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Abstract

This study is situated within the tradition of systemic functional linguistics, in the field of 

second language education, and presents a multimodal analysis of three related undergraduate- 

level textbooks. The purpose of the research is to determine the veracity o f claims made by pub

lishers of English for Academic Purposes (EAP) textbooks that their books enable students to 

deal effectively with discipline-specific undergraduate textbooks. Two EAP textbooks and one 

canonical first-year undergraduate textbook, all three for students of Mechanical Engineering, 

were analyzed in order to provide verbal and visual accounts of meaning-making. Multimodal 

ensembles, or co-occuring verbal and visual representations, were also analyzed in order to ex

plain how the textbooks generated intersemiotic meanings in their multimodal ensembles. Re

sults show that the undergraduate Engineering textbook employs high levels of technicality, ver

bally and visually, characterized by complex Iexico-grammatical and mathematical choices, and 

by complex patterns of intersemiotic identification among verbal, visual, and mathematical ele

ments in multimodal ensembles. The EAP textbooks, in contrast, show lexico-grammatical pat

terns that are consistent with non-technical language, employ simple visual and mathematical 

structures, and present few multimodal ensembles with few examples o f intersemiotic identifica

tion. It is suggested that EAP publishers represent the subject matter of Mechanical Engineering 

in the verbal, visual, mathematical, and intersemiotic patterns that are more consistent with their 

representation in the discipline’s canonical textbooks.
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Chapter One 
Introduction

In education, textbooks are almost certainly a part of most people’s daily lives. In English 

as a Second Language education, a materials-driven field, textbooks are ubiquitous and seem to 

find their way into every aspect of language teaching and learning. Sometimes, we know a text

book is good: it comes highly recommended, students praise it, we know from previous experi

ence that it is an excellent learning resource. Often, though, we may not be so sure. We might 

turn to the publisher’s name, to awards the textbook has won, to the claims the textbook publish

ers are making when choosing our titles. Sometimes we rely on our intuition in helping us to se

lect a textbook, or on our institution’s particular practices. All to say, we are not often in a situa

tion to be able to make an informed, research-driven choice when choosing a textbook. This 

study presents an investigation into textbooks and identifies factors that may help in making that 

choice.

The topic of the study presented in this thesis is textbooks, specifically English for Aca

demic Purposes (EAP) textbooks designed for students of Mechanical Engineering. These text

books are intended to help second-language university or university-bound students develop 

English skills sufficient to study Mechanical Engineering at the undergraduate level at English- 

medium universities. Publishers of these textbooks make claims that their books will help stu

dents access the textbooks and understand the language of Mechanical Engineering. This study is 

an investigation into those claims.

Hyland and Hamp- Lyons (2002), in the inaugural edition of the Journal of English for 

Academic Purposes, define EAP “as teaching English with the aim of facilitating learners’ study 

or research in that language” (p. 2). Although this definition is widely quoted, EAP can be de
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fined, more specifically, as second-language English education designed to help students suc

cessfully negotiate the language of higher education. As such, EAP education includes training in 

study skills, general language skills, and language skills more specific to university settings. EAP 

programmes are offered through universities, in English-speaking countries and non-English- 

speaking countries, and are normally one year long. Programmes may be either pre-sessional, in 

which case students complete their EAP study prior to moving into their chosen field of study, or 

concurrent, studied alongside courses from the student’s chosen academic field. For example, 

here at Carleton, the EAP programme is both pre-sessional and concurrent: it begins as pre- 

sessional and as students move successfully along, in their final term, they may take a course 

from their chosen discipline or field of study. Either way, though, if students fail to find success 

in the EAP programme, entry into the chosen field o f study is usually denied. EAP programmes 

are thus high-stakes endeavours.

In scope, EAP programmes may take a broad approach to content and subject matter or a 

more focused, narrow approach. In the former, focus is on language that is considered general or 

common to tertiary education, while in the latter, a programme’s focus is directed towards the 

language of specific fields or disciplines, such as Economics, Health Sciences, or Engineering. 

This more focused approach is an example of Content-Based Instruction, an approach to lan

guage teaching that integrates topics and content from the ‘regular’ subjects -  that is, from Biol

ogy, Psychology, Engineering, and so on — within the context of language teaching. It is this ap

proach that is relevant to this current study since the EAP textbooks that I examine are concerned 

with the subject matter of Mechanical Engineering. Particularly relevant is the issue of how 

much subject content is enough in language teaching, especially in contexts that find language
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teachers ‘teaching’ subject content that is well outside their area of expertise. I discuss Content- 

Based Instruction and the concerns it brings to this study in Chapter Two.

Regarding textbooks, however, few studies exist that look specifically at tertiary-level text

books, demonstrating Hyland’s (2009) observation that “[ujniversity textbooks...are something 

of a neglected genre” (p. 112). From a materials development perspective, Chapelle (2010), too, 

recognizes a lack of research, and characterizes the amount of current research as “surprisingly 

small in view of the impact that materials have in the instructional process” (p. 67). Furthermore, 

not only are EAP textbooks under-researched, but according to Hyland (2006), “EAP courses 

still lack a theoretical or research rationale and textbooks too often continue to depend on the 

writer’s experience and intuition rather than on systematic research” (p. 5). Part of the purpose of 

this study is to fill this gap in research into EAP textbooks.

Publishers of the EAP textbooks examined in this study make claims that their books will 

help students access the textbooks and language of Mechanical Engineering. Given the high- 

stakes nature of EAP programmes, questions of how much subject content is enough in langauge 

teaching, and the importance of textbooks in English language education, these publishers’ 

claims need to be investigated as realistic or not. In order to determine how realistic these claims 

might be, this study will compare the content o f two EAP textbooks for Mechanical Engineering 

with the content of a first-year undergraduate Mechanical Engineering textbook. Since meanings 

in Mechanical Engineering are expressed visually as well as verbally, this study will analyze 

both verbal and visual modes of meaning-making. The analysis o f these two modes will also lead 

to an investigation of the relationship between images and language in order to show how these 

two modes interact to create intersemiotic meanings in multimodal contexts. The study will be
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guided by the over-arching question: How similar is the subject content in two EAP textbooks 

for Mechanical Engineering students and the subject content of an undergraduate Mechanical 

Engineering textbook? I have divided this broad question into three smaller questions, more suit

able for investigation:

• How is the content in the three textbooks represented verbally?

• How is the content in the textbooks represented visually?

• How do the texts construct intersemiotic meanings in multimodal ensembles?

Systemic functional linguistics (SFL) will provide the theoretical orientation and analytical

approach for this study. Briefly, SFL considers the structures o f language and their meaning- 

making functions as instrinsically connected to the social context in which they are expressed. 

Furthermore, although SFL itself is concerned with langauge, it also recognizes that language is 

just one semiotic system among the many that are available in a culture. Thus, SFL has provided 

the theoretical foundations for the analysis of other non-linguistic semiotic systems, such as the 

visual mode of expression, as well as for the analysis of multimodality, the co-occurrence of 

multiple semiotic systems. Therefore, an SFL approach to analysis will allow me to compare and 

discuss the verbal, visual, and intersemiotic subject content of the textbooks within a coherent 

framework that will also allow for meaningful comment across those semiotic systems.

Briefly, the results of this study reveal that the two EAP textbooks and the undergraduate 

Engineering textbook represent the subject matter of Mechanical Engineering very differently. 

Therefore, this study casts serious doubt on EAP publishers’ claims that their textbooks will help 

students negotiate undergraduate textbooks. This study reveals that the undergraduate Engineer

ing textbook represents Mechanical Engineering as primarily concerned with meanings that con-
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struct the world as inter-connected natural phenomena, events, and doings. Complex verbal, 

mathematical, and visual expressions realize these meanings. The EAP textbooks construct the 

world of Mechanical Engineering as concerned with simple phenomena and their definitions, 

informed by a technical point of view. These representations are realized in simple verbal, 

mathematical, and visual expressions. An examination of how the texts constructs intersemiotic 

meanings in multimodal ensembles reveals significant differences in the pedagogic resources that 

each text mobilizes.

In Chapter Two, I review a range of theories and issues relevant to this study, including 

discussions of content-based instruction in EAP, principles of visual display and multimodal the

ory, and multimodal communicative competence in second language education. In Chapter 

Three, I present the theoretical framework that informs this study, a framework that draws on the 

inter-related theories of systemic functional linguistics, the social semiotics of visual design, and 

multimodality. I also describe my methodology before moving on, in Chapter Four, to present 

my findings which are organized around my three research questions. In Chapter Five, I con

clude by reviewing my knowledge claims and then considering the implications of this study, 

with an emphasis on possible future research directions in teacher education and materials devel

opment.
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Chapter Two 
Literature Review

In this literature review, I present views from a range of theoretical perspectives of par

ticular relevance to this study. I begin the review by situating this study in its disciplinary con

text, EAP, then move on to a brief examination of the role of textbooks at the university level and 

within an EAP context. I then trace the emergence of multimodality as a key issue within the 

teaching and learning environment, and attempt to broaden the conversation by including rele

vant theories related to Applied Linguitics. I move on to a closer examination of the role of mul

timodality in second language teaching and learning before concluding with a discussion of re

cent theories describing meaning construction in multimodal textual environments.

English for academic purposes: overview and relevant issues

English for Academic Purposes (EAP) emerged out o f English for Specific Purposes 

(ESP), that field of study overtly concerned with the language of professional or workplace envi

ronments. ESP found its beginnings in the 1960s with a shift in focus from literary English as the 

object of language study to scientific and technical English (Benesch, 2001). This shift marked 

an early recognition of two significant reconceptualizations in language education. First, it began 

the process of re-casting language from a set of grammatical rules that required mastering to a 

dynamic social resource that changed according to its purpose. Second, it highlighted context, in 

this case a specific professional context, as a central, extra-linguistic participant in language. 

While these reconceptualizations would take time to mature, the development of EAP and ESP 

over the subsequent decades describes the expression of these changes.

Briefly, the beginnings o f ESP in the mid 1960s were primarily expressed through an in

terest in English for science and technology. The works driving this move were Halliday’s newly
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articulated theories on genre and register (Coffin & Donohue, 2012), theories that demonstrate 

the “linguistic consequences” of social context (Eggins, 2004, p. 90). The language focus was 

realized through sentence-level structure and patterns and, at the word-level, through lexical 

items, and highlighted usage in English scientific texts (Benesch, 2001). Here, then, we see in

terest in the structural form, not o f English generally, but of English situated in a specific con

text.

By the 1970s, in an effort to address weaknesses in the work of the 60s, the earlier gram

matical focus was broadened to include rhetorical analysis. Here, explicit connections between 

linguistic choices and rhetorical purposes became central (Benesch, 2001), connections that ex

emplified the developing focus of language as dynamic resource concerned with usage as well as 

form. The 1970s also saw the term English for Academic Purposes come into usage. According 

to Hyland (2006), English for Academic Purposes was coined in 1974 and first published in 1977 

and distinguishes this branch of English language study from the more general English for Spe

cific Purposes. (While much overlapping of terms persists, these distinctions broadly hold true 

today: ESP is the comprehensive description, EAP the academic, and EOP describes English for  

Occupational Purposes.)

Trends through the 1980s again addressed perceived deficiencies from the previous pe

riod. This time, interest focused on the development of skills, or specific and desired behaviours 

that were seen as necessary to success (Dudley-Evans and St. John, 1998; Hyland, 2006). The 

term skills ended up being interpreted at two levels: “five macro-skills o f  reading, listening, lis

tening and speaking, speaking, and writing, each consisting of a number of micro-skills” (italics 

in original, Dudley-Evans and St. John, 1998, p. 75). Micro-skills referred to both linguistic and
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non-linguistic behaviours -  for example, learning strategies such as organizing study time or re

search skills such as referencing journal articles — and might address all macro-skills or just one 

or two. As Hyland (2006) notes, this focus on skills marked an important shift, a shift away from 

language towards the learner, “to examining the learners’ experiences and to the actual context 

and situation that they learn in” (p. 18).

Since the late 1980s, EAP has continued to develop although, as Dudley-Evans and St. 

John (1998) point out, a single approach or movement no longer dominates the field. Instead, a 

number of influences continue to inform EAP practice today, ranging across practice-based, criti

cal, and analytical perspectives. Two of those influences particularly relevant to this study are 

discussed below, critical EAP and its focus on the importance of a visual metalanguage and 

Content-Based Instruction.

Critical EAP is concerned with the socio-political power structures inherent in learning 

environments, the ways in which academic practices may advantage some and disadvantage oth

ers, and, perhaps most importantly, actions in which learners are empowered to recognize, reflect 

upon, and re-shape aspects of their learning (Benesch, 2001; Hyland, 2006). Researchers recog

nize that a necessary component of such empowerment is the ability to use a metalanguage with 

which to articulate thoughts, concerns, and challenges. As Hammond and Macken-Horarik 

(1999) argue, “systematic discussion of language choices in text construction and the develop

ment of meta-language — that is, of functional ways o f talking and thinking about language— 

facilitates critical analysis” (p. 541). However, as Unsworth (2006) observes, a metalanguage 

that describes the meaning-making choices of visual constructions and verbal-visual ensembles 

has not yet been produced. This lack is noticeable, especially given Hyland and Hamp-Lyons’
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(2002) suggestion that EAP learners and teachers are now required to negotiate visual and 

verbal-visual meaning-making expressions in academic texts as well as the more traditional ver

bal mode of expression, a point Unsworth (2008) also makes. In fact, Hyland (2009) argues that 

academic textbooks and articles, with their graphs, photographs, figures, and tables, represent the 

objective world and reveal how a discipline sees itself and, as a result, a full understanding of 

written academic discourse can only be achieved by looking at writing and at images. Unsworth

(2008) adds to this perspective by drawing attention to the significant support that exists for “the 

development of a metalanguage that will facilitate metatextual awareness o f image/text rela

tions” (p. 385). A verbal-visual metalanguage, then, as well as serving as a tool of critical analy

sis, can empower learners, reveal how disciplines see the world and themselves, and develop 

awareness of how images and text work together to create meaning. In recognition of the value 

o f metalanguages, it is hoped that the use o f a verbal-visual metalangauge in this study will help 

to promote the development of a metalanguage appropriate to the discussion of visual and 

verbal-visual meaning-making.

Belcher (2006) describes Content-Based Instruction (CBI) as “target- 

language...instruction in subject areas” (p. 138). In other words, CBI is concerned with subject 

content as presented in second language classrooms, and asserts that content should focus on tra

ditional curriculum subject areas, such as history or biology, rather than on traditional language- 

oriented topics, such as grammar and vocabulary. The extent to which CBI informs classroom 

practice can be viewed along a continuum, Lyster and Ballinger (2011) suggest, “varying from 

‘content-driven programs’, such as immersion, to ‘language-driven programs’, which include 

language classes either based on thematic units or with frequent use of content for language prac
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tice” (p. 280). Either way, familiarity with subject matter becomes a central concern for EAP pro

fessionals, especially those professionals engaged in programmes geared specifically to intro

duce second language students to tertiary-level disciplinary study. These programmes prepare 

students for study in fields as diverse as engineering, economics, or business. However, since 

most EAP teachers and researchers come from arts and social sciences backgrounds, many lack 

in-depth knowledge of practices common to the ‘hard sciences’ (Belcher, 2006) in particular, and 

to faculties outside of arts and social sciences more generally. Belcher (2006), in addressing the 

problem of “How much subject knowledge is enough for ESP instructors” (p. 139), discusses 

several solutions: team-teaching with content area specialists; a re-focusing of the problem that 

downplays subject matter and highlights problem-solving skills; and the training of EAP profes

sionals in language study and in a specific content area. (See Lemke, 2002, for his argument that 

training content area specialists as language specialists is a less time-consuming solution than 

training language specialists in a scientific content area.) None of these solutions, however, are 

easy, and questions of how much subject knowledge is enough remain. It is hoped that the results 

of this study will suggest guidelines to help teachers and researchers determine how much sub

ject content is enough.

The textbook

A brief review of the historical context of the textbook will deepen understandings of the 

textbook’s purpose. The story of the development of the textbook as instructional genre in the 

United States, according to Wakefield (1998), arguably begins in the late 1600s with the New 

England Primer, a textbook designed to develop reading skills through the presentation of relig

ious content. The Primer’s overall goal, like other early textbooks, however, was not the devel-
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opment of literacy as an end in itself but to enable access to the Bible (Wakefield, 1998, p. 13).

In other words, textbooks such as the New England Primer helped acculturate learners into a 

specific social community, in this case, a Christian community with its associated Christian be

liefs, values, and codes of behaviour. This role of the textbook — to help acculturate into a spe

cific community — has not much changed over the centuries.

One feature of the textbook that has changed over the centuries, though, is the manner in 

which a textbook accomplishes this goal of acculturation. The early primers described by Wake

field (1998) relied on an already long-established method from, primarily, religious instruction: 

the catechism style of question and answer (p. 5). Textbooks contained both question and answer, 

with the answer directly following the question; the role o f the learner was to recite the answer 

correctly upon hearing the teacher read the question. Today, this method o f instruction might 

come across as unduly rote; it does, however, illustrate the textbook’s acculturative role. We 

might understand the significance of this role in light of enduring preferences for the catechism’s 

question and answer format: it remained popular through the next two centuries, with many text

books written entirely as catechisms (Wakefield, 1998, p. 6). It is still a preferred method today 

although the format has changed somewhat; today’s answers tend to be found in the teacher’s 

book or in the back of the student’s book, thus diminishing, perhaps, the sense of indoctrination.

By the mid 1800s, preferences began to shift to textbook formats that worked towards 

developing student understanding of content material (Wakefield, 1998, p. 11). While catechism 

formats were not entirely abandoned, other question forms began to emerge. Such questions 

might require students to refer to personal experience for the answer. Other answers might be 

found in pieces of expository text or by referring to pictures or diagrams. Regardless o f the for
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mat, echoes of the catechismal style remained: a question was presented in the textbook and 

textbook users supplied an answer. Since then, time has presented us with our current textbooks, 

in many ways very much different with full-colour visuals, wide-ranging source material, and all 

manner of formats, from traditional books to rented digital copies. But in other ways, textbooks 

remain true to their earlier roots; full of rhetorical questions, they are carefully constructed relay

ers of knowledge whose main purpose is still to acculturate into a community.

University textbooks. Much like early primers helped enable access to the Bible and the 

Christian community, undergraduate university textbooks help to enable access into a discipli

nary community (Hyland, 2009). In fact, the relationship may sometimes be even closer. Rich

ardson (2004), in his study of undergraduate economics textbooks, observed that “the textbook 

took on a level of importance and assumed an authority similar to that exercised by devotional 

texts in the course of religious observance” (p. 510). Given that observation, it is no surprise that 

Hyland (2009) characterizes textbooks as “indispensable to academic life” (p. 112) and part of 

“the bread and butter of university life” (p. 96).

Hyland (2009) more specifically describes university textbooks as the systematized re

cordings of a discipline’s significant concepts, accepted theories, current beliefs, and analytical 

methods. The process of systematizing disciplinary knowledge into textbook form codifies that 

knowledge and results in, as Brown (1993) first termed it, a “canonizing discourse” (p. 65, see 

also Hyland, 2009; Richardson, 2004; Swales, 1995). As canonizing discourses, textbooks are 

powerful: they define reality, realize authority, and are difficult to dispute (Hyland, 2009), While 

undergraduate students may read that power in a positive light, academic professionals are much 

less so inclined (Swales, 1995). According to Swales (1995), a range of factors contribute to the
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textbook’s lowly status: textbooks compile widely accepted beliefs instead of promoting new re

search; textbook writing, in offering financial rewards, promotes commercialism over scholar

ship; textbooks transfer information instead of generating knowledge. Nonetheless, both Hyland

(2009) and Swales (1995) see potential in textbooks. Hyland (2009) reminds us that “learning a 

disciplinary culture and learning its language are inseparable” (p. 121) and that textbooks, as 

written examples of how a discipline construes itself and one of the primary means of student 

interaction with the discipline, provide a key opportunity for students to engage with and learn 

the language of that discipline. Swales (1995) takes another approach and finds potential in text

books through addressing their perceived weaknesses. Accordingly, textbooks could be improved 

by incorporating current research, ‘owning up’ to theoretical or other uncertainties, adopting a 

more dialogic style, and so on. In this 1995 article, Swales seems to re-evaluate the textbook 

more positively and apologizes for omitting textbooks in his seminal Genre Analysis.

ESP/EAP textbooks. Swales’ concerns about textbooks in 1995 were not his first. As 

early as 1980, in “ESP: The Textbook Problem”, he declared that “ESP textbooks have been in 

many respects an educational failure” (p. 11). His key argument concerned the value of locally- 

produced materials over commercially-produced textbooks. Swales, perhaps surprisingly given 

the article’s title, generally comes out of this article in favour of textbooks, albeit with provisos, 

and determines that commercial textbooks have a specific role in addressing more universal as

pects of language education. Locally-produced materials, on the other hand, find their role by 

filling in culture-specific gaps. This long-standing argument continues to speak to core issues in 

the field, especially given the field’s materials-driven approach. As recently as 2005, Harwood 

asked “What Do We Want EAP Teaching Materials For?”and identifies similar positions as
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Swales did in 1980. The strong anti-textbook position identified by Harwood holds that no com

mercially produced materials should be used while the weak argument holds that although com

mercially produced materials are often unsatisfactory, they need to be improved upon rather than 

disposed of. Little argument, however, exists in the approach to textbook improvement. All agree 

that research is the key (Harwood, 2005; Hyland, 2006; Swales, 1980), and Swales has been say

ing so since 1980, at least. Swales (1980) also claims that challenging textbook content is impor

tant since such challenges initiate textbook revision and change. It is in this context that this 

study, at least partly, finds its rationale.

Emergence and role of multimodality in communication and learning

As early as the mid 1990s, the expanding role o f visuals in education and other areas of 

communication made it apparent that traditional linguistic frameworks o f understanding and 

analysis were no longer sufficient. In 1994, O’Toole became the first researcher within Applied 

Linguistics to theorize the visual mode of expression with his publication The Language o f Dis

played Art. This work, derived from Michael Halliday’s systemic functional linguistics (which I 

review in my discussion of theory, below), describes painting, sculpture, and architecture within 

a social semiotic framework that sees meaning-making and social context as completely con

nected. Two years later, Kress and van Leeuwen (1996) followed suit with the publication of 

their highly influential Reading Images: The Grammar o f  Visual Design (with a reworked second 

edition published in 2006), also based on Halliday’s linguistics and within a social semiotic 

framework. However, while these visual theories gave rise to a metalanguage with which to dis

cuss the visual mode, analytical and theoretical approaches remained largely monomodal. Kress 

and van Leeuwen (2001) themselves, in commenting on Reading Images, admit to being ‘“ spe
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cialists’ of the image” and briefly document the Western world’s “distinct preference for mono

modality” (p. 1). The 2001 book from which this quote is taken, Multimodal Discourse: The 

Modes and Media o f Contemporary Communication, marks Kress and van Leeuwen’s transition 

away from the monomodal and into the multimodal, as it explores and theorizes multimodal 

communication within a social semiotic framework, and explains the array of meaning-making 

modes now part of commercial, social, professional, and educational spheres of life.

An important effect of this movement towards visualization and multimodality in educa

tion can be seen in calls for new definitions o f literacy (see, for example, Bezemer and Kress, 

2008, 2009; Hyland, 2006; Jewitt, 2008; Kress & van Leeuwen, 2001; New London Group, 

1996; Unsworth, 2008). By 2000, Kress was arguing that “It is now impossible to make sense of 

texts, even of their linguistic parts alone, without having a clear idea of what these other features 

might be contributing to the meaning of a text” (p. 337). From a perspective informed by educa

tion, the New London Group in 1996 was already recognizing the necessity of understanding 

these ‘other features’, and thus introduced the term ‘multiliteracies’ to acknowledge the role that 

non-linguistic features played in meaning-making. The term is part of an expansive model of lit

eracy and learning that, among other things, calls for a re-definition of literacy to include “forms 

that are becoming increasingly significant in the overall communications environment, such as 

visual images and their relationship to the written word” (New London Group, 1996, p. 61). By 

the early 2000s, many of applied linguistics’ leading scholars were acknowledging the critical 

role of understanding visual and multimodal resources in the negotiation of academic texts (Hy

land, 2009; Kress, 2000; Kress & Bum, 2005; Lemke, 2002, van Leeuwen, 2005). Lemke’s 

(2002) quote sums up overall views effectively: “The narrowest definition of literacy would fo
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cus solely on verbal literacy with written media, but this definition is intellectually untenable to

day” (p. 22). Jewitt (2008) clarifies an important dimension of this argument by pointing out that 

the way knowledge is represented -  the modal form it takes, whether written, spoken, visualized, 

or presented in some other semiotic system -  plays a crucial role in knowledge construction. The 

form of knowledge representation is thus foregrounded because it is integral to meaning. Jewitt 

(2008) argues that explorations of the modes of representation that are used in classrooms is es

sential to an understanding of modem teaching and learning.

One of the consequences of increases in non-verbal meanings within education translates 

into changed responsibilities for teachers. Within education generally, practitioners are “increas

ingly required to understand and translate the progressively more complex interactions between 

verbal and non-verbal features of academic texts” (Hyland & Hamp-Lyon, 2002, p. 8). Hyland 

and Hamp-Lyon (2002) go on to observe that these new complexities require further research in 

order to gauge their impact and to fully understand their role within EAP. One of the difficulties 

inherent in incorporating visual and multimodal meanings into EAP is EAP’s identity as 

language-oriented. This identification is, naturally, strong, giving Kress (2000) cause to observe 

that English language professionals act as if “language fully represented the meanings they wish 

to encode and communicate” (p. 337). Overall, then, the movement towards increased multimo

dality in communication seems to be more fully articulated theoretically than understood in 

terms of practice, particularly within EAP, which understandably has such close ties to language.

A number of studies from outside Applied Linguistics are also investigating the use of 

multimodal resources and their effects on learning. Results from a range of fields are remarkably
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similar, and I present them here to provide insights into broader educational practices that may 

inform EAP, especially given its current struggles with the boundaries of language.

Mayer (2005, 2008), a leading scholar in psychology, has conducted numerous studies on 

college-age students that investigate the role o f multimedia in their learning (‘multimedia’ is 

Mayer’s term, more or less equivalent to the term ‘multimodal’ that I use in this study). Of par

ticular interest are experiments that ask students to read expository messages presented in multi

modal learning materials — such as written text with corresponding diagrams presented on a fol

lowing page, or written text with diagrams integrated into the corresponding writing — and then 

test the students on their learning of the content thus presented. Over 15 years of studies like 

these have produced results consistent enough that Mayer has been able to develop a set of prin

ciples to explicate multimedia message design that enhances learning (Mayer, 2008). Of the ten 

principles he enumerates, the following five relate to written/visual messages:

• Coherence principle: omit unnecessary words or pictures

• Signaling principle: highlight essential information

• Spatial contiguity principle: place related words and pictures closely together

• Segmenting principle: break information into small parts

• Retraining principle: explain operation of parts first

Mayer’s ‘Spatial contiguity principle’, emphasizing the importance of placing related 

words and images together, is based on the rationale that learners build mental connections be

tween words and images. If they must search for corresponding images, or words, cognitive ca

pacity is wasted during the search thus reducing learners’ ability to construct mental connections. 

Tufte (2006), a prominent researcher in political science and statistics who is noted for his writ
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ings on information design, also formulates a set o f principles of design. Although Tufte’s princi

ples focus on analytical data rather than multimodal design, one principle that is strongly consis

tent with Mayer’s spatial contiguity principle, and asserts the “Integration of Evidence” (p. 122). 

This principle explains that words, numbers, images, and diagrams should be completely inte

grated with one another. According to Tufte (2006), the purpose of this integration and “the es

sential test o f text/image relations is how well they assist understanding o f  the content’ which is 

accomplished through an understanding o f “what the words mean in their relation to the images, 

and what the images mean in relation to the words” (p. 88, italics in original). Both Mayer’s and 

Tufte’s integration principles are consistent with multimodal theorizing that resources from all 

modes inter-relate to produce meanings.

Atkinson (2005) adds another dimension to the importance of modal inter-relation with 

reports on studies investigating the integration of language and mathematics in both static (print) 

and dynamic (spoken or moving image) deliveries. Relevant to this current study is research 

concerned with printed mathematical graphics and written text. Students were presented with one 

of two geometrical mathematics problems: either problems in which written language, embedded 

with mathematical expressions, was integrated with diagrammatic examples worked out to show 

the solution and how it was achieved, or problems in which worked-out diagrammatic examples 

were not integrated with the language and mathematics. Consistently, students receiving the inte

grated problems were able to solve problems more accurately and quickly than students who re

ceived the non-integrated problems. While these studies are limited in that all worked exclu

sively with geometry problems, the implications are consistent with Tufte and Mayer. That is, the 

studies described above -  mathematics studies, studies from a visual perspective, and studies
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with expository material -  all show that integrated formats of textual instruction foster learning 

and improve performance. These implications are also significant from a multimodal perspective, 

in the sense that they could provide guidelines in determining verbal - visual balances, particu

larly in EAP, where struggles with these meanings and balances are ongoing.

A different perspective on the visual and multimodal is brought forward by Olive and 

Passerault (2012), from the field of cognitive psychology. Citing a range o f  studies and theoreti

cal articles, the authors suggest that reading and writing should be considered visuospatial activi

ties, activities guided by the eye and graphic traces on the page. Writers and readers use a text’s 

visuospatial representations to find and retrieve information. This visuospatial dimension is also 

engaged in the construction of mental representations of text during the reading and writing 

processes. Olive and Passerault (2012) cite additional studies that suggest these mental represen

tations may be “multidimensional” (p. 334), integrating semantic, verbal, and visuospatial con

tent within an episodic memory format. Furthermore, concrete and abstract content may be proc

essed differently. Experimental evidence, although limited, seems to suggest that the processing 

of concrete content and abstract or figurative content is associated with different parts of working 

memory and thus processed differently. These claims are relevant to my present study in two 

ways. First, since visuospatial representations seem to play a role in how readers and writers lo

cate and retrieve written verbal information, visuospatial representations would ideally be devel

oped similarly in the EAP textbooks and in the undergraduate textbook. Visuospatial representa

tions are of particular consequence in this present study since the books in this study are text

books, in other words, books to which students turn specifically to find and retrieve information. 

Second, studies also suggest that concrete and abstract information are processed differently.
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Given that, it might be important that information in the EAP textbooks is presented with similar 

levels of abstraction and representation as information presented in discipline-specific textbooks. 

These points will be addressed again in the Chapter 5.

Multimodality and second language learning. A common observation holds that visual 

and other non-linguistic meanings aid in the comprehension of a second language. Lemke 

(2002), in addressing this observation, contends that the value of visual and non-linguistic ele

ments in aiding comprehension is determined by two factors. First, visuals, mathematical sym

bols, and other meaning systems can only aid understanding of a second language if the mean

ings represented in the non-linguistic systems are already universal in their interpretation. In 

other words, mathematical symbols will only help in understanding English text, for instance, if 

the mathematical symbols mean the same across all languages (or, at least, across English and 

the native language of the English learner reading that text). Second, even when non-linguistic 

meanings are universal, as they are in much of mathematics, for example, language users still 

must know how semiotic systems are integrated to produce a unified text. English is just begin

ning to discover and articulate the logic and conventions that prescribe how meanings from dif

ferent semiotic systems are woven together. From a language learner’s perspective, a knowledge 

of how semiotic systems are integrated is crucial to comprehension, particularly given the com

plex nature of multimodal literacy (Royce, 2007).

In comments directed towards language learning and science, Lemke (2002) observes 

that science relies on a number of semiotic systems in making meaning, including language, 

mathematics, graphs, diagrams and so on. He points out that language, or any one semiotic sys

tem that science uses, cannot be separated out o f a text with the result that meanings remain in
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tact. Attempts to focus exclusively on language as the means to understand scientific concepts 

cannot work since science means with a multiplicity of semiotic resources. Each semiotic system 

needs to be comprehended, as does the integration of those systems in the production of scien

tific meaning. It is reasonable to assume that Engineering, similar to science in its use of multiple 

semiotic systems to communicate meaning, must also be understood in similar terms.

Royce (2002,2007) puts forward the concept o f ‘multimodal communicative compe

tence’ for second language learners in recognition of the increasing role that non-linguistic semi

otic systems play in communication. Communicative competence, a defining concept in the field 

of second language learning, was first put forward by Hymes in 1972 and, in brief, relates to the 

language learner’s need to know how language is used in social life in order to communicate ef

fectively in a second language. This concept is generally seen to contrast with grammatical ap

proaches to language learning in which students are encouraged to learn and memorize grammar 

rules. Royce extends notions of the communicative concept because “it is not enough, to meet 

students’ needs, to focus only on language; teachers should begin to focus on and develop stu

dents’ abilities in visual literacy” (p. 366). The approach Royce envisions starts with a recogni

tion that images are ‘culturally bound’, and the meanings expressed by an image in one culture 

may not be the same meanings as those expressed by the same image in another culture (p. 366). 

Like Lemke (2002), Royce also acknowledges that the inter-relation of modes, how language and 

image work together, for instance, is critical to understanding and that this inter-relationship may 

also be culturally sensitive. Royce sees approaches to second language education that incorporate 

these multimodal meanings as providing entrance to the target culture, since the ways that people 

in the target culture combine modes to produce meaning would offer insight into that culture’s
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practices and ideologies. Since Royce’s comments are in context of second language learning, it 

would be safe to assume that she refers to language cultures in her discussion. Yet much in the 

same way that a linguistic culture, English speakers, for example, might be understood in terms 

of how it communicates, a professional or disciplinary culture might be understood in the same 

way.

Intersemiosis: meaning construction through text-image relationships

Intersemiosis is a multimodal concept and refers to the semantic relationships developed 

between language and image that “show how the visual and verbal modes interact to construct 

the integrated meanings of multimodal texts” (Unsworth & Cleirigh, 2009, p. 151). While inter

semiosis has generated some interest in different research traditions, including Mayer’s psychol

ogy studies, discussed above in context of his multimedia principles, and Roth, Pozzer-Ardenghi, 

and Han’s (2005) study of Brazilian school science textbooks, these studies fall outside o f a se

miotic framework so will not be reviewed here. Instead, I focus on those studies informed by so

cial semiotic approaches to meaning, which derive from Halliday’s work in SFL.

Royce (2002, 2007) developed the framework of intersemiotic complementarity around 

concepts of lexical cohesion, a lexical resource part of the SFL framework of analysis. Lexical 

cohesion describes relationships among a text’s content words, and Royce applies this concept to 

describe links between language and image. Relationships or links of repetition, synonymy, an- 

tonymy, meronymy (relationships of part/whole, for example, page/book), hyponymy (relation

ships of class/sub-class, for example, book/textbook), and collocation describe how visual ele

ments and language elements, which are co-present in a text, are connected. In her studies of a 

high school textbook (2002) and an article in the Economist (2007), Royce found that most
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image-text relationships were built around relationships o f repetition, meronymy, or collocation. 

The meronymy and collocation relationships demonstrate that visual-verbal meaning can be, ac

cording to Royce (2007), “‘synergistic’ in nature, a concept which describes the ability of ele

ments, in the act of combining, to produce a total effect that is greater than the sum of the indi

vidual elements” (p. 103).

Martinec and Salway (2005) introduced another way of looking at image-text relations, 

also based on the systemic functional work of Halliday, and took the concept that describes the 

types of relationships between clauses and applied it to the relationships between language and 

image. This concept has two components, a structural component and a semantic one. Structur

ally, relationships between clauses are either equal and co-ordinate, or unequal, in which case 

one clause is independent and the other is dependent. Semantically, relationships between clauses 

can be one of three types. First, in elaboration, the meaning of one clause is restated in the other; 

in extension, the meaning of one clause is extended or added to the other; and in enhancement, 

the meaning of one clause is qualified in the other clause. Martinec and Salway (2005) extend 

these structural and semantic components to describe relationships between language and im

ages. The structural component describes the relationship between image and language as equal 

or as unequal, and, if unequal, the image as dependent on the language, or the language as de

pendent on the image. The semantic component describes the image-text relationship in terms of 

elaboration, extension, or enhancement. As Unsworth and Clerigh (2009) observe, though, a 

number of problems exist with this system. The most problematic area addresses the value of de

termining equal or unequal status between language and image, and prompts Unsworth and Cle

righ to ask “How does it further our understanding of how language and image collaborate in the
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creation of a unified, coherent text?” (p. 153). Further, Unsworth and Cleirigh (2009) argue that 

this system does not account for the reciprocity, or the flow of meaning from text to image and 

from image to text, that exists between image-text relations. This reciprocity can be seen, for 

example, in a caption that explains its accompanying image and in the image when it provides 

additional information or detail not explicated in its caption.

Kress (2000, 2010) and Kress and van Leeuwen (2001) approach the issue of intersemio

sis by considering the affordances inherent to each mode (a topic which I explore further in my 

discussion of multimodal theory in Chapter 3). As Kress explains (2000):

The semiotic modes of writing and of image are distinct in what they permit, that 

is, in their affordances. Image is founded on the logic o f display in space-, writing 

(and speech even more so) is founded on the logic o f  succession in time. Image is 

spatial and nonsequential; writing and speech are temporal and sequential. That is 

a profound difference... one of its effects is a functional specialization of speech, 

writing, and image in which each is used to do that for which it is best suited, 

(italics in original, p. 339)

Lemke (1998) describes a similar distinction between the kinds o f meanings that lan

guage is better suited to make and meanings that images are better suited to make, and character

izes linguistic meanings as typologically oriented and visual meanings as topologically oriented. 

Bezemer and Kress (2008), in their diachronic study of high school textbooks, develop the idea 

of modal affordances into epistemological commitments, or the unavoidable affordances associ

ated with using a particular mode. One of the epistemological commitments recognized by
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Bezemer and Kress in the textbooks they examined was the gain in generality allowed for by 

writing and, conversely, the gain in specificity that images permit.

Unsworth and Cleirigh (2009) focus on the idea that a visual and a  verbal representation 

of the same thing or phenomenon simultaneously identifies and differentiates that phenomenon. 

More simply, when a visual and a verbal representation refer to the same object or phenomenon, 

different aspects of that object are foregrounded, in accordance with the affordances offered by 

the mode. Following this thinking, they apply the grammatical concept o f  relational identifica

tion, from systemic functional linguistics, to explain image-text relations. While I explain this 

approach to visual-verbal analysis more thoroughly in Chapter 3, as it is the analysis I use in the 

present study, I outline the basic concepts here. Briefly, certain verbs describe relationships of 

mutual identification. These verbs, or in systemic functional terms relational identifying proc

esses, are most commonly be or have, and a typical example might be She is the leader. The 

point to note is that both participants in the clause, she and the leader, refer to the same entity. 

Each participant also has a functional role: she is the Token or the holder o f the identifying 

Value, which, in this case, is the leader. While each participant refers to the same entity, there is 

no redundancy of meaning. In much the same way, Unsworth and Cleirigh (2009) see the rela

tionship between images and text as one of mutual identification: the images identify the text, 

and the text identifies the images, with each mode highlighting or foregrounding different mean

ing or information. Unsworth and Cleirigh see this theory, referred to as intermodal identifica

tion, as addressing inconsistencies or problems with the previous theorizing of image-text rela

tions. That is, intermodal identification does not rest on determining which representation, verbal 

or visual, is independent and which subordinate. Rather, intermodal identification accounts for
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the differing affordances each mode offers. Unsworth and Cleirigh (2009) also consider peda

gogic functions of intermodal identification. They point out that, in a text, if  language is present 

without an accompanying image, the reader must supply an image from his/her prior experience 

of the language, and conversely, if an unfamiliar image is presented without a verbal gloss, the 

reader must supply the wordings from his/her prior experience of the image. However, if the 

reader has limited prior experience of the language or the image, the language cannot be visually 

encoded nor can the image be verbally glossed. This observation is important in context of sec

ond language learners, particularly those learning the meanings o f a highly visual discipline such 

as engineering. As Unsworth and Cleirigh go on to point out “[t]he more exotic/technical/abstract 

the field, the more important the intermodal identification pedagogically” (p. 160).

Literature review summary

In this literature review, I have brought together views and influences from perspectives 

that are relevant to the present study. Of the current influences in EAP, I discussed the impor

tance of developing a visual metalanguage in order to negotiate visualized texts, to further under

stand how a discipline sees itself, and to recognize how images and texts together create mean

ing. I also highlighted content-based instruction issues that ask how much subject content in a 

language classroom is enough. It is my hope that this present study will provide useful insights to 

help determine appropriate subject content levels. In my discussion about textbooks, I brought 

forward calls for research to influence the content and production of EAP textbooks, a call that 

this study addresses. The longer discussion on multimodality in education and second language 

learning highlighted a number of key issues. First, the movement from literacy to multiliteracies 

necessitates an understanding and exploration of the multiple modes of representation in educa
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tion. I then briefly provided understandings developed in cognitive science that emphasize the 

importance of integrating verbal, visual, and mathematical resources in learning materials. I also 

presented a study that suggests the manner in which information is presented in its print form is 

crucially important in developing and using visuospatial representations that help with finding 

and retrieving information. Both of these concepts I will return to in my Discussion section, to 

see whether integration and visuospatial differences exist in the EAP and engineering textbooks 

that I analyze. My discussion of multimodality and second language learning underlined the im

portance o f integrating verbal, visual, and mathematical meanings and highlighted the necessity 

for second language learners to understand how multimodal integration works. This present 

study aims to explicate how verbal and visual meanings are integrated in the two EAP textbooks 

and in the engineering textbook. I then referred to Royce’s (2002,2007) concept o f multimodal 

communicative competence and her view that this competence helps provide entrance into the 

target culture, a view I extend to include entrance into a disciplinary culture, and which, by infer

ence, I suggest will help learners enter engineering, especially given engineering’s visual prac

tices. I concluded the literature review by tracing recent thought on the image-text relations of 

intersemiosis and paid particular attention to the theorizing of Unsworth and Cleirigh (2009) 

since I will be applying their system of analysis to the intersemiotic analysis in this present study.
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Chapter Three 
Theoretical and Methodological Framework

This chapter is divided into three sections: the first section presents the theoretical back

ground that orients this study, the second section describes the methodology, while the third sec

tion presents the analytical framework and provides details o f each of the analyses I employed.

Theoretical Framework 

In order to understand how the three textbooks -  two EAP textbooks and one first-year 

Engineering textbook -  represent their subject content and create multimodal ensembles, I draw 

on three inter-related theories: systemic functional linguistics to describe linguistic representa

tions, social semiotic visual theory to describe visual representations, and multimodal theory to 

bring together the linguistic and visual. I discuss how each theory is rooted in systemic func

tional linguistics and provide a rationale for selecting inter-related theories for this analysis. 

Systemic functional linguistics

Systemic functional linguistics (SFL) is both a theory of language and a framework of 

analysis developed by the influential British linguist Michael Halliday (1985/2004). This theory 

sees language as one of many meaning-making resources all of which are intrinsically embedded 

in the social environment. In brief, socially situated language users exchange meanings, spoken 

and written, as part of the process of accomplishing and carrying out daily life. As a meaning- 

making resource, language is a semiotic system; as a system that is expressed and interpreted 

within a sociocultural context, that semiotic is inherently social since meanings are exchanged in 

social contexts. Hence, the SFL perspective that sees language as a social semiotic takes as fun

damental these two core concepts.
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The theory of SFL explains that language is organized as a system of choices. In other 

words, using language is not a matter of choosing a word or a series of words from the pool o f all 

words. SFL asserts that language is available to users through complex systems of choice. These 

systems limit the available choices such that in a given context a language user is no longer se

lecting from the entire resource and instead selects from a particular range of choices. Choices 

are made from within a set of options that have, themselves, been specified by choices made pre

viously. For example, the selection of language feature a means that the next choice will be ei

ther x  or y. At each point of choice, a system that defines possible alternatives becomes available 

so that the language user is making a continual series o f increasingly delicate or detailed choices 

throughout the communication process.

SFL is functional and describes its functionality in two ways. First, according to Halliday 

(1985/2004), functional grammar “is designed to account for how language is used” (bold in 

original, p. xii). Every use of language occurs in a particular context, to meet particular purposes 

and needs of the person using the language. Functional grammar accounts for context and ex

plains language in terms of the purposes and needs of each context. Second, since language is 

essentially a meaning-making resource, the meaning that language carries is described in func

tional terms. SFL theory calls these meaning components ‘metafunctions’ and identifies three 

general purposes and meanings that account for all uses of language. The first metafunction, the 

ideational, expresses content and experience of the real world and is thus the component of the 

most interest in this study. The second metafunction, the interpersonal, expresses inter-relational 

meaning between language users. The third metafunction, the textual, expresses the organiza

tional meanings that structure ideational and interpersonal content. Importantly, all of the meta
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functions are realized simultaneously; that is, a language user constructs ideational, interper

sonal, and textual meanings simultaneously with each utterance. Each metafunction is also or

ganized around one or more of the previously-described systems. For example, within the idea

tional metafunction, the system of transitivity describes the processes, or the actions and doings, 

of the real world. Processes are realized at the lexico-grammatical level, the level of wordings 

plus structures. In this study, linguistic analysis occurs at the lexico-grammatical level.

One of Halliday’s (1985/2004) purposes in constructing systemic functional grammar 

was to “make it possible to say sensible and useful things about any text” (p. xv). Since this pur

pose more or less describes the aim of my study in that I want to say sensible and useful things in 

the comparison of the two sets of texts I analyze here, SFL becomes a natural analytic frame

work. A systemic functional approach examines the functions to which language use is directed 

and thus permits a focus on experiential meanings, those meanings that encode the comings and 

goings of people, places, and things in the real world. These functions are realized through the 

lexico-grammar, the analysis of which furnishes a linguistic description o f the structures and 

wordings that realize the experiential meanings. This functional level o f analysis means that 

comparisons among texts occurs along meaning-making dimensions, and the expression of these 

meanings through the lexico-grammar permits patterns o f difference and similarity to be noted 

and explained. Furthermore, the systemic use o f language emphasized in SFL theory, the net

works of choice set up by previous choices, allows for straightforward comparison of texts. It is 

plain to see which texts establish which systems and which choices are selected within each sys

tem.
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Social semiotic visual theory

According to Iedema (2003), four significant insights distinguish SFL and provide space 

for social semiotic theory to flourish. These four insights, already touched on above, are as fol

lows: first, the conceptualization of meaning as functional components, namely, the ideational, 

the interpersonal, and the textual; second, the formulation of meaning-making at phonological or 

orthographical, lexico-grammatical, and semantic levels; third, the notion that language ex

presses context, specifically, the topic at hand, the type of relationship between the language us

ers, and the role of language in the interaction (more formally referred to as field, tenor, and 

mode)', and fourth, a movement from a focus on the sentence to a focus on text as a mode of so

cial action. These insights enabled a shift in analysis that, according to Iedema (2003) “did jus

tice to texts’ socially meaningful role” (p. 31). By the early 1990s, Martin had devised methods 

of SFL text analysis that linked language features to ideology and worldview. This call was taken 

up by Fairclough in the late 1980s and mid 1990s with his Language and Power (1989/2002) and 

Critical Discourse Analysis: The Critical Study o f  Language (1995/2010), both of which looked 

at the ways social and political power are expressed in text. Up to this point, however, most ana

lytical work was still language centered. But the mid and late 1990s saw movement into semiotic 

realms far removed from language, including O’Toole’s application of SFL to painting and visual 

art in 1994, van Leeuwen’s use of SFL in the analysis of sound and music in 1999, and Kress and 

van Leeuwen’s application of SFL to visual images in 1996. See Figure 1, below, for a visualiza

tion of the relationship of SFL to the other semiotic theories drawn from it.
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Figure 1: Essential components of SFL and relationship to other semiotic theories. Adapted from 
L. Young.

Kress and van Leeuwen’s (1996) landmark Reading Images: The Grammar o f  Visual De

sign explicates a visual grammar based on the social semiotic theory outlined by Halliday in his 

description of language. The theory proposes that visuals, in much the same way as language, 

constitute a meaning-making resource. The meaning expressed through any visual entity, like the 

meaning in a word or phrase, is socially negotiated; meanings are understood in a sociocultural 

context. A shape, for example a circle, carries a particular meaning because people using that 

shape in a specified context tacitly and repeatedly agree to its meaning.

This theory also articulates networks of systems and the three over-arching metafunctions 

that describe meaning. Kress and van Leeuwen re-name the metafunctions - as the representa

tional, the interactive, and the organizational - to reflect the modified purpose of each in the vis

ual mode, but the core meanings remain the same. The representational metafunction relates a 

visual experience or interpretation of the world while the interactive metafunction describes rela

tionships between the producer of the visual and its viewer and between the represented entities.
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The organizational metafimction describes compositional resources that show how parts work 

together to form a whole. As in SFL theory, each of the metafunctions is expressed through sys

tems which offer the user a set of choices at various points in the communication process. So, for 

example, the representational metafunction, the metafuntion of concern in this study, offers an 

initial choice between representing an aspect of reality as a narrative, or active, process or as a 

conceptual, or being, process. As meaning is further articulated, additional sets o f choices are 

enacted, with each choice in the process expressing meaning in all three functional terms simul

taneously.

One of the obvious advantages in selecting this visual theory as an approach to the analy

sis of visual elements is its complementarity with SFL. Since both theories share fundamental 

concepts and are articulated in similar manners, they provide analyses that can be interpreted us

ing similar understandings and terminology. For example, linguistic patterns o f transitivity that 

express actions and participants in the real world can be discerned in connection with visual pat

terns of representation that express visual participants and actions. In this way, comparisons 

across modes can be made. Such comparisons can be helpful in revealing patterns of representa

tion that are consistent across semiotic modes rather than explaining the texts as multiple mono- 

modal constructions. Since each of the analyzed texts is meant to be perceived as a unified mul

timodal whole, it makes sense to acknowledge that unity in the analysis process, when possible. 

Multimodal theory

While social semiotic theory was being taken in a more politicized critical direction by 

Fairclough in the mid 1990s, it was also moving in more varied directions, to describe discrete 

meaning-making resource systems, such as painting, theatre, and visual design. It was out of
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Kress and van Leeuwen’s work around this time, according to Iedema (2003), that the term ‘mul

timodality’ emerged. While Jewitt (2008) identifies 1996 as the year of multimodality’s incep

tion, she points to its emergence as a “response to the changing social and semiotic landscape”

(p. 246). The changes to which she refers are what Iedema (2003) calls “[t]he increased ubiquity 

of sound, image, film, through TV, the computer, and the internet” (p. 33). Although our western 

culture has been dominated by monomodal meanings, namely meanings made through language, 

these recent changes in technology have foregrounded other meaning-making modes such that a 

monomodal perspective on meaning-making is no longer possible. The term multimodality, then, 

highlights the importance of taking into account multiple semiotic systems, in recognition that 

meaning is made through the use of many resources, not just one. In fact, the multimodal ap

proach asserts that all meaning-making is multimodal. For example, speech is multimodal in that 

in relies on at least two modes to communicate meaning: the verbal mode and the aural mode. 

Other modes may provide additional meanings, such as meanings supplied by gesture, music, 

images, and so on.

This appreciation of multimodal meaning-making has also meant a movement towards 

views that de-centre language as the preferred meaning-making resource (Iedema, 2003; Jewitt, 

2008; Kress, Charalampos, Jewitt, & Ogbom, 2001; Kress & van Leeuwen, 2001). Language, 

instead of taking centre stage in the communication process, is seen as one mode among many 

that are used to make meaning. Sometimes, the verbal mode is foregrounded, but often other 

modes are as significant, or more so, in many meaning-making processes. Importantly, however, 

is the view that all modes used in communication create meaning.
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Kress and van Leeuwen (2001), in their outline of multimodal theory in Multimodal Dis

course: The Modes and Media o f Contemporary Communication, put forth two key concepts, 

both of which inform this present study. First, the notion of modal ‘affordances’ or ‘epistemo

logical commitments’ (more thoroughly discussed in Kress, 2010) describes the unavoidable de

cisions that must be made when using a semiotic resource. For example, a drawing must show 

spatial relationships; it is not possible to visually represent an object without showing some sort 

of spatial relatedness among the object’s parts. In a second example, language makes a commit

ment to linear, temporal order; sentences unfold sequentially, and it matters in which order they 

unfold. A closely related concept holds that meanings that can be communicated in one mode 

cannot all be communicated in another mode (Saint-Martin, 1994; Lemke, 1998; Kress, 2000; 

Unsworth, 2006). For example, Saint-Martin (1994) notes that the visual mode “is formed by 

dense and continuous elements... oriented in all directions in a multidimensional context, re

versible and superimposable” while verbal language, in contrast, “is linear, unidimensional, dis

continuous, sequential... based on discrete elements (words) separated by voids” (p. 387).

Lemke (1998) characterizes these two types of meaning as the typological meanings inherent to 

language and the topological meanings o f visual representation, and notes that science utilizes 

the visual mode to express topological meanings that are difficult to communicate linguistically. 

These examples lead into the second key concept informing this study: in multimodal ensembles, 

each mode adds meaning to the ensemble, and additional modes of expression always add mean

ing. As Jewitt (2008) observes, “all modes... contribute to the construction of meaning in differ

ent ways. Therefore, no one mode stands alone in the process of making meaning; rather, each 

plays a discrete role in the whole” (p. 247). Lemke (2002) rather smartly explains that semiotic
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resources are only separable analytically, that all meaning is produced in the integration of semi

otic resources. These concepts are integral to this study as it is my contention that in a discipline 

as visually oriented as engineering, an account of only, or primarily, the verbal meanings does 

not explain how engineering means.

Methodology

In this section, I describe the methodology of the study. The description includes the text

book selection process and rationale, the rationale behind the selection o f data from each text

book, and the approach taken to analyze the data.

This study is a qualitative discourse analysis of three undergraduate textbooks that I un

dertook in order to investigate claims made by publishers of English for Academic Purposes 

textbooks designed specifically for engineering students that their books prepare students to ac

cess discipline-specific textbooks and language. I chose to focus on EAP textbooks for engineer

ing students for three reasons. First, I was interested in exploring the relationship between writ

ten language and visual images in language teaching materials. Since engineering is a discipline 

that relies strongly on visual practices, and many of its textbooks reflect that concern, the exami

nation of this discipline seemed relevant. Furthermore, since engineering is also attracting in

creasingly large numbers of non-English speakers and, consequently, the teaching of 

engineering-bound students is becoming a greater part o f the activity of English language in

structors, an informed comprehension of the significant role that a textbook plays in an under

graduate’s life seemed a meaningful pursuit. Third, as a Faculty o f Arts and Social Sciences 

(FASS) graduate, I had so little experience of engineering that I was unable to ascertain the value 

of an EAP publisher’s claim. Since most English language teachers are similarly educated, I
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thought it a benefit to learn more about a discipline within which we are so likely to encounter 

our students and our teaching.

Textbook selection

I began by choosing the EAP textbooks, looking specifically for those textbooks con

cerned with engineering; I found two, one from Oxford University Press and the other from Gar

net Publishing. Since the Oxford textbook focused on electrical and mechanical engineering but 

the Garnet book covered only Mechanical Engineering, I decided to focus on Mechanical Engi

neering. I then conducted research to find the names of important undergraduate textbooks in 

Mechanical Engineering. In particular, I wanted to find a textbook that was well-used across a 

range of university engineering programmes, a textbook that most Engineering students would 

encounter during their studies. To that end, I read on-line course descriptions of first-year Engi

neering courses offered by major North American universities, looking specifically for titles of 

course textbooks; I searched for textbook titles on university bookstore websites; and I read 

blogs and message board posts about Engineering textbooks. I narrowed my search to Engineer

ing Mechanics: Statics and Dynamics, by R. C. Hibbeler, and published by Pearson Prentice 

Hall.

Oxford. The Oxford textbook, Oxford English for Electrical and Mechanical Engineer

ing, is from one of the leading publishers in English language education textbooks. It is a 190 

page text comprising 30 units organized around various engineering topics. The back cover of 

the textbook explains that it has been designed specifically for tertiary level studies and aims to 

develop students’ reading, writing, speaking, and listening skills. The chapter readings are de

scribed as authentic, meaning that they were written for real-world communication purposes as
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opposed to being created specifically as language pedagogy devices. This text is careful not to 

make outright predictions of student behaviour based on the course and its aims, and, instead, 

infers that it prepares students for discipline-specific English. The Oxford website page that de

scribes this book observes that the book has been “[d]esigned for easy use by the non-specialist 

teacher” (“Oxford English for Electrical and Mechanical Engineering”, 2013).

Garnet. The second EAP textbook is entitled English fo r  Mechanical Engineering in 

Higher Education Studies and is published by the British publishing house Garnet. It is 130 

pages long and includes 12 units, each organized around a topic in engineering. In its introduc

tion, the text writers state that the aim of the book “is to teach students to cope with input texts, 

i.e., listening and reading, in the discipline” (p. 3). This textbook is part o f  a series that won the 

Duke of Edinburgh English-Speaking Union English Language Award for 2009.

Hibbeler. Engineering Mechanics: Statics and Dynamics, written by R. C. Hibbeler, is 

718 pages long and divided into 22 chapters. The first 11 chapters are concerned with ‘statics’ 

while the remaining chapters focus on ‘dynamics’. This is a canonical undergraduate engineering 

textbook, now in its 13th edition (although I analyzed the little-changed 2007 11th edition due to 

accessibility issues), and a core course component at a number of universities, including Carle- 

ton. In fact, here at Carleton, the engineering department offers a first-year course built around 

this particular textbook. The course is required, and all engineering students, regardless of spe

cialization, must pass it in order to proceed in the discipline.

Data selection

I considered carefully the data I should analyze. I decided to focus my attention on ex

pository language, or the explanatory language that textbooks use, and omit analysis of instruc
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tional language, the sets of instructions that precede learning tasks, in order to focus on each 

textbook’s representation of Engineering subject matter since my overall purpose was to investi

gate claims that the EAP textbooks prepared students for discipline-specific language. In prac

tice, this meant eliminating much more language from the EAP texts since both rely heavily on 

instructions. Using the expository text and chapter topics in the EAP textbooks as a starting 

point, I searched through the Statics and Dynamics textbook for matching content. I selected that 

content from Statics and Dynamics which most closely corresponded to the EAP content and was 

able to find appropriate matches for all o f the EAP material.

In selecting the visual data, I decided to include all the visuals in each EAP chapter since 

the overall number of visual elements was low. I chose the visuals from Statics and Dynamics 

that were associated with the topic at hand. As much as possible, I also tried to select data of 

consistent length, with similar numbers o f sentences, paragraphs, and visual elements so that, 

during analysis, I could discern patterns of similarity or difference more accurately. Below, I de

scribe the data specific to each text.

Oxford I selected the five-page chapter “Forces in Engineering” for analysis because the 

topic and content of this chapter matched topics and content from Statics and Dynamics. This 

chapter contains five expository paragraphs: four of the paragraphs comprise the whole of one 

reading and one paragraph stands alone. I selected for the verbal analysis the four connected 

paragraphs in order to keep the data size manageable. This chapter also includes eight visual 

elements, all of which were analyzed.

Garnet. All data were selected from the eight-page “Friction” chapter because topic and 

subject matter from this chapter matched topics and content in Statics and Dynamics. The chap
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ter contains two expository readings; one made up o f three short paragraphs and the other seven 

paragraphs long. I selected four paragraphs for analysis, two from the three-paragraph piece, and 

two paragraphs from the longer reading in order to maintain a reasonably consistent amount of 

verbal data among textbooks. The chapter includes five visual elements, all o f which were ana

lyzed.

Hibbeler. Two sets of data were compiled from this text, the first set to match the Oxford 

“Forces in Engineering” chapter and the second set to correspond to Garnet’s “Friction”. The 

first set, which for the sake of simplicity I will refer to as Hibbeler: Forces, I selected to corre

spond to the Oxford reading “Forces in Engineering”. The Oxford reading discusses buoyancy, 

elasticity and springs, mass and weight, and friction, and so, in selecting text from Hibbeler, I 

was looking for those topics specifically. I found corresponding content in two different chapters. 

Two stand-alone paragraphs are from the 15-page introductory chapter and their titles explain 

their content: “Mass” and “Force”. I selected a third stand-alone paragraph, entitled “Springs”, 

from the 33-page chapter three. Six visuals from chapter three, one associated directly with the 

verbal text and five spatially close to the verbal text and associated with the ‘forces’ topic, pro

vide the visual data. Although the most important criteria in choosing data for analysis was to 

maintain consistent subject content across the data-sets created from each textbook, I also tried to 

create similarly sized data-sets. The purpose in creating data-sets with similar numbers of clauses 

and visuals was to avoid analytical results skewed by size differences in data-sets.

The second set of data, which I will refer to as Hibbeler: Friction for reasons of consis

tency, I selected to correspond with the Garnet readings. The first Garnet reading is concerned 

with the co-efficient of friction and the second reading is about friction more generally; there-

40



fore, in Hibbeler, I was looking for a general discussion of friction and content about the co

efficient of friction. I found both in chapter eight, entitled “Friction”, and from its 61 pages se

lected two paragraphs and part of a third from the opening pages of the chapter. The first para

graph I selected is part of a larger two-paragraph segment that discusses friction in a general way, 

while the second paragraph is a stand-alone paragraph that continues the general discussion of 

friction. The third paragraph I selected is about the co-efficient of friction, and I chose half of 

that paragraph for analysis in order to correspond as closely as possible to the Garnet co-efficient 

content. Six visuals are directly associated with the verbal text, and all were selected for analysis. 

Data analysis

I selected a multimodal approach to data analysis in order to have a consistent analytical 

perspective towards the verbal and visual meaning-making modes I encountered in my data. The 

multimodal approach enables examination of any meaning-making mode, or semiotic system, 

along similar semantic dimensions, and thus recognizes that visuals and other non-linguistic se

miotic systems make meanings as important as linguistic meanings in many academic genres 

(Hyland, 2009). With this approach, I incorporated inter-related frameworks to analyze the verbal 

and visual modes: the SFL framework for linguistic analysis of the verbal mode and a visual 

framework informed by Kress and van Leeuwen’s theories o f visual design. The multimodal ap

proach also allows for investigation into the ways that modes work together, in multimodal en

sembles, to create meaning, meanings that are often greater than the sum of their parts (Lemke, 

2002, p. 303). This type of analysis I refer to as an intersemiotic analysis. While theories that ex

plain the construction of multimodal ensembles are still being worked out within the discipline, I
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decided to draw from recent theorizing by Unsworth and Cleirigh (2009) because their theory is 

the most recent to be put forward and thus addresses the deficiencies of earlier theories.

Regarding the mathematical mode, I did not analyze it as a separate meaning-making 

mode for two reasons. First, the EAP textbooks contain so little mathematics that such an exami

nation would have been futile. Furthermore, as Shaw (2006) contends, the role of the discourse 

analyst is not to investigate the mathematics itself but to understand the role it plays in the larger 

textual environment. Therefore, in recognizing that across all four data-sets the mathematics is 

consistently integrated into either the verbal text or the visual images, I decided, following Shaw, 

to include the mathematics as part of the linguistic and visual analyses. For example, when a 

mathematical item or expression was integrated into verbal text, I analyzed it as a linguistic item, 

and, conversely, when it appeared as part o f a visual element, I analyzed it as a visual item. In 

reporting the analyses, however, I distinguish the mathematical items by analytical unit and pre

sent the mathematical findings separately. This approach to the mathematical analysis thus re- 

* veals the roles mathematics plays in how each text represents subject content. I also felt that this 

flexibility in analysis - the ability to isolate mathematical items as part o f  the linguistic and visual 

contexts within which they express their meaning - was an advantage of selecting theoretically 

related multimodal approaches to analysis.

Since my goal was to discover how each text represents its subject content, one o f my 

first decisions was to define subject content and decide how to investigate it. Subject content, in 

lay terms, is simply ‘what something is about’ or, in a phrase common to SFL, “who is doing 

what to whom, when, where, why, and how” (Eggins, 2004, p. 110). In SFL, the meanings that 

represent these experiences in language are realized through processes (or verbs), participants (or
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people, place, things), and circumstances (prepositions and adverbs that express time, quality, 

manner, and so on). Therefore, I selected those analyses that would best reveal verbal processes, 

participants, and circumstances. In all, I selected the three verbal analyses o f transitivity, refer

ence, and lexical relations. For the visual analysis, experiential meanings can be captured in a 

representational analysis, which I accordingly selected, along with a coding orientation analysis 

to gain a more general indication of how each text interprets experience.

I started the analysis by examining the verbal mode first, completing each analysis text- 

by-text (rather than doing all three linguistic analyses for each text) before moving on to the next 

analysis. The reason for approaching the analysis this way was consistent with my overall goals 

to track similarities and differences in representations across the texts. Completing all the analy

ses for one text before moving on to complete all the analyses for the next text would have ob

scured emerging similarities or differences. I completed the visual analysis in a similar manner 

before the final multimodal analysis. Finally, I compiled findings into tables in order to highlight 

similarities and differences among the texts and to reveal larger patterns.

Analytical Framework

In this section, I present the analytical framework that I employed to analyze my data 

and develop my findings. This framework is presented in three parts. The first part describes 

each of the three verbal analyses I used: the transitivity analysis, the reference anlaysis, and the 

analysis of lexical relations. The second part describes the two visual analyses that I used: the 

representation analysis and the coding orientation analysis. Finally, I present the intersemiotic 

system of intermodal identification that I employed in order to understand the construction of 

verbal-visual ensembles.
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Verbal analyses

Transitivity. The three functional meanings that SLF sees language as expressing are the 

ideational, the interpersonal, and the textual. The ideational metafunction includes two compo

nents: experiential meanings, meanings that represent reality, and logical meanings, those which 

are concerned with how meanings are developed between clauses. While a logical analysis 

would have been informative, it is beyond the scope of this study. Since my interest is in deter

mining how the EAP textbooks and the Engineering textbook represent their subject matter, I 

chose to analyze experiential meanings, the meanings that represent reality and show who is do

ing what to whom. This analysis allows me to capture the people, places, things and the actions 

and events that comprise the texts’ subject matter. Experiential meanings are expressed through 

the system of transitivity, a system which describes the verbal processes used to represent reality. 

Following Halliday (1985/2004), processes are broadly classed into three groups, each group fur

ther divided into two types, as follows. First, processes o f doing describe concrete actions and 

events and are generally classified as material processes. Flowever, if such a process describes a 

physiological action of a conscious being, it is a behavioural process. The second classification 

involves processes of sensing, divided into mental processes that encode meanings of thinking, 

feeling, or perceiving and verbal processes that encode meanings o f saying or verbalizing. The 

third classification, processes of being, encode the meaning that something is. The two groups 

here are existential processes, encodings that simply observe that something is, and relational 

processes, processes that relate one thing to another. Each process type is also semantically asso

ciated with particular participants, or people, places, and things, and may be associated with par

ticular circumstances. Processes are revealed through an analysis o f verbal groups, the partici
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pants that each process thus represents are realized through nominal groups, while the circum

stances each brings to the topic are typically realized as adverbial groups or prepositional phrases 

(Eggins, 2004). Each component of the transitivity analysis will develop the texts’ representation 

of the reality they are encoding. Processes will reveal tendencies to the construal of experience as 

doing, sensing, or being in the world. Each process’s participants will be constructed accord

ingly: material processes construct Actors and Goals; mental processes construct Sensers and 

Phenomenon; relational attributive processes construct Carriers and Attributes, while relational 

identifying processes construct Token and Value participants. As well, circumstantial information 

regarding extent, spatial and temporal location, manner, and cause will reveal topic details and 

further specify areas of concern.

Reference analysis. The next two verbal analyses I carried out, a  reference analysis and 

an analysis of lexical relations, are normally analyses o f cohesion, and thus conceptualized as 

textual analyses. These analyses describe how textual cohesion develops among groups of se

mantically related words across lengths of text. However, for this study, I focus on the semantic 

relations derived from the use of these cohesive resources and what these relationships reveal 

about the experiential content of the text. The reference analysis investigates the grammatical 

resource of reference which refers to how a writer introduces participants and follows them 

through the text. For example, a force might be introduced and then might show up again as it, it, 

this force, and so on. In this way, a reference analysis, called a ‘reference chain’, tracks partici

pants, determines major participants according to chain length, and thus reveals which partici

pants are of most concern to the topic at hand. Reference chains also show how participants may 

be modified through the course of the text, for example a force, it, it, this appliedforce. As well,
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this analysis shows how the text refers to its participants, in two different ways. First, references 

to participants are identified as one of four grammatical types: references may be anaphoric or 

backward-looking (the participant is named and, later in the text, referred to such that the reader 

needs to look back in the text to retrieve the first mention), forward-looking or cataphoric, espho- 

ric or immediately following the initial mention, or they may be whole text references that refer 

to a sequence of events rather than to a single participant. Second, participants are also identified 

by their grammatical reference item, the pronouns and articles used to refer to the participant, 

such as a in a force. The most common reference items are definite articles and pronouns. The 

reference analysis, then, will allow me to identify major participants and state how participants 

are grammatically tracked through the text.

Lexical relations analysis. The lexical relations analysis investigates lexical resources as 

opposed to the grammatical resources of the reference analysis. Lexical relations refers to the 

related groups of content words (nouns, verbs, adjective, adverbs) that build semantic ties across 

the text and connect the text to its field or ideational domain. This analysis describes how content 

words group together in one of two ways to build lexical strings. First, taxonomic strings are 

built around either classification groupings or composition groupings. Classification groupings 

include class/sub-class relationships, such as book/textbook, and relationships of contrast, syn

onymy, and repetition. Compostion groupings are part/whole relationships, such as book/page. 

Second, expectancy strings, or collocations, refer to the tendency of two or more words to asso

ciate or share a similar place in the text. For example, if we come across the word mass in an in

structional text, we would not be surprised to see weight show up a few words later. Technical 

words often fall into collocation strings (Halliday, 1985/2004). A text’s lexical strings reveal how
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the writer represents an area of experience and how that ideational context is developed (Eggins, 

2004). Major strings thus identify areas of central focus while the length o f  a string indicates the 

degree of focus on the topic, with longer strings normally evidencing stronger focus. The length 

of an item in a string, whether one word, or two or more, also points to patterns in topic devel

opment. Texts can also be understood in terms of the type of resources each selects to build its 

semantic ties. For example, scientific and technical texts often represent reality in taxonomies 

with detailed classifications (Eggins, 2004; Halliday & Martin, 1993; Martin & Veel, 1998). 

Visual analyses

Representation analysis. The visual mode expresses the three functional meanings, 

similar to the three metafunctional meanings expressed verbally, but adapted to the visual con

text. Representational meanings are similar to the experiential meanings o f  language and visu- 

allly encode real world actions and objects. Interactional meanings correspond to language’s in

terpersonal meanings and visually encode the relationships between image producers and image 

viewers. Compositional meanings are similar to the textual meanings of language and visually 

connect representational and interactional meanings to one another (Kress & van Leeuwen, 

2006). However, since my larger concern is to determine how subject content is represented 

visually, my focus will be on analyzing representational meanings in order to reveal how the 

visuals in the analyzed texts represent their subject matter.

Representational meanings are broadly classed as narrative processes or as conceptual 

processes; narrative processes encode the concrete actions and events o f the experienced world 

while conceptual processes are concerned with visual representations o f concepts and ideas. The 

primary visual distinction between these two major process types is the presence or absence of
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vector lines. Vectors are linear representations that signify action, processes, events, or some 

other dynamic meaning. Vectors may be readily discernible, such as arrows on a diagram, or may 

be inferred, such as a line that might be drawn from a person’s gaze towards the object o f the 

gaze. Once the presence of a vector has been established, the nature of the action can be further 

discerned by noting the number of participants in the action and their relationship to the action 

and to one another. Thus, narrative action is either non-transactional and involves just one par

ticipant, an Actor, or is transactional and includes at least two participants, an Actor and a Goal. 

With conceptual processes vectors are absent and representations are concerned with generalized 

forms and meanings, broadly grouped as classification or analytical processes. Classification 

processes are realized as simple or complex taxonomies while analytical processes are realized 

as part/whole relationships. Analytical processes are further defined as exhaustive or inclusive, 

representing an entire participant or just a portion, and as topographical or topological, represent

ing spatial arrangements accurately or showing how participants are logically connected. Partici

pants in conceptual analytical processes are Carriers and Attributes. Visual processes thus reveal 

tendencies to the construal of experience as doing or being in the world and also clarify the di

mensions of that experience. Participant roles identify the texts’ objects o f  interest.

Coding orientation analysis. The second visual analysis I conducted, to determine cod

ing orientations, is an extension of the interactional metafunction which encodes relationships 

between image producer and viewer. This analysis is normally used as an indicator of credibility 

in how visual elements encode reality (and thus draws relationships of believability between 

producer and viewer) but here I use it to gain insight into how each text represents itself. The un

derlying concept in this analysis rests on the observation that some messages are seen as more
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credible or more reliable than others. Without going into a discussion of truth values in mes

sages, a fascinating area but beyond the scope of this study, certain configurations of visual fea

tures are utilized as modality markers, markers of credibility. These modality markers align 

viewers with one of four approaches or orientations to credibility: a naturalistic approach, a tech

nical or scientific approach, a sensory approach, and an abstract approach. (Sensory and abstract 

approaches are not discussed here since neither orientation was found in the data.) For example, 

a visual that conveys reality naturally, such as a realistic photograph of a device or tool, finds its 

credibility in the naturalistic presentation o f the represented object: the colours are true-to-life, as 

are the context and the detailing. The photograph, o f course, may be digitally modified or ad

justed, but as long as it maintains the modality markers of naturalistic representation, it encodes a 

naturalistic orientation and thus the credibility associated with the natural world. Should the pro

ducer of the visual alter the modality markers enough, for example omit colour, context, and de

tail, the overall orientation changes. In this example, the reduction of colour, context, and detail 

changes the orientation from naturalistic to technical or scientific since the technical orientation 

gains its credibility from the authority ascribed to models, templates, and blueprints. The final 

credibility of the photograph may not have changed, in that a viewer still believes the photograph 

to be representing a truthful likeness, but the credibility now comes from the world of science 

and technology, not from the natural world. I selected this analysis in order to uncover the differ

ent coding orientations that each text chooses in its efforts to create credibility. The chosen orien

tation will reveal the experiential world -  naturalistic or technical -  that each text selects to en

code credibility, thus highlighting that category o f experience as significant enough to convey 

credibility.
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Intersemiotic analytical system

The framework of analysis that I employed here is drawn from recent theorizing put for

ward by Unsworth and Cleirigh (2009). 1 briefly outlined their system of intermodal identifica

tion in the literature review above, but here I will provide a fuller description. This theory offers 

an explanation of how the verbal and visual modes interact to jointly construct experiential 

meaning in multimodal ensembles. This interaction is modelled on the grammatical concept of 

relational identification as described by systemic functional linguistics. This concept is most 

commonly seen in sentences with ‘to be’ or ‘to have’ verbs, sentences that identify one entity 

with some other entity, in the sense of She is the leader, for example, where she is identified with 

the leader. In recognition of this meaning distinction, SFL terms the participants in clauses like 

this one as ‘Token’, the holder o f a meaning or value, and ‘Value’, the content or expression of 

that value. In this example, she is the Token and the leader is the Value. Unsworth and Cleirigh 

extend this identifying concept beyond language in order to describe interactions among words 

and images. Thus, in multimodal ensembles, visual images function as the Token while the writ

ten language functions as the Value, with each mode identifying the other. For the viewer, either 

mode may, in fact, identify the other, depending on which representation is most familiar (al

though producers will normally assume that one is more familiar than the other). When the visual 

is the familiar element, it is said to visualize the language; when the language is the familiar ele

ment, it glosses the visual. Images can identify language in two ways: an image may identify a 

language element or an image may identify a language configuration. A language element is 

normally a nominal participant such as a person, place or thing, while a language configuration is 

normally a clausal-like semantic arrangement including a process (verbs), participants (nouns),
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and circumstances (adjectives and adverbs). Images can identify language elements in three 

ways: first, in intensive identifications, the image visualizes non-verbalized qualities of shape, 

colour, texture, and so on. In Figure 2, for example, the image, which is identified by the caption 

A block o f uniform weight, visualizes the colours of the block as grey and white and the shape of 

the block as rectangular. In the second type of identification, possessive identification, the image 

visualizes additional, non-verbalized parts of the verbally identified participants. In Figure 2, the 

image visualizes the block’s two parts. In the third type of visual identification, circumstantial, 

the image visualizes the non-verbalized location of the participant’s parts. Again referring to Fig

ure 2, the diagram visualizes the location of the block’s two parts as an upper half and a lower 

half. Each of these three types o f intermodal identification is consistent with notions of visual 

affordances (Kress & van Leeuwen, 1996 & 2006) and epistemological commitments (Kress & 

Bezemer, 2008, Kress, 2010), described earlier.

Y W

Figure 2: A block of uniform weight

Images also identify or visualize language configurations in three ways: first, in manner 

identifications, the way that participants are located in the visual can show a non-verbalized as

pect of manner, or how one participant is related to another. For example, in Figure 2, if the cap

tion were changed to read Two blocks o f  uniform weight, the image would be visualizing the 

manner in which the two blocks are related: the grey block as resting on top of the lighter one.
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The second type of configuration, causal: result or consequence, shows how the visual repre

sents the result or consequence of the language configuration. For example, if the caption in Fig

ure 2 were changed to read Glue the white box to the darker box, the visual would be showing 

the result of that language, namely that the grey box has been glued on top of the white box. 

Thirdly, in causal: reason or condition identifications, the way that visual participants are lo

cated can show non-verbalized reasons or conditions of the language configuration. To refer 

again to Figure 2, the visual participants, the block and the downward arrow, show a reason for 

the language configuration a block o f uniform weight. The downward arrow and the W in the 

diagram indicate that the reason for this uniform weight is the downward force of gravity. As 

Unsworth and Cleirigh observe, meanings developed in this type of interplay between two 

modes are consistent with Lemke’s ideas of multiplying meaning (Lemke, 1998). That is, inter- 

modal identification of language configurations may realize meanings that are not constructed by 

either the visual or verbal mode alone. In the causal: result example above, the diagram alone 

does not indicate a representation of two boxes glued together, while the language alone does not 

indicate a representation of the white box on top of the dark box.

Applying the Unsworth and Cleirigh (2009) model to my analysis of multimodal ensembles en

ables an identification of the type of intermodal identification that each o f the texts constructs. 

Aside from being able to compare how texts make their intersemiotic meanings, the meanings 

thus derived are important from a language-learning perspective. As Unsworth and Cleirigh 

(2009) observe, the more unfamiliar and technical the topic, the more important the intermodal 

identification.
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Chapter Four 
Analysis

This chapter is organized into three main sections, each addressing one research question. 

The first section reports the findings o f the three verbal analyses, and thus establishes the main 

verbal subject matter of each text. The second section reports the findings of the two visual 

analyses, thus establishing visual subject matter, while section three discusses how each text con

structs meaning in multimodal ensembles. Each analysis closes with a brief summary to synthe

size findings. Samples of the analyses can be found in the Appendix, along with the verbal data 

from each textbook.

Verbal Representations of Subject Matter 

Transitivity analysis

In a general sense, experiential meaning refers to how words in a sentence or clause rep

resent reality or, in a favourite SFL phrase ‘who is doing what to whom’. Experiential meanings 

are expressed through transitivity, the process or verbal system, and through circumstances. The 

focal point of the transitivity analysis is the process, or verb, and the various participants that are 

associated with it. English grammar categorizes processes functionally and structurally such that 

each process type also delineates participant roles. In this way, a transitivity analysis provides 

detailed information about the expression of reality as ‘doing’, ‘sensing’, or ‘being’ content in 

the text and about the participant associated with each process type. Circumstantial elements 

provide additional experiential content and may be added to any of the process types. The use of 

nominalization, the process by which verbs are turned into nouns, in the expression of partici

pants and circumstances is also analyzed since this usage adds experiential content to a text.
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Oxford. Of the 27 processes realized in this text (analysis presented in Appendix E and 

summarized in Table 1), almost equally half are material and half are relational. Material proc

esses are about ‘doing’ and express ideas of one entity doing something, with the ‘doing’ often 

extending to another entity. Participant roles associated with material processes, then, are Actor, 

the doing entity, and Goal, the ‘extended to’ entity. Relational processes are concerned with ‘be

ing’ and, here, are almost equally split between attributive relationals and identifying relationals. 

Attributive processes assign an attribute; thus, participants are Carrier, the entity that carries the 

attribute, and Attribute, the attribute itself. Identifying processes assign an identity; participants 

involved are Token, the holder o f the identity, and Value, the assigned identity.

Table 1
Oxford process wordings

Process Wording

Material act x 2, pulls x 2, measured x 2, exert, stretched, calibrated, give, oppose

Mental solve, get, look

Relational Attributive is x 3, be, provides, has

Identifying is x 5, equals, being

Circumstances are optional clausal elements and provide additional information. This text 

shows 12 circumstances, of which seven express spatial location and four express manner. Loca

tion circumstances are primarily concerned with definite location such as on the ship and in an 

object or with spatial motion such as upwards and downwards. All three manner circumstances 

are to do with measurement as means: in kilograms, in newtons, and in newtons, the unit o f  force. 

The text shows limited use of nominalization with only two nominalized words, weight and equi

librium. Both, however, are repeated: weight six times and equilibrium twice.
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Garnet. This text shows 33 processes (see Table 2) with relational and material processes 

dominating at 14 and ten occurrences respectively. Mental processes are also somewhat impor

tant here with six occurrences. The text, then, construes reality primarily in terms of being with a 

secondary focus on doings. Mental processes add a smaller thinking dimension. The relational 

processes of being are almost equally divided between attributive processes and identifying 

processes thus specifying these participants as Carriers o f an Attribute and Tokens or holders o f a 

Value.

Table 2
Garnet process wordings

Process Wording

Material moved, created, resists, occurs, opposes, move, initiate, overcome, maintain, 
reduced

Mental considered, required, known, bear in mind, needed, required

Verbal called

Existential are,is

Rela
tional

Attributive is x 3, are x 2, be, (ellipsis of 2 verbal groups)

Identifying is x 3, depends, are, given

Circumstances are realized 13 times, with eight expressions of spatial location, two of 

temporal extent, and two of manner. Absolute and relative spatial locations are emphasized, with 

five realizations, and include in all bodies, in all machines and relative to one another. Circum

stances of spatial motion are expressed twice, from a standstill and past the other, as are circum

stances of temporal extent, with times and when. The text shows some use of nominalization, 

with five examples: functioning, speed, lubrication, design, and the thrice-repeated movement.
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Hibbeler: Forces. Of the 28 processes in this text (analysis presented in Appendix E and 

summarized in Table 3), the most common is the material process with 12 occurrences, followed 

by eight relational and five mental processes. The relational processes are mostly attributive with 

six participant Carriers holding Attributes. This text, then, constructs reality primarily as a matter 

of action or doings, with some emphasis on attributes of being and a smaller focus on thinking. 

Table 3
Hibbeler: Forces process wordings

Process Wording

Material provides, exerted, occur, pushing, occur, separated, pulls, push, stretch, use, 
change, deformed, measured

Mental compare, considered, needed, determined

Existential is

Causative manifests

Rela
tional

Attributive is, is, is, has, is, has, characterized

Identifying include, is

The text shows 14 circumstantial elements in an almost equal expression of spatial loca

tion and manner. Location circumstances are almost all concerned with expressing definite loca

tion as on a wall, on another, and between the bodies. Manner circumstances here express means 

and quality. Circumstantial means typically describe how a process takes place and, in this text, 

include these complex examples: in direct proportion to the force acting on it and from the dif

ference in the spring’s deformed length I and its undeformed length lo. Circumstantial quality 

descriptions further characterize processes with this text providing one simple and one complex 

example: physically and by its magnitude, direction, and point o f  application. There are 11 ex-
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amples of nominalization in this text, which occur in three transitivity processes and in circum

stance roles.

Hibbeler: Friction. With 21 of its 37 processes material, this text shows a focus on ac

tions or doings. A further eight mental processes and four relational attributive processes con

struct experience in terms of thinking and attributes of being (see Table 4).

Table 4

Process Wording

Material act x 5, develop x 2, prevents or retards, directed, oppose, caused, resting, ex
erts, balance, prevent, moving, exist, contributes, sliding, combine, create

Mental defined, explained, shown, considering, considered, reveals, determined, seen

Verbal called x 2, expressed

Rela
tional

Attributive is x 2, develop, necessary, be

Identifying -

Circumstances are realized 20 times with circumstances of spatial location and manner 

dominating. Spatial circumstances express definite locations seven times with examples such as 

at points o f contact with other bodies, on the free-body diagram, and at each o f the protuber

ances. Circumstances of spatial motion include to the left, to the right, and upward while relative 

and absolute circumstances include relative to a second body or surface and at all points o f con

tact. Five manner circumstances are concerned with means, or how something is done, and in

clude by pulling horizontally, close examination, and mathematically. Circumstances here may 

also be roughly categorized according to head noun. In this way, nine circumstances locate a sur

face or point of contact in space and time, revealing an attention to edges and points not other
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wise seen. This text also relies on nominalization with nine examples occurring almost entirely 

as material participants and circumstances.

Summary. Table 5 below summarizes the transitivity analysis by presenting the number 

of clauses of each process type for each text. As the table shows, the two EAP texts and the two 

Hibbeler texts demonstrate different patterns in their representations of reality. The Hibbeler 

texts represent reality mostly as a matter of ‘doing’, while the Oxford and Garnet texts construct 

reality in terms o f ‘being’ and ‘doing’. In the Hibbeler texts, the high proportion of material 

processes reveals that the material world of actions, events, and participants is of central focus. 

The Oxford and Garnet texts use material and relational processes almost equally, showing a 

split concern for the material world and the world of being. Of the relational processes, propor

tions of attributes and identifying types also differ across the four texts: Oxford and Garnet show 

almost equal proportions o f attributive and identifying processes while, in the Hibbeler texts, at

tributive processes clearly dominate with no or almost no identifying processes. This difference 

in distribution of relational processes reveals a further difference in focus: Oxford and Garnet are 

interested in identifying and describing participants, while the Hibbeler texts are almost com

pletely concerned with description. This difference marks one feature that characterizes technical 

language; technical language favours the attributive process and its descriptive capacity while 

everyday language tends to favour the identifying relational (Eggins, p. 108).
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Table 5
Process summary by number of clauses per text

Process Oxford Garnet Hibbeler: “Forces” Hibbeler: “Fric
tion”

Material 11 10 13 21

Mental 3 6 4 8

Verbal 0 1 0 3

Relational Attributive 6 8 7 5

Identifying 7 6 2 0

Existential 0 2 1 0

Causative 0 0 1 0

TOTAL 27 33 28 37

Another feature of technical and scientific language is nominalization (Eggins, 2004; 

Halliday, 1985/2004; Halliday & Martin, 1993), the linguistic process that converts verbs into 

nouns. Once words are nouns, they can be specified and classified in ways that verbs cannot (for 

example, resistance as a noun, rather than as the verb resist, allows for different types of resis

tance to be specified -  normal resistance, frictional resistance, and so on — and then classified). 

Table 6 names all occurrences of nominalized words in each text and reveals differences in how 

the EAP texts and the Hibbeler texts use nominalization. As the table shows, the Hibbeler texts 

contain significantly more instances of nominalization than the EAP texts, especially once the 

repeated items in Oxford and Garnet are accounted for. The presence of nominalized elements in 

Hibbeler demonstrates a focus on constructing participants that can be specified. For example, a 

distribution in Hibbeler: Friction permits specifications such as a distribution of...normal force
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and a distribution... along the contacting surface. The use of nominalization helps characterize 

the language in the Hibbeler texts as technical language.

Table 6
Nominalization summary, by number of occurrences and wordings

Text Number Wordings

Oxford 8 weight x 6, equilibrium x 2

Garnet 7 movement x 3, speed, functioning, lubrication, design

Hibbeler:
“Forces”

11 measure, resistance, interaction, action, a “push”, a “pull”, contact, attraction, 
application, position, difference

Hibbeler:
“Fric
tion”

9 resistance, slipping, motion, distribution, irregularities, resultant, understand
ing, equilibrium, examination

All four texts show spatial location circumstances as dominant, as shown in Table 7’s 

summary of circumstances. However, the Hibbeler texts show a greater number o f circum

stances in proportion to their length, signifying a greater concern for locating processes in space 

and determining how processes occur. In both Hibbeler texts, the dominant location circum

stances are those of definite location, indicating a concern with specific positions that locate 

processes and their participants in space. The prevalence of manner circumstances indicates 

specificity in the way processes are executed.

Overall, the transitivity analysis reveals that the Hibbeler texts are concerned with the 

action, events, and participants o f the material world and with specifying that world through 

nominalization and circumstantial detail. The Oxford and Garnet texts are concerned with both 

the material world and the world of being, and attend to the broader identification of participants 

in language that is more consistent with the everyday (Eggins, 2004).
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Table 7
Circumstances summary

Circumstance Oxford Garnet Hibbeler: Forces Hibbeler: Friction

Location:
Spatial

definite/indefinite 3 /0 0 /1 5 /0 7 /0

absolute/relative - 3 /2 - 1/2

rest/motion 0 /4 0 /2 1 /0 0 /3

Location:
Extent

spatial - - 1 1

temporal - 2 - -

Manner means 3 1 2 5

quality 1 - 1 -

comparative - 1 1 1

role - - 1

Cause 1 1 1 1

TOTAL 12 13 13 20

Number of Ranking Clauses 27 33 28 37

Reference analysis

A reference analysis tracks a text’s participants and grammatically establishes how par

ticipants are referenced throughout the text. An initial participant, normally a nominal item, is 

identified and all ensuing references to that participant are tabulated into a reference chain. Re

sulting chains thus identify major participants by chain length. At the same time, types of refer

ence are shown as anaphoric, cataphoric, esphoric, or whole text. In this analysis, since the Hib

beler samples are not all drawn from consecutively connected text, all reference chains are estab

lished by paragraph.

Oxford. The analysis is presented in Appendix F while Table 8, below, summarizes the 

main findings. Reference chains construct force as the major participant, and the following chain
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is a typical example: the gravity force, the buoyancy force, B, the resultant force. Two other 

chains include a mathematical reference to force, including this example, the longest chain in the 

text: another very important force, the one, force, force, this upwardforce, FI. While this chain 

includes an unusual four-item reference, another very important force, the more complex refer

ence is the mathematical FI. Other important participants include weight, springs, and friction 

with reference chains as follows (headword added for clarity):

Weight: a weight, the weight, that weight, the weight of the block, W.

Springs: a spring, springs, they, the spring, the spring.

Friction: friction, friction, it, the friction force, F.

By paragraph, reference chains o f major participants tend to be five to six items long, 

with each item in the chain typically composed o f one to three words. Mathematical items occur 

in three chains and are usually a single alphabetic symbol.

Turning to the number of references per clause, most clauses contain one reference item, 

several contain two references, and only a few contain three references. No clause establishes 

more than three reference ties. Reference ties tend to be anaphoric: a presuming reference refers 

back to the initial referent. The presuming reference words are most often the definite article 

‘the’; paragraph one uses only this type of reference tie while the remaining paragraphs also in

clude pronouns and simple repetition.

Garnet. The major participant in the Garnet samples, again not surprisingly, is friction, as 

summarized in Table 8. Friction is referenced five times in paragraph four and four times in 

paragraph three:

friction, some friction, friction, the friction, friction.
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friction, friction, it, friction.

Other important participants, coefficient o f  friction and objects, construct the following 

chains. Note that the coefficient o f  friction chain is the most complex chain in the Garnet analysis 

as it includes an unusual 4-item reference and a mathematical symbol (headwords added for clar

ity):

Coefficient of friction: the coefficient of friction, p, it, a high coefficient, a low one.

Objects: two objects, one object, the other, the objects.

Major participant chains are typically four to five items long. Items in each chain are usu

ally composed of one to three words or one mathematical symbol. Clauses typically contain one 

reference item, several contain two references, and only three clauses contain three items. No 

clause establishes more than three reference ties. Reference ties tend to be anaphoric: a presum

ing reference refers back to the initial referent. Presuming reference words include definite and 

indefinite articles and pronouns.

Hibbeler: Forces. The analysis, summarized in Table 8, below, and presented in Appen

dix F, shows that the long “Springs” paragraph develops at least three major participants: spring, 

length, and distance. Spring is the most complexly developed of all participants with this 12-item 

chain specifying its name, position, and length:

a linearly elastic spring, the length of a spring, it, the ‘elasticity’ of a spring, a 

linearly elastic spring, its unloaded position, the spring’s deformed length, its 

undeformed length, the spring, it, the spring, it.

Other major participants, length and force, build complex lexical and mathematical 

chains nine items and seven items long, respectively (headwords added for clarity):
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Length: the length, the spring’s deformed length, 1, its undeformed length, lo, 

s = 1 - lo, undeformed length, lo = 0.4m, 1 = 0.6m.

Force: the force, the magnitude of force, F = ks, F, F, a force, F = ks = (500N/m) 

(0.6m-0.4)= 100 N.

Chains tracking major participants vary in length from three to four items long to the 12- 

item spring chain. Items in chains are typically three to four words long while mathematical 

items are typically complex in that they are composed o f one or more symbols or terms. Clauses 

most usually contain one reference tie, but two clauses show two and three ties and three clauses 

have four ties. While anaphoric referencing is most common, all reference types, backward- 

looking, forward-looking, and inferencing, are realized here. All presuming reference items are 

used, as well: definite and indefinite articles and pronouns.

Hibbeler: Friction. As summarized in Table 8, below, the analysis shows that force, 

body, and block are constructed as the main participants in these samples, with references to 

force occurring across all three paragraphs. The thee chains identify six sub-types of force, real

ize force in highly specified descriptions, such as the limiting static frictional force Fs, and usu

ally add a mathematical dimension to force:

Paragraph 1: a force of resistance, this force.

Paragraph 2: normal force ANn, frictional force AFn, the normal forces, the 

frictional forces, the applied force P, these frictional and normal forces, reactive 

forces ARn, these forces, each reactive force, a frictional component AFn, 

a normal component ANn.
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Paragraph 3: the limiting static frictional force Fs, the resultant normal force N, 

the normal force N, frictional force Fs, N.

The other major participants, body and block, are not as complexly expressed and are pre

sented in lexical terms only in smaller six-item and five-item chains. Nevertheless, block is 

specified in three phrases describing its weight, section, and depiction (headwords added for 

clarity):

Block: a block of uniform weight, the upper portion of the block, the free-body 

diagram of the block, the block, block.

Body: a body, the body, a second body, it, other bodies, the body.

Aside from the one 11-item force chain, major participant chains tend to be composed of 

five or six items. Most participant items in a chain are three- to five-word phrases; typical 

mathematical items are made up o f two to three symbols. Most clauses have one reference tie, 

nine clauses have two ties, and six clauses have between three and five ties. Reference ties are 

most often anaphoric but all reference types are realized as are all presuming reference items.

Summary. Findings of the reference analysis are summarized in Table 8, below. While 

the analysis shows that the texts share some participants and grammatical features in how refer

ence chains are constructed, more significant are the differences that exist between the EAP texts 

and the Hibbeler data-sets. Concerning similarities, the four texts all demonstrate preferences for 

anaphoric references and all use the full range of pronouns and definite and indefinite articles as 

presuming reference items. As well, the two ‘forces’ data-sets, Oxford and Hibbeler: Forces, con

struct force and spring as major participants. Similarities end here though as the texts show dif

ferences in their construction of major participants. The other two major participants in Oxford
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are weight and friction, that along with force, demonstrate a concern with generic participants.

Hibbeler: Forces reveals a concern with specified and detailed participants such as a line

arly elastic spring. The length of the Hibbeler: Forces reference chains also shows a clear focus 

of attention on specifics of the spring, most particularly its length. A similar pattern is seen in the 

‘friction’ data-sets. Garnet’s major participants are friction, coefficient offriction, and objects. 

While the coefficient construction shows attention to specifics, the other two participants, friction 

and objects, are generic, and neither are further specified or developed. Hibbeler: Friction, on the 

other hand, constructs force as a major participant, specifying it in six sub-types with verbal and 

mathematical references for each. The 11 items in the force chain demonstrate a clear focus on 

that topic, and show special attention to mathematical symbols or names o f forces, both simple, 

such as P  for appliedforce, and complex, such as A Rn for reactive forces. Block is also devel

oped as a major participant and, although not as specified as force, is described along three dif

ferent dimensions. Overall, both Hibbeler texts construct mathematical items as major partici

pants with 11 mathematical participants in major chains in Hibbeler: Friction and nine in Hib

beler: Forces. In comparison, Oxford shows four mathematical participants in major chains, and 

Garnet shows three. In brief, the Hibbeler texts show highly specified participants, numerous 

mathematical symbols and expressions as participants, and an overall complexity in the expres

sion of mathematical items.
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Table 8
Reference analysis summary

Chain Feature Oxford Garnet Hibbeler: Forces Hibbeler: Friction

Head items of longest 
chains (no. of items in 
chain)

force (6) 
weight (5) 
spring (5) 
friction (5)

friction (5,4) 
coefficient of 
friction (5,2) 
objects (4,4,2)

spring (12) 
length (9) 
force (3, 7) 
distance (5)

force (2,11,5) 
body (6) 
block (7)

Typical word count 
per chain item

1-3 1-3 3 -4 3-5

Typical math symbol 
count per chain item

1 1 single symbols & 
expressions

2 -3

Total math participants 
in major chains

4 3 9 11

Lexical relations analysis

The lexical relations analysis describes how words in a text are connected to one another 

and how they cluster together to build lexical strings. Since this analysis examines semantic ties 

across content words (nouns, verbs, adjectives, and adverbs), the obtained strings reveal the 

text’s experiential content or topic and permit identification of major focuses in content. The 

length of the string shows the degree of focus on that topic. This analysis also establishes the na

ture of the lexical relations as one of three types: as classification relationships of hyponymy, 

contrast, synonymy, or repetition, or as composition relationships o f meronymy, or as collocation 

relationships.

Oxford. The lexical relations analysis is summarized in Table 9, below, and shows that 

lexical strings are most often built around the key textual participants force, weight, and springs, 

establishing these three focuses as central topics of the text. These topics are usually presented in 

classification relationships of synonymy and repetition or in collocation relationships marking 

technical language. The most common pattern o f synonymy ties together a mathematical symbol
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and a lexical item as equivalent. For example, B is synonymous with buoyancy force, FI with 

upward force, and W with weight. Occasionally, one of the topic words is represented with a 

lexical synonym, as in weight: gravity force. Lexical strings are also commonly built around 

repetition. For example, force is repeated 14 times across three paragraphs and weight seven 

times across two paragraphs. Collocation relationships that bring together technical words or 

mathematical symbols are also employed to express the main topics. Hence, spring balance, 

calibrated, and newtons can be seen as technical collocations of spring while buoyancy, elastic

ity, gravity, and friction form a quasi-technical grouping of forces. The collocation measured, 

mass, kilograms is another example of quasi-technical language. The mathematical collocation 

includes W, B, FI, R, and F.

Strings are composed of five items or fewer, but most typically have two to three items. 

Items are, typically, one or two words long, with the longest item the three-word unit o f  force. 

Mathematical items are all single symbols composed of an alphabetical letter, aside from FI, the 

only letter-number combination. Overall, force and weight are expressed as simple lexical repeti

tions and as the simple mathematical synonyms W or FI. Force, weight, and spring are also real

ized in small collocation groupings of simple, quasi-technical terms.

Garnet. The lexical string analysis, presented in Appendix G and summarized in Table 9, 

below, reveals this text’s area of focus as friction and force. These topics are usually developed 

through the classification relationships o f repetition and hyponymy and through relationships of 

collocation. Repetition strings are most common: friction is repeated 14 times across the four 

paragraphs while force is repeated nine times across three paragraphs. In a smaller role, five rela

tionships of hyponymy, or class/sub-class relationships, are developed; all are shallow taxono-
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mies such as the following: scalar value: coefficient offriction and force: friction and materials: 

rubber tyre, road, piston, cylinder. One tie of meronymy, or a whole-part relationship, describes 

friction and offers the most complex example o f topic development. The coefficient o f  friction is 

designated with its parts normal force N  and force o f  resistance R, the parts expressed lexically 

and mathematically. Technical collocations are limited and show the three terms coefficient o f  

friction, scalar value, and static friction force while the mathematical collocation includes four 

items: f s  = psN, p, N, R. Other collocations are non-technical, such as tyre: road or speed: mo

tion.

Strings range from two items in length up to the one 14-item repetition string; most non

repetition strings, however, tend to be composed of two or three items. Lexical items are typi

cally one to three words long while mathematical items are normally expressed by a single 

graphical item, aside from the one complex, multi-term mathematical formula. Overall, friction 

and force are realized as lexical repetitions and presented in shallow taxonomies and small collo

cation groupings that include mostly simple mathematical terms.

Hibbeler: Forces. The lexcial relations analysis is summarized in Table 9, below, and 

reveals that lexical strings are most often built around the topics mass, forces, and springs. These 

topics are typically presented in classification relationships of repetition, hyponymy, and 

meronymy and through collocation relationships. Repetition strings are most common. Spring, 

for example, is repeated eight times in one paragraph. Although strings are usually shorter, each 

paragraph shows at least three repetition strings, even the short, two-sentence “Mass” paragraph. 

In a somewhat smaller role, six hyponymy relationships develop the main topics. One, a multi

level taxonomy, develops forces this way:
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forces: contact forces, distance forces 

distance forces: gravitational, electrical, magnetic.

Other taxonomies show, more typically, shallow topic development, such as measure: 

mass, velocity. At least four meronymy relationships also develop topics. The spring is expressed 

in terms of its length (deformed or undeformed), its stiffness, and its position. Force is character

ized by the complex, three-item magnitude, direction, and point o f  application. Other meronymy 

relationships are less complex, composed of just two lexical items. The most significant technical 

collocation is built around linearly elastic springs, itself a technical term, and includes spring 

constant, stiffness k, deformed length, undeformed length, and unloaded position. Interestingly, 

when non-technical terms, such as elasticity, are used to describe springs, the non-technical term 

is enclosed in distancing quotes: “elasticity". Distancing quotes are used this way three times in 

this paragraph. Simple and complex mathematical terms are also collocated: k, s, I, F, and the 

formula F  = ks. The formula is also worked out in an example, (500N/m)(0.6 m - 0.4 m) = 100N, 

which could be said to collocate with the other mathematical terms. This formula and its 

working-out could reasonably be considered a hyponymy relationship, with the formula repre

senting the superordinate term.

On average, strings tend to be composed of two to five items, although one collocation 

and two repetition strings are longer. Items in a string are typically one to three words long. 

Mathematical items range from single alphabetic symbols to complex expressions and workings. 

The topics mass, forces, and springs are expressed through extensive repetition, shallow and 

deep taxonomies, relationships of hyponymy, and in extensive technical collocations.
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Hibbeler: Friction. Lexical strings are most often built around the topics force and fric

tion, as shown in the lexical relations analysis, presented in Appendix G and summarized in Ta

ble 9, below. The topics are most usually presented in classification relationships of synonymy 

and repetition and in collocation relationships. Friction, for example, is repeated nine times 

across two paragraphs while force is repeated 15 times in the same paragraphs. Synonymy con

structs at least 12 bonds across the three paragraphs, with the most common pattern adding a 

mathematical meaning dimension to a lexical item. Typical examples include: frictional force 

and A Fn; limiting static frictional force and Fs; and uniform weight and W. The mathematical 

item may be a single symbol, such as IT, or a compound term such as A Fn. Collocation relation

ships bringing together technical words or mathematical symbols also express the main topics. A 

good example is limiting static frictional force, constant ofproportionality, coefficient o f static 

friction, and angle o f  static friction. The mathematical string is made up o f Fs = jusN, ps, Fs, N, 

R .

Lexical strings range up to 13 items long in the case o f repetition, but most are made up 

of four items or fewer. Items are, typically, one to three words long although several are as long 

as four words. Mathematical items range from simple alphabetic symbols to complex expres

sions, including a formula. The topics force and friction are presented and expressed in extensive 

repetition strings, in simple and complex multimodal synonymy groupings, and through exten

sive technical collocations.

Summary. The ‘forces’ texts, Oxford and Hibbeler: Forces, and the ‘friction’ texts, Gar

net and Hibbeler: Friction, generally share the same main topics but significant differences in 

topic complexity are demonstrated (see the lexical relations summary, Table 9). The ‘forces’ texts
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are both concerned with force and springs while the Oxford text also shows weight as a major 

topic and Hibbeler shows mass. The ‘friction’ texts share the topics friction and force. All texts 

reveal repetition as a major relationship among words. Since these words are frequently the main 

topic words, repetition can be said to be an important method of topic presentation. Similarities, 

however, seem to end here with further analysis revealing important differences. Both Hibbeler 

samples show highly specified topics, extensive technical collocations, and include complex 

mathematical expressions. For example, Hibbeler: Forces describes forces in a two-level taxon

omy: forces: contact forces, distance forces - distance forces: gravitational, electrical, magnetic. 

In contrast, the most complex descriptions of force in Oxford are two-word phrases with a simple 

mathematical symbol: for example, buoyancy force, B. The most complex rendering of springs in 

Oxford is the three-term technical group about measurement: spring balance, calibrated, new

tons. In Hibbeler, springs are highly specified across four technical parameters: linearly elastic 

spring, spring constant, stiffness k, deformed and undeformed length, unloaded position. Mathe

matical symbols in Oxford are most often single alphabetic symbols, such as B for buoyancy 

force. The single multiple term, FI, representing upward force, simply describes another type of 

force. Hibbeler uses a math formula to determine the magnitude of force needed to stretch a 

spring: F = ks and works out that formula as a complex mathematical example embedded in a 

written paragraph.
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Table 9
Lexical relations summary

Feature Oxford Garnet Hibbeler: “Forces” Hibbeler:
“Friction”

Head items of longest 
strings (no. of words in 
strings)

force (5, 4) 
weight (4, 3) 
springs (5)

friction (6) 
force (4)

force (5, 7) 
springs (8) 
length (4)

force (9,4) 
friction (6) 
block (6)

Predominant type of 
lexical relation (no. of 
strings)

synonymy (11) 
repetition (10)

repetition (11) 
shallow taxono
mies (5)

repetition (10) 
deep & shallow 
taxonomies (6) 
meronymy (4)

synonymy (12) 
repetition (11)

Typical string length, 
by item (excluding 
repetitions)

2 -3 2 -3 2 -5 2 -4

Typical word count per 
item

1 -2 1-2 1-3 1-3

Typical math items single symbols single symbols & 
one expression

multiple symbols 
& expressions

multiple sym
bols & expres
sions

Technical collocations mostly quasi- 
technical

limited extensive extensive

The longest strings in the two ‘friction’ texts, Hibbeler: Friction and Garnet, reveal fric

tion and force as major topics. In Garnet, these topics are developed primarily through repetition: 

four repetition strings present friction, the longest containing six repetitions, while three present 

force, the longest with four repetitions. Friction and force are also part o f three shallow, two- 

word taxonomies, expressed simply as force: friction. The technical collocation coefficient o f  

friction, scalar value, and static friction force plus four mathematical items, three simple and one 

complex, further represent friction and force. In contrast, Hibbeler: Friction develops force in a 

nine-item repetition chain, plus two smaller repetition strings, and in six synonymy pairings 

matching names of forces to complex mathematical symbols, such as reactive force and A Rn. Ten 

mathematical items, including five complex symbols and a complex formula, plus the complex
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technical collocation limiting static frictional force, constant ofproportionality, coefficient o f  

static friction, and angle o f  static friction also represent the main topics.

The complex expression of topic in both Hibbeler samples is evidenced in the overall 

tendency to longer strings and in the longer word count per string item as well as in longer tech

nical collocation strings and math items composed of multiple symbols and full expressions. 

Also, the head items of the longest strings in the EAP texts and in the Hibbeler texts contrast no

ticeably. For example, of the two ‘forces’ texts, Oxford’s head words, force, weight, springs, ex

press two general concepts, while Hibbeler’s head words, force, springs, and length, show a fo

cusing of attention to concrete characteristics. A similar pattern is observed in the ‘friction’ texts. 

Furthermore, while all texts evidence lexical relationships of repetition, relationships o f synon

ymy, meronymy, and taxonomy also work to develop topic complexity in the Hibbeler samples. 

Extensive use of synonymy connects lexical terms to corresponding mathematical terms, mero- 

nymies distinguish topics from their parts, and taxonomies build classification schemes. This de

velopment of taxonomies in topic description is typical of technical language (Eggins, p. 109).

Visual Representations of Subject Matter

Representation analysis

The visual representation analysis is the visual expression of the verbal transitivity 

analysis and is thus concerned with representations of experiential reality. Like transitivity, the 

focal point of this analysis is the process, or the represented activities, and the participants asso

ciated with each process type. Processes are either narrative or conceptual in structure. Concep

tual structures expresss reality in terms of ‘being’ and construct Carriers and Attributes as par

ticipants. Narrative structures express reality as a matter o f ‘doing’ and construct their partici
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pants as Actors, or the doers of actions, and Goals, or the recipients of the action. Circumstantial 

elements add experiential detail in terms of manner, quality, and temporal space and time.

Oxford. The eight visual elements analyzed here include seven diagrams and one draw

ing. The analysis is summarized by structure, process, participant, and circumstance in Table 10 

below. Of the eight visuals, four are structurally narrative and four are conceptual. In other 

words, half the visuals represent reality in terms of ‘doing’ and the other half in terms of ‘being’. 

The narrative structures are all non-transactional actions, actions that are not ‘done to’ another 

entity since all depict action as an arrow emanating from a body but not directed towards another 

body. In all four cases, the presence of the arrows establishes both processes of action and par

ticipants. In the case of the boat diagram, for example, two arrows show directionality, and thus 

action, with the arrowheads pointing away from the boat; they show participant status because 

they are labelled B and W, or buoyancy and weight, respectively. In total, the participants in the 

non-transactional actions number 15 Actors across the four diagrams. The four conceptual struc

tures, three diagrams and one drawing, are exhaustive analytical processes which means that they 

show no action but represent their participants by depicting some aspect of their being. In the 

case of the three diagrams, all are shown with topological accuracy which establishes logical 

spatial relationships (but not spatially accurate relationships). For example, in the spring balance 

diagram, the block is shown as hanging from a hook at the bottom of the balance, establishing 

the spatial connection between the two participant Carriers, the balance and the block. The other 

two conceptual diagrams also establish two Carriers each as participants, although the relation

ships between the participant Carriers seem so obvious as to be overlooked. For example, the 

ship diagram is composed of two visual elements: the ship and a wavy line representing water.
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The most straightforward reading of this diagram is to interpret the ship as a Carrier and the wa

ter as a Circumstance of Setting. This is the analysis that I first proposed for this diagram but a 

problem developed. The problem is that the ship is so highly abstracted that it possesses no at

tributes; this reading would pointlessly establish the ship as a Carrier of no Attributes. In search

ing for another possible interpretation, I looked at the accompanying verbal question that directs 

readers to the ship visual: Why doesn’t the ship sink? The wavy water line is clearly establishing 

the ship as not sinking; therefore, the process this diagram is asserting must be the un-sinking 

relationship between the ship and the water. This process is the topological process that shows 

spatial relationships between two participants, in this case, the ship and the water. This visual 

relationship as represented, though, is so elementary as to seem out of place in a tertiary-level 

textbook. In the narrative diagram of the same ship in water, the water is represented as the more 

straightforward Circumstance of Setting.

The drawing of a wrench is shown with topographical accuracy, establishing accurate 

physical spatial relationships in the participant. The wrench is related in its entirety in a part- 

whole structure showing two lengths, D1 and D2, and two points on the lengths, FI and F2. The 

wrench, then, is the Carrier and the two lengths and two points are Possessive Attributes. Over

all, of the 26 participants established in the eight visuals, 12 are expressed mathematically: seven 

as single mathematical symbols such as B or W, and five as more complex symbols composed of 

two items such as D1 or D2. Collectively, all eight visuals establish three circumstantial ele

ments. All three are abstracted settings such as the wavy line that represents water in the narra

tive boat diagram.
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Table 10
Oxford representation summary

Visual Structure Process Participant Circumstance

Diagram: boat Conceptual exhaustive ana
lytical, topologi
cal accuracy

• 2 participants:
• 2 Carriers: ship, water

none

Diagram: 
spring balance

Conceptual exhaustive ana
lytical, topologi
cal accuracy

• 2 participants:
• 2 Carriers: spring bal

ance, block

none

Diagram: box Conceptual exhaustive ana
lytical, topologi
cal accuracy

• 2 participants:
• 2 Carriers: box, slope

none

Diagram: boat Narrative non-transactional
action

• 3 participants:
• 3 Actors: B, W, boat

abstracted water 
wavy line

Diagram: 
spring balance

Narrative non-transactional
action

• 3 participants:
• 3 Actors: FI, W, spring 

balance

none

Diagram: box Narrative non-transactional
action

• 5 participants:
• 5 Actors: R, W, resul

tant, friction, box

abstracted slope: 
angled line

Diagram: block Narrative non-transactional
action

• 4 participants:
• 4 Actors: F, P, block, 

balance

abstracted table- 
top: rectangle

Drawing: tool Conceptual exhaustive ana
lytical, topog
raphical accuracy

• 5 participants:
• 1 Carrier: wrench
• 4 Possessive Attrib

utes: Dl, D2, FI, F2

none

Garnet. The five visual elements in this analysis include two graphs and three photo

graphs; Table 11 below summarizes the analysis by structure, process, participant, and circum

stance. The three photographs are conceptual structures while the two graphs are narrative; thus, 

visual representations of reality slightly favour expressions o f ‘being’ rather than expressions of 

‘doing’. The conceptual structures all show topographical accuracy but two are exhaustive, 

showing the entire participant, and one is inclusive, including only a part of the participant. All
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three establish two participants each, the Carrier, which differs in each case, and the Possessive 

Attribute, friction, which is the same in each case. This Attribute must be inferred from textual 

elements as no visual indication is provided.

Table 11
Garnet representation summary

Visual Structure Process Participant Circumstance

Graph: 
Figure 1

Narrative unidirectional 
transactional action 
(and 1 embedded 
unidirectional 
transactional proc
ess)

• 4 participants:
• 2 Actors: friction force, ap

plied force
• 2 Goals: static friction, ki

netic friction
• 2 embedded participants:

• 1 Actor: static friction
• 1 Goal: point of motion

none

Graph: 
Figure 2

Narrative unidirectional 
transactional action

• 5 participants:
• 2 Actors: friction force, 

normal force
• 3 Goals: rubber on asphalt, 

steel on steel, ice on steel

Means: p. = y/ 
x, x, y

Photo: 
top left

Conceptual exhaustive analyti
cal, topographical 
accuracy

• 2 participants:
• 1 Carrier: steel ring
• 1 Possessive Attribute: fric

tion

Setting: surface

Photo: 
top right

Conceptual exhaustive analyti
cal, topographical 
accuracy

• 2 participants:
• 1 Carrier: steel plate
• 1 Possessive Attribute: fric

tion

Setting: surface

Photo:
bottom

Conceptual inclusive analytical, 
topographical accu
racy

• 2 participants:
• 1 Carrier: machine
• 1 Possessive Attribute: fric

tion

none

The two narrative structures, the graphs, both relate unidirectional transactional actions, 

or actions that emanate from one participant, an Actor, towards another, a Goal. In these cases, 

the Actors are realized as the X-axis and Y-axis. The Goals are the diagonal lines on the graph 

that represent the angle of convergence of the axes. The first graph represents two types of fric-
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tion as Goals while, in the second graph, the Goals are three different coefficients of friction. The 

first graph also relates an embedded process, another unidirectional transactional action, with one 

Actor and one Goal, thus bringing the total number of Actors to five and Goals to six. Circum

stances are realized as two Settings, both surfaces, and one Means, the tool or method used to 

derive the ice on steel coefficient of friction. In this case, the tool is the mathematical expression 

p. = y/x. The tool is further specified as the line x and the line y.

Hibbeler: Forces. Six visual elements comprise this analysis, three photographs and 

three diagrams, with results summarized by structure, process, participant, and circumstance in 

Table 12, below. Of the six visuals, five show narrative structures while one is conceptual. The 

five narrative structures include three unidirectional transactional actions and two non

transactional actions. The three unidirectional processes are all represented in photographs, two 

o f which are associated with matching diagrams. The first photograph, a full-colour representa

tion opening the chapter, foregrounds the unidirectional process just mentioned and shows one 

Actor, a crane boom, and a shipping container, the Goal towards which the action is directed. 

Several minor narrative structures are also related through the boatyard Setting but as these proc

esses and participants are very small and clearly backgrounded by their size, they will be omitted 

in this analysis. The other two photographs are each laid out on the page next to two matching 

diagrams such that the diagram ‘translates’ the photograph’s unidirectional process that shows an 

action directed from one participant towards another into a non-transactional action that simply 

expresses the action of a participant. The photograph and its matching diagram are positioned in 

such a way that the spatial placement of each photographic participant is mirrored in the dia

gram. In this way, the concrete photographic representation is recontextualized into the abstract
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diagrammatic representation. In the first photograph/diagram pair, the photograph’s participants, 

Actor and Goal, are a cable and a bucket; the unidirectional action shows the cable supporting or 

holding the bucket. The diagram modifies the process to a non-transactional action, an action not 

directed towards another participant and, in so doing, transforms the cable Actor and the bucket 

Goal into three Actors: T, or the force of the cable, W, or the bucket’s weight, and the bucket it

self. The second photograph/diagram set represents a similar movement from unidirectional 

process to non-transactional process. In this movement, the unidirectional participants, three Ac

tors, all cables, and one Goal, a spool, are transformed into four non-transactional Actors: a ring 

and three forces. It is through this representational recontextualization that engineering’s free- 

body diagram isolates a bucket, for example, so “the unknown cable force T becomes “exposed”’ 

(Hibbeler, 2007, p. 85) thereby accounting for forces which may not be readily apparent in the 

more representational photograph.

The conceptual structure, a diagram of three springs, shows an exhaustive analytical 

process with topographical accuracy. The diagram is analytical in that it relates the whole to its 

parts; it is exhaustive since it shows the entire whole and not just a section or portion of the 

whole; and it is topographical because it relates accurate spatial relationships among the parts. In 

this case, the drawing represents three springs which are the Carriers of eight Possessive Attrib

utes, characteristics of the spring that we may recall from the verbal discussion: its stiffness, its 

deformed and undeformed length, and its deformed and undeformed distance (since not each at

tribute is realized by each spring, the total number of attributes is eight and not 15). Seven of the 

Attributes are related as mathematical expressions which are composed o f  the attribute’s mathe

matical symbol, for example / identifies deformed length, and its mathematical instantiation as a
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measurement, in this case 0.2m. One attribute is related only as its mathematical symbol. 

Mathematical symbols, related as single alphabetic letters, are also used to name five forces, four 

cables, and one ring in the previously described photographs and diagrams, for a total of seven 

complexly identified mathematical participants and 11 simple mathematical participants. Across 

all six visual representations in this analysis, four Circumstances o f Setting are realized. Of 

these, three are fully representational, such as the boatyard, while one is an abstracted ceiling. 

Table 12
Hibbeler: Forces representation summary

Visual Structure Process Participant Circumstance

Photo: boat Narrative unidirectional transac
tional action

• 2 participants:
• 1 Actor: crane or 

cable
• 1 Goal: shipping 

container

Setting: boatyard 
(with back
grounded narrative 
structures)

Diagram:
spring

Conceptual exhaustive analytical, to
pographical accuracy

• 8 participants:
• 3 Carriers: 

springs
• 8 Attributes: 

mathematical

Setting: ceiling, 
abstracted (with 2 
embedded non
transactional proc
esses)

Photo: A Narrative unidirectional transac
tional action

• 2 participants:
• 1 Actor: cable
• 1 Goal: bucket

Setting: sky

Diagram: 
with A

Narrative non-transactional action • 3 participants:
• 3 Actors: bucket, 

T, W

none

Photo: B Narrative unidirectional transac
tional action

• 4 participants:
• 3 Actors: the 

cables DA, AB, 
AC

• 1 Goal: spool

Setting: construc
tion yard

Diagram: 
with B

Narrative non-transactional action • 4 participants:
• 4 Actors: the 

ring A, the 
forces W, Tb, Tc

none
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Hibbeler: Friction. The six visual representations that comprise this analysis include 

four diagrams and two photographs with results summarized by structure, process, participant, 

and circumstance in Table 13, below. The two photographs open the chapter; a close-up shot o f a 

bicycle’s brake system is a full-page non-transactional action with one Actor, the brake system. A 

smaller photograph relates a unidirectional action with a partially visible Actor, a person, sharp

ening a metal blade, the Goal. The remaining four diagrams are part of a set of five used to illus

trate aspects o f the theory of dry friction (only four are analyzed here to maintain correspondence 

with the verbal analysis). The opening diagram in the set is a non-transactional action, relating 

three Actors: a block and two forces, W and P. The remaining diagrams all represent the same 

block but highlight different ‘goings-on’ as unidirectional transactional actions. In this way, the 

original three Actors are complemented with additional Actors and new Goals such that the total 

number of participants across the four diagrams is 21. All participants, aside from the block and 

the surfaces, are related as mathematical symbols, either single alphabetic letters, such as W for 

weight, or as more complex terms such as AFn for the distributed friction force. Diagrams B and 

C also relate their Goals in multiples to add further experiential information. Each Goal in Dia

gram C is mathematically identified three times to show a recurrent pattern while both Goals in 

Diagram B are represented with multiple arrowheads in order to show continuous distribution.

As well, Diagram E shows three embedded processes, each a bidirectional transactional action 

which connects two Actors and, in these cases, produces a third Actor. With the inclusion of the 

embedded Actors, the total number o f participants across the four diagrams is 24. Circumstances 

are related five times across all visual representations. Setting is shown three times while Means 

is shown twice. In Diagram E, the Means is identified lexically as Impending motion.
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Table 13
Hibbeler: Friction representation summary

Visual Structure Process Participant Circumstance

Photo: brake 
system

Narrative non-transactional action • 1 participant:
• 1 Actor: brake system

none

Photo:
grinder

Narrative unidirectional transac
tional action

• 2 participants:
• 1 Actor: person
• 1 Goal: metal blade

Means:
grinder

Setting: work
shop

Diagram: A Narrative non-transactional action • 3 participants:
• 3 Actors: block, W, P

Setting: rough 
surface

Diagram: B Narrative unidirectional transac
tional action

• 5 participants:
• 3 Actors: block, W, P
• 2 Goals: ANn, AFn

none

Diagram: C Narrative unidirectional transac
tional action

• 5 participants:
• 2 Actors: floor surface, 

block surface
• 3 Goals: AF, AN, AR

Setting: con
tacting sur
faces

Diagram: E Narrative unidirectional transac
tional action (with 3 em
bedded bidirectional 
transactional actions)

• 8 participants:
• 7 Actors: block, surface, 

W,P,F,N,R
• 1 Goal: equilibrium

• 3 embedded participants:
• 3 Actors: x, h, angle 0

Means: im
pending mo
tion

Summary. The findings of the Representation analysis are summarized by structure, 

process, participant, and mathematical participant for each text in Table 14 below. The summary 

reveals that visuals in the texts are expressed differently and thus present different representa

tions of reality. The Oxford and Garnet visuals, with almost equal proportions of narrative and 

conceptual structures, represent reality more or less equally in terms o f ‘doing’ and ‘being’. The 

Hibbeler visuals relate reality more as a matter of ‘doing’ than as a matter of ‘being’. The Hib

beler visuals also show higher proportions of unidirectional transactional actions, actions that 

implicate more than 1 participant or entity in the doing of the process. The overall number of
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participants in Hibbeler is higher, too, both proportionally and in real numbers. Hibbeler: Forces 

shows 27 participants across six visuals while Hibbeler: Friction has 27 participants in six visu

als. Garnet shows 17 participants in five visuals, while Oxford has 24 participants in eight visu

als. These higher numbers and proportions of participants in Hibbeler establish well-populated 

visual environments concerned with the interactions of participants in environments specified by 

those participants. For example, in the Hibbeler: Friction Diagram C, 11 participants illustrate 

the development of three classes o f friction in an environment specified by protuberances or con

tacting bumpy surfaces. In contrast, the most populated visuals in Oxford and Garnet contain five 

participants. In terms of expression of participant types, the Hibbeler visuals are distinctive. In 

Hibbeler: Forces, participant expression is realized in a pattern combining a high proportion of 

Actors, an attention to Attributes, and a representation of Goals. In Friction that realization is in 

the combined high proportion of Actors and high representation of Goals. The other two texts do 

not exhibit either of these patterns. Oxford fails to represent Goals while Garnet shows a consid

erably lower proportion of Actors to other participants. Participants are also much more fre

quently expressed as mathematical terms in Hibbeler. For example, of the 33 participants in Hib

beler: Friction, 23 are expressed mathematically, 12 in simple, one character terms such as W for 

weight, and 11 in complex terms such as ANi for distributed normal force. Hibbeler: Forces 

names 18 of its 27 participants mathematically, in both simple and complex terms. All seven of 

the complex terms are mathematical expressions involving a process, for example k = 500 N/m. 

Garnet mathematicalizes three participants, twice simply as x  and y  and once complexly as // = y/ 

x. Oxford names 12 participants mathematically, most in simple terms such as W for weight, but 

several in slightly more complex, two character terms such as Fi for upward force. This differ-
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ence in the mathematical expression of visual participants is one of the most noticeable differ

ences between visual elements in Hibbeler and in Oxford and Garnet.

Table 14

Feature Oxford Garnet Hibbeler:
Forces

Hibbeler:
Friction

Number of visuals 8 5 6 6

Narrative processes non-transactional 4 0 2 2

unidirectional 0 2 3 4

Total 4 2 5 6

Conceptual proc
esses

topographical accu
racy

1 3 1 0

topological accu
racy

3 0 0 0

Total 4 3 1 0

Participants actors 15 5 13 20

goals 0 6 3 7

carriers 5 3 3 0

attributes 4 3 8 0

Total 24 17 27 33

Participants ex
pressed mathemati
cally

simple 7 2 11 12

complex 5 1 7 11

Total 12 3 18 23

Embedded Processes 0 1 2 3

Coding orientation analysis

Coding orientations describe how texts are coded for interpretation with four broad clas

sifications describing the dominant interpretations. The four interpretations are distinguished as
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technological, sensory, abstract, and naturalistic orientations. In this analysis, each orientation is 

determined by reference to five visual criteria - colour saturation, colour differentiation, colour 

modulation, context, and representation - and distinguished by the scalar measurement of each 

criterion: in this analysis, high, medium, or low. In general, technological and abstract codings 

fall towards the lower end of the scales, showing reduced colour, context, and detail. The abstract 

coding is differentiated by its reduction of the individual to the general. Sensory codings fall to

wards the higher end of the scales with intense use of colour, often highly contextualized set

tings, and so on, while naturalistic codings tend to fall somewhere in between medium and high. 

Coding orientations are commonly used to describe the believability of visual information; how

ever, the orientations may also be used, as here, to determine the type of reality a text wishes to 

encode. For this analysis, the Hibbeler texts are treated as one since the orientation is consistent 

throughout the text.

Oxford, The Oxford text shows a technological coding orientation since most criteria fall 

at the lower end of the continuum. Colour saturation, or the intensity of a  colour, is uniformly 

medium-low; that is, colours are mostly pale or light-toned. Colour differentiation, or the variety 

of colour, is low: blue is the only colour used other than black. Colour modulation measures the 

range of tones within one colour; with two tones o f blue and a range of grey tones, this meas

urement falls into the medium-low range. The context scale describes the level of detail in visual 

backgrounds. Here, that level is low: very little to no background detail is shown. The most con

textualized visual shows a diagram of a ship and represents the water in which it sits with an ab

stracted wavy line. In this text, most drawings are almost fully abstracted, such as the ship, while 

one drawing of a wrench shows an almost naturalistic representation. Because the text represents
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its visuals in both manners, and with a greater proportion of abstracted visuals, this criterion is 

rated medium-low.

G arnet The coding orientation in the Garnet text is technological. Colour saturation is 

medium-low since colours are usually pale, aside from one deeper blue tone. Colour differentia

tion is limited, and thus placed at medium-low, as the text relies primarily on three colours: blue, 

yellow, and beige. Of these three colours, only the blue is modulated, showing variety in shades, 

so this criterion also falls at medium-low on the scale. Three photographs, all extreme close-ups, 

omit contextual detail, as do tear-outs o f note-paper, meant to represent student work, thus ac

counting for the low context measurement. Representation in this text is variable: the two graphs 

and the six tear-out notes are abstractions while the three photographs are almost hyper-realistic. 

This dual representation of visuals, with a higher proportion of abstracted items, explains the 

medium-low rating.

Hibbeler. A naturalistic orientation describes the coding of the Hibbeler text. Colour 

saturation, differentiation, and modulation are all medium-high. Colours show a true-to-life de

gree of saturation, with both paler and deeper tones in photographs, drawings, and layout ele

ments such as borders and banners. The range of colours, or colour differentiation, is also realis

tic: photographs show scenes from working life in naturalistic tones, and other visual elements, 

such as diagrams, borders, and banners, use a range of natural-world colours: blues, greens, 

greys, oranges, and yellows. The photographs, by virtue of their realism, show colour modula

tion, or range in shades, as do the drawings and diagrams which are usually shaded to show 

shape, tension, or some other relevant characteristic. The context criterion, or background detail, 

varies in this text. The free-body diagrams, as abstractions that illustrate the forces acting on a
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body, show no context; other diagrams show limited context; most photographs establish consid

erable context as a result of their medium- to long-shot range. A final placement on the context 

scale is difficult to establish here since both ends of the scale are represented and the high num

ber of visuals, with their varying salience, make counting impractical. At the same time, because 

each end is represented and because the high number of visuals allows for the realization of most 

variables (for example, salient and backgrounded diagrams with context and without), a final 

placement of medium seems appropriate. Visual elements in this text are represented both as ab

stractions and as fully detailed representations. The most common abstractions are the free-body 

diagrams while the photographs and other drawings illustrating real-world problems show full 

representational detail. Again, the difficulty here is in determining this criterion’s scalar place

ment. As with the context criterion, a medium placing seems most appropriate, for the same rea

sons as mentioned above. Since many of the drawings, however, do show some level o f repre

sentational detail, this measurement is placed slightly higher.

Summary. The coding orientations of the texts differ: the Oxford and Garnet texts show 

a technological orientation while Hibbeler’s is naturalistic. A graph reporting the visual scale re

sults summarizes this analysis in Figure 3. One of the most significant consequences of this dif

ference relates to specificity. Technological orientations, with their low rankings on each of the 

visual scales, feature visual participants that tend to be generically generalized. Naturalistic cod

ings call attention to more specified visual participants, portraying the precise qualities and char

acteristics associated with the participant. For example, the naturalistic coding of photographs, 

and the free-body diagrams associated with the photographs, works to illustrate the discrete 

forces acting on a body in the particular portrayed environment. In contrast, the Oxford text
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shows highly abstracted diagrams of a ship, a spring balance, and a slope that are each intended 

to illustrate a force as a generic experience associated with a generic setting. Although all three 

texts also demonstrate limited evidence of abstract orientations, in their use of diagrams and 

graphs, this abstract coding is not the primary orientation. It should be noted, too, that the six 

Oxford diagrams are extremely abstracted, almost naive in their representation, and the result of 

this perceived naivete is reduced credibility, especially in context of the otherwise technological 

orientation

This analysis also reveals interesting indications of disciplinary self-identification and 

authority. Hibbeler encodes itself naturalistically and thus establishes an identity and authority 

based on the natural world. The EAP textbooks encode engineering technologically, establishing 

their identity and authority in the world o f technology. This suggests that the EAP textbooks, or 

textbook writers, see engineering as a technical interpretation o f reality, a very different interpre

tation than the naturalistic encoding established in the engineering textbook itself.

■  Saturation ■  Differentiation ■  Modulation ■  Context ■  Representation

Hibbeler Oxford G arnet

Figure 3: Coding orientation summary showing visual scales by text
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In terse miotic Analysis

The intersemiotic analysis that I employed is the intermodal identification system set out 

by Unsworth and Cleirigh (2009). This system is based on the concept of relational grammatical 

identification and sees language and images as identifying one another in multimodal ensembles. 

When language identifies an image, the language is said to gloss the visual. Images identify lan

guage elements or language configurations. When identifying elements, three types of identifica

tion are possible: intensive, possessive, and circumstantial. When identifying configurations, the 

three types of identification are manner, cause: result or consequence, and cause: reason or con

dition.

Oxford. The ‘spring balance’ multimodal ensemble consists of one written paragraph and 

one accompanying diagram, appearing immediately below the written paragraph. The analysis 

reveals that intermodal identification is accomplished equally through the visualization of lan

guage elements and language configurations, as summarized in Table 15, below. The analysis 

shows two instances of possessive identification in which the visual identifies additional parts of 

a verbalized element. For example, the verbal element spring balance in the clause the spring 

balance can be calibrated in newtons is shown in the accompanying diagram with calibration 

marks. The two instances of images visualizing language configurations include one example in 

which a causal result is visualized and one example in which manner is visualized. In the causal 

result example, the verbalized configuration is the lengthy The weight on the balance pulls the 

spring down. To give equilibrium, the spring pulls up to oppose that weight. The diagram shows 

a spring balance with a weight attached to a hook on the bottom of the spring. The coils of the 

spring are not stretched out nor are they compressed; hence, they must be in equilibrium. The
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visual, then, is showing the result of equilibrium as a state in which the spring’s coils are neither 

stretched out nor compressed. The difficulty with this example of intermodal identification, how

ever, is a lack of indication to the reader as to which part of the verbal configuration is being 

visualized. Until the reader realizes that the diagram is visualizing such a lengthy piece of lan

guage (two sentences or four clauses), the reader may conclude that the diagram is inaccurate in 

showing the spring as not stretched out (as I did). The analysis also reveals two instances of 

glossing, in which language identifies an image. In both instances, an accompanying mathemati

cal term also appears in the verbal text and in the image. For example, the verbalized upward 

force of the text identifies the image’s upward arrow; the accompanying mathematical term, FI, 

appears immediately after the verbal element and as part of the visual diagram.

Garnet. The ‘friction’ multimodal ensemble consists o f  a unified cluster of three photo

graphs and the opening paragraph of the ‘friction’ reading. Although the photographs and the 

reading are on facing pages, and not visually presented as a unified multimodal ensemble, the 

instructional text directs students to look at the photographs, read parts o f  the reading, and draw 

connections between the two. The analysis, presented in Appendix H and summarized in Table 

15 below, shows that this ensemble uses intermodal identification to visualize language elements 

only. Language configurations are not visualized in this text. O f the five visualized language 

elements, two are intensive, two are possessive, and one is circumstantial. The text’s opening 

clause When two objects are in contact shows all three types o f identification with the accompa

nying photographs of various metal objects. For example, the photographs show the shape and 

texture of the verbalized objects, thus providing an intensive identification. A possessive identifi

cation is created with the photographs showing additional parts of the verbalized objects, such as
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the two interlocking rings that comprise one of the objects in the photograph. A circumstantial 

identification is also constructed with the photographs visualizing the location of the verbalized 

object’s parts, such as the location of one of the interlocking rings as touching the inside of the 

other ring. The analysis also reveals that this text does not verbally gloss the images.

Hibbeler: Forces. In the ‘springs’ multimodal ensemble, one written paragraph with a 

diagram of three springs immediately below, the analysis shows that intermodal identification is 

achieved almost equally through visualization of language elements and configurations, as sum

marized in Table 15, below. The text employs five visualizations o f language elements and seven 

of language configurations. Of the language element visualizations, three are intensive and thus 

visualize qualities of verbalized elements, and two are circumstantial, visualizing locations of 

verbal elements. All three intensive visualizations show the shape o f the verbal element. For ex

ample, in the clause measuredfrom its unloaded position (where its refers to the spring), the dia

gram reflects the verbalized unloaded position of the spring in the shape o f its coils as neither 

stretched out nor compressed. In a similar example, in the clause the spring shown in Fig 3-1 has 

an undeformed length lo = 0.4m, the same diagram visualizes the verbalized undeformed length 

as coils that are neither stretched out nor compressed. In these two examples, intermodal identifi

cation constructs a semantic relationship of equality between unloaded position and undeformed 

length, since both verbalizations refer to the same coils of the diagram.

Of the seven visualized language configurations, six show causal results and one shows a 

causal reason. In the example of the verbal configuration I f  s is positive (where s refers to the dis

tance that the spring is stretched out or that it is compressed), the diagram shows two different 

springs, one with s as undeformed (that is, not stretched out or compressed) and the other with s
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as deformed (stretched out in this case, since s is positive). The image, then, visualizes the spatial 

difference of the distance between the undeformed spring’s length and the stretched out, de

formed length. This distance is also represented mathematically in the visual as s = 0.2m. The 

text’s following clause, F “pulls ” on the string, is associated with the diagram’s elongated 

spring, and the image again visualizes causal results of the language. In this case, the spring is 

shown with elongated coils, and as longer than the other two springs in the diagram. The analysis 

also reveals that this text shows no instances of verbal glosses.

Hibbeler: Friction. The ‘friction’ multimodal ensemble consists o f  one written para

graph and the three diagrams surrounding it. The analysis, presented in Appendix H and summa

rized in Table 15 below, reveals that this ensemble uses intermodal identification of visualized 

language elements and configurations, but favours visualization o f configurations. Two language 

elements are visualized, both intensive identifications showing the texture of a surface. In one 

example, the language element rough horizontal surface is visualized in one of the diagram’s as 

a pointillistic floor. Seven language configurations are visualized: three show manner, two show 

results, and two more show reason. In the verbal configuration pulling horizontally on a block o f 

uniform weight, the visual shows the non-verbalized manner of pulling: an arrow emanates from 

the centre portion of the block’s side, not from the top portion nor from the bottom portion of the 

block’s side. In the verbal configuration For equilibrium, the normal forces must act upward, to 

balance the block's weight W, the diagram shows the causal result of the language: the box is sit

ting evenly, not tipping over or falling because upward arrows, representing the normal forces, 

and the downward arrow, representing the block’s weight, are in balance. In the causal reason 

example, the diagram shows the reason for the verbal configuration each reactive force contrib
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utes to both a frictional component A Fn and a normal component A Nn. Reactive forces are able 

to contribute to frictional and normal components because the reactive forces develop in the ex

act same place -  the protuberant points of contact between the surfaces -  as the frictional and 

normal forces. This analysis also shows two examples of language gloss. The verbal uniform 

weight glosses the mathematical W in the diagram.

Summary. A summary of intermodal relations is presented in Table 15 and shows rela

tions by type and sub-type. The summary shows different patterns o f intermodal identification in 

the EAP texts and in Hibbeler. Oxford visualizes language elements and configurations equally 

while Garnet visualizes only language elements. Both of these patterns are in contrast to Hib

beler which visualizes language configurations either more frequently, as in the case o f the Hib

beler: Forces multimodal ensemble, or much more frequently, as with the Hibbeler: Friction en

semble. The Hibbeler: Forces ensemble relies strongly on causal result visualizations, showing 

six occurrences, while the Hibbeler: Friction ensemble uses all three sub-types of visual configu

ration. In contrast, Oxford visualizes one causal result and one manner. (The Garnet ensemble 

shows no instances of visualized configurations.) This pattern seems to show a far greater con

cern in the Hibbeler ensembles for causes and explanations. The visualization of language con

figurations is the more complex type of intermodal identification since it multiplies meaning, 

which suggests that Hibbeler is using this type of intermodal identification, and its multiplied 

meanings, as a pedagogic tool to aid in the understanding of difficult concepts.
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Table 15
Intermodal identification summary, by text

Intermodal Feature Oxford Garnet Hibbeler:
Forces

Hibbeler:
Friction

Number of visual
ized language ele
ments, by type

intensive - 2 3 2

possessive 2 2

circumstantial - 1 2

Total elements 2 5 5 2

Number of visual
ized language con
figurations, by type

manner 1 - 3

causal: result 1 - 6 2

causal: reason - - 1 2

Total configurations 2 0 7 7

Number of language glosses 2 - - 2

Concerning the visualization of verbal elements, again different patterns emerge among 

the texts. Oxford uses only possessive identification while Garnet uses all three types, almost 

equally. In contrast, the Hibbeler texts both prefer intensive identification. Intensive identifica

tions visualize qualities of participants, showing that Hibbeler, again, is concerned with fuller 

specifications of its objects of study.

The Oxford ensemble and both Hibbeler ensembles share one pattern in which mathe

matical symbols or expressions are introduced in the text and then their location visualized in the 

accompanying diagrams. More specifically, all ensembles show a mathematical element in the 

written text and the same mathematical element in the visual diagram. For example, the symbol 

W, for weight, appears in the Oxford text and in its accompanying diagram. The placement o f the 

mathematical item in the visual is important, however: each mathematical item is put in its most 

correspondingly concrete place in the diagram. Thus, W is placed next to the block in the dia
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gram. A Hibbeler example takes the mathematical ANn, or normal forces, from the text and 

places the term in the diagram along the floor in which those forces are distributed, thus demon

strating the location of the mathematical concept. Unsworth and Cleirigh’s (2009) system of in- 

tersemiotic relations allows us to see this placement of the mathematical term in the diagram not 

as simple repetition of the textual term but as a mathematical visualization of location of the 

mathematical concept.

One further point about the multimodal ensembles. In the Hibbeler ensembles, the visual 

elements are either placed directly below the written elements or are placed around the written 

ensembles such that, during reading, the reading path remains horizontal in its movement to the 

visual. In other words, if a line of text refers to the visual, the visual is to the immediate horizon

tal left or right, in the page margins. The eye is not required to search for the visual. The Oxford 

text integrates its visuals underneath their corresponding paragraphs but the Garnet ensemble, 

while showing the written and visual elements on facing pages, does not visually integrate the 

two modes.
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Chapter Five 
Discussion and Implications

The purpose of this study was to compare verbal, visual, and intersemiotic representa

tions of subject matter in EAP textbooks and an undergraduate engineering textbook in order to 

determine whether EAP publishers’ claims that their textbooks help students access undergradu

ate, discipline-specific textbooks are realistic or not. The findings show significant differences in 

the representations constructed by the two types of textbooks, suggesting that publishers’ claims 

are not realistic.

Discussion

The undergraduate Hibbeler Mechanical Engineering textbook represents its subject mat

ter from a naturalistic standpoint; that is, Hibbeler presents its content as the phenomena, actions, 

and events of the natural world. In contrast, both EAP textbooks represent the world of engineer

ing from a technical perspective that positions engineering subject content as the specialized in

formation of a technological world. Interestingly, however, from an applied linguistics stand

point, the Hibbeler text is revealed as the technical textbook and the EAP textbooks as concerned 

with the everyday world. The technical features of the Hibbeler text include its consistent choice 

of material processes to encode technical actions and its considerably smaller focus on attributive 

processes that describe and specify. The EAP texts, on the other hand, choose material processes 

and identifying processes of definition, both characteristic of everyday language (Eggins, 2004). 

From a language teaching and learning perspective, one of the practical problems with represent

ing subject matter in terms of different process types (material versus the attributive or identify

ing processes) is that process types are constructed differently in the grammar, as an SFL analy

sis is designed to show. In choosing different process types to represent experience, not only is a
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different reality represented, but that representation is grammatically different than the grammar 

of other processes. For example, linguistic material processes and visual unidirectional processes 

construct Goals, or in more traditional grammar terms ‘objects’, while identifying processes do 

not. Therefore, the representations in the EAP texts analyzed in the present study introduce and 

accustom learners not to the grammar of the analyzed engineering textbook but, it would seem, 

to the grammar of EAP texts.

Further evidence of Hibbeler’s technical focus includes its use of nominalization in de

scriptions of phenomena and its development of class/sub-class taxonomies and part/whole 

meronymies (Eggins, 2004, Halliday, 1985/2004). The Hibbeler text also constructs complex 

technical collocations and signals non-technical lexical terms with distancing quotes. In contrast, 

the EAP texts tend not to represent subject matter as nominalizations, do not develop taxono

mies, and show limited use of technical vocabulary. Linguistically and visually, the two types of 

texts also construct their topics and textual participants differently, again showing differences 

along technical/everyday dimensions. In the Hibbeler text, topics are specified with very focused 

areas of attention, and participants are highly characterized, verbally and mathematically, in 

ways specific to the discipline. In the EAP texts, topics are generalized, and participants are ge

neric, both features of common language and everyday life (Eggins, 2004).

One of the more striking differences between the EAP texts and the Hibbeler text is how 

each deals with mathematics. In Hibbeler, mathematics plays a significant role. Mathematical 

elements are frequently and regularly constructed as textual participants in written text and in 

visuals, in simple and complex representations of phenomena and actions. The EAP textbooks 

have almost excised mathematics from their content, leaving only a few simple mathematical
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symbols and even fewer complex terms. Without a doubt, one of the reasons for this excision is 

because EAP books are ‘taught’ by language teachers, teachers who are probably untrained in 

mathematics, and, the assumption goes, either afraid of mathematics or too unknowledgeable to 

manage mathematics.

Yet multimodal theory highlights that meaning is a construction o f all the modes that are 

present in a communication; it is not possible to remove, or almost remove, a mode and maintain 

the same meanings. Therefore, the removal of mathematics in the EAP texts dramatically affects 

how the texts mean. This concept is most evident in the intersemiotic analysis o f multimodal en

sembles in which new meanings are generated in the interaction of modes. In the Hibbeler text, 

mathematics plays an integral part in generating these new meanings. Mathematics’ removal, of 

course, equals the removal of the intersemiotic meanings it helps develop.

The multimodal ensembles that the texts create are also different in other important ways. 

In the Hibbeler ensembles, the verbal and visual modes are highly integrated, even to the line of 

text in which the reference from one to the other occurs. Multimodal findings in the undergradu

ate textbook confirm Royce’s (2002,2007) focus on the significance of helping second language 

learners develop a multimodal communicative competence. In the Garnet EAP text, however, 

ensembles are not visually or spatially integrated; the verbal and visual modes of the ensemble 

are connected by instructional text that asks learners to refer from one to the other. The Oxford 

text shows integrated ensembles, although ensembles occasionally overflow the page: the written 

text occurs at the bottom of the left-hand page, while the visual with which its semantically inte

grated overflows to the top of the right-hand page. While neither of the multimodal layouts o f the 

Garnet and Oxford texts would necessarily preclude the multiplied meanings available through
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intersemiosis, the analysis shows that these meanings were either limited, as with Oxford, or not 

produced at all, as with Garnet. These results, then, seem to validate Mayer’s (2008) and Tufte’s 

(2006) visual design principles that call for the complete integration of all modes in order to en

hance learning and “assist understanding o f  the content’ (Tufte, 2006, p. 88, italics in original) 

in that gaps in modal integration fail to capture opportunities for learning and understanding. As 

pedagogic resources helpful in the explication of difficult concepts, multimodal ensembles are 

under-used in the EAP texts. As well as being under-used, and therefore not reflective of how 

multimodal ensembles are used in the engineering text, the shortcomings o f the EAP ensembles 

do not permit for explorations in how ensembles construct meanings in English.

The presence of visuals and multimodal ensembles affects the way a  textbook page looks, a 

significant point when taken in consideration with Olive and Passerault’s (2012) visuospatial rep

resentations. While this present study did not explicitly examine layout or page design, the inte

gration of modes and the placement of visuals in Hibbeler points to highly specific uses of page 

space. For example, in Hibbeler, some diagrams are placed immediately next to photographs so 

that the visual content of the photograph can be mirrored in the diagram and thus represented 

diagrammatically. In this and other ways, Hibbeler’s pages produce visuospatial representations 

that are highly distinctive. In contrast, the visuospatial representations developed by the EAP 

texts, neither of which place visuals or other information in this manner, are not reflective of pat

terns developed in the engineering textbook. This point is significant since it is theorized that 

visuospatial representations help learners find and retrieve information in a text, skills that are 

particularly relevant for users of textbooks.
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Implications

A number of important implications exist for EAP materials design with respect to Me

chanical Engineering. At the most general level, rather than representing EAP’s vision of Me

chanical Engineering, EAP textbooks need to accurately represent how Mechanical Engineering 

represents itself. This study shows that the Hibbeler text uses what Applied Linguistics refers to 

as technical language (but is recognized by engineers as language that expresses the natural 

world), in both grammatical and lexical realizations. The subject matter o f  Mechanical Engineer

ing needs to be represented in technical language using process types as found in originating 

texts, thus ensuring a similarity in representation semantically and grammatically. Highly speci

fied topics and participants need to be constructed and specified through taxonomies and mero- 

nymies, complex and detailed collocations of technical terms, and the frequent use o f nominal- 

ized entities. In order to help explicate complex concepts, mathematical symbols, terms, and ex

pressions must be included and integrated into written text and visual elements. Although from a 

language perspective, English teachers may not know how mathematical terms clarify meaning, 

in Mechanical Engineering, they help to do just that. Multimodal ensembles that fully integrate 

verbal and visual modes must also be employed to aid in comprehension, especially in their ca

pacity to develop meaning potential and multiply meanings through the process of intersemiosis. 

Finally, visuospatial representations need to be recognized; Hibbeler constructs distinctive pat

terns of representation and EAP textbooks should, at the very least, construct similar representa

tions to acclimatize students to the discipline.

Each of the above points might act as yardsticks in helping to determine how much con

tent is necessary in EAP textbooks for Mechanical Engineering students and in other subject con-
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tent texts. As noted earlier, this problem is a central issue in EAP today (Belcher, 2006). My 

study suggests that target-discipline content in EAP textbooks needs to be sufficient enough to 

address a range of important discipline-specific features. These features, as indicated by the pre

sent mechanical engineering study, include overall representations o f the target discipline, levels 

of technicality as expressed grammatically and lexically in the construction of topics and partici

pants, multimodal ensembles and their integration of modal resources, and the inclusion of sim

ple and complex mathematical participants in written text and visual elements. Almost certainly 

the reason mathematics has been nearly excluded from the analyzed EAP textbooks is more to do 

with accommodating language teachers rather than accommodating the target discipline. How

ever, this study suggests that mathematics cannot be eliminated from an EAP textbook without 

damage to meaning. What needs to be eliminated is the perception that language teachers are in

capable of working with mathematics. Shaw’s (2006) assertion that discourse analysts need to 

understand how mathematics and language work together, rather than investigating the mathe

matics itself, needs to be extended to include language teachers.

This point draws attention to the content that English language teachers need to teach and 

thus brings me back to the issues raised in my discussion of Content-Based Instruction. Since 

Engineering is a discipline informed by visual and mathematical principles, EAP must take its 

lead from its originating discipline and represent a multimodal conception o f how Engineering 

English means. This means embracing the visuals and mathematics that help constitute Engineer

ing, as well as tending to the more traditionally linguistic concerns of verbal language. This in

clusion may necessitate some reconceptualizations of what it means to teach English and be an
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English teacher, reconceptualizations that might be captured by thinking o f  ourselves, not so 

much as English language teachers, but as English meaning teachers.
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Appendix A
Verbal Data from Oxford English for Electrical and Mechanical Engineering 

Forces in engineering

To solve the ship problem, we must look at the forces on the ship (Fig. 1). The weight, W, acts 

downwards. That is the gravity force. The buoyancy force, B, acts upwards. Since the ship is in 

equilibrium, the resultant force is zero, so the magnitudes of B and W must be the same.

Another very important force in engineering is the one caused by elasticity. A good example o f 

this is a spring. Springs exert more force the more they are stretched. This property provides a 

way of measuring force. A spring balance can be calibrated in newtons, the unit of force. The 

block in Fig. 2 has a weight of 10 newtons. The weight on the balance pulls the spring down. To 

give equilibrium, the spring pulls up to oppose that weight. This upward force, FI, equals the 

weight of the block, W.

It is important to get the distinction between mass and weight absolutely clear. Mass is the quan

tity of matter in an object. Weight is the force on that object due to gravity. Mass is measured in 

kilograms, whereas weight, being a force, is measured in newtons.

We have looked at buoyancy, elasticity, and gravity. There is a fourth force important in engi

neering, and that is friction. Friction is a help in some circumstances but a hindrance in others. 

Let us examine the forces on the box (Fig. 3). Firstly, there is its weight, W, the gravity force, 

then there is the reaction, R, normal to the plane. R and W have a resultant force trying to pull 

the box down the slope. It is the friction force, F, acting up the slope, that stops it sliding down, 

(all 4 paragraphs from p. 32)
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Appendix B
Verbal Data from Garnet’s English for Mechanical Engineering in Higher Education 

Coefficient of Friction

The coefficient of friction, p, is a scalar value. It is the ratio between the normal force, N, of one 

object on another and the force of resistance, R. This ratio differs according to the materials in 

contact. A rubber tyre on a road has a high coefficient, whereas a piston inside a cylinder has a 

low one. There are two basic kinds of friction.

Static Friction: ps

Static friction is what makes stationary objects difficult to move. The direction of this force is 

along the contact surface and it is equal and opposite to the applied force. The magnitude of the 

static friction force is given by / s  = psN, where p is the coefficient of friction and N is the nor

mal force, (both preceding paragraphs from p. 46)

Friction: blessing and curse

When two objects are in contact and one object is moved past the other, a force is created which 

resists the movement of the objects: it is called friction. Friction occurs in all machines and is 

usually considered detrimental to the machine’s efficiency, but there are times when it is required 

for the correct functioning of a machine. Although the effect that friction has on an engineering 

system depends on the nature of the materials that are in contact, certain facts are known to be 

consistent for all materials.

In many mechanical design specifications, engineers must bear in mind several principles o f fric

tion. These are, specifically: Friction is a force that opposes movement between two objects. 

There is always some friction when two touching surfaces move relative to one another. To initi

ate movement from a standstill, more force is needed to overcome friction than the force required 

to maintain a constant speed when the objects are already in motion. Generally speaking, the 

smoother the surfaces, the lower the friction. Friction can be reduced by lubrication and by good 

design, (both preceding paragraphs from p. 49)
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Appendix C
Verbal Data for Hibbeler: Forces from Engineering Mechanics: Statics & Dynamics

Mass. Mass is a property of matter by which we can compare the action o f one body with that of 

another. This property manifests itself as a gravitational attraction between two bodies and pro

vides a quantitative measure of the resistance of matter to a change in velocity, (p. 4)

Force. In general, force is considered as a “push” or “pull” exerted by one body on another. This 

interaction can occur when there is direct contact between the bodies, such as a person pushing 

on a wall, or it can occur through a distance when the bodies are physically separated. Examples 

of the latter type include gravitational, electrical, and magnetic forces. In any case, a force is 

completely characterized by its magnitude, direction, and point of application, (p. 4)

Springs. If a linearly elastic spring is used for support, the length of the spring will change in 

direct proportion to the force acting on it. A characteristic that defines the “elasticity” of a spring 

is the spring constant or stiffness k. The magnitude o f force exerted on a  linearly elastic spring 

which has a stiffness k and is deformed (elongated or compressed) a distance s, measured from 

its unloaded position, is F = ks. Here s is determined from the difference in the spring’s deformed 

length and its undeformed length lo, i.e., s = 1 - lo. If s is positive, F “pulls” on the spring; 

whereas if s is negative, F must “push” on it. For example, the spring shown in Fig 3-1 has an 

undeformed length lo = 0.4m and stiffness k = 500 N/m. To stretch it so that 1 = 0.6m, a force F = 

ks = (500N/m) (0.6m - 0.4) = 100 N is needed, (both “Springs” paragraphs from p. 84)

112



Appendix D
Verbal Data for Hibbeler: Friction from Engineering Mechanics: Statics & Dynamics 

Characteristics of Dry Friction

Friction can be defined as a force of resistance acting on a body that prevents or retards slipping 

of the body relative to a second body or surface with which it is in contact. This force always 

acts tangent to the surface at points of contact with other bodies and is directed so as to oppose 

the possible or existing motion of the body relative to these points, (p. 393)

Theory of Dry Friction. The theory of dry friction is best explained by considering the effects 

caused by pulling horizontally on a block of uniform weight W which is resting on a rough hori

zontal surface, Fig. 8-la. To properly develop a full understanding of the nature of friction, it is 

necessary to consider the surfaces of contact to be nonrigid or deformable. The upper portion of 

the block, however, can be considered rigid. As shown on the free-body diagram of the block, 

Fig. 8-lb, the floor exerts a distribution of both normal force ANn and frictional force AFn along 

the contacting surface. For equilibrium, the normal forces must act upward to balance the block’s 

weight W, and the frictional forces act to the left to prevent the applied force P from moving the 

block to the right. Close examination of the contacting surfaces between the floor and block re

veals how these frictional and normal forces develop, Fig. 8-lc. It can be seen that many micro

scopic irregularities exist between the two surfaces and, as a result, reactive forces ARn are de

veloped at each of the protuberances. These forces act at all points of contact, and, as shown, 

each reactive forces contributes both a frictional component AFn and a normal component ANn. 

(p. 394)

Impending Motion...Experimentally, it has been determined that the limiting static frictional 

force Fs is directly proportional to the resultant normal force N. This may be expressed mathe

matically as Fs = psN  where the constant o f proportionality, ps (mu “sub” s), is called the coef

ficient ofstatic friction. Thus, when the block is on the verge o f  sliding, the normal force N and 

frictional force Fs combine to create a resultant Rs, Fig. 8-le. The angle 0 s  that Rs makes with 

N is called the angle o f  static friction, (p. 395)
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Appendix E 
Selected Verbal Analyses of Transitivity

Transitivity analysis: Oxford, by clause, paragraph 1____________ ______
1

- ~------r —> ---- -—I

To solve the ship problem

Mentalxognition Phenomenon

2 we must look at the forces on the ship (Fig. 1).

Sensor Mentakperception Phenomenon Circ: location

3 The weight, W, acts downwards.

Actor Material Circrmanner

4 That is the gravity force.

Token Identifying Value

5 The buoyancy force, B, acts upwards.

Actor Material Circ:manner

6 Since the ship is in equilibrium,

Carrier Attributive Attribute

7 the resultant force is zero,

Carrier Attributive Attribute

8 so the magnitudes of 
BandW

must be the same.

Carrier Attributive Attribute
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Transitivity analysis: Hibbeler: Forces, by clause, paragraph 3

1 I f a linearly elastic spring is used for support,

p Goal Material Circxause

2 the length of the spring will change in direct proportion to the force [acting 
on it].

Actor Material Circ:manner

3 A characteristic [that defines the 
"elasticity "] o f a spring

is the spring constant or stiffness k.

Carrier Attributive Attribute

... The magnitude of force [exertedon a linearly elastic spring]...

4 which has a stiffness k

Attribute:possess Attribute

5 and is deformed
(elongated or 
compressed)

a distance s,

P Material Range

6 measured from its unloaded position,

Material Circrmanner

7 The magnitude of force [exerted 
on a linearly elastic spring]...

...is [F = ks].

Value Identifying Token
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8 Here s is determined from the difference in the spring’s deformed 
length I and its undeformed length lo,

P Phenomenon Mental :cog C ire: manner

9 i.e., [s = l-loJ.

Math process

10 V s is positive,

Carrier Attributive Attribute

11 F “pulls” on the spring;

Actor Material Circ: location

12 whereas if s is negative,

Carrier Attributive Attribute

13 F must “'push ” on it.

Actor Material Cir: location

14 For exam
ple,

the spring [shown 
in Fig 3-1]

has an undeformed length [lo = 0.4m] and 
stiffness [k = 500 N/mJ.

Carrier Attributive Attribute

15 To stretch it

Material Goal

116



16 so that [I = 0.6m],

Math process

17 a force [F = ks = (500N/m) (0.6m 
-0.4) = IOON]

is needed.

P Phenomenon Mental: affect
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Appendix F 
Selected Verbal Analyses of Reference

Reference analysis: Oxford, paragraph 3
Clause Presuming

Item
Type of Reference Clause (participants bolded)

1 it cataphoric H is important

2 the cataphoric to pet the distinction between mass and weight absolutely clear.

3 the/an esphoric Mass is the quantity of matter in an object.

4 the / that cataphoric/
anaphoric

Weight is the force on that object due to eravitv.

5 Mass is measured in kilograms,

6 a whereas weight, being a force, is measured in newtons.

Reference analysis: Hibbeler: Forces, paragraph 1
Clause Presuming

Item
Type o f Reference Clause (participants bolded)

1 a Mass is a property of matter

2 we, the, that, 
another

exophoric, espho
ric, anaphoric x 2

bv which we can compare the action o f one bodv with that o f 
lilfilh£E-

3 this, itself, a bridging, ana
phoric x 2

This nronertv manifests itself as a gravitational attraction 
between two bodies

4 a. the, a esphoric and provides a quantitative measure of the resistance of mat
ter to a change in velocity.
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Appendix G 
Selected Verbal Analyses o f Lexical Relations

Lexical relations analysis: Garnet

Taxonomic Paragraph 1 Paragraph 2 Paragraph 3 Paragraph 4

Classification

co-hyponymy

class/sub-class • scalar value:
• coefficient of 

friction
• materials:

• rubber tyre, 
road, piston, 
cylinder

• friction:
• static, kinetic

• force:
• friction

• force:
• friction

contrast • highdow • move stationary • movement:standstill
• maintain:overcome

synonymy • coefficient o f 
friction:u

• coefficient o f 
friction:u

• N:normal force

• lowenreduced

repetition • friction x 2
• force x 2

• friction x 3
• force x 4

• object x 3
• friction x 3
• machine x 3
• materials x 2

• friction x 6
• force x 3
• object x 3

Composition

meronymy • coefficient o f  fric
tion:

• normal force 
N, force of 
resistance R

• static friction:
• direction, magni

tude (this compo
sition isn’t obvi
ous, though)

co-meronymy

Collocation

technical • coefficient o f  fric
tion, scalar value 

. N, R

• static friction force, 
coefficient o f  friction

• / s  = gsN, N, p

non-technical • tyre:road
• piston cylinder

• magnitude:force • speed:motion
• smoothenlubrication
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Lexical relations analysis: Hibbeler: Friction

Taxonomic Paragraph 1 Paragraph 2 Paragraph 3

Classification

co-hyponomy

class/sub-class

(general- 
specific OR 
kinds of)

• force o f resis
tance:

• friction

• friction:
• dry friction

• surface:
• contacting, floor

contrast • leffcright
• rigid:nonrigid

synonymy • prevent:retard • nonrigid:deformable
• uniform weight: W
• normal force: ANn
• frictional force: AFn
• applied force:P
• reactive force: ARn
• irregularities:protube 

ranees

• limiting static frictional force:Fs
• normal force:N
• resultant:R
• angle: 0 s
• constant o f proportionality:^ coefficient o f 

static friction

repetition • body x 5
• force x 2
• points x 2
• surface x 2
• relative x 2

• friction x 6
• block x 6
• surface x 5
• force x 9

• force x 4
• static friction x 3

Composition

meronymy 
(parts of)

• frictional forces: 
effects of mechanics, 
temperature, density, 
cleanliness, atomic 
attraction

• resultant: normal force, frictional force

co-meronymy

Collocation

technical • tangent • nonrigid, deform
able, distribution, 
free-body diagram

• limiting static frictional force, constant of pro
portionality, coefficient o f  static friction, angle 
o f static friction

• Fs = psN, ps, N, Fs, R

non-technical • equilibrium :balance
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Appendix H
Selected Intersemiotic Analyses of Intermodal Identification

Intermodal identification analysis: Garnet, by clause, paragraph 1
Clause Rank Type of intermodal identification Clause

1 element intensive: images show shape & texture of 
objects

possessive: images show additional parts of 
objects

circumstantial: image show location o f parts o f 
object

When two objects are in contact

2 and one object is moved past the other,

3 a  force is created

4 which resists the movement of the ob
jects:

5 it is called friction.

6 element possessive: image visualizes parts o f  a ma
chine

Friction occurs in all machines

7 and is usually considered detrimental to 
the machines’ efficiency,

8 but there are times

9 when it is required for the correct func
tioning o f a machine.

10 element intensive: image shows the nature o f the mate
rials (steel as hard and shiny, etc)

Although the effect that friction has on an 
engineering system depends on the nature 
o f the materials that are in contact,

11 certain facts are known

12 to be consistent for all materials.
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Intermodal identification analysis: Hibbeler: Frictioin, by clause, paragraph 2

Clause Rank Type of intermodal identification Clause

1 The theory of dry friction is best ex
plained

2 by considering the effects

3

configu
ration

language gloss: pulling horizontally identifies 
the visual’s arrow / uniform weight glosses the 
W in the text and in the visual

manner: image o f arrow shows that pulling is 
directed from the middle of the block, not from 
the top or bottom

caused by pulling horizontally on a block 
o f uniform weight W

4 element intensive: image shows texture o f verbal rough 
surface

language gloss: the visual’s label rough surface 
identifies the located participant

which is resting on a rough horizontal 
surface, Fig. 8 -la.

5 To properly develop a full understanding 
o f  the nature o f  friction,

6 it is necessary to consider

7 the surfaces o f  contact to be nonrigid or 
deformable.

8 The upper portion of the block, however, 
can be considered rigid.

9 language gloss: identifies the visual, Fig. 8-lb, 
as a free-body diagram

As shown on the free-body diagram of 
the block, Fig. 8-lb,

10 configu
ration

manner: the repeated arrows show the direction 
o f the exertion, that the exertion is even, the 
extent o f the distribution, its continuity

the floor exerts a distribution o f both 
normal force ANn and frictional force 
AFn along the contacting surface.

11 configu
ration

Cause: result: image o f upward arrows and 
downward arrows shows the result o f the lan
guage, which is the block not falling or tipping

For equilibrium, the normal forces must 
act upward,

12 to balance the block’s weight W

13 configu
ration

Cause: result: image o f left arrows and right 
arrows shows the result o f the language, which 
is the block not falling or tipping (can see that 
arrows counterbalance one another)

and the frictional forces act to the left

14 to prevent the applied force P

15 from moving the block to the right.

16 configu
ration

Causal: reason/condition: visual shows reason 
for development of the 2 forces is the bumpi
ness and contact

Close examination o f the contacting sur
faces between the floor and block reveals

17 how these frictional and normal forces 
develop, Fig. 8-lc.
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Clause Rank Type of intermodal identification Clause

18 element intensive: image shows the irregularities’ qual
ity: bumpiness and shape texture

It can be seen

19 that many microscopic irregularities exist 
between the two surfaces

20 configu
ration

Causal: manner: visual shows that reactive 
forces develop at same point along surface as 
frictional and normal forces

and, as a result, reactive forces ARn are 
developed at each o f the protuberances.

21 These forces act at all points o f contact,

22 configu
ration

Causal: reason: reactive forces contribute to 
frictional and normal because they develop in 
the same place as frictional and normal forces

and, as shown, each reactive force con
tributes to both a frictional component 
AFn and a normal component ANn.
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