrier to students; rather, the rhetorical functions of these constructions are the barrier. To 

better understand their rhetorical functions, we will now discuss the semantic categorization of 

the verbs in the variable slots.  

Semantic Trends in the Verbs in Passive Verb P-frames  

WMatrix provided semantic as well as part-of-speech tags for each verb, but its categorization 

needed amendment; for example, key verbs like ‘design’ and ‘depict’ were labeled “Arts and 

Crafts.’ Thus, where necessary, WMatrix categories were merged into my categories, which 

were based on the most common academic use of those items (see Appendix C for full details on 

which categories were combined and renamed, and examples of the verbs in each category). Any 

category with less than then 10 total instances in the corpus was deleted; for example, there the 

six instances of ‘suture, inject’ that were categorized as “Medical,” and these are not included; 

this removed 306 of the 6,297 tokens. The 5,991 tokens remaining were split between 26 

semantic categories, shown in Figure 3.  
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Figure 3: Semantic Categorization of Verbs in Passive Verb P-Frames 

 

Surprisingly, as with the fixed words in the p-frames, the words in the variable slot were not 

predominantly technical engineering vocabulary. The technical vocabulary was broadly 

represented by the Make, Math, Measure, Move, Change, and Change Quantity categories, as 

these included verbs such as “solder, calibrate, filter, transpose.” However, combined, these 

categories represent only 20% of the verbs. Instead, the largest theme among the categories is 

that of knowing and transmitting knowledge. The categories of “Speech Acts, Think, Find, 

Record, Investigate, and Understand” together accounted for 40% of the variable slot verbs. The 

five most frequent verbs in each category, along with their frequencies and additional examples 

for each category, are represented in   
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Table 4. 
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Table 4: Knowing Verbs in Passive Verb P-frames 

 

Together, the occurrences of the passive knowing verbs in these p-frames account for 2,874 

occurrences. While these p-frames indicate the most common fixed surroundings of this set of 

verbs, these verbs appear, preceded by a passive be, a total of 11,039 times in the corpus, 

meaning that passivized verbs of knowing and understanding are used on average 41 times in 

every article. 

 

This use of passive verbs of knowing also paints a fuller picture of engineering writing. Previous 

studies of n-grams in engineering writing have emphasized that they are used to connect the 

Category Verbs Count 

 

Category Verbs Count 

Speech 

Acts 
define 234 Record show 202 

apply 150 represent 63 

describe 94 observe 42 

attribute 64 write 29 

introduce 47 denote 22 

refer, discuss, say, report, propose, explain, 
confirm, guarantee, interest, predict, 
summarize, specify, suggest, mention 

map, rewrite, record, note, 
notice, document, encode, 
highlight, address, list, register 

Think assume 210 Investigate investigate 27 

consider 188 focus 24 

base 114 study 23 

expect 76 analyze 21 

estimate 70 test 18 

regard, formulate, suppose, concentrate, 

believe, deem, visualize, think, extrapolate, 
generalize, conclude, resolve, reconstruct,  

Others: assess, review, seek, 

check, examine, inspect 

Find find 181 Understand interpret 24 

see 90 understand 11 

observe 83 infer 6 

know 66 realize 5 

identify 22 deduce 2 

Others: detect, reflect, indicate, 
demonstrate, display, recognize, 
corroborate, perceive, discover, reveal 
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visuals to the text and organize the text (Hyland, 2012); examples include “are shown in Table 

X” or “are summarized in Figure Z”. (Hyland, 2008b). Hyland categorizes these as text-oriented 

phrases and point out that engineering uses fewer participant-oriented bundles than the 

linguistics and business texts (Hyland, 2008b).  

 

In contrast, the passive verb p-frames provide thousands of examples of formulaic language that 

is not text-oriented. Examples (1)-(4) below are all participant-oriented, as the writers lay claim 

to previous knowledge and guide their reader to the desired conclusions. (5) links the text to a 

visual, but even this is still participant-oriented, as it asks the reader to reach a certain 

conclusion.  

 

(1) It is thought that the jetting force serves as the mechanical removal mechanism. 

(2) It is known that the main limitations of the SRS based pharmacovigilance include under-

reporting, duplicate reporting and lack of specific control group for comparisons.  

(3) It can be concluded from the stress analysis… that the tube is not only subjected to the 

vertical upward bending force, but also the axial thrust force.  

(4) This idea proves to be particularly effective when FLQR is adopted within the MPC 

framework, in which case our approach can be interpreted as a tracking strategy for the 

optimal final time while solving standard LQR problems. 

(5) This also has a detrimental effect on performance as it can be noted on the oscillatory 

behavior in Figure 12.  

 

While most of these passive verb p-frames are too infrequent to appear on an n-gram search, the 

p-frame search allows us to group these functionally similar verbs together and realize how often 

engineering writing actively constructs a discourse of knowing and learning. These are not verbs 

used to report experiments; instead, these verbs have complex rhetorical functions – establishing 

authority, building a niche, linking visuals to text, appropriately making and hedging new claims, 

creating arguments. Especially important are the participant-oriented functions: building a shared 

knowledge base with the reader, highlighting important aspects of one’s own findings, and using 

the work of others to create a background for one’s own work. We will discuss these functional 

uses more in the functional categorization section.  
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As mentioned earlier, this semantic analysis explains why the passive construction is difficult for 

NNS to use. The rhetorical functions described above are the very ones that have been found to 

be difficult for NNS writers (Bloch, 2010; Wei & Lei, 2011; Hyland & Tse, 2015). NNS students 

are taught that scientific writing should be objective and impersonal, but they are not taught how 

expert writers use objective-sounding passive constructions to establish their authorial stance, 

highlight interesting points, and engage the audience.  

Noun & Preposition P-Frames 

The use of be + passive verb was not the only similarity shared by many of the p-frames. Eleven 

of the 30 original p-frames, and eight of the 20 p-frames that passed the semantic homogeneity 

test belong to the noun + preposition group. Six of these include “the * of” within their four-

frame. “With the * of,” and “the * of the,” are examples of discarded p-frames, while “for the * 

of,” and “that the * of” were kept. The other two members of the noun + preposition group are of 

the * be and the * in the.  

 

While previous studies of engineering writing have found a "greater real-world, laboratory-

focused sense of writing,” (Hyland 2008b), this is not entirely true of this set of p-frames. 

Examination of the nouns that filled these slots revealed several key features: first, that they are 

predominantly abstract nouns; second, that they feature many nominalizations, and third, that 

they nouns fall into several broad semantic categories that again are essential in incorporating 

author stance and author opinion into objective-sounding prose.  

Abstraction and Nominalization 

We will look at abstractions and nominalization first, as these semantic and morphological 

features are linked. Notably, 73% of the categories, referred to abstract items. To determine 

abstractness, every semantic category uncovered by WMatrix was classified as abstract or 

concrete, following the definition in Abrams & Harpham (2011), where concrete “denotes a 

particular person or physical object” and abstract “denotes either a class of things or else… 

qualities that exist only as attributes.” (p. 60) There were a few categories with both abstract and 

concrete words; these were labeled as “Mixed,” and a rough estimate of the abstract words was 
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used to determine what percentage of the category would count towards the count of abstract 

nouns. Table 5 shows the highest frequency categories and their classification as concrete or 

abstract. This serves as a reminder that though engineering writing is focused on explaining 

laboratory studies, much of the writing is abstract and, correspondingly, difficult.  

 

Table 5: Abstraction in Noun + Preposition P-frame Variable Slots 

Top Categories Abstract or 

Concrete 

Examples Number 

of Items 

Kinds, groups, 

examples 

Abstract case, form, instance, kind, sample 436 

Location and direction Abstract accessibility, orientation, position, 

trajectory, transfer 

420 

Technical Mixed bevel, cardinality, cathode, 

conductivity, emitter, etiology 

400 

Language, speech and 

grammar 

Abstract abbreviation, term, terminology, 

usage, work 

304 

Cause & 

effect/connection 

Abstract basis, effect, impact, relation, result 286 

Quantities Abstract amount, extent, portion, set, sum 257 

Objects Generally Concrete ball, basin, hammer, instrument, 

spring 

249 

 

This abstraction is closely linked with a second trend in the data: verbal and adjectival 

nominalizations, which were tabulated because they are discussed extensively in Biber & Gray 

(2010). While abstraction is a semantic categorization, nominalization refers to morphologically 

deriving nouns from verbs and adjectives, and these words form a subset of the abstract words. 

Biber & Gray find a significant increase over time in intangible nouns derived from verbs or 

attributes in academic writing, so I looked for evidence of similar intangibility in these nouns by 

searching for common morphological noun endings that denote adjectival and verbal roots (-ion, 

-ment, -nce, -y, and -ness) and manually adding the others nominalizations in the dataset. This 

returned 487 nouns, which collectively accounted for 34% of the slots (Table 6).  
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Table 6: Nominalization in Noun + Preposition P-Frame Variable Slots 

Percentage Type Examples % of 

Words 

Verbal 

Nominalizations 

  

  

"-ion verbal nominalization" production, interaction, separation, 
generation 

15.7% 

-ment verbal nominalization" development, improvement, 
management, treatment 

2.5% 

-nce verbal nominalization" existence, dependence, governance 4.0% 

other verbal nominalizations choice, removal, recovery, release 4.4% 

Adjectival 

Nominalizations 

-y adjectival nominalizations variability, mobility, convexity 4.4% 

-nce adjectival nominalizations absence, distance, convenience 4.0% 

-ness adjectival nominalizations thickness, skewness, hardness, inertness 0.7% 

Total   34.7% 

 

The data develops and extends several of the points in Biber & Gray, 2010. They argue from a 

variety of data points that nominalization has increased dramatically in pre-modifying nouns 

(nouns that modify other nouns), and that a rise in prepositional phrases has contributed to “the 

loss of explicit meaning” and the decrease of verbs in academic prose. What this family of p-

frames reveals is a combination of these two trends. The nominalizations are not unique to pre-

modifying nouns; they are also present in the increasing use of prepositional phrases.  

Biber & Gray’s overall argument that pre-modifying nominalizations reduce the use of verbs and 

obscure the relationships between elements holds true in these prepositional phrases. 

 

First, the predominance of the verbal nouns over the adjectival nouns (25.6% of slots as opposed 

to 9.1%) point to the way these nominalizations are replacing verbs. The authors of these 

engineering articles are replacing verbs with verbal nominalizations more than they are replacing 

adjectives with adjectival nominalizations.  

 

Second, Biber & Gray argue that pre-modifying nominalizations (such as “reprisal raids”) 

completely obscure the relationship between the two nouns; but prepositional phrases (“raids of 
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reprisal”) are scarcely clearer. Sentence (1) below, from an aerospace text, demonstrates how 

these embedded relationships lead to highly compact, inexplicit meaning in the same way as pre-

modifying nominalizations. It includes both the pre-modifying nominalizations described in 

Biber & Gray (“separation bubble, “pressure gradient”), and several italicized nominalizations 

embedded in prepositional phrases, which have been indicated with brackets. 

 

(1) It appears that the adverse pressure gradient that is produced [by the addition [of the flow 

[through the rocket ejector]]] is primarily responsible [for the separation [of the boundary 

layer [on the inner wall [of the duct]]]] and thus the production [of the separation 

bubble].”  

 

In this sentence, the author has embedded actions into prepositional phrases four times, thus 

stringing a great deal of information and action into a small space. While this sentence may be a 

more extreme example, it is neither a poorly written example, nor was it hard to find.  

Thus, before exploring the semantic categories of the variable slots in this set of p-frames, we 

have found further support for the arguments that academic writing is abstract, dense, and 

inexplicit, and requires expertise to read and, particularly, to write. The emphasis on “hard 

science” in engineering writing does not exempt it from these challenges.  

Semantic Categories 

Since the nouns are predominantly abstract and highly nominalized, we expect the semantic 

categories to be broadly abstract as well, and they were. As WMatrix identified 232 categories, 

there was much more variety in than in the passive verb p-frames. However, some of these were 

inappropriately sorted; for example, the category “Calm” consisted of the word, “rest,” but in 

this corpus it is used in the sense of “remainder.”  These items were manually resorted, and 

categories with fewer than ten occurrences were removed, leaving 62 categories. The majority of 

these categories could be combined in 4 broader groups that together accounted for 79% of the 

variable slots. The full details on the categorization adaptions are in Appendix C, with example 

words, and this data is summarized in Table 7.  
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Table 7: Semantic Categorization of Noun + Preposition P-frame Variable Slots 

My Category Percentage WMatrix Categories Examples 

Research 29% Investigate, examine, test research, assessment, analyze 

Knowledge database, identification, information 

Language, speech, grammar terminology, vocabulary, abbreviation 

Mental Objects system, method, target, pattern 

Paper documents and writing paper, flowchart, graph, text 

Evaluation 22% Likelihood potential, viability, prospect 

Quantity increase, reduction, peak, scarcity 

Cause & Effect /Connection result, impact, effect 

Comparing norm, variance, comparison 

Evaluation quality, accuracy, error, validity 

Helping/Hindering recovery, benefit, drawback, obstacle 

Engineering 16% Anatomy and physiology eye, pore, tissue, optic 

Business vendor, office, retailer 

Electricity anode, radar, voltage 

Medical hospital, physician, diagnosis, injection 

Abbreviations CSA, RSE, ATP  

Objects generally bundle, pipelines, pendulum 

Science & technology engineer, topography, wavelength 

Substances & materials chemical atom, granite, substrate 

Technical flowfield, accelerometer, ferrofluid 

Flying & aircraft trajectory, asteroid, Jacobean 

Light light, beam, laser 

Vehicles and transport bumper, cart, transport 

Math 12% Mathematics ratio, computation, equation, sum 

Measurement radius, diameter, gauge 

Shape sphere, spiral, geometry 

Total 79% 
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As with the p-frames, the slots are remarkable for the degree to which they do not refer to 

technical information. The two groups “math” and “engineering” accounted for 28% of the slots 

and covered the categories that one would expect to find in unusually high frequencies in 

engineering research articles. Some of them clearly correspond to the topics of the sub-

disciplines; for example, “flying & aircraft” with aerospace engineering, “electricity” and “light” 

with electrical engineering, “medical” with the biomedical emphasis in both industrial and 

mechanical engineering. While the mathematical variable slots were most common in aerospace 

articles, again, their overall presence in all four disciplines is expected. 

However, these together accounted for less than a third of the variable slots. 51% were occupied 

with two distinct yet related categories: the first, accounting for 29% of the nouns, were general 

words related to research, as in the following sentences. 

 

(1) most of the literature is dedicated to measurements under stagnant flow configurations.  

(2) Algorithm 2 can… get better inner estimates of domains of attraction than the method in 

the work of Luk and Chesi.  

(3) An edge in a directed graph denotes that the node VJ has access to the information of 

node VI. 

(4) the components obtained by employing the JIVE in the analysis of grossly corrupted data 

may be arbitrarily away from the true ones.  

(5) If the owners of all the other entries of the database are colluding with the enemy… 

 

These broad terms, which appear in academic research regardless of topic, account for a greater 

percentage of the variable slots than the technical math and engineering words. They serve two 

primary rhetorical uses: first, as in (1) and (2), they refer to the works of others and thus set up 

the niche and purpose of the authors’ work. Second, as in (3) through (5), they are ways to 

discuss the authors’ own work. The functional categorization of these two purposes will be 

discussed in the section on functional categorization, but for now it is enough to note that one of 

the central uses of these prepositional phrases is reference to others’ and own work.  

 

The evaluation words, which account for 22% of the words, are words which judge or measure 

an aspect of something. The words include primarily positive attributes (applicability, 
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effectiveness, importance, fidelity) and negative attributes (negligence, drawback, difficulty), but 

also evaluative terms for likelihood (possibility, capacity) and quantity (scarcity, minimum, 

maximum) and effect (impact, implication, result). In the context of these p-frames, they allow 

the author to express their opinion. 

 

(1) Access to space would yield a giant leap in the viability of many proposals 

(2) These discrepancies can be especially problematic… given the multidisciplinary nature of 

their field and the lack of unified theories. 

(3) The input design would depend on the quality of the chosen estimate.  

(4) The event-triggered parameters… are all constants… which leads to the difficulty of 

selecting optimized initial parameters. 

(5) Fig. 9… does not account for the impact of these errors on the control system.  

 

These evaluative words are thus a powerful way that authors can communicate authorial stance 

towards the subject. Academic writers are generally expected to maintain impersonality and 

objectivity in evaluating their own work and the work of others, and these nominalized, abstract 

evaluations provide an objective-sounding way of arguing for the value of their work and 

commenting upon the work of others.  

 

As with the passive verb p-frames, we find that a large portion of the structured phrases used in 

engineering writing reference previous work and evaluate one’s own work. Both are done in 

large part through abstract and nominalized nouns embedded in prepositional phrases. These 

verb-less constructions are not only frequent (and frequently interlinked); they serve essential, if 

sometimes hidden roles in building author credibility and explaining the importance of one’s 

work.  

 

It is worth noting that there was not much variation between the noun + preposition p-frames in 

terms of which semantic categories filled their slots. Table 8 shows the variation between the 

eight p-frames, including the standard deviation for each category; light red and green indicate 

one standard deviation above or below the average frequency, while the two dark green blocks 

indicate more than two standard deviations above the average frequency. The * in the had much 
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more engineering items in the variable slot, and of the * be featured more math items. The 

engineering items in the * in the tended to denote a spatial relationship, with examples like, “the 

spacecrafts in the asteroid-fixed frame” “the electrons in the current collector,” or “the flowfield 

in the flame duct.” Of the * be had an unusually high percentage of math variable slots, as it was 

used to refer to mathematical processes, for example: ‘most of the computation is integrated,” 

and “the rotation of the constraint is only applied in this window.” 

 

Table 8: Semantic Categories in Noun + Prep P-frames 

Category 
of the 

* be 

to the 

* of 

that the 

* of 

the * 

in the 

on the 

* of 

for the 

* of 

in the 

* of 

and the 

* of Total SD 

Research 14% 32% 51% 22% 38% 14% 16% 19% 29% 12% 

Evaluation 32% 24% 12% 8% 26% 35% 19% 34% 22% 9% 

Engineering 12% 8% 9% 47% 9% 9% 30% 9% 16% 13% 

Math 20% 11% 11% 10% 9% 14% 11% 13% 12% 3% 

Other 22% 25% 17% 12% 17% 27% 25% 25% 21% 5% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 
 

 

The Final P-frame: It be * to 

The final p-frame to consider is “it be * to.” This p-frame is not only remarkably different from 

the other ones it the contents of its variable slot; it also contains a syntactic structure that is 

difficult for NNS, and has several specific, distinct rhetorical functions.  

 

The variable slot differs from the other p-frames with be: 87.5% of the variable slots are filled 

with adjectives (12.5% of the slots contain passive verbs). These adjectives fit neatly into two 

categories: adjectives of possibility and adjectives of importance. In Table 9, the examples of 

each category have been listed on a semantic cline, from most possible to least possible and from 

most important to least important.  
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Table 9: Semantic Categorization of it be * to Adjectives 

Type Examples % of slots 

Adjectives 

of 

Possibility 

easy, convenient, simple, straightforward, feasible, possible, 

hard, difficult, suboptimal, impractical, inappropriate, 

infeasible, unlikely, impossible 

41% 

Adjectives 

of 

Importance 

essential, critical, crucial, imperative, vital, necessary, optimal, 

important, worthwhile, useful, advantageous, beneficial, helpful, 

interesting, reasonable, meaningful, noteworthy, instructive, 

meaningless, trivial, unnecessary, unwise  

39% 

Other 

Adjectives 

approximate, close, equivalent, likely, sufficient 

 

7% 

Passive 

Verbs 

used, applied, designed, set, aimed, expected, required, known, 

referred, restricted 

13% 

 

The limited slot options available to this p-frame hints at its rhetorical functions. This particular 

p-frame is not a broad syntactic structure that enables a variety of academic language, as with the 

others. Rather, it is usually used to perform three organizational and meta-textual roles. The first 

is to introduce a topic, where “it is helpful to introduce the estimation error” means, “I will 

introduce the estimation error next.”  The second is to draw attention to a claim or point, usually 

with an adjective of importance, as in “it is important to point out that since the fluorescence-

based technique is the only available approach…” The third use is to defend or explain 

methodological choices with adjectives of importance or possibility, as in “it is necessary to 

create a metric in a functional space,” or “it is reasonable to ignore their influence to derive an 

approximate analytical solution.” 

 

This structure is particularly of interest to us because NNS speakers struggle with the 

anticipatory it construction in general, avoiding it because of the difficulties in employing it 

correctly (Chen & Baker, 2010, Lee & Chen, 2019, Wei & Lei, 2011). This extends even to 

published research articles (Perez-Llantada, 2014). The syntatic difficulties overlap neatly with 

difficulties with the structure’s pragmatics, as NNS writers tend to avoid phrases that would 

communicate opinion or personal interest (Conrad, 2018; Chen & Baker, 2010, Wei, 2007). Just 

as with the evaluative nouns in the noun + preposition p-frames, however, this is a common 
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construction used in academic writing to argue for a work’s worthiness or interest while 

maintaining an impersonal authorial voice. Thus, it is a valuable structure for NNS to master. It 

falls clearly under the participant-oriented (interpersonal) categorization (Hyland 2008b, 2012), 

so it will be discussed further under the section on functional categorization.  

N-Grams 

The n-grams results were much simpler than the p-frames results, but they both emphasized 

some of the points made in the p-frame analysis and served to validate Hyland’s previous 

research on lexical bundles in electrical engineering writing (2008b, 2012) to three new 

engineering disciplines. The n-gram search with the parameters described in Chapter 2 resulted 

in 25 n-grams, 22 of which were kept; their information is shown in   
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Table 10. Show in fig and be show in were partially nested within be show in fig. They both had a 

frequency count that was higher than the 4-gram frequency count; this meant that every instance 

of be show in fig was included in the 3-grams, so be show in fig was removed. Two of the n-

grams, where be the and and is the, were actually p-frames derived from common mathematical 

expressions, and thus were removed. Because all numbers and most of the single characters had 

been deleted from the corpus, the original mathematical use of, for example “where y is the,’ 

showed up as the n-gram “where be the,” and “and L is the…” showed up as the ng-ram “and is 

the” in the pre-processed corpus. Be use for and be use to partially appeared within the p-frames 

be * for the and can be * to, but their p-frame uses counted for only a small portion of their total 

appearances, so they were kept in the n-gram results. The final 22 n-grams are shown in Table 

10, with their occurrences per million words (PMW), the percentage of articles in which they 

were found (range), and their occurrences PMW in each of the four branches of engineering 

writing. The final column gives the standard deviations among the four corpora’s occurrences 

PMW.  
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Table 10: N-gram Results 

N-gram PMW Range 
AE 

PMW EE PMW IE PMW 
ME 

PMW SD 

depend on the 151 53% 177 170 108 149 27 

one of the 166 52% 185 153 194 121 29 

show that the 206 61% 243 229 129 231 46 

as well as 339 68% 262 392 352 342 47 

according to 
the 204 55% 268 170 223 147 47 

in term of 244 54% 239 321 187 221 49 

there be no 132 51% 29 28 140 167 63 

as show in 307 56% 343 211 312 391 66 

be use for 141 50% 173 127 15 198 70 

due to the 413 76% 314 338 354 494 70 

in this paper 304 62% 275 360 146 231 77 

use in the 155 51% 235 17 142 149 78 

base on the 374 77% 304 310 112 288 82 

note that the 190 53% 293 229 25 149 100 

be show in 367 74% 354 267 194 473 104 

be use to 414 83% 297 271 379 553 110 

in order to 340 54% 133 321 443 244 113 

with respect 
to 279 52% 441 125 231 193 118 

in fig the 269 57% 408 129 192 391 122 

the number of 394 66% 150 539 429 288 147 

the effect of 380 68% 260 166 566 350 148 

show in fig 667 69% 701 394 512 1031 241 

Disciplines whose PMW are lower than the mean by more than one standard deviation are light 

yellow; values more than two standard deviations are dark yellow. PMW above the mean by 

more than one standard deviation are light green.  
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We will discuss the functional categorization of these n-grams together with the p-frames. 

However, we can note here that several of Hyland’s claims about lexical bundles in electrical 

engineering have been validated in the fields of aerospace, industrial and mechanical engineering 

as well. Hyland found that “formulas and graphs are linked in routinely patterned, almost 

formulaic ways" (Hyland, 2012), and this is just as true here, where six of the n-grams are 

commonly used in this way. Table 11 gives examples from the corpus of these six n-grams.  

 

Table 11: N-grams Linking Visuals in the Corpora 

show that the “The results in Table 7 show that the network can exploit more complex 

lighting” 

as show in “Greedy search, as shown in [1], can achieve very good results in some cases” 

note that the “Note that the condition in item (1) follows since every maximal solution…” 

be show in “simulated crater geometries PAGOSA are shown in blue triangles” 

in fig the As shown in Fig. 3a, the orbit does not repeat” 

show in fig “a line through the time history of 0osc via least squares as shown in Fig. 4a.” 

 

Hyland based his claims on an analysis of electrical engineering texts; but in this corpus, 

electrical engineering lags behind other disciplines in the use of language that links visuals to 

text. When the use of these six visual-linking phrases is totaled for each of the four corpora, 

electrical engineering uses it significantly less often than aerospace and mechanical. Industrial 

has 1,486 uses PMW, slightly below electrical engineering’s 1617. Aerospace and mechanical 

almost double that, with 2,729 occurrences and 3,031 occurrences PMW respectively. It is not 

surprising that the n-gram search should provide results similar to his lexical bundle search; it is 

the p-frame results that give new information and may lead us to adjust his claims about 

engineering writing.  

Relations among Phrases in the Corpus 

The primary goal in applying network analysis tools to the corpus linguistics results is to create 

better ways to visualize and present those results to non-linguists. However, network analysis has 

also developed measures for evaluating the relationships between nodes, and these can help us to 
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spot interesting patterns that are not usually available to traditional corpus methods (Baker, 

2016). NodeXL, the tool used to create the visualizations, also provided statistical information 

about each “node” (the p-frames and n-grams) and each “edge” (the relationship between each p-

frame and n-gram). These measures were originally developed to identify key players, potential 

communication breakdowns, influencers, etc., in social networks, so we must be careful in 

drawing too much from them. However, there are a couple salient points worth noting.  

 

As discussed in the methods section, these statistics come from a corpus with only the p-frames 

and n-grams mentioned in the previous section where every other word had been replaced by a 

placeholder. Thus, it was possible to accurately measure the distance between the phrases 

without documenting their relationships to every word in the corpus. The information about their 

relationships was gathered twice: once with a window of 50 words, and once with a window of 

200 words, thus looking for phrases that would be within a sentence or two of each other and 

phrases that would span paragraphs. The phrases in the first corpus composed 51% of the phrases 

in the corpus with the larger window, meaning there is substantial overlap in the findings. For the 

measure discussed below, there was no significant difference between the two analyses.   

 

Both analyses of the corpora communicate the same picture. The phrases did not form dense 

networks; rather, they were spread across many scattered and often reciprocal relationships. This 

is validated by their high levels of correlation between the different measures for centralizations, 

as reciprocal relationships and low density have been found to correlate with high correlation 

between centralization measures (Valente, Coronges, Lakon & Costenbader, 2008). The four 

main measures of centrality used here (in-degree, out-degree, betweenness centrality, and 

eigenvector centrality) measure how central a node is to the graph in four different ways, but the 

top 50 vertices in each category for each analysis demonstrated almost perfect overlap. The top 

50 on each list were primarily the n-grams, followed by the p-frames with the highest frequency 

variables, such as in the case of, be derived in the, and in the work of. This is also correlated with 

raw frequency; thus, the more common a phrase is, the more nodes it connects to.  

 

Just as there were no phrases that were unexpectedly central, so there are not groups of phrases 

that co-occur at unusually high rates. This was tabulated through two measures: clustering 
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coefficients and closeness centrality. The clustering coefficient measures the degree to which a 

node’s neighbors create a clique by measuring how many of the possible interconnections 

between a node’s neighbors exist (Watts & Strogatz, 1998). The nodes with the highest 

clustering coefficients in the two analyses were primarily middle-frequency phrases that were 

connected only to the most-frequent n-grams. For example, be connect to the was linked to “in 

order to, be use for, be show in” (see Figure 4). Because these are such high frequency items, it 

is not surprising that they all linked to each other; but as each have 50+ other relationships, it is 

clear that “be connect to the,” is not in any way part of a tight cluster. This trend holds for the 

other items with high clustering coefficients.  

 

 

Figure 4: High Clustering Coefficient Node and Relationships 

 



 

 

83 

 

The closeness centrality, which measures the total distance between that node and all its 

neighbors, identified a few nodes in each corpus that were exclusively connected with only one 

another; but this revealed only a few pairs and triangles of nodes, such as the exclusive 

relationship of “the center of the” with “be tangent to the” and “be propagate in the” with “be 

detect in the.”  A corpus search confirmed that these cliques were the result of one author using 

them several times within a stretch of writing that did not have any of the other marked p-frames 

or n-grams.  

 

The picture of the corpus that thus emerges is one of very even dispersal – the more high-

frequency an item is, the more likely it is to have reciprocal relationships with other items and be 

interconnected. There does not seem to be strong cliques or other patterns, such as phrases that 

come primarily before or after other phrases. This has one primary implication for choosing 

phrases to teach. As the phrases seem to appear indiscriminately near and around each other, it 

does not make sense to teach them in groups based on the proximity. Rather, the syntactic, 

semantic and rhetorical patterns identified in other approaches will be more useful to NNS 

writers hoping to understand and use these phrases. The usefulness of network analysis is not in 

identifying connections between the phrases, but in identifying connections between unique 

phrases and their environments, as will be shown in the next chapter.  

Functional Categorization 

The Phrases Categorized 

The final step was to categorize the p-frames and n-grams according to Hyland’s functional 

categories (as described in Hyland 2008a, 2008b, 2012) and compare the results with his 

observations on lexical bundles in electrical engineering. While the n-gram results patterned 

nicely with Hyland’s findings, the p-frame results provided novel information and revealed that, 

while engineering might have fewer partcipant-oriented n-grams, it makes up for this through 

frequent use of participant-oriented p-frames.  

 

It is important to note that for the n-grams, my cutoff frequencies are much higher than for 

Hylands’ lexical bundles. I required a dispersion score of .5 (i.e., that the n-gram appear in at 
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least 50% of the articles), and this meant that it had to occur a minimum of 60 times per million 

words (PMW) instead of Hyland’s 30. This higher dispersion score was used to identify n-grams 

that were not only frequent, but also appeared in at least half of the total articles in the corpus. 

Though this meant I was classifying only 21 n-grams, instead of the 50 top bundles Hyland 

classified, the overall results were similar. Table 12 represents the results; of the 12,392 

instances of n-grams, 31% were research-oriented, 58% were text-oriented, and 11% were 

participant oriented. Research-oriented n-grams are split evenly between procedural phrases and 

quantifiying phrases. The majority of text-oriented n-grams are concerned with linking visuals 

with the text, which was discussed above. Finally, there are only three participant-oriented 

phrases where the author states their own opinion or explicitly addresses the reader. This is 

similar to the findings in Hyland.  
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Table 12: Functional Categorization of N-grams 

Research-Oriented 3832 Text-Oriented 7146 Participant-

Oriented 

1414 

Procedure 2023 Structuring Signals 4082 Writer’s Stance 1040 

be use for 272 as show in 592 there be no 255 

be use to 797 be show in 706 due to the 795 

use in the 299 in fig the 517   

in order to 655 show in fig 1284 Address Reader 366 

  show that the 397 note that the 366 

Quantification 1809 in this paper 586   

one of the 319     

the number of 758 Transition Signals 652   

the effect of 732 as well as 652   

      

  Framing Signals 2122   

  base on the 721   

  according to the 393   

  in term of  470   

  with respect to 538   

      

  Resultative Signals 290   

  depend on the 290   

 

We cannot directly compare these percentages with Hyland’s results, as he never gives precise 

numbers for electrical engineering research articles. This is because in one study he compares 

research articles across four disicplines to the genres of masters and doctoral theses, and in 
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another he compares three genres of electrical engineering (research articles, masters theses, and 

doctoral dissertations) to the same genres in business, science and linguistics (see Table 13). 

However, as he notes, research-oriented bundles across all disciplines decrease and text-oriented 

bundles increase as writers move from masters theses to dissertation to research articles as “this 

is the most discursively crafted and rhetorically machined genre of the three” (Hyland, 2008a, p. 

58). Thus, the functional categorization of n-grams in ths corpus validates Hyland’s claims about 

engineering writing by extending the corpus to include three new engineering disciplines.  

 

Table 13: N-gram Results Compared to Hylands’ Results 

 Research-

oriented 

Text-

oriented 

Participant-

oriented 

This corpus 31% 58% 11% 

All RAs in Hyland’s corpus 

(Hyland, 2008a) 

26% 60% 14% 

All EE genres in Hyland’s corpus 

(Hyland, 2008b) 

48% 44% 8% 

 

When Hyland’s functional categorization is adapted to the p-frames, however, the data tells a 

markedly different story. As the functions of the p-frames varied by the type of word in their 

variable slot, the be passive and the noun + prepositions p-frames were split across functional 

categorizations according to their uses. Table 14 shows the totals. 
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Table 14: Functional Categorization of P-frames 

Research-Oriented 5385 Text-Oriented 2205 Participant-Oriented 6070 

Procedure 4000 Structuring Signals 2205 Writer’s Stance 3196 

PV with procedural 

verbs  

2784 N+P with research 

nouns 

2205 It be * to 568 

N+P with 

engineering nouns 

1216   PV with evaluative 

verbs 

182 

Quantification 1385   PV with evaluative 

adjectives  

773 

N+P with math nouns 912   N+P with evaluative 

nouns 

1673 

PV with quantifying 

verbs 

473   Sharing Knowledge 2874 

    PV with knowing verbs 2874 

PV refers to the passive verb p-frames, while N+P refers to the noun + preposition p-frames.  

 

For the noun + preposition p-frames, the ones with engineering variables belonged to the 

Procedure sub-category of research-oriented, the math nouns came under Quantification, the 

phrases with research nouns were used were Structuring Signals, as they referred to graphs, 

findings and methods, and the phrases with evaluative nouns were counted under Writer’s 

Stance, as they revealed the writer’s evaluations. 

 

For the passive verb p-frames, the verbs that were semantically categorized as “Use, Make, 

Move, Change, Cause & Effect, Get, Give,” belonged to Procedure, as they generally described 

experiments. The verbs under “Measure, Math, Change Quantity” came under Quantification 

under Hyland’s scheme. The largest group of the passive be verbs, however, did not fit under any 

of Hyland’s categories. These were the verbs of knowing (categorized under Speech Acts, Think, 

Find, Record, Investigate, and Understand by WMatrix) discussed in the previous section. 

Hyland described the text-oriented category as including “engaging with the literature, providing 

warrants, establishing backgrounds” (2008a, p. 58) Bit his top 50 results for each discipline and 
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genre in his three studies did not include any of these functions, so he did not provide a 

subcategory of text-oriented phrases to which they can belong.  

 

These phrases with passivized verbs of knowing are also different in that the majority of them 

are not engaging with previous literature or using specific sources to explain the background or 

justify a procedure, which is the reason Hyland classifies them as text-oriented. Instead, as 

described in the section on these verbs, they are generally used to lay claim to general knowledge 

that the author presumes to share with the audience, to engage the reader, or to discuss the 

author’s own work. Some verbs often have a primary use; for example, know usually refers to 

uncited shared knowledge (Example 1 below), and note often emphasizes a point the author 

wants the audience to pay attention to (Example 2 below). But verbs like find are generally split 

between the author’s research and outside research, and arguably, is also used for drawing 

attention to points the author wants to highlight (Examples 3-4 below).  

 

(1) Markovian jump systems are known as a special family of hybrid systems and stochastic 

systems. (shared knowledge) 

(2) It is noted that these shape models were readily available [29], and no attempt was made 

to create a more optimal lower-fidelity model. (drawing attention and own results) 

(3) The optimal value of Q maximizing Equation (60) is found by the critical-fractile 

approach. (own results) 

(4) This was found to be the case in Ozer et al.'s (2014) evaluation of trust and 

trustworthiness across U.S. and Chinese cultures. (reporting specific finding) 

 

Due to the passive nature of the verb, the knower is often not named or even immediately clear 

from context. Thus, rather than attempt to separate each verb out by their individual uses, it is 

most useful to classify them under the new category of Sharing Knowledge under participant-

oriented phrases. These verbs are how authors both construct their own credibility and invite 

their reader to agree with their conclusions, thus making these phrases much more about 

projecting stance than structuring a text. 
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Finally, it be * to was the one p-frame that only belonged in one of the three categories, as the 

adjective inserted in the variable slot is usually a way for the author to express their opinion on a 

subject. It is primarily used to indicate importance and probability, and thus is used to defend 

methodological choices, state the value of a project, and draw reader attention to the author’s 

main points.  

 

These p-frames thus provide essential complementary data to previous work on the role of 

lexical bundles in academic writing. While many authors have noted that engineering writing 

values objectivity and thus features fewer overt bundles of author stance and audience 

engagement, the way that skilled engineering authors engage their audience and declare their 

opinions through a variety of p-frames has not been explored. These are valuable structures that 

are important for NNS writers seeking to establish their credibility and the worthiness of their 

findings.  

Connections to Literature 

In summary, this analysis of p-frames and n-grams in this corpus has connected to many points 

from previous corpus studies of academic writing, both engineering and general. The primary 

phrasal patterns in this corpus were syntactic structures which could be divided into passive verb 

structures and preposition and noun combinations. The passive verbs were frequently verbs 

concerning knowing and learning, serving interpersonal purposes. This helped to explain the 

findings that NNS often use passives awkwardly, even though they understand the syntax well 

(Wei & Lei, 2011; Oakley 2002; Öztürk & Köse, 2016; Conrad, 2018). Both the levels of 

abstraction and nominalization in the noun + preposition phrases provided evidence for Biber & 

Gray’s claims that use of nominalizations and prepositional phrases is on the rise, that this is 

partially explained by a decrease in verbs, and that this contributes to denser, inexplicit prose. It 

be * to and it be * that are especially interesting p-frames for NNS because they use the dummy 

it, a syntactically difficult construction to acquire (Chen & Baker, 2010, Wei & Lei, 2011; Perez-

Llantada, 2014; Lee & Chen, 2019). It be * to also conveys author stance, another aspect of 

academic writing that can be difficult for NNS (Conrad, 2018; Chen & Baker, 2010, Wei, 2007).  
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The functional categorization of the n-grams revealed an emphasis on phrases that link visuals to 

text, and on text-structuring phrases in general, a finding that was in line with previous 

comparative work that found engineering writing to be more text-focused and less participant-

oriented than other genres (Hyland, 2008b, 2012). However, the functional categorization of the 

p-frames revealed a different pattern, where participant-oriented phrases that conveyed author 

stance predominated. Given that this is a feature of engineering writing that has not been much 

marked upon or explicitly taught, it is a helpful addition to the literature and points the way 

toward what elements of this linguistic analysis are helpful for NNS engineering graduate 

students who want to improve their writing.  

Which Should Be Taught? 

One recent study of the textual changes made to NNS writers’ research articles by NS editors 

demonstrates the difficulties NNS face in balancing confusing and sometimes contradictory 

advice on how to write for publication. Yli-Jokipii & Jorgensen (2014) found that the editorial 

changes tended to be in the direction of increasing the structural explicitness (more transitions 

and language that indicated the flow of the article) while simultaneously editing on the sentence 

level to create more dense, implicit prose (Yli-Jokipii & Jorgensen, 2014). Given these at times 

contradictory directives, what phrases can we teach NNS graduate students to help them write 

both professionally and well?  

 

Because this project seeks to present phrases with rich contextual information gleaned from 

network analysis, it is important to not just pick the most common phrases, but to choose ones 

where students will benefit from analyzing the language that surrounds the phrase. In particular, 

this means picking phrases where there are distinct, varied language patterns centered on the 

phrase. In the final phase of this project, the time allotted to teaching these formulaic expressions 

to a class of NNS graduate students was two 75-minute lessons. Because of the emphasis on the 

phrases’ contexts, it seemed best to use each class period to go in-depth on a few phrases, rather 

than attempt to cover all the phrases briefly. Given the time constraints, it was only possible to 

discuss two phrases per class. Two n-grams could be taught in the first class and two p-frames 

taught in the second, so that students began with a concept they were more familiar with and then 



 

 

91 

 

went on to the more difficult phrases with variable slots. The question, then, was which two n-

grams and p-frames to select for teaching.  

 

Of the n-grams, the ones that link visuals to the text are so frequent and formulaic that students 

will probably have already acquired them before reaching the level where they are writing their 

own papers. The research-oriented phrases are also similarly common, and do not seem to 

represent the type of syntactic structures that gives NNS writers trouble. However, the framing 

signals and the participant-oriented phrases offer a variety of phrases that are both syntactically 

interesting and have distinct and potentially difficult rhetorical functions. Thus, due to the and 

there be no were chosen for the classroom exercises. Due to the provides an approachable 

introduction to the phrases, as it was a set phrase that students were likely familiar with. 

However, its context had many hedging adverbs before it and a variety of abstract nouns and 

evaluative nouns after it. This provided a way to introduce author stance and some of the 

semantic and syntactic concepts that were found to be important in this chapter; these concepts 

were then further developed in the next phrases taught. 

 

The second n-gram was there be no. This one was selected because it uses the dummy there, a 

structure that NNS writers often avoid. Its context contained a wide selection of discourse 

organizers and a variety of verb phrases that were used to build author credibility. As it occurred 

in four different positions in the sentences, it also provided an ideal set of corpus lines for 

practicing rewriting sentences and moving sentence components around to create more powerful 

sentences. Due to time constraints, these materials were not used in the classroom teaching, but 

they were fully developed in the materials development phase.  

 

Of the p-frames, it be * to stands out as a unique structure that combines known syntactic and 

rhetorical difficulties for NNS writers, and thus is certainly worth teaching. The analysis of its 

context provided in the next chapter also shows that its three distinct rhetorical functions: citing 

outside sources, organizing the text and depicting authorial stance. All are valuable skills to 

practice. The gradations of possibility and importance expressed by the near-synonyms in the 

variable slot are also valuable for equipping NNS students to increase their vocabulary.  
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The second p-frame selected was it is * that. This one appears similar to the first, yet its variable 

slot is much different. As discussed above, it is primarily filled with passive verbs, and the 

majority of these fell into the verbs of knowing category. It thus extended the explanation of the 

dummy it and provided an opportunity to work with the passive, to learn the nuances of the 

knowledge verbs, and to explore the qualifying phrases and degrees of emphasis provided by the 

context. All of these are elements of author stance that are usually not discussed in materials on 

engineering writing, but which occurred frequently in the analyses above. 

 

The next chapter will explain how the corpus information and network analyses of these four 

phrases were converted into classroom materials, and the framework for future materials creation 

that was developed through this process.  
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CHAPTER FOUR: MATERIALS DEVELOPMENT 

Introduction 

This project combines information and tools from two disciplines – corpus linguistics and social 

network analysis – to create uniquely helpful materials for teaching English academic phrases to 

NNS graduate engineering students. Thus, the second research question, re-stated below, aims to 

find the best framework for combining tools to create classroom materials. In doing so, the 

project will evaluate the role of Social Network Analysis (SNA) in developing these pedagogical 

materials. Designing the materials involved both discovering best practices for doing the task at 

hand and evaluating if the chosen tools were the best tools for this endeavor. Thus, in this 

chapter, the project produces a framework for design that incorporates the best practices from 

materials creation and evaluates the usefulness of the SNA tools in that process. Finally, having 

developed and critiqued this approach to materials design, I will summarize its benefits and 

challenges. 

 

The second research question is as follows:  

 

(2) When using SNA tools to design educational corpus-based visualizations of English phrases 

for NNS learners:  

(a) What is the optimal framework for combining corpus results and visualization 

technology to create accurate and effective materials?    

(b) Can SNA programs (particularly AutoMap and NodeXL) create effective, student-

friendly visualizations of these corpus findings? 

(c) What benefits and challenges are revealed through designer and NNS student 

feedback on the materials? 

 

The answers to these questions, elaborated in this chapter, come from my experience designing 

pilot materials and receiving NNS student feedback on those materials. I learned best practices as 

I went along, because, for each successful approach, there were usually one or two unsuccessful 

attempts; and building on these experiences, I developed a framework for simpler and more 
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successful materials development in the future. I then had six graduate NNS students from a 

variety of engineering backgrounds review the materials. Based on their feedback, I restructured 

the materials and incorporated both minor and major revisions. The answers to the three 

components of this research question emerged through this cyclical process of developing, 

refining and redeveloping. The end result of this process was fourfold: four in-class worksheets 

on the four phrases chosen at the end of the last chapter; a one-page summary for students for 

each phrase; a lesson plan for two 75-minute classes on the four phrases; and a summary of 

learning objectives. As the lesson plan was designed for the specific circumstances of the 

classroom research described in Chapter 5, it will be discussed in more detail there; this chapter 

will primarily discuss the development of the in-class exercises, phrase summaries, and learning 

objectives. These class materials can be found in Appendix E, and the learning objectives are in 

Table 15 on page 87. 

 

This chapter draws on the experience designing the end products to address all three components 

of RQ 2. The next section addresses RQ 2(a) by elaborating the four principles that create an 

optimal framework and finishing with a proposed strategy for future materials development. The 

four principles are to maintain simplicity, incorporate corpus insights, structure to align with 

clear learning objectives, and design attractive materials. The proposed framework incorporates 

these principles while offering step by step suggestions for how to organize and order the work. 

It is hoped that the material in this section will be useful to other materials designers who want to 

incorporate SNA and corpus insights in creating advanced language learning materials.  

 

The following section addresses RQ 2(b). There has been extensive research on the pedagogical 

value of corpus-based materials for language learners (see Kettemann & Marko, 2002 for a 

recent compilation), and there are even guides that explain how corpus tools like AntConc or 

WordSmith can be used in writing classes (Anthony, Wulff & Boettger, 2016). However, SNA 

tools are primarily designed to investigate social networks (Carley, Columbus, & Landwehr, 

2013), not explain language to students. Thus, there is not much research on the usefulness of 

these tools for designing pedagogical language materials. This section specifically evaluates the 

challenges and advantages of using NodeXL and AutoMap to create pedagogical materials, as 

these were the primary SNA tools used. This section will be useful to materials designers who 
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are debating which tools to use. While I cannot meaningfully evaluate the tools I did not use, my 

experience with these specific ones will provide a helpful starting point.  

 

The final section incorporates points from RQ 2(a) and RQ 2(b) to answer the holistic question 

posed in RQ 2(c). Having established the best practices for this material design process, are the 

materials produced worthwhile? The process of materials development, student evaluation, and 

redevelopment, as well as the advantages and disadvantages of the SNA software, revealed 

several important challenges and benefits to this approach. The challenges included the time-

consuming nature of materials construction, the necessity for teacher-driven outcomes, and the 

difficulty in aligning the materials with student levels. The benefits, however, are that this 

approach gives students an essential opportunity to understand nuances in vocabulary choice; it 

combines and visualizes sentence variety and vocabulary variety in a novel way; it is easier for 

the researcher to spot patterns in data; and it is easier for students to visually understand and 

work with the patterns.  

 

While every pedagogical approach has distinct shortcomings and advantages, this approach of 

marrying corpus and SNA produces novel materials that can effectively address the needs of 

advanced level NNS writing students. Thus, as we shall see, the answers to RQ2 are cautiously 

positive. The final test of its usefulness, however, is discussed in the classroom research in 

Chapter Five.  

Creating a Framework for Material Development 

The main endeavor of RQ 2(a) was to identify best practices for using existing corpus and SNA 

tools to create advanced language learning materials. Incorporating this technology meant that 

there were often many creative options available for materials design, but that a large amount of 

time and trial and error was required to properly make use of the tools. As I became acquainted 

with the tools and their limits, tried a variety of materials designs, and incorporated student 

feedback, I took notes about what succeeded and what failed. As the materials neared their final 

state, four major principles of materials design emerged. These principles are not unique to my 

situation; previous researchers have emphasized the importance of simplicity (Dondis, 1973), 

corpus contributions (Gabrielatos, 2005), structure and learning objectives (Richards, 2001) and 
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visual design (Hall, Dansereau & Skaggs, 1992) in creating educational materials. However, this 

section examines the four principles’ specific implications for corpus-based pedagogical 

visualizations and activities for language learners. These lessons are then incorporated into a 

final template for future materials design using corpus and SNA tools. Figure 5 contains one of 

the worksheets in its final form; the other final worksheets can be found in Appendix E. This 

worksheet was accompanied by a selection of corpus lines that showed the variable phrase in 

sentences from the corpus. While the following sections will include specific examples of how 

each principle was applied, it may be useful to return to Figure 5 occasionally to visualize how 

these principles were applied in the actual worksheets.  
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Figure 5: Worksheet for it be * to 
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Maintain Simplicity 

In creating the materials, I substantially simplified the information and visualizations that 

students would receive. Some of this simplification was easy, such as removing nodes with two 

or fewer occurrences from NodeXL graphs. Some were more driven by teacher instinct; I 

categorized the main trends around the phrases and left out words that did not seem to contribute 

to student understanding of how to use the phrases. Still, one of the main pieces of feedback on 

the draft materials from five of the six students was to simplify the sheets to make it even clearer 

what they should focus on and what to take away. This simplification occurred in three ways: 

selecting main points, avoiding technical language, and maintaining consistent color choices 

across the worksheets.  

Select Main Points 

The main form of simplification was to decrease the amount of information on each worksheet 

and the number of aspects students discussed for each phrase. Of course, the act of choosing four 

phrases to teach out of the 45 possible p-frames and n-grams was already a major act of 

simplification; but each phrase has a sprawling amount of contextual information that could be 

categorized in a number of ways. There is the frequency data about what comes before and after; 

clustering data that shows which words co-occur in the context; all the rich information that can 

be gleaned through going through the corpus lines; and of course, a wide variety of possible 

pedagogical exercises on the semantic, syntactic or rhetorical functions of the phrase.  

Thus, when first creating the visualizations, I began by lowering the number of nodes per graph. 

The first step was to remove words that had occurred two or fewer times in the vicinity of the 

phrase. The next step, which relied on designer intuition, was to remove the high-frequency 

words that did not contribute to student learning. These were primarily closed class lexemes: 

determiners, pronouns, and prepositions that tended to follow certain nouns or verbs. While I 

kept the pronouns as high-frequency examples of the start of a new clause in the it be * that 

visual, everywhere else I removed the closed class words.  

 

Selecting main points also meant not discussing every aspect of each phrase. My first draft of the 

worksheets gave the students open-ended questions and allowed them to decide for themselves 
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what information was helpful and what they wanted to learn. However, the primary critique that 

the graduate students provided was that the questions were too open-ended. They felt lost in the 

corpus lines when they did not have a specific phrase or syntactic pattern to look for. They also 

did not like not knowing the learning goals of each exercise.  

Figure 6 and Figure 7 demonstrate the reviewers’ felt need for exercises with clear, 

predetermined answers on two questions. In Figure 5, Question 1 connected to the it be * to 

diagram, where the adjectives had already been split into four groups and the student was asked 

to identify variations within two sub-groups; this structured question with a clear goal received 

positive feedback. In Figure 7, Questions 4(a) and (b), which asked students to make their own 

categories for the verbs in the variable slot of it be * that, received negative feedback: “can try – 

need more experienced opinions,” as the student told me that they could try to answer the 

question, but they would prefer for someone “experienced” to guide them in grouping the verbs.  

 

 

Figure 6: Positive Feedback on Specific Question 

 

 

 

Figure 7: Negative Feedback on Open-Ended Question 

 

Thus, when revising the materials, I chose learning objectives for each phrase (discussed in the 

section on structuring materials) and edited the exercises so that each question connected to one 

of those goals. This eliminated many of the questions that students had originally objected to as 

being too open-ended.  
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Avoid Technical Language 

Another strategy for simplification was to avoid technical language, specifically linguistic jargon 

and unfamiliar word forms. Students were unfamiliar with the terms “strengthen” and “hedge,” 

and wrote question marks next to these. One student also pointed out that I employed synonyms 

like “highlight or diminish” elsewhere in the sheets, and he was unsure if they were the same. I 

kept the terms “strengthen,” “hedge,” and “author stance,” but made a note to explain them in the 

lesson plan, and then edited the sheets so that they were used consistently throughout. I also 

removed linguistic terms such as “collocation” or “agent of passive sentence” from the 

worksheets and designed an introduction sheet that can be found at the beginning of Appendix E 

to explain where the data came from and why it was useful without using corpus terms. I referred 

to the n-grams and p-frames as “fixed phrases” and “variable phrases” and explained verb stems 

and corpus lines with language that the average NNS graduate student would recognize.  

 

The other way to reduce technical language was to return the words from the pre-processed 

corpus in the visuals to their original forms in the un-processed corpus. This meant editing the 

labels on the nodes to their most common form, usually by restoring verb roots to inflected forms 

and turning singular nouns into plurals. For example, for it be * that, I returned the verbs stems 

in the variable slots to past participles (“known” for “know,” “seen,” for “see,” etc.). This was 

not possible for words like BE, which occurred in multiple tenses, so they were written with 

uppercase letters and explained in the introduction sheet. I also removed the ng_ and pf_ tags 

from the phrases and restored their original spacing instead of underscores. When importing 

corpus lines into the exercises, I used examples from the un-processed corpus. These changes 

meant that students accessed the materials in the most idiomatic form, without having to 

distinguish between the phrases that had been altered by preprocessing and authentic writing 

examples. 

Maintain Consistent Color Choices 

The final method of simplification was to add color coordination. In the original draft, there was 

no clear reason for the color choices in the visuals; they were simply as distinct from each other 

as possible to help with ease of reading. However, based on student feedback, the colors in both 
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the network visualizations and the corpus lines were redesigned to be consistent both within the 

sheets and across them. Within the sheets, the colors used in the visuals for categories like 

Transitions and Hedging Adverbs were the same as the colors used to highlight examples of 

these categories in the corpus lines. Originally the corpus lines were not color coded at all, as the 

students were to pick out examples. However, several students said that they would like 

examples highlighted, both to save time and to help them better understand the categories 

through real examples. Second, the colors were changed to be consistent across the sheets: where 

possible, categories like “Transition,” “Noun,” and “Verb” were colored the same so that the 

students could make meaningful comparisons across the sheets.  

 

By reducing the content of the visuals and the questions, avoiding technical terms, and color 

coordinating the exercises, it is possible to use student time efficiently and to highlight the most 

important data and takeaways. Students were initially overwhelmed by the amount of 

information in the visualizations and the corpus lines. As they are used to reading for content, not 

style, it was hard for them to concentrate on the use of phrases and syntax in the corpus lines and 

not the content of the words. Thus, simplifying the content and the visuals reduced the clutter 

and helped them concentrate on main points.  

 

For an example of the ramifications of this principle, compare Figure 8 and Figure 9 below. The 

first visualization is my first attempt at drafting a visual for due to the; the second visualization is 

the final form used in the worksheet. Figure 8 contains every lexeme that occurred 3 or more 

times within a two-word distance of the phrase, colored in accordance with syntactic and 

rhetorical categories. This is still the result of simplification; the low-frequency nodes have been 

removed and the remaining nodes categorized.  
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Figure 8: Original due to the Visualization 

 

However, the n-grams and p-frames are still shown with their corpus markings, and there is too 

much information for a student to absorb quickly. There are four categories before the phrase 

(transition, noun, adjective, and adverb) and three categories of adjective and three of noun after 

the phrase. The visual contains so many nodes that it cannot easily be read. Thus, the content was 

simplified again, and is shown in Figure 9.  

 

 

Figure 9: Revised due to the Visualization 

 

In Figure 9, the material before the phrase has been reduced to the subject of the phrase (with the 

verbs and adjectives in separate colors and discussed in the worksheet) and the hedging adverbs, 

as the syntax of the subject and rhetorical purpose of the adverb are explicitly discussed in the 

worksheet. The words afterwards have been similarly simplified. Each category has been 
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numbered and given a title so that students can easily refer back to it when it is discussed in the 

worksheet, as the material in the visual is now closely connected to specific learning objectives.  

The one downside to this simplification is that the students do not get to self-select which areas 

are most interesting to them, an approach that is widely cited as useful in engaging students and 

giving them ownership of the material (Gabrielatos, 2005). However, simplicity and structure 

were elements students asked for; and we will return more to the justification for simplicity over 

choice in the section on structuring the materials to align with learning objectives.  

Incorporate Corpus Insights 

To create useful worksheets for the students, the visualizations produced by NodeXL were not 

enough; they had to be refined through analysis of the corpus lines. The corpus lines were 

essential for accurately interpreting the information in the graphs and for modifying the nodes 

where necessary. They also made it possible to identify syntactic trends and rhetorical trends in 

how the phrases were being used. Thus, I discovered that before I designed each sheet, it was 

useful to open AntConc and read through the corpus lines for that phrase. As I sorted the nodes 

into semantic categories and used frequency and distance information to decide where to place 

them in relation to other categories, I referred back to the lines to make sure that I was correctly 

sorting them. I also skimmed the lines to see if there were any obvious trends that were not 

clearly shown in the NodeXL networks.  

 

The corpus lines are as useful for a student working with the phrases as for the researcher 

uncovering points worth teaching. Once the sheets were finished, I pulled 30-40 corpus lines into 

each worksheet under a section entitled “Corpus Examples,” ensuring that every takeaway in the 

phrase summaries was illustrated by multiple lines in the Corpus Examples. Incorporating corpus 

insights helped identify four key types of information: low-frequency synonyms in or near a 

phrase, idioms near a phrase, and syntactic and rhetorical patterns in phrase usage.  

Incorporate Low-Frequency Synonyms 

The corpus lines were especially helpful in creating complete lists of the items that appeared in 

the p-frames’ variable slots. For example, it be * to mostly had adjectives of importance and 
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possibility in the variable slot. The items that made it past the frequency filter into the network 

visualizations were words students were already familiar with and could use confidently, words 

like important, critical, necessary, easy, and hard. The less common ones, however, were 

valuable synonyms: plausible, unreasonable, vital, suboptimal, imperative. When two of the 

students first learned how the data were gathered, their concern was, rightfully, that the most 

frequent expressions are not necessarily the best expressions; one of them had been warned by 

her advisor to avoid clichés and the other one to never use the same word twice in a sentence. 

For more advanced students who are already comfortable with the most common forms of it be * 

to, incorporating the less frequent synonyms meant the worksheets were still valuable.  

 

Additionally, primarily in the case of the transitions, some items that appeared at low frequency 

in the immediate vicinity of the phrase appeared much more often a few words farther before or 

after the phrase. For example, ‘consequently’ appeared only twice in the two-word vicinity of 

there be no, but reading through the corpus lines, it appeared several more times just outside that 

boundary. In the case of these low-frequency synonyms or words that appeared more often in a 

larger window, adding them to the graph would have contradicted the previous principle of 

maintaining simplicity. Thus, this information was added into the exercises and summaries, as 

students were asked to identify the nuances between synonyms and practice using them in place 

of their more cliché counterparts.  

Incorporate Idioms 

Another way of incorporating corpus insights was to change the labeling on individual nodes 

from a single word to a full phrase when the corpus lines indicated that the words were usually 

part of longer phrases or idioms. For example, before due to the, the word most always appeared 

before the word likely, but likely also appeared on its own, so the label for most was changed to 

most likely. The words in, case, and this also appeared before due to the, and the corpus lines 

revealed that they primarily appeared as in this case or for this case, so I combined the nodes 

into one node labeled in/for this case. With there be no, the corpus lines revealed that whenever 

the phrase was followed by significant, the word difference also followed, so the significant node 

was relabeled as significant difference. Small changes like these ensured that students had a more 

holistic picture of how the phrases were used, and enabled exposure to common academic 
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phrases outside of the four in the lesson plans. It also ensured that students were studying 

functionally significant chunks rather than lexemes that were not fully meaningful on their own; 

the importance of this is discussed in Simpson-Vlach & Ellis (2010).  

Incorporate Syntactic Trends 

The other two contributions of the corpus lines were to identify syntactic and rhetorical trends in 

phrase use. These data were essential in choosing how to order the pieces of the sentences 

linearly and identify the rhetorical functions of each phrase. The corpus lines were useful in 

making sense of clusters of nodes around the phrases. In general, this step was carried out by 

first noting a pattern or unexpected node in the NodeXL networks and then searching for it in the 

corpus in the vicinity of the phrase. One example of this is the cluster of verbs that appeared 

shortly before there be no. By arranging the corpus lines to sort alphabetically according to the 

word to the left of the phrase, it was quickly apparent that there was often a clause before the 

phrase that indicated on whose authority the claim was made, and that the verb of the clause was 

almost invariably followed by that (see Figure 10). Thus, these verbs were grouped before the 

phrase and both the syntax and rhetorical purpose of the clause explained and practiced in the 

worksheets. In a similar way, the corpus lines demonstrated that it be * that was often followed 

by a new clause starting with pronouns, and these could be grouped into a New Clause category.  
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Figure 10: Identifying Syntactic Trends before there be no 

 

AntConc was also useful for identifying the phrase’s position in sentences, using both the 

punctuation information in the original corpus and the corpus lines. Some phrases, like it be * 

that, appeared almost always after the start of a sentence or a comma. Other phrases, like due to 

the appeared is a variety of positions: sometimes as a phrase attached by comma, sometimes 

following a linking verb, and both before and after whatever was caused by the object of the 

prepositional phrase. The placements were much more diverse than what I would have imagined 

if I had not referred to the corpus lines, and by identifying and practicing the full range of 

syntactic placements, the students are able use the phrase more fluently.  
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Incorporate Rhetorical Trends 

In addition to syntactic trends, the corpus lines made it possible to pull meaningful rhetorical 

trends from the graphs that NodeXL produced. For example, for it be * that, there were a cluster 

of words (for, at, with, as, when, where) that appeared primarily after the phrase. Reading the 

corpus lines revealed that these started qualifying phrases that restricted the domain of the claim 

made by the phrase, as in this line from the corpus: “It is noted that, with a higher-resolution 

instrument, the differences may be more pronounced.” While these words were not syntactically 

identical, they shared the rhetorical purpose of introducing phrases or clauses to explain in what 

conditions the claim was true. The corpus lines allowed me to see that these phrases also 

occurred, though much more rarely, before the phrase, so I could highlight them in the corpus 

lines and encourage students to consider the rhetorical function and the placement of these 

qualifying clauses. 

 

One rhetorical trend that occurred frequently throughout the material was the use of adverbs and 

adjectives to either hedge or strengthen main claims. For example, in due to the, hedging 

primarily occurred through a variety of hedging adverbs (probably, possibly, largely, mainly) 

before the phrase, but with it be * that, hedging occurred through qualifying phrases that 

followed the phrase. On the other hand, the clauses with verbs of knowing before due to the 

usually served to strengthen the claim, and the adjectives in the variable slot of it be * that could 

either strengthen or hedge the following clause. Thus, the idea of strengthening and hedging 

claims was clearly a point worth teaching students, especially as authorial stance towards ideas 

has been shown to be difficult for NNS writers (Perez-Llantada, 2014; Wei & Lei, 2011; Öztürk 

& Köse, 2016) and easier to understand when presented through corpus materials (Chang & 

Schleppegrell, 2016). Thus, I was able to identify the different types of hedging and 

strengthening nodes throughout the phrases and teach them cohesively.  

 

Ultimately, the wealth of information gained by incorporating corpus analysis created more 

useful materials that provide a fuller picture of the phrases’ context. Students could access a 

holistic picture of the synonyms, idioms, syntax and rhetoric that surrounds these phrases and use 

the information to add variety and idiomaticity to their writing. The details provided by the 
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corpus make the visuals more interesting and give NNS writers the tools to address their desire 

for greater variety and idiomaticity in their writing (Wray, 2012).  

Incorporating this corpus information, however, leads to the need for the third principle: with 

such a variety of insights and information, the material had to be carefully structured and the 

takeaways clearly identified. It also increased the difficulty of applying the fourth principle, as 

combining corpus information into the existing exercises led to unattractively dense worksheets 

where information and questions were confusingly intermingled. The best solution for this was to 

keep the worksheets for questions and design a separate summary sheet for each phrase; this step 

will be explained under both the third and fourth principles.  

Structure to Align with Learning Objectives 

While the previous two principles were ones that I as a designer consciously incorporated before 

receiving student feedback, the third principle of structuring the materials to align with clear 

learning objectives developed primarily as I considered the feedback from the students who 

reviewed my materials. As it partially contradicted some of the previous recommendations on 

how to use corpus-based materials with language students, I will explain the justification for this 

principle before explaining how it was carried out through choosing learning objectives, 

designing summary sheets, and encouraging student participation.  

Justification 

Much research on corpus-based pedagogy has argued that students should be given the ability, as 

much as possible, to explore the corpus findings on their own, study what interests them, and 

apply that information to developing their own writing (Bernardini, 2002). However, student 

feedback on the materials consistently emphasized a desire for more structure and clear 

takeaways rather than more freedom in exploring the corpus lines. In fact, several students 

suggested that the corpus lines be removed, or that only the most pertinent examples be worked 

into the sheets. While I chose to leave the corpus lines in for students who wanted the contextual 

data, I did take the students’ requests for teacher-driven findings seriously. I did so both because 

of the nature of corpus-based visuals and because of the real-world constraints the students 

faced.  
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As noted many times in the principles above, the step of visualizing corpus findings means that 

the author must select and highlight certain parts of the findings over others. The acts of creating 

syntactic and rhetorical categories, of color-coding the data, of choosing which nodes should be 

deleted, which labels should be changed, which low-frequency synonyms should be included, all 

involve decisions about what information will most benefit students. Visualizations simply 

cannot hold all the information the corpus contains and still be easily read and understood. Thus, 

by creating specific learning objectives for each phrase, I was not greatly restricting the students’ 

ability to decide what to study; this had already been restricted by the visualizations, and it made 

sense to make the questions as goal-oriented as the visualizations.  

 

In addition, the students’ request made sense given the realities of their context. International 

graduate students seeking to improve their academic writing face serious time constraints, which 

meant that they preferred mastering specific learning objectives over an exploratory approach. 

This was as true of the students who used the materials in the classroom setting in Chapter Five 

as for the students who reviewed the materials. They were making time in their busy schedules 

for a no-credit class; their main motivation in signing up was primarily that someone with 

authority had told them that they needed to develop their academic writing to meet their career 

goals. Thus, they were most willing to engage with pedagogical materials when they could 

clearly see how it would improve their writing.  

 

Given the needs and desires of this audience, incorporating clear goals and takeaways was 

necessary. To best reach this goal of creating specific learning outcomes, it still is essential for 

the materials designer to ask open-ended questions and then allow clear goals develop; it is 

useful to create summary sheets for student; and finally, it is important to find ways to encourage 

student participation and peer-to-peer instruction within the instructor-led framework.  

Start Complicated, Then Choose Learning Objectives 

From a materials development point of view, developing focused, structured worksheets still 

means starting with as much data as possible and pursuing many points that may not make it into 

the final activities. As I explored the NodeXL visuals and corpus lines, I noted several trends and 

patterns in the phrase contexts that I excluded in the final versions. For example, due to the was 
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the only phrase that was not preceded by a group of transition words, and in the first draft, I 

asked students to explain why there was this difference. However, as it was an open-ended 

question, and overlapped with the following questions on sentence order, I removed it. In the 

original worksheets, there were also more questions about categorizing the nouns and verbs that 

followed the phrase, but as the content of these words often varied by the discipline, students 

would have been categorizing and discussing words that they would not use in their personal 

field of study. While this information was linguistically interesting, and perhaps useful to 

students, it was not universally applicable and did not directly improve fluency of phrase usage, 

so I removed it and decreased the amount of space in the visuals given to those verbs and nouns. 

Similarly, the it be * to worksheet originally noted the preponderance of prepositional phrases 

before the phrase and asked students to examine the corpus lines and decide what rhetorical 

functions these phrases served. As there was no one specific answer (they served a variety of 

overlapping tasks), I removed this question.  

 

In addition to these minor points that were removed, I designed entire visuals that did not make it 

into the final edition of the worksheets. At various points I created visuals for the p-frames that 

retained all the edges so that students could see what context words linked most with which 

variable slots in the p-frames; I created separate networks for the adjectives of possibility and the 

adjectives of importance in the it be * to variable slots; and I used WMatrix to semantically tag 

the nodes and sort them accordingly. At some points during the development, I had two pages of 

questions and exercises for some of the worksheets. It was only after thoroughly exploring the 

variety of visuals and objectives for each phrase and receiving student evaluation on what points 

where helpful and which were too easy or too abstract that I was able to confidently select the 

three or four most useful objectives for each phrase.  

Create Summary Sheets 

As mentioned above, the process of incorporating corpus data and creating specific learning 

objectives meant that there was too much information to incorporate easily into an in-class 

activity sheet and summarize efficiently for future student use. When reviewing the first draft of 

the exercises, two students separately asked if I had the data and “answers” on another sheet that 

they could use as a reference. A third student pointed out the alternation between the corpus 
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information and questions were confusing, and that after working through the sheet, he wanted a 

separate clean paper with the information that he could refer to in the future. 

 

The solution to this was to create a summary sheet for each phrase that highlighted the corpus 

information and learning objectives for that phrase. The summary sheets had the following 

categories: relevant grammatical information, sentence order information, relevant linguistic 

concepts, the phrase’s rhetorical uses, and synonyms. Not every phrase summary had every 

category, only the ones relevant to that phrase and its objectives. The summary sheets are in 

Appendix E, along with the worksheets. 

 

The summary sheets facilitated designing three or four learning objectives for each phrase, 

shown in Table 15. It was much harder to draw the learning objectives from the draft worksheets 

with the open-ended questions, but after creating the summaries with their terms and 

descriptions, it was simple to select learning objectives. The process was cyclical, as I also 

tweaked the summary sheets to better connect to the learning objectives, and this often meant 

changing a question on the worksheet as well. But in the end, the three sets of materials were 

clearly aligned, and this meant I could also align each of the pre- and posttest questions with a 

learning objective. Table 15 shows how the objectives for each phrase matched a certain section 

of the summary and specific questions in the worksheet for each phrase.  
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Table 15: Alignment Between Learning Objectives, Summary and Worksheet 

Phrase Learning Objectives Section in Summary Worksheet 
Questions 

due to the 1. Identify the antecedent of the phrase Pieces of the Sentence 2 
 

2.Change or add a hedging/strengthening 
adverb 

Strengthening & Hedging 5, 6 

 

3. Rewrite sentences to change phrase order 
and rhetorical impact 

Place in Sentence 3, 4 

    

there be no 1. Change and add transitions before sentence Transitions 1 
 

2. Change and add hedging adjectives Adjectives that 
Strengthen/Hedge 

4 

 

3. Adjust preceding verb to hedge or 
strengthen 

Verbs that 
Strengthen/Hedge 

2, 3 

    

it is * to 1. Change adjective of possibility Adjectives of Possibility 1, 2 
 

2. Change adjective of importance Adjectives of Importance 1, 2 
 

3. Identify and use the phrase's three 
rhetorical functions 

The "Dummy It" and Uses 3, 4 

    

it is * that Identify qualifying phrases Position in Sentece 1 
 

Identify and use the phrase's three functions The "Dummy It" and Uses 2, 3 
 

Identify the passive agent of the verb The "Knower" of the Phrase 4 

 

It was useful as a researcher to be able to pinpoint what students should learn and how to 

evaluate if they had acquired that knowledge. But more importantly, these summary sheets 

meant that students could grasp the most salient points about each phrase and refer back to them 

if they were struggling to use the phrase fluently in their future writing.These objectives also 

allow students to see how the knowledge they gathered from a particular phrase is transferable to 

other phrases. Learning to distinguish when an author is hedging or strengthening a claim, how a 
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phrase’s impact is changed by its placement in a sentence, how to replace clichés with more 

original synonyms, or to notice when an adjective reflects author stance are all transferable skills.  

Encourage Student Participation/Sharing 

Despite the emphasis on instructor-directed learning outcomes and summary sheets, true learning 

requires student involvement and peer-to-peer sharing. International graduate students are by 

necessity multilingual, gifted, motivated learners who are becoming experts in their specific 

fields. Those who have had to acquire a language as adults have helpful insights into its use that 

are often not available to NS writers (Llurda, 20015). As I reviewed the drafts with the six 

students, I was continually impressed by the acuity of their observations and the amount of 

thinking and talking they had done about their own English academic writing. They knew which 

words and phrases their advisors employed frequently, and which writing pet peeves to avoid. 

They also knew field-specific connotations that I could not gather by scanning corpus lines. For 

example, one student in chemical engineering informed me that the type of experiment 

performed to uncover the chemical makeup of a material constrained whether the researcher used 

“obtained” or “determined” in documenting the results. 

 

Thus, as a NS teacher who had not done writing in any of the students’ fields, it was essential to 

create space in the exercises and the lesson plan to ensure that students were encouraged to share 

their insights with each other. One student recommended that I clearly delineate which questions 

were for individuals to answer on their own and which were group work. Thus, in the final 

sheets, the questions were ordered so that students had some time to familiarize themselves with 

the phrase and answer a few basic questions before devoting the majority of their time to going 

over the questions in groups. There are still a few open-ended questions for which the teacher 

does not have a clear answer, and what is learned will be a result of what the students know or 

discover. The lesson plan (discussed in the next chapter) also included times for the groups to 

share their insights with the whole class. As the main learning objectives were clearly fixed, it 

was important to balance that by making room for peer-to-peer learning.  
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Design Attractive Materials 

The final key principle is to make the materials attractive. While this goal is not often discussed 

in research on corpus-based pedagogical materials, the addition of visualizations highlighted the 

focus on the appearance. It was also something students regularly gave feedback on – from 

quantity of white space to color choices to suggestions for bullet points, they wanted a design 

that made sense and was easy to navigate. 

 

For this particular set of worksheets and summaries, that meant being selective about what was 

included in the visuals, labeling clearly, and separating the materials into exercises and 

summaries. It also required listening to students’ comments and incorporating some small 

suggestions, some as simple as not stapling the sheets with the corpus lines to the worksheets, as 

that made it difficult to flip back and forth between the examples and the questions.  

Visualize Only Select Elements 

This application connects directly to the first principle on maintaining simplicity. In this case 

however, the simplicity serves to enhance the appeal of the visuals rather than direct the 

students’ attention. In particular, it means deciding what information gets visualized and what is 

included as text or left out completely. Since the visuals are what makes these materials unique, 

it was tempting to visualize everything possible. However, in the final version of the materials, 

only a few main points were visualized in the phrase networks. The relative frequency of a word 

is indicated by the size of its node, as more frequent words have larger nodes. The colors 

correspond with syntactic or rhetorical categories. And the linear order, where possible, 

represents the order in which the elements of the sentence appear.  

 

There was a great deal more network and corpus information that could have been visualized. 

The average distance of the word from the phrase is not included; there is no indication of the 

raw frequency of each node’s occurrences; and in most cases, the edges between nodes have 

been deleted. This means that with the p-frame exercises, the students do not get to see which 

words before and after varied in accordance with the word in the variable slot. Even when the 

edges were kept after the phrase in the it be * that worksheet, I did not set the edge widths to 
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reflect frequency information. While I designed versions that visualized all these pieces of 

information, it was quickly apparent that more than 3 or 4 types of information per node cannot 

be simultaneously visualized in a way that fits attractively onto one page.  

 

Selecting elements to visualize also meant that I did not use many of the visual bells and whistles 

that NodeXL offers. I could have made the nodes different shapes; I could have employed 

directional arrows between nodes; I could have differentiated between dotted and solid lines; I 

could have used more complex graph shapes. However, I settled on simple left to right visuals 

because this most closely followed the linear structure of writing. I retained the arrows only on 

the right side of it be * to, so that students could see which adjectives in the variable slot 

appeared with which verbs after the phrase. For the rest, I let the linear structure convey the 

order. In the original graphs, bidirectional arrows were useful for demonstrating which nodes 

appeared both before and after the phrase; however, for the sake of clean visuals, I used the edge 

count information to determine whether a node occurred most often before or after the phrase, 

and placed the node on the side where it occurred most frequently. Again, this simplified the 

information; but it was more attractive to have a linear graph with less information than to be 

able to identify the handful of words that appeared both before and after the phrase.  

Label Clearly 

One improvement to the visuals that several students requested was to label each category of 

items before and after the phrase. Numbering these categories made it easy for students to refer 

back to the visual when working on the questions. The very first draft of the worksheets only had 

numbers, not labels, because, following Gabrielatos (2005), there are pedagogical benefits to 

asking the students to identify the trends in the data and name the categories themselves. 

However, as mentioned before, the students preferred to work with and learn from existing 

categories, and once created, the categories were much easier to work with when labeled.  

Separate Information from Exercises 

Three of the students asked for more modern-looking, spacious worksheets. When there were 

lists in the text, one student recommended bullet points. This was the second reason, in addition 
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to including more corpus information, that I redesigned the original single worksheets into a 

worksheet and a separate summary sheet. With the new design, the important terms and corpus 

information can be presented orally by the teacher in class, the students can work through the 

worksheets and write on them if they wish and mark up the corpus lines, and then they can take 

the summary sheets home. This change made the in-class exercise much less cluttered.  

 

A before-and-after example of this is found in comparing Figure 11 and Figure 12. In Figure 11, 

we have the original introductory paragraph on the it be * to worksheet. The categories are 

explained in full sentences, without referring to the category numbers, and examples from corpus 

lines are mixed in; the questions do not start until halfway down the page. In Figure 12, however, 

all that content has been removed from the worksheet and placed in a separate summary sheet.  

In addition to making more space on the worksheet, the information moved to the summary sheet 

is also more attractive. The categories are explained in a numbered list that matches the visuals, 

and headings now separate the pieces of information. This creates more white space, making the 

page easier to navigate. The examples have been removed, since they will be discussed in class. 

Finally, rhetorical uses have been added, so that students can easily return to this summary to 

recall the important points.  

 

Figure 11: Original Paragraph for it be * that Worksheet 
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Figure 12: New Summary for it be * that 

 

To summarize, clean visual design of the materials is not something that either corpus linguistics 

or social network analysis tools can manage. It takes a designer to decide what information goes 

into the visuals, how data should be sorted and labeled, and how to lay out the information on the 

page. Both expert knowledge of what linguistic data is useful to writers and user feedback on 

what makes sense or feels clunky are essential elements. Only by combining the insights from 

corpus linguistics and pedagogical knowledge can a designer choose what elements to visualize. 

But when creating materials that are attractive to the eye and easy to work with and learn from, 

the most important element is student feedback. The designer must understand what a student 

sees when they pick up a sheet and redesign until the students’ perceptions align with the 

pedagogical goals. 

Template for the Future 

The four main principles that led to successful materials design were to maintain simplicity, 

incorporate corpus insights, structure materials to align with learning objectives, and attend to 

design aesthetics. However, as is clear from the examples above, these principles were applied 

iteratively throughout the design process; sometimes they conflicted with each other or 

conflicted with student feedback. It took hours of trial and error to settle upon the final form of 

the visuals, worksheets and summary sheets, and there is still room for improvement. However, 
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given the lessons learned, this is the linear process recommended for developing language 

learning materials on academic phrases that effectively use corpus-based visuals. The nine steps 

are listed in Figure 13, along with the tools used in each step. The graphic flow begins in the 

upper left. 

 

Figure 13: Template for Materials Design 

 

These steps start with the assumption that the materials designer has access to a cleaned corpus 

of relevant material with the phrases/lexemes of interest already marked, and that the designer is 

familiar with linguistic terms and language acquisition pedagogy.  

 

1. Draft the visual. This is the most technologically time-consuming step. To begin, input 

the corpus texts into AutoMap. Window size of two words (i.e., two words to the right 

and left of the phrase) is recommended; widening the window did not help with 

identifying useful information. From the union semantic list, extract all edges that contain 

the phrase (this is done in Excel). Place this information in a new Excel document, and 

clean out whatever information is clearly not needed (such as edges with a frequency 

below 3 and scrambled scientific abbreviations). It is much easier to do this in Excel than 

in NodeXL. NodeXL can be buggy and has built-in commands and formatting that means 
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it occasionally reverses your decisions about which nodes to hide and show, so put as 

little excess data as possible into NodeXL. Once cleaned in Excel, the data is inserted 

into NodeXL to see what information emerges from the visual. If there are too many 

nodes to see clearly, reduce the nodes in Excel and try again in NodeXL; it can be helpful 

to alternate between the two to immediately picture the results of changes. Keep careful 

documentation of what is excluded and why. 

 

2. Draft potential questions, both for the exercises and the researcher. This means that 

initial good ideas will not be lost; note idea for a useful activity, or questions raised by 

the graphs. For example, in creating the there be no graph, one question I wrote is, “why 

are there so many reporting verbs before this phrase?” 

 

3. Develop categories for the nodes in the visuals. This means working with AntConc, 

NodeXL, and, optionally, WMatrix’s semantic tags. WMatrix can be used to semantically 

tag the nodes and highlight clusters of similar words. The AntConc lines are essential for 

deciding the linear order of the categories, answering questions like, “when a phrase is 

preceded by both qualifying adverbs and transitions, which occurs first?” AntConc 

corpus lines will also indicate if a category appears frequently outside the window-size 

distance, and thus if it is worth including. As categories are chosen, arrange the nodes in 

the visual accordingly. When a node does not fit into a category, search for it in the 

corpus lines to pinpoint its role and decide whether to keep it.  

 

4. Draft the summary. As with the second step, pause in drafting the visual to draft the 

summary, noting down linguistic terms that would be useful in explaining the patterns, 

synonyms in the variable slots or in the vicinity of a fixed n-gram; and rhetorical and 

syntactic patterns identified in the AntConc lines. This step relies most heavily on the 

designers’ research and pedagogical knowledge, as it is appropriate to highlight the 

patterns that have been shown to be most difficult for language learners.  

 

5. In light of the summary, redevelop the questions and add corpus lines. As salient patterns 

are identified, it is possible to change open-ended questions into directed questions. With 
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the question mentioned above, I identified three rhetorical uses to having a reporting verb 

before the claim and asked students to identify and practice those uses. This is also an 

ideal time to pull in corpus lines for the Corpus Examples section, as you can pick the 

most relevant lines and use them to illustrate questions and concepts. 

 

6. Pick 3-4 learning objectives for each phrase and align them with the content. This is the 

point where the many interesting points and patterns are narrowed down and structure 

created. The objectives may involve rhetoric, syntax, sentence development, vocabulary 

and synonyms, author stance or other useful points, but make sure that they are not all 

syntax or all vocabulary. Rotate working on the objectives, exercise questions and phrase 

summary till they are all clearly aligned. 

 

7. Optionally, develop test questions to measure if students have acquired the concepts in 

the learning objectives. The design of the test questions will be discussed in the next 

chapter; here, they are mostly valuable as a way of checking the alignment of the goals, 

exercises and summaries.  

 

8. Finalize visual design. This is the time to go back into NodeXL and make the graph as 

attractive and useful as possible. Color-coordinate the categories. Rearrange the nodes so 

their labels are easily readable and they fit the span of one page. This should be saved 

until the very last, since NodeXL can have trouble saving visuals; node position can be 

locked, but color and shape choices made on a graph will be overridden by the Excel 

lines when it is reopened. Thus, the final visual should be designed in one sitting and 

exported. On the exercise sheets, label and reference each category correctly, color 

coordinate corpus line examples, and make sure the layout on the page is attractive.  

 

9. Invite and incorporate feedback from the target audience. Finally, ask members of the 

intended audience to evaluate your materials, and redesign the sheets as appropriate. As 

not every suggestion can be incorporated, pay attention to those which align with the four 

principles and to points raised by more than one reviewer.  
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As noted in the beginning and evident throughout the steps, this process only works when the 

designer is educated in linguistics and pedagogy. While the centrality of the designer’s 

knowledge is clearest in step 4, their own experiences and leanings will influence the decisions 

made in other steps as well. Figure 13 also highlights the necessity of access to an array of 

corpus and SNA tools. This approach combines researcher expertise with five separate tools, all 

of which inform the final choices made. Thus, it is appropriate to next evaluate the role of the 

SNA programs in the framework. 

Evaluation of SNA Programs 

The two main social network analysis programs used in this project were AutoMap and NodeXL. 

They are separately evaluated below for their usefulness in the task of designing visualizations 

for corpus-based teaching materials. AutoMap was used to clean the corpus and extract 

relationship information; NodeXL was used to visualize that information. While both played an 

important role in corpus design, the past sections have made clear that they were not adequate on 

their own. In order to use these tools successfully, the materials designer needs to be able to 

successfully use AntConc or other corpus tools, WMatrix or other forms of POS and semantic 

tagging, and Excel.  

AutoMap 

One small challenge of this program is that it was not designed for a corpus analysis where the 

researcher is most interested in the words themselves. It was designed for researchers interested 

in network analysis, who want to map out relationships between key people and places for 

purposes like counterterrorism and understanding social networks (Carley, Columbus, & 

Landwehr, 2013). But this does not stop Automap from being highly effective at the two key 

steps of corpus pre-processing and extracting basic relationship information. 

  

For pre-processing, AutoMap has the key benefit of being able to quickly make changes to a 

large set of text files. Features such as stemming, merging hyphenated word at line ends, 

converting to lower case, and removing any word or numbers that the designer asks for all make 

it easy to efficiently clean a corpus. While there are other files that do similar work (e.g. 
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Notepad++ (Ho, 2019)), AutoMap comes with a variety of presets that are specific to text 

editing, the interface is easy to work with, and it is possible to reverse changes to the text and 

watch the effects of doing them in a different order. AutoMap also made it easy to fix its own 

errors. For example, there were a handful of words ending in /s/, like ‘thus, analysis, this,’ which 

it misidentified as plurals and transformed into ‘thu, analysi, thi,’ when stemming. But thanks to 

its excellent documentation, I could look through the list of transformations, identify the 

incorrect ones, and run a thesaurus that changed them back to their original form.  

In addition to corpus cleaning, AutoMap was used to extract relationship information from a 

corpus, and it did so perfectly. The task is a simple one (to count how often words co-appear 

within a certain window), but AutoMap did this work efficiently and gave a multitude of options 

in addition to window size. It was possible to select textual cues like sentence end and paragraph 

end when setting window size and to choose to incorporate directionality (which is essential for 

this type of analysis, where whether the word comes before or after the phrase matters) . It 

produces data files that are compatible with a variety of file formats, and, importantly for 

NodeXL, can be easily imported into Excel files.  

 

Thus, the way AutoMap was employed in this project is not a fair assessment of its true 

capabilities; it can do much more than what it was used for here. However, its preprocessing 

presets and ability to extract accurate relationship data from large corpora make it a helpful tool 

for a linguist.  

NodeXL 

NodeXL played an essential role in creating the visualizations. While these visualizations were 

received favorably by the students in the piloting and have a number of clear benefits that we 

will discuss later, as a software NodeXL has both serious advantages and disadvantages.  

The main concerns for future materials designers to consider when selecting data visualization 

software is that NodeXL is not always intuitive, that it occasionally crashes when faced with 

large quantities of data, and that there are a few key features missing.  

 

Because it is built as an extension to Excel, experienced Excel users may enjoy the familiar 

features and find it easier than starting from scratch on a new platform; however, the downside is 
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that the goals of NodeXL do not sync perfectly with the Excel interface. The graph is displayed 

in Excel’s Document Actions Pane, so the user is limited in the size and shape of the space. 

Selecting and managing data points in the pane is not intuitive; the NodeXL controls are spread 

out between a special tab at the top of the document, the graph pane, and the rows of data. The 

rows of data are all easy to edit, but because of all the presets in a NodeXL template, Excel 

formulas often do not work, and editing the data rows does not always update the visual, even 

after refreshing the graph.  

It is also worth noting that there were a couple points in my design process where NodeXL could 

not handle the large amount of data inserted into it; the data had to be filtered in a separate Excel 

file to a smaller size before being imported. This is not an insurmountable problem, but it means 

that the researcher or materials designer cannot benefit from the visualizations until after paring 

down the data.  

 

Finally, while it is excellent at providing full control to the designer, there are some 

shortcomings that affect the quality of the visualizations. There is no setting that groups nodes 

together so that the labels do not overlap. Aside from pre-set graph shapes that did not fit with 

the goals of this project, there is no way of telling the software that you want a certain group of 

nodes in a certain part of the graph without manually selecting and moving them. The nodes 

cannot be lined up in neat rows, as the option that should do this does not consider label width, 

so the labels overlap. Even for directed graphs, there is no way of arranging nodes in accordance 

with the direction of the arrows. Finally, exporting the images is clunky; the only way to do so 

with a Basic membership is to upload it to their website and download it from there. Even with 

the Full membership, the graphs have to be emailed to someone and downloaded from the email.  

 

However, despite the sometimes clunky or unreliable interface, there are clear benefits to this 

software; it enables the researcher total control over all the variables, provides immediate visual 

understanding of key ideas, and does not require coding abilities or special training to use 

effectively.  

 

The aspect of total control is this software’s strongest selling point. Other visualization software 

take inserted data and produce visuals, but the transformative work between the data and the 
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visualization is often under the hood, and it is difficult to tweak small aspects of the visualization 

(such as colors, sizing, placement). This is where incorporating Excel becomes NodeXL’s 

strength rather than its weakness. The researcher can insert as many additional variables as they 

wish for each node and for each edge, and change graph qualities in coordination with those 

variables. For example, I inserted a column for parts of speech and for semantic tags for the 

nodes on some exercises, and then asked the program to color each POS or semantic category a 

different color. Equally important was the ability to remove or add individual data points. As 

discussed above, reviewing the corpus lines sometimes brought out important information that 

was not apparent in the NodeXL images, and I could manually add a lexeme or phrase, choose 

the appropriate size, and connect it to the appropriate existing nodes.  

 

The visualizations are also intuitively helpful to both the researcher and the students. As a 

researcher, it was helpful to take all the relationships identified in AutoMap and visualize them 

before choosing points to highlight and teach. The initial visualization was helpful, for example, 

in noticing the preponderance of transition words before some of the phrases and in 

differentiating between the frequent and infrequent nouns that followed due to the. The students 

who reviewed the materials were similarly drawn to the NodeXL graphs. Being able to visualize 

the parts of sentences as puzzle pieces, some optional, that could all be fit together around a 

central phrase, was a new and interesting way think about phrases and sentences. 

 

The final draw of NodeXL is that it is not intimidating for materials designers with little 

knowledge of programming. All that it requires is a basic knowledge of Excel and a willingness 

to learn the quirks and rules of the program. A couple hours clicking through the features and 

reading through the Help or online forums will give the materials designer enough information to 

get started, and additional skills can be learned as needed. Thus, despite its flaws, its shorter 

learning curve and the control and abilities it gives the designer are major benefits.  

Conclusion 

In conclusion, SNA provides useful tools that can take massive files of data and turn them into 

easily understood visuals with a lot of information in an attractive package. However, they are 

far from perfect, and require patience with their small oddities and limitations. They also require 
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a materials designer with a solid grasp of the corpus data, who can use corpus tools to interpret 

the findings and choose what elements to highlight. Without some sort of informed filter, these 

programs will merely highlight the most common phrases and the connections between them, 

which means that they would highlight the fixed class words (prepositions, articles, and the like), 

rather than the less frequent but more unique or important phrases and words. A designer who 

understands what the measures and numbers represent, however, can work with the data to 

highlight the linguistic features that are useful for students. Thus, these tools do not replace the 

need for an intelligent and trained linguist to interpret the data; but they can make it possible to 

portray the information in unique ways.  

Evaluation of Worksheet Value 

Given the work necessary to learn the tools, rotate between them, and build cohesive material, it 

is clear that the goal of combining SNA and corpus tools to create worksheets with corpus-based 

network visualizations is no small effort. Is it ultimately a worthwhile effort? The next section 

addresses this question by explaining the challenges and benefits of the approach.  

Challenges 

The primary challenge of this approach is the time-consuming nature of materials construction. 

Designing materials from scratch is never a speedy process and will always involve trial and 

error. However, this approach is particularly slow because there is so much information to work 

with and because of the number of tools involved. The corpus and semantic network approaches 

provide a large variety of rhetorical, syntactic and semantic information about the context of 

each phrase, and it takes a while to determine which information is most useful. Even once the 

information has been selected, the process of rotating between the corpus and SNA tools, 

including some that were not made with pedagogical materials development in mind, is a lengthy 

commitment.  

 

Secondly, the necessity for teacher-driven content and learning outcomes may or may not be a 

challenge, depending on the pedagogical perspective of the teacher and the needs and desires of 

the students. Creating visuals from corpus content means highlighting certain pieces of 
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information and relationships at the expense of others. Students are not able to freely explore 

corpus lines, but rather work to identify and practice selected patterns. In this case, this approach 

fit the expressed needs of the students and thus was more of a benefit than a challenge. In 

addition, it is possible to keep the visualizations but create more exploratory exercises that gave 

students greater freedom. However, designing the visualizations puts the power of interpretation 

in the hands of the designer, and a poor or inaccurate visualization can easily give students a 

false impression, as visuals can speak more powerfully than text. It is easier for a student to trust 

a graph that shows a phrase always being used for a certain purpose than to scan through fifty 

corpus lines and note how else it is used.  

 

Finally, the emphasis on visualizations and directed questions may make it difficult to align the 

materials with student levels. NNS graduate students represent a diversity of language 

backgrounds and needs; some excel at writing while others excel at speaking; some struggle with 

grammar while easily handling idioms and phrases; others have excellent command of grammar 

but lack vocabulary. A less structured corpus exercise lends itself to working with such a varied 

population, as students can draw out the information that is helpful to them. Because these 

materials are so specific, emphasizing certain vocabulary, syntax or rhetoric points, it is more 

likely for some of the content to be too simple or to be irrelevant. This challenge is slightly offset 

by including the Corpus Examples section in the worksheets for each phrase, so that more 

advanced students can explore the corpus lines and draw their own conclusions.  

Benefits 

 

Despite these challenges, there are distinct advantages to this approach. The first two have to do 

with the benefits of visualization; the second two are how this approach meets two specific needs 

for advanced NNS learners, giving them important transferrable skills beyond fluency with these 

select phrases. 

 

First, the researcher benefits from the process of semantic network visualization because it brings 

to light patterns that they might not otherwise see. Categorizing the nodes, sorting through 

frequency information, and observing the clusters identified by NodeXL means that very little 
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can get overlooked. For example, when first categorizing the rhetorical uses of it be * to, I 

assumed that this phrase was primarily used to justify methodological decisions and highlight 

key points. However, as I sorted the nodes into categories and checked them against the corpus 

lines, I noticed a third prominent use: the phrase was used as a type of topic sentence. For 

example, the sentence “it is critical to consider scale-up and manufacturing issues,” led to a 

discussion of those issues. It was only through sorting nodes and corpus lines that I was able to 

see this function and thus to include it in the materials.  

The students also benefit from working with the visualizations. The proven benefits of 

visualizations were discussed in the first chapter. Reinforcing text with visuals increases reader 

comprehension (Baggett, 1989), leads to better long-term retention (Peeck, 1989), is especially 

helpful for introducing readers to unfamiliar concepts and new material (Mayer and Gallini, 

1990), and improves student ownership of the material (Mondal, Mondal & Das, 2016). The 

students who reviewed the materials were able to quickly understand the visuals; in fact, while 

they had many suggestions on improving the questions, none of them had complaints about the 

visuals, instead stating that they could understand the layout and work with the information 

easily. As the goal of the materials is for students to use the information (rather than simply 

understand it), the benefit of quickly communicating information made it much easier for the 

students to jump from understanding to applying.  

 

The combination of corpus and network visualizations also met two needs of academic NNS 

writers. It develops learner vocabulary, specifically by asking students to identify the nuances 

between word families and synonyms and practice using the synonyms in sentences. NNS have 

been found to use more ambiguous or indirect language (Hinkel, 1997) or to rely on the words 

they know well, rather than risk unfamiliar words (Coxhead, 2000). These exercises present 

words and terms in semantic families, and the summaries give additional low-frequency 

synonyms found in the corpus lines. Because students work through the choices on their own, 

discuss the nuances and place words on clines as a class, and practice making sentences, they 

learn nuances that are otherwise inaccessible.  

 

And finally, this approach holistically combines sentence variety with vocabulary variety. NNS 

writers can suffer from lack of sentence structure variety (Hinkel, 2003). By portraying the 
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different categories of words and phrases surrounding a certain phrase, students develop their 

abilities to identify and move around the pieces of a sentence. Each of the phrases had questions 

that required constructing and modifying sentences, as the student is asked to vary the placement 

of the phrase in the sentence and determine the syntactic and rhetorical effects of the change. The 

students also interact with their peers’ sentences, thus benefiting from observing how their peers 

write and the sentence structures they employ. While it is possible to have these types of 

exercises without the visuals, the visuals emphasize the puzzle-piece quality of good sentences 

and make it easier for students to decide what pieces they want to add, remove or move. 

Conclusion 

This chapter sought to answer three primary questions: What is the most effective framework for 

combining corpus and social network tools to create teaching materials? Are the SNA tools 

capable of creating student-friendly visualizations? And, once an optimal method of creating 

materials has been found, are the end results worth all that work?  

 

It is useful to answer the second question first, as the usability of the SNA tools contributed to 

the challenge of building an efficient framework. While AutoMap was not designed for creating 

teaching materials, it was an efficient and effective method of extracting network information 

from texts. However, the majority of the work was done in NodeXL, and this was a more mixed 

experience. While NodeXL gives the materials designer complete control over the visual and is 

easy to learn, it can be clunky. The benefits of detailed control are balanced by the difficulty of 

manipulating more than one data point at once, and the possibility of the program not saving 

visualization choices. Over the course of materials developing, I was developed best practices 

that protected against NodeXL’s weaknesses. These practices includes as saving copies of files 

often, always exporting the visuals before leaving the program, and documenting design choices 

carefully so that they could be quickly replicated if lost. NodeXL made it possible to develop 

complex, polished visuals without extensive technical skills, but it also required careful handling. 

Thus, while the SNA tools can be used to create effective, student-friendly visualizations of 

corpus findings, they can only do this within a well-developed design framework that provides 

safeguards for their flaws and best practices for how to use them for purposes outside of their 

original intent. 
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The optimal framework that answers the first question highlights a tension that is common in 

educational materials development. For the materials to be well-received and effective, the 

designers need to incorporate both general design principles and in-depth discipline-specific 

knowledge. Of the four principles of design that emerged through the process, three apply to any 

endeavor to create educational materials, and one required technical linguistic knowledge. The 

principles of establishing clear learning objectives, maintaining simplicity, and designing 

attractively are none of them specific to corpus materials or teaching academic English. As I 

approached this project with the skills of a linguist rather than a curriculum developer, I had to 

learn to apply these principles by trial and error. For example, when I thought I had adequately 

simplified the material, the students who reviewed my material told me it was confusing and they 

were overwhelmed, and so I simplified further. Similarly, given the arguments that corpus is 

excellent for student-driven learning (Bernardini, 2002), I originally created too many open-

ended questions and learned later in the process that my student audience reacted best to and 

were most willing to learn from more targeted questions that had clear answers. Thus, some of 

the key elements of developing corpus-driven exercises on phrases in academic English required 

deepening my knowledge of curriculum development and materials design, fields that were 

outside my personal experience with corpus linguistics and SNA. 

 

However, the fourth principle points to the key role my linguistic knowledge played in 

developing these materials. Students were most interested in the rich contextual corpus 

information I included in the worksheets and which they would have had difficulty accessing on 

their own. The synonymous terms in the variable slot of the variable phrases; the clear lists of the 

different rhetorical purposes of the two variable phrases; the many syntactic options for the 

placement of due to the in sentences: all of this was valuable information. The learning 

objectives I eventually developed all built on these corpus insights, as I translated the technical 

terms into explanations and exercises that students could work with.  

 

Thus, the final design framework had to weave together SNA software, corpus software, and 

other tools; consistently focus on the proven design principles of simplicity, attractiveness, and 

clear goals; and translate technical corpus-based information into approachable exercises. Figure 
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12 summarizes my working solution to this three-pronged challenge. The main takeaway is that 

the process is iterative, and that student feedback is key. Without student feedback, the designer 

cannot know if they are meeting all the goals and still producing useful materials. While the 

designer does not need to take every feedback comment into consideration, the patterns in the 

responses will highlight the materials’ problem areas and strengths.  

 

The final question was, once this framework has been developed, do the results merit the work? 

The full answer to this question is left to the next chapter, as the NNS student feedback focused 

on the material’s accessibility and usefulness, not on the measurable impact it made on student 

writing skills. However, the preliminary indications from the student feedback touch upon a few 

key benefits. First, developing the visuals assists the designer in identifying patterns, and it 

assists the students in conceptualizing the syntactic elements of a sentence and their options in 

assembling the pieces. Second, the use of SNA analysis leads to an emphasis on developing 

vocabulary variety and sentence variety, two key areas of growth for NNS writers (Coxhead, 

2000; Hinkel, 2003). The next chapter will explore how these potential benefits were explored 

and confirmed in a classroom setting.  
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CHAPTER FIVE: CLASSROOM IMPLEMENATATION 

Introduction 

At the end of the second phase of the research project, four worksheets and summary sheets had 

been created to be used in an advanced English for Academic Purposes (EAP) classroom, ideally 

with graduate students in STEM fields. The third and final phase of the dissertation was thus to 

use these materials in two separate classes to see if, first, they facilitated student gains in writing 

fluently with a variety of the phrases, and second, how students and teacher assessed the 

usefulness of the materials in classroom use.  

 

The third research question guided the process of classroom implementation, assessment, and 

evaluation. The research question was as follows:  

 

(3) Can these visualizations lead to better teaching outcomes than the results documented in 

Cortes (2006) and Jones & Haywood (2004)?  

(a) Will students show improvement in the variety and idiomaticity of their formulaic 

language from a pretest to a posttest? 

(b) Will a delayed posttest confirm the posttest results?  

 

Although the third research question is predominantly concerned with the test results, the 

implementation also created rich opportunities for student and teacher feedback and materials 

evaluation, so this chapter will first lay out the methodology used in implementing the materials, 

then overview the results (separated into student test results, student evaluation of materials, and 

teacher evaluation of materials), and finally discuss, based on these results, the efficacy of the 

visualizations specifically and the approach as a whole.  

 

Overall, both the test results and the student and teacher evaluation were positive, indicating that 

the corpus analysis plus network analysis depicted through network visualizations provided 

students with valuable and accessible information on language patterns that they were able to 

grasp and apply. However, while the corpus network visualizations played an important role in 
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bridging the gap between technical linguistic information and graduate students’ ability to 

improve their technical writing, it is still an imperfect bridge. The improvement in the posttest 

and delayed posttest scores demonstrates the value of delivering this information to NNS 

graduate students, and how they were able to immediately incorporate the linguistic information 

to enrich their writing. However, their suggestions for improvement indicate that there were still 

spaces where the gap between their knowledge and the technical information presented was 

daunting. Thus, while this method is one with great potential, it can yet be refined to facilitate 

easier understanding and acquisition of the linguistic material. 

 

It is important to acknowledge that the data in this chapter comes from a small sample of 

students; a total of 14 students participated across the two sections of “Essentials of Academic 

Writing” in which I lectured, but not all the students who came to the first day of each class 

returned for the second day or the delayed post-test. Thus, I will rely on descriptive statistics and 

student feedback in evaluating the materials. Given the new approach to materials design, this 

small sample still represents a valuable field test. The implementation provided valuable insights 

on honing the design process of the materials and on the usefulness of the materials to the 

students. Although I cannot generalize the findings to future uses of these materials, they indicate 

the teaching potential of combining corpus insights with network visualizations.  

Classroom Methodology 

Context 

As mentioned in Chapter 2, the final implementation of the materials developed in Chapter 4 

took place in the Fall of 2019 in two sections of the “Essentials of Academic Writing” short 

course that was offered to international students at Purdue; the primary target audience of that 

course is graduate students. This non-credit, six-week course, whose syllabus is found in 

Appendix F, introduces students to academic genres, rhetorical moves and sentence structure. I 

taught the two 75-minute lessons in the fifth week of the course. The first ten minutes of the first 

class were devoted to the pretest, and the final fifteen minutes of the last class were dedicated to 

the posttest, the feedback questionnaire, and student discussion. The course concluded the next 

week, so the posttest was performed exactly one week after the second lesson.  
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The first section took place in the first half of the semester, allowing time for revision of 

materials before implementing again in the second section. For the first implementation, eight 

students participated in the first class; however, as one student arrived late, only seven took the 

pretest. Six returned for the second lesson and took the posttest and evaluated the materials; only 

four were present in the final class a week later when the posttest was administered Three were 

graduate students in civil engineering, and one each in aeronautical engineering, statistics, 

animal sciences, and physics. The eighth student (who was one of the two to not return) was an 

undergraduate. 

 

In the second half, the first class had seven students, so again there were seven pretests, for a 

total of 14 pretests across the two classes. Four returned for the second class and took the 

posttest, for a total of 10 posttest results. When the delayed posttest was administered a week 

later, five students took the posttest. However, only three of them had attended both classes. One 

student did not answer most of the test questions, and their responses indicated that they had not 

attended either instructional day, so their results were not included. The fifth student marked that 

they had attended the first day. As every other posttest and delayed posttest had been taken by 

students who had attended both days, this delayed posttest was not included in the results. Of the 

seven students in the first class, three were in engineering programs, one in molecular biology 

one in information systems, and the last one in urban planning. Two of the engineering students 

and the information systems and urban planning students returned to the second class. In terms of 

L1 background, of the fourteen total students who participated, 10 were Chinese speakers, one 

was an Arabic speaker, one was a Spanish speaker, and the last student did not volunteer their 

native language. 

Redesigned Lesson Plan 

Given that students’ evaluation of the materials was built into the process of classroom 

implementation, it is impossible to discuss the lesson plan and supplemental materials that 

guided the implementation without mentioning how it was revised by teacher evaluation and 

student evaluation. Thus, the following description of the lesson plan and the supplemental 

materials will include a preview of some of the points raised in the student feedback on the 

materials and the teacher assessment of their usefulness and efficacy.  
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Originally, after the materials for the four phrases were finished, I created a lesson plan to teach 

all four phrases during the two 75-minute classes; it can be found under “Original Lesson Plan” 

in Appendix D. However, the lesson plan was redesigned twice; the first redesign before the first 

implementation, when the materials covered in class were reduced. The process of developing 

the original lesson plan made it clear that it was not realistic to fit four phrases with three 

learning goals each into two 75-minute classes, especially as 25 minutes of the 150 minutes had 

to be devoted to the pretest, posttest and student feedback on the materials. Thus, the first 

redesign eliminated the second fixed phrase (there be no). This one was eliminated because the 

first phrase (due to the) did not have any grammatical variation in it, unlike there be no, and thus 

was the easiest starting place for introducing the fixed and variable phrases. This change allowed 

for more of the class time to be spent on the worksheets and student writing.  

 

The second redesign happened between the first and second day of the first implementation and 

was extended when preparing for the second implementation. After the first day in class with the 

students, it was clear that they needed more scaffolding and direction in understanding the 

material and applying it, in part because their English levels were lower than expected, and lower 

than that of the students who had provided most the feedback on the materials in development 

stage. Thus, the second lesson plan revision focused on dedicating more of the lesson time to 

scaffolding, especially in defining key terms and in conducting group exercises that used corpus 

examples to strengthen concept comprehension and application before writing practice. In 

Appendix D, the final revised version used in the second implementation can be found under 

“Revised Lesson Plan.” The second redesign of the materials meant that PowerPoint slides were 

developed to guide the class through the concept; the role of the PowerPoints in the classroom 

are discussed below, and the PowerPoint slides used in the second section of the class can be 

found in Appendix E.  

Supplemental Teaching Materials and Related Revisions 

Originally, the supplemental materials used in class were a handout that explained the corpus and 

the basis for the materials in class, and a set of PowerPoint slides that defined important 

vocabulary on the worksheets and provided a visual version of the lesson plan (directing the 

order in which questions were to be worked on, and the time allotted to each one).  
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However, along with the lesson plan, the supplemental materials were revised. In the first 

revision before the implementation, the handout was totally removed. In the second revision 

(which applied to both the second day of the first implementation and the entire second 

implementation) the role of the PowerPoints was expanded, and corpus examples incorporated 

slightly differently. 

 

Rather than hand out the Introductory Sheet (found in Appendix E.I) that explained what the 

phrases were, why they mattered, and where they came from, I chose to include that information 

on the slides. The reason for this was that between the pretest, the worksheet for the first phrase, 

and the summary sheet for the first phrase, there were already several handouts in the first fifteen 

minutes. A fourth handout would have been overwhelming. In addition, it was a more efficient 

use of time to summarize the main points verbally than to have students distracted by a sheet of 

information that they would read and ingest at very different speeds. 

 

The PowerPoints were expanded after the first day of the first implementation, as it was clear 

that students would be able to participate more fully if the slides provided more scaffolding for 

terms and had more activities to strengthen understanding. Thus, the original slides were 

expanded, and new group exercise slides were added. 

 

The first addition was a set of slides explaining how to read and work with the diagrams. Figure 

14 is an example of one of these slides. This slide helped students to understand the type of 

sentences that led to the collection of the data, and to visualize the puzzle piece nature of 

sentence construction from the diagrams. This approach to explaining the visuals was successful. 

While several students from the first section expressed that they struggled to understand or apply 

the illustrations, no one in the second section reported this issue. In fact, on the feedback form 

for the second section, all four students answered the question “How useful were the pictures?” 

with a 5 on the 1-to-5 Likert scale (‘very useful’).  
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Figure 14: Slide Illustrating Worksheet Visuals 

 

In addition to explaining how to use the sheets, the existing content on the PowerPoints was 

deepened. This was primarily done by adding group exercises where students reviewed and 

practiced the information about the phrases before we transitioned to writing sentences with 

those phrases. Figure 15 and 16 show what this expansion looked like for the due to the slides. In 

Figure 15, the original introduction to hedging and strengthening had the terms briefly defined, 

and then asked students to use the hedging and strengthening words in their own writing. In the 

redeveloped slide, shown in Figure 16, hedging & strengthening has been expanded into a full 

slide that includes an exercise where the students identify the strengthening and hedging words 

in multiple complete sentences from the corpus.  
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Figure 15: Original Hedging & Strengthening Slide 

 

 

Figure 16: Revised Hedging & Strengthening Slide 

 

Similarly, in the revision, additional activities outside the exercise sheets were developed. Figure 

17 is an example of an activity that provided a review of the adjectives in it be * to. The 

adjectives in the center of the slide did not have markers that indicated which category they 

belonged to until after the students classified the adjectives in groups. At that point, I showed 
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them my categorization. Figure 18 shows a comparable activity for practicing the primary 

rhetorical uses of it be * that: the students again as a class discussed how they would classify 

each sentence before I showed them how I had matched the sentences to the three uses.  

 

Figure 17: Scaffolding Exercise Developed for it BE * to 

 

 

Figure 18: Scaffolding Exercise Developed for it BE * that 
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One crucial element of these redeveloped slides is that they show full sentences with the 

academic phrases, rather than the one-line snippets with twelve to twenty words that were 

included under “Corpus Examples” on each worksheet. While I had included the Corpus 

Examples format because it allowed students to see a large quantity of examples on one sheet 

and to look for overarching patterns, their in-class feedback on the first day of the first 

implementation was that they had a hard time understanding the snippets, and thus were not sure 

how the phrases fit into the full sentences. Putting full-sentence examples on the slides provided 

an intermediary step where they could understand the phrases and their connection to the rest of 

the sentence better before they scanned the snippets for patterns to answer the exercise questions. 

This final set of better-developed PowerPoint slides can be found at the end of Appendix E.  

Classroom Teaching Results 

This approach used both formative and summative evaluation (Tyler, Gagné, & Scriven, 1967) to 

evaluate the effectiveness of the materials and the usefulness of a corpus-based network 

visualization approach to academic phrases. The first set of results is the summative data from 

the pre-, post- and delayed posttests. It demonstrates that the students did improve in their 

performance on the nine teaching objectives developed in Chapter 4. This is followed by a 

summary of the major themes from the student responses on the feedback form and their in-class 

discussion of the materials’ usefulness. The students’ formative evaluation of their experience 

also provides valuable insights into what made the materials effective and how they could be 

improved in the future. This is concluded with a review of the teacher assessment of the 

materials and class based on their use in the four class sessions.  

Pre-, Post- and Delayed Posttest Results 

As explained in the methodology section, a ten-minute pretest was given before the first class 

started, and a similar post-test was given at the end of the second class. A delayed post-test was 

given a week later. In all cases, the tests consisted of two questions for each of the nine learning 

objectives, for a total of 18 questions. All three tests can be found in Appendix G. The test 

results were first reviewed qualitatively, and the source of errors marked. Then the student 

answers were divided up into the three categories of no answer, correct, and incorrect for 
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analysis. Between the two classes, 14 students took the pretest, 10 students took the posttest, and 

seven students took the delayed posttest. 

 

Given the lower proficiency of many of the students, most students were unable to complete all 

questions. Every student started on the first question and answered as many questions as they 

could before the time ran out. Some students skipped questions they could not answer, but all 

students proceeded linearly. This means that an increase in the number of correctly completed 

question is also evidence of a learning gain, as their learning allowed them to rewrite the 

sentences and explain their answers more quickly. Table 16 below summarizes the average 

number of unanswered, correct, and incorrect answers across the three tests, and the percent of 

answered questions that were correct.  

 

Table 16: Overview of Test Results 
 

Pretest Posttest Delayed Posttest 

Average # of Questions Unanswered 10.5 5.5 1.9 

Average # of Questions Correct 5.4 10.5 12.4 

Average # of Questions Wrong 2.1 2 3.6 

Average % of All Questions Correct 30% 58% 69% 

 

From the results, there is evidence of learning across the test. On average, students went from 

leaving 10.5 questions blank, to 5.5 on the post-test and fewer than two on the delayed posttest. 

From the pre-test to the post-test, students nearly doubled the amount of questions they answered 

correctly in the ten minutes (from 5.4 to 10.5, on average). The delayed post-tests do not provide 

as much evidence, as they were only taken by seven students. In both cases, they were given on 

the last day of class, which had low attendance. However, the students who did take the delayed 

posttest retained their learning gains.  

 

When the student answers are separated by the learning objectives of each of the three phrases, 

we can observe which areas had the most growth. Below is a list of the three target phrases and 

their related goals (Table 17), and a breakdown of test data by target phrase and goal (Table 18).
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Table 17: Learning Objectives by Target Phrase 

Phrase Learning Objectives 

due to the 1. Identify the antecedent of the phrase 
 

2.Change or add a hedging/strengthening adverb 
 

3. Rewrite sentences to change phrase order and rhetorical impact 

it is * to 1. Change adjective of possibility 
 

2. Change adjective of importance 
 

3. Identify and use the phrase's three rhetorical functions 

it is * that 1. Identify qualifying phrases 
 

2. Identify and use the phrase's three rhetorical functions 
 

3. Identify the passive agent of the verb 
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Table 18: Test Results by Target Phrase and Related Goals 

 Pre-test Post-Test Delayed Post-Test 
 

No 

answer 
Correct Incorrect 

No 

answer 
Correct Incorrect 

No 

Answer 
Correct Incorrect 

due to 

the 
 

Goal 1 64% 21% 14% 45% 50% 5% 14% 86% 0% 

Goal 2 93% 4% 4% 5% 70% 25% 0% 86% 14% 

Goal 3 64% 18% 18% 30% 65% 5% 21% 71% 7% 

it is * 

to 
 

Goal 1 4% 82% 14% 5% 75% 20% 7% 64% 29% 

Goal 2 71% 21% 7% 65% 25% 10% 29% 36% 36% 

Goal 3 93% 7% 0% 40% 50% 10% 7% 50% 43% 

it is * 

that 
 

Goal 1 29% 50% 21% 60% 40% 0% 14% 71% 14% 

Goal 2 32% 46% 21% 10% 75% 15% 0% 93% 7% 

Goal 3 75% 21% 4% 15% 75% 10% 0% 71% 29% 

 

It is impossible to make strong claims based on the descriptive statistics in Table 18, as part of 

the variance is due to whether the students were able to reach both of the questions for each 

particular goal. Some of the ‘no answers’ are due to the students not reaching the questions, and 

the others are due to the student skipping the question because they were not confident in their 

ability to answer.  

 

However, there are a few notable points. First, the no answer rate decreases substantially for all 

but Goal 1 of it is * to, showing that the gain in speed is distributed across all the learning goals. 

Second, two of the largest gains are in similar goals; both Goal 3 of it is * to and Goal 2 of it is * 

that have to do with identifying and using the phrases’ rhetorical functions. And finally, while 

the goals that emphasized finding synonyms (Goal 2 of due to the and Goals 1 & 2 of it is * to) 
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do not show dramatic improvement, it is important to note that the quality of the correct answers 

improved. For example, in the pre-test, students primarily wrote ‘hard’ or ‘impossible’ when 

asked to replace an adjective of possibility with a word that meant less possible. In the post-tests, 

the answers included ‘infeasible, unwise, unpractical, inappropriate, plausible,’ in addition to 

‘impossible, hard.’ Several students wrote down multiple words. The same pattern of increasing 

quantity and quality of correct synonyms was seen in the reporting verbs for it is * that. Thus, 

there is solid indication that at least some of the students acquired new rhetorical understanding 

and deepened their knowledge of synonyms.  

Student Feedback 

At the end of both implementations, students received a feedback form and were asked to fill it 

in; I sat away from the students and collected the forms once they were turned over to provide 

some anonymity, though the students may have been more likely to respond positively since I 

was still in the class. The forms had three questions where student selected their answer from a 

five-point scale, and three open-ended questions. The feedback form can be found in Appendix 

G. 10 students filled out the form: six from the first class and four from the second. While the 

responses to the scaled questions were generally positive in the first class, there was somewhat 

conflicting feedback on the open-ended questions that addressed the unique role of the 

visualizations and some ideas for improvement. After I implemented many of the suggestions, 

the feedback from the second class was overwhelmingly positive. Both are discussed in turn 

below. 

 

Feedback on Scaled Questions 

The three questions with five-point scales asked the students to rate how useful the visuals were, 

how useful the information was, and how much of the content they understood. The responses 

from the first implementation are summarized in Table 19, and the responses from the second 

implementation are summarized in Table 20.  
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Table 19: Scaled Feedback Question Responses from First Implementation 

Questions with Five Point Scale S1 S2 S3 S4 S5 S6 Average 

Q1. How useful were the pictures? 5 5 3 5 3 5 4.3 

Q2. How much of the information was useful? 5 5 4 5 3 5 4.5 

Q3. How much did you understand? 4 4 4 4 2 4 3.7 

 

 

Table 20: Scaled Feedback Question Responses from Second Implementation 

Questions with Five Point Scale S1 S2 S3 S4 Average 

Q1. How useful were the pictures? 5 5 5 5 5.0 

Q2. How much of the information was useful? 5 4 5 5 4.8 

Q3. How much did you understand? 5 4 4 3 4.0 

 

In the first implementation, as reported In Table 19 for questions 2 and 3, the students rated the 

“usefulness” of the material at 4.5 on average, which was higher than their rating of how much 

they understood (3.7 on average). This indicates that the material was slightly too difficult. They 

appreciated the material and thought it was important, but that the lack of scaffolding and/or 

manner of presentation was confusing to them. The second implementation, reported in Table 20, 

received higher scores for both these questions; students rated the usefulness at 4.8 and how 

much they understood at 4.0. Thus, the changes between the implementations may have 

increased student ability to understand the materials. The increase in understanding also led to 

higher usefulness ratings for the visuals, from 4.3 to 5.0.  

Feedback on Open-Ended Questions 

The three open-ended questions were: “What was most helpful about the materials?” “What was 

most confusing or unhelpful about the materials?” and “Other comments or questions?” The 

students in the first implementation provided conflicting feedback. One student mentioned the 

visuals as the most helpful element; two students mentioned them as confusing. Of those two, 

one found it hard to distinguish between the different visuals, and the other felt like the visuals 
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were not adequately self-explanatory. In addition to the visuals, the students named the rhetorical 

uses of each phrase and the teaching about variable phrases and structures as the most helpful 

parts of the materials. This was unsurprising, as they were visibly most engaged in class when 

we discussed synonyms for the most frequently used adjectives and verbs, and when we covered 

the rhetorical uses of the phrases.  

 

For the second implementation, only four students filled out the feedback form, and their 

comments were brief. They answered the first open-ended question about what was most helpful 

with all-encompassing answers like “phrases & their function” and “three common and useful 

phrases were introduced.” None of them answered the question about what was confusing or 

unhelpful, and the only comment on the last question was one student asking to learn more about 

corpora work. As they answered the Likert scale questions with more positivity than the first 

group, this lack of issues is not surprising. Both the generality of the positive answers and the 

absence of negative answers could indicate that the adjustments I made to the content of the 

second set of classes was useful for students.  

Teacher Assessment 

As the teacher, I followed the example of Lee & Swales (2006) and took copious notes on both 

classes as they happened and immediately afterward, primarily documenting student responses to 

activities, including positive responses and students’ questions or areas of misunderstanding.  

My primary takeaway from the very first class was that the students had a lower level of comfort 

with academic English than I had anticipated, and this manifested in three ways. First, most of 

the students were hesitant to write sentences on their own, even after we had discussed the 

phrase and several examples. As several of the exercises included a prompt to write an original 

sentence with the phrase, this meant they just waited or worked on the other exercises when I 

gave them time for sentence writing. Second, it took longer than expected to go through and 

understand the example sentences. Finally, the students were most interested in the synonym 

options, especially in the words that were unfamiliar to them. Building vocabulary was still a key 

concern for them.  
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As mentioned above, to address the first concern I built much more scaffolding into the lesson 

plan. I included slides that labeled every part of the example sentences, and for almost every 

learning goal, I created a PowerPoint slide with a related exercise, so that they spent more time 

reviewing all the information and playing with existing sentences before writing their own 

sentence. While the first class was still hesitant to write on the second day, the second class 

responded more easily to the sentence-writing prompts. The thoroughness with which we 

covered the examples seemed to give them the confidence to mimic the structures while writing 

in their own discipline.  

 

As a whole, my notes from the second day of the first class and from the second class were much 

more positive about student participation. Both classes asked thoughtful questions about how to 

use patterns best. A student in the first class mentioned that the most common phrase in his 

discipline was “it is obvious that,” and he found this annoying, as he found that it was often 

followed by a statement that was not obvious to him. This led to a discussion of when to use the 

most common patterns, and when to seek out more creative expressions. The students were 

especially interested in accurately acquiring and using the less common synonyms for the 

variable phrases, so we discussed the subtle connotations of the unfamiliar synonyms and when 

they could best be used.  

 

Finally, both classes were most engaged when we discussed how the variable phrases could be 

used to express author stance and voice while avoiding personal pronouns. Again, we discussed 

that these popular workarounds do not always lead to the best or clearest writing, but the students 

found it valuable to be able the recognize and manipulate the tools used for inexplicit author 

stance. The whole class was also engaged when we did PowerPoint exercises (such as sorting 

adjectives into adjectives of possibility vs. importance, identifying the knower behind it be * 

that, and naming the rhetorical uses of example sentences for both variable phrases).  

Thus, my assessment from the first lesson led to several adjustments that seemed to substantially 

improve student attention and buy-in. By providing more scaffolding exercises and making space 

for discussion of points that caught their attention, I could accommodate the students who were 

not comfortable jumping into writing and ensure that they still learned information and skills that 

they found valuable.  
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Discussion 

This chapter summarized the classroom teaching and its results, including how the material was 

adapted to the circumstances, student test results, and student and teacher feedback on the 

materials. All this work sought to answer one primary question: is teaching from corpus findings, 

using network visualizations, an effective approach to aiding advanced NNS students improve 

their use of formulaic language in academic writing? The answer rests first, in the effectiveness 

of the visualizations, and second, in the usefulness of the approach as a whole.  

Efficacy of Visualizations 

The graduate students who reviewed the materials when I was designing them were 

overwhelmingly positive about the visualizations. The direct feedback on the visualizations from 

students in the first class was more mixed, however. The difficulties with the visualizations came 

primarily from the density and unfamiliarity of the information. The visualizations combine part 

of speech color-coding, rhetorical information, frequency information, synonyms, and ordering 

information. While some students in the first class appreciated this, others found it 

overwhelming or confusing. I was able to improve student understanding in the second class by 

including several slides that walked students through the information in the visualizations and 

how to read and use them. In my in-class observations, the students were more willing to use the 

visualizations after that introduction, and they responded more positively on the surveys. This 

indicates two possible avenues of improvement: either the visualizations could be kept as is and 

better introduced and demonstrated, or they could be simplified or redesigned to be more 

intuitive.  

Either way, the visualizations offered a novel avenue through which the students could acquire 

rich contextual information based on real data and employ that in their own writing. The 

generally positive student feedback on the visualizations shows it had value to them. They 

frequently referenced the visuals in class when writing or rewriting sentences, demonstrating its 

value as a tool. The students’ gains from the pre- to the post-tests demonstrate that much of their 

new skills stayed with them, and that could be due in part to the visuals. A final point in favor of 

these visualizations is that the learning objectives that were best received by the students were 

developed as I designed the visualizations and wrestled with which patterns to highlight and 



 

 

148 

 

what contextual information to include in the visuals. Not only did the visuals aid the students in 

learning; the development of those visuals led to the designer having a deeper understanding of 

the phrase and being able to select thoughtful and authentic learning objectives that engaged 

students.  

Efficacy of Approach  

One key component of the third research question was if incorporating network visualizations 

into the teaching process could lead to better results than previous attempts to teach corpus-based 

phrases to students. Specifically, the research question asked if the teaching led to better results 

than those experienced in Cortes (2006) and Jones & Haywood (2004). As each of these three 

corpus studies targets different populations, uses different strategies for both identifying and 

teaching formulaic language, and measures student success differently, there is the danger of 

comparing apples to oranges. However, there are some comparisons worth noting. Cortes (2006) 

found that while her students demonstrated increased awareness of lexical bundles, there was no 

change between pre- and post-instruction production of lexical bundles in their classroom 

writing. Jones & Haywood (2004) found a slight improvement in students’ ability to fill in the 

missing word of a formulaic sequence in a sentence context, but no change in their use of 

formulaic sequences in their essays. Cortes suggests at the end of her study that “students might 

need more exposure to examples in their contexts” so they can see “how these expressions are 

used by published authors.” (2006, p 401). This study did exactly that, and also included rich 

information on each phrase’s context. The hope was that the visualizations, increase in 

contextual information, and deep focus on a few phrases rather than a brief introduction to many 

phrases would lead to better outcomes.  

My use of re-writing exercises as the avenue for student evaluation is a half-way point between 

Cortes’ tests of student awareness of lexical bundles and their spontaneous production in writing. 

Through the re-writing exercises, I was able to demonstrate that the students did improve in their 

ability to recall, manipulate, and correctly use the phrases. Thus, the students in this study were 

not only able to recognize the patterned language they studied; they were also able to manipulate 

that patterned language, select synonyms and antonyms, and name the rhetorical functions of the 

language they used. Given the limitations of the class time, we were unable to measure if the 

training had impact on their writing outside the class. Thus, while they went a step beyond 
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Cortes’ and Jones & Haywood’s students’ ability to recognize the phrases and were able to 

accurately and meaningfully use the phrases when asked, it is not known if this will transfer to 

their academic writing. Thus, there is preliminary data showing that this approach has a whole 

may have pedagogical value; but it would take larger, longer-term studies to conclusively 

demonstrate that. 

Conclusion 

In summary, this study created and tested a new method for developing and implementing 

teaching materials using corpus-based findings for instruction about formulaic academic 

language to advanced NNS graduate students. This method emphasized the rich contextual 

information around the phrases and visual representation of complex linguistic data. Through test 

data and student feedback, though the sample was small, it was clear that this approach was both 

well-received and led to an increase in student reading and writing skills. Students showed 

improvement on almost all of the nine learning objectives. There was significant improvement in 

their comprehension, ability to rearrange the sentences, and understand and use different 

rhetorical nuances. They were especially interested in the less-frequent synonyms for common 

expressions and improved in the quality of their synonyms in the re-writing exercises.  

One major impediment to the effectiveness of this approach was the difficulty in bridging the 

gap between the complex and technical syntactic and rhetoric content and the varied but 

consistently lower writing level of the students who were in the classes. While they were all 

intelligent and involved students eager to improve their writing, they were daunted by writing 

tasks and not always familiar with rhetoric or grammatical terms. To address this, I incorporated 

clearer scaffolding and exercises for each learning objective, additional explanations of the 

visuals, and more warm-ups and model sentences before asking students to write. This led to 

higher student engagement during class and more positive student feedback after the second 

class. The nature of the exercises accommodated this flexibility, as with more or less scaffolding 

and explanations, they could be immediately useful to both more advanced and less advanced 

students.  

 

All in all, the results from the classroom study were positive. The process of teaching with the 

materials offered several clear avenues for improvement at this specific level, and when the 
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improvements were implemented, the materials were effective and useful. This indicates that the 

materials could be usefully implemented at a variety of levels, and that they are helpful resources 

to advanced NNS students who are improving their academic writing. Given the small sample 

size of this study, and the fact that the materials were redeveloped as they were implemented, it 

would be valuable to conduct further studies with larger student samples.  
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CHAPTER SIX: DISCUSSION 

The previous chapters have laid out the background and methodology of this study and the 

results of the three phases of research. Below, the key findings from each phase are highlighted, 

followed by a discussion of future steps. The first phase, which analyzed the most frequent and 

dispersed n-grams and p-frames functionally, semantically and rhetorically, led to insights that 

both complemented and contrasted with previous studies of engineering writing, and showed the 

usefulness of p-frame analysis of academic writing. The second phase experimented with a novel 

combination of corpus and network analysis tools to create educational materials, and thus both 

evaluated the usefulness of the tools and created a design framework for this type of materials 

design. The final phase tested these materials in a classroom setting, finding evidence both for 

the value of this novel approach and possibilities for improvement. These three sets of findings 

point to several avenues for future research.  

Findings from Corpus Analysis of Engineering Writing 

While the final two phases of this project were concerned with the pedagogical application of 

corpus findings, the first phase was most interested in identifying characteristics of engineering 

writing via corpus methods. In doing so, the research built upon the work of previous linguists 

who had studied academic engineering writing and contrasted it with other disciplines. This had 

two main outcomes: first, it showcased the importance of p-frame analysis, as it can lead to 

findings not discoverable via n-gram analysis. Second, it provided a more nuanced picture of 

engineering writing, highlighting new aspects of author stance and rhetorical use of language. 

The Value of P-Frame Analysis 

One of the primary findings of the first phase that is of interest to other researchers is that the 

work of describing and understanding a corpus is not done when we have finished n-gram 

analysis; p-frame analysis is an essential second step. N-gram analysis has been the traditional 

approach to corpus analysis of academic writing, and the work on engineering writing has used 

this approach to identify the most frequent fixed expressions and generalize from them about 

patterns in engineering writing. Hyland 2008a, 2008b & 2012 are the most in-depth example of 
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this approach, as Hyland compared the findings on engineering writing with findings from three 

disparate disciplines. Biber & Gray (2010) also effectively use n-gram research to create 

compelling arguments about the nature of academic writing as a whole. However, Chapter 3 

showed how p-frame analysis complements previous n-gram analyses in several unique ways. It 

allows a deeper understanding of syntactic patterns in engineering writing; it identifies variation 

and useful low-frequency language that complements high-frequency terms; and it can impact 

how we conduct writing education.  

 

First, semantic analysis of the variable words in p-frames highlights syntactic patterns in the 

corpus that we cannot find with n-gram analysis. Because English is an analytic language, our 

grammatical patterns tend to be spread across many small words rather than carried through the 

addition of word endings. Thus, in English, an approach that looks for a general trend across 

words, allowing for variation in selected slots, will most likely identify closed class words such 

as prepositions, articles, and verbs that have more syntactic than semantic roles. For example, in 

this corpus, it highlighted the use of “be” and “use” to create passives, and the frequency of 

prepositional structures. While similar trends can be observed in some of the lexical bundle 

findings, this approach was able to identify the systematic semantic patterns associated with 

syntactic patterns. The predominance of passive verbs of knowing, and of nouns of research and 

evaluation, are two examples of this. Semantic analysis of the variable slots in p-frames in other 

genres may similarly be able to uncover trends that are widespread but are not visible among n-

gram results.  

 

In addition to providing a richer understanding of syntactic patterns, the p-frame analysis also 

complements the n-gram approach in that it identifies useful low-frequency synonyms and 

synonymic phrases for the most common expressions in academic writing. These aid both the 

researcher and the student of writing. For the researcher, this approach allows us to see not only 

what structures authors use often, but the variety within those structures. For example, the 

passive verb p-frames differed in the semantic category of their variable slot. Syntactically, while 

all were over 50% in containing verbs, some had higher percentages of adjectives. For example, 

75% of the items in the variable slot in be * from the were passive verbs like seen, but 22% of 

the slots were adjectives like separate, independent, obvious). Semantically, some phrases were 
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more had higher percentages of verbs of knowing, while others were more likely to have 

technical or math-related verbs. Although this study centered on identifying the information most 

useful to students, it is easy to see how the p-frame approach makes it possible for the researcher 

to study variety within patterns. For example, a study of the most commonly employed verbs of 

knowing can be deepened by also investigating the less-frequent synonyms used by novice or 

established authors. Inter- and intra-author variation in the variable slots, as well as genre-based 

variation, would be excellent avenues for further research for synonyms in p-frames. 

 

For the student writer, the benefits are also clear. Students want to learn how their published 

peers write, but if they merely depend on the top fifty or hundred phrases in their discipline, they 

run the risk of parroting clichés. The students I worked with expressed a rightful desire to avoid 

this trap. While academic writing will always require a large number of similar moves (citing 

sources, creating a niche, defending methodological choices, etc.), the p-frame approach allows 

students to experiment with fresh ways of performing repetitive tasks. It addresses the dual 

issues of lack of vocabulary (Wray, 2012) and avoidance of unfamiliar syntax (Lee & Chen, 

2009). By attempting to write with the common p-frames, but using their less frequent variable 

slot options, students can expand their vocabulary while practicing unfamiliar or daunting 

syntactic patterns.  

 

Thus, p-frame analysis and semantic analysis of the variable slots has a lot to offer to the fields 

of writing and education, as it provides a fresh approach that supplements and sometimes even 

contradicts the established wisdom of n-gram analyses. As described in the section below, thee 

deeper understanding of rhetorical functions in engineering that p-frames provides should also 

impact how we teach rhetorical functions to students. This study conducted p-frame analysis 

with semantic analysis for engineering writing. However, there are many other types of academic 

and professional writing that have been primarily studied for fixed phrases; they could benefit 

from p-frame analysis, as this would allow us to better understand the role of the phrases, the 

variety within them, and how to teach them and their functions to students.  
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The Characteristics of Engineering Writing Uncovered 

In addition to demonstrating the benefits of p-frame analysis, this study uncovered new aspects 

of engineering writing that deepen our understanding of what it is and how it can be taught. The 

n-gram analysis complemented Hyland’s (2012, 2008b) work on electrical engineering writing 

by validating its findings in academic research articles from three new branches of engineering 

(aerospace, mechanical, and industrial). Hyland categorized formulaic language according to its 

function; text-oriented language organizes the text, research-oriented language structures and 

reports real-world activities, and participant-oriented language conveys the writer’s stance or 

engages the reader directly.  

 

Similar to Hyland’s findings, the n-grams in this corpus were functionally primarily text-

oriented, with research-oriented coming in second and participant-oriented representing a small 

minority. In fact, in this corpus, electrical engineering lags behind other disciplines in the use of 

text-oriented language. While electrical engineering had 1617 occurrences per million words 

(PMW), aerospace had 2,729 occurrences PMW, and mechanical had 3,031 occurrences PMW. 

Thus, the n-gram analyses strengthened Hyland’s claim that the majority of fixed bundles in 

engineering writing are text-oriented, either linking visuals to the text or organizing the text.  

 

The syntactic patterns in the p-frames also provided further evidence for claims made in previous 

research. Biber & Gray (2010) documented the rise of prepositional phrases and pre-modifying 

nominalizations in academic writing. The predominance of prepositional phrases and the 

widespread use of nominalizations in the noun + preposition p-frames’ variable slots confirm 

that engineering academic writing relies just as heavily on these constructions as the rest of 

academic writing. These features were not only widespread; the prepositional syntactic 

constructions were a key structure through which authors embedded their stance in writing while 

maintaining an objective-sounding voice. This analysis of the rhetorical function of these 

widespread prepositional structures furthers Biber & Gray’s argument that academic writing 

relies on compact, inexplicit language.  

 

However, the p-frame analysis also found novel characteristics that contradicted previous n-gram 

findings. Semantic analysis of variable slots found that the most common functional use of both 
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the noun + preposition p-frames and the passive verb p-frames was participant-oriented. The 

verbs of knowledge (e.g., find, see, show, note, investigate, identify) in the passive verb p-frames 

were used for a complex array of participant-oriented activities: building a shared knowledge 

base with the reader, directing reader attention, and using others’ work as background for one’s 

own work.  Similarly, 51% of the variable slots in the noun + preposition phrases were research 

nouns (e.g. paper, method, result, data) or evaluative nouns (e.g. performance, quality, 

effectiveness, purpose). The research nouns were used for similar rhetorical purposes as the verbs 

of knowing; and the evaluative nouns provided objective-sound avenues for author stance. In this 

corpus, text-oriented and research-oriented variable phrases accounted for only 33% and 18% of 

the variable phrases respectively; this is a neat reversal of the spread of functional uses that 

Hyland found across n-grams.  

 

Hyland (2012) contrasted the lack of participant-oriented n-grams in electrical engineering and 

biology (9.2% and 8.4% of all n-grams, respectively) with the abundance in applied linguistics 

and business studies (18.6% and 16.6% of all n-grams, respectively). In this study, 49% of the p-

frames were participant-oriented. Since I did not look at other disciplines, it is an open question 

if other disciplines use p-frames for participant engagement at equally high, or higher rates. An 

analysis of p-frames in different disciplines will reveal if all disciplines tend to use variable 

phrases at higher rates than fixed phrases for participant-oriented rhetorical moves. If not, 

engineering’s relatively low use of participant-oriented fixed phrases (e.g. as can be seen, it 

should be noted) is balanced by its higher use of participant-oriented variable phrases (e.g. it be * 

to with adjectives of importance in the variable slot), and it would be worthwhile to revisit the 

claims that other disciplines use more participant-oriented rhetorical moves than engineering 

writing.  

 

Finally, the last important characteristic of engineering writing documented in the first phase of 

research was that the p-frames in engineering consisted primarily of function words, and the 

majority of the slots were not filled with technical or discipline-specific vocabulary. According 

to WMatrix’s semantic categorization of the variable slots, the majority of the words fell into 

categories like “Speech Acts, Thinking, Cause & Effect, Research, Evaluation.” While it is 

essential that student writers learn the precise technical language necessary for their disciplines, 
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this technical language is not the primary vocabulary in the variable phrasal structures. The 

variable phrases are most used for cross-discipline rhetorical moves such as structuring the text, 

evaluating results, drawing attention and arguing, rather than for communicating technical 

findings. Again, p-frame analysis of other disciplines’ academic writing will reveal if this pattern 

holds true for other branches of knowledge. It could be that formulaic language is predominantly 

used for rhetorical moves across disciplines, or that this usage of formulaic language is specific 

to engineering.  

 

These characteristics of engineering writing have important implications for the teaching of 

engineering writing. If teaching materials are based on Hyland’s n-gram findings only, then 

students will concentrate primarily on learning formulaic language for linking illustrations to the 

text and structuring the text. While these are important skills, they are not the only or even the 

primary linguistic skills students need to acquire. Arguably, the participant-oriented structures 

are more important, because they are more hidden; they provide an avenue for authors to express 

their stances while still adhering to the norms of objective scientific writing. These are not just 

linguistic skills; they are also rhetorical skills. Since the p-frames seems to play an important role 

in constructing persuasive arguments in engineering writing, students would benefit from being 

able to both recognize how this happens when they read, and practice building these arguments 

themselves.  

 

Finally, the p-frame findings highlight that academic writing should be taught not as expressions 

to memorize, but as variable structures with rich internal options. All the p-frames discussed in 

Chapter 3 had clear semantic patterns in their variable slots, such as the adjectives of possibility 

and importance in it be * to (e.g, is it essential to, it is unnecessary to) and the division of the 

knowing verbs into four semantic families of ‘see, say, expect, confirm,’ where each group has 

both high-frequency items (hypothesize, believe, expect) and less common synonyms (postulate, 

propose). Teaching these semantic families to students allow them to use set expressions 

creatively, using common devices but avoiding overused idioms.  
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Contributions to Curriculum Design 

Having demonstrated the usefulness of p-frame analysis and expanded our understanding of 

published engineering writing, the purpose of the second step was to develop materials and an 

approach to teaching formulaic language via visualizations to advanced NNS writers. While 

there are other studies on teaching formulaic language, this study was the first to use network 

analysis to both understand the linguistic context of the phrases and to visualize that information 

in a way that would be attractive and accessible to advanced NNS students. Thus, the key 

takeaways from this phase were lessons on the usability of the network analysis and corpus tools; 

the creation of a materials design framework; and the potential educational benefits of this 

approach as discovered through the materials design process.  

Usability of Network Analysis & Corpus Tools 

This phase required cobbling together and transferring data across a variety of corpus and 

network programs that were not designed to interface with each other. There were no 

insurmountable problems; but there were a variety of benefits and disadvantages to the various 

programs which are important to highlight for anyone who is considering these programs for 

future design work.  

 

On the positive side, AntConc (Anthony, 2018a) and AntGram (Anthony, 2018b) worked 

exceedingly well at handling the corpus tasks. AntGram was used only for the specific tasks of 

extracting the n-grams and p-frames, for which it was designed. AntConc was essential in 

selecting what information to highlight when designing the sheets and in providing rich 

contextual information and selecting the most useful corpus examples for the worksheets. While 

the interfaces are basic, they are also straightforward and effective.  

 

In addition, Automap is an excellent example of a program that was designed for network 

analysis, but which was also highly effective at corpus pre-processing and extracting basic 

relationship information for analysis in other programs. It interfaced well, as it was possible to 

transfer data from AntConc to AutoMap, and from AutoMap to NodeXL.  
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The bulk of the difficulties, as well as major benefits, came from NodeXL. The difficulties came 

from its inability to efficiently and reliably handle large amounts of data, and from the fact that 

while it offered the user total control of every data point and visualization, it also did not have 

helpful ways to automate many of the tasks the visualizations required. The first issue is simply a 

lack on the part of the software, and one that future designers should be aware of. The second 

issue comes from using the software to create educational visualizations, for which the system 

was not designed. For educational visualizations, it is essential that the arrangements make clear 

sense and that every point is labeled and explained. However, the system was created to depict 

broad trends; thus, many of my issues came from prioritizing abilities that were not the main 

strengths of the program. However, given the total control over visuals that it provided, it was 

worth developing strategies to overcome the difficulties and continue to produce the visuals in 

NodeXL. While NodeXL is not the easiest program, it offers materials designers capabilities and 

control that to my knowledge are currently not available elsewhere.  

Lessons from the Design Framework 

While it is useful to evaluate the tools on their own, the major outcome from the second phase 

was a design framework for future construction of educational materials that marry corpus 

findings with the visualization benefits of network analysis. The many iterations of design 

possibilities and incorporating feedback from students led to a final design process suggestion 

that connects the disparate pieces as smoothly as possible, allowing the findings from one step to 

benefit the other steps. The design framework from Chapter 4 is reproduced below in Figure 19. 
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Figure 19: Template for Materials Design Framework 

  

The first key element of a successful design framework is to allow the information from the 

corpus tools, semantic categorization, and NodeXL to interact with each other. Interesting 

patterns in NodeXL can become the starting point for semantic categorization or analysis that 

uses AntConc lines. The semantic data can identify word families in NodeXL, which will affect 

how the designer chooses to sort and color the data points in the visuals. The visuals have to be 

developed and redeveloped as the learning objectives and exercise questions are refined to 

ensure that all three are aligned.  

 

The second essential component is a linguistically knowledgeable designer. Without expert 

input, the tools will simply spit out the most frequent phrases, items in the variable slots, and 

contextual words without categorizing or explaining them in a way that this helpful to NNS 

students. The materials design process requires a designer who is familiar with research on 

second language writing and academic writing, has extensive syntactic knowledge, can translate 

sometimes complex syntactic patterns into accessible terminology and learning goals for 
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students, and can identify rhetorical patterns and points of linguistic interest that will vary from 

phrase to phrase. When the design process is iterative and the designer knowledgeable, however, 

it is possible to access rich insights on everything from rhetorical to syntactic patterns and 

convey them efficiently to students.  

Educational Benefits of Network Approach 

While the framework for materials is complex, there were several educational advantages of this 

approach that were made clear throughout the design process. The complex, hands-on nature of 

the design process meant that the materials themselves provided rich, unique insights into 

language use that could be immediately applied by the students. And the network visualizations 

fit the task well, as they highlighted the puzzle piece nature of building academic sentences, 

allowed large amounts of information to be succinctly conveyed, and emphasized variation in 

patterns. 

 

The first benefit is that the design process forces the designer to sort through the contextual data 

point by point, noticing and searching for patterns. If the software were more automated and 

identified the patterns with less guidance from the designer, important information would be lost. 

Given the necessity of pairing down the data before visualizing it, the researcher or teacher 

directs the learning, as students spend most of their time discussing and studying the points the 

researcher selected. Applied corpus studies often encourage student-directed learning 

(Gabrielatos, 2005), but this study found that for this particular audience, teacher-directed 

learning was desired and led to positive outcomes. In both reviewing the materials and using 

them in class, students tended to disengage when the questions were open-ended, and responded 

well when I explained specific findings. For example, they remained silent when I asked what 

rhetorical purposes they saw in a set of corpus examples, but they engaged when I named three 

common rhetorical functions and asked them to identify the rhetorical functions in a set of 

corpus examples. The detailed, phrase-specific findings that this process produces empowers 

students with the details they want as they practice new constructions. 

 

The second benefit is how well network visualizations convey much of the important 

information from corpus findings. Previous attempts at teaching corpus linguistics have usually 
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begun with handing lists of phrases to students or having them search for phrases in a corpus. It 

can be daunting for NNS to start with these blocks of texts. In contrast, the visualizations allow 

them to access information about frequency, part of speech, and place in the sentence for a great 

number of lexemes with relative ease. This gives students the choice to concentrate on the data 

that is most helpful or interesting to them, while still having access to other data. It is also an 

ideal setup for visualizing the less-frequent synonyms in variable slots, which is data that 

students particularly appreciated. And representing each lexeme as a point on a graph, grouped 

near similar points in its most common sentence position, emphasized the puzzle piece nature of 

sentence building. The visuals indicated which sections could appear at other points in the 

sentence and which were fixed, and the exercises guided students in rearranging pieces and 

deciding which arrangements worked best for their purposes and why. 

 

In conclusion, the process of designing materials provided many valuable insights into the tools 

themselves, the best practices for a design framework that combines corpus findings with 

network visualizations, and the potential educational benefits of this approach. These findings 

will be especially relevant to future educators teaching formulaic language at an advanced level. 

Lessons from Classroom Application  

The final phase of this project consisted of refining and testing the educational materials via two 

sections of a writing course for international graduate students and visiting scholars. In both 

cases, the students took a pre-test on the first day of class that measured their performance on the 

three learning objectives for each of the three phrases. Then I taught, using the materials 

developed in Chapter 4, for two 75-minute class periods. The students took a post-test at the end 

of the second period and gave their oral and written feedback on the materials; seven of the 

sixteen students also took a delayed post-test a week later. While the study sample was small, it 

provided several key insights into how to make the materials accessible to the target audience, 

what educational content was most useful to the students, and the overall value of this novel 

educational approach. 
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Lessons for Student-Friendly Design  

The primary takeaway from the class for creating student-friendly materials design was that 

careful and explicit scaffolding greatly facilitated student engagement and willingness to practice 

writing with the phrases. This was in part because the English level of the students in the classes 

was lower than that of the international graduate students who had reviewed my learning 

materials. The classroom students benefited from more explicit instructions on how to read the 

visualizations and they also appreciated more intermediate exercises before writing their own 

sentences. 

 

Two students in the first section had difficulty reading the visualizations on the worksheets. 

After I included several slides that explained the information in the visualization step by step at 

the beginning of the second section, no students reported problems understanding them, and all 

students gave the visualizations top scores for usefulness (5 out of 5 on a Likert scale). The 

students were also quicker to use the visualizations as a reference tool when working with the 

sentences if they felt like they understood them. Thus, the visualizations were a helpful tool, but 

like all new approaches, students were much more likely to embrace it when it was explained, 

and its value made clear. 

 

The second type of scaffolding that was developed as a response to student engagement on the 

first day was the inclusion of intermediate activities that asked students to categorize or 

manipulate the data on the worksheets before using it to write sentences. Originally, the 

worksheets introduced a concept (such as strengthening adverbs, or a phrase’s rhetorical 

function) and asked students to write a sentence where they employed that. However, as most the 

students were hesitant to begin writing, I developed more intermediate activities. Examples of 

these include the exercises where students sorted synonyms into semantic families, identified 

prepositional phrases in the sentence, found the agents behind passive verbs, decided if adverbs 

in corpus sentences strengthened or hedged the sentence’s claim, and classified corpus sentences 

according to the rhetorical function of the variable phrase. Students fully participated in these 

activities when we did them as a class or as individuals, and they also asked more questions and 

engaged with the material more deeply than when just asked to write sentences. While this meant 
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less time writing in class, it also meant that when we did switch to writing, students were more 

willing to try writing sentences.  

 

In addition to the benefits of scaffolding, another classroom finding was that the students 

preferred to work with full example sentences from the corpus, rather than from the page of 

corpus lines that was attached to each phrase worksheet. Again, this was partially because of the 

students’ comfort with English. Gleaning useful information from a snippet and being able to 

generalize patterns from corpus lines requires both a high level of vocabulary and the ability to 

guess at what the remainder of the sentence would look like. The students in my pilot study were 

not comfortable doing this, as they wanted to understand every part of the full sentence before 

making guesses about the role of the phrase. As a result, I reworked the lesson plan so that we 

looked at more example of phrases within full sentences before I asked them to spot patterns in 

the corpus lines. I also simplified the corpus line tasks; asking them just to find hedging adverbs 

and other one-word items rather than identifying prepositional phrases or rhetorical moves within 

the snippets. The addition of scaffolding and more full-length example sentences were the two 

primary changes to materials design developed through the classroom teaching.  

Most Valuable Content 

Another benefit of the classroom sessions was that it became clear what content the students 

most valued and were eager to discuss and apply in their own writing. These concepts were the 

tension between learning accepted patterns and parroting, extending their vocabulary via 

synonyms, identifying and employing rhetorical moves, and identifying author stance in their 

reading and employing it in their writing.  

 

The students were interested in the frequency information and appreciated knowing which 

phrases appeared most often and what the most common variable words were. However, both 

sections asked if they should be using or avoiding these phrases; would it make their prose 

stronger or weaker to use the most common idioms? They found the list of less-common 

synonyms particularly helpful, because it enabled them to use common constructions in novel 

ways. Thus, in both sections we discussed the synonyms in detail and discussed the nuances that 

the less familiar words could provide.  
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The students were also particularly interested in identifying rhetorical moves and author stance. 

As most of the students hoped to write academic publications in English but had not yet done so, 

they were interested in how the findings could improve both their reading and their writing. 

When we discussed the three most common rhetorical moves for each of the two variable 

phrases, they found it helpful to practice identifying these moves in existing sentences before 

attempting it in their own sentences. They also found the information and examples on 

strengthening and hedging useful, especially the nuances that certain adverbs provided. The 

tension between sounding objective and writing persuasive arguments is one that international 

students often struggle with (Chen & Baker, 2010; Wei & Lei, 2011; Conrad, 2018), so corpus 

findings that show how published authors navigate this tension are particularly useful.  

Overall Value of Approach 

The work in Chapter 5 was both a continuation of and an evaluation of the materials 

development in Chapter 4. While it is hard to definitively evaluate the materials as they were still 

being improved, the test results and student feedback from the two class sections were mostly 

positive. The study did not measure if the students used the phrases in their academic writing 

after the class, but the test results did indicate substantial gains in the students’ ability to 

manipulate patterned languages, select diverse synonyms and antonyms, and recognize the 

rhetorical functions of the phrases. Students also improved the speed at which they were able to 

do these tasks, as they went from answering an average of 7.5 questions in 10 minutes on the 

pre-test to answering an average of 12.5 questions on the post-test. In addition to an 

improvement in the quantity of answers and quantity of correct answers, there was a jump in 

quality. Students were able to name more synonyms and less common synonyms when asked to 

rewrite a sentence, and they supplied a great diversity of adverbs and word order variations. 

  

While the small nature and unique conditions of studies of teaching formulaic language make it 

hard to compare results across studies, these are positive indications that this approach has 

potential to assist students in overcoming common barriers to acquiring academic phrases. Both 

Cortes (2006) and Jones & Haywood (2004) found that acquainting students with lists of 

formulaic phrases did not improve the likelihood of using them in their own writing, and they 

recommended more contextualized teaching. This study chose to concentrate deeply on three 
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phrases rather than give students the whole list, and to employ visualization to help students 

understand the contexts and uses of the phrases they were learning. While we cannot say if the 

students in this study used the phrases more in the writing after the classes, they did clearly learn 

to understand and manipulate these phrases. 

 

Limitations 

Even though the corpus analysis, teaching materials and classroom implementation offer unique 

insights, there are several limitations in the methodology and pilot study that must be 

acknowledged. 

 

In the methodology for the corpus study, the semantic categorization of the p-frames was 

developed specifically for this dissertation, and thus was less-tested than the methodologies used 

in n-gram analysis. While WMatrix is a powerful tool, it is impossible for it to reach complete 

accuracy when it identifies the semantic categories of words. This is true especially for technical 

engineering language, where the less-common meanings of words may be employed more often 

than the primary dictionary meanings. For example, “field” was classified under ‘Farming and 

Agriculture,’ but in this corpus, it primarily referred to branches of learning (as in “the medical 

field”), or to electric, magnetic, and gravitational fields. As I manually re-categorized words that 

were inaccurate, I used their corpus concordance lines to guide my decision-making. However, 

semantic categorization is still an approximate process, as minority uses of the words (such as 

the 2 instances were ‘Field’ was the last name of a quoted source) make it impossible to identify 

the exact semantic distributions. In the future, it would be best to check WMatrix’s categories 

and my corrections against another semantic tagger like WordNet (Felbaum, 2005).  

 

Second, because Hyland’s functional categories were developed to classify n-grams, his three-

way distinction may not perfectly apply to p-frames. When classifying the n-grams, it was easy 

to check this classification by identifying how Hyland had sorted identical or equivalent n-grams. 

However, for the p-frames, they were sorted according to the most common functional uses I 

identified in the corpus. While I followed Hyland’s definitions carefully, another researcher 

might have classified some phrases differently. Thus, in the future, it would be useful to test 
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these categorization methods on p-frames from other corpora, and perhaps amend the categories 

to capture the full range of functional uses of p-frames. 

 

There were also several limitations in the classroom implementation. Because this was a pilot 

study, there can be no strong claims about what the pre- and post-tests proved. The first major 

limitation was that the students represented a variety of English levels and academic 

backgrounds. For example, the international STEM graduate students who reviewed the 

classroom materials were slightly more comfortable with reading and writing academic texts 

than most of the students in the PLaCE class. To cover the gap, more of classroom time was 

spent on explaining terminology and on scaffolding exercises. However, if the students’ levels 

had been clearer in advance, I might have structured the exercises differently and reduced the 

terminology. In addition, not all the students came from engineering backgrounds, and thus were 

less familiar with the engineering-specific language in the examples from the corpus. This may 

have presented a barrier to their acquisition of the formulaic language. 

 

The second major limitation that affects the interpretation of the test scores is the difficulty in 

distinguishing between an increase in student writing skills and an increase in student meta-

language about writing, i.e., their ability use writing terms like hedge, strengthen, rearrange, 

clause, or the parts of speech. Across the test scores, there is a notable increase in speed, as 

students went from answering only 7.5 questions on average on the pre-test to answering 12.5 

questions on average on the post-test. It is possible that this gain is not only because they had 

developed the skills necessary to answer the questions; it could be that it was because they had 

been exposed to the meta-language in class and were able to more quickly understand what was 

being asked of them. While both the ability to perform a skill and the ability to name and discuss 

that skill are important gains, further research is necessary to untangle the two elements. 

Future Steps 

Given the results of this study, there are a variety of logical next steps that would extend this 

work to answer questions about the nature of published academic writing and to improve the 

instruction of academic writing.  
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The p-frame and n-gram analyses conducted in Chapter 3 supported previous findings on 

academic writing in general and on engineering writing in particular. However, the functional 

categorizations of the p-frames had a markedly distinct distribution from the functional 

distributions found in Hyland (2008b, 2012) for n-grams. In particular, the p-frames were used 

for participant-oriented functions such as establishing authority and persuading the reader at 

much higher percentages than the n-grams were. It remains to be seen if the predominance of 

participant-oriented p-frames is specific to engineering writing or if other disciplines have a 

similar functional distribution to their p-frames. As it has been claimed that the lack of 

participant-oriented phrases is evidence that engineering writing strives for a more objective tone 

(Hyland, 2012), it is important to see if engineering is more participant-oriented than other 

disciplines when it comes to p-frames. If it is, then students should not be taught that engineering 

writing is less participant-oriented overall, but rather how to perform participant-oriented acts 

through the subtler tools offered by p-frames.  

 

It would also be interesting to do a deeper analysis of the types and kinds of functional 

categorization of the p-frames. The analysis in this paper did not go in depth; it relied primarily 

on WMatrix’s automatic categorization of the variable slots with manual analysis where 

WMatrix was clearly wrong. The analysis also adopted all of Hyland’s functional categories, 

despite the fact that it was designed for n-grams there were, nonetheless, some p-frames that did 

not fit perfectly in his categories. This was adequate for identifying major trends and choosing 

which phrases to teach students. However, in the future, it would be worthwhile to revisit the 

categorizations and see if Hyland’s functional categorization could be refined to more accurately 

and sensitively capture the p-frames’ rhetorical uses.  

 

Other analyses of lexical bundles have categorized them syntactically as well as functionally (see 

Biber & Barbieri (2007) and Hyland (2008b) for examples). As this was beyond the scope of this 

project, there was little syntactic analysis beyond the two main categories of noun + preposition 

and passive verb, and that categorization was based primarily on the semantic characteristics of 

the variable words. Thus, the syntactic categorization of p-frames across academic disciplines is 

an open avenue of research for future investigators. It would be particularly interesting to see 

how it overlaps or diverges from the syntactic trends found in the n-grams. 



 

 

168 

 

From a pedagogical perspective, it would be helpful to create more educational materials to 

better refine the framework for materials development developed in Chapter 4 and to test those 

educational materials on more students. At the end of the first section, one student asked if I had 

worksheets on all the other phrases and was disappointed when I did not. He asked why, and I 

explained that the process of creating the existing worksheets was complex and had taken weeks. 

The framework was created through four processes to create learning materials for four phrases 

and following it in the future would decrease the production time. But while the framework 

shows the best way to create materials for those four phrases, work on other phrases might 

require a slightly different process. Applying it to phrases from another discipline would also be 

an interesting exercise, as it is an open question if the formulaic language in other disciplines is 

substantially different and if the same types of visualization, exercises and goals would work for 

them.  

 

Finally, this project did not isolate the contributions of the network visualization elements to 

student learning. Given how tightly interconnected the exercises and visuals were, as well as the 

small number of students, it was impossible conduct a controlled study where students received 

the same pre- and post-tests but only learned from corpus findings without the aid of the 

visualizations. If there were a separate set of educational materials that included the same 

information but did not present it visually, it would be possible to compare across sections to see 

if including the network visualizations had a significant impact on student acquisition of the 

phrases. As the visualization creation is a complex task, it would be valuable to know if it its 

impact makes it a worthwhile investment.  
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APPENDIX A. CORPUS INFORMATION 

Journal Name Branch Issues Used  Type/Token 

Nature Nanotechnology Electrical Engineering 13:9-12, 14:1 6,663 / 104,125 

Automatica Electrical Engineering 96-100 6,216 / 121,969 

IEEE Transactions on 

Pattern Analysis and 

Machine Intelligence 

EE: Image Processing & 

Computer Vision 

40:10-12, 

41:1-2 

6,076 / 143,060 

International Journal of 

Computer Vision 

EE: Image Processing & 

Computer Vision 

126: 8-12 7,256 / 166,889 

Total EE:   16,448 / 536,043 

Nature Materials Mechanical Engineering 17:9-13, 18:1 5,312 / 85,255 

Applied Energy Mechanical Engineering 230-234 5,664 / 120,373 

Lab on Chip ME: Biomedical 

Electromechanical 

2018:22-24, 

2019:1,2 

5,494 / 98,307 

Journal of 

Microelectromechanical 

Systems 

ME: Biomedical 

Electromechanical 

17: 2-6 4,532 / 85,026 

Total ME:   12,134 / 388,961 

Journal of Operations 

Management 

Industrial Engineering 60-64 7,931 / 202,650 

International Journal of 

Machine Tools and 

Manufacture  

Industrial Engineering 133-137 5,074 / 120,713 

Journal of Biomedical 

Informatics 

IE: Biomedical 

Informatics 

84-88 5,882 / 111,938 

Applied Clinical 

Informatics Journal  

IE: Biomedical 

Informatics 

9:1-4, 10:1 4,725 / 84,385 

Total IE:   14,629 / 519,686 

International Journal of 

Impact Engineering 

Aerospace Engineering 122-126 4,751 / 112,437 

International Journal of 

Robust and Nonlinear 

Control 

Aerospace Engineering 28:16-18, 

29:1-2 

5,890/107,596 

Journal of Guidance, 

Control and Dynamic 

AE: Aerodynamics 41:9-12, 42:1 6,030 / 144,978 

Journal of Spacecraft 

and Rockets 

AE: Aerodynamics 55:2-6 5,164 / 115,729 

Total AE:   13,330 / 480,740 

Total Corpus   35,670 /1,925,430 
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APPENDIX B. ARTICLES IN CORPUS 

The articles in the corpus are listed by journal, with each articles’ title and authors. For the sake 

of space, when there were more than three authors, only the first three authors are listed.  

 

Article Name First Three Authors 

Nature Nanotechnology, Vols 13:9-12, 14:1  
Colloidal nanoelectronic state machines based on 2D materials for aerosolizable 
electronics 

Volodymyr B. Koman, Pingwei Liu, 
Daichi Kozawa 

Tailoring sample-wide pseudo-magnetic fields on a graphene–black phosphorus 
heterostructure 

Yanpeng Liu, J. N. B. Rodrigues, Yong 
Zheng Luo 

Plasmonic meta-electrodes allow intracellular recordings at network level on high-
density CMOS-multi-electrode arrays 

Michele Dipalo, Giovanni Melle, 
Laura Lovato 

Enhanced water splitting under modal strong coupling conditions Xu Shi, Kosei Ueno, Tomoya Oshikiri 
Pre-adsorption of antibodies enables targeting of nanocarriers despite a 
biomolecular corona 

Manuel Tonigold, Johanna Simon, 
Diego Estupiñán 

Direct observation of noble metal nanoparticles transforming to thermally stable 
single atoms 

Shengjie Wei, Ang Li, Jin-Cheng Liu, 
Zhi Li 

Dissipative adaptation in driven self-assembly leading to self-dividing fibrils Esra te Brinke, Joost Groen, Andreas 
Herrmann 

Physical activation of innate immunity by spiky particles Ji Wang, Hui-Jiuan Chen, Tian Hang 
Gold nanoparticle biodissolution by a freshwater macrophyte and its associated 
microbiome 

Astrid Avellan, Marie Simonin, Eric 
McGivney 

Nucleic acid hybridization on an electrically reconfigurable network of gold-coated 
magnetic nanoparticles enables microRNA detection in blood 

Roya Tavallaie, Joshua McCarroll, 
Marion Le Grand 

Highly conductive, stretchable and biocompatible Ag–Au core–sheath nanowire 
composite for wearable and implantable bioelectronics 

Suji Choi, Sang Ihn Han, Dongjun Jung 

Directional lasing in resonant semiconductor nanoantenna arrays Son Tung Ha, Yuan Hsing Fu, Naresh 
Kumar Emani 

Nano-imaging of intersubband transitions in van der Waals quantum wells Peter Schmidt, Fabien Vialla, Simone 
Latini 

Electrical half-wave rectification at ferroelectric domain walls Jakob Schaab, Sandra H. Skjærvø, 
Stephan Krohns 

Neutrophil membrane-coated nanoparticles inhibit synovial inflammation and 
alleviate joint damage in inflammatory arthritis 

Qiangzhe Zhang, Diana Dehaini, Yue 
Zhang 

Fast current-driven domain walls and small skyrmions in a compensated 
ferrimagnet 

Lucas Caretta, Maxwell Mann, Felix 
Büttner 

High-efficiency colloidal quantum dot infrared light-emitting diodes via engineering 
at the supra-nanocrystalline level 

Santanu Pradhan, Francesco Di 
Stasio, Yu Bi 

Automatica, Vols. 96-100 
A distributed economic MPC framework for cooperative control under conflicting 
objectives 

Philipp  N. Köhler, Matthias  A. 
Müller Frank Allgöwer 

Maximum likelihood identification of stable linear dynamical systems Jack Umenberger, Johan Wågberg 
Ian, R. Manchester 

Stability analysis of networked linear control systems with direct-feedthrough terms Stefan Heijmans, Romain Postoyan, 
Dragan Nešić 

General linear forward and backward Stochastic difference equations with 
applications 

Juanjuan Xu, Huanshui Zhang, Lihua 
Xie 

Optimal scheduling of multiple sensors over shared channels with packet 
transmission constrain 

Shuang Wu, Xiaoqiang Ren, 
Subhrakanti Dey 

On input design for regularized LTI system identification: Power-constrained input Biquiang Mu, Tianshi  Chen 
Symmetry reduction for dynamic programming John Maidens, Axel Barrau, Silvère 

Bonnabel 
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Exponential convergence under distributed averaging integral frequency control Erik Weitenberg, Claudio De  Persis, 
Nim Monshizadeh 

Stability of Kalman filtering with a random measurement equation: Application to 
sensor scheduling with intermittent observations 

Damián  Edgard  Marellia, Tianju Suic, 
Eduardo  Rath 

Detectability and observer design for switched differential–algebraic equations Aneel  Tanwan, Stephan  Trenn 
Ensuring privacy with constrained additive noise by minimizing Fisher information Farhed  Farokhi,  Henrik  Sandberg 
Analysis and synthesis for a class of stochastic switching systems against delayed 
mode switching: A framework of integrating mode weights 

Lixian  Zhang, Zepeng  Ning, Yang  Shi 

Subspace identification with moment matching Masaki  Inoue 
Free finite horizon LQR: A bilevel perspective and its application to model predictive 
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APPENDIX C. ADAPTATIONS TO WMATRIX SEMANTIC 

CATEOGRIES 

Passive Verb P-frame Verb Semantic Categories 

Final Category WMatrix Category Example Verbs 

Cause & Effect/Connect Cause & Effect/Connection link, determine, produce, relate 

Change Change modify, develop, rework, transform 

Clothes tailor 

Change Quantity Quantities: Many/Much add, increase 

Size: Big grow, expand, magnify 

Quantities: Little reduce, minimize, diminish 

Compare Comparing: Similar/Different compare, tend 

Comparing: Similar converge, replicate 

Comparing: Different vary, distinguish 

Describe Generally, Kinds, Groups, 
Examples 

illustrate, exemplify, characterize 

Desire Wanted aim, desire, schedule target 

Evaluate Evaluation: Good/Bad 

Find Knowledgeable identify, now, recognize 

Open, Finding; Showing reveal, demonstrate, detect, indicate 

Sensory: Sight see 

Get Getting and Giving exchange 

Getting and Possession obtain, achieve, take, capture, keep 

Improve Evaluation: Good 
 

Investigate Education study, test 

investigate, Examine, Test, Search 

Leave out Avoiding avoid, omit, neglect 

Time: Ending cancel, disconnect 

Inattentive ignore, disregard 

Entirety, Maximum limit 

Make Architecture Building 

Objects Generally clamp, trigger, drill 

General Actions/Making construct, create, perform, conduct, 
make, enforce, project 

Arts & Crafts design, depict 

Science and Technology engineer 

Inclusion integrate, include, contain, embed 

Substances solidify, deposit, drop 

Measure Measurement: General calibrate, measure 

Measurement: Distance extend 
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Measurement: Size scale 

Measurement: Area stretch 

Move Vehicles and Transport on Land drive, transport, track 

Location and Direction locate, orient, transpose 

Putting, Pulling, Pushing, 
Transporting 

remove, carry, attach, eject, 
download, extract 

Moving, Coming and Going run, scatter, disperse, follow, 
maneuver 

Record Sensory: Sight observe 

Linguistic Actions, States, and 
Processes 

represent, embody 

Paper Documents and Writing write, record, document, note 

Speech acts Likely confirm, guarantee, assure 

Speech Acts recommend, report, summarize, 
propose 

Speech: Communicative talk, say, argue,  

Think Expected anticipate, expect, envisage 

Thought, belief consider, assume, suppose, formulate 

Deciding decide, estimate, conclude 

Understanding realize, understand, infer 

Use Work and Employment employ, work 

Using use, utilize 
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Noun + Preposition P-frames Noun Semantic Categories 

 

Final Category WMatrix Categories Example Nouns 

Research Investigate, examine, test research, assessment, analysis 

Knowledge database, identification, information 

Language, speech, grammar terminology, vocabulary, abbreviation 

Mental Objects system, method, target, pattern 

Paper documents and writing paper, flowchart, graph, text 

Generally Kinds, Groups case, category, illustration, instance 

Evaluation Likelihood potential, viability, prospect 

Quantity increase, reduction, peak, scarcity 

Cause & Effect /Connection result, impact, effect 

Comparing norm, variance, comparison 

Evaluation quality, accuracy, error, validity 

Helping/Hindering recovery, benefit, drawback, obstacle 

Engineering Anatomy and physiology eye, pore, tissue, optic 

Business vendor, office, retailer 

Electricity anode, radar, voltage 

Medical hospital, physician, diagnosis, injection 

Abbreviations CSA, RSE, ATP  

Objects generally bundle, pipelines, pendulum 

Science & technology engineer, topography, wavelength 

Substances & materials chemical atom, granite, substrate 

Technical flowfield, accelerometer, ferrofluid 

Flying & aircraft trajectory, asteroid, Jacobean 

Light light, beam, laser 

Vehicles and transport bumper, cart, transport 

Location and Direction orientation, position, midst 

Math Mathematics ratio, computation, equation, sum 

Measurement radius, diameter, gauge 

Shape sphere, spiral, geometry 

Objects Objects Generally core, buckle, frame, machine, rock 

Living Creatures mice, plant, shell, tail 

No Constraint discharge, release, scope 

Sports goal, striker 

Places Places area, environment, region, site, vicinity 

Geography midway, channel, earth, inlet, stream 

Not a Word Not a word miscellaneous abbreviations 
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APPENDIX D. LESSON PLANS  

Original Lesson Plan 

Day 1 

 Minute Schedule 

0 Pretest 

10 Intro Sheet: educational goals, and the corpus 

15 Phrase 1: due to the; check comfort with parts of speech 

Questions 1 individually, report back to class 

25 Explain the four sentence locations of due to the 

Question 2, individually then together 

35 Introduce concepts of strengthening and hedging 

Questions 3,4 in groups 

45 Phrase 2: there be no. Introduce transitions 

Questions 1 individually 

55 Introduce verb phrases: citing authority vs. own work; strengthening vs. hedging 

verbs 

Questions 2-3 in groups 

65 Strengthening and hedging adjectives 

Question 4 in pairs 

 Assign the final questions on both sheets and a feedback form for homework 

 

  



195 

 

195 

 

Day 2 

Minute Schedule 

0 Collect homework 

5 Phrase 3: it be * to: introduce dummy it, author stance, adjectives of possibility & 

importance 

Question 1 in groups, 2 individually then pairs 

20 Introduce 3 rhetorical uses 

Questions 3, 4 in pairs 

35 Phrase 4: it be * that: explain new clause group, review dummy it, introduce 

qualifying phrases 

Question 1 in pairs 

45 Introduce the phrases’ three rhetorical uses 

Questions 2, 3 individually, then in groups 

55 Identify the passive “knower” 

Question 4 in pairs 

65  Assign final Qs as homework, do posttest, collect feedback 

 

Revised Lesson Plan 

Day 1 

Minute Schedule 

0 Pretest 

10 Intro Sheet: educational goals, and the corpus 

15 Phrase 1: due to the; check comfort with parts of speech 

Questions 1 individually, report back to class 

25 Explain the four sentence locations of due to the 

Question 2, individually then together 
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35 Introduce concepts of strengthening and hedging 

Questions 3,4 in groups 

Feedback/Questions?  

45 Question 5 

55 Phrase 3: it be * to: introduce dummy it, author stance, adjectives of possibility & 

importance 

Questions 1 & 2 in pairs, as a class 

 

Day 2 

Minute Schedule 

0 Return to Phrase 3, Introduce 3 rhetorical uses 

Questions 3, 4 in pairs, as a class 

Question 5: share with class 

25 Phrase 4: it be * that: explain new clause group, review dummy it, introduce 

qualifying phrases 

Question 1 as a group 

35 Introduce the phrases’ three rhetorical uses 

Questions 2, 3 individually, then in groups 

45 Identify the passive “knower” 

Questions 4, 5 in pairs, review as class 

55 Start Question 6 as a class 

60 Do posttest, distribute and collect feedback form 
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APPENDIX E. CLASSROOM MATERIALS 

The contents of Appendix E are the nine documents given to the students and used in the 

classroom, as follows: 

I. Introductory Sheet 

II. Worksheet for due to the 

III. Summary for due to the 

IV. Worksheet for there be no  

V. Summary for there be no 

VI. Worksheet for it is * to 

VII. Summary for it is * to 

VIII. Worksheet for it be * that 

IX. Summary for it be * that 

X. PowerPoint Slides 
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I. Introductory Sheet 

 



199 

 

199 
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II. Worksheet for due to the 
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III. Summary for due to the 
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IV. Worksheet for there BE no 
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204 
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V. Summary for there BE no 
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VI. Worksheet for it BE * to 
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VII. Summary for it BE *to  
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VIII. Worksheet for it BE * that 
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IX. Summary for it be * that 
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X. PowerPoint Slides 
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APPENDIX F. CLASS SYLLABUS  
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APPENDIX G. EVALUATION MATERIALS  

The contents of Appendix G are the pre-, post-, and delayed posttests used in class, as well as the 

feedback form that the students filled out at the end of the second class: 

I. Pretest 

II. Posttest 

III. Delayed Posttest 

IV. Student Evaluation Form 
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 I. Pretest 

Pretest 

Read the quote and then answer the question(s) about it. Don’t worry about understanding the 

quote. 

“Usually, in the laboratory conditions, it is difficult to meet the requirement of the standard 

regarding the shooting distance (30 m).” 

1. What word can you substitute for difficult to mean not possible?    

__________________________________________________________________________ 

 

2. What word can you substitute for difficult that means very possible? 

___________________________________________________________________________ 

 

“Due to the minute contact zone for heat transfer, measurement of these parameters in metal 

cutting is very difficult.” 

3. Rewrite this sentence so that there is a form of the verb “is” before the highlighted clause. 

How does this change the emphasis of the sentence? 

______________________________________________________________________________

______________________________________________________________________________ 

 

4. What word does the highlighted clause explain? Is it an adjective, noun or verb? Explain.  

__________________________________________________________________________ 

  

“Given these advantages, it is expected that the room-temperature activated graphite felt is a 

promising electrode.” 

5. Who expects something in this sentence?  

__________________________________________________________________________  

 

6. What is a more certain word to substitute for expected? 

 

___________________________________________________________________________ 
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“It is known that the considerable Van der Waals force… causes the generation of the cavity 

defects during powder paving.” 

7. What is a less certain word to substitute for known? 

______________________________________________________________________________ 

 

8. Who knows something in this sentence?  

_____________________________________________________________________________ 

 

9. What word would you substitute for known if “Van der Waals forces causes the 

generation of the cavity defects” was an unproved hypothesis?   

____________________________________________________________________________ 

 

 

“EHR technology can assist healthcare providers in dealing with more complex tasks where it is 

critical to quickly review relevant information.” 

10. What word can you substitute for critical that also means very important? 

___________________________________________________________________________ 

 

11. What word can you substitute for critical that means not important? 

____________________________________________________________________________ 

 

 

“The spacecraft can track a desired trajectory without thrust control. This is due to the fact that 

the error… is of the same order of magnitude as the amount of force.” 

12. Rewrite this sentence so that the highlighted clause follows its subject without 

interruption. How does this change the emphasis of the sentence? 

______________________________________________________________________________

______________________________________________________________________________ 

 

13. What word could come before the highlighted clause to strengthen the author’s claim?  

________________________________________________________________________ 
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 “His task might be challenging due to the differences in the use of medical terminology between 

health care professionals and social media texts.” 

14. What word could the author use in place of “might be” to hedge the claim? 

_________________________________________________________________________  

 

15. What word does the highlighted clause explain? Is it an adjective, noun or verb? Explain. 

__________________________________________________________________________ 

 

 

 

“It is highlighted that, according to (12), the results in (A) includes the effects of initial errors in 

(B),” 

16. What is another word you can use instead of “highlighted” to report a result?  

 

__________________________________________________________________________ 

 

 

“It is challenging to measure the pipe’s width precisely, so the measurements are rounded to one 

decimal place.” 

17. Is the author using the highlighted phrase to: 

a) draw attention to a point 

b) defend a methodological choice 

c) Introduce the topic of a paragraph 

 

 

 “Before describing each individual engine module in detail, it is appropriate to summarize the 

general gas dynamic models that are used to model the flow.”  

18. Is the author using the highlighted phrase to: 

a) draw attention to a point 

b) defend a methodological choice 

c) Introduce the topic of a paragraph 
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___ I was in class Sept 23 & 25 

___ I was only in class today, Sep 25 

II. Posttest 

Posttest 

Read the quote and then answer the question(s) about it. Don’t worry about understanding the 

quote. 

  

“At this stage we can say that it is possible to reconstruct a color image based on a point-wise 

description of its contours.” 

1. What word can you substitute for possible that means more possible? 

 

__________________________________________________________________________ 

2. What word can you substitute for possible to mean not possible?   

 

__________________________________________________________________________ 

 

 

“The power handling ability becomes worse due to the extremely small sizes.” 

3. What word could the author add before the highlighted phrase to hedge the claim?  

__________________________________________________________________________ 

 

4. What word does the highlighted clause explain? Is it an adjective, noun or verb? Explain.  

_________________________________________________________________________ 

 

 

“In many cases it was observed that the core of the projectile was completely damaged.” 

5. Who observes something in this sentence?  

________________________________________________________________________ 

 

6. What is another word you can use instead of “observed” to mean a result was observed? 

_________________________________________________________________________ 
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“More importantly, room-temperature activation methods cannot compete with high-temperature 

activation methods, primarily due to the poor performance of the fabricated electrodes.” 

7. What word could replace “primarily” to strengthen the author’s claim?  

___________________________________________________________________________ 

 

8. Rewrite this sentence so that the highlighted phrase with ‘due to the’ comes before what 

it caused. How does this change the emphasis of the sentence? 

_____________________________________________________________________________ 

 

“Eventually, after numerous investigations, including those completed by the National 

Aeronautics and Space Administration (NASA), it was determined that no significant issue 

existed.” 

 

9. Who determines something in this sentence?  

____________________________________________________________________________ 

 

10. What word would you substitute for determined if “no significant issues existed” was a 

hypothesis rather than a result?  

_____________________________________________________________________________ 

 

 

“It is important to mention that the nonlinear function f is more general.” 

11. Is the author using the highlighted phrase to: 

a) draw attention to a point 

b) defend a methodological choice 

c) Introduce the topic of a paragraph 

 

“It is unreasonable to expect an algorithm to reliably compute the horizontal dominant vanishing 

point for this patch based on detecting straight lines.” 

12. Is the author using the highlighted phrase to: 

a) draw attention to a point 

b) defend a methodological choice 

c) Introduce the topic of a paragraph 



227 

 

227 

 

 

___ I was in class Sept 23 & 25 

___ I was only in class Sept 23 

___ I was not in class Sept 23 or 25 

“It is claimed that, according to these figures, the local response of the full-scale model is also 

predicted with a reasonable accuracy” 

1. What is a more certain word you could substitute for claimed? 

__________________________________________________________________________ 

 

2. What is a less certain word you could substitute for claimed?  

__________________________________________________________________________ 

 

 

“It is vital to take into consideration specific aspects of a mobile device when selecting 

evaluation methods.” 

3. What word can you substitute for vital that also means very important? 

 

____________________________________________________________________________ 

4. What word can you substitute for vital that means not important? 

 

____________________________________________________________________________ 

 

 

“Due to the large size data set and high feature dimensions at each layer, 200 samples are 

selected for each fault type.” 

5. Rewrite this sentence so that there is a form of the verb “is” before the highlighted clause. 

How does this change the emphasis of the sentence? 

___________________________________________________________________________ 

 

6. What word does the highlighted clause explain? Is it an adjective, noun or verb? Explain. 

_________________________________________________________________________ 

 

III. Delayed Posttest 

 



228 

 

228 

 

Delayed Posttest 

Read the quote and then answer the question(s) about it. Don’t worry about understanding the 

quote. 

  

“In practice, it is sensible to assume that events can be grouped in time.” 

1. What word can you substitute for sensible to say that is a good idea? 

 

__________________________________________________________________________ 

2. What word can you substitute for sensible to say that it is not a good idea? 

 

__________________________________________________________________________ 

 

 

“It is found that the honeycomb core failed due to the buckling and folding of cell walls around 

the impact region.” 

3. What word could the author add before the highlighted phrase to hedge the claim?  

__________________________________________________________________________ 

 

4. What word does the highlighted clause explain? Is it an adjective, noun or verb? Explain.  

_________________________________________________________________________ 

 

 

“It is claimed that, according to these figures, the local response of the full-scale model is also 

predicted with a reasonable accuracy” 

5. Who claims something in this sentence?  

________________________________________________________________________ 

 

6. What is another word you can use instead of claimed to mean something was claimed? 

_________________________________________________________________________ 

“Any observed difference in the time trends after the intervention is most likely due to the 

treatment.” 
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7. What word could replace “mostly likely” to hedge the author’s claim?  

___________________________________________________________________________ 

 

8. Rewrite this sentence so that the highlighted phrase comes before what it caused. How 

does this change the emphasis of the sentence? 

_____________________________________________________________________________ 

 

“In this study, it is confirmed that silicon can be also be shear after ion modification.” 

 

9. Who confirms something in this sentence?  

____________________________________________________________________________ 

 

10. What word would you substitute for confirmed if “silicon can also be shear after ion 

modification” was an unproved hypothesis?   

_____________________________________________________________________________ 

 

 

“Before stating the problem formulation, it is beneficial to note the properties of J.  

11. Is the author using the highlighted phrase to: 

a) draw attention to a point 

b) defend a methodological choice 

c) Introduce the topic of a paragraph 

 

“It is critical to remember that the string equation considered here behaves like a communication 

channel with string dynamics.” 

12. Is the author using the highlighted phrase to: 

a) draw attention to a point 

b) defend a methodological choice 

c) Introduce the topic of a paragraph 

 

 

“Based on this extended set of data, it is thought that the findings of Ref. [7] are further 

corroborated.” 
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13. What is a more certain word you could substitute for thought? 

__________________________________________________________________________ 

 

14. What is a less certain word you could substitute for thought?  

__________________________________________________________________________ 

 

 

“Our baseline uses 2D depth encodings. It is straightforward to contrast this with a “standard” 

2D scanning-window template.” 

15. What word can you substitute for straightforward that also means very possible? 

 

____________________________________________________________________________ 

16. What word can you substitute for straightforward that means less possible? 

 

____________________________________________________________________________ 

 

 

“His task appears challenging due to the differences in the use of medical terminology between 

the two disciplines.” 

17. Rewrite this sentence so that there is a form of the verb “is” before the highlighted clause. 

How does this change the emphasis of the sentence? 

___________________________________________________________________________ 

 

18. What word does the highlighted clause explain? Is it an adjective, noun or verb? Explain. 

_________________________________________________________________________ 
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IV. Student Evaluation Form 

Feedback on Academic Phrases Module 

 

1. How useful were the pictures that showed the context of the phrases? 

                 Not Useful         Somewhat Useful      Very Useful 

 
 

 

2. How much of the information we covered was useful to you as a writer? 

                 Not Useful         Somewhat Useful      Very Useful 

 

 

3. How much of the information covered in class did you feel you understood? 

           No information                  Half the Information                      All the 

information 

 
 

 

 

4. What was most helpful about the material? 

 

 

 

5. What was most confusing or unhelpful about the material? 

 

 

 

6. Other comments/questions?  

 


