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ABSTRACT 

This thesis reports a computational corpus study of textbooks used in high school 

science programs in Queensland, Australia. The central research issues concern: 

• how textbook authors deploy linguistic resources in representing scientific 

knowledge;  

• whether or not authors deploy linguistic resources differently across the 

disciplines of science, and for younger and older readers; and, 

• whether or not variation in the deployment of linguistic resources can be 

interpreted in terms of the processes and mechanisms for establishing reliable and 

valid scientific knowledge. 

 

The thesis first summarises theoretical debates concerning the nature and teaching 

of science. An extended discussion, in the form of a case study of Galileo's work on 

motion, is presented, along with examples of how the "Galileo story" has been revised 

and modified into popular and professional / educational imagination. This discussion 

draws out critical points about the relationships between science as an observational and 

empirical activity and science as an abstract and intellectual activity. This is contrasted 

with educational constructivist accounts of learning and pedagogy, and how 

constructivist pedagogy is influenced by constructivist accounts of the doing of science. 

The data collection and analysis methods are then described in detail. A variety of 

tagging and marking techniques relating to vocabulary, logical formation and 

connection words, and grammatical formations are used. These provide the bases for a 

variety of frequency and collocational analyses, which, in turn, feed into a series of 

multivariate analyses. 

After presenting a descriptive overview of the corpus of textbooks, the results are 

reported in four chapters. Each chapter considers one linguistic resource in turn: 
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vocabulary diversity, lexical organisation, words used to establish logical and structural 

formations, and grammatical organisation. These chapters show that there is systematic 

variation in authors' deployment of linguistic resources, and that variation with respect 

to one linguistic resource is associated with variation with respect to the others. In 

particular, when scientific knowledge is presented through elaboration, persuasion, and 

description, there is little or no underlying structure to the phenomena being discussed, 

or there are few or no underlying concepts to which authors can return as their 

discussions progress. Alternatively, when scientific knowledge is presented in terms of 

rules, statements, procedures, and arrangements, the content of a topic is structured 

around a small number of underlying and unifying concepts. The contrast is between a 

loosely structured science that is descriptive, factual and observational, and a highly 

structured science that is for the most part theoretical.  

Furthermore, authors' selectivity in their deployment of linguistic resources is 

associated with the major scientific disciplines. The suggestion is that the contents of 

Biology and Geology, with only a loose structure or no structure to the contents' 

underlying concepts, are presented through elaboration, persuasion, and description, 

whereas the contents of Physics and Chemistry, structured around a small number of 

underlying and unifying concepts, are presented in terms of rules, statements, 

procedures, and arrangements.  

The thesis concludes that what is missing in textbook accounts that embody naive 

empiricism is the discernment evident in Galileo's work: when, how and with what cost 

to "simplify" the experiential world, and how to add back to theoretical accounts the 

complexities of the experiential world. It is an understanding of these processes and the 

ways in which they can be displayed and developed in classrooms that could better 

inform the preparation of science teachers as well as laying a stronger base for high 

school programs.  
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1    INTRODUCTION 
 
 

Those things that are sacred are to be imparted only to sacred persons, and 
it is not lawful to import them to the profane until they have been initiated 
into the mysteries of the science. (Hippocrates, The Law, 400 BCE) 

 

For more than 2000 years there have been debates about the nature of the 

"mysteries" of science. The mysteries of science, as Hippocrates clearly knew, are not 

only or even primarily about the content of science. The real mysteries of science 

concern the processes whereby scientists establish the reliability and validity of 

scientific knowledge. That is, these debates are not so much concerned with knowledge 

per se, but rather with the mechanisms of knowledge construction, the limitations of 

these mechanisms, and whether or not these mechanisms are themselves reliable and 

valid.  

For more than 2000 years there have also been debates about the processes of 

"initiation" into the mysteries of science. Learning science in contemporary schools is 

obviously about knowing the content of science, but teaching the content is relatively 

straightforward. The focus of these debates is on the proper ways of showing students 

how to distinguish between experts' canonically known scientific knowledge, and 

commonsense, personal and idiosyncratic knowledge about natural phenomena; and, 

necessary for this ability to discern, the proper ways of getting students to understand 

and use the processes and mechanisms for turning what is known idiosyncratically into 

scientific knowledge.  

Thus, the debates over "initiation" have much in common with the debates over 

"mysteries". The question of how to teach processes and mechanisms depends to some 

extent on what the processes and mechanisms are. This thesis is framed around these 

overlapping questions concerning the "mysteries" of science and "initiation" into the 
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mysteries of science. It is concerned, first, with the epistemological question of how 

science sets about establishing the validity of its knowledge systems, and second, with 

the educational question of what epistemology is presented to students in contemporary 

classrooms and with what levels of adequacy.  

This thesis is also concerned with an investigation of an artefact of science that 

lies at the intersection of these two areas - the science textbook. Textbooks play an 

important role in science education despite attempts by some science educators to 

minimise their influence (Graesser, León & Otero, 2002). Textbooks are vehicles for the 

presentation of scientific knowledge. Thus they form an important resource for students 

and teachers: they convey intellectual ideas accumulated over thousands of years of 

scientific endeavours; they disseminate and to some extent popularise information 

generated by scientific communities; and they support the construction of students' 

knowledge through explanation, argumentation, persuasion and so forth. These 

processes are about what is known, but they are also about how we know what is 

known. Textbooks, then, are a window into an "epistemic culture" (Knorr-Cetina, 1999) 

of science, a culture that creates knowledge and establishes ways of determining the 

reliability and validity of that knowledge. This thesis is not so much an investigation 

into textbooks per se, but rather an investigation into the epistemic machinery of science 

as it is presented in textbooks.  

Investigations of these issues are pursued using computational linguistic methods. 

Conceptually simple linguistic resources such as vocabulary and grammar are measured 

in terms of frequencies of occurrence and co-occurrence. The frequency counts of 

themselves do not necessarily have anything to do with epistemological questions. 

However, through an examination of particular configurations of linguistic features, it 

will be shown that textbook authors' preferences for or assumptions concerning 

science's epistemological frameworks can be revealed. 
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In sum, this thesis is concerned with:  

• scientists' methods of analysis and synthesis; and, 

• the adequacy of the methods of analysis and synthesis proposed by the 

contemporary science education community. 

A discussion of these concerns provides a framework within which to ask the following 

empirical questions: 

• How do textbook authors deploy linguistic resources in representing scientific 

knowledge?  

• Do textbook authors deploy linguistic resources differently when presenting 

scientific knowledge to younger and older readers, and when presenting scientific 

knowledge within the major disciplines of science? 

The following methodological questions are also implicated: 

• Can the deployment of linguistic resources and, more particularly, variations in 

the deployment of linguistic resources be interpreted in terms of varying 

conceptions of science's method of analysis and synthesis? 

• If so, what methods are revealed? 

 

1.1 Importance of the research questions 

Ensuring a scientifically literate citizenry has been a goal of science education 

throughout much of the 20th century (DeBoar, 2000). There are two related but distinct 

ways in which scientific literacy is understood. First, following Norris and Phillips 

(2003), in its fundamental sense, scientific literacy means reading and writing science; 

and second, in its derived sense, scientific literacy means being knowledgeable and 

educated in science. 

With respect to scientific literacy in its fundamental sense, there is a growing 

awareness among both the literacy education and the science education communities of 
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the importance of literacy education across the curriculum, but, because of the 

specialised ways language is deployed in the content areas, the responsibility for 

literacy education is the responsibility of the content area teachers. However, there are 

varying degrees of explicit awareness among science educators of the specialised ways 

in which language is used in science, of the sorts of literacy problems science students 

might face, and of what a literacy program in science might entail (Yore, Bisanz & 

Hand, 2003). Linguistic analyses of scientific discourse and science textbooks show 

how certain distinctive linguistic devices are used to represent science (Halliday, 1998; 

Martin, 1990; Veel, 1998; Wignell, 1998; Wignell, Martin & Eggins, 1993). These 

linguistic analyses also point to a problem with textbooks, especially more recent 

textbooks: In attempting to make science more accessible, textbooks dilute and simplify 

the scientific discourse, and as consequence, they dilute and simplify the science. 

Nevertheless, teachers rely heavily on textbooks as teaching resources. Textbooks do 

not necessarily govern, but they do shape the way science is taught in that they detail 

the sequencing and means for teaching concepts (Donahue, 2000; Harrison, 2001). 

Textbooks are also important resources for scientific literacy in its fundamental sense 

because they are one of the few readily available examples in science classrooms of 

discourse that is taken to be, formally, scientific. 

Understanding how to use the language of science is an important part of learning 

to read and write in and about science, and knowing these features of scientific 

discourse is necessary for participating in the practices of science. Reading and writing 

science, however, are not merely about reporting and communicating the content of 

science (Reveles, Cordova & Kelly, 2004). Being scientifically literate in Norris and 

Phillips' (2003) derived sense is knowing how to do science and how science is done. 

Once again, textbooks are an important resource for scientific literacy in its derived 

sense. In addition to conveying knowledge, they convey, sometimes explicitly, but more 
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often implicitly, an epistemic dimension. Thus textbooks play an important socialising 

role into science's epistemic culture (Kalmus, 2004). This thesis aims to contribute to 

these debates by documenting the nature of science's epistemic culture as it is presented 

in one important resource for teachers and students. 

This thesis also aims to contribute to the debate concerning the influence of 

constructivism in science education. For 25 years constructivism has been of interest to 

educational researchers and theorists, but these interests have largely remained in the 

academic literature with some incorporation into science teacher education programs. 

Recently, however, constructivism has been written into curriculum and syllabus 

guidelines, and thus the debate over constructivism has taken on more urgency. 

Constructivism as educational policy has implications for the way in which science is 

taught because it incorporates a theory of learning, a pedagogical theory, and a 

curriculum development theory, but also, constructivism has a significant 

epistemological component, and thus there are implications for what constructivism 

does to science in schools, which in turn has implications for the meaning of scientific 

literacy. These implications are critically evaluated in terms of this thesis's concerns 

with the nature and teaching of science. 

 

1.2 Overview of the thesis 

Chapter 2 provides a theoretical framework for the remainder of the thesis. Taking 

the form of a review of literature, it presents an argument that, in any accounting of the 

nature of science, there is a need to distinguish between a role for empiricism (the 

notion that scientific knowledge originates with observation and generalisations drawn 

from empirical data) and a role for thought and reasoning (or as it is referred to in 

Chapter 2 – idealisation – the notion the scientific knowledge develops out of the 

manipulation of a symbolic or an ideal world that only ever resides in the mind of the 
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scientist and can never be exactly realised in the experiential world) in the development 

of scientific knowledge. The first section focuses on an episode in science - that of 

Galileo's analysis of motion. There is a consensus in the literature that Galileo's methods 

of analysis represented a break with the past, but much of the popular literature on 

Galileo fails to recognise a role for thought and reason, and instead assumes that the 

science ushered in by Galileo was founded on empiricism. This section turns that 

assumption on its head, and argues that thought and reasoning lie at the foundation of 

science. Empiricism enters the picture to determine the limitations and areas of 

application of scientific theories, but it enters after the application of thought and 

reasoning.  

The second section turns to a consideration of science education to argue that 

constructivism, the currently dominant paradigm for science education, similarly posits 

empiricism as the foundation of science, and thus presents a distorted view of the nature 

of science to students. The purpose of Chapter 2 is to create a space for considering the 

role that theory, as distinct from empiricism, plays in the development and 

representation of scientific knowledge. 

Chapter 3 outlines the procedures and methods used in the analysis of the corpus 

of textbooks. Following an outline on the selection of the sample of texts, there is 

discussion of the linguistic resources required in subsequent analyses. These analyses 

are in terms of frequency counts of words, collocations, and grammatical features, and 

so this discussion presents definitions of these linguistic resources and describes how 

the corpus was manipulated so that the required frequency counts could be obtained. 

The final section outlines the ways in which the frequency counts were employed in the 

subsequent analyses.  

Chapter 4 presents a general descriptive overview of the characteristics of the 

corpus of textbooks with a focus on word frequency distributions. It provides a 
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comparison of the characteristics of the science corpus's distribution with the 

characteristics of the distributions for a selection of other corpuses. It develops the 

argument that, at this general and descriptive level, there is nothing significantly 

distinctive about the corpus. The chapter provides some justification for using the same 

sorts of explanations to account for points of similarity and contrasts that arise within 

and across the subsequent analyses. 

Chapters 5 to 8 address the central research questions. Each chapter takes one of 

the linguistic resources discussed in Chapter 3. The following describes the resources 

under consideration in each chapter: 

• Chapter 5 considers a transformed average rate of appearance for words, 

interpreted as vocabulary diversity. The chapter makes no distinctions concerning 

grammatical functions or meanings of words.  

• Chapter 6 considers the content. All grammatical and syntactic structures are 

removed from consideration, and content is interpreted as groups of words that 

repeatedly appear in each other's textual environments. That is, this chapter 

focuses on frequencies of collocation. 

• Chapter 7 focuses on a small group of high frequency words that function to 

establish and to organise major structural relationships among vocabulary items.  

• Chapter 8 focuses on grammar. The meaning of words is set aside, and instead the 

focus is on the grammatical function of words, and so this chapter considers 

frequencies of grammatical tags. 

 

These analyses show that there is systematic variation in authors' deployment of 

linguistic resources, and furthermore, that the variation can be interpreted in terms of a 

theoretical focus versus a descriptive, factual and empirical focus. Each chapter follows 

a similar layout. Each includes a discussion of the linguistic resource under 
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consideration and how variations in the deployment of the linguistic resource are 

interpreted. Included in these chapters are discussions on the grouping of the chapters of 

the corpus according to their profiles across dimensions of a given linguistic resource, 

and on the extent to which a given grouping aligns with other groupings. As the 

chapters progress through the linguistic resources, they progressively layer the 

resources, so that at the end of Chapter 8, all four resources are considered 

simultaneously.  

Chapter 9 provides a summary and discussion of the findings of the study, an 

exploration of the significance of the study's findings, and a discussion of potential 

directions for further research. 
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2    METHODS OF ANALYSIS AND SYNTHESIS IN SCIENCE 
            A Literature Review 
 
 

This thesis is framed around two overlapping areas of scholarship that have as 

their focus the question of how scientific knowledge is established. The first section of 

this chapter presents a discussion of the first of these - scientists' methods of analysis 

and synthesis. It explores the tensions between two methodologies of science, an 

empiricist methodology and a methodology based on idealisation, to argue that a 

methodology of science needs to take account of both. The second section turns to 

science education to argue that the current paradigm for teaching and learning in 

science, constructivism, despite its claims to have rejected empiricism, may be doing 

science education a disservice because of its core advocacy of what is essentially an 

empiricist methodology. 

There is consensus among scholars (e.g., Kanari & Millar, 2004; Lawson, 2002; 

Lubben & Millar, 1996; Ryder & Leach, 2000) that students learn science best when 

they are engaged in authentic scientific activities. Also, there is consensus among 

scholars (e.g., DeBoar, 2000; Oliver, Jackson, Chun & Kemp, 2001; Roth & Barton, 

2004; Wallace, 2004; Yore, Bisanz & Hand, 2003) that one of the goals of science 

education should be the establishment of a scientifically literate citizenry so that people 

can make informed decisions concerning issues involving science, technology, society 

and the environment. However, the tendency of popular stories about science and 

scientists to portray science as an enterprise committed to empiricism, and the tendency 

of much of science education to be similarly committed to an empiricist methodology, 

limits the possibilities of educators, students and the scientifically literate, at best, to 

only one aspect of science's methods, and at worst, to a distorted view of the nature of 

science when they are engaged in decision making or authentic scientific activities. This 
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chapter, distinguishing between an empiricist methodology and a methodology based on 

idealisation, presents an argument that idealisation has an important role to play in the 

development of scientific theories, and that an understanding of idealisation, empiricism 

and how the two are intricately interwoven is important for science education.  

 

2.1 Methodology of science: A case study 

When Kuhn asked the rhetorical question: "How could history of science fail to be 

a source of phenomena to which theories about knowledge may legitimately be asked to 

apply?" (1970, p. 9), he was arguing the case that the epistemology of science should be 

informed by the history of science. This approach has a distinguished heritage: Bacon in 

the 17th century, Kant in the 18th century, Whewell in the 19th century, and Popper in 

the 20th century, all articulated their theories of knowledge by turning to the new 

science of Galileo. But such a historicised epistemology is not without its problems. 

Almost any philosophical position can be substantiated with a sufficiently thorough 

search of historical documents, and history in turn is reconstructed to suit the 

philosophical position currently advocated (Matthews, 2004; Matthews, Gauld & 

Stinner, 2004; Suchting, 1995). Nevertheless, Matthews and his colleagues argued that 

epistemological lessons can, with caution, be drawn by focussing on an episode of 

science that all can agree as being representative of science. There is consensus in the 

popular and academic literature that the methods employed by Galileo in the analysis of 

motion represented a break with the past and set natural philosophy on a path towards 

becoming scientific. Galileo's analysis of motion, then, is a particularly apt window 

through which to view the essence of scientific methodology.  

This section draws on the historical and philosophical literature relating to 

Galileo's development of a theory of motion. The discussion begins by examining 

assumptions of popular stories told about Galileo in order to dismiss some of the myths 
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surrounding Galileo's methods. The discussion then moves to a closer examination of 

Galileo's methods of analysis and synthesis to explore the roles that idealisation and 

experimentation play in the methods of science. 

 

2.1.1 Problems with the Galileo story 

Popular stories about Galileo state that the basis for Galileo's method of analysis 

was an observational and experimental methodology, and moreover, that Galileo was 

the first to exploit such a methodology. While they acclaim Galileo's methods, they are 

often critical of the non-observational methods supposedly used by Galileo's 

predecessors, in particular, Aristotle. For instance, in their science textbook, Stannard 

and Williamson related the following story concerning Galileo's discovery of the law of 

isochronic pendulum motion and the law of motion of freely falling objects: 

One of the very first scientists to rely on observation and measurement in 
experiments was Galileo Galilei. One of Galileo's first scientific discoveries was 
made using pendulums. Galileo's work on pendulums began after he had observed 
a lamp swinging in the cathedral at Pisa in 1582. He noticed that the wind coming 
through the window was making it swing. He also noticed other lamps swinging. 
Some were larger and some were smaller. Some were on short wires and some on 
long wires. He noticed that some of the small lamps and some of the large lamps 
were swinging in the same time. ... Some time after seeing the swinging lamps in 
the cathedral, Galileo designed a pendulum to investigate how different masses 
swing. ... He used strings and round weights as pendulums. He used his pulse rate 
to measure time. ... He found that the pendulum took the same time to swing, no 
matter how heavy or light it was (provided that the string was the same length). ... 
He then made another prediction that all things fall to earth at the same speed, no 
matter how heavy they are. ... People had always believed that heavy objects fall 
to earth quickly, and light objects fall slowly. The Greek philosopher Aristotle had 
said this in 380 BC, and people up to Galileo's time had believed him. However, 
Aristotle had never done any experiments on this problem! ... [Galileo] set up 
many experiments. He supposedly dropped one large cannon ball and a tiny 
musket ball from the Leaning Tower of Pisa. We are not sure whether he did or 
not. But the story says that both balls hit the ground at the same time. (1985, pp. 
10, 12) 

 

Such stories are common in secondary school science textbooks. The Galileo 

story is perhaps better known than most, but other examples could have been selected: 

Harvey's discovery of blood circulation undoing misconceptions of Galen; Hutton's and 
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Smith's observations of fossils in sedimentary rocks, undoing ancient Greek and 

Biblical misconceptions concerning fossil formation; Lavoisier's observations and 

measurements of burning metals, undoing misconceptions associated with phlogiston 

theory. Such stories seem plausible to many readers, and typically they focus on a 

scientist who single-handedly contributed to the development of science by promoting a 

theory that was contrary to a long-established, well-entrenched but false theory (Milne, 

1998).  

It is not only textbooks that perpetuate these stories. The stories gain credibility 

when distinguished scientists invoke various versions. For instance, John Gribbin in 

Science: A history wrote the pendulum story as: 

It is almost certain that at this time that Galileo became mesmerized by the slow, 
steady swing of a chandelier in the cathedral during a rather dull sermon and, for 
want of anything better to do, timed the swing of the pendulum as the arc the 
chandelier moved over gradually decreased, using his pulse. This led him to 
discover that the pendulum always took the same time to complete one swing, 
whether it was swinging over a short arc or a long arc. (2002, p. 75) 

Bertrand Russell allowed himself some latitude in telling the Tower-of-Pisa story in The 

scientific outlook: 

[Galileo] would amuse himself by arranging occasions which would make his 
colleagues look silly. ... he went up to the top of the Leaning Tower of Pisa one 
morning with a ten-pound shot and a one-pound shot, and just as the professors 
were proceeding with leisurely dignity to their respective lecture-rooms in the 
presence of their pupils, he attracted their attention and dropped the two weights 
from the top of the tower to their feet. The two weights arrived practically 
simultaneously. The professors, however, maintained that their eyes must have 
deceived them, since it was impossible that Aristotle could be in error. ... but 
neither he nor his successors throughout nearly two thousand years had taken the 
trouble to find out whether what he said was true. (1931, pp. 24-26) 

 

Textbook authors and popular science writers, in an effort to make science 

available for public consumption, appear to be merely telling a story. Their stories 

explain science in clear and accessible terms, thus making the results of science 

available to audiences outside scientific specialisms. However, in constructing an image 

of science for public consumption, these authors assume a method of science; an 
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assumption that goes unchallenged in the stories but one which has been challenged on 

historical grounds. 

First, there is little historical evidence to support the credibility of the details 

contained in the stories of the Tower observations or the chandelier observations (Hall, 

1978; Moody, 1951a). Second, characterising Aristotle as a non-observer is simplistic. 

Butterfield (1951) argued that Aristotle's theory of motion was an "intricate dovetailing 

of observation and explanation" (p. 3). Similarly, Koyré argued that: 

Aristotelian physics is a very thoroughly thought out, and very coherent, body of 
theoretical knowledge, which, besides having a very deep philosophical 
foundation, is ... in pretty good accordance – a much better one, indeed, than the 
Galilean – with the experience, at least with the commonsense experience, of our 
everyday life. (1943a, p. 338) 

Galileo himself understood that observation was at the foundation of Aristotelian 

natural philosophy. In his Dialogue concerning two new sciences (1638/1954), it was 

Simplicio, the spokesperson for the Aristotelians, who defended the observational 

methods of Aristotle. Clearly, Aristotle was an observer. It was experimentation, 

however, that had no part to play in Aristotle's system. Aristotle viewed 

experimentation, in the sense of testing, with distrust because all that was revealed in a 

test was how objects behaved in the test rather than how objects behaved in nature, and 

thus testing, by constraining nature, was unnatural and of little use to natural philosophy 

(Ede & Cormack, 2004).  

Third, to link the discovery of a law to the moment of observation collapses 

Galileo's achievements to that one moment. It ignores the development of his ideas; 

both the departure of his thought from medieval Aristotelianism (Moody, 1951a) and 

the development of his ideas after he had rejected medieval Aristotelianism (Naylor, 

1977a, 2003). Furthermore, linking a discovery to the moment of observation introduces 

a profound paradox. The pendulum had been an object of study before Galileo. For 

instance, during the 13th and 14th centuries, University of Paris philosophers, Jean 
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Buridan and Nicole Oresme, recruited the pendulum in their development of the theory 

of impetus (Hall, 1978), yet they failed to observe what Galileo observed about 

pendulums. As Matthews argued, what was supposedly so obvious to Galileo at the 

moment of observation was not obvious to "one of the greatest observers of all time, 

Leonardo da Vinci, [who] had long looked at pendulums" (1993, p. 366). 

Fourth, the claims that Galileo was responsible for the birth of modern science, 

that Galileo was the first to use an observational and experimental methodology, and 

that for a timeframe of two millennia there were no significant scientific achievements, 

collapse the contributions of many scholars to just one person, and exaggerate the 

distinctions between the new science and medieval science. Historians have argued that 

there were significant achievements in the development of a theory of motion before 

Galileo, and that the demarcation between the new science and medieval science is not 

as marked as it might appear in the stories. For instance, during the 6th century, John 

Philoponus questioned Aristotle's unsatisfactory answer to the problem of projectile 

motion,1 and in doing so developed a theory of impetus by appealing to the same kinds 

of experiments that, according to the stories, were first carried out by Galileo two 

millennia later (Wildberg, 2003). The theory of impetus, a decisive step towards the 

modern theory of motion based on the notion of inertia, was fully developed during the 

13th and 14th centuries by University of Paris philosophers including Buridan and 

Oresme (Clagett, 1959). At the same time, the Mertonians (Fellows of Merton College 

at Oxford, including John Dumbleton, William of Heytesbury, and Richard Suiseth), in 

their attempts to quantify uniformly accelerated motion, developed the notion of 

                                                 
1 Aristotle argued that whenever there is "forced" or "un-natural" motion, there must be something that 
causes the motion, a mover, and that the mover and moved must be in contact (e.g., an ox pulling an 
oxcart). In the case of a projectile (e.g., a person throwing a spear), the person (the mover) and the spear 
(the moved) are clearly not in contact once the spear has left the person's hand, yet the spear continues for 
a time with its upward and thus "un-natural" motion. To overcome this difficulty, Aristotle supposed that 
the projectile's motion displaced the air in front of it which then rushed around the projectile to push it 
from behind, thus keeping mover and moved in contact (Aristotle, 1996, pp. 229-230). Philoponus 
proposed instead that the mover impressed a force on the moved which keeps it moving until the 
impressed force is exhausted or overcome by the weight of the moved (Wildberg, 2003).  
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instantaneous velocity and the mean speed rule (i.e., distance = average speed X time) 

(Weisheipl, 1959), mathematically proved the law for uniformly accelerated motion 

(i.e., s = ½ a t2) (Moody, 1951b), and in Paris, Oresme applied graphical methods to the 

analysis of motion2 (Clagett, 1959). These philosophers paved the way for Galileo by 

demonstrating that explanations for physical phenomena could be found in 

mathematical formulations far removed from the immediately observable (Crombie, 

1961). 

It would be difficult to argue that Gribbin and Russell are somehow deficient in 

intellect or scholarship. The fact that eminent scientists repeat these stories indicates 

that they have accepted the authority of a traditional understanding of science's origins, 

probably lessons absorbed during their own professional socialisation (Lessl, 1999). Yet 

these are no ordinary misconceptions. The pervasiveness of the story suggests that 

textbook authors and popular science writers see some value in passing on the story. 

The story may have value because it constructs the origins of science in a way that 

makes it appear to have arisen as a fully functioning human enterprise, independent of 

other human endeavours and independent of the social and cultural contexts within 

which it is generated, and thus ensuring its autonomy will be respected by outsiders and 

by those about to be initiated into its mysteries (Lessl, 1999; Mellor, 2003). The lessons 

to be learned from these stories are that true scientific knowledge cannot be suppressed, 

that science will, against all odds, uncover the truth, and that science does this by 

deploying an observational and experimental methodology (Allchin, 2002; Dagher & 

Ford, 2005; Lessl, 1999; Mellor, 2003; Milne, 1998). By privileging an observational 

and experimental methodology, the storytellers unproblematically support an 

                                                 
2 Oresme's representation was similar to modern representations (Clagett, 1959). Time was represented by 
a horizontal straight line. Velocity at each instant was represented by a perpendicular raised at a 
corresponding point on the horizontal. The height of the perpendicular represented the intensity or 
"quality" of the velocity, and the area of the figure, equivalent to the distance covered, was its "quantity". 
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epistemological assumption: that scientific knowledge is generated through an 

observational and experimental methodology, which in turn guarantees its validity. 

That this assumption might not hold can be demonstrated with reference to the 

pendulum experiment referred to in two of the stories above. In Two new sciences, 

Galileo described a pendulum experiment: 

Attach to two threads of equal length – say four or five yards – two equal leaden 
balls and suspend them from the ceiling; now pull them aside from the 
perpendicular, the one through 80 or more degrees, the other through not more 
than four or five degrees; so that, when set free, the one falls, passes through the 
perpendicular, and describes large but slowly decreasing arcs of 160, 150, 140 
degrees, etc.; the other swinging through small and also slowly diminishing arcs 
of 10, 8, 6, degrees, etc. ... if two persons start to count the vibrations, the one the 
large, the other the small, they will discover that after counting tens and even 
hundreds they will not differ by a single vibration, not even by a fraction of one. 
(1638/1954, pp. 254-255) 

In this experiment, Galileo asserted that while the angles of amplitude decreased the 

frequencies did not differ even if the amplitudes differed by a factor of 10 or more. Not 

only did Galileo claim agreement, he appears to have claimed almost total agreement. 

This is a straight-forward experiment to set up in school classrooms, yet any 

student or teacher who has attempted to replicate it notices that, over the course of only 

a few swings, the two pendulums move out of synchronism, thus contradicting the law 

of isochronic pendulum motion. Historians (for instance, Erlichson, 1994; MacLachlan, 

1976; Naylor, 1974) have replicated Galileo's pendulum experiment under more 

controlled conditions than are possible in school laboratories, but again, the two 

pendulums move out of synchronism after a few swings. When Galileo's Aristotelian 

contemporaries and successors, Guidobaldo del Monte, Marin Mersenne, and 

Giambattisa Riccioli, tested Galileo's assertions regarding pendulums, they not 

unreasonably argued that, at best, the results were inconclusive, and at worst, that they 

could not replicate Galileo's claims (Butterfield, 1951; Koyré, 1953; Matthews, 1993, 

2004; Naylor, 2003). 
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From the perspective of modern physics, pendulums are only approximately 

isochronic and the approximation holds for small amplitudes only. The expression for 

the period of a pendulum (T - the time to complete one swing) of length L is given by 

the infinite series: 

( ) ( ) ( )
2 2 2

2 4 6
2 2 2

2 1 1 3 1 3 5T L 1 sin sin sin ...
2 2 4 2 4 6g

θ θ θ
⎡ ⎤⋅ ⋅ ⋅⎛ ⎞ ⎛ ⎞ ⎛ ⎞= + + +⎢ ⎥⎜ ⎟ ⎜ ⎟ ⎜ ⎟⋅ ⋅ ⋅⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

π
+  

where θ is the amplitude measured in radians (Synge & Griffith, 1959, p. 334).  

If the term in the brackets is ignored (i.e., assuming that the period is independent of the 

amplitude), the resultant underestimation is minimal for small amplitudes. For an 

amplitude of 100, the period is underestimated by 0.2%. For the larger amplitudes 

mentioned by Galileo, there is a significant underestimation. For an amplitude of 800, 

the period is underestimated by nearly 14%. This would have been obvious in Galileo's 

experiment because, as Giulini (2000) calculated, the two pendulums would have been 

travelling in opposite directions after four swings. The suggestion is that it would have 

been impossible for Galileo to observe isochrony over the range of amplitudes stated in 

the above quote. 

Historians have agreed with the storytellers that Galileo observed many 

pendulums. Some (e.g., Erlichson, 1994; Naylor, 1977b, 2003) argued that perhaps 

Galileo did not perform all of the experiments as set out in Two new sciences, or that he 

observed isochronism for small amplitude pendulums and then extrapolated the claim 

for isochronism to large amplitude pendulums. Hill (1994) argued, however, that among 

Galileo's unpublished working notes, there is evidence to suggest that Galileo was 

indeed aware that pendulums are not isochronous. There is also evidence from Two new 

sciences. The final phrase in the quote above ("not even by a fraction of one"), taken 

from a standard English translation of Galileo's original Italian, led to the conclusion 

that Galileo was claiming almost total agreement between the two counters. Drake 

 Methods of analysis and synthesis in science 17



(1975) claimed that all translations known to him, except for a Latin translation, but 

including his own, lead to a similar conclusion. However, Drake has since modified his 

translation of the last phrase. He argued that anzi d'un sol punto should have been 

translated as "or rather, by one count alone" (1975, p. 94).3  

Clearly, the assumptions underlying the Galileo stories are misleadingly simple. 

The claim for isochronism does not agree with observation. Thus, to posit an 

observational methodology as the epistemological foundation for an analysis of 

pendulum motion would have led to the rejection of the law of isochronic pendulum 

motion. Given that on other occasions Galileo argued for the law even though in all 

likelihood he knew that the law would not hold up to observation, and that the law 

continues to be stated in school textbooks, the law somehow retains validity. If its 

validity cannot be established through observation, an alternative methodology must 

have been deployed by Galileo. 

 

2.1.2 Galileo's methods of analysis and synthesis 

In his published works, Galileo did not enter into an extended discussion of the 

methodology he employed, although he did from time to time provide hints. In one 

passage Galileo acknowledged that the experiential world and his theoretical world do 

not necessarily correspond. In Two new sciences, immediately after Galileo established 

the law of projectile motion, Simplicio, the spokesperson for the Aristotelians, made the 

complaint: 

I do not see how it is possible to avoid the resistance of the medium which must 
destroy the uniformity of the horizontal motion and change the law of acceleration 
of falling bodies. These various difficulties render it highly improbable that a 
result derived from such unreliable hypotheses should hold true in practice. 
(1638/1954, p. 251) 

                                                 
3 MacLachlan's (1976) reconstruction of Galileo's experiment supported this interpretation. He had two 
people count the number of swings for two pendulums, one with an amplitude of 100 and the other with 
an amplitude of 800. A count of "19" for the small amplitude pendulum coincided with a count of "20" for 
the large amplitude pendulum, but thereafter, the increase in divergence between the two counts 
diminished rapidly so that when one counter said "100", the other counter had not yet said "102". 
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to which Salviati, Galileo's spokesperson, agreed: 

All these difficulties and objections which you urge are so well founded that it is 
impossible to remove them; and, as for me, I am ready to admit them all ... I grant 
that these conclusions proved in the abstract will be different when applied in the 
concrete and will be fallacious to this context, that neither will the horizontal 
motion be uniform nor the natural acceleration be in the ratio assumed, nor the 
path of the projectile a parabola. (1638/1954, p. 251) 

Having conceded that the theoretically derived law of projectile motion does not apply 

in the experiential world, Galileo appealed for some allowances. He argued, in the case 

of air resistance, that it would be impossible for a law of projectile motion to account 

for all of the effects of air resistance: 

As for the perturbation arising from the resistance of the medium this is more 
considerable and does not, on account of its manifold forms, submit to fixed laws 
and exact descriptions. Thus if we consider only the resistance which the air offers 
to the motion studied by us, we shall see that it disturbs them all and disturbs them 
in an infinite variety of ways corresponding to the infinite variety in the form, 
weight, and velocity of the projectiles. ... Of these properties of weight, of 
velocity, and also of form, infinite in number, it is not possible to give any exact 
description; hence, in order to handle this matter in a scientific way, it is necessary 
to cut loose from these difficulties; and having discovered and demonstrated 
theorems, in the case of no resistance, to use them and apply them with such 
limitations as experience will teach. (1638/1954, pp. 252-253) 

One of the "limitations as experience will teach", he demonstrated, is that the effect of 

air resistance for a range of everyday projectile motions such as arrows shot by bows is 

negligible: "it follows that we may, without sensible error, regard as absolutely true 

those propositions [about projectile motion]" (1638/1954, p. 254), and it is only with 

respect to some extreme cases, such as bullets shot by firearms, that the discrepancy 

between the law and the experiential world becomes too large to be ignored. 

A key implication of these accounts for this thesis is that Galileo's theories of 

motion were worked out in an idealised world. He agreed with the Aristotelians who 

argued that a world in which there was no air resistance could not be realised, and as a 

consequence, air resistance is necessarily a retarding factor in all motion. He argued, 

though, that to take account of air resistance would make the analysis of projectile 

motion intractable, and so he deliberately ignored the effects of air resistance. Indeed, 
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there are many examples of Galileo ignoring factors that operate causally in the 

experiential world; for instance, his theories of motion on inclined planes ignored the 

retarding effects of friction, or his theory of pendulum motion ignored the retarding 

effects of friction at the point of suspension of a pendulum.  

Galileo's accomplishment was to distinguish between theoretical objects that are 

manipulated through thought and mathematical reasoning, and the objects of the 

experiential world that are manipulated via experimentation. Galileo's theoretical 

pendulum, for instance, is one where the bob consists of a point mass and the string is 

rigid and has no mass, where there is no friction between the string and point of 

suspension and no air resistance to impede the bob or string (Matthews, 1992, 1993). 

Galileo's theoretical pendulum cannot be realised in the experiential world, but it is a 

much simpler thing than experiential-world pendulums and thus more amenable to 

theoretical and mathematical manipulation. 

Galileo's Aristotelian contemporaries, however, were not convinced that his 

idealisations and the theories derived from them had practical applicability. They argued 

that while Galileo's mathematically constructed theoretical world might have 

demonstrated his mathematical accomplishments, it could not be counted as science. 

One of Galileo's most significant opponents, Guidobaldo del Monte, was critical of 

Galileo's method of idealising from the experiential world: 

Thus, there are found some keen mathematicians of our time who assert that 
mechanics may be considered either mathematically, removed from physical 
considerations, or else physically. As, at any time, mechanics could be considered 
apart from either geometrical demonstrations or actual motion! Surely when that 
distinction is made, it seems to me (to deal gently with them) that all they 
accomplish by putting themselves forth alternately as physicists and as 
mathematicians is simply that they fall between stools, as the saying goes. For 
mechanics can no longer be mechanics when it is abstracted and separated from 
machines. (cited in Matthews, 2004, p. 693) 

It was not the application of theory and mathematics to practical situations that del 

Monte was criticising. Medieval Aristotelianism had long given up Aristotle's 
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prohibition on the manipulation of nature (that is, experimentation) and the mixing of 

mathematics and science (Clagett, 1948; Crombie, 1953, 1961). Rather, del Monte was 

criticising the notion that mechanics could be separated from machines, that theory 

could be separated from practical applicability. Del Monte's approach to theoretical 

mechanics was premised on the notion that theory and practice must coincide: 

before I have written anything about mechanics I have never (in order to avoid 
errors) wanted to determine anything, be it as little as it may, if I have not first 
seen by an effect that the experience confronts itself precisely with the 
demonstration. (cited in Renn, Damerow & Reiger, 2000, p. 339) 

This was the basis for medieval Aristotelians' criticism of Galileo's treatment of motion. 

Medieval Aristotelianism remained committed to the core Aristotelian principle that 

science is about the world as experienced, not an idealised world.  

At this point in the discussion, it would seem that science could follow one of two 

paths. On the one hand, it could have followed the medieval Aristotelians and given up 

the search for simple laws and instead developed theories applicable to the experiential 

world which in turn meant that the theories had to take account of all the complexity of 

the experiential world. On the other hand, science could have ignored the experiential 

world and instead adopted Platonic principles in which reason had priority over 

practical experiences, and it was conceded that matter did not follow mathematical 

formulations (Koyré, 1943b). Galileo, however, employed a methodology that followed 

a middle path. Mathematical reasoning retained its priority in the development of 

theories, but experimentation also had a crucial role to play but only after the theoretical 

models had been developed (McMullin, 1985; Nola, 2004; Nowak, 1994). The function 

of experimentation was to test and to determine the limitations of idealised theories. In 

this sense, Galileo's science was about the experiential world. 

The purpose of idealisation was to remove secondary causal effects that would 

otherwise introduce intractable complexities. Koertge (1977) discussed Galileo's 

development of a number of ways for dealing with secondary causal effects. In his early 
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publications, Galileo saw no problem with grounding a mathematical science on 

experience, but, because of discrepancies between theory and experiment, his first 

solution was simply to ignore secondary effects. This was Galileo at his most Platonic, 

but he soon developed more sophisticated means for dealing with secondary effects. 

In some situations secondary effects could be removed or at least reduced by 

experimental means. For instance, in Two new sciences, Galileo described an 

experimental setup: 

A piece of wooden moulding ... was taken; on its edge was cut a channel a little 
more than one finger in breadth; having made this groove very straight, smooth, 
and polished, and having lined it with parchment, also as smooth and polished as 
possible, we rolled along it a hard, smooth, and very round bronze ball. 
(1638/1954, p. 178) 

This setup reduced both the effect of friction on the ball and the irregular effects due to 

irregularities in the surfaces of the ball and the plane.  

There could have been situations, however, in which the secondary effects might 

have been too large to be neglected, and thus Galileo needed a means of quantifying the 

errors that would have been introduced by neglecting secondary effects. Following the 

outline of the experimental setup above, Galileo went on to show that experimental 

error, specifically the errors introduced by irregularities in the surface of the ball and the 

inclined plane, were small enough to be ignored: 

We rolled the ball ... noting ... the time required to make the descent. We repeated 
this experiment more than once in order to measure the time with an accuracy 
such that the deviation between two observations never exceeded one-tenth of a 
pulse-beat. (1638/1954, p. 179) 

The pendulum experiment (outlined in a quotation on page 16) served a similar purpose. 

That quotation was taken out of context. Galileo's purpose was not merely to make a 

statement of the law of isochronic pendulum motion. Rather, Galileo used the pendulum 

experiment to argue that air resistance had a minimal effect on projectile motion, and 

whatever effect it did have, it affected fast and slow objects equally.  
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At other times, Galileo employed an empirical solution for dealing with secondary 

effects: vary the degree of the secondary effect; note the effect of the secondary effect in 

the different situations; then extrapolate to the idealised case. As an example, Galileo 

put forward the proposition that in a vacuum objects fall at the same rate irrespective of 

their weights. He knew that the proposition  could not be tested directly, but argued: 

Since no medium except one entirely free from air and other bodies, be it ever so 
tenuous and yielding, can furnish our senses with the evidence we are looking for, 
and since such a medium is not available, we shall observe what happens in the 
rarest and least resistant media as compared with what happens in denser and 
more resistant media. Because if we find as a fact that the variation of speed 
among bodies of different specific gravities is less and less according as the 
medium becomes more and more yielding, and if finally in a medium of extreme 
tenuity, though not a perfect vacuum, we find that, in spite of great diversity of 
specific gravity, the difference in speed is very small and almost inappreciable, 
then we are justified in believing it highly probable that in a vacuum all bodies 
would fall with the same speed. (1638/1954, p. 72) 

 

These then were the ways that Galileo dealt with secondary effects: remove them; 

or, if they can be shown to be small, ignore them. He used a variety of experimental 

means not just to test the fit between the theoretical world and the experiential world, 

but to argue that the theoretical world was a close approximation to the experiential 

world even if the experiential world had to be constrained in some ways.  

This raises the question: How did Galileo deal with secondary effects that were 

too large to be ignored but which could not be removed by experimental means? In Two 

new sciences there are no direct references to such large secondary effects, but it does 

contain a theoretical proposition which, if tested by his usual means, would have led to 

a large discrepancy. The proposition is the law of chords: 

On the horizon line AB draw a circle whose diameter DC is vertical. From the 
upper end of this diameter draw any inclined plane, DF, extending to meet the 
circumference; then, I say, a body will occupy the same time in falling along the 
plane DF as along the diameter DC. (Galilei, 1638/1954, p. 190) 

That is, an object moving without resistance along planes DF, DG, DH and the diameter 

DC in Figure 2.1 would travel these distances in the same time.  
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Figure 2.1: Geometrical representation of Galileo's law of chords 

 

 

Galileo's proposition assumes that the same physics applies to free fall motion 

(motion along DC) as applies to motion down an inclined plane (motion along DF, DG, 

DH). From the perspective of modern physics, Galileo's assumption is that all of the 

potential energy that an object has at the top of a fall (point D in Figure 2.1) is 

converted into kinetic energy at the bottom of the fall (points F, G, H, or C in Figure 

2.1). Potential energy is given by mgh, where m is the mass of the object, h is the 

vertical height that the object falls through (distances h1, h2, h3, or h4 in Figure 2.1), and 

g is a constant. Kinetic energy is given by ½ mv2, where v is the speed of the object at 

the bottom of the fall. That is, the motion is governed by the energy equation: 

21
2 mv mgh=  

The energy equation holds in Galileo's idealised, mathematical world where there is no 

air resistance or friction or any other retarding effect. 

In testing the proposition, it was not possible to realise instances in which there 

was no resistance to the motion; only instances in which resistance was reduced to a 

minimum. The nearest Galileo could approach the idealised situation was to use smooth 

hard metal balls on polished wooden grooves. Such a setup shows that the times to roll 

down inclined planes DF, DG, and DH are indeed the same. However, the time taken 
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for the ball to fall along the diameter DC is less than the time taken to roll down the 

inclined planes (Naylor, 1976, 2003).  

The discrepancy between the vertical free fall motion and motion on an inclined 

plane arises from the rotational effects of the ball when rolling down an inclined plane. 

Galileo's idealised world applies to cases of simple translation with no rotation. In 

Galileo's experiential world, the only motion that is simple translation is the free fall 

motion along the diameter DC. The theory would have applied to frictionless gliding 

down the planes DF, DF, DH, but Galileo could not arrange for frictionless gliding 

down inclined planes in his experimental setup, only frictionless rolling. 

The dynamics of rotation remained beyond the scope of Galilean / Newtonian 

mechanics until the work of Euler during the second half of the eighteenth century 

(Naylor, 1976). From the perspective of Euler's mechanics, rotation introduces another 

component to the energy equation - a rotational energy component. The energy equation 

for a ball rolling down an inclined plane with no frictional effects is: 

2
21 1

2 2 2
vmv mgh
r

+ Ι =   where r is the radius of the ball, and I is its moment of 

inertia. For a sphere, I is given by 22
5 mrΙ =  (Synge & Griffith, 1959, p. 174).4

On rearranging, the energy equation becomes: 

21
2

7
5 ( mv ) mgh=  

                                                 
4 This expression is itself based on an idealisation. It does not take account of the dynamics of a ball 
rolling along a groove. As Hahn (2002) argued, it is likely that any test of Galileo's proposition would 
have incorporated a ball rolling along a groove, but rolling motion along a groove requires a different 
theoretical explanation. The moment of inertia for a ball of diameter d rolling along a groove of width w, 
and provided that d > w, is given by: 

2
2
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2 d mr
5 d w

Ι =
−

 (Hahn, 2002, pp. 347-348) 

Substituting I into the energy equation gives: 
2

21
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mgh  

If d is large compared to w, then ignoring the effects of the groove does not introduce substantial error. 
However, Galileo did not provide specific dimensions for the diameter of the ball or the width of the 
groove when he referred to inclined plane experiments. This presents a problem to historians trying to 
reconstruct Galileo's inclined plane experiments because, as Drake and MacLachlan (1975) noted, the 
width of the groove influences the rate of the ball's acceleration. 
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That is, only 5
7  of the potential energy is converted into translational kinetic energy, the 

remainder being converted into rotational energy. As a consequence, the speed of the 

ball at the bottom of the inclined plane is 5
7  of the value under the assumption of 

frictionless sliding (approximately, a 15% discrepancy).  

This brief outline of how Euler's rotational mechanics can account for rolling 

motion down an inclined plane demonstrates one of the ways in which the gap between 

the experiential world and the theoretical world can be bridged. Theoretical laws give 

only an approximate fit to empirical data, but it is precisely this lack of fit that sets in 

motion a process of searching for corrections to the theoretical law (McMullin, 1985; 

Nola, 2004; Nowak, 1994). The outline illustrates the way in which a theory can be 

made more specific by removing simplifying assumptions and adding back some of the 

complexities of the experiential world. Nowak (1994) refers to this process as 

concretisation. For concretisation to account for processes taking place in the 

experiential world, though, a scientist needs to know of the effect and how to allow for 

the effect that was originally removed. In the case of balls rolling down inclined planes, 

a scientist needs to know about rotational dynamics and how to incorporate it into the 

dynamics of motion on an inclined plane. If the original theory is a good one, the 

process of concretisation is suggested by the theory itself.  

Alternatively, Galileo's original theory could have been corrected in an empirical 

way. For instance, not much effort is needed to determine that rolling always reduces a 

ball's speed by a factor of approximately 0.85. But an empirical correction leaves the 

correction itself unexplained (McMullin, 1985; Nola, 2004; Nowak, 1994). An 

empirical correction might give a good fit to the experiential world, and so an argument 

could be mounted for incorporating the factor, but as McMullin (1985) and Nola (2004) 

argued, empirical corrections, while they might be tolerated in science, they are 
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tolerated only temporarily because they leave processes occurring in the experiential 

world unexplained.  

Galileo, it seems, was confronted by this latter point during the development of 

his theory of motion on inclined planes. Historians (e.g., Hill, 1986, 1994; Naylor, 1976, 

1990, 2003) have found evidence in Galileo's unpublished working notes to suggest that 

he was aware of the retarding effects of rolling, and that the retardation was due to an 

unknown factor, that is, he knew he could not attribute the retardation to irregularities in 

the surface of the ball and the track nor to frictional effects. Furthermore, Hill (1994) 

found evidence of Galileo attempting to correct for rolling by using a 5
6  factor and a 

9
10  factor. These factors, however, were empirically derived.5 Hill (1994) argued that 

Galileo was probably aware that an empirical correction to his theory would not survive 

the scrutiny of his Aristotelian contemporaries, and that if he had published experiments 

comparing free fall motion with rolling motion down an inclined plane, he would have 

had to admit that at the core of his experiments lay a phenomena that he could not 

explain. Galileo chose instead to publish only a portion of his studies on motion, taking 

care during the development of his theories to refer to "mobiles", "bodies", "objects" but 

not "rolling balls". 

In summary, the point of idealisation is not to escape the irregularity of the 

experiential world, but to make use of the order inherent in the idealised world so that 

processes of understanding and explaining the experiential world can begin. Galileo 

deliberately simplified a complicated situation or process. But Galileo was discerning. 

His techniques allowed him to distinguish between irregularities and causal effects, and 

between causal effects that could be accounted for and those that could not be accounted 

                                                 
5 The correction factors, being irrational numbers, might appear to be theoretical, but as Hill (1994) 
argued, the factors result from Galileo trying to find an incline that would give the same result for 
frictionless gliding as was obtained from balls rolling down an incline. The irrational numbers resulted 
from the geometry of moving the motion from the first incline to the second incline. The act of searching 
for an incline and seeing if the resultant motion coincided with the data is an empirical adjustment; it 
leaves unexplained an aspect of the observed motion that was in need of adjustment.  
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for. Irregularities could be accounted for by removing them using experimental 

techniques. Causal effects were more difficult to deal with. If causal effects could be 

shown to be small or if they could be removed by experimental means, then they were 

no threat to the theory. To deal with an effect in these ways, though, a scientist needs to 

know a good deal about how the effect operates. Also, knowing how an effect operates 

opens up the possibility for concretisation. However, if knowledge of the causal effect is 

lacking, empirical corrections to theories are possible, but empirically corrected theories 

are open to criticism.  

In the next section, the discussion moves to an examination of science education. 

An argument is developed that the currently dominant paradigm for science education, 

constructivism, leaves unexplored the roles that idealisation, concretisation, and 

experimentation play in the development of scientific theories, and instead posits what 

are essentially Aristotelian methodological principles.  

 

2.2 Science education 

In the previous section, it was speculated that Galileo might have been reluctant to 

draw attention to unexplained effects of rolling. Nevertheless, in 1636 (two years before 

Galileo's Two new sciences was published), Mersenne published in Harmonie 

universelle results of an experiment testing Galileo's law of chords. According to Naylor 

(2003), Mersenne measured the distance rolled on a given incline during the time taken 

for a given free fall. He also calculated the distance predicted by the law of chords on 

the same incline. For a range on inclines (between 150 and 500), the distance rolled was 

less than the predicted distance by more than 20%. Thus Mersenne claimed that 

Galileo's law could not be confirmed. The discrepancies noted by Mersenne and his 

claim that Galileo's law of chords could not be confirmed raises issues concerning the 

nature of idealisations, empirical evidence, and experimentation that are relevant to 
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science education as it is practiced in schools today. The way in which Mersenne set up 

an experiment to test Galileo's law of chords and interpreted the results parallels in 

many important respects the way in which science students in classrooms are often 

encouraged to set up and interpret their experiments.  

This section presents an argument that, just as underestimation of the roles that 

idealisation and concretisation play in the development of scientific theories leads to a 

distorted view of the nature of science, so too science education's emphasis on 

empiricism at the expense of the interplay between idealisation and concretisation leads 

to a distortion of the science that students are expected to learn. The argument is that 

constructivism, the current paradigm for science education, while it has rejected the 

empiricists' argument that the truth or viability of knowledge can be checked against an 

external reality, nevertheless remains embedded in an empiricist paradigm. 

 

2.2.1 Characteristics of constructivism 

Constructivism has a broad range of concerns, including how to teach, how to 

treat students, how students learn, how to organise classrooms, and how to develop and 

implement curriculum, as well as having it own views on the nature of science. Its 

integrated elements of a psychological and a socio-cultural theory of learning, a 

pedagogical theory, a curriculum development theory, and its significant 

epistemological and ontological components have led one constructivist to describe it as 

science education's grand unifying theory (Colburn, 2000).  

Constructivism is also a heterogeneous movement, and there are many modifiers 

to the term "constructivism". Wood, Wandersee and St Julien (1993) provided a 

non-exhaustive list of 15 modifiers. These modifiers, rather than clarifying distinctions 

among the various versions, can actually make it more difficult for a reader to find 

points of connection and difference. For instance, constructivists, referring to what is 
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essentially the same version of constructivism, can use multiple modifiers. There is also 

a tendency (more prevalent in recent constructivist writings) to allow the modifier to 

carry psychological, pedagogical, and epistemological emphases rather than outlining 

them in the text (Geelan, 1997; Wood, Wandersee & St Julien, 1993).  

What follows is a discussion of constructivism based on a "blunt cut" of 

practitioners of constructivism into three groups. It is conceded that there is 

considerable overlap among the versions, and any constructivist who claims affinity 

with one version would more than likely find points of connection with other versions. 

Nevertheless, the purpose of what follows is to provide a descriptive overview of 

constructivism. That overview, discussed in terms of three groups, serves the purpose of 

advancing the discussion without getting too mired in elusive versions of 

constructivism.  

The central tenet of constructivism is that students learn best by making sense of 

their own worlds (Peers, Diezmann & Watters, 2003). The act of constructing ideas and 

beliefs about the world depends on the nature of the new experience and the set of 

beliefs and ideas that students have already constructed about a phenomenon. A feature 

common to all versions of constructivism is that learning is a personal and internal 

experience. Learning occurs when learners are dissatisfied with their current 

understandings, or in more constructivist terms, conceptual change becomes possible 

when learners understand the limitations of their current understandings of an external 

phenomenon, and recognise the need to modify or replace current understandings 

(Posner, Strike, Hewson & Gertzog, 1982).  

Constructivism's theory of conceptual change draws heavily on Piaget's notions of 

equilibration, accommodation and assimilation. According to Piaget (1985, 1954) and to 

Piagetian (or cognitive or personal) constructivists (e.g., Bettencourt, 1993; Driver & 

Oldham, 1986; Fosnot, 1993; Posner, Strike, Hewson & Gertzog, 1982; von 
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Glasersfeld, 1993), when confronted with new experiences, learners draw on 

already-established cognitive structures to make sense of the new experience. If, on the 

one hand, sense is effortlessly made of a new experience, the new experience is 

assimilated into existing cognitive structures, and is then available to be drawn upon to 

support the existing cognitive structure. Thus the cognitive structure becomes more 

established. If, on the other hand, the new experience does not fit with already-existing 

structures, there is a perturbation in a learner's understanding. The perturbation, 

assuming it is not dismissed as unimportant, leads to a rearrangement of existing 

cognitive structures. That is, the new experience has been accommodated, resulting in a 

modified cognitive structure, and equilibrium has been restored. In this way, new 

cognitive structures come into being through modifications to older ones, and thus 

intellectual development can be imagined as a process of progressive adaptations of a 

learner's cognitive structures to the physical environment (Driver & Oldham, 1986). 

Piaget and Piagetian constructivists, while acknowledging the role of social 

interactions in promoting intellectual development, adhere to the view that knowledge is 

constructed by the cognizing subject through interacting with the physical world. More 

recent versions of constructivism, social and sociocultural constructivism, drawing on 

Vygotsky's critique of Piaget's views, place more emphasis on the social environment in 

which learning takes place and on the need for learners to be introduced to a symbolic 

world (Driver, Asoko, Leach, Mortimer & Scott, 1994). 

Vygotsky (1962, 1978; Rowlands, 2000) and social constructivists (e.g., 

Aikenhead, 1996; Cobern, 1996; Hodson, 1999a; Hodson & Hodson, 1998; Leach & 

Scott, 2003; O'Loughlin, 1992; Palincsar, 1998; Watts & Jofili, 1998) argue that it is 

through social interactions that learners learn the cognitive and communicative tools 

and skills of their culture. In order to explain cognitive functioning, there is a need to 
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look not only at individuals and their interactions with an external world but also at the 

social world in which the learner and learning are located.  

Vygotsky and social constructivists are critical of a second aspect of Piagetian 

theory: Piaget, advancing the notion of stages of intellectual developmental, was of the 

view that learning cannot take place until appropriate cognitive structures are in place to 

enable experiences to be represented. Vygotsky argued that while it is correct to claim 

that learners function according to the norms of development, it is incorrect to claim 

that they function only at a particular level. That is, Vygotsky, criticising the Piagetian 

notion that "maturation is viewed as a precondition of learning but never a result of it" 

(Vygotsky, 1978, p. 80), argued that, with appropriate assistance, younger learners can 

function and solve problems at the developmental level of older learners. Vygotsky 

referred to the distance between the actual developmental level and the level of potential 

development as the zone of proximal development (1978, p. 86). Social constructivists, 

applying the Vygotskian principle that "the only good learning is that which is in 

advance of development" (1978, p. 89), argue that teachers should concentrate their 

efforts in the zone of proximal development because it is there that they provide learners 

with the opportunity to appropriate the new ideas.  

Cognitive and social constructivisms position the everyday experiences of the 

learner as a potential source of difficulty in teaching and learning science (Warren, 

Ballenger, Ogonowski, Rosebery & Hudicourt-Barnes, 2001). Constructivists deploy a 

number of metaphors to alert readers and teachers to the view that the nature or status of 

scientific knowledge is different from everyday understandings, and that teaching 

science is a process of modifying or replacing current understandings. Cobern (1996), 

for instance, used the term "worldview theory" to contrast a scientific worldview with 

other worldviews, and Aikenhead (1996, 2001) used the term "border crossing" to 

suggest that the culture of science may be different from the cultural background of 
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many students and that students may experience varying degrees of difficulty in 

crossing the boundary between the two cultures. 

These facets of constructivism, while problematising the differences between 

learners' out-of-school experiences and the science to be learned, leave the science to be 

learned as unproblematic. The science is pre-determined and there appears to be no 

room in these constructivisms for learners to have any potential control over the science. 

As Hodson argued, "teachers have it in mind that students will arrive at a particular 

understanding ... [Teachers] define and control classroom discourse in order to achieve 

it" (1999b, pp. 778-779). Edwards and Mercer (1987) showed that, despite the 

apparently collaborative and active nature of constructivism's child-centred learning 

environments, teachers maintain a considerable degree of control by directing learners 

to engage in specific activities in order to achieve pre-determined outcomes. Delpit 

(1988) argued that masking the relationships of power operating in classrooms can 

make it even more difficult for learners to access and negotiate powerful cultures: "to 

act as if power does not exist is to ensure that the power status quo remains the same" 

(p. 292), and Gee argued the case that the appearance of collaboration and dialogue can 

be used to: 

manipulate people into accepting, trusting, and committing themselves to the 
goals, ends, and visions of … scientific practice … but they do not have a 
substantive say (or even access to the language of) the goals, ends, or visions of 
the enterprise. (2001, p. 377) 

Cognitive and sociocultural constructivists understand that border crossing or changing 

a worldview may be difficult for some students, but they uncritically accept, as they 

expect learners to accept, the "goals, ends, and visions" of the scientific enterprise.  

A more recent version of constructivism, sociotransformative constructivism 

(Bencze, 2000; Rodriguez, 1998), drawing on these critiques and adopting critical, 

liberatory, or empowering pedagogies developed by scholars such as Freire (1972), 

McLaren (1989), and Shor (1992), advances the notion that science education, as well 
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as providing learners with the opportunity to learn science, should also provide learners 

with the opportunity to critique, rethink and shape scientific knowledge. 

Sociotransformative constructivists argue that learning traditional science is not enough 

on its own if the practices of science and the rules for participation in science do not 

connect with learners' out-of-school lives. Making the content of science explicit is 

important insofor as it forms the basis from which to critique scientific knowledge 

(Barton & Yang, 2000).  

For the learner, a constructivist classroom is a refreshing change from traditional 

classrooms. Constructivist teachers, embracing collaboration, dialogue, and the notion 

of fostering learners' active engagement, strive to set up democratic and egalitarian 

classrooms, where the focus has shifted from the needs of the syllabus to the needs of 

the student. Science education has a debt of gratitude to constructivism. It has alerted 

the science education community to, and put into sharp focus, the functions of prior 

learning, the importance of understanding as a goal of science education, the human and 

social dimensions of science, and science's fallibility. Yet it has been argued (for 

example, by Irzik, 2000; Matthews, 1993, 2002; Osborne, 1996) that constructivism 

does not hold a monopoly on these insights. They can be found in the work of many 

thinkers, and recognition of some can be traced back at least to Socrates and Plato 

(Matthews, 1993). In a liberal education, they are pedagogical commonplaces. 

Adhering to these principles, while necessary for constructivism, is, it seems, not 

sufficient. Von Glasersfeld argued: "Constructivism confronts questions of knowledge - 

what knowledge is and where it comes from. It can therefore be considered an exercise 

in epistemology" (1993, pp. 23-24). He introduced the terms "radical constructivism" 

and "trivial constructivism" as a way of distinguishing between constructivism with its 

attendant epistemology and the fashionable adoption of the term "constructivism" by 

those who have no intention of adopting a constructivist epistemology. Yet, even among 
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those who claim not to have adopted a constructivist epistemology, epistemological 

considerations are never far from the surface. The claim, central to all constructivisms 

whether trivial or not, that learning is an active process of making sense of one's 

experiences in light of prior learning, carries epistemological import when considering 

questions such as: What is meant by "making sense"?; What is the nature of and what 

counts as "experience"?; What is the nature of the interaction between "experience" and 

"prior learning?" 

Recently, Peers, Diezmann and Watters (2003), commenting on the Queensland 

P-10 science syllabus's orientation towards constructivism, unpacked some of these 

notions: 

Constructivist theories propose that individuals build understanding through the 
active construction of meaning based on their prior knowledge and experience. ... 
knowledge is not transmitted directly from one individual to another, ... and is not 
seen as a representation of objective, external truths that are discovered. Rather, 
knowledge is considered to be workable structures of thinking which fit within a 
range of experience. ... Constructivist epistemology underpins the notion of 
learning as development and change in conceptual understanding. (2003, pp. 
90-91) 

Clearer statements of the argument can be found in earlier constructivist writing where 

it is stated in terms of two principles that underlie the theory of constructivism. The 

first, a psychological claim, is: 

Knowledge is not passively received either through the senses or by way of 
communication. Knowledge is actively built up by the cognizing subject. (von 
Glasersfeld, 1990, p. 22) 

The second, an epistemological claim, is: 

The function of cognition is adaptive, in the biological sense of the term, tending 
towards fit or viability. Cognition serves the subject's organization of the 
experiential world, not the discovery of an objective ontological reality. (von 
Glasersfeld, 1990, p. 23) 

Constructivists argue that the links between principles one and two are strong. Goldin 

(1990), Staver (1998), and von Glasersfeld (1990) among others, established the link as 

follows:  
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• Beginning with the notions that all knowledge is a product of cognitive 
acts; 

• and that new experiences are interpreted and understood in terms of 
already established cognitive structures;  

• there can be no direct access to the way things really are; 

• and therefore, we are cognitively isolated from an external reality; 

• and thus with no means independent of experience with which to verify 
knowledge claims in terms of their correspondence with reality, notions of fit or 
viability are invoked as determinants of knowledge's validity.  

Von Glasersfeld's summary of the two principles: "knowledge is the conceptual means 

to make sense of experience, rather than a representation of something that is supposed 

to lie beyond it" (1990, p. 27) is, however, not too far removed from what trivial 

constructivists would be comfortable with.  

The following section explores some of the implications of establishing a science 

developed on constructivist epistemological principles. In particular, an argument is put 

that adherence to the two underlying principles of constructivism presents a distorted 

view of the nature of science and limits the opportunities that would otherwise be 

available to science educators and learners.  

 

2.2.2 Constructivist epistemology and its limitations 

Constructivist epistemology, holding to notions of the fallibility of scientific 

knowledge, of theory-laden observations, of theories underdetermined by empirical 

evidence, and of the rejection of a correspondence between scientific knowledge and an 

external reality, has points of connection with the widespread rejection of positivist 

theories of science, beginning in Vienna with the publication in 1934 of Popper's (1959) 

The logic of scientific discovery, with significant contributions from, among others, 

Kuhn's (1970) The structure of scientific revolutions, Feyerabend's (1975) Against 

method, and Rorty's (1991) Objectivity, relativism, and truth. Constructivist 

epistemology, embracing the notion that scientific knowledge is a social construction 
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and that research agenda are influenced by social interests, has points of connection 

with the Edinburgh School's "strong programme" in the sociology of scientific 

knowledge (Barnes, 1974) and the anthropological and ethnomethodological studies of 

scientists at work that follow from the strong programme (Knorr-Cetina, 1999; 

Knorr-Cetina & Mulkay, 1983; Latour, 1987; Latour & Woolgar, 1986). In some 

instances, especially among the more recent versions of constructivism, feminist 

theories, such as Harding's (1986, 1991) standpoint epistemologies and Haraway's 

(1989, 1991) situated knowledges, have influenced constructivism. Harding's and 

Haraway's arguments are that, given that science cannot be free of social values and 

interests, science's claims of a form of objectivity that requires the elimination of all 

such values and interests are untenable. They argued instead for a "strong objectivity"; 

an objectivity that extends the notion of scientific research to include an examination of 

all values and interests operating in the research process.  

That constructivism has embraced these notions is demonstrated by the following 

quotes taken from one example in which the writer (Staver, 1998) outlines constructivist 

epistemology (though many other writers could have been cited): 

Constructivism denies scientists their wishes: ... to discover reality; ... to explain, 
predict, and control reality; ... for certainty in knowing that the discoveries are true 
(p. 503); 

Observations, objects, events, data, laws, and theory do not exist independently of 
observers (p. 503); 

Knowledge is created and legitimized be means of social interchange in its many 
forms (p. 504); 

Constructivists do not assume a priori the existence of an external world which is 
separate from and independent of our experience (p. 507); 

Experience is the origin of knowledge but it must be distinguished from 
knowledge itself (p. 507); 

Experience is our only interface; consequently we function cognitively and 
biologically with the goal of organising and coping with our individual 
experiential world (p. 511); 
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We have no way to check our knowledge claims independently of experience 
(p. 511); 

[Constructivism] embraces the instrumental notion that knowledge provides us 
with successful and unsuccessful ways of dealing with our observations ... as well 
as successful and unsuccessful ways of thinking with abstract concepts" (p. 515). 

Most state education science syllabuses are oriented towards constructivism and thus 

demonstrate similar commitments. As an example, the following statements, taken from 

the Queensland P-10 Science Syllabus, show these commitments, though the language 

is somewhat different: 

Science as a 'way of knowing' is used by people to explore and explain their 
experiences of phenomena in the universe (Queensland Studies Authority [QSA], 
1999a, p. 1); 

[Scientists'] observations and inferences are influenced by their prior experiences 
and understandings, the social groups to which they belong and their status within 
these groups (QSA, 1999a, p. 1); 

When working scientifically, students make sense of the phenomena they 
experience as they investigate, understand and communicate (QSA, 1999a, p. 1); 

Scientific knowledge is a set of explanations, made by communities of scientists, 
which attempts to account for phenomena and experiences (QSA, 1999b, p. 30); 

Individuals create personal constructs to explain observations and experiences 
(QSA, 1999b, p. 38). 

 

The ontological argument that an external reality is unknowable is a recurring one 

in constructivist writing: 

We have no direct or unmediated knowledge of any external or objective reality. 
We construct our understanding through our experience, and the character of our 
experience is profoundly influenced by our cognitive lenses. (Confrey, 1990, 
p. 108)  

Constructivism maintains that we are cognitively isolated from the nature of 
reality ... Our knowledge is, at best, a mapping of transformations allowed by that 
reality. (Bettencourt, 1993, p. 46) 

The purpose of cognition, since it could not be the discovery and representation of 
an independent world, should be considered a tool in the organism's adaptation to 
the world as it is experienced. (von Glasersfeld, 2001, p. 39) 

One argument of constructivism is that the abandonment of a knowable external reality 

constitutes a point of departure from traditional epistemologies because, as a 
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consequence of not knowing an external reality, traditional notions of truth, that the 

validity of knowledge can be determined in terms of a correspondence with an external 

reality, must also be abandoned. Furthermore, taking this step is counter-intuitive:  

The modification of the role of knowledge, from true representation to functional 
fit requires an enormous effort because it goes against a traditional belief that is at 
least three thousand years old. (von Glasersfeld, 2001, p. 40) 

 

The traditional theory of truth that constructivism has rejected is the 

correspondence theory of truth, expressed in Aristotle's definition of truth: 

Falsity is the assertion that that which is is not or that which is not is and truth is 
the assertion that that which is is and that that which is not is not. Thus anyone 
who asserts anything to be or not to be is either telling the truth or telling a 
falsehood. (Aristotle, 1998, The metaphysics, Book Gamma, Chapter 7, p. 107) 

or more succinctly by Thomas Aquinas as: "A judgment is said to be true when it 

conforms to the external reality" or by Bertrand Russell as: "A belief is true when there 

is a corresponding fact, and is false when there is no corresponding fact" (both cited in 

David, 2002). 

Constructivism's rejection of the correspondence theory of truth stems from a 

paradox first posed by the Greek sceptics: Given that experiences are effused with 

already-established conceptions, and that whatever knowledge we have of the world 

must have been derived from experience, then to independently check the truth of a 

knowledge claim, we need access to the world independent of our experiences. 

Satisfying the sceptics would require of correspondence theory the ability to access the 

world in a way that is independent of experience or at least that what is accessed is not 

influenced by prior judgements and beliefs. Because this is impossible, constructivism, 

rather than attempting to resolve the paradox, avoids and thus renders irrelevant the 

paradox by invoking a coherence theory of truth (Staver, 1998; von Glasersfeld, 2001). 

There is no way to make an external check on beliefs, but there nevertheless can be an 

internal check, where beliefs are made to check on one another. For cognitive 
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constructivists, coherence is achieved through accommodating new experiences into 

pre-existing structures so that equilibrium is restored, that is, coherence is achieved 

through establishing a stable conceptual network. For social constructivists, coherence 

is achieved through social interactions, that is, coherence is achieved through 

establishing a stable knowledge in a community. The purpose of cognition and language 

is to bring coherence to an individual's world of experience and a community's 

knowledge base (Staver, 1998). 

The external world places constraints on what can be counted as knowledge, and, 

according to constructivists' accounts, these constraints are what stop us from 

constructing any reality we like. The success of a knowledge claim is assessed in terms 

of its viability. If an action or a belief proves viable, it is because reality allows such 

actions and beliefs. Conversely, when an action or a belief fails, then our conceptual 

structures need to be modified to accommodate the failure. Thus, in constructivist 

epistemology, there are no correct beliefs, only beliefs that are non-viable, which in turn 

need to be modified or dropped as useless (Bettencourt, 1993; Staver, 1998; von 

Glasersfeld, 1990).  

Problems of internal consistency, false oppositions and oversights in constructivist 

epistemology have been noted in the literature. For instance, there have been serious 

attempts to resolve the sceptics' paradox (Nola, 2003) despite von Glasersfeld's and 

Staver's claims to the contrary;6 correspondence and coherence are not the only theories 

                                                 
6 Nola (2003), drawing on the work of Dretske (1969), showed that the argument that there are kinds of 
experiences that do not carry conceptual baggage can be defended. Nola considered the experience of 
seeing, and argued that there is a distinction between epistemic seeing, which does entail judgement or 
belief, and non-epistemic seeing which does not require any attendant beliefs. There are episodes in 
science that are close to non-epistemic seeing. For instance, there are records of Galileo observing 
Neptune on at least three occasions during 1613, and other astronomers' records show that they were 
observing Neptune on and off over the next 200 years. But Neptune was not discovered until 1846. The 
discovery of Neptune was made by Galle and d'Arrest, observing Neptune on the night of the 23rd 
September 1846 (O'Connor & Robertson, 1996). The difference between the latter and earlier 
observations is that the latter were epistemic observations. Neptune had been mathematically predicted, 
and Galle and d'Arrest had a good idea as to where to look and they knew how to distinguish between 
planets and stars. When they saw an object close to where the object was predicted to be, and when they 
consulted their star charts which showed no star in that position, and when on the following night they 
saw that the object had moved against the background of stars, they were confident they were seeing the 
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of truth available for accounting for knowledge (Irzik, 2000; Nola, 2004);7 and it 

appears that constructivist epistemology has not distinguished between belief and 

knowledge (Irzik, 2000; Matthews, 2002; Nola, 2003),8 constituting a major departure 

                                                                                                                                               
planet Neptune. But Galileo, without these judgements and beliefs, was nevertheless seeing Neptune. 
Even wrong beliefs did not impede Galileo's seeing. Galileo's belief that Neptune was just another star did 
not stop him from seeing Neptune and recording his observations. Obviously, Galileo held beliefs about 
the object he was observing, but Nola imagined situations in which an object can be seen in the complete 
absence of any conceptual apparatus concerning the object, and indeed in the complete absence of any 
conceptual apparatus at all. Nola conceded that "beliefs, of course, always do accompany our seeing of 
objects," but maintained that "this accompaniment is contingent, not necessary for non-epistemic seeing" 
(2003, p. 155).  
Furthermore, Nola (2003) argued that even if we do have conceptually-laden observations, this is not a 
barrier to comparison with reality. He asked us to consider mental attitudes that involve judgements but 
no perception. With respect to Galle and d'Arrest: they could have hoped that the object was a planet, they 
could have imagined that, desired that, feared that, wondered if, the object was a planet. All of these 
involve a common proposition: that the object was a planet; and involve the application of concepts. 
Perception, seeing that the object was a planet, also involves the common proposition and the application 
of concepts. The difference between seeing and hoping, imagining, desiring and so on is that Galle and 
d'Arrest could hope, imagine, desire with their eyes closed, but they could not see with their eyes closed. 
The difference is one of perception, not conception, and what interferes with perception is closing one's 
eyes, not conceptions.  
Nola concluded: 

We can get bits of judgement-independent reality ... And we can determine whether what we 
believe ... is comparable with an appropriate fact. Our concept-applying abilities can go on at the 
same time. But they do not interfere with the comparison process so radically as to knock out one 
end of the comparison relation, viz., the facts which are bits of reality. (2003, p. 162) 

 
7 Staver's argument: 

Constructivism differs from realism in that it makes no presupposition about the existence of a 
world separate from and independent of our perceptions ... Constructivism rejects the 
correspondence theory of truth which implies realism ... and embraces truth as coherence. (1998, 
p. 508) 

was an attack on the commonsense realist view that truth is something to do with an accurate and faithful 
representation of reality. But he created a false opposition. Realism is not committed to a correspondence 
theory of truth (Irzik, 2000; Matthews, 1993; Nola, 1997; Osborne, 1996). A deflationary theory of truth 
(Stoljar, 1997), which makes no appeal to representing or copying reality, will do (Irzik, 2000; Nola, 
1997). For instance, the truth of Galileo's law of chords does not depend upon its correspondence with 
reality, but this does not stop one from being a realist. A realist can reject the correspondence theory of 
truth but still presume that the observable and unobservable entities of science exist independently of 
perception. 
 
8 The distinction between knowledge and true beliefs is at least as old as Plato. In his Meno dialogue, 
Plato argues:  

While they [true opinions] abide with us, they are beautiful and fruitful, but they run away out of 
the human soul, and do not remain long, and therefore they are not of much value until they are 
fastened by the tie of the cause ... But when they are bound, in the first place, they have the nature 
of knowledge; and in the second place, they are abiding. And this is why knowledge is more 
honourable and excellent than true opinion. (Jowett, 1892, pp. 60-61) 

This view, that knowledge is reasoned true belief, has been part of standard accounts of knowledge since 
Plato in that standard epistemologies require a theory of justification (Haack, 1993). Justifications, 
reasons, or evidence are needed to turn true beliefs into knowledge. A "fit with experience" might play 
the role of justification within some theories of justification, or a coherence theory of truth plus viability 
might serve the purpose of both a theory of truth and a theory of justification, or perhaps constructivism 
has dispensed with the need for a theory of justification, but constructivism's position regarding 
justification needs to be spelt out. In other words, constructivists have not answered the questions: Can 
any true belief be knowledge?; and if not, what makes a true belief knowledge? (Irzik, 2000; Matthews, 
2002; Nola, 2003).  
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from standard accounts of knowledge. Rather than engaging in a philosophical 

discussion over internal inadequacies of constructivist epistemology, the purpose here is 

to argue, first, that constructivist epistemology would be seriously challenged if it had to 

account for Galileo's methodological approach, and second, that adherence to a 

constructivist epistemology limits the possibilities available to teachers. 

The argument that constructivism cannot account for Galileo's methodological 

approach is a consequence of the argument that constructivism has not properly 

divorced itself from the Aristotelian empirical paradigm. Aristotelian natural philosophy 

was a tradition of unmediated observation of nature in its natural state. Knowers' 

observations could not be mediated, otherwise the objects of knowledge would not be 

known as they actually were (Ede & Cormack, 2004). Thus, the objects of perception 

were the material bodies in the external world. For constructivists, the objects of 

perception are not the material objects themselves, but rather sense impressions, 

generated by the material objects, but subject to the distorting influences of cognitive 

structures. But whether or not learners' cognitive lenses allow clear or distorted seeing 

of material objects, it is the seeing that signals a commitment to empiricism (Matthews, 

1993). For both empiricism and constructivism, what counts as the material out of 

which knowledge emerges is experience. Empiricism and constructivism conceive the 

enterprise of science in terms of individuals looking at the world (Matthews, 1993, 

1998; Nola, 1997, 2004). 

Empiricism argues that theoretical objects and concepts are derived directly from 

experiences. Constructivism argues that theoretical objects and concepts are Lockean 

ideas; they contrast with material objects but are rather derived indirectly from 

experiences of material objects. It was argued earlier, however, that experiences of 

material objects played only a minimal role in the development of Galileo's theories of 

motion. Observation, whether theory-dependent or not, was not relevant to the debate 

Methods of analysis and synthesis in science 42



between Galileo and his Aristotelian contemporaries. No amount of observation would 

generate the point masses, the frictionless movement, the massless strings or the other 

intellectually constructed objects of Galileo's theoretical world. Galileo's science came 

not from observation but from constructing idealised objects, and representing and 

manipulating them through thought and reason (Matthews, 2002, 2004; McMullin, 

1985; Nola, 2004; Nowak, 1994).  

Staver argued that constructivism's conception of knowledge in terms of its 

viability or fit is an instrumentalist one: 

Instrumentalism is another fundamental aspect of constructivist theory which 
stems from its stance on truth as internal coherence. ... Conceptual change can 
occur when a viable concept clashes with a constraint. It is precisely through such 
clashes that we construct knowledge to cope with our experiential world. (1998, 
pp. 511-512) 

Bettencourt further argued that one source of constraint that enables conceptual change 

is the experiential world: 

There is a sense in which our experience, albeit being our construction, does not 
bend itself to our imagination. ... The constraints we are encountering may come 
from the real world. ... Our knowledge is, at best, a mapping of transformations 
allowed by that reality. (1993, p. 46) 

Thus, conceptual structures (which presumably include scientific theories) are tools for 

organising and coping with, but also constrained by, the experiential world. But these 

notions of "coping with the experiential world" and "being constrained by reality" are in 

stark contrast with Galileo's deliberate and conscious method whereby he specified a 

theoretical model that captured essential aspects and dropped non-essential aspects of 

what is going on in the real world (Nola, 2004). Galileo's science was not one of 

"coping with the experiential world" but rather one in which he deliberately modified 

and altered the experiential world so that the experiential world was made to correspond 

with the theoretical world, not the other way round. 

Constructivism's priority for experience, and the notion that conceptual constructs 

need to fit with experience however distorted by cognitive lenses, appears to be asking: 
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What theories are consistent with a set of data? For instance, von Glasersfeld, 

describing controlled experiments and hypothesis testing as tools "for the management 

of experience" (2001, p. 33), argued that a theory's viability is tested through 

experimentation. The question that can be asked of data collected in controlled 

experiments is: Given a set of controlled variables, what theories concerning the 

remaining variables are compatible with the data and what theories, incompatible with 

the data, need to be rejected? The priority remains with the data in that data determine 

the viability of a theory.  

Granted, there are many episodes in the history of science when scientists, faced 

with persistent anomalies between theory and data, eventually gave up trying to adapt 

old theories and instead adopted a new theory in order to account for the anomaly 

(many such episodes are cited in Kuhn, 1970). Equally, however, there are episodes in 

the history of science when persistence with the old theory proved to be a better 

strategy. For instance, during the eighteenth and nineteenth centuries, astronomers 

noticed significant discrepancies between the predictions of Newton's gravitational 

theory and observations with respect to the orbit of Uranus (Gribbin, 2002) and the orbit 

of Mercury (Cohen, 1985). One strategy available to astronomers was to give up 

Newton's theory, and adopt a Kuhnian paradigm shift, but because Newton's theory had 

been so successful in the past, astronomers were reluctant to follow that course. They 

assumed that there would eventually be a solution within the Newtonian framework.  

With respect to the discrepancies in the orbit of Mercury, astronomers' faith in the 

Newtonian framework proved to be ill-founded. Mercury's closest point to the Sun 

shifts forward with each orbit - an effect known as the precession of the perihelion. The 

orbits of all planets display precession of the perihelion, and, with the exception of 

Mercury, Newton's theory correctly predicts the amount of precession. For Mercury's 

orbit, Newton's theory predicted a precession only half as large as was observed. The 
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successful accounting of the anomaly had to await a new paradigm, that is a new theory 

of gravitation - Einstein's general theory of relativity (Cohen, 1985).  

With respect to the discrepancies in the orbit of Uranus, however, astronomers' 

faith in the Newtonian framework proved to be justified. Their solution was to postulate 

the existence of another object and then to use Newton's theory in what was then an 

innovative way. Rather than applying Newton's theory to explain the behaviour of 

objects (the usual way of applying Newton's theory), they used the behaviour of an 

object - Uranus - to predict the approximate position of another object, then searching 

for and, in this case, finding that object, which was named Neptune (Gribbin, 2002).  

These episodes show that theories can survive confrontations with anomalous 

data. Sometimes, a theory's survival was only temporary, but at other times the better 

option was to persevere with an old theory even when confronted with a persistent 

anomaly. That theories survive confrontations with anomalous data suggests that 

constructivism places too much emphasis on the role of data in determining a theory's 

viability. Theory change is but one of a range of responses available to scientists when 

confronted with anomalous data (Chinn & Brewer, 1993).  

The questions that constructivists ask (similar, it seems, to the questions asked by 

Mersenne when testing Galileo's Law of Chords) - Which theories, compatible with 

data, survive? - Which theories, incompatible with data, need modification or need to be 

dropped? - are the wrong questions. The question that is compatible with Galileo's 

methodological approach should be: What sort of data, or data collected under what 

sorts of circumstances, would be compatible with the theory? That is, it is not always 

the case that the theory is wrong when it is incompatible with data. Sometimes, the 

wrong data is used to test a theory's viability. This is Galileo's point cited earlier: 

"Having discovered and demonstrated theorems, ... use them and apply them with such 

limitations as experience will teach" (1638/1954, p. 253). As argued earlier, working 
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within limitations does not mean that theories can ignore the experiential world, nor 

does it mean that scientists are for ever locked into situations dictated by the limitations. 

Giving priority to theory means that scientists should still be aware of the limitations, 

and be aware of the errors that might be introduced in experiential situations that step 

outside the limitations. In addition, though, knowing of situations that are outside the 

limitations opens up the possibility for the development of theoretical models to account 

for those situations. That is, the gap between the theoretical world and the experiential 

world can be bridged through concretisation. Constructivism's instrumentalism, 

however, overlooks all of these points in favour of regarding knowledge as whatever 

enables the experiential world to be better organised (Matthews, 1993). 

Constructivism's argument that science is a human creation is not in dispute here. 

What is in dispute is tying the creation of scientific knowledge to sensory input, because 

once knowledge becomes knowledge of sensory inputs, the aim of science inevitably 

becomes one of making sense. Von Glasersfeld says as much in his summary (cited 

above) of the two principles of constructivism: "Knowledge is the conceptual means to 

make sense of experience" (1990, p. 27). Constructivist recommendations for science 

curriculum move in a similar direction, and its adoption is seen, for example, in the 

Queensland science syllabus when it states: "When working scientifically, students 

make sense of the phenomena they experience (QSA, 1999a, p. 1).  

Matthews (1993, 2002) counters this argument, claiming that the notion of 

"making sense of our experiences" is not a solid foundation for science education. A lot 

of science defies sense. For instance, most of us have no way of making sense of 

Newton's notion that forces can act between two objects over an intervening empty 

space - the notion of action at a distance. We have no way to experience the force itself; 

all we can ever experience is a consequence - things moving - and we generally believe 

what we were told by our teachers, that it is a so-called force that makes the things 
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move. Similarly, making sense of the experience of watching pendulums swing would 

lead most of us to the conclusion that pendulums are not isochronous.  

The constructivist pedagogical strategy of designing classroom experiences that 

directly confront learners' prior understandings does not necessarily result in learners' 

modifying or changing conceptual structures. Chinn and Brewer's (1993, 1998) 

argument was that learners, similar to scientists, can respond to anomalous data in a 

variety of ways; conceptual change being just one of them. Chinn and Brewer's 

argument, though, was that conceptual change is the desired outcome. They presented a 

taxonomy of responses for the purpose of alerting teacher to the possibility of 

alternative responses. Teachers, anticipating alternative responses, can add different or 

additional experiences to effect the desired conceptual change, or at least to close off 

some of the alternatives. Thus, alternative responses are like alternative conceptions; 

teachers need to alert learners to the limitations of their alternative responses so that 

learners recognise the need to modify or replace a current response.  

Chin and Brewer have alerted the science education community to the complexity 

of the relationship between theory and data, and constructivist researchers have 

investigated some of the questions that arise as a consequence of the relationship: Are 

some aspects of the relationship better understood than others?; Is there a developmental 

sequence to aspects of the relationship?; Do teachers understand the relationship? In 

particular, researchers (e.g., Allie, Buffler, Kaunda, Campbell & Lubben, 1998; Lubben 

& Millar, 1996) have investigated learners' understanding of the reliability of 

experimental data; specifically, learners' understanding of the need for repeated 

measurements, how they interpret the spread of results that are a consequence of 

repeated measurements, how they deal with outliers, and how these understandings 

assist in deciding between competing theories (Ryder & Leach, 2000). Other 

researchers have focussed on learners' recognition of the need for a logical structure in 

 Methods of analysis and synthesis in science 47



the data in order to draw conclusions from the data (Leach, 1999). Findings indicate that 

learners find it easier to manipulate observable rather than unobservable hypothesised 

causes (Lawson, 2002), that learners display a competence in investigating the 

relationships between variables that clearly co-vary but that it is a more difficult task to 

investigate the effect of a variable that does not co-vary with outcomes (Kanari & 

Millar, 2004), and that teachers readily recognise uncontrolled experimentation in 

learners' designs but recognition does not ensure that teachers can advise learners on 

appropriate modifications (Taylor & Dana, 2003). 

It is important that learners know how to deploy these understandings, and the 

researchers cited above agree that these understandings are better learned when 

embedded in investigations into authentic problems. But to argue that learners' 

successful deployment of these understandings is all there is to demonstrating an 

understanding of the nature of science (for example, Lawson, 2002) is to leave 

unrecognised the epistemological break, inaugurated by Galileo, from the everyday and 

commonsense world (Matthews, 2002, 2004; Nola, 2004). 

Returning briefly to the pendulum, learners, deploying these understandings, can 

probably manipulate the length and mass of a pendulum in a controlled experiment to 

see that the period is independent of mass, and that the period increases with increasing 

length. They may even be able to manipulate their data to show that the period increases 

with the square root of the length. But this is all that can be derived from data. The 

standard high school textbook version of the expression for the period ( L
gT 2= π ) 

cannot be determined from data because the expression contains π - an irrational 

number (Rosenblatt, 2004). All that can be achieved in a data mapping exercise is an 

approximate confirmation of the expression, but this leaves unanswered the question: 

Where does the expression itself come from? Answering this question requires a 

different approach to science - Galileo's approach. 
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One answer, as Rosenblatt (2004) argued, is to get learners to think of a 

pendulum, not as a material pendulum, but in geometric terms, with all the idealisations 

that that implies (point mass, weightless and rigid string, no air resistance, no friction at 

the point of suspension, and so forth). Figure 2.2 shows such a geometrical pendulum. 

The pendulum, suspended from point O, swings back and forth along the dotted arc 

CBA. But the geometry of arcs is more difficult than the geometry of straight lines. It is 

much easier to have the idealised pendulum moving along the chord CB. An even easier 

situation is to have the idealised pendulum move down the incline EB, thus allowing the 

geometry of a right-angled triangle (OBE) to be used rather than having to use the 

geometry of an isosceles triangle (OBC). With these additional simplifications, the 

period of this pendulum is: 
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Figure 2.2: Geometrical representation of a pendulum 

 

 

Clearly, the numerical constants 4 2  and 2π  are not equal, but neither are they 

significantly different, and the functional relationships (period varies with the square 

root of length) are the same. The simplified geometry allows only an approximation of 
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the textbook expression, but as was shown earlier, the textbook expression is also only 

an approximation. Learners can return to the experiential world to determine the extent 

of the distortions introduced by these simplifications. Learners can then try less 

distorting approximations; for instance, by having the pendulum move down the chord 

CB but assuming a right angle at C or at B, or leaving right-angle triangle geometry and 

using the more complicated geometry of the isosceles triangle OBC, and eventually 

with sufficient mathematical knowledge returning to the geometry of the arc CB.  

Medina, Velazco and Salinas (2004) offered additional pendulum experiences that 

allow students to explore the role of concretisation. In their classrooms, learners take the 

standard textbook expression but ask: How far can a material pendulum depart from the 

idealised pendulum assumed in the derivation of the textbook expression before the 

error in the period of a pendulum exceeds a predetermined level? For instance, they ask: 

How large can the amplitude be before it departs from being "small"?; How large can 

the diameter of the bob be before it departs from being a "point mass"?; What mass can 

the string have before it departs from being "weightless"?; and so forth. 

In Rosenblatt's pendulum curriculum, learners are introduced to a nature of 

science that is different from the nature of science that constructivism proposes. 

Learners, like Galileo, learn to distinguish between theoretical objects and material 

objects, and to use thought and reason to represent and manipulate these theoretical 

objects. Learners begin to understand the role of concretisation. They collect data in the 

material world, not only to confirm or deny their theories or to test predictions, but also 

to know what the limitations of their theories are. Even if the mathematics and other 

concepts required to develop theoretical structures are beyond learners' abilities, they 

can still take standard theories presented in their textbooks, and with the understanding 

that theories always incorporate some idealisations, use processes similar to those 
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outlined by Medina, Velazco and Salinas to know how far the material world can depart 

from the idealised world before unacceptable errors are introduced. 

Observing and manipulating material objects leaves unexplored the crucial 

difference between everyday understandings and science. Shifting from everyday 

understanding to a scientific understanding is not simply a matter of getting learners to 

see things differently or to make sense of a new set of experiences. It was not the case 

that Galileo and Mersenne, with respect to, say, the law of chords, saw things 

differently. They both saw balls falling through the air and rolling down inclines. It is 

not even the case that Galileo saw the balls on inclines as colourless points on tangents; 

he saw them as anyone else did. Mersenne, along with Galileo's other Aristotelian 

contemporaries, did not have alternative conceptions about balls rolling down inclines 

(Matthews, 2002, 2004; Nola, 2004; Nowak, 1994).  

Galileo's Aristotelian contemporaries held misconceptions, though, about the 

application of Galileo's contrived theoretical world to the experiential world; they 

treated Galileo's theoretical results as though the theories were intended to be directly 

applicable to the experiential world. Similarly, when learners are asked to interpret 

science in empiricist terms or to treat idealisations as if they are empirical 

generalisations, they leave unexplored the nature of idealisation and the potential for 

concretisation. Without these understandings, and when there is a discrepancy between 

the theoretical world and the experiential world, learners are left with few options: They 

can deny their own experiences (for instance, they made a mistake in the experiment); 

or, like Mersenne, they deny the validity or applicability of the theory - "I don't need to 

refer everything to reality. I am simply interested in physics ... physics is not about the 

world" (student's comment cited in Schecker, 1992, p. 75). 

None of these arguments amounts to a denial of the importance of the experiential 

world for learners. The experiential world is important to science education because it is 
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where curiosity, inquisitiveness and questioning begin. Nor are these arguments meant 

to claim that all science is done according to the notions of idealisation and 

concretisation. Some science is done by beginning in the experiential world - 

generalising from empirical data, employing controlled experiments to eliminate rival 

hypotheses, graphical representations of data, plotting lines of best fit, and so forth. The 

key point is, as Matthews (1993) put it, that Newton's theory of gravitation, Darwin's 

theory of evolution, Mendel's theory of genetics can be apprehended by and taught to 

learners, but to treat them as though they originate purely as empirical generalisations is 

to confuse the theories for experiences of falling objects, for observations of finches on 

the Galapagos Islands, or for experiences of gardens of flowering peas.  

 

2.3 Conclusion 

This chapter began with an argument that a description of the methodology of 

science needs to take account of idealisation - the process of removing characteristics 

from objects in the experiential world so that the simplified object, existing in a 

theoretical world only, can thus be manipulated through thought and reason. It was also 

argued that the experiential world connects with the theoretical world through 

concretisation - the process of adding experiential-world complexities back to the 

theoretical objects so as to close the gap between the theoretical world and the 

experiential world.  

The second argument presented in this chapter was that constructivism, despite its 

claims to have rejected empiricism, has at its core an empiricist methodology. The 

empiricist core of constructivism is that it envisages knowledge as something that 

emerges from experience, from individuals looking at and trying to understand and 

comprehend the experiential world. As a consequence, contemporary science education, 

whether committed to empiricism or to constructivism, ignores the roles played by 
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idealisation and concretisation in the construction of scientific knowledge, and thus 

learners are only ever exposed to just one aspect, and possibly a distorted aspect, of the 

nature of scientific knowledge - that science originates in the experiential world. The 

argument was put that science education needs to get beyond the constraints imposed by 

constructivism and empiricism so that learners can be exposed to the notion that science 

can also be played out as a purely mental activity entirely divorced from the experiential 

world.  

The purpose of this chapter was to create a theoretical space for considering 

science in these terms - as an interplay between theory and experience - so as to allow 

the inquiry to begin. This thesis is concerned with the construction of scientific 

knowledge in one educational site - the textbook. The textbook provides learners, and in 

many instances, teachers, with a resource for the content of science, for the genre of 

scientific discourse, and for the procedures, methods and practices of science. In 

particular, this thesis is concerned with how textbook authors deploy a range of 

linguistic resources to construct the science they present in their textbooks, and whether 

or not there is evidence, as reflected in linguistic preferences, for textbook authors 

making the sorts of distinctions discussed in this chapter. The next chapter presents a 

discussion of the particular linguistic resources used in those analyses and how these 

linguistic features are extracted from the corpus of science textbooks.  
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3    ANALYTIC PROCEDURES AND METHODS OF ANALYSIS 
 
 

This chapter presents the procedures used to analyse the science corpus 

(henceforth SC). The analyses in subsequent chapters focus on: 

• a description of the corpus; 

• word frequency distributions - concerned with a set of statistics that summarise 

the shape of the word frequency distributions; 

• lexical organisation - concerned with the patterns of co-occurrence among content 

words; 

• major structural relations - concerned with patterns of co-occurrence among 

words that account for a large proportion of the running text; and, 

• grammatical organisation - concerned with the patterns of co-occurrence of 

grammatical features. 

All of these analyses are in terms of frequency counts for particular entities: word 

frequencies; frequencies of collocation; and frequencies of grammatical features. 

Therefore, a major purpose of this chapter is to provide definitions of these entities and 

to show how the corpus was manipulated so that the defined entities can be extracted, as 

well as to provide a discussion of how the analytic procedures operated on the 

frequency counts. But first, the next section presents a discussion of how the sample of 

text that constitutes the corpus was selected.  

 

3.1 Sample selection 

The aim of this thesis is to examine material written for students being introduced 

to science in a systematic way for the first time, that is, students in the junior years of 

high school (years 8, 9 and 10). The study was based in Queensland, and as a 

consequence, books that were in use in Queensland high schools were selected. Five 
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series of textbooks comprised the corpus. Each series consisted of three separate books, 

one for each year level. The five series are: 

Ash, J., Jess, T., Wilson, B., Heffernan, D. & Learmonth, M. (1987/87/89). Elements 
of Science. Melbourne: Longman Cheshire. 

Chapman, B., Perry, B., Russell, D. & Stead, K. (1989/90/90) Science. Brisbane: 
Brooks Waterloo. 

Coghill, G. & Wood, P. (1987/88/89). Science Spectrum. Melbourne: Rigby 
Heinemenn. 

Stannard, P. & Williamson, K. (1985/86/87). Exploring Science (2nd ed.). 
Melbourne: The Macmillan Company. 

Wintour, J. A. & Wintour, J. M. (1987/88/89). Enjoying Science. Brisbane: 
Jacaranda Press. 

To avoid cumbersome references to these series, they are henceforth referred to as: AJ, 

CP, CW, SW, and WW respectively. A numeric code (1, 2, or 3) indicates the year level 

of each book. An additional numeric code indicates the chapter within each book. For 

instance, AJ109 refers to chapter 9 in the first book in the Elements of Science series. 

The textbooks include a large amount of material outside the main body of the 

text, including: prefatory notes to teachers and students; bullet point objectives of 

chapters; bullet point chapter summaries; procedures to conduct specific experiments; 

end-of-chapter questions; figure and table captions; tables; and others. Therefore, a 

decision had to be made concerning which of these elements should be included in the 

sample. Two of the analyses require running text. The question was how and in what 

sense some of these elements outside the main body of the text could be embedded into 

the running text. In addition, some textbooks include only some of these elements. For 

the purpose of obtaining a corpus that could be used for all analyses, and of ensuring 

that the same categories of text were included, it was decided to omit all such material 

from the analyses. That is, the material used in the analyses was material that could be 

described as the content of science. In the main, making this distinction was 

straightforward. The excluded text was often marked, usually with a different font or 
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colour to the main body of text. Chapter headings and section headings are integral to 

organising the body of the text, and so headings remain in the corpus and were included 

in the frequency counts. While some researchers have argued that some textbooks in 

science have begun to use increasing amounts of non-linguistic and multimodal 

materials (e.g., Kress, 2003), the focus of this inquiry is firmly fixed on the lexical and 

grammatical features of the language. No claims are made about non-linguistic elements 

of texts. 

The corpus was collected 10 years ago and comprised textbooks used in one 

educational jurisdiction. In this sense, there is no claim that the corpus is generalisable 

to other secondary school systems or to other times. Corpus linguists generally argue 

that traditional notions of generalisability and representativeness are too restrictive. 

Sinclair (1991), for instance, argued that what is important is to obtain "evidence of 

usage" (p. 37), and to compare that evidence with other kinds of evidence. Stubbs 

(1996) made even stronger claims: that it is impossible to obtain a representative corpus 

because "the population being sampled is infinite in extent and constantly changing" 

(p. 232); and that it is better to admit that corpuses "may be narrower and broader in the 

samples they contain" (p. 232) and that "there is a wide range of text types which are 

unrepresented" (p. 232). This thesis is not concerned with the textbooks' usage in 

schools: if they are used; how they are used; and so forth. As stated earlier in Chapter 1, 

this thesis is concerned with representations of knowledge, and it uses textbooks as a 

convenient site to begin the investigation. The textbooks, however, form but one of a 

range of sites to investigate how knowledge is represented in and for schools. 

The point is not to claim that generalisability can be conveniently ignored, rather, 

it is to claim that the question of generalisability can be approached from a different 

angle. Peräkylä (1997), discussing the concept of "possibility", argued that it is the 

possibilities for language use that are generalisable. That is, the findings are 
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generalisable as descriptions of what authors contributing to other corpuses, written at 

other times and used in other educational jurisdictions, can do, even if the findings are 

not actualised in these other corpuses. 

Freebody (2003), drawing on a report by Wootton, argued with respect to single 

case studies that there is an aspect of generalisability applicable within a study. The 

themes, issues and views expressed by Wootton's participants were common across a 

range of data gathering instances. With respect to this thesis, and looking ahead to the 

findings, there are differences in the ways in which science is represented across 

disciplines of scientific knowledge, but the same sorts of explanations are invoked, the 

patterns are readily interpretable, and similar sorts of patterns are evident in the different 

analyses. Freebody (2003) discussed a second aspect of generalisability, again drawing 

on Wootton's report. He noted that Wootton met the challenge of the obvious weakness 

of single case studies by exploring the extent and the ways in which his claims, 

findings, and theorisations were supported by studies that adopted various theoretical 

and methodological approaches - this may be thought of as "conceptual 

generalisability". A similar approach is adopted in this thesis. 

 

3.2 Preparation of text for analysis 

This section is concerned with defining the entities that are the subject of 

subsequent analyses, and with describing the manipulations of the corpus so that the 

required frequency counts were obtained. The textbooks were scanned so that the 

printed page could be electronically stored and manipulated. After discarding unwanted 

material (prefatory remarks, chapter summaries, end-of-chapter questions, bullet point 

characters, and so forth), the remaining text was edited to correct for mistakes that 

occurred during the scanning process, but errors in the original were retained. Each 

chapter of each textbook was stored as a separate file.  
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Sinclair (1991) recommended that the resulting unprocessed text be kept as it is, 

free of any codes. His argument is that, while coding can be added for particular 

investigations, not all investigations view language according to the same priorities, and 

therefore a standardised set of codes is not readily available. Nevertheless, some 

features of SC were tagged so that software could detect and count them. These features 

were: units of measurement (in abbreviated form); numeric characters; mathematical 

and chemical equations; and stand alone graphic characters (e.g. B in Magnet B is …). 

The analyses required that the corpus be manipulated to produce output in terms 

of an entity's frequency of occurrence. Frequencies for three kinds of entities were 

required: 

• word frequencies - employed in the analyses of word frequency distributions and 

major structural relations, as well as providing the basis for an overall description 

of the corpus; 

• collocation frequencies - employed in the analysis of lexical organisation; 

• frequencies for grammatical features - employed in the analysis of grammatical 

organisation. 

The next three sub-sections define these entities and describe the manipulations of the 

corpus so that useful output was obtained. 

 

3.2.1 Word frequencies 

For the purpose of obtaining word frequency lists, "word" is defined as a string of 

graphic characters bounded by spaces to the left and right. The graphic characters 

included all alphabetic characters, hyphens, apostrophes, numerals, and the negative 

sign and the slash when they are part of an abbreviated unit of measurement (e.g., ms-2, 

m/s). A number of implications follow from this definition. Hyphenated words were 

counted as single words; that is, constant-body-temperature was one word, but pin-hole 

Analytic procedures and methods of analysis 58



and pinhole were distinct words. Words containing apostrophes were distinguished from 

their non-apostrophised versions so that, for instance, boys and boy's were distinct 

words. Similarly, I, I'd, I'm, and I'll were all counted as distinct words. Abbreviations 

(e.g., Mr, Dr, Mt), acronyms (e.g., MIM, CSIRO), and units of measurement (e.g., m/s, 

ms-2) were also all counted as single words. However, no distinction was made between 

capitalised and non-capitalised characters, so that, for instance, the and The were not 

counted as distinct words. Finally, mathematical and chemical symbols and equations, 

numerals, and stand-alone graphic characters, while they remained in the corpus, were 

excluded from the word counts. 

Not all corpus compilers define "word" in the same way. For instance, some have 

included numerals. Others have distinguished between capitalised and non-capitalised 

characters. Some have ignored apostrophes and hyphens so that, for instance, were and 

we're are counted as the same word. No single definition of "word" is entirely 

satisfactory for all analytic purposes. The definition employed here included some 

punctuation marks (apostrophes) but not others (commas, full-stops, and so on). The 

decision to include apostrophes allowed the useful distinction between plurals and 

possessives to be made. However, no attempt was made to distinguish between the 

apostrophe's two functions: to mark possessive case; and to mark ellipsis. The reason 

for ignoring capitalisation was that it did not serve a useful purpose to distinguish 

between capitalised and non-capitalised words simply because the capitalised version 

began a sentence. However, this policy blurred distinctions such as polish and Polish, or 

newton (unit of measurement) and Newton (the scientist). Distinguishing between these 

sorts of word meanings would have required some form of linguistic tagging. But that 

would have necessitated a decision concerning which features to tag, and that decision 

would have been somewhat arbitrary on a variety of other counts. For the purpose of 

obtaining word frequency lists, Sinclair's (1991) advice, to defer the tagging of 
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linguistic features for as long as possible, was followed. In other words, the way in 

which "word" is defined here was the sole criterion for deciding how words were to be 

counted. 

The software used to generate the frequency lists was SCP (Simple Concordance 

Program, Reed, 2001). It allows various definitions of "word", including the one 

employed here. SCP can be instructed to provide outputs in various formats. The 

formats required for subsequent analyses were: 

• word frequency distributions - the number of distinct word types that were 

accounted for by each frequency band; and, 

• word frequency lists - lists of words with their frequencies of occurrence. 

 

SCP can be instructed to count words for various combinations of the original 

files, including: each file separately; whole categories of chapters that form major 

components of SC such as textbook series, year level, or scientific discipline; and the 

corpus as a whole. The ways in which the word frequency distributions and word 

frequency lists were employed in the analyses are discussed in Section 3.3. 

 

3.2.2 Collocation frequencies 

This section describes the methods used to obtain collocation frequencies - the 

number of times a word appears in the environment of other words. There were a 

number of issues that had to be resolved before the counting of collocations could 

proceed. Some issues were theoretical and dealt with the nature of a lexical network and 

a precise definition of "collocation", while others were practical and ensured that 

collocation frequencies were reasonably stable. The discussion draws heavily on the 

work of Phillips (1985) who in turn drew heavily on the work of Sinclair and his 

colleagues (summarised in Jones & Sinclair, 1973). 
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Key notions discussed by Jones and Sinclair (1973) and Phillips (1985) are 

collocation, collocate, node and span. "Node" refers to the word under consideration. 

"Collocate" refers to a word that appears in the environment of a node. "Span" relates to 

words in the immediate environment of the node. A key question concerns the size of 

the span, that is, how removed from a node does a word have to be before it can no 

longer be counted as a collocate of the node. Jones and Sinclair (1973) and Phillips 

(1985) concluded that the influence of a node does not extend appreciably beyond four 

words either side of the node, and therefore, a 4 X 4 span was used in the analysis of 

SC. "Collocation" is the term used to denote a node-collocate pair where the collocate is 

contained within the 4 X 4 span. 

The collocation frequencies were used in an analysis of lexical structure. 

Grammatical words (the, of, and, is, in, to, a, etc.) are markers of syntactic structure and 

serve the function of textual cohesion (Halliday & Hasan, 1979), and so they contribute 

little to the lexical structure of the text. Therefore, grammatical words, belonging to 

"closed systems" (Halliday & Hasan, 1979) such as articles, pronouns, prepositions, 

demonstratives, modals, auxiliary verbs, and conjunctions, were removed from 

consideration, although they remained in the text for the purpose of counting the span. 

This had the added advantage in that it was, for the most part, the high frequency words 

that were eliminated. If these words had not been discarded, they would have been 

competing for co-occurrence slots, and hence, their presence would have made it 

difficult to detect lexical organisation as it relates directly to content. 

Just as grammatical words are irrelevant to an analysis of lexical organisation, so 

too are any markers of syntactic structure. The other major set of markers of syntactic 

organisation are morphological markers of syntactic relations, and so all such markers 

were removed. That is, the corpus was "lemmatised" by replacing morphological 

variations (e.g., "rotation", "rotations", "rotational", "rotating") with a canonical form of 
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the word ("rotate"). Included in this process were spelling variations, such as color and 

colour. Lemmatisation had the added advantage in that it reduced the number of word 

types that would otherwise have been competing for co-occurrence slots, and hence 

increased the chance of observing lexical organisation. 

However, lemmatisation of the corpus presented problems. There were words that 

in some contexts were grammatical, and in other contexts were lexical. For instance, 

consider course in these two situations: Of course, there are alternatives …, and During 

your science course … . Also, it was not clear that the canonical form always captured 

the intent of particular morphological variations. While it is clear that the canonical 

form "rotate" captures the intent of "rotation", "rotating", "rotations", "rotational", and 

"rotated", it is not at all clear that the canonical form "power" can replace "powered", 

"powerful", or "powerless". Phillips' (1985) suggestion was to trust in the power of 

subsequent analyses to extract lexical organisation. The lexical networks, he argued, 

should indicate the intent of the meaning, and so, if a word could be reduced to a 

lemma, it was so reduced. 

The next decision concerned the interval of analysis. It could be argued that the 

chapter is the ideal interval because it is the mechanism by which authors divide the text 

into conceptual units. However, authors' decisions as to where to draw chapter 

boundaries sometimes appeared arbitrary. Furthermore, if chapter was the unit of 

analysis, the collocation frequencies would be small and more likely to be unstable. 

Therefore, the next analytic category - the book - was adopted. 

Finally, low frequency lemmata9 make only a small contribution to the lexical 

organisation of text. There were no theoretical or statistical criteria to determine a 

cut-off frequency, but there was a practical consideration. Subsequent manipulation was 

carried out in an Excel spreadsheet, and the limit of 256 columns in the spreadsheet 

                                                 
9 The term "lemmata" (singular – lemma) refers to the forms of words after they have been subjected to 
lemmatisation, that is, a lemma refers to what previously was called "the canonical form of a word". 
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indirectly determined the cut-off frequency. That is, when the lemmata were organised 

across the spreadsheet in order of decreasing frequency, the low frequency lemmata 

would not fit on the spreadsheet. The cut-off frequency varied from book to book, but 

generally, lemmata with frequencies less than about 20 were not considered. 

The UNIX version of SCP, CLOC (A Collocational and Concordance Package, 

Reed, 1992) was used to count collocation frequencies. Each output generated by CLOC 

contained a list of all nodes along with each node's set of collocates and their 

collocation frequencies. The way in which the CLOC outputs for each book were 

employed in the analysis of lexical organisation is discussed in Section 3.3. 

 

3.2.3 Frequencies of grammatical features 

This section describes the methods used to identify and tag grammatical features. 

Given the size of the corpus, it was desirable that grammatical tagging be achieved as 

automatically as possible. Of a number of available automatic taggers, Biber's (1988) 

set of algorithms was used to tag the corpus. Biber's algorithms had one distinct 

advantage over other taggers in that they allowed varying levels of precision. For 

instance, inflections of the verb to be can act as either the main verb in a clause or an 

auxiliary to the main verb. At one level of precision these were collapsed, and at the 

next level of precision they were separated. Most automatic taggers do not allow this 

versatility. If, at a later stage, it was decided that the precision afforded by Biber's 

software was not required, then it would be a simple matter to add the frequencies 

across appropriate tags. 

Biber's approach was to use a dictionary to assign, initially, one of four major 

categories: noun, verb, adverb, and adjective. Closed grammatical categories (e.g., 

prepositions, pronouns, articles, and so forth) were identified directly. However, many 

of the most common words in English belong to more than one category. A number of 
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disambiguating algorithms allowed these words to be tagged uniquely by taking account 

of the surrounding context and morphology. Also, words not contained in the dictionary 

were assigned a tag according to surrounding context and morphology. 

Biber's software returns tags in five fields. For most words, only the first one or 

two fields were used. Including tags for punctuation and for contracted forms, there 

were approximately 230 unique tags that could potentially be returned by Biber's 

algorithms. 

Biber's algorithms were not fully accurate. Indeed, he made the case that all 

grammatical taggers make mistakes because English has many lexical and grammatical 

ambiguities, and he argued for the necessity of interactive editing to deal with these 

problems (Biber, 1995). 

Some common words in SC were incorrectly tagged. For instance, the words 

forms, uses, shows, acts, stars can be either present participle forms of verbs or plural 

nouns, and the algorithms did not consistently disambiguate the two forms. Also, some 

algorithms depended on morphology to tag words, and this too led to incorrect tagging 

for some common words. For instance, words that ended with -ation, -ism, -ity, -er were 

tagged as nominalisations. This meant that flower was incorrectly tagged as a 

nominalisation. Words with the suffix -al were usually tagged as adjectives. However, 

words such as chemical and animal were sometimes tagged as adjectives when they 

were fulfilling nominal functions. The point here is not to claim that Biber's algorithms 

are inadequate. Rather, the point is that these problems needed to be dealt with because 

they had the potential to skew the results. 

Once the more obvious mistakes were corrected, there was the need to consider 

how Biber's tags were to be used to answer the key research questions. In some 

instances, tags were collapsed across categories. For example, Biber's algorithms 

returned separate tags for each of the inflections of the verb to be as main verb. These 
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were collapsed into a single category - the verb to be as main verb. Similarly, the tags 

for inflections of to have and to do were collapsed into single categories.  

In other instances, the set of words that Biber's algorithms used to identify a 

grammatical feature was expanded. For example, Biber's algorithms allowed three types 

of subordinate adverbial clauses to be identified: cause; concession; and condition. 

These clauses were identified by a limited set of subordinating conjunctions: cause - 

identified by because; concession - identified by although, though; condition - identified 

by if, unless. It was decided to extend the search for possible subordinating conjunctions 

in each of these categories. Using two grammar references (Quirk, Greenbaum, Leech 

& Svartvik, 1985; Sinclair, Fox, Bullon, Krishnamurthy, Manning & Todd, 1990), a list 

of possible conjunctions was developed. These conjunctions were searched for in the 

corpus, and the appropriate tags were entered. 

Finally, there was a need to consider linguistic features that were not tagged by 

Biber's algorithms. For example, adverbial clauses of cause, condition, and concession 

do not exhaust the range of adverbial clauses. There can be, in addition, adverbial 

clauses of manner, place, result, time, purpose, and reason. Using the two grammar 

references cited above, a list of possible conjunctions was developed. These 

conjunctions were searched for in the corpus, and the appropriate tags were entered. 

Verb phrases can be classified along a number of dimensions: tense; aspect; 

mood; voice; and modality. These are indicated by the use of inflections of the main 

verb and auxiliaries. In addition, verb phrases contain combinations of two or more of 

these dimensions. In order to maintain statistical independence, one element in the verb 

phrase should carry only one tag. This meant that some verb phrases could not be 

tagged along all dimensions. For instance, in the sentence The bird eats the caterpillar, 

the verb is declarative, active voice and present tense, yet it can carry only one tag. 

Declaratives and active voice were considered as belonging to unmarked categories. 
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They are unmarked in the sense that the verb does not carry an auxiliary nor is it 

inflected. Thus, it was decided that the one dimension that was tagged for such verbs 

was tense. 

Mood (declarative, interrogative, and imperative) was the least problematic 

dimension to tag. For imperatives (e.g., Look at figure 3.2), the verb carried the tag. 

Initially, two types of interrogative were tagged: wh-interrogatives (e.g., What does this 

mean?) in which the wh-word carried the tag; and yes/no-interrogatives (e.g., Are they 

the same?) in which the question mark carried the tag. Declaratives, as mentioned 

above, were not tagged. 

Tense was tagged as either present or past. Some grammars (e.g., Sinclair, et al., 

1990) refer to future tense, with the modal operator will marking future tense. However, 

Huddleston (1988) argued that English has no future tense. Grammatically, will is not 

an auxiliary because it has no non-tensed form and it shows no person nor number 

agreement, and therefore it does not belong to a verb category. Semantically, will 

involves elements of both futurity and modality, but as Huddleston argues, this is a 

natural state of affairs. Modality is required because it is generally not possible to make 

unqualified assertions about future events. The element of futurity is a reference to a 

prediction of an event rather than to the future event itself. Moreover, will is not an 

obligatory element for referring to a time in the future. Other modals can be interpreted 

as referring to the future. Applying this argument to SC, will was tagged as a modal 

operator, and future tense was not tagged. 

Voice can be active or passive, but only passive voice was tagged. Active voice, 

as discussed earlier, was considered an unmarked category. Passive voice is marked by 

the use of a form of be as an auxiliary with the past participle form of the main verb 

(e.g., It is eaten …, It was eaten …). Passive voice constructions also needed to be 
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tagged for tense. In order to maintain independence between voice and tense, the 

participle was tagged for passive voice and the auxiliary was tagged for tense. 

Two types of aspect were tagged: perfect and continuous. Continuous aspect is 

marked by the use of be as an auxiliary with the present participle form of the main verb 

(e.g., It was eating …, It is eating …). Continuous aspect constructions also needed to 

be tagged for tense. The auxiliary was tagged for continuous aspect, and the participle 

was tagged for tense. Perfect aspect is marked by the use of a form of have as an 

auxiliary (e.g., It has eaten …, It had eaten …). Perfect aspect constructions also needed 

to be tagged for tense. The auxiliary was tagged for perfect aspect and the main verb 

was tagged for tense. Verb phrases can have both perfect and continuous aspects (e.g., It 

has been eating …, It had been eating …). In addition, these constructions needed to be 

tagged for tense. Applying the tagging scheme for aspect to these constructions, the 

have auxiliary was tagged for perfect aspect, the be auxiliary was tagged for continuous 

aspect, and the participle form of the main verb was tagged for tense.  

Modal operators were tagged for three types: possibility, necessity, and 

prediction. Since the verb following a modal operator is not marked for tense, tense was 

not tagged. It was, however, possible for verbs following the modal operator to contain 

auxiliaries marking perfect and continuous aspect (e.g., perfect - It could have been 

eaten …; continuous - It could be eating …; perfect and continuous - It could have been 

eating …), and these were appropriately tagged. The usual set of modals (can, may, 

might, could, will, would, shall, should, ought to) was extended to include sets of 

multi-word constructions that behave like modal operators (e.g., be able to, tend to, 

have to, is possible to). This in turn meant that it was possible for a verb to be preceded 

by a sequence of modals. For example, We will have to be able to compare our 

measurements contains three modal operators: prediction - will; necessity - have to; 

possibility - be able to.  
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The tag set for this thesis initially contained 88 tags. However, some tags received 

low frequency counts (typically, frequencies of one or two, but less than five, in a dozen 

or so chapter), and as a consequence, they were combined with other tags or, as in one 

instance discussed below, deleted from the analysis. As mentioned earlier, two types of 

interrogative were originally tagged - wh-interrogatives and yes/no-interrogatives - but 

because of the low frequency for yes/no-interrogatives, the two types were combined 

into a single category. Similarly, proper nouns were initially tagged as "person", "place" 

and "other", but because of the low frequency for the "person" and "other" categories, 

all proper nouns were combined into a single category. Pronoun-so (e.g., If this was 

incorrect, he would have told us so) was tagged, but it too received low frequencies. In 

this case, it could not easily be combined into one of the other pronoun categories, and 

so it was deleted from the analysis. It did, however, remain in the data file for the 

purpose of counting the total number of tags. Finally, there were three features that 

emphasise an element of a clause or sentence: do as an auxiliary emphasises the verb 

(e.g., They did explain it); a group of sentence adverbials that emphasise the whole 

sentence (e.g., actually, fortunately, surprisingly); and cleft and pseudo-cleft sentences 

that are capable of emphasising a number of different elements within the sentence (e.g., 

It was Galileo who first investigated pendulum motion). Each of these had low 

frequency counts, but rather than deleting them from the analysis, they were combined 

into a single category labelled "emphasis".  

Table 3.1 shows the resultant set of 78 tags with typical examples. Each chapter of 

each book in SC was tagged separately. The way in which the frequencies for 

grammatical features were employed in the analysis of grammatical organisation is 

discussed in Section 3.3. 
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Table 3.1: Grammatical features tagged in SC 
Tag   Typical examples 

A. Tense and Aspect markers 
1 present tense He sits; They eat
2 past tense He sat; They ate
3 perfect aspect He has sat; They have eaten 
4 continuous aspect He is sitting; They are eating 

B. Voice and Mood 
5 passive voice He is seated; They are eaten by … 
6 imperative mood Imagine the excitement …; Look at Figure 3.2. 
7 interrogatives What does this mean?; Are they the same?

C. Modal operators 
8 necessity modals ought (to), should, must, have to 
9 prediction/temporal modals will, would, should, used to 
10 possibility modals can, may, might, could, be able to 

D. Some lexical verb classes 
11 inflections of to be as main verb is, am, are, were, being, be as main verb 
12 inflections of to have as main verb have, has, had, having as main verb 
13 inflections of to do as main verb do, does, did, done, doing as main verb 

E. Pronouns 
14 1st person I, me, we, us, myself, ourselves 
15 2nd person you, yourself, yourselves 
16 3rd person she, he, they, her, him, them, herself, himself, themselves 
17 impersonal it, itself 
18 1st person possessive my, our, mine, ours 
19 2nd person possessive your, yours 
20 3rd person possessive her, his, their, hers, theirs 
21 impersonal possessive its 
22 demonstrative pronouns this, these, those, that. These then become the … 
23 indefinite pronouns anybody, anyone, anything, everybody, nobody, somebody 

F. Determiners 
24 indefinite article a, an 
25 definite article the 
26 demonstrative this house; these results; those animals; that method 
27 quantity determiners with Many cells; Much energy; Most are red. More can pass 
 comparison (including pronouns)  

28 quantity determiners without Some cells; Each level; Some are; Give it to another. 
 comparison (including pronouns)  

29 other determiners The same cell; Other scientists; Such diagrams; 
 (including pronouns) Others behave 

30 ordinals first, second, 1st, 2nd 
31 number a thousand, a quarter of a million,  
  thirty five, 1000, for thousands of years 

32 number referring to textual feature figure 3.4; table 4.6; chapter 6
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Table 3.1 (Cont.) 
Tag   Typical examples 

G. Nominal forms 
33 nominalisations classification, magnetism, cohesion 
  (ending in -tion, -ity, -ment, -ness, -ism, 
   -sion, -ance, and their plurals) 

34 gerunds The settling of the sediment … 
35 proper nouns: 
 person, Newton, Galileo 
 place,  Australia, Pacific Ocean, Glasshouse Mountains
 others (mostly organisations) University of Sydney, NHMRC, Mount Isa Mines

36 generic categories of people scientist, farmer, doctor, people 
37 noun modifying a noun tunnel system 
38 common nouns animal, force, form, system 
39 units of measurements metre, m/s2, joules/second, metres per second
40 dates and times In 1967 …; During January, 1982 …;  
  On June 31 …; At 8pm on August 4th, … 

41 possessive nouns Galileo's discovery …; A cell's ability … 

H. Adjectives 
42 superlative in attributive position The biggest house … 
43 comparative in attributive position The bigger house … 
44 adjectives in attributive position The big house … 
45 superlative and comparative  The house is bigger than … 
  in predicative positions This house is the biggest. 

46 adjectives in predicative positions This house is big. 

I. Adverbs and Adverbials 
47 adverbials of time and frequency earlier, immediately, recently, frequently, constantly, 
48 adverbials of manner chemically, easily, vigorously 
49 adverbials of place and direction above, underground, outside, vertically 
50 adverbials of comparison like, the same as
51 conjuncts consequently, however, therefore 
52 downtoners fairly, nearly, slightly 
53 hedges about, maybe, something like 
54 amplifiers certainly, extremely, perfectly 
55 emphatics for sure, quite, really 
56 other adverbs 

J. Coordination 
57 phrasal coordination VERB and VERB; NOUN and NOUN;  
  ADJECTIVE and ADJECTIVE; VERB and VERB. 
  or, nor, but 

58 clausal coordination Oxygen enters the cell and carbon dioxide leaves. 

K. Subordination 

(K1) Complementation  
59 infinitives It helps to make the …; It helps make the … 
60 verb and noun complements: He thought that the stars and planets were … 
 reporting thoughts, statements, This shows that the stars and planets are … 
 intentions, reporting on saying, The thought that the stars and planets are … 
 showing, trying, demonstrating.  
 adjective complements It is likely that the stars and planets are … 

61 verb complements - wh-clauses This shows how the stars and planets are … 
  (Indirect questions) 
 
 

Analytic procedures and methods of analysis 70



Table 3.1 (Cont.) 
Tag   Typical examples 

 (K2) Adverbial clauses 
62 condition if, unless 
63 reason/cause because, since, in that
64 time before, since, until, while, now that, once 
65 contrast/concession although, though, even though, except that
66 result so that, such that, so … that, in such a way that 
67 comparison as, like 
68 purpose, place, manner in order to, so, where, as, as though, so … as

(K3) Relatives 
69 defining relative Substances that cannot be broken down are called ... 
70 non-defining relative The brush tailed possum which is the size of a small cat ... 

(K4) Participle forms 
71 present participle structures Some have gone wild, destroying the environment. 
72 past participle structures This process, called exfoliation, is responsible for … 

L. Prepositions 
73 total other prepositions in, of, on, to, by, at, among, for 

M. Existential features 
74 existential there There are a number of possibilities. 

N. Other features 
75 emphasis structures:  
 sentence adverbials Actually, fortunately, surprisingly 
 cleft sentences All you have to do is put it in the …,  
  It was Galileo who first investigated the … 
 do as auxiliary They do eat it; They did explain it. 

76 symbols and equations Cu (copper); F=ma 
78 negation not, no 
78 chapter and section headings 

 

 

3.3 Analytic procedures 

The previous section outlined sets of procedures performed on SC so that 

frequency counts for word, collocation and grammatical feature could be obtained. The 

discussion in this section focuses on how these frequency counts were used in particular 

analytic procedures. Section 3.3.1 discusses the ways in which the word frequency lists 

were used to highlight, at a general level, the similarities and distinctions among the 

components of SC. Section 3.3.2 discusses the ways in which statistics describing word 

frequency distributions were obtained and interpreted. Section 3.3.3 discusses the ways 

in which collocation frequencies were used to create lexical maps that were interpreted 

in terms of underlying lexical organisation. The analysis of major structural relation and 
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the analysis of grammatical organisation were completed using the same statistical 

procedure. A discussion of this procedure is provided in Section 3.3.4.  

 

3.3.1 Measures of similarity, homogeneity, and distinctiveness 

This section is concerned with the use of word frequency lists to obtain measures 

of similarity between pairs of components of SC (for instance, the Physics component 

compared with the Biology component, or one textbook series compared with another 

textbook series), and, if they were dissimilar, determining their distinctiveness. 

Similarity was assessed using methods developed by Kilgarriff (2001) and Cavaglià 

(2002), and distinctiveness was assessed using methods developed by Rayson and 

Garside (2000). Assessments of similarity and distinctiveness are based on the same 

framework. A word's distinctiveness is assessed by determining whether or not the 

word's relative frequencies in two components are the same, and the similarity of two 

corpuses is assessed by determining whether or not the relative frequencies for all words 

are the same in two components. The frequencies of word w in two components can be 

represented in a contingency table as shown in Table 3.2. The table shows word w has 

observed frequencies of O1 and O2 in two components of size N1 and N2. The observed 

frequencies for other words (i.e., not w) in the two components are N1 - O1 and N2 - O2.  

 

Table 3.2: Generic contingency table for word frequencies 
 Component 1 Component 2 TOTAL 

Frequency for word w O1 O2 O1 + O2

Frequency of other words N1 - O1 N2 - O2 N1 + N2 - O1 - O2

TOTAL N1 N2 N1 + N2

 

 

The 2 X 2 contingency table suggests a strategy. The question of whether or not 

the two frequencies for word w are the same in the two components can be cast in terms 
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of testing the null hypothesis that word w is randomly drawn from some larger 

population of words characterised by the combination of components 1 and 2. For the 

2 X 2 contingency table, the null hypothesis is tested by the usual procedure of 

calculating a χ2 statistic and comparing its value against a critical value at an appropriate 

α-level.  

This was the strategy adopted by Hofland and Johansson (cited in Kilgarriff, 

1996) to identify words common to British and American English. Using an α-level of 

0.005, they rejected the null hypothesis for most of the words, and for nearly all of the 

common words. Even with an adjustment to the α-level to take account of the multiple 

tests performed in their study, the null hypothesis would have been rejected for 

approximately half the words. 

However, as Kilgarriff (1996) warned, hypothesis testing may not be appropriate 

in these situations. That most of the null hypotheses were rejected suggests that words 

are not selected at random. This conclusion is arrived at because sufficient evidence had 

been gathered to reject the null hypotheses. For the χ2 test, "sufficient evidence" is a 

matter of sample size. As sample size increases, the χ2 statistic increases, and so for 

large corpuses, sample sizes are large enough that almost any null hypothesis can be 

rejected. But there has never been any reason to believe that the assumption under 

which the null hypothesis was tested holds; that is, the two components cannot be 

considered as though they contain words randomly selected from a population of words. 

Rather, as Kilgarriff argued, it is the very nature of language that any two collections of 

texts will show such differences.  

Kilgarriff (2001) argued, nonetheless, for the usefulness of the χ2 statistic in 

assessing similarity but without its link to hypothesis testing. By calculating the χ2 

statistic for each word in a set of the most frequent words in the union of two 

components, then adding the χ2 statistics for all words used in the comparison, Kilgarriff 

 Analytic procedures and methods of analysis 73



obtains a measure of the similarity of the two components. On its own, similarity is 

uninterpretable because interpretation of similarity depends on the homogeneity of each 

component (see Table 3.3 below). Therefore, the similarity measure (that is, the 

between-component measure) is compared to similarly constructed homogeneity 

measures (i.e., the within-component measures) for both components. Homogeneity is 

obtained by splitting each component into two halves, then calculating similarity 

between the two halves. If one component is substantially larger than another, it is not 

clear how to interpret, for instance, equal homogeneity for the two components. 

Therefore, the homogeneity and similarity measures need to be based on components of 

the same size. As a consequence, similarity between two components is calculated by 

comparing one half of the random split of component 1 to one half of the random split 

of component 2. So as not to capitalise on chance aggregations of features in one or the 

other of the random splits, the process with different random splits is repeated a number 

of times. 

 

Table 3.3: Some combinations for homogeneity and similarity 
 Homogeneity of 

component 1 
Homogeneity of 

component 2 
Similarity between 

components 1 and 2 Interpretation 

1 Equal Equal Equal Same language varieties 
2 Equal Equal Higher Different language 

varieties 
3 Equal Equal Lower Logically impossible 
4 Low Low Slightly higher Similar varieties 
5 High High Slightly higher Overlapping 
Adapted from Table 6 in Kilgarriff (2001, p. 17). 

 

 

Table 3.3 shows some combinations for homogeneity and similarity measures and 

their interpretations. "Equal" in the first two columns means that the homogeneity of 

component 1 is roughly equal to the homogeneity of component 2. "Equal" in the third 

column (Row 1) means that the measure is roughly equal to the measures in the first two 
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columns, and is interpreted as meaning the two components contain the same language 

varieties. In contrast, "Higher" in the third column (Row 2) means that the similarity 

measure is substantially larger than the homogeneity measures, and is interpreted as 

meaning that the two components contain different language varieties. This is the point 

made earlier. Interpretation of similarity depends on its comparison to the homogeneity 

measures. Not all combinations are possible. For instance, two components cannot be 

more similar to each other than each is to itself (Row 3). 

The procedure was applied to SC to determine homogeneity measures for each 

component and similarity measures between components. In its application to SC, the 

procedure was as follows: 

1. Obtain a list of the 300 most frequent words in SC. 

2. Generate 10 random split-halves for each component (where equal numbers of 

chapters are randomly assigned to the split-halves). 

3. Obtain the smallest sample size among the twenty split-halves. This becomes the 

size for all samples for all comparisons. To achieve this, a random number was 

assigned to each chapter within each split-half, and the chapters were ordered 

according to their random numbers. Chapters sizes were added until the 

accumulated size was as close as possible to the smallest sample size obtained 

above. This set of chapters becomes the desired random split-half. The procedure 

does not generate equal sample sizes, but they are nearly so. For the Discipline 

contrasts, the smallest sample size was approximately 30 400 tokens. The 

split-half sizes were centred on 30 400 and ranged from 28 035 to 33 632. For the 

Year Level contrasts, the split-half sizes were centred on 71 200 and ranged from 

68 524 to 73 344. For the Textbook Series comparisons, the split-half sizes were 

centred on 34 400 and ranged from 31 141 to 37 746. 
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4. Obtain the frequencies for the 300 words (from in step 1) for each split-half in 

each of the 10 random splits for each component. 

5. To calculate homogeneity for each component, calculate similarity between the 

two split-halves, and then average the similarities for the 10 random splits. To 

calculate similarity between any two components, calculate similarity between 

one split-half for one component and one split-half for the other component, and 

average the similarities for the 10 random splits. 

 

The Pearson χ2 statistic becomes unreliable when expected frequencies are less 

than 5, and as Dunning (1993) warned, it possibly overestimates with high frequency 

words. Dunning proposed the log-likelihood ratio as an alternative. In terms of the 

generic contingency table (Table 3.2), the log-likelihood ratio for word w is given by: 

2
2 i

i
i i

OG O ln
E

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
∑w  

where E1 and E2 are the expected frequencies,10 given by: 

i i
i

i
i

i

N O
E

N
=

∑
∑

 

The similarity / homogeneity measure is given by adding the Gw
2
 terms for all words 

used in the comparison: 

2 2
G G= ∑ w

w
 

As a final step, Kilgarriff (2001) divided the measure by the number of words used in 

the comparison to give a normalised value. Thus within-component measures of 

                                                 
10 The Gw

2 values are found by summing over the two upper cells of the contingency table. Strictly, the 
sum should be over the four cells of the contingency table. However, for the lower two cells, the observed 
and expected frequencies are approximately equal. With O E≈ , then 

0OO ln
E

⎛ ⎞ ≈⎜ ⎟
⎝ ⎠

 

That is, the lower two cells contribute little to Gw
2 and are usually omitted from the calculations. 
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similarity are obtained and compared with between-component measures of similarity. 

If, on the one hand, the between-component measure is approximately equal to the 

within-component measure, the two components are taken to be similar language 

varieties. If, on the other hand, the between-component measure is larger than the 

within-component measure, the two components are taken to be dissimilar language 

varieties. 

Turning to the question of distinctiveness, it is of interest to determine which 

words are driving the distinctions if two components are found to be dissimilar. It was 

noted earlier that the use of hypothesis testing is inappropriate. However, Rayson and 

Garside (2000) argued that it is appropriate to rank the words according to their Gw
2
 

values and to proceed with a more qualitative examination of the resulting word lists. 

Words with large Gw
2
 values appear towards the top of the list and are more 

characteristic of one component compared to the other. In contrast, words with similar 

relative frequencies in the two components have smaller Gw
2
 values and thus appear 

lower down the list. The same 300 words used in the similarity comparisons were used 

for the comparisons here. However, Gw
2
 values do not depend on equal sized 

components for interpretation, and so the split-halves were dispensed with, and instead 

the Gw
2
 values were obtained from the frequencies for complete components. 

 

3.3.2 Word frequency distributions 

This section is concerned with obtaining statistics that characterise word 

frequency distributions. However, the task of selecting these statistics is not straight 

forward. Many different statistics have been proposed, and while there is consensus 

concerning a group of statistics that should not be used, there is debate concerning the 

appropriateness of the remaining statistics. The discussion in this section begins with a 

review of some of the more popular statistics, and focuses on the behaviour of the 
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statistics when applied to SC as well as drawing on the conclusions of other authors' 

reviews.  

Before commencing the discussion, it is appropriate to introduce a set of 

mathematical notations and graphing techniques for representing word frequency 

distributions used during the remainder of this section.  

• N is the number of tokens, i.e., the size of the sample under consideration. 

• VN is the number of types, i.e., the size of the vocabulary in a sample of size N11. 

• Thus, the type:token ratio is given by: 

= NVTTR
N

 

• V(i) is the number of types that occur i times in a sample. Therefore, V(1) is the 

number of types that occur once, often referred to as hapax legomena. V(2) is the 

number of types that occur twice in the corpus, often referred to as dis legomena. 

• It follows then that the vocabulary size, VN, is given by summing the number of 

types at each i across all values of i, that is: 

1

maxi

N
i

V V
=

= ∑ (i)  

• The proportion of the vocabulary that V(i) accounts for is given by: 

N

V(i)a(i)
V

=  

• If Ai represents a type with frequency i, then the relative frequency of the type Ai, 

or alternatively, the type's probability, is given by: 

ip(i)
N

=  

 

                                                 
11 "Type" refers to a type of word, for instance, the type the, the type and. "Tokens" refer to the number of 
times that a type appears, so that, for instance, the type the has 48203 tokens, and the type and has 14949 
tokens in SC. 
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There are a number of ways of presenting word frequency distributions in graphic 

form. Here, word frequency distributions will be presented as structural distributions 

(i.e., cumulative distributions) in which cumulative percentage is plotted as a function 

of i. At a given frequency band, i, a certain number of types and a certain number of 

tokens are accounted for by all frequencies up to and including i. Therefore, there are 

two structural distributions, a token structural distribution and a type structural 

distribution. Structural distributions are used for illustrative purposes because, first, 

parameter models discussed below were developed in terms of structural distributions, 

and second, calculations of statistics to describe the structural distributions have an 

intuitive appeal (for instance, the mean probability occurs at a cumulative percentage of 

50%). Figure 3.1 illustrates the structural distributions for SC. The horizontal axis 

shows frequencies after they have been converted to probabilities and then subjected to 

a logarithmic transformation. 
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Figure 3.1: Structural type and token distributions for SC 

 

 

The type:token ratio 

The type:token ratio has been variously described as a measure of vocabulary 

diversity, vocabulary richness, and as a measure of language deviance. However, a plot 
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of type:token ratio against sample size shows that placing too much reliance on this 

measure can lead to incorrect conclusions. Figure 3.2 presents the plot in two ways. The 

left panel is a scatterplot of type:token ratios for each chapter in SC against sample size. 

The right panel presents the plot for four selected chapters from SC in which 

progressively larger segments of text were selected. Selecting the first 50 words, then 

the first 100 words, and so on, capitalises on features present early in the text. To 

overcome this difficulty, 20 randomly selected, non-overlapping 50-word, 100-word, 

200-word segments were selected. At somewhat less than 1000 words, this procedure 

could no longer be followed, and so all non-overlapping 1000-word segments were used 

(i.e., the first 1000 words, the second 1000 words and so on until the text is exhausted). 

The type:token ratio was averaged across same word-length segments. Eventually this 

procedure could no longer be followed (at segments longer than half the text size), so 

single text segments were selected which accumulate larger and larger sections of text. 

Both graphs in Figure 3.2 show the type:token ratio's dependence on sample size. As 

sample size increases, the type:token ratio falls.  
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Figure 3.2: Scatterplots showing the relationship between type:token ratio and sample 

size 
 

 

If the assumption that vocabulary size is finite holds, then type:token ratios must 

fall toward zero as larger samples of text are selected. A thought experiment 

demonstrates this. As larger samples of text are selected, additional words are more 
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likely to be already-selected types and less likely to be new types, and so the 

denominator of the type:token ratio increases more rapidly than the numerator, and 

hence the type:token ratio decreases. Eventually, if the sample is large enough, the 

entire vocabulary is exhausted. As the sample continues to grow and repetitions 

accumulate, the denominator of the type:token ratio increases but the numerator remains 

unchanged, and hence the ratio approaches zero.  

It has long been known that the type:token ratio is dependent on sample size. 

Johnson (1944) has often been credited with introducing the type:token ratio as an 

experimental measure of vocabulary variability but only for texts of the same size. 

Chotlos (1944), who applied type:token ratios to segments of text of the same size, 

stated that: 

R and D [Chotlos's symbols for type:token ratio and number of types] are 
equivalent measures so long as the number of tokens, N, on which they are based 
is equal … in instances where a distribution is made up of measures based on 
varying N, the two measures are not equivalent. (p. 85) 

More recently, the type:token ratio's dependence on sample size has been discussed by a 

number of researchers (Kučera & Francis, 1967; Malvern & Richards, 2002; Richards, 

1987; Tweedie & Baayen, 1997, 1998; Youmans, 1990) who have cautioned against its 

use in comparing texts of varying size.  

 

Variants of the type:token ratio 

The dependence of the type:token ratio on sample size has led to the development 

of alternative measures. One line of approach employs transformations of VN and N 

arising from attempts to fit mathematical functions to the type-token curve. Although 

many transformations have been proposed, four popular transformations are discussed 

below. Guiraud (cited in Tweedie & Baayen, 1998) proposed a plot of the number of 

types against the square root of sample size: 
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NVR
N

=  

Herdan (1960) proposed a bilogarithmic type:token ratio: 

Nlog VC
log N

=  

Dugast (cited in Tweedie & Baayen, 1998) proposed the following transformation: 

2

N

log NU
log N log V

=
−

 

Brunet (cited in Baayen, van Halteren & Tweedie, 1996) proposed the following 

transformation: 

( ) 0 172.
VNW N

−

=  

Figure 3.3 shows the behaviour of these "constants" for whole chapters (left panels) and 

for segmented text for four selected chapters (right panels) from SC.  

Clearly, R and C are dependent on text length. The constants U and W appear to 

be reasonably stable for longer segments, but when whole chapters are considered, there 

is a significant linear relationship between U and N (R2 = 0.18, F(1, 229) = 52.1, 

p < 0.001). The constants R and C should not be used to compare texts of substantially 

differing sizes, but a decision concerning U and W is delayed pending other 

considerations. 

 

Measures using elements of the frequency spectrum 

A second approach considers elements in the frequency spectrum, V(i). Honoré 

(cited in Tweedie & Baayen, 1998) proposed the following with respect to the number 

of hapax legomena, V(1): 

N

100 log NH
V(1)1 - V

=  
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Figure 3.3: Constants R, C, U and W plotted against text length 

 

 

Sichel (1975) observed that the ratio of dis legomena to the vocabulary size was roughly 

constant for samples of different size: 
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2

N

V( )S
V

=  

In addition to measures that use specific elements of the frequency spectrum, there is a 

family of measures that uses all elements of the frequency spectrum. Yule's 

Characteristic Constant (cited in Tweedie & Baayen, 1998), a variant of one member of 

this family, is given by: 

2
4

1

110
maxi

i

iK V(i)
N N=

⎡ ⎤⎛ ⎞⎢ ⎥= −⎜ ⎟
⎢ ⎥⎝ ⎠⎣ ⎦
∑  

Figure 3.4 shows the behaviour of these constants for whole chapters and for segmented 

text for four chapters selected from SC.  

Figure 3.4 suggests that with respect to S, there is more variability within a text 

than between texts, and for longer texts, it converges on a particular value. The constant 

H when applied to whole chapters varies with length (R2 = 0.16, F(1, 299) = 45.9, 

p < 0.001) even though it stabilises for longer segments of a given text. The constant K 

appears to be reasonably stable for text segments that are not too short, and there is little 

or no relationship between K and N (R2 = 0.012, F(1, 229) = 3.9, p = 0.051) for whole 

chapters. In conclusion, S should not used to compare texts of different length. The 

relationship between H and N is not so large as to warrant exclusion at this stage, and so 

H and K remain contenders. 

 

Parameters derived from frequency distribution laws 

A third line of approach employs parametric models. Two such procedures are 

considered here. First, a number of expressions or procedures have been developed for 

models that, in theory, reproduce empirical distributions. The model considered here is 

based on the lognormal distribution of word probabilities. The second procedure takes a 
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Figure 3.4: Constants H, S and K plotted against text length 

 

 

simplified version of one of these probabilistic models (the generalised inverse 

Gauss-Poisson model), but operates on the type-token ratio curve (type-token ratio 

versus sample size).  

The lognormal model was proposed by Herdan (1960) and developed by Carroll 

(1967, 1968). The shape of the structural distributions (Figure 3.1 on page 79) led 

Herdan and Carroll to speculate that word frequencies are log-normally distributed. To 

test this assertion, the cumulative percentages (in Figure 3.1) were converted to normal 

deviates. If a straight line results, then the assertion is likely to be correct. Figure 3.5 
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illustrates the shapes of the distributions after this transformation for SC, and it can be 

seen that the shapes approximate straight lines. 
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Figure 3.5: Structural type and token distributions for SC 

 

 

The means and standard deviations for the two distributions could be calculated, 

but Carroll (1967) warned that empirical probabilities are biased estimates of population 

probabilities, and as a consequence, sample statistics are biased estimates of population 

parameters. Carroll proposed a parametric model whereby parameters (μ and σ) are 

selected for a population token distribution and then a sample (henceforth, the expected 

distribution) of the same size as the sample under consideration (henceforth, the 

empirical distribution) is selected from that population. The expected distribution's 

mean and standard deviation are calculated12 and compared to the empirical 

distribution's mean and standard deviation. The population parameters are adjusted until 

the expected distribution is a good fit to the empirical distribution. Typically, three or 

four iterations were required for a good fit. For the calculations here, "a good fit" means 

that the difference between the expected and empirical means, and the difference 

                                                 
12 Means and standard deviations were calculated from regression coefficients: mean = k/b, where k is the 
intercept and b is the regression slope; and standard deviation = 1/b. Each point was weighted by the 
number of types represented by that point (Carroll, 1968). 
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between the expected and empirical standard deviations, needed to be less than 0.005. 

Figure 3.6 shows the empirical token distribution for SC and three expected token 

distributions derived from three sets of parameters. 

Population parameters of μ = -2.84 and σ = 1.25 generated an expected 

distribution that was a good fit to the empirical distribution. The empirical and expected 

means were -2.9968 and -2.9982 respectively, and the empirical and expected standard 

deviations were 1.1128 and 1.1120 respectively. However, the lognormal model 

underestimated the vocabulary size (16 686 types in the expected distribution compared 

to 16 809 types in the empirical distribution) and the sample size (598 424 tokens in the 

expected distribution compared to 627 717 tokens in the empirical distribution). 
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Figure 3.6: Empirical structural token distributions and expected distributions derived 

from three sets of parameters 
 

 

Estimates of the type distribution's parameters could be obtained in a similar way, 

and given the type distribution, the population vocabulary size could then be calculated. 

However, the distributions are mathematically related and Carroll (1967) provides 

simple relationships for determining the type distribution's parameters and population 

vocabulary size from the token distribution's parameters: 
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2 10types tokens lnμ = μ − σ  

types tokensσ = σ  

21 151310 .
typesN σ −μ=  

 

The lognormal model, when applied to SC and any of its components, is 

inaccurate at the high frequency end of the distribution, predicting that high frequency 

words appear less often than is apparent in the empirical distribution. That is, the 

expected distribution does not follow the sharp upward curvature of the empirical 

distribution at the high frequency end (right hand side in Figure 3.6). Baayen (1993) 

argued that the discrepancy derives from the use of a continuous random variable to 

model a discrete random variable. Empirical distributions always show abrupt jumps at 

the high frequency end of the distribution whereas a continuous random variable leads 

to a smooth line. The inability of the lognormal model to reproduce the empirical 

distribution accurately is a problem common to other probabilistic models considered 

by Baayen. Moreover, one model is not typically better than another. Which model most 

accurately reproduces the empirical distribution depends on the text to which the models 

are applied. 

If these difficulties were overlooked, and Carroll's procedure was applied to the 

chapters of SC, then another difficulty becomes apparent. For small sample sizes, the 

expected distribution did not extend into the low frequency nor into the high frequency 

regions, although there was a reasonable fit in the middle range of frequencies and a 

good fit between the expected distribution's mean and standard deviation and those of 

the empirical distribution. Figure 3.7 illustrates this for two small chapters selected from 

SC. 
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Figure 3.7: Empirical and expected distributions for two small samples (left: N = 606;    

right: N = 914) 
 

 

With respect to the smaller sample, the expected mean and standard deviation 

(-2.0858 and 0.6427) were close to the empirical mean and standard deviation (-2.0829 

and 0.6424). However, the lognormal model underestimated the vocabulary size (190 

compared to 214) and the sample size (457 compared to 606). There are similar 

discrepancies between the observed and expected distributions for the larger sample. 

For both samples, the procedure underestimated vocabulary and sample sizes by about 

10% or more.  

Turning to the question of the mean's invariance with respect to text length, Figure 

3.8 shows scatterplots of means against text size for each chapter in SC. The left-hand 

plot shows the means of the empirical distributions (that is, ignoring Carroll's (1967) 

advice that empirical probabilities are biased estimates of population probabilities). The 

linear relationship with N (R2 = 0.631, F(1, 229) = 392, p < 0.001) illustrates the 

necessity of alternative procedures. The right-hand plot shows the estimates of 

population means after applying Carroll's estimation procedure (that is, ignoring the 

model's inaccuracies). There remains a linear relationship with N (R2 = 0.377, 

F(1, 229) = 140, p < 0.001). The indication is that constants (μ  and ) derived from 

Carroll's procedure should not be used to characterise chapter-length texts, although the 

procedure may be useful in providing general characteristics of longer texts. 

ˆ σ̂
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Figure 3.8: Means derived from lognormal model plotted against sample size 

 

 

The second procedure considered here was developed by Malvern and Richards 

(2002), and is applicable to small sample sizes. Their model depends on the observation 

that type:token ratios fall with sample size in characteristic ways. The right panel of 

Figure 3.2 (on page 80) shows that type:token ratios fall for each of the selected 

chapters as the length of text segments increases, but the curves with higher type:token 

ratios are always above those with lower type:token ratios. Malvern and Richards 

proposed a model, a simplification of Sichel's (1985) generalised inverse Gauss-Poisson 

model, that relates type:token ratio (TTR) to sample size and a parameter D: 

2 1TTR ( DN
DN

⎡= +⎣ 1⎤− ⎦    (Malvern & Richards, 1997) 

It is the parameter D that reflects the relative heights of the type-token curves.  

The procedure for calculating D is iterative in that the value for D is adjusted until 

the empirical TTR curve (type-token ratio versus N) is a close fit to the expected TTR 

curve. The procedure is implemented in the CLAN software package (McWhinney, 

2002). The software automates the process for calculating and averaging type:token 

ratios for 100 random trials of sub-samples from a text of a given size; the sub-samples 

increasing in size by one token from 35 tokens to 50 tokens. The software repeats the 

randomisation process 100 times, and so the procedure avoids possible distortions that 

might arise from a clustering of the same vocabulary items. The procedure takes 
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account of the position and shape of the type-token curve, and so D should be 

independent of text length. Figure 3.9 shows the behaviour of D for whole chapters and 

segmented text for four chapters selected from SC. For text segments that are not too 

short, D stabilises. There is a small but statistically reliable relationship between D and 

N when D is applied to whole chapters (R2 = 0.133, F(1, 299) = 36.0, p < 0.001), but it 

is not so large as to warrant exclusion from consideration at this stage of the discussion. 
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Figure 3.9: Constant D plotted against text length 

 

 

Other reviews 

Tweedie and Baayen's (1998) review included the constants R, C, U, H, S, W, and 

constants derived from two probabilistic models. The generalised Zipf model relates 

vocabulary size to sample size and one parameter, Z: 

N
Z NV l

log(pZ) N Z Z
⎛ ⎞= ⎜ ⎟− ⎝ ⎠

Nog  

where the second parameter, p, is set to the relative frequency of the most 

common word. 

Sichel's generalised inverse Gauss-Poisson model relates vocabulary size to sample size 

and two parameters, b and c: 

( )12 1
b Nc

NV e
bc

+⎛ ⎞= −⎜ ⎟
⎝ ⎠
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Using one text, Tweedie and Baayen plotted each constant against 20 text lengths 

increasing in size by about 1000 words. They used two complementary approaches. 

First, to test the mathematical properties of each constant, they used 5000 

randomisations of the word order in the text to calculate means and confidence intervals 

at each text length. Obviously, the randomisation assumption cannot be applied to real 

texts, but the randomisation assumption does lie at the heart of the theoretical constancy 

of the "constants". Second, they calculated the constants for the coherent version of the 

text. This allowed them to show how the constants were affected by the non-random 

way in which words are used. They concluded that only K was theoretically constant 

(i.e., for random word order), that Z was nearly so, but that none were constant for the 

coherent text. Furthermore, only H behaved in a similar way in the coherent text as it 

did under the randomisation assumption (i.e., the curve for the coherent text remained 

inside the confidence intervals). For the other constants, the way in which the 

randomness assumption was violated in coherent text contributed to the value of the 

constants. Nevertheless, they argued that K and Z have discriminatory power when 

distinguishing between texts. 

Jarvis's (2002) review included C, R, U, Z, and Malvern and Richards' D. His 

approach was to transform the equations for C, R, U, and Z so that they could be 

subjected to the same curve-fitting approach that was used to calculate D. To illustrate 

with respect to one of the constants, R is given by: 

NVR
N

=  

which can be transformed to: 

NV R N
N N

=  

but NV
N

 is the type:token ratio. 
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Therefore, the type:token ratio is a function of R, which can be adjusted until the 

empirical TTR curve is a close fit to the expected TTR curve. Equations for the other 

constants were submitted to similar transformations. Jarvis assessed the accuracy with 

which the empirical curve matched the best-fitting curve for each of the parameters for 

each of 276 texts. He concluded that D provided the best-fitting curve, outperforming Z, 

although none of the formula accurately modelled the empirical TTR curve. 

Tweedie and Baayen (1997), using cluster analytic techniques, classified constants 

into families. One family (of which S is a member) had no discriminatory value. Of the 

remaining families, it was sometimes the case that a pair of texts that were separated by 

constants in one family were coincident when constants belonging to another family 

were used. Thus, Tweedie and Baayen recommended a multivariate approach, using a 

constant with good discriminatory sensitivity from each family. Depending on their 

analysis, they recommended K, H, W, and Z. In light of these reviews, four constants 

were used in the analysis of vocabulary diversity in SC: D, K, W, and H. These are three 

of the constants recommended by Tweedie and Baayen, with their fourth, Z, being 

replaced by D in light of Jarvis's claim. 

A final point concerns the interpretation of these selected constants. The constant 

K is a measure of the rate at which words are repeated, and therefore can be considered 

as an inverse measure of vocabulary diversity. That is, as K increases, vocabulary 

diversity decreases (Tweedie & Baayen, 1998). The constant D reflects the relative 

height of the TTR curve, and therefore it is a direct measure of vocabulary diversity 

(Malvern & Richards, 2002). That is, as D increases, vocabulary diversity increases. 

The constant H is cast in terms of the growth rate (ratio of hapax legomena to 

vocabulary size). If growth rate is large (i.e., if texts contain a large proportion of hapax 

legomena), then H is large. Also, if the growth rate is large, then words tend not to be 

repeated, and so vocabulary diversity tends to be large. The constant W results from 
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transformation of VN and N in an attempt to straighten the TTR curve. The expression 

for W can be rewritten as: 

1
0 172.

N
log WV
log N

−

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
 

and therefore an expression for type:token ratio can be written as: 

1
0 172.

N

log W
log NV

N N

−

⎛ ⎞
⎜ ⎟
⎝ ⎠=  

That is, as W increases, the type-token ratio (i.e., vocabulary diversity) decreases.  

This section was concerned with obtaining statistics that characterise word 

frequency distributions. A consistent finding from the reviews is that none of constants 

are truly constant in practice. Nevertheless, some can be used productively to 

discriminate among texts. It was noted earlier in this section that the four constants that 

were used in the analysis of vocabulary diversity (D, K, H, and W) have either no 

relationship or only a small relationship with text length when applied to the chapters of 

SC. 

The constants were calculated for each chapter of SC, and then submitted to a 

cluster analysis to find groups of chapters that were reasonably homogeneous with 

respect to their profiles across the four constants. Bivariate relationships between cluster 

membership and a priori groupings of chapters were explored using crosstabulations. 

 

3.3.3 Lexical organisation 

Section 3.2.2 detailed the procedures for obtaining collocation frequencies as a 

first step to obtaining lexical networks. The CLOC outputs contained node-collocate 

frequencies (the frequency with which a given pair of words appear in the environment 

of each other). This section outlines the manipulation of these outputs to reveal lexical 

organisation.  
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For each output, there were some 250 nodes under consideration. However, each 

node could be a collocate of other nodes. Indeed, nodes and collocates are identical and 

interchangeable. Therefore, the CLOC outputs were transformed into square symmetric 

matrices in which the elements were frequencies for node-collocate pairs.  

To illustrate, Table 3.4 shows a contrived example of a section of such a matrix. 

In this example, the collocation frequencies are similar. However, as Phillips (1985) 

argued, if the frequencies of occurrence of the nodes are taken into consideration, then a 

different picture emerges. If node 1 occurs 32 times in the text, and node 2 occurs 200 

times, then the apparent similarity disappears. Collocate 3 appears in the environment of 

node 2 in only 10% of node 2 occurrences, whereas collocate 3 appears in the 

environment of node 1 every time node 1 occurs. As a consequence, collocation 

frequencies need to be normalised to take account of node frequencies. Phillips (1985) 

recommended the following transformation: 

ij
ij

i j ij

f
f '

f f f
=

+ −
 

where fi is the frequency of occurrence of the ith node, fj is the frequency of 

occurrence of the jth node, and fij is the collocation frequency. 

The normalised frequencies are readily interpretable. They represent instances of 

collocation as a proportion of non-collocating occurrences of both nodes. 

 

Table 3.4: Contrived partial data matrix showing collocation frequencies 
  Collocates 
  1 2 3 … 
Nodes 1 · 25 32 … 
 2 25 · 20 … 
 3 32 20 · … 
 … … … … · 
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Another difficulty concerns the entries along the principal diagonal of the matrix. 

They represent the number of times that a node co-occurs with itself. Mostly, the 

frequencies were zero, but there were occasions when a word, serving as node, had in its 

environment the same word, and as a consequence, there were entries for 

self-collocates. However, consider the first two nodes in Table 3.4. If the entries along 

the diagonal were zero, then nodes 1 and 2 appear to be different with respect to 

collocates 1 and 2. However, nodes 1 and 2 do collocate with each other. So again, the 

raw frequencies are misleading. To overcome this difficulty, Phillips (1985) argued that 

the diagonal elements in the transformed matrix be assigned the value 1. The 

interpretation is that a node collocates perfectly with itself. This is consistent with the 

definition of the span. A node must, by definition, be contained within its own span. 

The normalised data matrices were subjected to hierarchical cluster analyses to 

cluster the nodes (cases) into similar groups with respect to the collocates (variables). 

Ward's method of clustering was used, and the squared Euclidean distance between each 

pair of data points was used as the dissimilarity measure. 

There are two concerns with using cluster analyses on this data. First, it is to be 

expected that a number of lemmata will not enter into associations, but the cluster 

analysis will cluster these by default because of their weak collocational patterning. 

Phillips (1985) argued that such a cluster should be recognisable in the dendrograms. It 

will exhibit little internal structure. In contrast, clusters exhibiting internal structure can 

be interpreted as a representation of lexical organisation. A clustering pattern, as 

exhibited in the contrived dendrogram in Figure 3.10, indicates that clusters A and C 

represent underlying lexical structure whereas cluster B is a default cluster. 

In practice, however, the dendrograms rarely generated such clear clustering 

patterns. Figure 3.11 (on page 98) shows the solution for AJ1, and is typical of the 

dendrograms obtained. There is clearly a two-lemma cluster at the top of the 
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 A B C 
Figure 3.10: Dendrogram showing internal structure for two clusters and a default 

cluster 
 

 

dendrogram, and a two-lemma cluster and a three-lemma cluster at the bottom of the 

dendrogram. Whether or not the remaining lemmata formed distinct clusters, and if so, 

how many clusters, depends on where a cut-off is drawn. That is, the question became 

one of deciding the optimal number of clusters. 

This raises a second concern when using hierarchical cluster analyses on these 

data. There were 15 cluster analyses (one for each book), and so there was a need for 

consistency in determining the optimal number of clusters. A scree test, showing the 

number of clusters against change in fusion coefficients gives an indication of the 

optimal number of clusters (Aldenderfer & Blashfield, 1984). A large increase in fusion 

coefficients implies that two relatively dissimilar clusters were merged. Applying this 

heuristic to the scree test for AJ1 (Figure 3.12 on page 99), the 5-cluster solution should 

be given consideration, but there are also jumps at the 10, 13, and 16-cluster marks, and 

there is no way to determine which is the "correct" one (Aldenderfer & Blashfield, 

1984). Mojena and Wishart (cited in Aldenderfer & Blashfield, 1984) developed 

stopping rules by which "significant" jumps can be identified. Their procedure involves 

standardising changes in fusion coefficients so that each change is a standardised 

deviate, and assessing changes in coefficients at an α-level of 0.1. They point out, 
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Figure 3.12: Scree test: Number of clusters versus change in fusion coefficient for the 

solution to AJ1 
 

 

however, that their procedure cannot be construed as formal hypothesis testing. Their 

procedure gives only an indication of the optimal number of clusters. 

Applying the procedure to changes in fusion coefficients for AJ1, the "optimal" 

number of clusters was 13. In addition, when the procedure was applied to fusion 

coefficients directly (as opposed to change in fusion coefficients), the optimal number 

of clusters was again 13. While the application of the procedure to fusion coefficients 

and to changes in fusion coefficients usually agreed, there were some instances where 

they disagreed by 2 or 3 clusters. Nevertheless, the procedure gives an indication of the 

optimal number of clusters. 

The set of lemmata submitted to the cluster analysis are thus grouped into clusters. 

For instance, within the cluster analysis solution for AJ1, there is a cluster containing: 

"animal", "plant", "fern", "grow", "new" and "tree". It makes sense that these lemmata 

form a cluster, but at this point in the analysis, there is no internal structure revealed. 

There are pairs of lemmata within this cluster that have strong associations (as assessed 

by the normalised collocation frequency) and pairs of lemmata that have no association. 
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To reveal internal structure and thus to enhance the interpretation of the clusters, the 

lemmata within a given cluster were collected into a table. Table 3.5 shows this cluster 

of lemmata. It shows the frequency of occurrence of each lemma (f), the collocation 

frequencies between node-collocate pairs (fij), and the normalised collocation 

frequencies (fij'). It can be seen in Table 3.5 that, for instance, "animal" and "plant" 

appear in each other's environments relatively frequently, whereas "animal" does not 

appear in the environment of "fern" and appears in the environment of "grow", "new" 

and "tree" relatively infrequently.  

 

Table 3.5: Collocation frequencies for one cluster of lemmata from AJ1 
  animal fern grow new plant 
 f fij fij' fij fij' fij fij' fij fij' fij fij' 
animal 180 * *         
fern 32 0  * *       
grow 94 4 .015 8 .068 * *     
new 41 1 .005 2 .028 8 .063 * *   
plant 186 54 .173 4 .019 21 .081 6 .027 * * 
tree 57 1 .004 10 .127 4 .027 1 .010 0  

 

 

As a further aid to interpretation, the tables were presented in the form of "lexical 

maps". Figure 3.13 shows the lexical map derived from Table 3.5, in which the 

thickness of the line joining two lemmata is an indication of the size of the normalised 

collocation frequency. For the purpose of drawing these maps, collocation frequencies 

of 1 or 2 were not considered, and normalised frequencies less than 0.02 were not 

considered. It can be seen in Figure 3.13 that "animal" is isolated from the other 

lemmata; it is connected to the other lemmata through its association with "plant" only.  

The collection of lexical maps (the complete set of maps is contained in Appendix 

2) form the basis of the analysis of lexical organisation. It was assumed that the lexis 

would be organised into major conceptual structures within SC and that the lexical maps  
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Figure 3.13: Lexical map for the cluster of lemmata in Table 3.5 
 

 

would reveal the conceptual structures. However, Figure 3.13 suggests that this 

assumption may only partly hold. The strong link between "animal" and "plant", and the 

isolation of "animal" from the other lemmata suggests that "animal" is not part of 

whatever conceptual structure is formed by the other lemmata; rather "animal" is drawn 

into this map because of an often repeated phrase - "animals and plants". Similarly, the 

link between "tree" and "fern" could be the result of the single entity often mentioned in 

AJ1 - "tree fern". The extent to which the lexical maps can be interpreted as indicating 

conceptual structure will be discussed in Chapter 6.  

 

3.3.4 Major structural relations and grammatical organisation 

This section presents a discussion of the analyses used to document major 

structural relations and grammatical organisation. The basis of the analysis of major 

structural relations drew on the work of researchers undertaking authorship attribution 

studies (Baayen, van Halteren & Tweedie, 1996; Holmes & Forsyth, 1995; Tweedie, 

Holmes & Corns, 1998). They argued that extended pieces of text can be distinguished 

on the basis of authors' preferences among high frequency function words. In their 

studies, the frequencies for the 50 to 100 most frequent function words were submitted 

to a dimension reduction analysis, and then the texts' scores on the dimensions were 

used to distinguish between texts. Authorship attribution studies are generally not 
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concerned with interpretation of the dimensions, but rather whether or not the texts can 

be separated on the basis of their scores on the dimensions. The present study, however, 

is concerned with both aspects. That is, interpretation of the dimensions will highlight 

the structural relations operating in SC; and subsequent analyses, distinguishing among 

the chapters along these dimensions, highlights the way in which these structural 

relations are operating differently in components of SC. 

Word frequency lists were used to identify the 50 most frequent function words in 

SC. SCP was instructed to generate word frequency lists for this set of words for each 

chapter in SC. The logic of the analysis and the statistical procedures used in the 

dimension reduction process and subsequent analyses are discussed below. 

The analysis of grammatical organisation followed a similar process. The 

frequencies for the 78 grammatical tags (Table 3.1 on page 69) were submitted to a 

dimension reduction process. Interpretation of the dimensions highlights the 

grammatical organisation operating in the corpus. Subsequent analyses, distinguishing 

among the chapters along these dimensions, highlights the way in which grammatical 

organisation is operating differently in the components of SC. 

The logic for both sets of analyses draws on the work of Biber (1988, 1992, 

1993). Biber claimed that a common practice among many linguists is to define 

linguistic dimensions in terms of a priori groupings of linguistic items, but argued that 

"these groupings of features do not necessarily represent those features that actually 

co-occur in texts" (1988, p. 13). A better approach, he claimed, is to let the linguistic 

items group empirically. For the first part of his analysis, he submitted the frequencies 

to a factor analysis to obtain a reduced set of derived variables, or factors. As is usual 

with factor analysis, items with large loadings on a given factor are interpreted as 

contributing to the definition of the derived variable. For Biber's analyses and for the 

analyses presented here, items are measured in terms of frequency of occurrence, and so 
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items with large loadings on a given factor tend to co-occur. These patterns of 

co-occurrence are interpreted as underlying dimensions - features co-occur because they 

have a common underlying functionality. The task of the analyst is to explain the 

co-occurrence patterns. 

Biber argued that no single dimension is adequate in itself to describe the relations 

among the texts. Rather, all dimensions are used to capture the variation in registers. For 

the second part of his analysis, Biber obtained dimension scores for each text on each 

dimension - scores that represent all items defining given dimensions. Biber grouped the 

texts in his data into registers (telephone conversations, academic prose, official 

documents, general fiction, and so on), and calculated the average scores for each 

register to show how registers vary across the dimensions. 

However, Biber's argument concerning the a priori grouping of linguistic items 

applies equally to the second stage of his analysis - the a priori grouping of texts into 

registers. Just as Biber let the grammatical items group empirically, a better analysis for 

the second stage is to let the texts group empirically. A cluster analysis achieves this by 

finding clusters of texts that have similar profiles across the dimensions. The task of the 

analyst is to explain the profiles for each cluster of texts. This process of finding clusters 

of items then clusters of cases - double clustering (the term was coined by Cooksey, 

Freebody & Davidson, 1986) - is useful in those research situations where there is no 

firm theoretical basis for determining groups.  

Factor Analysis and Principal Components Analysis are commonly used as 

dimension reduction procedures. However, they are parametric analyses and require 

certain assumptions about the data to be met. Revelle (1978) claimed that item cluster 

analysis is an appropriate alternative "when the item pool is large …, when the item 

intercorrelations are small …, or when sample sizes are small" (p. 739); characteristics 

of the data used in the analysis of grammatical organisation, and nearly so for the data 
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used in the analysis of major structural relations. Revelle's item clustering procedure, 

ICLUST (Revelle, 1982), has a number of features that assist with the interpretation of a 

solution. Its output includes measures of reliability (Cronbach's α, and β, an estimate of 

worst-case split-half reliability) to evaluate the quality of the clusters. ICLUST is a 

hierarchical procedure and reports reliability measures at each step in the hierarchy. The 

values for reliability allow psychometric principles to be employed to determine 

whether or not clusters should be split. In general, α should be larger than 0.6, β should 

be larger that 0.5, and the difference between α and β should not be too large (a general 

rule-of-thumb applied here is that "too large" means larger than 0.1), otherwise the 

indication is that the cluster contains at least two independent subsets of items. Finally, 

ICLUST returns values for the loadings of each item on each cluster, and interpretation 

can then focus on those items that load highly on a cluster.  

Chapter scores on each dimension were submitted to a second cluster analysis. 

The purpose of the second analysis was to obtain reasonably homogeneous groupings of 

chapters with respect to their profiles across the dimensions. (This second part of the 

double clustering procedure can lead to an awkward and confusing use of terms: 

clusters of items, and clusters of chapters. To overcome this, the term to describe the 

entities produced from the second cluster analysis will henceforth be groups. That is, 

"clusters" will refer to clusters of items, and "groups" will refer to groups of chapters.) 

The clustering procedure employed here was k-means cluster analysis. Cluster scores 

were submitted to a series of k-means cluster analyses. All solutions from the 2-group 

solution through to the 8-group solution were requested, and the optimal number of 

groups was decided on the basis of the additional amount of variance (η2) accounted for 

when moving from k groups to k + 1 groups. If the increase in average η2 in moving 

from k to k + 1 groups was less than 0.05, then the k-group solution was taken to be 
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optimal. That is, the more complex k + 1 group solution was not considered when it 

explained an additional 0.05 of the variance or less. 

In summary, the analysis proceeded by the following steps: 

1. Raw frequency counts were converted to relative frequencies (because the 

chapters were different lengths, and features in longer chapters would have higher 

frequencies simply because there was more opportunity for features to occur in 

longer chapters). Relative frequencies are in effect proportions, and so they 

subjected to a standard stabilising transformation for proportions: 

12p' sin p−=    (Kirk, 1982). 

2. The transformed relative frequencies were submitted to ICLUST to obtain reliable 

clusters of items. 

3. Cluster scores were calculated by applying unit weights to the items defining each 

cluster, and then calculating the mean of the transformed relative frequencies for 

these items. Items with negative loadings were first inverted about the mean.  

4. The cluster scores were standardised (i.e., mean = 0, and standard deviation = 1) 

and then submitted to k-means cluster analyses to obtain homogeneous groups of 

chapters with respect to their profiles across the clusters. 

 

Once the cluster formations have been determined, it is important to ascertain 

whether or not the cluster formations have meaning beyond the variables used to 

construct the clusters. That is, the cluster solutions are subject to an external validation 

test (Aldenderfer & Blashfield, 1984). This entails testing for statistically significant 

associations in crosstabulations between the cluster formations and other ways of 

categorising the chapter of SC. In addition, the presence or absence of such associations 

is of interest to the research questions that this thesis attempts to answer. That is, it is of 

interest to determine whether or not there is a tendency for certain categories of the 
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empirical groupings derived from the cluster analyses to congregate in categories of a 

priori groupings of chapters. 

 

3.4 Conclusion 

This chapter outlined the procedures used to analyse the corpus. These procedures 

were of two sorts. There were sets of procedures in which the text of SC was 

manipulated so that frequencies of occurrence for different types of entities (words, 

collocations, and grammatical features) could be obtained. The frequencies, sometimes 

after further manipulation, were subjected to statistical analyses. 

The analyses were concerned with four distinct entities: word frequency lists, 

word frequency distributions, collocation frequencies, and frequencies of grammatical 

features. These entities are employed in five major analyses. The questions with which 

each analysis is concerned are listed below. 

• Characteristics of SC. These analyses present an overview of SC. First, the 

analyses focus on characteristics of word frequency distributions that SC shares 

with other corpuses and are common to the components of SC. Second, the 

analyses, focusing at the high frequency end of the distribution but remaining at 

an omnibus level, point to the similarities and distinctions among the components 

of SC. These analyses are presented in Chapter 4. 

• Vocabulary diversity. These analyses ignore all grammatical and lexical 

distinctions. They focus on a small group of statistics that characterise word 

frequency distributions, which in turn are interpreted in terms of vocabulary 

diversity. The question becomes one of accounting for differences in vocabulary 

diversity among the components of SC. These analyses are presented in Chapter 

5. 
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• Lexical organisation. These analyses are concerned with lexical organisation of 

SC, and so all grammatical and syntactic structures are removed. The lexical maps 

are the objects of study. The analyses focus on questions dealing with how the 

lexicon of science is organised and structured, and whether or not there are 

varying degrees of lexical organisation among the components of SC. These 

analyses are presented in Chapter 6. 

• Major structural relations. These analyses focus on high frequency function 

words. The question becomes one of accounting for differences in major structural 

relations operating among the components of SC as evidenced by the small set of 

words that account for a large proportion of the text. The first part of the analysis 

identifies clusters of co-occurring words and groups of chapters with similar 

profiles across the clusters. The second part of the analysis explores the 

relationships between these groups and the components of SC. These analyses are 

presented in Chapter 7. 

• Grammatical organisation. Linguistic features co-occur and it is assumed that the 

patterns of co-occurrence are an indication of communicative function. The first 

part of the analysis identifies clusters of co-occurring features and groups of 

chapters with similar profiles across the clusters. The second part of the analysis 

focuses on how communicative functions vary among the components of SC. 

These analyses are presented in Chapter 8. 

 

In addition, the relationships among vocabulary diversity, lexical organisation, 

structural relations, and grammatical organisation are explored. Each analysis generates 

empirical groupings of chapters, and the bivariate relationships among these groupings 

are explored by means of crosstabulations, as are the relationships between these 

groupings and the components of SC. However, by the end of Chapter 8, there are 
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empirical groups of chapters according to vocabulary diversity, lexical organisation, 

major structural relations, and grammatical organisation, as well as the a priori 

groupings of Year Level and Discipline. To overcome the difficulty of keeping track of 

a large number of bivariate associations, the multivariate associations among these 

groupings are explored using the exploratory approach of a homogeneity analysis (using 

the HOMALS procedure in SPSS). The procedure plots variables' categories so that 

categories that are associated with each other are plotted close together. In this way, the 

associations among all variables can be explored simultaneously. 
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4    CHARACTERISTICS OF SC AND ITS COMPONENTS 
 
 
The analyses reported in this chapter provide a descriptive overview of SC. The 

first section presents some general characteristics of SC and its components, and 

compares these with other corpuses. It is shown that, at the level of word frequency 

distributions, SC is comparable to other language samples, and that the components of 

SC are comparable to one other. This is followed by a section that focuses on the 

similarities and distinctions among the components of SC to suggest where distinctions 

might lie and what classes of words might be driving the distinctions. These distinctions 

will be followed up in more detail in later chapters.  

The chapters of SC were categorised according to: 

• Year Level - assuming that the first book in each series is intended for use in year 

8, the second for year 9, and the third for year 10. 

• Scientific Discipline - 199 of the chapters were classified as belonging to one of 

the major scientific disciples: Physics, Chemistry, Biology, or Geology. A fifth 

category, "Other", contained the remaining 31 chapters that could not readily be 

classified into one of the major disciplines. Their content included such topics as 

the nature of science, measurement, and astronomy. 

• Textbook Series - AJ, CP, CW, SW, and WW. 

 

These three ways of categorising the chapters are the components of SC referred 

to above and in the previous chapter, and these groupings of chapters are the a priori 

groupings referred to in the previous chapter and in the following analyses. 

Comparisons among the textbook series are not of great interest, and will not play a 

major role in subsequent chapters. However, they remain in this chapter to show that on 

the whole SC is relatively homogeneous with respect to Textbook Series.  
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4.1 Some general characteristics of corpuses 

This section presents some general characteristics of SC and compares these with 

those of other language samples. The other samples are: 

• The American Heritage Intermediate (AHI) Corpus. This corpus, constructed by 

Carroll, Davies and Richman (1971), draws on material from all the major subject 

areas for year levels three through to nine. 

• The AHIsci corpus. This is a sub-sample of the AHI corpus which draws on 

scientific material. 

• The BROWN corpus. This corpus, compiled at Brown University by Kučera and 

Francis (1967), draws on a large range of material written for adults, including 

fiction, press reports, biography, academic writing, and magazines. 

• The BROWNacad corpus. This is a sub-sample of the BROWN corpus, compiled 

by Zettersten (1969), dealing with academic material. 

• The BR corpus. This is a corpus of children's first reading material compiled by 

Baker and Freebody (1989). 

 

Table 4.1 shows general characteristics of the corpuses. The table contains two 

sections. The upper section shows sample statistics and the lower section shows 

parameter estimates using Carroll's lognormal model and some derived quantities. 

Attending to the upper section, the first two rows give the absolute size of the corpuses 

in terms of the number of types and tokens. The token:type ratio (third row) can be 

interpreted as the mean rate of appearance. The remaining four rows relate to the 

extremes of the distributions: rows 4 and 5 are concerned with high frequency words, 

namely, the types that account for about 50% of the corpus; and rows 6 and 7 are 

concerned with hapax legomena. 
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Table 4.1: Characteristics of six corpuses 
 SC BROWN BROWNacad AHI AHIsci BR 

Sample statistics and 
derived quantities 

      

Tokens (N) 627 717 1 014 232 158 158 5 088 721 510 570 83 819 
Types (VN) 16 809 50 406 14 581 86 741 18 076 2 474 
Token:type ratio 37:1 20:1 11:1 59:1 28:1 34:1 
N50 - Number of types 

accounting for about 
half the tokens 

95 135 129 108 85 50 

N50% - N50 as % of 
number of types 0.57 0.27 0.88 0.12 0.47 2.02 

Hapax legomena as % of 
number of types 32.9 44.7 44.7 40.4 38.6 30.9 

Hapax legomena as % of 
number of tokens 0.88 2.22 4.12 0.69 1.37 0.91 

Parameter estimates 
and derived quantities       

μ̂  -2.84 -3.18 -3.16 -2.76 -2.77 -2.22 

σ̂  1.25 1.44 1.21 1.62 1.35 1.13 

tμ̂  -6.44 -7.94 -6.53 -8.80 -6.97 -5.18 

Ntypes 43 542 361 879 14 581 603 203 73 521 5 019 

N50  87 169 187 58 69 23 

N50%  0.20 0.05 .27 0.01 0.09 0.46 

 

 

There are some noteworthy characteristics comparable across all six corpuses. 

First, a small number of types (roughly 2% of the types or less) account for half the 

tokens. That is, there is a small number of high frequency types that perform the 

heaviest duty in the corpuses. Second, there is a large number of hapax legomena in the 

corpuses, accounting for roughly ⅓ of the types. However, when taken as a proportion 

of the number of tokens in the corpus, they perform little duty, representing 4% or less 

of each corpus. Thirdly, there is some variation for token:type ratios, but they remain in 

the same order of magnitude. That is, new types are introduced on average every 10 to 

60 tokens, depending on the corpus.  

A similar set of characteristics can be derived from Carroll's lognormal model. 

The lower section of Table 4.1 shows the parameter estimates and derived quantities for 

the token and type distributions:  (mean of the token distribution);  (mean of the μ̂ tμ̂
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type distribution);  (standard deviation for both distributions); and Nσ̂ types (number of 

types contained in the population). SC can be regarded as a language sample of 16 809 

types drawn from a population of 43 542 types. Thus, the 16 809 types contained in the 

sample represent a little over ⅓ of the population. Similarly for the other corpuses, the 

vocabulary in the samples represent between 10% and 50% of the vocabulary in their 

respective populations. However, the number of tokens in each sample is only a small 

fraction of what in theory is an infinite number of tokens. 

The value for  for SC means that half the tokens in the distribution have 

logarithmic probabilities of -2.84 or higher, corresponding to a probability of about 1.4 

in 1000. That is, half the tokens are accounted for by types with relative frequencies of 

1.4 per 1000 or higher, or alternatively, a token selected at random would tend to be a 

token of one of the high frequency types. In contrast, the value for  means that half 

the types in the distribution have logarithmic probabilities of -6.44 or lower, 

corresponding to a probability of about 3.6 in 10 000 000. That is, half the types are 

accounted for by types with relative frequencies of 3.6 per 10 000 000 or less, or 

alternatively, a type selected at random would tend to be one of the low frequency 

types. Contextualising these rates, 87 types in the estimated population, or 0.2% of the 

types,

μ̂

tμ̂

13 account for half the tokens in the population.14 The interpretation is that the 

vocabulary underlying the sample contains a large number of rare types. A small 

proportion of the vocabulary entails common types; common enough that, despite their 

small number, they make up half the tokens. 

                                                 
13 When the sample statistics were used, this figure was 0.57% (see upper section of Table 4.1). The 
discrepancy is probably due to the fact that, in the earlier calculation, the sample mean was used as an 
estimate of the population mean, and therefore, the 0.57% figure was based on a biased estimate of the 
population mean. 
 
14 Half the tokens have a logarithmic probability of -2.84 or greater. The proportion of the type 
distribution in this region is 0.0019996, or just under 0.2%. That is, 0.2% of the types, or 87 types, are in 
this region. 
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Estimated parameters for the other language samples15 show that these same 

characteristics apply. There is variation in the estimates, which is particularly evident 

when the corpus of adult material (BROWN) is contrasted with the beginning readers 

corpus (BR). The type and token distributions for the BROWN corpus have been shifted 

to lower frequency regions, while the type and token distributions for the BR corpus 

have been shifted to higher frequency regions. The mean token relative frequency for 

BR (60 per 10 000) is nearly 10 times larger than the mean token relative frequency for 

BROWN (6.6 per 10 000), and the mean type relative frequency for BR (660 per 

100 000 000) is 600 times larger than the mean type relative frequency for BROWN 

(1.1 per 100 000 000). The proportion of the types that account for half the tokens is 

larger for BR (0.45%) than BROWN (0.05%). It is to be expected that the authors of 

children's first reading books would make a number of concessions to ease the transition 

from an oral to a literate world (Baker & Freebody, 1989). But regardless of the 

differences represented by these two corpuses, the same general interpretations apply to 

all six corpuses. That is, types tend to be rare types; tokens tend to be tokens of high 

frequency types; and a small proportion of the types accounts for a large amount of the 

text. 

Table 4.2 shows that the same general characteristics apply to the components of 

SC. Table 4.2 presents the same quantities as shown in Table 4.1 for each set of 

components of SC. The upper sections show that a small proportion of types (roughly 

1.5% or less) account for half the tokens; a large number of hapax legomena (roughly ⅓ 

or more of the types) perform little duty (accounting for roughly 3% or less of the 

                                                 
15 Estimated parameters for AHI, AHIsci and BROWN in Table 4.1 deviate slightly from Carroll's (1971) 
values. For instance, Carroll obtained  = -2.69, and μ̂ σ̂  = 1.64 for AHI. Carroll used the truncated 
lognormal distribution, whereas the calculations here are based on the complete (i.e., non-truncated) 
distribution. Carroll (1968) compares parameter estimates derived from the truncated and non-truncated 
distributions, and the differences were small (less than 1% difference). Also, the truncated distribution 
remains inaccurate at the high frequency end of the distribution. Therefore, it was considered that the 
added computational complexity required for the truncated distribution would not result in substantial 
improvements in accuracy or interpretability. 
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Table 4.2: Characteristics of components of SC: 

a) SC partitioned by Year Level 
 SC EIGHT NINE TEN 

Sample statistics and 
derived quantities 

    

Tokens 627 717 165 144 191 649 270 924 
Types 16 809 8 822 9 404 12 236 
Token:type ratio 37:1 19:1 20:1 22:1 
N50  95 89 90 101 
N50% 0.57 1.01 0.96 0.83 
Hapax legomena as % of 

number of types 32.9 36.4 36.2 35.3 

Hapax legomena as % of 
number of tokens 0.88 1.95 1.77 1.59 

Parameter estimates 
and derived quantities 

    

μ̂  -2.84 -2.83 -2.82 -2.93 

σ̂  1.25 1.17 1.19 1.18 

tμ̂  -6.44 -5.99 -6.07 -6.12 

Ntypes 43 542 25 900 27 671 33 561 

N50 87 90 86 112 

N50% 0.20 0.35 0.31 0.33 

 
 

b) SC partitioned by Discipline 
 SC Physics Chemistry Biology Geology Other 

Sample statistics and 
derived quantities 

      

Tokens 627 717 169 669 86 017 225 140 68 681 78 210 
Types 16 809 7 486 5 220 10 356 5 430 5 870 
Token:type ratio 37:1 23:1 16:1 22:1 13:1 13:1 
N50 95 77 73 87 80 77 
N50% 0.57 1.03 1.40 0.84 1.47 1.31 
Hapax legomena as % of 

number of types 32.9 34.9 38.5 35.8 40.9 40.8 

Hapax legomena as % of 
number of tokens 0.88 1.54 2.33 1.65 3.24 3.06 

Parameter estimates 
and derived quantities 

      

μ̂  -2.84 -2.72 -2.62 -2.82 -2.73 -2.74 

σ̂  1.25 1.17 1.19 1.21 1.17 1.17 

tμ̂  -6.44 -5.86 -5.85 -6.16 -5.88 -5.91 

Ntypes 43 542 19 650 17 142 30 864 20 143 21 317 

N50 87 71 54 85 72 74 

N50% 0.20 0.36 0.32 0.28 0.36 0.35 
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Table 4.2: (cont.) 
c) SC partitioned by Textbook Series 

 SC AJ CP CW SW WW 

Sample statistics and 
derived quantities 

      

Tokens 627 717 168 071 148 799 76 320 120 507 114 020 
Types 16 809 9 033 9 095 6 288 7 394 8 767 
Token:type ratio 37:1 19:1 16:1 12:1 16:1 13:1 
N50 95 87 96 92 86 98 
N50% 0.57 0.96 1.06 1.46 1.16 1.12 
Hapax legomena as % of 

number of types 32.9 36.3 35.4 38.1 35.0 40.6 

Hapax legomena as % of 
number of tokens 0.88 1.95 2.17 3.14 2.15 3.12 

Parameter estimates 
and derived quantities 

      

μ̂  -2.84 -2.84 -2.96 -2.92 -2.88 -2.93 

σ̂  1.25 1.18 1.12 1.08 1.11 1.17 

tμ̂  -6.44 -6.03 -5.83 -5.60 -5.71 -6.08 

Ntypes 43 542 27 072 24 650 18 195 19 615 32 064 

N50 87 91 125 117 105 113 

N50% 0.20 0.34 0.51 0.64 0.53 0.35 

 

 

tokens); and the token:type ratios are in the same order of magnitude (new types are 

introduced on average every 10 to 20 tokens). 

Similar characteristics can be derived from the lower sections in Table 4.2. 

Roughly ⅓ to ¼ of the underlying vocabulary was sampled. Mean token probabilities 

(ranging from approximately 1 in 1000 through to 2.5 in 1000) indicate that a token 

selected at random would tend to be a token of one of the high frequency types. Mean 

type probabilities (ranging from approximately 7.5 in 10 000 000 through to 25 in 

10 000 000) indicate that a type selected at random would tend to be one of the low 

frequency types. A small proportion of the types (ranging from approximately 0.3% 

through to 0.6%) accounts for half the tokens in the population.  

Given the dependence of sample statistics on sample size and the inaccuracies 

associated with the lognormal model, it would not be wise to move beyond general 
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characteristics. In conclusion and at the level of general characteristics, the overall 

shapes of the word frequency distributions for SC and its components are similar to the 

shapes of the distributions for a selection of other corpuses. These characteristics apply 

to the corpuses despite the range and types of material contained within and among the 

corpuses, and the age range for which the materials were intended to be used. Also, the 

characteristics derived from the lognormal model align with the characteristics derived 

from the sample statistics. What has been established here is that the two procedures, 

though mathematically different, lead to similar descriptions of corpus characteristics, 

and are applicable to a range of language samples. Given these considerations, it should 

be possible to invoke the same sorts of explanations to account for the somewhat 

different shapes of the distributions that nevertheless appear, both within each of the 

major analyses and between the analyses. 

In addition to the problems associated with using sample statistics discussed in the 

previous chapter, Table 4.2 points to another difficulty if attempts are made to compare 

a corpus with its components. The difficulty becomes apparent after considering the 

following thought experiment. Suppose a corpus composed of two components is 

collected. In addition, suppose the two components are identical in every respect. In this 

situation, the token:type ratio for the whole corpus is twice that for each component. 

Also, there would be no hapax legomena in the whole corpus. Only when the two 

components are completely different would the figures for each component equal the 

figures for the whole corpus. Clearly, neither situation is likely to occur, but the first is 

approached when components are sampled from similar content areas, and the second is 

approached when components are sampled from dissimilar content areas.  

As an example of the first situation, Table 4.2 shows that the token:type ratio for 

SC is 2 to 3 times larger than any of its components, and the hapax legomena as a 

percentage of the number of tokens in SC is approximately ½ to ⅓ of the corresponding 
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values for any of its components. The components of SC are sampled from similar 

content areas. Therefore, some of the variation between SC and its components might 

be attributed to the fact that the components were drawn from similar content areas, but 

it is impossible to determine how much. As a consequence, there is no attempt here to 

compare SC with any of its components. 

Having established that the shape of the word frequency distribution for SC is 

similar to the shapes for other language samples, and that the shapes for the components 

of SC are all similar, there are nevertheless differences. The next section begins the 

process of determining where the major differences might lie and what sorts of words 

are driving these differences. 

 

4.2 Similarity, homogeneity, and distinctiveness 

It was shown in the previous section that a characteristic of corpuses is that they 

contain a small number of high frequency words. Table 4.3 (on page 118) presents the 

most common 50 types in SC and in each Discipline, with their appearance rate per 

1000 tokens (F/1000), and the cumulative percentage of tokens accounted for with the 

addition of each type (Cum%). The 50 most frequently used types account for a little 

more than 40% of all words in SC. Furthermore, eight types (the, of, a, and, is, to, in, 

are) appear at the top of each list, and together they account for nearly one quarter of 

the text. 

Halliday (1985) made a distinction between lexical (or content) words and 

function (or grammatical) words. Lexical words carry the content of the text. They are 

an open set of words in the sense that the set is continually being added to for reference 

to new objects, technologies, ideas, and processes. Function words belong to a closed 

set of words in the sense that there is a fixed number of function words. They do not 

carry content; rather, their function is to establish relationships among the lexical words. 
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118              C
haracteristics of SC

 and its com
ponents

Table 4.3: Fifty most common words in components of SC partitioned by Discipline 
SC Physics Chemistry Biology Geology Other 

Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% 
the 76.8 8 the 79.5 8 the 64.3 6 the 79.8 8 the 70.3 7 the 81.6 8 
of 34.8 11 of 32.7 11 of 35.4 10 of 34.6 11 of 40.0 11 of 34.8 12 
a 24.0 14 a 30.7 14 is 25.5 13 and 26.3 14 and 27.4 14 to 23.9 14 
and 23.8 16 is 25.4 17 a 24.8 15 in 23.0 16 in 24.1 16 and 22.0 16 
is 22.3 18 to 23.2 19 and 23.9 17 to 22.3 19 is 21.9 18 is 21.8 18 
to 22.2 20 in 20.0 21 in 23.4 20 a 20.2 21 a 21.7 21 a 21.6 21 
in 22.1 23 and 19.8 23 to 21.7 22 is 19.0 23 to 17.8 22 in 20.3 23 
are 15.2 24 are 11.8 24 are 17.3 24 are 17.5 24 are 16.5 24 are 12.2 24 
that 9.2 25 it 10.3 25 it 9.4 25 that 9.7 25 rocks 9.9 25 it 10.7 25 
it 9.0 26 you 8.8 26 that 9.1 25 as 7.7 26 it 9.6 26 that 10.7 26 
as 7.9 27 that 8.6 27 be 8.3 26 this 7.6 27 be 8.4 27 you 10.4 27 
this 7.7 27 as 8.3 28 you 8.2 27 for 7.2 27 that 7.9 28 this 8.2 28 
be 7.2 28 can 8.0 29 as 8.2 28 it 7.2 28 as 7.9 28 be 8.0 29 
you 6.8 29 energy 7.9 29 this 8.0 29 from 6.5 29 this 7.9 29 on 7.9 29 
can 6.6 30 be 7.7 30 water 7.5 30 have 6.2 29 rock 7.5 30 as 7.0 30 
for 6.1 30 this 7.4 31 can 7.1 30 can 6.1 30 or 6.8 31 earth 6.4 31 
from 6.1 31 on 6.6 32 with 6.9 31 they 6.1 31 from 6.7 31 from 6.3 31 
or 6.0 31 by 6.5 32 for 6.6 32 by 6.0 31 by 6.6 32 at 5.9 32 
by 6.0 32 or 6.3 33 by 6.0 32 or 5.8 32 on 5.5 32 or 5.8 33 
on 5.6 33 from 5.5 33 atoms 6.0 33 be 5.8 32 can 5.4 33 for 5.6 33 
they 5.4 33 an 5.4 34 they 5.9 33 cells 5.1 33 for 5.3 33 sun 5.6 34 
have 5.3 34 at 5.2 35 or 5.7 34 these 4.7 33 have 5.2 34 have 5.5 34 
with 4.5 34 when 5.1 35 from 5.4 34 on 4.7 34 they 5.2 35 they 5.4 35 
water 4.4 34 light 5.0 36 have 5.2 35 which 4.7 34 these 5.0 35 can 5.3 35 
which 4.1 35 for 4.9 36 an 5.0 36 body 4.5 35 you 4.7 36 we 4.8 36 

 

 



Table 4.3: (cont.) 
SC Physics Chemistry Biology Geology Other 

Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% Word F/1000 Cum% 
an 4.1 35 water 4.5 37 not 4.5 36 with 4.2 35 at 4.7 36 moon 4.4 36 
these 4.0 36 they 4.4 37 used 4.2 36 you 4.1 36 which 4.7 36 not 4.4 37 
at 4.0 36 air 4.3 37 when 4.2 37 food 3.9 36 water 4.5 37 with 4.4 37 
not 3.9 36 with 4.2 38 chemical 4.1 37 not 3.8 36 may 3.9 37 by 4.3 38 
when 3.7 37 if 4.1 38 which 4.0 38 some 3.8 37 minerals 3.8 38 these 4.0 38 
we 3.5 37 have 4.0 39 these 3.9 38 blood 3.7 37 will 3.7 38 about 3.9 38 
some 3.3 38 heat 3.7 39 on 3.9 38 water 3.7 38 some 3.5 38 stars 3.6 39 
one 3.2 38 force 3.6 39 some 3.7 39 plants 3.5 38 has 3.5 39 one 3.6 39 
will 3.2 38 not 3.6 40 will 3.6 39 called 3.5 38 when 3.4 39 an 3.4 39 
called 3.2 38 will 3.6 40 called 3.6 39 into 3.5 39 an 3.4 39 has 3.4 40 
other 3.1 39 we 3.6 40 metals 3.5 40 we 3.4 39 with 3.3 40 will 3.4 40 
energy 3.1 39 used 3.6 41 elements 3.5 40 other 3.4 39 formed 3.3 40 which 3.3 40 C
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if 2.9 39 which 3.6 41 oxygen 3.5 41 all 3.4 40 very 3.2 40 was 3.2 41 
has 2.8 40 one 3.3 41 other 3.5 41 their 3.3 40 we 3.2 41 its 3.2 41 
into 2.8 40 its 3.0 42 acid 3.5 41 an 3.2 40 if 3.1 41 some 3.2 41 
all 2.8 40 more 3.0 42 ions 3.4 42 one 3.2 41 figure 3.0 41 other 3.2 42 
there 2.7 41 than 3.0 42 one 3.4 42 many 3.2 41 not 3.0 42 our 3.1 42 
used 2.5 41 current 2.9 43 substances 3.3 42 there 3.1 41 called 3.0 42 your 3.1 42 
their 2.5 41 other 2.8 43 particles 3.2 43 figure 2.9 42 there 3.0 42 when 3.0 43 
more 2.4 41 through 2.8 43 carbon 3.0 43 when 2.9 42 been 3.0 43 space 2.9 43 
figure 2.4 41 your 2.7 43 air 3.0 43 at 2.8 42 surface 2.9 43 all 2.8 43 
also 2.4 42 figure 2.7 44 compounds 2.9 43 animals 2.7 42 australia 2.9 43 called 2.8 43 
many 2.4 42 called 2.7 44 two 2.8 44 also 2.7 43 years 2.8 43 light 2.7 44 
your 2.3 42 has 2.7 44 metal 2.8 44 such 2.6 43 was 2.8 44 there 2.7 44 
its 2.3 42 these 2.6 45 has 2.8 44 has 2.6 43 mineral 2.8 44 scientists 2.7 44 

 

 



Most of the words in Table 4.3, particularly in the upper section of the table, are 

function words. Lexical words begin to appear toward the bottom of the table. Lexical 

words that nevertheless appear under a given discipline are those that would normally 

be associated with that discipline. That is, it is to be expected that the type energy, for 

instance, appears in the Physics list and not under any of the other disciplines, or that 

the type rocks appears in the Geology list and not under any of the other disciplines. 

The table suggests that there are major distinctions among the disciplines with respect to 

lexical words, but there are also differences in the relative frequencies for function 

words. Whether or not these differences are significant, and whether or not the major 

distinctions lie mostly with lexical words, with function words, or with a combination is 

the subject of the analysis in this section.  

The analyses, outlined in Section 3.3.1, are in two stages. First, the similarity 

between components is assessed; and second, if two components are found to be 

dissimilar, words that are driving the distinction are found. Table 4.4 shows the 

homogeneity (within-component) and similarity (between-component) measures for 

each of the partitions. The diagonal elements in each sub-table are the homogeneity 

measures, and the off-diagonal elements are the similarity measures. When SC is 

partitioned according to Discipline, the homogeneity measures are all roughly 

equivalent but the similarity measures are all larger than the homogeneity measures. 

When SC is partitioned according to Textbook Series and Year Level, the homogeneity 

measures are again roughly equivalent, but the similarity measures are only slightly 

larger than the homogeneity measures. 

Table 4.4 suggests that the Disciplines are comprised of different language 

varieties, whereas the language varieties contained in Year Level components and in 

Textbook Series components are more similar varieties. Noting that the Disciplines are 
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composed of different language varieties, it is of interest to determine which words are 

driving the distinctions. 

 

Table 4.4: Homogeneity and similarity measures for components of SC measured in 
terms of normalised G2: 

 
 a) Partitioned by Discipline 
 Physics Chemistry Biology Geology Other 

Physics 6.51     
Chemistry 17.12 3.85    
Biology 17.72 17.92 4.67   
Geology 17.80 17.21 13.16 3.78  
Other 13.17 19.92 14.99 12.78 4.19 

 

 b) Partitioned by Textbook Series 
 AJ CP CW SW WW 

AJ 7.52     
CP 10.74 8.13    
CW 11.21 9.11 5.32   
SW 11.22 9.55 9.81 7.41  
WW 11.75 9.08 9.17 9.66 7.06 

 

 c) Partitioned by Year Level 
 Eight Nine Ten 

Eight 7.00   
Nine 9.75 6.54  
Ten 13.14 10.15 7.89 

 

 

Table 4.5 shows, in order of decreasing values of Gw
2, the 40 words that are 

driving most of the distinctiveness in a comparison between Physics and Chemistry. 

The words are separated into a Physics list and a Chemistry list according to where their 

larger relative frequencies lie. The table shows that, on the basis of word frequencies, 

most of the distinctiveness between Physics and Chemistry lies with content words. 

Furthermore, nearly all the words represent nominal entities. No processes appear in the 

list, and apart from reaction and direction, no nominalised processes appear in the list. 

Also, apart from chemical and electric, no words that describe entities, or identify 
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Table 4.5: Forty words driving the distinctiveness between Physics and Chemistry as 
assessed by Gw

2

Physics  Chemistry 

Word 
F/1000 

in Phys 

F/1000 

in Chem 
Gw

2  Word 
F/1000 

in Phys 

F/1000 

in Chem
Gw

2

energy 7.9 0.8 714.9      
     atoms 0.6 6.0 636.0 
     ions 0.1 3.4 526.8 
     oxygen 0.1 3.5 522.5 
     elements 0.2 3.5 489.3 
light 5.0 0.4 466.6      
     compounds 0.1 2.9 465.5 
     acid 0.2 3.5 444.9 
     metals 0.3 3.5 427.7 
force 3.6 0.1 426.0      
     acids 0.0 2.3 411.0 
     solution 0.1 2.8 383.7 
     chemical 0.6 4.1 360.9 
     carbon 0.3 3.0 322.5 
     atom 0.2 2.7 311.1 
     hydrogen 0.3 2.7 307.8 
     copper 0.2 2.5 289.0 
     molecules 0.2 2.4 281.6 
current 2.9 0.2 273.9      
object 2.5 0.2 244.4      
     reaction 0.4 2.7 240.1 
heat 3.7 0.9 201.6      
circuit 1.5 0.0 195.8      
the 79.5 64.3 183.1      
     substances 0.9 3.3 175.8 
     reactions 0.2 1.8 172.2 
sound 1.6 0.1 167.5      
     properties 0.4 2.1 156.6 
     metal 0.8 2.8 155.1 
objects 1.6 0.1 154.7      
waves 1.3 0.0 152.2      
electric 2.2 0.4 145.1      
direction 1.3 0.1 138.0      
     dioxide 0.3 1.6 132.2 
power 1.5 0.2 124.7      
     are 11.8 17.3 121.3 
figure 2.7 0.8 120.5      
electricity 2.5 0.7 120.2      
car 1.5 0.2 110.7      
     chemicals 0.1 0.9 110.5 
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qualities of entities, or modify the intent of processes (adjectives and adverbs) appear in 

the list. Most of the common function words (of, and, is, in, to, a) that are indicative of 

major structural relations, appear further down the list, and with two exceptions (the and 

are) do not appear in the first 40 words. Words that are most characteristic of Physics 

and of Chemistry are those that intuitively belong in the list to which they were 

assigned. 

Lists showing the other comparisons for the Disciplines are contained in 

Appendix 1. A similar picture emerges from the other comparisons. Most of the 

distinctiveness between pairs of Disciplines is driven by content words, and most of the 

words that appear in each list are words that intuitively belong in the list to which they 

were assigned. Most of the words appearing in each list are nominal entities, with few 

processes, nominalised processes, adjectives and adverbs. As well, common function 

words are largely absent from the lists. The comparisons with Geology may be the only 

exceptions, with more function words appearing towards the bottom of the lists.  

The lists contrasting the Year Level components and the Textbook Series 

components are also shown in Appendix 1, but because the language varieties among 

these components were more similar, only the top ten words in each list are shown. For 

the Year Level contrasts, most of the words that are responsible for the small level of 

distinctiveness are content words. This suggests that there could be some developmental 

sequencing of ideas and concepts from one year level to the next. For the Textbook 

Series contrasts, most of the words are high frequency function words, suggesting that 

the small level of distinctiveness has more to do with style than with content. 

 

4.3 Conclusion 

The purpose of this chapter was to provide a descriptive overview of SC. First, it 

was shown, in terms of the overall shape of the word frequency distributions, that there 
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is nothing to suggest that the shapes of the word frequency distributions for SC and its 

components deviated substantially from the shapes of word frequency distributions for 

other language samples. The characteristics of SC, its components, and the other 

language samples are that: 

• There is a large number of rare word types; 

• There is a small number of very common word types; 

• The mean rates of appearance for new words were within the same order of 

magnitude. 

 

Second, it was shown that, in terms of word frequencies at the upper end of the 

frequency distribution, it is possible to distinguish among the components of SC. The 

strongest contrasts are among the Discipline components, where most of the 

distinctiveness is due to content words. There is less distinctiveness among the 

Textbook Series and Year Level components. What little distinctiveness there is 

suggested that Textbook Series components can be distinguished according to 

preferences for style, whereas the distinctions among the Year Level components 

suggest a sequencing of ideas and concepts. These distinctions are explored in more 

detail through a variety of analyses in the next four chapters. 
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5   VOCABULARY DIVERSITY 
 
 
This chapter presents analyses of vocabulary diversity among the components of 

SC. In Chapter 3, it was argued that all measures of vocabulary diversity derived from 

sample word frequency distributions and from modelling procedures co-vary with 

sample size. Nevertheless, it was found that a small set of measures (Melvern and 

Richards' D, Yule's Characteristic Constant K, Honoré's index H, and Brunet's index W) 

are reasonably invariant with respect to sample size, and at the same time have 

discriminatory sensitivity. The analyses reported here (Section 5.1) are in terms of D, K, 

H and W calculated for each of the 230 chapters that comprise SC. Following these 

analyses, Section 5.2 presents a discussion that aims to account for vocabulary diversity 

in terms of the range and variety of content contained in chapters. The discussion draws 

on text and word frequency lists for selected sequences of chapters where each sequence 

deals with similar sorts of content. 

 

5.1 Analysis of vocabulary diversity 

This section presents an analysis of vocabulary diversity in terms of D, K, H and 

W using cluster analysis. First, it is noted that the variation in average chapter sizes (in 

terms of the number of tokens) among the components of SC was statistically reliable. 

Kruskall-Wallis test shows that the average size of chapters vary according to: 

• Year Level: χ2(2) = 28.8, p < 0.001. Pairwise comparisons show that Year 8 

chapters ( X  = 2145) are shorter than Year 9 ( X  = 2662) and Year 10 ( X  = 3345) 

chapters. 

• Discipline: χ2(4) = 15.2, p = 0.004. Pairwise comparisons show that Chemistry ( X  

= 2206) chapters are shorter than Biology ( X  = 3263) chapters.  
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These results together with the conclusion from Chapter 3, that none of the 

measures are independent of text length, mean that the analyses presented in this section 

need to be interpreted with caution. While the results of the analyses are interpreted in 

terms of variations in vocabulary diversity, a small amount of that variation could be 

due to variation in text size. 

The chapters of SC were clustered on their scores for D, K, H and W (using 

k-means cluster analysis and the rule-of-thumb for determining the optimal number of 

clusters as outlined in Chapter 3), and then Year Level and Discipline relationships with 

the cluster formations were explored using crosstabulations. Standardised values for D, 

K, H and W were submitted to a series of k-means cluster analyses. All solutions from 

the 2-group solution through to the 8-group solution were requested. The 4-group 

solution accounted for 63.8% of the variance, an increase of 6.9% over the 3-group 

solution. The 5-group solution accounted for 67.7% of the variance, an increase of only 

3.9% over the 4-group solution. Also, there were no large increases in variance for any 

individual variable in moving from 4 to 5 groups. Therefore, the 4-group solution was 

taken to be optimal. Figure 5.1 shows the standardised means for the four groups. The 

standardised means for K and W were reversed about zero so that large standardised 

means for all diversity measures can be interpreted as indicating higher diversity, and 

small standardised means for all measures can be interpreted as indicating lower 

diversity.  

Groups 1 and 2 are readily interpretable. Group 1 has small standardised means 

for all measures, and is interpreted as a low diversity group of chapters. Group 2 has 

large standardised means for all measures, and is interpreted as a high diversity group of 

chapters. Group 3 has small standardised means for H and W only. Both use relatively 

few elements in their calculations, and H in particular is sensitive to changes at the low 

frequency end of the distributions. This group is interpreted as a group of chapters with 
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low growth rates. Group 4 has small standardised means for D and K only. Both use a 

relatively large number of elements in the calculations, and K in particular is sensitive to 

changes at the high frequency end of the distributions. This group is interpreted as a 

group of chapters with high repeat rates. Group sizes show some variation from the 

smallest, the Low Diversity group with N = 28, through to the largest, the Low Growth 

Rate group with N = 81.  
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Figure 5.1: Standardised means for the four Vocabulary Diversity groups 

 

 

It is noted that at the extremes of the diversity spectrum (i.e., with respect to 

Groups 1 and 2) all four measures play a role in interpretation, but for Groups 3 and 4, 

which are both low diversity groups but not as low as Group 1, pairs of measures play a 

role in interpretation. It seems that at moderately low levels of diversity, K and D can 

assess an aspect of vocabulary diversity not available to H and W, and vice versa. This 

reinforces the argument made by Tweedie and Baayen (1998) for a multivariate 

approach to the assessment of vocabulary diversity. 
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Crosstabulations of Vocabulary Diversity group membership with Discipline and 

Year Level indicate that there is no relationship between Year Level and Vocabulary 

Diversity groups (χ2(6) = 10.22, p = 0.116), but that there is a statistically significant 

association between Discipline and Vocabulary Diversity groups (χ2(12) = 32.65, 

p = 0.001). However, the symmetric proportional-reduction-in-error (PRE) statistic 

indicates a moderately weak association (Λ = 0.116). Table 5.1 shows the observed and 

expected counts and the adjusted standardised residuals for each cell in the statistically 

significant crosstabulation. Cells that contain statistically significant residuals appear in 

bold.16  

The crosstabulation shows that fewer Physics chapters than expected are found in 

the High Diversity group. Also, more Chemistry chapters than expected and fewer 

Biology chapters than expected are found in the Low Growth Rate group. That is, 

Chemistry chapters tend to contain smaller proportions of the rarest words, whereas this 

tends not to be a feature of Biology chapters.  

The crosstabulation shows that most of the Physics and Chemistry chapters are 

found in one or another of the low diversity groups, but, whereas Physics chapters tend 

to be more evenly distributed across the three low diversity groups, Chemistry chapters 

tend to congregate in the Low Growth Rate group (they contain relatively fewer rare 

words). In contrast to both Physics and Chemistry, nearly half of the Biology chapters 

are High Diversity chapters.  

 

                                                 
16 Given the exploratory nature of these analyses, the α-level was set at a less stringent value of 0.1. This 
is the α-level set for the family of analyses, and so the α-level for each analysis was adjusted. It has been 
argued that the usual Bonferroni adjustment of α-levels is too severe (e.g., Holland & Copenhaver, 1988). 
The procedure used here and elsewhere in this thesis was Holm's adjustment (Holland & Copenhaver, 
1988). The Holm's procedure orders the comparisons on the basis of their p-values. The adjusted α-level 
for each test is the family-wise α-level divided by the rank position for each test, so that the boldest 
assertion is submitted to the most stringent test, the next boldest assertion is submitted to a somewhat 
weaker test, and so on through to the weakest assertion. With respect to the two crosstabulations, the two 
α-levels were 0.05 and 0.1. With respect to the 20 cells in Table 5.1, the boldest assertion was submitted 
to a test with an α-level of 0.00500, the next was submitted to a test with an α-level of 0.00526, and so on 
until the first failure to reject the null hypothesis. 
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Table 5.1: Crosstabulation of Vocabulary Diversity groups with Discipline 
Vocabulary Diversity groups  Cell Contents: 

 Observed 
 Expected 
 Standardised residual 

Low 
Diversity 

High 
Diversity 

Low Growth 
Rate 

High Repeat 
Rate TOTAL 

12 10 26 14 62 
7.5 20.2 21.8 12.4  Physics 
2.0 -3.2 1.3 0.6  

      
4 11 22 2 39 

4.7 12.7 13.7 7.8  Chemistry 
-0.4 -0.6 3.0 -2.5  

      
9 29 15 16 69 

8.4 22.5 24.3 13.8  Biology 
0.3 2.0 -2.8 0.8  

      
0 10 11 8 29 

3.5 9.5 10.2 5.8  Geology 
-2.1 0.2 0.3 1.1  

      
3 15 7 6 31 

3.8 10.1 10.9 6.2  Other 
-0.5 2.0 -1.6 -0.1  

D
is

ci
pl

in
e 

      
 TOTAL 28 75 81 46 230 

 

 

The next section presents a possible explanation as to why the components are 

positioned as they are on the vocabulary diversity spectrum, but first, the absence of 

Year Level effects needs some explanation. Carroll's (1971) investigation of the AHI 

corpus showed vocabulary diversity (measured using parameters from the lognormal 

model) increasing with year level (from year 3 through to year 9). He did not present a 

year level analysis for the science component of AHI, but the indication is that year 

level effects might be detectable only with a larger range of year levels. Using the more 

powerful analysis afforded by ANOVA on the diversity measures derived for SC, there 

are effects, though small, for Year Level on three of the four diversity measures. That is, 

the absence of Year Level effects in the crosstabulations (or the small effect sizes in the 

ANOVAs) could be the result of the restricted range of Year Levels from which 

materials were selected for inclusion in SC. 
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5.2 Contrasting low diversity chapters with high diversity chapters 

In this section, high diversity chapters are contrasted with low diversity chapters 

by examining the text and the word frequency lists for chapters at the extremes of the 

diversity distributions as measured by K and D. An examination of the text of high 

diversity and low diversity chapters suggests that vocabulary diversity and text size are 

related only in so far as they are both mediated by the range and diversity of content 

contained in a chapter.  

There are two chapters (CW112 and CP107) that deal with the geometrical 

relationships between the sun, moon and earth. Both chapters employ a similar 

structure, as outlined below: 

• Spatial arrangements and movement of earth relative to sun; 

• Spatial arrangements and movement of moon relative to earth; 

• Explanation of the consequences that follow from these spatial arrangements: 

o Night and day; 

o Length of day; 

o Seasons; 

o Phases of the moon; 

o Tides; 

o Eclipses; 

o Sundials (CP107 only). 

 

Even though CW112 (containing 1103 tokens) treats the content more 

economically than does CP107 (containing 3771 tokens), they are both in the Low 

Diversity group, and two diversity measures (K and D) rank them at the lowest extreme 

of the diversity measures. Depending on the measure, CW112 is ranked 1st (D = 51) and 

2nd (K = 265), and CP107 is ranked 4th (D = 55) and 3rd (K = 260). That is, despite the 

variation in text size, their diversities do not differ markedly. 
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Table 5.2 shows the opening sentences of the two chapters. The two extracts 

exhibit markedly differing grammatical structures. The grammar of the opening to 

CW112 is characterised by a sequence of simple sentences. There are more complex 

structures contained in CW112 as the text proceeds, but nevertheless, the grammar of 

CW112 is simpler than the grammar of CP107. The opening sentence to CP107, alone, 

contains an adverbial clause of concession (If it were possible …) which in turn contains 

two infinitive clauses (to travel …, and [to] look …) joined with a coordinating 

conjunction (and), a that-clause (that the earth moves …) complementing a verb 

(notice) which in turn contains an adverbial clause of time (while the moon …). Given 

that the vocabulary diversities for the two chapters are similar despite their markedly 

differing grammatical structures, the suggestion is that grammatical complexity is not 

related in any simple or direct way to vocabulary diversity. 

 

Table 5.2: Example of text from low diversity chapters 
CW112 

The earth revolves around the sun. The 
path it takes is called its orbit. The earth's 
orbit is in the shape of an ellipse or oval. 
The average distance from the sun to the 
earth is about 150 million kilometres. It 
takes 1 year (365¼ days) for the earth to 
go completely around the sun. This journey 
is called a revolution. The earth stays in its 
orbit because of the gravitational 
attraction between it and the sun. The 
earth also rotates about its own axis. The 
axis is an imaginary line from the North 
Pole to the South Pole. The direction of 
rotation is from West to East. (Because we 
are not aware that we are rotating, it 
seems to us that the sun, moon and stars 
are rotating from East to West.) It takes 
one day (24 hours) for the earth to 
complete one rotation on its axis. 

CP107 
If it were possible to travel millions of 
kilometres into space and look down on the 
Earth, moon and sun you would notice that 
the Earth moves around the sun while the 
moon moves around the Earth and the sun. 
This movement of the Earth can be 
imitated as follows. Securely tie an eraser 
to one end of a piece of string. Hold onto 
the other end, and swing the eraser 
around. Keep your hand fairly still. 
Imagine that the eraser is the Earth, 
moving around your hand (the sun) in a 
circular path. The string prevents the 
eraser from flying off and your hand, 
holding the string, maintains the circular 
path. The velocity of the eraser prevents it 
from falling into your hand. Similarly, the 
path, or orbit, of the Earth about the sun is 
determined by two factors: gravitational 
force of attraction and the velocity of the 
Earth. 
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What is common to the two chapters is the high frequencies for the three words 

that signal the content of the chapters: earth, moon and sun. As was shown in Chapter 4, 

it is more usual to find function words (the, of, and, is, in, to, a, are, it) and less usual to 

find content words occupying high frequency positions in the word lists. However, it is 

a feature of the low diversity group of chapters that there are content words (at least 

one, usually two or three, sometimes four content words) occupying the positions that 

are normally occupied by function words among the ten most frequent words. In 

contrast, the ten most frequent words for the high diversity chapters are, with few 

exceptions, function words. 

For the two chapters under consideration, the words earth, moon, and sun are 

ranked 3rd, 4th and 6th respectively among the most frequent words in CW112, and 

moon, earth, and sun are ranked 5th, 7th, and 10th respectively among the most frequent 

words in CP107. These three words provide links across the different concepts that are 

presented in the two chapters. Even though the concepts themselves are varied, they all 

depend on particular geometrical configurations for sun, moon and earth. The relative 

frequencies for the usual set of grammatical words are not substantially reduced; rather 

the three words earth, moon and sun are additional high frequency words. As a 

consequence, there is an even greater reliance on a small set of common words, 

resulting in lower diversity.  

This demonstrates one way in which the structure of a chapter, rather than size or 

grammatical complexity, can result in low diversity. This structure is contrasted with the 

structures of another sequence of chapters whose diversity measures do vary. There are 

three chapters, taken from different year levels, that take simple machines as their 

content. One of these, CP119, is in the Low Diversity group, and two diversity 

measures (D = 52, and K = 227) rank it 3rd and 4th among the lowest diversity chapters. 

The chapter opens with a discussion of the concepts load and effort, and how these are 
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used to understand and calculate force advantage. This is followed by discussions of a 

number of simple machines (lever, pulley, wheel and axle, inclined plane, and screw), 

and the chapter concludes with a discussion of efficiency. Each of these discussions 

draws on the concepts developed at the opening of the chapter (load, effort, and force 

advantage). This set of words along with machine appears among the high frequency 

words (machine, advantage, load, force and effort appear 6th, 7th, 9th, 10th, and 11th 

respectively among the most frequent words). As was the case for CW112 and CP107, 

among the high frequency words for CP119 are content words that provide the links 

across the different sections of the chapter.  

As well as organising the chapter around the concepts of load, effort and force 

advantage, the chapter also, at times, makes explicit the links between the different 

versions of simple machines. For instance, the three extracts in Table 5.3 are taken from 

the beginning of sections dealing with particular simple machines, and the discussions 

open by contrasting: the pulley to the lever; the wheel and axle to the pulley; the screw 

to the inclined plane. These additional links across sections of the chapter have the 

effect of increasing the frequencies for content words such as lever, pulley, inclined, and 

plane, thus increasing the rate at which words are repeated, and hence decreasing 

diversity. 

 

Table 5.3: Three extracts making explicit links between sections of CP119 
The Pulley 
A lever is limited in the distance that it 
can move a load. One simple machine 
which overcomes this problem is the 
pulley. You can think of the pulley as 
being a round lever. ... The axle of a 
fixed pulley can be considered to be a 
fulcrum. A thin strip through the pulley 
can be thought of as being a lever. 

The Wheel and Axle 
Another simple machine, which is like the 
pulley, is the wheel and axle. But, unlike 
the wheel of the pulley, the wheel is firmly 
fixed to the axle so that both turn together. 
 
The Screw 
You can increase the force advantage of 
an inclined plane by making it as long as 
possible. As a result, the inclined plane 
can take up too much space. The screw 
solves this problem 
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The way in which the authors of the CP series chose to write about simple 

machines and to structure the chapter contrasts with the way the authors of the AJ series 

embedded a discussion of simple machines in a chapter titled Machines (AJ304). They 

discussed a larger variety of machines, such as hydraulic systems, and moved beyond 

machines to discuss stability, structures, and beams. The sections dealing with simple 

machines are linked through the concepts of effort, load and force advantage, but the 

additional devices are not linked to these concepts. Instead, they depend on a different 

vocabulary, and are presented in terms of pressure, centre of gravity, and compression. 

Yet another way in which a discussion of simple machines was structured is 

demonstrated by the authors of the WW series. In WW209, they presented a discussion 

of simple machines in a similar way to that presented in CP119 and AJ304 (i.e., load, 

effort, force advantage provide the links among the versions of simple machines), but 

the authors embedded this discussion in a chapter that deals with force, work, energy 

and power. 

The diversity measures for WW209 and AJ304 indicate that their vocabularies are 

more diverse than the vocabulary for CP119. Figure 5.2 shows the standardised scores 

for these three chapters on the four diversity measures. AJ304 and WW209 are 

contained in the Low Growth Rate and the High Repeat Rate groups respectively; both 

are low diversity groups but are partway between the extremes set by the High Diversity 

and the Low Diversity groups. There is greater opportunity in both WW209 and AJ304 

for rarer words to be introduced because both chapters cover a larger range of topics. 

Also there is no central organising principle flowing through the chapters, nor are there 

contrasting statements that explicitly link different versions of machines. AJ304 and 

WW209 do not contain the set of high frequency content words that are contained in 

CP119 (machine, advantage, load, force, and effort). The combination of these effects 

means that there is less repetition, and hence vocabulary diversity increases.  
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Figure 5.2: Standardised scores on D, K, H and W for three chapters dealing with simple 

machines 
 

 

These three chapters highlight one way in which the structuring of concepts in a 

chapter can affect vocabulary diversity. The three chapters contain a common set of 

concepts, but WW209 and AJ304 contain concepts additional to that common set. 

WW209 and AJ304 are longer than CP119 (the chapter sizes in terms of the number of 

tokens are shown in Figure 5.2), and the additional tokens for WW209 and AJ304 are 

required to discuss the additional concepts. The diversity measures for WW209 and 

AJ304 indicate more diverse vocabularies than that contained in CP119. But it is not the 

case that higher diversities are a direct consequence of larger sample sizes. Rather, 

higher diversities are a consequence of the additional vocabularies required to present 

the additional concepts contained in WW209 and AJ304. This relates to Carroll's 

argument (1971) that, with respect to the lognormal model, in theory, sample size 

should not influence vocabulary diversity, but in practice, sample size can indirectly 

influence diversity measures because larger samples are more likely to contain more 

diverse and varied subject matter.  
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However, Carroll's argument needs to be modified because it is not always the 

case that a larger range of content requires a larger sample size. This can be 

demonstrated with another sequence of chapters dealing with matter. Each chapter 

presents a discussion of the states of matter (solid, liquid, and gas), particle theory, how 

the particle theory explains properties of the states of matter, and changing states of 

matter. For two of these chapters, that set of concepts forms the content of the topic, and 

the diversity measures for these two chapters are low (CW102: D = 66, K = 137; and 

CP105: D = 78, K = 149). A third chapter (AJ201), in addition to these concepts, 

presents a more elaborate version of the particle theory (kinetic theory), and, among 

properties, discusses density. The diversity measures for AJ201 (D = 92; K = 117) are 

roughly at the medians. A fourth chapter (WW106) also presents the standard set of 

concepts, but begins the discussion with a long introduction concerning different sorts 

of matter and how and why they are used. Also, among properties, this chapter presents 

discussions of density and solubility. Diversity measures for WW106 (D = 118, K = 85) 

put it among chapters with the most diverse vocabularies. Figure 5.3 shows the 

standardised scores for these four chapters on the four diversity measures. 
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Figure 5.3: Standardised scores on D, K, H and W for four chapters dealing with matter 
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Earlier, Figure 5.2 showed that the size of the chapters that deal with simple 

machines increases with the number of concepts contained in each chapter. In contrast, 

Figure 5.3 shows that the four chapters that deal with matter do not follow this pattern. 

WW106 has the highest diversity in this sequence of chapters, yet it is the second 

smallest chapter. That is, it is not always the case that additional concepts require a 

longer text. What is common to the two sets of examples is that vocabulary diversity 

increases with number of concepts. 

Among high diversity chapters, there is a sequence that deals with environmental 

issues. The diversity measures for this sequence are shown in Figure 5.4. Two of these 

chapters, AJ315 and AJ314, are at the high extreme of the diversity spectrum, and are 

ranked by D and K as the 1st and 3rd most diverse chapters. Both chapters treat 

environmental issues as a series of case studies, which depend on knowledge from a 

range of disciplines. For instance, AJ314 presents seven unconnected case studies: 

increasing size of the human population; introduced animal and plants; extinction of 

species; biodegradable wastes; non-biodegradable wastes; heat; and air quality. Hence, 

there is no common group of words linking the case studies, and there is more 
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Figure 5.4: Standardised scores on D, K, H and W for five chapters dealing with 

environmental science 
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opportunity within each case study for rarer words to be introduced that are not used in 

subsequent case studies. The result is that there is less repetition, and so vocabulary 

diversities are high. Other chapters dealing with environmental issues (WW311, CP312, 

CW312) treat the content in a similar way, and all five are in the High Diversity group.  

The high diversity chapters dealing with environmental issues were all classified 

as belonging to the discipline of Biology. Figure 5.5 shows the standardised scores for 

another set of chapters, all located in the High Diversity group, drawn from a range of 

disciplines: AJ308, with the title Economic Geology, presents a series of case studies on 

particular mining ventures in Australia; SW313 (Energy Alternatives) and CW311 

(Energy in the Future) present a series of case studies describing energy alternatives; 

and WW308 (Non-Metals and Synthetic Materials) presents sections dealing with 

carbon chemistry and petroleum compounds, and then discusses the chemistry and 

manufacture of a range of synthetic materials, including nylon, plastics, soaps, 

detergents, and fibres. All of the examples of high diversity chapters are taken from the 

third book in each series, but high diversity chapters can be found among books 

intended for younger readers. For instance, WW111 is the second most diverse chapter 
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Figure 5.5: Standardised scores on D, K, H and W for a selection of other high diversity 

chapters 
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in SC as measured by D and K. Its title is Food and Nutrition, and in separate sections it 

deals with the major food groups and vitamins and minerals, as well as containing 

sections dealing with diet and storing and preparing food. As with the previous 

sequence of chapters, there is no common group of words to provide the links across the 

different sections in these chapters, and hence vocabulary diversity increases. 

It is noted that there is considerable variation in the size of the high diversity 

chapters discussed above. This illustrates the point made earlier that high diversity does 

not necessarily mean longer texts. Rather, high diversity is usually indicated by a large 

range and diversity of content, and as a result, content words are less likely to be 

repeated in subsequent sections. Among the sequence of chapters dealing with 

environmental issues, for instance, content words do not appear in the list of most 

frequent words until about the 20th word. Among the high diversity chapters selected 

from other disciplines, content words appear sooner in the list of most frequent words, 

but they tend to be words consistent with the chapter title. For example, in AJ308 

(Economic Geology), resources and coal appear 11th and 12th; in SW313 (Energy 

Alternatives), energy and solar appear 8th and 15th; in CW311 (Energy in the Future), 

energy and solar appear 8th and 15th; in WW308 (Non-Metals and Synthetic Materials), 

carbon appears 18th in the list of most frequent words. This is in stark contrast to the 

low diversity chapters discussed earlier in this section. 

The examples chosen for discussion in this section show that: 

• If texts deal with content by invoking the same or similar sets of concepts, then, 

irrespective of their length, their vocabulary diversities tend to be roughly 

equivalent. 

• If texts deal with content by invoking additional concepts, then, irrespective of 

whether or not the additional concepts lead to longer texts, vocabulary diversities 

tend to increase. 
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While these generalisations are based on a small number of examples, they 

nevertheless can account for differences in average diversities among the textbook 

series. It is noted that chapters from the WW series congregate in the High Diversity 

group. Also, it is noted that the WW series contain fewer but longer chapters. Assuming 

that all series cover roughly similar content, it follows then that each WW chapter 

includes, on average, a broader range of concepts. If the argument holds, that a broader 

range of concepts leads to increased vocabulary diversity, then it is the broader range of 

concepts contained in WW chapters that contributes to their higher vocabulary 

diversities.  

However, it is not likely that this explanation can account for the diversities 

among disciplines. The discussion of the sequence of chapters dealing with simple 

machines showed that vocabulary diversity increased with an increasing range of 

concepts, but it is also noted that all chapters in this sequence were among low diversity 

chapters. This sequence of chapters belongs to the discipline of Physics, and earlier it 

was noted that Physics chapters tended on average to belong to lower diversity groups. 

That is, even in those Physics chapters that include a larger range of concepts, there 

appears to be a counteracting influence that standardises and stabilises the vocabulary.  

Toulmin (1972) argued that disciplines can be distinguished along an axis 

differentiating between diffuse and compact disciplines. He described a compact 

discipline as one whose activities are directed towards a common and agreed set of 

standards that govern the criteria of adequacy for judging what constitute valid 

observations, interpretations, hypotheses, questions, theories and innovations. When a 

discipline has developed these standards, researchers place increasing emphasis on the 

attainment of comprehensive accounts of, and generalised and theoretical explanations 

for, empirical observations. Diffuse disciplines lack these standards. They collect 

empirical findings, but are more concerned with describing phenomena and developing 

Vocabulary diversity 140



simple empirical generalisations. Theoretical debate becomes distracted from the 

purpose of interpreting and explaining findings by debates on methodological issues 

(what counts as a valid observation, hypothesis, theory, and so on). 

Toulmin (1972), discussing the development of the study of motion, argued that 

there is no single defining moment when a discipline can be said to have become 

compact. Motion was a topic of interest to Aristotle but only insofar as it was one 

instance of a more general phenomena, that of change. Aristotle's goal was the 

development of a comprehensive theory capable of explaining change, not only natural 

change (place, colour, mass, composition) but all change (Bostock, 1996). Philosophers 

and mathematicians during the 13th and 14th centuries laid the foundations for Galileo's 

work in their studies of motion, developing graphical analyses of change and formula 

for rates of change, but, following in the Aristotelian tradition, they saw their graphs 

and formulas as being applicable to all types of change (Crombie, 1961; Weisheipl, 

1959). Their extensive collections of empirical data concerning motion were of little use 

to physics because theoretical questions relevant to physics were yet to be formulated. 

Galileo gave up the ambition of a general theory of change, and instead, he focused on 

change of one particular kind. Yet, Galileo's understanding of motion remained largely 

in the realm of kinematics (a description of motion). It was not until the beginning of 

the 18th century that physics began to develop the characteristics of compactness, when 

Newton initiated a study of the causes of motion - dynamics. But there remained 

debates over the meaning and interpretation of abstract theoretical concepts. For 

instance, the meaning of the quantity of motion was debated well into the 18th century 

(Bodanis, 2000), and towards the end of the 19th century, Hertz, troubled by the notion 

of action-at-a-distance (for instance, gravitational force), wanted to eliminate the term 

"force" from dynamics altogether (Hertz, 1894/1956; Wilson, 1989). 
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There is no claim here that, among the disciplines themselves, one or another has 

developed the characteristics of Toulmin's compact stage while others remain in the 

diffuse stage. Rather, the claim is that Physics, as it is represented in SC, appears to 

have some of the characteristics of compactness.  

The connection between compactness and vocabulary diversity lies with the 

extent to which the authors of SC organise a chapter around a relatively small number 

of entities, and the extent to which the vocabulary needed to refer to these entities, their 

characteristics, and the processes in which they are involved are used and re-used across 

the sections of the chapter. Physics chapters, which deal mostly with well-defined and 

mostly theoretical entities such as density, pressure, motion, force, work, energy, 

magnetism, electricity, heat and temperature, tend to be lower diversity chapters for this 

reason. Biology, and to a lesser extent Geology, tend to contain more chapters that 

describe the characteristics of entities that fall into different categories of classification 

schemes (e.g., classifications of living things, diseases, foods, rocks, minerals, 

volcanoes). They tend not to refer to theoretical ideas underlying the classification 

systems. Thus, there is less chance for words relevant to one category to be used again 

in subsequent categories, and as a consequence words tend not to be repeated and hence 

diversity tends to be higher. 

This section showed that the structure of chapters can partly explain differences in 

vocabulary diversities for chapters dealing with similar topics. On the one hand, 

vocabulary diversity depends on the range and variety of concepts that authors include - 

a larger number of concepts giving more opportunity for different words to be included 

in the vocabulary, and so vocabulary diversity increases. On the other hand, vocabulary 

diversity depends on the extent to which the concepts are linked to a small number of 

unifying and theoretical entities - a smaller number of theoretical entities regardless of 
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the number of concepts, gives more opportunity for the same content words to be used 

throughout the chapter, and so vocabulary diversity decreases. 

 

5.3 Conclusions 

In this chapter, it was shown that vocabulary diversities vary among the discipline 

components of SC. Physics and Chemistry chapters tend to have lower vocabulary 

diversities, and Biology and Geology chapters tend to have higher vocabulary 

diversities. In order to account for the position of a component on the vocabulary 

diversity spectrum, it was argued that vocabulary diversity to some extent depends on 

the number of concepts contained in a chapter: the more concepts in a chapter, the more 

opportunity for new words to be introduced, and hence vocabulary diversity increases.  

This argument, however, can go only part of the way towards explaining 

vocabulary diversity measures among the Disciplines. Counteracting this tendency is a 

tendency for concepts to be linked through the use of content words, resulting in lower 

vocabulary diversities. This argument accounts for the overall low diversity measures 

for Physics chapters. That is, there is a tendency for Physics chapters to be organised 

around a small number of theoretical entities, and the set of words referring to these 

entities provide the links.  

Accounting for disciplines' positions on the diversity spectrum is in terms of the 

presence of content words providing links across sections of chapters. The argument, 

that these content words are derived from well defined theoretical concepts, is largely 

speculative. The next chapter, where the focus is on content words, presents an analysis 

of the lexical organisation of SC, which includes a discussion of the extent to which 

lexical organisation can be interpreted in terms of conceptual structure. 
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6    LEXICAL ORGANISATION 
 
 
In the previous chapter, explanations for variations in vocabulary diversity 

measures were given in terms of the presence of content words that provide links across 

sections of a chapter. This chapter extends the analysis to explore the ways in which 

content words form concepts, and addresses more directly the question of the extent to 

which these concepts, along with the content words that contribute to their formation, 

provide the required links. 

Chapter 3 outlined the procedures used to obtain sets of lexical maps (contained in 

Appendix 2) that form the basis for these investigations. In Chapter 3, it was claimed 

that the hierarchical cluster analyses of frequencies of collocation resulted in clusters of 

lemmata that represent lexical organisation, but the question of how to interpret that 

organisation is yet to be addressed. This chapter begins with the claim that the maps on 

the whole are readily interpretable as representing scientific concepts (Section 6.1). This 

is followed by two sections that focus on what concepts are constructed, how they are 

distributed across the disciplines (Section 6.2), and the extent to which concepts are 

invoked across a series of textbooks (Section 6.3). The final section (Section 6.4) 

returns to the argument made at the end of the previous chapter to examine the 

relationships between vocabulary diversity and lexical organisation. 

 

6.1 General characteristics of lexical networks 

Content words are the basis for the analyses that follow. It was noted in Chapter 4 

that most of the distinctiveness among the disciplines was due to content words. 

Therefore these investigations begin by considering high frequency content words. 

Table 6.1 shows the 20 most common content words appearing in each of the major 

disciplines. On the whole, words appearing in each list reflect the discipline from which 
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they are drawn. That is, it is to be expected that words such as energy, light, heat, force, 

current, and electricity, for instance, feature prominently in the discipline of Physics.  

 

Table 6.1: Twenty most common content words in components of SC partitioned by 
Discipline 

Physics Chemistry Biology Geology 
Word F/1000 Rank Word F/1000 Rank Word F/1000 Rank Word F/1000 Rank 

energy 7.9 14 water 7.5 15 cells 5.1 21 rocks 9.9 9 
light 5.0 24 atoms 6.0 20 body 4.5 25 rock 7.5 15 

water 4.5 26 used 4.2 27 food 3.9 28 water 4.5 28 
air 4.3 28 chemical 4.1 29 blood 3.7 31 minerals 3.8 30 

heat 3.7 32 called 3.6 35 water 3.7 32 formed 3.3 37 
force 3.6 33 metals 3.5 36 plants 3.5 33 figure 3.0 41 
used 3.6 37 elements 3.5 37 called 3.5 34 called 3.0 43 

current 2.9 43 oxygen 3.5 38 figure 2.9 44 surface 2.9 46 
figure 2.7 47 acid 3.5 40 animals 2.7 47 australia 2.9 47 
called 2.7 48 ions 3.4 41 plant 2.0 63 years 2.8 48 

electricity 2.5 51 substances 3.3 43 cell 1.9 67 mineral 2.8 50 
object 2.5 52 particles 3.2 44 energy 1.9 68 earth 2.7 51 

use 2.4 54 carbon 3.0 45 living 1.7 72 sedimentary 2.6 54 
electric 2.2 58 air 3.0 46 system 1.7 73 fossils 2.3 57 

particles 2.0 64 compounds 2.9 47 different 1.7 74 crust 2.3 59 
temperature 2.0 65 metal 2.8 49 small 1.7 76 form 2.2 64 

move 1.8 72 solution 2.8 51 used 1.6 78 found 1.9 69 
pressure 1.7 75 form 2.8 52 large 1.6 79 large 1.9 72 

liquid 1.7 76 hydrogen 2.7 54 species 1.6 80 example 1.8 73 
see 1.6 78 atom 2.7 56 example 1.5 84 see 1.8 74 

 

 

The word energy, the most frequently occurring content word in the discipline of 

Physics, also appears in the list for Biology. Given its high frequency, it might be 

expected that the lemma energy17 appears in a large number of lexical maps, yet it 

appears in lexical maps for just five books: CP1, CW2, CW3, SW3, and WW3. It is 

absent, for instance, in all lexical maps for AJ1. Given that the frequency for energy in 

AJ1 is 23, it could be argued that the lemma energy has few opportunities to enter into 

significant associations with other words. In WW2, however, energy is the most 

frequent content word, but none of the lexical maps for WW2 contain the lemma energy. 

                                                 
17 In this chapter, reference is made to word types and to lemmata. To avoid confusion, word types appear 
in italics (e.g., rotate, rotation, rotating) and lemmata are underlined (e.g., rotate). 
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In Chapter 3, it was claimed that for each cluster analysis there is at least one 

cluster of items that does not show internal structure - a default cluster. For the cluster 

analysis of collocational frequencies for WW2, energy co-occurs with a large number of 

other lexical items, but none of its associations with other lemmata are strong enough to 

extract it from the default cluster. The indication is that a lemma's membership in 

lexical maps is determined by more than a simple function of frequency of occurrence. 

Relative frequencies as shown in Table 6.1 are an indication of the relative importance 

of words to particular disciplines, but relative frequencies alone do not reveal anything 

of the concepts that these words serve to construct. A lemma's membership in a lexical 

map also relates to patterns of collocational frequencies with other lemmata. Words 

co-occur in definite patterns, and it is the contribution of all such words to the 

construction of a concept that needs to be considered.  

To exemplify this point, "light" can be referred to and used in a variety of ways. 

Within the discipline of Physics, two major ways in which "light" is established are in 

the study of colours and in the study of lenses and mirrors. As an entity in its own right, 

"light" is a key concept in the discipline of Physics, but it is also a key concept in the 

discipline of Biology (where it has a frequency of 171) because of its association with 

plants and, in particular, photosynthesis. From a grammatical point of view, light can 

enter into other associations. For instance, as a noun, light can refer to concrete objects 

(When a light is switched on…) or modify other nouns (light bulb, light switch). It can 

be used as a verb (Light the bunsen burner…), or as an adjective (a light object, 

compared to a heavy object, …). 

Figure 6.1 shows that there are different categories of concepts that incorporate 

light. Maps A and B (from SW3 and CW3), while there are differences between them, 

deal with the formation of images using lenses and mirrors. Maps C and D (from WW1 

and SW1) draw on light in other senses. Map C contains light in the sense of "speed of 
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light" and the unit of measurement "light year". Map D deals with image formation, but 

unlike the maps A and B, this map places image formation in the context of the eye. The 

light - object connection is due to two additional senses of light: lightly coloured objects, 

and light objects.  

 

 A C 

               

year direct 

travel

geology 

old 
mud 

rock mineral

refract reflect 

lens image 

ray

light 

light speed 

 B D 

                    

image

lens 

close

light

focus 
back 

gravity 

eye object 

ray 

focus 

light 

lens 

ray 

image

mirror

Figure 6.1: Four lexical maps containing the lemma light
 

 

Light does not belong solely in the domain of physics, nor does the concept of 

image formation belong solely in the domain of physics. The frequencies of collocation 

are sufficiently large that other sorts of concepts incorporating light are revealed. That 

these different uses of light are evident in the maps supports a claim that the procedures 

applied to collocational frequencies generate valid results. 

Three of the maps in Figure 6.1 (A, B and D) are concerned with the behaviour of 

light in the formation of images. The formation of images is a concept that is the focus 

of discussion in a number of the textbooks, and so the three maps are interpreted as 
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representing a scientific concept. That conceptual meaning is represented in the maps is 

not an obvious consequence of the analyses. The analyses are dependent on patterns of 

co-occurrence of lexical items separated by a small number of intervening words. That 

is, the analyses are dependent on syntagmatic patterning of items in the text, yet three of 

the maps in Figure 6.1 (A, B and D) can be interpreted as representing a scientific 

concept.  

For map C in Figure 6.1, however, it is difficult to substantiate its representation 

of a scientific concept. It is structurally different from the other three maps in that it 

contains strings of lemmata with few inter-collocations. The strings develop because of 

the presence of a word common to two often-repeated phrases. The lemma year, for 

example, is common to the phrases light year and years old. As a result, year connects 

two different domains: one domain has something to do with speed of light and light 

years, and the other is a geological domain. Even if the map is split into the two 

domains, it is still the case that the two sections of the map are largely the result of 

syntagmatic patterning.  

Taking another example, there is a map (from SW2) that consists of the string of 

lemmata animal - plant - green. The map depends to a large extent on two phrases: 

animal/s and / or plant/s and green plant/s. The phrase green plant/s accounts for 26 of 

the 29 concordances for green and plant, and the phrase animal/s and plant/s accounts 

for 26 of the 51 concordances for animal and plant. All animal plant and green plant 

concordances occur in four chapters of SW2: three chapters deal with the relationships 

between animals and plants, and one chapter deals with animal and plant microstructure 

(cellular structure and tissues). But none of the relationships among animals, plants, 

animals and plants, and green plants or relationships with other entities discussed in 

these chapters are strong enough to enter into the map. The conclusion is that 

animal plant and green plant represent single entities, and they are combined because of 
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the common lemma plant. That is, this map, too, represents syntagmatic patterning, not a 

scientific concept.  

The remainder of this section presents a discussion of the ways in which lemmata 

are organised into maps. The central aim is to determine which maps can be interpreted 

as representing concepts. The simplest type of map, two-lemma maps, appears in all 

books. The most common, carbon - dioxide, appears in nine of the 15 books, and the next 

most common, live - thing, appears in six books. Most two-lemma maps are derived from 

phrases suggested by the two lemmata that comprise them. For instance: carbon - dioxide 

is derived from carbon dioxide; live - thing is derived from living thing/s; animal - plant is 

derived from animals and plants. 

Most two-lemma maps are the labels for single entities. For instance, the lexical 

combination of carbon and dioxide produces an entity different from the physical entities 

represented by its two lexical components. In the textual environment, carbon - dioxide 

can be partitioned. Indeed, the lemmata carbon and dioxide co-occur with other lemmata, 

and are embedded in more complex maps. The suggestion is that, for those books that 

contain the two-lemma map carbon - dioxide, neither carbon nor dioxide nor carbon 

dioxide plays a role in concept construction.  

Some two-lemma maps, even though they cannot be interpreted as a single entity, 

are nevertheless derived from often-repeated phrases. For instance, test - hypothesis is 

derived from test hypotheses or test the hypothesis, and therefore it is a result of 

syntagmatic patterning and cannot be interpreted as representing a scientific concept. As 

a consequence, two-lemma maps are not central to the present discussion. The argument 

above concerning high frequency content words applies to two-lemma maps. On their 

own, there is no indication of a concept being constructed. Only when the two lemmata 

are embedded in more complex maps does a picture emerge concerning each entity 

separately and the combined entity. 
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Most completely connected18 three-lemmata maps are interpreted as representing 

a concept, albeit in a weak form. For instance, the completely connected map physical - 

chemical - weather (from CP1) refers simultaneously to two entities (physical weathering 

and chemical weathering) and to a combined single entity (physical and chemical 

weathering). The fact that the map refers to the combined entity is evidenced by a link 

between the lemmata physical and chemical. The combined single entity stands alone; it 

does not take part in the construction of a more complex concept. Yet when the two 

separate entities are considered together with the combined entity, there is nevertheless 

a sense of a concept being constructed. Physical weathering and chemical weathering 

are a pair of related terms. One member of the pair is usually accompanied by the other 

member, and so physical weathering is known through its association with chemical 

weathering and vice versa.  

In contrast, there are three-lemma maps that are not completely connected and so 

they cannot be interpreted in this way. For instance, the map melt - point - boil (from 

CW1) represents two separate entities, melting point and boiling point, which are 

combined into one map because of the common lemma point. There is no connection 

between melt and boil, and so the map cannot be interpreted as referring to the single 

entity melting and boiling points. It is interpreted as two two-lemma maps, and as 

argued above, two-lemma maps are not of great interest.  

Related pairs contribute to the construction of more complex maps as shown in 

Figure 6.2. Map A (from CW2) shows the related pair "positive and negative charge" 

                                                 
18 Completely connected maps are those with all lemmata connected to all other lemmata in the map. All 
maps with three or more lemmata are either:  
completely connected -  
 

kingdom 

plantanimal 

 
or not completely connected -  
 

kingdom plant animal 
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embedded in a map with a focus on electrostatics. Map B shows that more complex 

maps can contain more than one related pair. The map contains the related pair "igneous 

and metamorphic rocks" and the related pair "igneous and sedimentary rocks"; but 

because there is no direct link between metamorphic and sediment, the map does not 

construct a related triad - "igneous, sedimentary and metamorphic rocks". 

 

 A B 

igneous

sediment 

form 

metamorphic 

rock 

type 

negative positive

rubcharge 

loss 

                 
Figure 6.2: Examples of related pairs embedded in complex maps 

 

 

There are at least two distinct ways in which maps that contain four or more 

elements are organised. First, there are maps in which all or nearly all the elements are 

inter-connected. Figure 6.3 shows an example (from CP1). Allowing simple - machine to 

represent a single entity, the map contains five entities, and just one connection is 

missing - between load and advantage. The concept is something to do with simple 

machines, but it is noted that simple - machine becomes known when associated with 

effort, load, distance and advantage. Such tightly organised lexical networks are an 

expression of a topic of importance to the subject matter relevant to the section of text 

from which it is derived. They are interpreted as representing a core scientific concept. 

All the elements comprising the map in Figure 6.3 are nominal. However, most 

maps displaying such a tightly organised structure contain other functional elements. 

For instance, there is a completely connected map that contains the elements coil, 
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magnet, electric, generate, and current, (part of a map from SW3). Most of the 

collocations between generate and other elements are derived from the processes 

generates and is generated. In this case, the concept, dealing with electricity, is not 

complete without the process of generate.  

 

  

machine advantage 

load effort 

simple 

distance 

Figure 6.3: Example of a map in which nearly all elements are inter-connected 
 

 

Common attributes such as large, small, high, low, hot, cold, and bright appear in 

at least one of the maps for each book. Figure 6.4 shows an example (from WW1) 

containing small, large, and equal. The map is nearly completely connected (if react and 

shape are overlooked), and so large, small and equal are part of a tightly organised 

network. However, the expectation is that entities rather than attributes will have 

prominence in a map. All that seems to be demonstrated here is that common attributes 

co-occur with each other and other lemmata (in this case mass and size). In addition, 

mass and size are usually associated with the mass and size of some physical entity. At 

first glance, the interpretation of this map is that it appears to reveal syntagmatic 

patterning more so than representing a core scientific concept. However, quantification 

is a significant part of science, and as a consequence, it is not surprising to see terms 

that imply a scale of measurement embedded in maps. These common attributes, then, 

are an integral part of the lexical structure of the texts, so there is no fundamental 
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difference between accounting for their presence in maps and accounting for entities 

more closely aligned with the technical lexicon of science. 

 

react 

mass

shape large size 

small

equal 

 
Figure 6.4: Example of a map containing common attributes 

 

 

The second major way in which four or more lemmata are incorporated into maps 

is evident in maps that distinguish between a central node and peripheral lemmata. A 

node takes on a central position in a map because it attracts significant co-occurrences 

with a number of participating lemmata. That is, a node is central by virtue of its 

associations with other lemmata, rather than one or two large collocational frequencies. 

Figure 6.5 shows one example. 

 

plant 

Components: 
seed 
flower 

Examples: 
fern 
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Belong: 
animal and 
plant group 

plant 

flower seed 

animal group 

moss 

fern 

                 
Figure 6.5: Example of a map with a central node 
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The map (from SW1) shows that plant occupies a central position. The peripheral 

lemmata are organised in particular relationships with plant (shown in the right 

diagram). Plant, as a concept, becomes known through these relationships. Plants 

belong to a larger grouping of entities and so "plant" becomes known through the 

related pair "plant and animal groups". "Plant" also becomes known through examples 

of plants (mosses and ferns), and though its components (flowers and seeds).  

The central node in the map in Figure 6.5 draws together lemmata from a single 

conceptual domain. Each group of lemmata that elaborates on the central node may be 

derived from different sections or even different chapters of the text, but they are 

derived from the same domain. However, if a node is used in a number of different 

domains and it attracts significant collocations from the different domains, then it is 

possible that the different domains are evident in the one map. Figure 6.6 shows one 

way in which this can happen. 

 

digest 

salt 

sugar 

base 

fat machinesimple 

acid

urea 

solution 

 
Figure 6.6: Example of a map in which a central node connects two domains 
 

 

The map (from AJ1) shows a network of elements in which the lemma acid 

connects a biological domain to a chemical domain. In the chemical domain, acid is part 

of a network dealing with acids, bases and salts. In the biological domain, acid is part of 

network dealing with substances associated with digestion. The biological domain is not 

connected with the chemical domain other than through the lemma acid. In this sense, 

Lexical organisation 154



acid takes on the status of a central node. Both groups of elements are elaborations on 

the concept of acid, and so the map is interpreted as presenting two distinct ways by 

which "acid" becomes known.  

There are large and complex maps that exhibit a number of the organising 

principles discussed above. Figure 6.7 shows an example (from AJ1). At first, the map 

appears to draw on a large number of common lemmata, drawn into the map because 

they appear in the same textual environments. For instance, consider water, located 

toward the lower right of the map. According to the map, water can change or freeze or 

evaporate, can be found in the air and in a liquid state, and water can be hot. But hot in 

turn is linked to cold and day, and this second group of entities (hot, cold, day) appears to 

have little to do with the first group of entities (change, freeze, evaporate, air, liquid).  

 

 

liquid 

gas 

air 

solid expand 

allow
change 

freeze 

water oxygen hot 

cold day

nitrogen 

state 

fuelburn cool evaporate

Figure 6.7: A complex map showing a number of lexical organisations 
 

 

Other parts of the map indicate clearer structures. There is the nearly completely 

connected map gas, oxygen, fuel, burn and air, and the completely connected triad 
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solid liquid gas, and the two are connected at the lemma gas. An interpretation is that 

these two sections of the map represent two ways by which gas is known. The 

solid liquid gas network is further elaborated through examples (nitrogen, water) and 

through changing states of matter. The gas oxygen fuel burn air network is elaborated 

through attributes and contents of air. Given that there is a large number of lemmata 

with multiple meanings, it is not surprising to find large and complex maps such as that 

shown in Figure 6.7. Nevertheless, it is possible to break down these maps into smaller 

components that exhibit a range of features discussed in this section. 

This section was concerned with major types of organisation evident in the lexical 

maps. Most completely connected three-lemma maps are interpreted as relational pairs 

and as such are counted as contributing to lexical organisation. At times two or three 

relational pairs are embedded in more complex maps. Completely connected or nearly 

completely connected maps connecting four, sometimes five lemmata are counted as 

representing a core scientific concept. There are a number of maps that contain a central 

organising node. In some of these maps, the peripheral lemmata elaborate on different 

aspects of the central node. In others, the central node serves as a common lemma that 

connects two conceptually different domains. Finally, there are large and complex maps 

that can be broken down into smaller components displaying any of these 

characteristics. In Appendix 2, where the complete set of maps is drawn, the maps that 

cannot be counted as representing a scientific construct are marked. 

Table 6.2 shows a summary of the number of maps and the number of lemmata 

contained in the maps for the complete set of maps (numbers to the left of the arrow in 

Table 6.2), and the number of maps and the number of lemmata contained in the maps 

after removing maps that were considered not to be contributing to conceptual structure 

(numbers to the right of the arrow in Table 6.2). Using AJ1 as an example, 80 of the 237 

lemmata under consideration enter into lexical organisation, leaving 157 lemmata in the 
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default cluster; and the 80 lemmata are contained in 15 lexical maps. On removing 

seven two-lemma maps, 8 maps remain. The 8 maps contain a total of 66 lemmata, or a 

little more than 1/4 of lemmata that were entered into the cluster analysis.  

 

Table 6.2: Number of maps and lemmata entering into lexical organisation 

Textbook Lemmata in 
cluster analysis 

Number of 
lexical maps 

Lemmata in 
lexical maps  

Proportion in 
lexical maps 

AJ 1 237 15  8 80  66 0.34  0.28 
 2 242 10  6 57  47 0.24  0.19 
 3 234 11  4 50  36 0.21  0.15 

CP 1 238 14  9 57  46 0.24  0.19 
 2 237 14  9 58  48 0.24  0.20 
 3 236   17  10 103  87 0.44  0.37 

CW 1 216 14  7 73  55 0.34  0.25 
 2 236 11  6 51  37 0.22  0.16 
 3 245 13  5 59  36 0.24  0.15 

SW 1 246   12  10 68  64 0.28  0.26 
 2 229 14  8 74  59 0.32  0.26 
 3 241 14  9 66  54 0.27  0.22 

WW 1 226 12  7 66  44 0.29  0.19 
 2 225   9  6 43  37 0.19  0.16 
 3 234 16  9 85  64 0.36  0.27 
 Total  196  113   

 

 

Most of the maps removed from consideration are two-lemma maps, but maps 

containing more than two lemmata are also removed. Taking CW3 as an example where 

more than half the maps are removed, five of the removed maps are two-lemma maps. 

Of the other three, two are composed of strings of lemmata, and thus show no internal 

structure. The third contains a completely connected three-lemma map (turn potato 

green), but on reading the section of text from which the map was derived, it was 

derived from variations of the phrase potatoes turn green.  

The purpose of this section was to support the claim that most of the maps can be 

interpreted as representing scientific constructs. Given that 113 maps out of a total of 

196 maps remain (totals are shown in the last row in Table 6.2), then the claim is 

justified, but only barely (58% of maps remain). However, 65 of the dropped maps are 
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two-lemma maps, and considering two-lemma maps as trivial maps, then in effect only 

18 maps are dropped from a total of 131 (86% of maps remained), giving the claim 

more substance. 

There is one final point to be made. Table 6.2 shows that typically 1/3 to 1/6 of 

the lemmata are represented in the lexical maps. From the first set of analyses in 

Chapter 4, a finding that is consistent across all components of SC and evident in other 

corpuses is that core vocabulary, in terms of usage, is concentrated in a small proportion 

of word types. It seems that when lexical organisation is considered, there is a similar 

conclusion concerning lexical word types. Core vocabulary, in terms of concept 

construction, is concentrated in a small proportion of lexical word types. However, this 

effect is not necessarily a textual feature. When Phillips (1985) analysed lexical 

organisation in tertiary science textbooks, he included a separate analysis of a set of 

novels, and found no lexical organisation in the novels. But answering the question of 

whether or not this effect is pedagogical (lexical organisation is structured in this way 

specifically for students) or is a feature of scientific discourse in general is beyond the 

scope of this thesis and a matter for further investigation.  

In conclusion, this section presented a discussion focussed on three aspects of 

lexical maps.  

• First, a word's relative frequency does not determine whether or not the word is 

contained in a map, nor does the word convey any sense of a concept. 

Interpretation of a concept needs to take account of the set of words contained in a 

lexical map.  

• Second, most of the lexical maps can be interpreted as representing core scientific 

concepts.  

• Third, a relatively small vocabulary is used to construct these scientific concepts.  
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Having established which maps can be counted as contributing towards concept 

construction, the next section discusses what concepts are constructed, their location 

within SC, and their distribution across the disciplines. 

 

6.2 Lexical networks in the science corpus 

The majority of maps can be aligned with one or two chapters within each book. 

Taking an example from WW1, one map contains the five lemmata force, gravity, exert, 

field and pull. Looking through the list of chapter titles for WW1, there is only one 

chapter in WW1 that deals with forces: Chapter 9 - Motion and forces. Checking the 

five lemmata against word frequency lists for all the chapters in WW1 confirms that the 

Motion and forces chapter is the only chapter from which the map could have been 

derived. Table 6.3 shows the alignment of maps with chapters for WW1. The chapter 

titles are shown in the left column, and the lemmata that contribute to the maps are 

shown in the right column. In the previous section, it was argued that it is difficult to 

interpret some maps as representing conceptual structures. These are all two-lemma 

maps, some three-lemma maps, and maps that showed few inter-collocations. Maps 

from WW1 that fall into these categories are shown below the line in Table 6.3.  

It is possible to align five maps (maps 1 to 5) with four of the twelve chapters. 

Each of another two maps (maps 6 and 7) are aligned with two chapters. There are five 

maps (8 to 12) that cannot be interpreted as representing conceptual structure and there 

are four chapters (1, 8, 11, and 12) that cannot be aligned with particular maps. The 

alignment of maps with chapters for the remaining books is shown in Appendix 2. 

The alignment of one map with two chapters is rare. When it happens, it is usually 

the case that the two chapters belong to the same domain and that all or most of the 

words contributing to the map have substantial frequencies in both chapters. There are 

some exceptions, and map 6 in Table 6.3 illustrates one of the exceptions. The map 

 Lexical organisation 159



Table 6.3: Alignment of lexical maps with textbook chapters for WW1 
Chapter Title Lexical maps 

 4 Classification and change 1 living non-living thing 

 5 Measurement 2 measure unit volume metre high 
temperature time long cook 

3 mass large small size shape equal 
react 

 9 Motion and forces 4 force gravity field exert pull 

 10 Atoms, elements and compounds 5 atom molecule compound element 
number contain kind different 

 2 Experimenting in the laboratory 
 6 Physical properties of matter 

6 solid liquid gas burn egg carbon  
 hydrogen 

 3 Working with science 
 7 The scientific method 

7 science method study follow case  
 show 

 8 Fossil geology 
 12 Exploration and colonisation of space 

8 (geology mud rock mineral old year 
 light speed travel direct particular) 

 6 The physical properties of matter 9 (physical property matter) 

 3 Working with science 
 7 The scientific method 

10 (answer question ask teacher) 

 7 The scientific method 11 (test hypothesis) 

 4 Classification and change 
 8 Fossil geology 

12 (animal plant) 
 

 1 An introduction to science 
 11 Food and nutrition 

 

 

 

contains two distinct sections that are joined at the lemma gas. Gas in association with 

solid, liquid and burn can be aligned with the Physical properties of matter chapter only - 

a Physics chapter. Gas in association with egg, carbon and hydrogen can be aligned with 

the Experimenting in the laboratory chapter only - a Chemistry chapter. Gas is an entity 

invoked in a discussion of the structure of matter, and it is an entity invoked in a 

discussion of chemical reactions. Whether or not it is clear to the reader that the two 

invocations refer to the same entity is a mute point. There are no links between the two 

sections of the map and in neither chapter is there reference to the other chapter. 
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The alignment of maps with chapters will be developed in a later analysis. For 

now, the alignment suggests that the content is organised at the chapter level. The 

alignment of maps with one, sometimes two, chapters suggests that those chapters, or at 

least a substantial part of those chapters, deal with discrete concepts which generally are 

not invoked in subsequent chapters. This may relate to textbook authors' motivation to 

minimise the complexity that would otherwise arise with connections across chapters, 

and to make it easier for readers by making the chapters more conceptually modular. 

Table 6.4 shows the number of lexical maps organised within areas of study 

within each of the disciplines. The table includes only those maps that are considered to 

be contributing to lexical organisation. As discussed above, it is sometimes the case that 

a map contains segments from two conceptually different areas, and the two areas are 

linked because of a lemma they have in common. In these situations, the map is split at 

the common node, and each segment is counted for inclusion in the table. The table 

distinguishes neither the size nor the types of map, only that a map exists.  

Table 6.4 shows a large number of maps attributed to the discipline of Physics. 

This is not simply a consequence of a large number of Physics chapters. The number of 

Biology chapters is comparable to the number of Physics chapters, but fewer maps are 

attributed to Biology. Expressed as a proportion, the 44 maps that belong to Physics 

appear on average once every 1.4 Physics chapters. That is, Physics maps can be 

attributed to roughly 2/3 of the Physics chapters (41 of 62 chapters). In contrast, the 30 

Biology maps appear on average once every 2.3 Biology chapters. That is, a map can be 

attributed to approximately 1/3 of the Biology chapters (26 of 69 chapters). 

Compared to Physics and Biology, a smaller number of maps are attributed to 

Chemistry and Geology. However, when expressed as proportions, the 23 Chemistry 

maps appear once every 1.7 chapters, and the 8 Geology maps appear once every 3.4 

chapters. That is, the Chemistry maps can be attributed to a little more than 1/2 of the 
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Table 6.4: Number of lexical maps within areas of study within disciplines 
Area of Study Number of Maps 

Physics: Total of 44 maps  
Electricity 10 
 Electrostatics 2 12 

Forces 1 
 Gravity 1 
 Magnetism 1 
 Forces & Motion 4 
 Simple Machines 2 

9 

Energy 3 
Heat 1 
 Structure of matter (solid, liquid, gas) 5 

9 

Optics  
 Lenses & Mirrors 3 
 Colour 2 
 Reflection & Refraction 1 

6 

Sound 2 
Wave motion 1 3 

Weather  3 
Radiation  1 
Density & Pressure  1 

  
Chemistry: Total of 23 maps  
Reactions 6 
 Acids and bases 4 
 Metals 1 
 Synthetic materials 1 

12 

Atomic and ionic structure and bonding 6 
Structure and properties of water 2 8 

Chemicals - Groups  2 
Separation  1 

  
Biology: Total of 30 maps  
Systems 3 
 Blood 1 
 Control 1 
 Nerves & Senses 4 
 Digestion 1 
 Reproduction 1 

11 

Diseases  2 

Plants 2 
 Structures 2 
 Photosynthesis 1 

6 

 Reproduction 1  

Classification  4 
Ecology & Environmental Science  4 
Evolution & Natural Selection  1 
Genetics  1 
Life cycles  1 
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Table 6.4 (Cont.) 
Area of Study Number of Maps 

Geology: Total of 8 maps  
Erosion & Weathering  3 
Rock types & Rock cycle  3 
Fossils  1 
Mineral resources  1 

  
Other: Total of 12 maps  
Earth, sun, moon geometry  5 
Tides  1 
Astronomy  1 

  
Measurement  3 
Scientific method  2 

 

 

Chemistry chapters (21 of 39 chapters), whereas the Geology maps can be attributed to 

approximately 1/3 of the Geology chapters (8 of 27 chapters). 

Toward the end of the previous chapter, it was argued that there is a greater 

tendency for Physics chapters to deal with a small number of well defined entities. The 

argument was that the vocabulary used to refer to Physics entities is re-used across 

sections of a given chapter, and that the re-using of vocabulary items accounts for lower 

levels of vocabulary diversity among Physics chapters. This argument, however, was 

largely speculative, having been developed on the basis of patterns observed in a small 

number of chapters, and depended on content words having high enough frequencies 

that they appear among high frequency words. It was argued earlier in this chapter, 

though, that words' frequencies of occurrence reveal little of the concepts that the words 

serve to construct. The present analysis, based on patterns of co-occurrence of words, 

lends some support to the notion that a larger proportion of Physics chapters contain 

well defined concepts.  

Table 6.4 shows that the maps can be grouped into a relatively small number of 

areas of study. Most of the Physics maps are organised in and around four major areas 

of study - electricity, forces, energy, and optics. Within each of the other disciplines, the 
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maps are organised around a smaller number of areas. Of the 30 maps attributed to 

Biology, 11 deal with systems of, mostly, the human body, and six deal with plant 

systems. Of the 23 maps attributed to Chemistry, 12 deal with chemical reactions, and 6 

deal with atomic structure. The 8 geology maps are grouped around the geological 

processes of erosion and weathering, and the rock cycle.  

Allowing for some oversimplification, these areas of study suggest another way in 

which the disciplines can be distinguished. Many of the maps attributed to Physics are 

drawn from areas of study that have firm theoretical foundations. For instance, a map 

that contains gravity force attract exert (from CP1) has meaning and function only within 

a corresponding theory of gravitation. The chapter (CP109) from which this map is 

derived makes explicit statements about a theory of gravitation (e.g. There is a 

gravitational force of attraction between any two masses no matter how small they are; 

The force of attraction between all masses is called gravitational force; Gravitational 

force between two objects depends on the masses of the objects [and] the distance 

between the objects' centres). As a second example, a map that contains solid liquid gas 

expand particle move consist volume pressure (CP3) has meaning within the particle (or 

kinetic) theory of matter, and the chapters (CP117 & CP118) from which this map is 

derived make explicit statements about the particle theory of matter (e.g., Solids and 

liquids are difficult to compress because their particles are close together; It is easier to 

compress a gas because its particles are much more widely separated; The particles of 

a gas are in continual random movement; Gas particles are very small compared with 

their distance apart).  

There are exceptions. Not all Physics maps and their associated chapters deal with 

their content by making reference to theoretical concepts. For instance, there is a map 

that contains solid liquid gas (from CP1) but neither the map nor the chapter (CP105) 

with which it is associated makes reference to a particle theory of matter. Instead, the 
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chapter describes the states of matter in terms of observable characteristics (e.g., A solid 

has a fixed shape; Liquids and gases have no fixed shape; [Gases] can be compressed 

into a smaller space; The compressibility of solids and liquids is usually not noticeable).  

When the Biology chapters and their associated maps are examined, there is less 

reliance on theoretical constructs. There are three major theories of biology evident 

among the maps: cellular composition of living organisms; evolution; and genetics; with 

two (evolution and genetics) evident in just one map each. It could be argued that a 

theory of cellular composition is the foundation for many of the maps and 

corresponding chapters that deal with the anatomy and physiology of plants and the 

human body. Cells are mentioned in these chapters, and there are chapters that deal with 

cellular processes and their characteristics, components and structure of cells (although 

there are no maps attributed to these chapters), but there are no theoretical concepts that 

provide links across sections of anatomy and physiology chapters. These chapters 

devote most of their attention to describing the structures and functions of organs and 

systems. A map containing lung, heart, muscle, tissue and blood (part of a map from 

SW2) shows connections among the entities, but the connections are there because the 

heart, lung, muscle and blood are physically connected, not theoretically connected. A 

similar picture emerges with respect to Geology maps and their corresponding chapters. 

A major theory of Geology, plate tectonics, is discussed in a number of Geology 

chapters, but it is not evident in the Geology maps.  

It could be argued that the classification of living things is a theoretical 

construction, and therefore the six maps and corresponding chapters that deal with 

classification deal with a theoretical construction. However, these chapters devote most 

of their attention to describing morphological and largely observable characteristics of 

organisms at various levels of the hierarchical system used to classify organisms, and so 

the classification scheme appears to be the result of empirical generalisations (i.e., 
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organisms with similar observable characteristics tend to be grouped together). 

Morphology was the basis for the classification of living organisms until the early years 

of the 20th century, when, as a consequence of theories of evolution and genetics 

becoming better established, the morphological basis was replaced by one more deeply 

embedded in these theories (Gribbin, 2002). Yet, with the exception of one chapter, 

there is no discussion of the contribution of evolution and genetics to the classification 

of living organisms. 

Chemistry seems to be part way between the extremes set by Physics and Biology. 

Most of Chemistry's maps deal with chemical reactions of various types. Some of the 

chapters to which these maps belong rely on a theory of atomic structure and its 

associated concepts of valence and bonding. Other chapters simply describe the 

reactions (e.g., An acid and a base react to form a salt) or describe the observable 

characteristics of chemicals (e.g., Acids taste sour). 

Similar to Toulmin's (1972) distinction between compact and diffuse disciplines 

cited towards the end of the previous chapter, Hempel (1965) discussed the 

development of disciplines, drawing attention to issues of vocabulary. He argued that 

the vocabulary of science serves two main functions: first, "to provide adequate 

descriptions of things and events … [that are] ascertainable fairly directly by 

observation"; and second, "to permit the establishment of general laws and theories by 

means of which particular events may be explained and predicted". The entities, their 

characteristics, and the processes to which the laws and theories refer "are more or less 

removed from the level of directly observable things and events" (pp. 139-140). Hempel 

argued that the development of a discipline often proceeds from a "natural history 

stage" which emphasises the description of phenomena, through to more "theoretical 

stages" (p. 140) which place increasing emphasis on theoretical accounts.  
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Just as there was no claim earlier when Toulmin's distinction between compact 

and diffuse disciplines was cited that among the disciplines themselves some remain in 

the diffuse stage, there is no claim here that among the disciplines themselves Physics 

and Chemistry have developed the characteristics of a theoretical stage while the others 

remain in the natural history stage. Rather, the claim is that Physics and Chemistry, as 

they are represented in SC, have more of the characteristics of Hempel's theoretical 

stage because they are more dependent on a theoretical vocabulary, whereas Biology 

and perhaps Geology have more of the characteristics of Hempel's natural history stage 

because they devote large sections of text to the description of phenomena. 

The connection between Hempel's theoretical vocabulary and the presence of 

maps lies with the extent to which the authors of SC could organise the content of a 

chapter around a concept. If the terms that refer to a concept are used and re-used across 

sections of a chapter, that is, if the concept provides a unifying structure for a chapter, 

or at least a substantial part of a chapter, then there is a greater chance that the patterns 

of collocation among the items will reach sufficient regularity to be extracted from the 

default cluster. It was noted that maps are associated with a larger proportion of Physics 

chapters, and that most of the maps and associated chapters invoke a theoretical 

concept; so there is some evidence to suggest that if the concept is theoretical, then there 

is a greater chance of a map being located within a chapter. 

Nevertheless, Biology maps and associated chapters demonstrate that it is not 

always the case that a theoretical focus is needed to generate maps. The entities that 

appear in Biology maps appear in each other's linguistic environment not so much 

because they are connected in a theoretical sense, but more because they are connected 

in a physical sense, or connected to an empirical generalisation. In a chapter that 

provides descriptions and examples of classes and categories of phenomena, it is more 

difficult to keep a concept flowing through the chapter, and as a consequence, maps are 
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found in a smaller proportion of Biology chapters. It is noted that the discussion here is 

similar to that developed toward the end of the previous chapter to explain variations in 

vocabulary diversity. The connection between vocabulary diversity and the presence of 

maps will be discussed more fully in a later section of this chapter. 

This section has shown that there is a contrast between Physics and Biology 

chapters in that a larger proportion of Physics chapters can be aligned with Physics 

maps, and the Physics maps can be associated with a larger number of areas of study. 

Also, it was argued that more of the Physics maps and the chapters to which they are 

attributed contain a theoretical focus that is largely absent in the Biology maps. 

Chemistry tends to be part way between these extremes. There is a large proportion of 

Chemistry chapters associated with maps, but they are associated with a smaller number 

of areas of study. Noting that concepts are confined to mostly one, sometimes two, 

chapters within a book, the next section investigates the extent to which concepts are 

integrated across the three books of a textbook series. 

 

6.3 Links across textbooks 

This section presents a discussion of how the lemmata incorporated into maps are 

used across a series of textbooks. Figure 6.8 shows an example taken from the WW 

series. The sequence of maps shows how animal and plant, appearing as a two-lemma 

map in WW1, are incorporated into maps in WW2 and WW3. Double headed arrows 

link the nodes common to each map. In this example, the WW2 and WW3 maps show 

additional and more complex elaborations of animal and plant than are evident in the 

WW1 map. However, it is not always the case that more complex maps appear in the 

Year 9 or Year 10 books. For instance, in the AJ series, animal and plant appear in more 

complex maps in AJ1 and AJ2, but in AJ3, they appear as a two-lemma map. 

 

Lexical organisation 168



 
Figure 6.8: Example of lemmata connecting concepts across the books of the WW series 

 

 

In the previous section, it was shown that 1/6 to 1/3 of the lemmata that were 

entered into the cluster analyses are incorporated into lexical maps. Of those that are 

incorporated into maps, even fewer appear in more than one book within a series. For 

instance, within the WW series, there are a total of 196 lemmata incorporated into 

lexical maps: 67 in the Year 8 book; 44 in the Year 9 book; and 85 in the Year 10 book. 

Of the 44 lemmata in the Year 9 book, nine lemmata are already present in the Year 8 

book, leaving 35 lemmata new to WW2. Of the 85 lemmata in WW3, 30 are already 

used in either WW1 or WW2, leaving 55 lemmata new to WW3. That is, there are 157 

unique lemmata across the three books in the WW series, and a total of 32 lemmata are 

repeated. Table 6.5 shows these numbers for all textbook series.  

 

Table 6.5: Repeated and unique lemmata across books within a series 
 AJ CP CW SW WW 

Total number of lemmata 188 218 185 209 196 

Unique lemmata 161 179 166 180 157 

Repeated lemmata 23 31 16 28 32 

Repeated lemmata contributing to 
links across books 12 15 4 15 22 

plant 

animal 

kingdom 

animal 

plant 

source 

food consume 

supply 

animal

fuel 

eat 

plant leaf 

WW1 WW2 WW3
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The numbers in Table 6.5 should be treated as only a rough guide. In many cases, 

only one lemma is common to two maps across two books. Phillips (1985) argued that 

two maps had to have at least two lemmata in common before it could be said that the 

concepts that the two maps were constructing have something in common. The bottom 

row in Table 6.5 shows the number of repeated lemmata that fit this criterion.  

Table 6.5 shows that there are few repeated lemmata across each series, and even 

fewer are derived from maps that have at least two elements in common. The indication 

is that few lemmata contribute to a structure linking across chapters and across 

textbooks within a series, and that instead there is a tendency for the chapters to be 

self-contained units; somewhat less so in the WW series, somewhat more so in the CW 

series. However, Table 6.5 presents only an overview in terms of raw frequencies, and 

the last row in Table 6.5 shows that there are lemmata contributing to links across a 

series of textbooks, and, as a consequence, that there is an evident macrostructure across 

any given series of books. 

Moving to another level of abstraction, and using the notion developed earlier that 

maps can be assigned to one or two chapters within a book, it is possible to label each 

chapter in SC according to whether or not it contains a map. If a map can be attributed 

to two chapters, then each chapter is scored as containing a map. Because some of the 

maps are linked, then it is also possible to score chapters on the basis of whether or not 

a map is linked to another map. Figure 6.9 shows each chapter within SC, the discipline 

to which each chapter is attributed, whether or not a map is attributed to each chapter, 

and, if a map is attributed, whether or not the map is linked to another map. The 

chapters that contain linked maps are joined by double headed arrows. No distinctions 

are made concerning the number of elements within a map nor are any distinctions 

made concerning the complexity of a map. Similarly for linked chapters; if they contain 

maps with two or more elements in common then the two chapters are linked.  
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AJ1  AJ2  AJ3 
1 Other  map 1 Phys  map 1 Phys map 
2 Other  map 2 Chem  map 2 Phys 
3 Biol  3 Biol  3 Phys  map 
4 Biol  map 4 Biol  4 Phys  map 
5 Biol  5 Phys  map 5 Chem  map 
6 Biol  map 6 Phys  6 Chem  map 
7 Biol  7 Biol  map 7 Chem 
8 Geol  8 Biol  map 8 Geol 
9 Geol  map 9 Biol  map 9 Biol  map 
10 Geol  10 Biol  10 Biol 
11 Other  11 Biol  11 Biol 
12 Other  map 12 Geol  12 Biol 
13 Phys  13 Geol  13 Biol 
14 Phys  map 14 Phys  map 14 Biol 
15 Chem map 15 Other  15 Biol 
16 Chem map   16 Other 
17 Chem 

 

 
 

CP1  CP2  CP3 
1 Other  1 Other  1 Other 
2 Other  2 Biol  2 Phys  map 
3 Biol  3 Biol  3 Biol 
4 Biol  4 Biol  4 Biol 
5 Phys  map 5 Chem  map 5 Chem  map 
6 Chem  6 Chem  map 6 Chem  map 
7 Other  map 7 Geol  7 Other 
8 Geol  8 Geol  map 8 Phys  map 
9 Phys  map 9 Phys  map 9 Phys  map 
10 Phys  10 Biol  map 10 Biol 
11 Biol  map 11 Biol  11 Phys  map 
12 Chem  12 Chem  12 Biol  map 
13 Chem  13 Geol  13 Chem 
14 Geol  map 14 Phys  map 14 Chem 
15 Geol  map 15 Phys  15 Geol 
16 Biol  16 Phys  map 16 Geol 
17 Phys  17 Phys  17 Phys  map 
18 Phys  map 18 Other  18 Phys  map 
19 Phys  map   19 Geol 
  20 Geol

Figure 6.9: Classifying chapters according to whether or not they contain maps 
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CW1  CW2  CW3 
1 Other  1 Other  1 Phys  map 
2 Phys  2 Chem  map 2 Chem 
3 Biol  3 Chem  3 Other 
4 Phys  map 4 Phys  4 Biol  map 
5 Geol  5 Biol  map 5 Biol 
6 Phys  6 Biol  map 6 Chem 
7 Biol  7 Biol  7 Biol 
8 Phys  8 Phys  8 Phys  map 
9 Biol  map 9 Phys  map 9 Phys 
10 Geol  10 Chem  map 10 Phys  map 
11 Geol  11 Chem  11 Phys 
12 Other  map 12 Biol  12 Biol 
13 Chem  13 Biol  map 13 Other 
14 Chem  map 14 Phys  14 Geol 
  15 Geol  map 15 Chem 
  16 Phys  16 Biol 
    17 Phys  map 
    18 Phys  map 
    19 Biol 
    20 Phys 
    21 Other 

 
 
 

 
 

SW1  SW2  SW3 
1 Other  1 Chem  map 1 Chem 
2 Biol  map 2 Chem  2 Chem 
3 Phys  map 3 Biol  map 3 Biol  map 
4 Phys  map 4 Biol  4 Biol  map 
5 Phys  map 5 Other  5 Phys  map 
6 Phys  6 Phys  map 6 Biol 
7 Other  7 Chem  map 7 Other  map 
8 Chem  8 Chem  map 8 Phys  map 
9 Chem  map 9 Phys  map 9 Phys  map 
10 Biol  10 Phys  map 10 Geol 
11 Biol  map 11 Biol  11 Biol  map 
12 Biol  map 12 Biol  map 12 Geol  map 
13 Biol  13 Geol  13 Phys 
14 Geol 
15 Geol  map 

Figure 6.9 (Cont.) 
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WW1  WW2  WW3 
1 Other  1 Biol  map 1 Biol 
2 Other  map 2 Chem  map 2 Geol  map 
3 Other  map 3 Other  3 Biol 
4 Biol  map 4 Biol  map 4 Chem  map 
5 Other  map 5 Phys  map 5 Phys  map 
6 Phys  map 6 Phys  map 6 Biol 
7 Other  map 7 Chem  map 7 Other  map 
8 Geol  8 Biol  map 8 Chem  map 
9 Phys  map 9 Phys  9 Biol  map 
10 Chem  map 10 Geol  10 Phys 
11 Biol    11 Biol  map 
12 Other 

Figure 6.9 (Cont.) 
 

 

Of the 230 chapters in SC, 108 (nearly 1/2) have at least one map attributed to 

them, and of these 108 chapters, 37 (a little more than 1/3) are linked. The CW series 

shows the weakest macrostructure. Maps can be attributed to 17 of its 51 chapters 

(nearly 1/3), but only two chapters among the 17 are linked. The WW series shows a 

more complex macrostructure. Maps can be attributed to 2/3 of its chapters, and 1/2 of 

those are linked. Similar to the WW series, the SW series contains a relatively large 

number of chapters to which maps can be attributed (more than 1/2), but unlike the WW 

series, a smaller proportion (1/4) of those chapters are linked. Overall though, there are 

few links across the three books of any given series. 

The categorising of chapters according to the presence or absence of lexical 

organisation (with the categories: displays no lexical organisation; displays lexical 

organisation; and, displays lexical organisation linked to another chapter) represents a 

new grouping of the chapters. Categorising chapters into Lexical Organisation 

groupings means that some of the speculations raised earlier concerning the 

relationships among lexical organisation, vocabulary diversity, and disciplines can be 

explored. These relationships are investigated in the next section.  

 Lexical organisation 173



6.4 Lexical organisation, vocabulary diversity, and discipline 

This section presents the results of an investigation of the relationships between 

lexical organisation (as it is assessed by the Lexical Organisation variable developed in 

the previous section) and other variables. The section begins by presenting the results of 

bivariate crosstabulations that answer questions or confirm speculations raised in earlier 

sections. Later in the section, the results of a homogeneity analysis are presented to 

explore simultaneously associations among the various ways of grouping chapters. 

In the previous chapter, it was suggested that vocabulary diversity is associated 

with the way in which a small number of content words relevant to a key concept of a 

chapter are used and re-used across sections of the chapter. This chapter developed the 

notion of "concept" as a group of words that co-occur in each other's textual 

environment. The above assertion, in terms of an association between vocabulary 

diversity and the use and re-use of content words in a chapter, can be re-cast in terms of 

an association between Vocabulary Diversity groups and the presence or absence of 

lexical organisation within a chapter. Recoding the Lexical Organisation variable so that 

it has two categories (lexical organisation present and lexical organisation absent), the 

assertion can be tested in a crosstabulation. The crosstabulation reveals a statistically 

significant relationship (χ2(3) = 22.9, p < 0.001, symmetric Λ = 0.140). The residuals 

show that Low Diversity is indeed more likely to be associated with the presence of 

lexical organisation, but somewhat unexpectedly, the High Repeat Rate (a low diversity 

group) is associated with the absence of lexical organisation. This result is discussed in 

more detail below. 

Earlier in this chapter, it was suggested that Physics chapters are more intensively 

associated with the presence of lexical organisation. A crosstabulation between 

Discipline and the recoded Lexical Organisation variable reveals a statistically 

significant relationship (χ2(4) = 17.6, p = 0.001, symmetric Λ = 0.138). The residuals 
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show that Physics is indeed more likely to be associated with the presence of lexical 

organisation. 

Vocabulary Diversity, Lexical Organisation, and Discipline were entered into a 

homogeneity analysis to explore the multivariate associations among the categories of 

these variables. Year Level was dropped because, first, it contributed little to an initial 

analysis (as assessed by discrimination measures), second, there is no bivariate 

relationship between Year Level and Lexical Organisation (χ2(2) = 0.32, p = 0.852), and 

third, as noted in the previous chapter, there is no bivariate relationship between Year 

Level and Diversity groups. 

On the basis of a scree plot of eigenvalues against dimensions, a two dimensional 

solution was chosen for interpretation (the eigenvalues for the first and second 

dimensions are 0.52 and 0.41 respectively). The discrimination measures suggest that 

the categories for Diversity (1st dimension: 0.55; 2nd dimension: 0.66) and Discipline 

(1st dimension: 0.47; 2nd dimension: 0.41) are discriminated moderately well on both 

dimensions, but Lexical Organisation categories are discriminated well in the first 

dimension only (1st dimension 0.55; 2nd dimension 0.16). The discriminations among 

the categories are far from perfect, but this is to be expected. Every bivariate 

crosstabulation analysis conducted in this and the previous chapter indicates moderately 

weak associations, and the cell frequencies show considerable overlap among the 

categories. The category quantifications for the two dimensional solution are shown in 

Figure 6.10. 

The first dimension differentiates between two sets of categories. Low diversity 

and the presence of lexical organisation are contrasted with high diversity and the 

absence of lexical organisation. To the right, though, High Repeat Rate is associated 

with High Diversity (i.e., a low diversity group is associated with a high diversity 

group). In order to facilitate interpretation, this association and their joint association 
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Figure 6.10: Category quantifications for Discipline, Vocabulary Diversity, and Lexical 

Organisation groups 
 

 

with absence of lexical organisation need to be explained. The High Repeat Rate group 

was called a low diversity group because it is composed of chapters that receive lower 

than average scores on the two diversity measures sensitive to changes at the high 

frequency end of the word frequency distribution. The high frequency end is usually 

dominated by function words. If, in these chapters, these high frequency function words 

have higher than normal frequencies but the frequencies for the content words remain 

unchanged or are reduced, then it is likely that these chapters are of low diversity 

because of choices to do with function words not content words. If the frequencies at the 

lower end of the distribution (where mostly content words are to be found) remain 

largely unchanged, then there is less likelihood that collocational frequencies of content 

words will be sufficiently large to extract a map from the default clusters. As a 

consequence, there will be little difference between these chapters and High Diversity 

chapters as far as the presence or absence of lexical organisation is concerned. 

Therefore, the interpretation of the first dimension is that it distinguishes low diversity 

Lexical organisation 176



generally and the presence of lexical organisation at one extreme from high content 

word diversity and the absence of lexical organisation at the other extreme.  

The second dimension separates Low Diversity from Low Growth Rate (both low 

diversity groups). The Low Growth Rate group was called a low diversity group 

because it is composed of chapters that receive lower than average scores on the two 

diversity measures sensitive to changes at the low frequency end of the word frequency 

distribution. This is where content words are generally found. Their scores on the other 

two measures were little different from or slightly higher than the overall average. 

Therefore, the second dimension appears to be distinguishing between low diversity 

generally and low content word diversity in association with Chemistry.  

Figure 6.10 presents a picture that has been emerging from the analyses presented 

in this and the previous chapter. That picture is that there is a group of low diversity 

chapters displaying lexical organisation, associated with the disciplines of Physics and 

Chemistry, contrasted with a group of high lexical diversity chapters lacking lexical 

organisation, associated with the disciplines of Biology and Geology. It was noted 

earlier that many of the Physics and Chemistry chapters and maps contain a theoretical 

vocabulary, whereas many of the Biology and Geology chapters and maps contain a 

vocabulary more suited to the description of observable phenomena. Figure 6.10 

suggests then that the theoretical focus of Physics and Chemistry chapters is associated 

with low diversity and the presence of lexical organisation. Adopting a theoretical focus 

makes it easier for authors to make repeated references to theoretical entities. This 

means that frequencies for the words used to refer to the theoretical entities increases, 

and as a consequence, vocabulary diversity decreases and the likelihood of the presence 

of lexical organisation increases. The mostly descriptive vocabulary adopted for the 

Biology and Geology chapters has the opposite effect.  
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Figure 6.10 also suggests a distinction between Physics and Chemistry. Physics is 

more closely associated with Lexical Organisation while Chemistry is more closely 

associated with Linked Lexical Organisation. A reason for this may be derived from the 

observation (in Table 6.4 on page 162) that Chemistry chapters focus on a smaller 

number of areas of study than the Physics chapters. With a smaller number of areas of 

study, it is more likely that there is repeated reference to the small number of theoretical 

entities, and hence increasing the likelihood of observing lexical organisation being 

connected across books of a given series.  

Within this interpretation, there is one point that is difficult to explain - Geology's 

apparently contradictory positioning at the high content word diversity end of 

dimension 1 and at the low content word diversity end of dimension 2 in Figure 6.10. 

That is, Geology appears to be simultaneously a high content word component and a 

low content word component. The contradiction is a consequence of the labelling of the 

dimensions, which, in turn, is a consequence of an attempt to account for the positions 

of the Low Growth Rate and the High Repeat Rate groups. This accounting was 

achieved in terms of a contrast between the ends of the word frequency distributions; a 

contrast that depended on diversity among function words and among content words. A 

complex arguments was invoked to reach the above interpretation of Figure 6.10, but, 

apart from Geology's position, the interpretation has utility and aligns closely with the 

conclusions drawn at the end of the previous chapters. Therefore, the contradiction 

concerning Geology is overlooked for the moment. At the end of the next chapter, when 

the groupings that result from the distribution of function words are added to the 

homogeneity analysis, the contradiction is resolved. 
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6.5  Conclusion 

This chapter set out to explore the ways in which the vocabulary of science is 

organised in the construction of the subject matter. There is a small vocabulary that 

constructs the subject matter of science, but because the meanings of words in isolation 

are not fixed, this vocabulary is not determined and thus not adequately describable by 

simple frequency counts. Meanings are mutually and interactionally defined, and 

therefore the vocabulary is determined by taking account of the associations of lexical 

items.  

The concepts are not evenly distributed across the disciplines. There is a 

concentration in Physics and Chemistry chapters, and this concentration is associated 

with vocabulary diversity. The association is explained in terms of a tendency among 

Physics and Chemistry chapters to focus on theoretical concepts. In contrast, the largely 

descriptive accounts of Biology and Geology chapters are associated with higher levels 

of vocabulary diversity which make it less likely for dense clusters of words to form. 

This chapter focussed on the constituents of science – the concepts that are the 

subject matter of science. But the organisation of content words into concepts is just one 

kind of organisational structure because content words are just one set of the linguistic 

resources available to authors. In the next chapter, the focus changes from content 

words to function words. Function words serve to establish relationships among the 

content words, and so the focus changes from the constituents themselves to the 

arrangements and interactions of these constituents.  
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7    STRUCTURAL RELATIONS 
 
 
In Chapter 4 it was shown that a small number of word types account for the 

majority of the text in SC. As outlined in Chapter 3, extended pieces of text can be 

distinguished on the basis of authors' preferences among high frequency function words. 

The 50 most frequent function words from SC are shown in Table 7.1. The type, your, 

was initially included in the list, but for more than half the chapters, its frequency was 

zero, and therefore, it was discarded. Table 7.1 contains the types called and used. They 

would not normally be categorised as function words, but their frequencies were large 

across all components, and therefore they were included to determine whether or not 

they co-occur in particular patterns with more conventional function words.  

 

Table 7.1: Fifty most common function words (in order of frequency of occurrence) 
1. the 11. as 21. they 31. some 41. used 
2. of 12. this 22. have 32. one 42. their 
3. a 13. be 23. with 33. will 43. more 
4. and 14. you 24. which 34. called 44. also 
5. is 15. can 25. an 35. other 45. many 
6. to 16. for 26. these 36. if 46. your 
7. in 17. from 27. at 37. has 47. its 
8. are 18. or 28. not 38. into 48. about 
9. that 19. by 29. when 39. all 49. very 
10. it 20. on 30. we 40. there 50. than 

 

 

The frequencies of occurrence for each word type were obtained for each chapter. 

The frequencies were converted to relative frequencies by dividing the raw frequencies 

by the number of tokens in a chapter. Relative frequencies are in effect proportions, and 

therefore a standard stabilising transformation for proportions (Kirk, 1982) was applied. 

The analysis proceeds in two stages. First, to obtain patterns of co-occurrence, the 

transformed relative frequencies are submitted to Revelle's (1982) ICLUST procedure. 

Second, to obtain relatively homogeneous groups of chapters with respect to their 
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profiles across the clusters of words, cluster scores are submitted to k-means cluster 

analyses.  

Interpretation of the clustering and grouping patterns is not straightforward. Many 

of the function words have multiple functions, and they do not necessarily appear in 

each others' environments. Reports of authorship attribution studies do not provide 

assistance since authorship attribution studies are concerned with separating authors' 

works, and tend not to interpret co-occurrence patterns. Moreover, patterns of 

co-occurrence have varied from study to study. The interpretations that follow result 

from an attempt to answer the question: What underlying dimensions could result in the 

co-occurrence patterns? Given the multi-functionality of the words, interpretation has to 

examine, together, the sets of words that comprise clusters and groups, and the ways in 

which words are used in chapters that are typical of a given clustering or grouping 

pattern. The next two sections present interpretations for the clustering patterns for the 

words and the grouping patterns for the chapters. These are followed by a discussion of 

the associations between these empirical groupings of chapters and other empirical 

grouping of the chapters established earlier (Vocabulary Diversity and Lexical 

Organisation groupings) and the a priori groupings of Year Level and Discipline.  

 

7.1 Patterns of co-occurrence 

ICLUST produced a 7-cluster solution, but Cronbach's reliability (α) indicated 

that some clusters were not reliable, and the worst-case split-half reliability (β) indicated 

that some clusters consisted of independent subsets. After discarding unreliable clusters 

and splitting independent subsets, a 4-cluster solution was obtained. Figures 7.1 a) to d) 

show the loadings for the 4-cluster solution for the resultant set of items, the α and β 

measures of reliability for the resultant clusters of items, and the untransformed means 

for each item (presented as frequency of occurrence per 1000 words). Chapters' cluster 
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scores were obtained by applying unit weights to the items in each cluster, and then 

calculating the mean of the items' transformed relative frequencies. Scores for items 

with negative loadings were first inverted about their means. Interpretations for the 

clusters of items follow. 

 

Cluster 1 (Figure 7.1 a) 

High frequencies for the word types with large positive loadings on cluster 1 

(many, some, they, these, all, are, have) are interpreted as making reference to entities 

or to groups of entities. Some examples, taken from a chapter (WW104) that introduces 

readers to classification, are: all living things move; some non-living things do not …; 

there are many further divisions within each group; you will study some of these …; 

they don't all do these things. The chapter distinguishes between living and non-living 

things and between plants and animals, and presents characteristics of the entities that 

fall into these categories. Other chapters with high scores on this cluster deal with the 

classification of various types of entities, such as animals, animals with backbones, 

animals without backbones, plants, types of cells, types of chemicals (acids, bases, 

metals, alloys), types of organic compounds, types of fossils. The entities being 

classified do not have to be concrete. There are chapters that deal with the classification 

or grouping of more abstract entities such as physical and chemical changes, types of 

geological processes, and the steps in the scientific method. A common feature of all of 

these chapters is that they present an entity for the purpose of discussing ways in which 

that entity can be partitioned, and of presenting characteristics of examples that fall into 

the partitioned entities. The types are and have, whether they are used as the main verb 

in a clause or as an auxiliary to a main verb, indicate plurality. They have large positive 

loading on this cluster because the only way to refer to groups of entities is in their 

plural form.  
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Figure 7.1: Loadings for clusters of high frequency function words derived from 
ICLUST (and means) 
a) Cluster 1: α = 0.82, β = 0.74 

 

 

The partitioning end of this cluster is contrasted with one type, the. After using the 

indefinite article (a or an) to introduce a noun to the discourse, subsequent reference to 

the noun is usually preceded by the. High frequencies for the can be interpreted as 

indicating that there are relatively infrequent shifts in the topic of the discourse. There 

are two chapters with low scores on this cluster (high frequencies for the) that fit this 

description. They deal with the geometrical arrangements for the sun, moon, and earth, 

and the consequences of this arrangement. However, for other chapters with low scores 

on this cluster, there are frequent changes in topic. Characterising this end of the cluster 

as having something to do with the topic-driven nature of the discourse infers a contrast 

between the frequencies for the and a / an, which is not the case (a and an are located in 

another cluster). The following examples afford an alternative interpretation, which 

aligns better with the way in which the other end of the dimension was characterised. 

What happens if an unbalanced force is acting on a moving object? … If the 
unbalanced force acts in the same direction as that in which the object is moving, 
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the object will speed up. The object will slow down if it is moving in the opposite 
direction to the unbalanced force. An unbalanced force acting across the path of 
the moving object will cause it to change direction. An unbalanced force may 
cause a moving object to speed up, slow down or change direction. (CP214) 

Blood from the body enters the atria as they relax. The atria then contract, 
pumping blood down into the ventricles. Next the ventricles contract to pump 
blood out of the heart. Heart valves, between atrium and ventricle on each side, 
prevent the blood from flowing back into the atria when the ventricles contract. 
(CP310) 

In both examples, the precedes an entity that can not be interpreted as a particular entity. 

Rather, the entity has to be interpreted as representing all instances of the entity. That is, 

the precedes a generalised entity. Therefore, cluster 1 is characterised as "Partitioned 

Entities versus Generalised Entities". 

 

Cluster 2 (Figure 7.1 b) 

Three types, their, and, and which have large positive loadings on this cluster. The 

type which is used as the head of a non-restrictive relative or "adjectival" clause which 

provides additional information about a noun (e.g., Under the leaves are tiny holes 

called stomata, which allow the plant to absorb carbon dioxide). At times, which is 

used as the head of a restrictive or defining relative clause, and so the clause should not, 

strictly speaking, be interpreted as providing additional information. However, many of 

the defining clauses can be interpreted as providing a reminder or alerting readers to 

information presented earlier, as shown in the following examples: 

He removed the anthers from the flower buds of the plants which were 
destined to be the female parents. 

Thousands of spores are released from the mature spore plant and those 
spores which land on suitable ground may germinate. 

In the first example, the which-clause is not strictly needed to define which plant have 

their anthers removed. The studious reader should already know that the anthers are the 

male part of the flower, and as a consequence, removal of the anthers makes the plant 

female. In the second example, a reader should already know that spores that do not 
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land on suitable ground will not germinate. If it is important for the reader to distinguish 

between defining clauses and clauses that provide additional information, the authors 

usually do not leave it to chance that readers will distinguish between restrictive and 

non-restrictive relative clauses. If there is a need to restrict the range of entities, they 

generally use other grammatical structures to define the restriction, such as the one 

characterised at the other end of this dimension.  
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Figure 7.1 b)   Cluster 2: α = 0.74, β = 0.71 
 

 

The type and is a coordinating conjunction linking clauses, nouns, verbs, and 

adjectives. Often, the element following and can be interpreted as providing additional 

information about a noun. In the first example below, and links two examples of body 

organs. In the second example, the clause following and provides additional information 

about water.  

They are associated with some of your bodily organs, such as your eyes for 
seeing and your nose for smelling.  
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Water is absorbed through the roots and is carried to the stems and leaves 
by tubes called xylem tubes.  

The possessive pronoun their can be interpreted in a similar way. The first reference to 

an entity generally needs the noun. Subsequent reference, often appearing in 

grammatical structures that provide the additional information, needs only the pronoun 

(e.g., Cells within the leaf contain chlorophyll which gives them their green colour; 

Scientists use very specialised equipment or apparatus to conduct their experiments and 

to collect their data). The three types with large positive loadings are part of or are 

entailed in structures that elaborate on an entity introduced earlier to the discourse. 

The words it and is appear at the other end of the dimension. The type is as the 

main verb in a clause and the combination it is signal defining relationships (e.g., 

Kinetic energy is energy of motion., In glass, it is only 200000 km/s). Even when is is an 

auxiliary to the main verb, it is used to signify the present passive form of the verb 

(Work is measured in units called joules). In written text, the present tense has to be 

interpreted as denoting applicability at all times, that is, as the timeless present. If the 

statement is to be applicable at all times, then there is a defining element about it. 

Therefore, cluster 2 is characterised as "Elaboration versus Definition". 

 

Cluster 3 (Figure 7.1 c) 

The co-occurrence of the five words with large positive loadings on this cluster, a, 

an, will, if, and or, can be interpreted as indicating general rules. Mostly, if appears at 

the head of a conditional clause which indicates the general conditions under which the 

rule applies (e.g., If over a period of years no test or experimental result disproves a 

hypothesis it is called a theory). The necessity modal, will, signals the necessity of an 

action (e.g., A machine with a force advantage will move a large load much less 

distance than the effort moves; All minerals that are carbonates will react with dilute 

hydrochloric acid). Often the necessity of an action is linked to the condition of a 
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preceding action (e.g., However, if someone knocks the desk over, the book will move; If 

a galena specimen is struck with a hammer it will break to give cubes).  
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Figure 7.1 c)   Cluster 3: α = 0.64, β = 0.56 
 

 

The articles a and an refer to entities in an indefinite way. A statement that entails 

the entity has to be interpreted as being applicable to any instance of the entity. For 

instance, the statement, A compound contains more than one type of element, is 

applicable not to one particular compound but to all compounds. In chapters that receive 

high scores on this cluster, there are many of these rule-like statements. For example, in 

a chapter dealing with simple machines, the following are found: A machine is a device 

which transfers …; A machine with a force advantage will move …; A lever is a rigid 

bar able to turn …; A first-class lever has the fulcrum …; A pulley is a grooved wheel 

which …; A wedge is a double inclined plane.  

The type or is a coordinating conjunction linking nouns, verbs, adjectives, adverbs 

and clauses, and offers the list of elements as alternatives. In chapters that receive high 
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scores on this cluster, or links two or three elements, but there are two senses in which 

the two elements can be read as alternatives. First, the statement is applicable to two or 

three entities belonging to the same class of entities (e.g., All minerals can scratch 

minerals of the same or less hardness on the Mohs' scale; Compounds may be broken 

down by chemical or physical means; A base is usually an oxide or hydroxide of a 

metal). These instances of or can be interpreted as establishing a rule that is applicable 

to a number of entities. Second, and used less frequently, or separates alternative names 

for the same entity, but it is usually the case that one name is the preferred or scientific 

name (e.g., Magma or molten rock forms when rock …; All materials have tiny bumps 

or projections on their surface. … If the projections are large enough they will cause 

sufficient resistance or friction to prevent the objects from moving).  

The other end of this dimension contains just one word, about. Of the two main 

meanings for about: concerning (… to know something about all living things…); and 

approximation (It takes about 6 seconds for food …; It is about 8 km thick under the 

oceans …; The heart pumps about 5000 litres of blood a day), most of the chapters with 

low scores on this cluster use the approximation sense. Cluster 3 is characterised as 

"Rules versus Approximation".  

 

Cluster 4 (Figure 7.1 d) 

This cluster has borderline reliability, and it is the most difficult to interpret. After 

reading chapters that receive high scores for this cluster, the three words with large 

positive loading, used, by, as, signify a number of relationships, including, in the 

capacity or manner of, how things are used, what things are like, specific instances of 

things, and time functions. The type used is usually part of a passive voice structure 

indicating the manner, under what circumstances, and how entities are used (e.g., Solar 

panels are used to produce electricity and recharge batteries used on satellites; Copper 
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Figure 7.1 d)   Cluster 4: α = 0.61, β = 0.57 
 

 

must be 99.999 per cent pure before it is used in electrical wiring). The type by 

indicates primarily the method for performing an action (e.g., Oxygen is made 

industrially by separating it from the air by fractional distillation; The amount of slip 

can be reduced by using a chain; As the temperature of an object increases, it gives off 

more heat by radiation) or the agent of an action in passive voice structures (e.g., Not 

all pollution is caused by humans; Convection currents are movements in a liquid or 

gas caused by temperature differences; Infra-red scanners are used by air-sea rescue 

helicopters to help …). The type as has many functions, but in the chapters that receive 

high scores on this cluster, there are four main functions. First, as indicates the role of 

an entity (e.g., The wheel and axle can act as either a speed or a force multiplier). 

Second, as is used as the head word of a time clause (e.g., As hydrogen bubbles are 

produced by the chemical reaction, they are converted to water by the manganese 

dioxide). Third, as is used as the head word of a reason clause (e.g., Nitrogen is 

important to living things as it is two important parts of proteins). Fourth, as indicates 
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examples of entities (e.g., It is used in many everyday products such as soft-drink cans 

and in alfoil wrappings). Chapters with high scores on this cluster deal with 

applications of entities in one of two ways. First, they can deal with multiple 

applications of a single entity. For instance, one chapter takes oxygen as its subject, but 

discusses the extraction of oxygen, where and under what conditions oxygen is used, 

industrial applications, and so on. Second, they can deal with the applications of 

multiple entities. For instance, one chapter takes organic chemistry as it subject, and in 

addition to discussing the chemistry of organic compounds, the chapter discusses 

applications for the array of organic compounds under discussion. This end of the 

cluster is interpreted as presenting the applications of entities.  

At the other end of the dimension, the interpretation is much clearer. Mostly, there 

is used as existential-there (e.g., There are two types of charge; There are two types of 

white blood cell; There is a group of elements called the noble gases). This end of the 

dimension is interpreted as stating the existence of an entity. Therefore, cluster 4 is 

characterised as "Application of Entities versus Existence of Entities". 

 

In summary, on the basis of the frequencies of occurrence of the most frequent 

function words, four clusters are identified. The clusters comprise 23 words out of the 

original set of 49 submitted to the analysis. The four clusters are labelled: 

• Cluster 1: Partitioned Entities versus Generalised Entities; 

• Cluster 2: Elaboration versus Definition; 

• Cluster 3: Rules versus Approximation; 

• Cluster 4: Application of Entities versus Existence of Entities. 

These four clusters represent four distinct underlying dimensions of variation among the 

chapters that comprise SC. Following Biber's (1988) argument that no single dimension 

of variation can account for differences among texts, the dimensions are analysed in a 
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multidimensional framework to determine empirical groupings of the chapters on the 

basis of clusters of words. The results of these analyses are presented in the next 

section. 

 

7.2 Grouping the chapters 

Standardised cluster scores were submitted to a series of k-means cluster analyses. 

All solutions from the 2-group through to the 8-group solution were requested, and the 

optimal number of groups was decided on the basis of the additional amount of variance 

accounted for when moving from k to k + 1 groups. The 5-group solution was taken to 

be optimal, accounting for 48.1% of the variance, an increase of 13.7% over the 4-group 

solution. (The 6-group solution accounted for 52.8% of the variance, an additional 4.7% 

over the 5-group solution. In addition, there were no large increases for individual 

variables when moving from 5 to 6 groups.)  

The k-means solution produced a singleton. This chapter, CW107, has a very 

large positive z-score for the "Partitioning of Entities versus Generalised Entities" 

dimension, and a large negative z-score for the "Application of Entities versus Existence 

of Entities" dimension. CW107, introducing the concept of classification of living 

things, is the shortest chapter in SC (184 tokens). The chapter establishes the existence 

of a large number of types of living things (hence the small z-score for the "Application 

of Entities versus Existence of Entities" dimension) and this entity, living things, is to 

be partitioned (hence the large z-score on the "Partitioning of Entities versus 

Generalised Entities" dimension).  

Figure 7.2 shows the profiles of the other four groups across the four clusters. 

Interpretation proceeds by inspecting the standardised means. Standardised means larger 

than 0.5 (or less than -0.5) are generally taken to be worth interpretation, although 
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standardised means that are close to these cut-off values are not disregarded. 

Interpretation of the groups of chapters follow. 
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Figure 7.2: Standardised means for four groups of chapters derived from four clusters of 

high frequency function words 
 

 

Group 1 

This group has small standardised means on clusters 1 and 2, that is, these 

chapters tend to be at the Generalised-Entity end of the dimension defined by cluster 1, 

and at the Definition end of the dimension defined by cluster 2. Also, this group has 

large standardised means for clusters 3 and 4; that is, these chapters tend to be at the 

Rules end of the dimension defined by cluster 3, and at the Application end of the 

dimension defined by cluster 4. 

This group uses rules to establish boundaries among alternatives. There are two 

ways in which a discussion of alternatives proceeds. First, a small number of chapters 

take a number of alternatives, but only one of which can be considered the viable or 

correct alternative. Given the alternatives, the authors establish the preferred alternative 
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by contrasting, comparing, or stating the manner for the arrangement for or uses of 

entities. These chapters seem to be dealing with establishing appropriate ways of 

thinking about a concept. For instance, four of the five series include a chapter dealing 

with measurement, and these four chapters are members of this group. Some of these 

measurement chapters deal with alternative measurement systems, but establish one as 

the preferred scientific system. Another chapter takes the scientific method as its 

subject. It establishes a unique status for science by eliminating other systems of 

knowledge from the category scientific.  

The second and more common way in which alternatives are discussed is when a 

range of alternatives are all considered to be instances of a generalised instance. Close 

to the centre of this group are chapters dealing with Physics, and these chapters 

demonstrate the way in which alternatives are part of a unified system. For instance, two 

chapters (AJ206 and WW305) dealing with electricity present alternatives that are part 

of a unified system, including electricity and magnetism, alternating and direct current, 

parallel and series circuits.  

The following examples taken from AJ206 show how conditional if-clauses are 

used at various points throughout the chapter: 

If the switch is turned off, all the globes go out. If one globe was to blow, then all 
the globes would be turned off. 

If the circuit is broken on one of the pathways, then the others are not affected. 

If two north poles are near each other, or if two south poles are near, the force 
between them pushes them away from each other. If a north pole is placed near a 
south pole, then they are pulled towards each other. 

If many coils of wire are next to one another they can act as quite a strong 
magnet. 

If a bar of iron or other ferromagnetic material is placed in the middle of the coil, 
the magnetism is even stronger. 

An electric current is produced if a magnet moves in a stationary coil or if the coil 
moves near a stationary magnet. 
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If a constant DC current is fed in, nothing happens. Only if the current is 
somehow turned on and off will the induction coil produce a spark. 

If the primary and secondary coils have equal numbers of turns, the input and 
output voltages are equal. If, however, the secondary coil has more turns than the 
primary, then the output voltage is larger. ... If the secondary has fewer windings 
than the primary, the output is a lower voltage. 

The rules serve not only the purpose of categorising (for instance, circuits as series or 

parallel, or magnetic forces as attractive or repulsive) but also the purpose of 

establishing the arrangements for or the uses of components within one of the 

alternatives. Other examples of chapters that treat their content in a similar way include: 

• SW309 which discusses the way in which lenses and mirrors, and reflection and 

refraction are part of a unified optics system; 

• CP317 which discusses the way in which conduction, convection and radiation are 

part of a unified system of heat transfer; 

• WW209 and SW208 which discuss types of simple machines but there is a unity 

achieved through deployment of theoretical concepts such as effort, load, force 

advantage, and distance advantage. 

Group 1 chapters are characterised as "Establish Correct Procedures and 

Arrangements". 

 

Group 2 

This group has large standardised means for clusters 1 and 3, that is, these 

chapters tend to be at the Partitioned-Entities end of the dimension defined by cluster 1, 

and at the Rules end of the dimension defined by cluster 3. Also, this group has small 

standardised means on clusters 2 and 4, that is, these chapters tend to be at the 

Definition end of the dimension defined by cluster 2, and at the Existence-of-Entities 

end of the dimension defined by cluster 4.  
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These chapters seem to be dealing with the classification of entities. Typically, 

they deal with a number of entities, and establish the existence of categories by defining 

the rules to be applied when determining how entities and processes are categorised. For 

instance, a chapter (AJ305) establishes the following classification with respect to 

chemical substances: 

Pure substances that can be broken down by chemical reactions are called 
compounds. Other pure substances that cannot be chemically broken down are 
called elements. Elements can be classified as either metals or non-metals. … 
these [compounds] can be easily classified into groups if they are dissolved in 
water. Soluble compounds form acidic, basic or neutral solutions.; …some are 
composed only of atoms of non-metals. These are called covalent compounds. 
Other compounds are composed of both metal and non-metal atoms. These are 
called ionic compounds.  

 

Chapters often state the existence of a class of entities. Typically, existential-there 

establishes the class of entities, as demonstrated by the following examples taken from a 

range of chapters that are members of this group: 

there are millions of compounds around us; 
there are many possible things that can change; 
there are now known to be over a hundred of these sub-atomic particles; 
there are two types of charge - positive and negative; 
there are millions of different substances in the world, living and non-living; 
there are about 106 known elements; 
The fact that a substance conducts electricity tells us that there must be some 
charged particles within the substance that are relatively free to move and carry 
charge from one place to another. 

The class of entities is then divided into a number of categories, and typically the 

boundaries between the categories are established by the use of conditional if-clauses, as 

demonstrated by the following examples: 

If an atom loses an electron or two, it has excess positive charge. Hence, it 
becomes a positive ion. If it gains an electron or two, it becomes a negative ion. 

They can be controlled variables, if we keep them constant throughout the 
experiment, or experimental variables if we allow them to change. … If our 
experiments are poorly designed, and do not control all the variables except the 
ones we are studying, then these are uncontrolled variables. ... If the hypothesis is 
supported (that is, the controlled observations agree with it), then it can lead on 
to a theory. ... If a theory is well tested and always supported, it becomes a 
scientific law.  
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If a large body of magma cools to a solid mass, it is called a pluton (if less than 
about 30 km diameter). If many of these gather together into a huge body, we call 
it a batholith. 

If magma moves through a crack in a rock cutting across layers, we call that 
intrusion a dyke. ... If there is a layer of intruded rock parallel to the layers of the 
rest of the rocks, we call that intrusion a sill. 

 

These chapters are concerned with classes of entities that are categorised 

according to stated rules, and the explicit naming of the categories. Group 2 chapters are 

characterised as "Establish Classification." 

 

Group 3 

This group has large standardised means for clusters 1 and 2, that is, these 

chapters tend to be at the Partitioned-Entities end of the dimension defined by cluster 1, 

and at the Elaboration end of the dimension defined by cluster 2. This group deals with 

the characteristics of entities that fall into categories of a given classification scheme. 

Among these chapters, there seems to be little need to establish a classification system 

or to justify the positioning of entities into a particular category. These are taken as 

given. Entities are classified so that the discourse can elaborate on a description of the 

characteristics of entities belonging to given categories. Most of the chapters that deal 

with the biological classification of living things are members of this group. The 

classification of living things is intuitive, in that there are obvious differences between, 

say, a mammal and a fish. The categories mammal and fish are taken as being already 

established, and the discourse highlights the commonalities among members of each 

category. Intuition, though, can be misleading. Classifying, for instance, a whale as a 

fish simply because a whale looks like a fish is not correct. As one chapter (CP103) 

explains: 

The whale and the bat are more like each other than one is like a fish or the other 
is like a bird. … If we look at the internal bone structure of their limbs, we see 
that the whale and the bat are similar. Because of these and other internal 
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features, biologists have placed the whale and the bat in the group called 
mammals. Biologists look at internal structural features when classifying 
organisms. 

The lesson for the reader here is that to avoid mistakes, look inside the organism. But 

looking inside the organism does not establish or justify this particular way of 

classifying living things. The statement serves to exemplify the point made earlier that 

the classification of living things is established in SC on a morphological or anatomical 

basis. 

A number of chapters dealing with processes appear in this group. Processes can 

be classified in two ways. First, a process can be broken down to a number of smaller 

steps; and second, the same general process can be achieved by a number of means. A 

chapter dealing with plant reproduction (AJ209) illustrates both. The process of plant 

reproduction is broken down into a number of steps: pollination; fertilisation; 

maturation of seeds; seed dispersal; germination; plant growth. The chapter provides a 

description of each process and a description of the parts of the plant that are the sites 

for these processes. Two of these processes, pollination and seed dispersal, are general 

processes which are classified according to how they are carried out. For example, 

pollination is described as being achieved by means of insect-pollination or by means of 

wind-pollination, and the chapter describes the anatomical, and mostly readily visible, 

structures of plants that undergo pollination by either of these means. 

There is a large number of chapters dealing with other biological themes that are 

close to the centre of this group, including: 

• WW111 and SW113 - dealing with food types; 

• WW210 and WW208 - dealing with systems in the human body; and, 

• SW304 and CW319 - dealing with diseases. 

Chapters from other discipline areas, however, are also close to the group centre: 
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• WW302 - dealing with erosion; 

• WW110 - dealing with elements, compounds and mixtures; 

• CP208 and WW108 - dealing with fossils; 

• SW304 - dealing with metals; and, 

• SW203 - dealing with components and parts of the atmosphere. 

Group 3 chapters are characterised as "Elaborate on Classified Entities". 

 

Group 4 

This group has small standardised means for clusters 1 and 3, that is, these 

chapters tend to be at the Generalised-Entities end of the dimension defined by cluster 

1, and at the Approximation end of the dimension defined by cluster 3. These chapters 

deal with a range of content including the solar system (AJ112, CP218, WW203), the 

night sky (AJ111), internal structure of the earth (CW314), and renewable and 

non-renewable resources (SW312). A point of connection among these chapters is that 

phenomena under discussion are positioned on a spatial, temporal, or numerical scale. 

However, knowing the phenomena does not depend on exact positioning on a scale; an 

approximation will do, as shown in the following two examples: 

About 530 million years ago, lava poured out of very large fissures … Initially the 
lava covered an area of about 300 000 km2. Erosion has reduced it to about 
35 000 km2.  

A part of the island that had formerly stood 800 m high was left covered by nearly 
300 m of water, chunks of rock up to 5 m in diameter were hurled more than 25 
km. 

 

Many of the chapters in this group make reference to concrete entities. For 

instance, a chapter that takes objects of the solar system as its topic (CP218) makes 

repeated reference to the sun, the moon, the earth, when describing each. It also 

provides descriptive accounts of number of exploration missions, and so there is 
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reference to the Apollo missions, the Mariner Mission, the Voyager missions. The 

chapter contains a large number of measurements, but most are approximations, 

concerning counts (It contains about 100 billion stars), distances (The average distance 

is about 150 million kilometres), temperatures (The temperature of this region is about 

6000 oC), angles (Pluto's orbit lies at about 17o to this plane), proportions (the force of 

gravity on the moon is about one-sixth that on Earth), and times (it will take about 

another 400000 years to pass near another star). 

The quantitative details contained in these chapters are not necessary to know the 

entities. They are there to provide a context and are part of the descriptive accounts. 

There is generally no explicit categorising of entities in groups. Instead, the discourse 

presents descriptions of entities that are only loosely connected. Examples of chapters 

that present their content in this way include: 

• CP320 and AJ308 which present accounts of various mining ventures in 

Australia; 

• AJ310, CP202, CP310 which present the functions and arrangements for the parts 

of the human reproduction system, the digestive system, and the circulatory 

system; 

• SW313 which presents a series of discussions on alternative energy sources. 

Group 4 chapters are characterised as "Provide Descriptive Accounts". 

 

In summary, on the basis of the frequencies of occurrence of the 49 most frequent 

function words, it is possible to reduce these to four underlying dimensions. Then, it is 

possible to reduce the 230 chapters to four homogeneous groups and a singleton 

according to their profiles across the four underlying dimensions. The four groups of 

chapters are labelled: 
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• Group 1 - Establish correct procedures and arrangements; 

• Group 2 - Establish classification; 

• Group 3 - Elaborate on classified entities; and, 

• Group 4 - Provide descriptive accounts. 

The analysis produces two groups that tend to deal with classification: one where the 

classification scheme might be less familiar or less obvious to a reader with the result 

that the discourse establishes a classification scheme; and one where the classification 

scheme is likely to be more obvious or more familiar to a reader and so there is less 

need to establish a scheme, and instead the discourse presents characteristics of entities 

that fall into the various categories of the scheme. The analysis also produces a group 

where the discourse establishes correct processes, procedures, uses and arrangements 

for entities and concepts that tend to be part of a unified system, and a group where the 

discourse provides descriptive accounts of groups of loosely connected entities.  

Linguists have drawn attention to the central role that the development of 

classification schemes play, not just for the way science organises the world, but for 

organising and imposing a structure on all our interactions with the experiential world. 

Kress and Hodge (1979), for example, argued that classification is at the basis of 

language and thought. They claimed that it is by means of classification that one learns 

how concepts are related and how new concepts are related to already classified 

concepts, and that classifications and relationships are learned through socially 

mediated interactions with the experiential world. Synergistic relationships operating 

between language, social groupings and classifications act at such a deep level that basic 

assumptions about reality are largely unquestioned, and as a consequence, classification 

schemes appear to be natural, logical, objective and accurate representations of an 

external reality.  
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Given the fundamental nature of classification schemes to language systems, 

linguists and genre theorists (for instance, Halliday, 1998; Martin, 1990; Veel, 1998; 

Wignell, Martin & Eggins, 1993) have argued that classification is a fundamental part 

of every science, and they have drawn attention to ways in which classification schemes 

operate in school science and science textbooks. Figure 7.3 shows examples of the sorts 

of entities that are organised (things and processes) and the ways of organising 

relationships among entities (hyponymy and meronymy). Figure A shows a typical 

example of a taxonomy of living things based on hyponymy. Relationships of 

hyponymy are superordination relationships where something is a type of or a kind of 

something else. In contrast to Figure A, Figure B19 shows a typical example of a 

taxonomy of flowering plants based on meronymy. Relationships of meronymy are 

composition relationships where something is part of something else. Similarly, Figure 

C shows a typical example of a taxonomy of processes with the left part based on 

meronymy and the right part based on hyponymy. 

The taxonomies presented in the diagrams of Figure 7.3 show just one of the 

linguistic resources available for constructing and imposing a structure on the 

experiential world. But as Halliday (1998) argued, the taxonomies would be of little 

value unless they are accompanied by a "discourse of reasoning" (p. 201). That is, 

knowing the vocabulary of science, on its own, would not allow the creation of 

diagrams such as those shown in Figure 7.3. Indeed, the technical vocabulary of science 

might not even be necessary for constructing these diagrams. Figure A uses an everyday 

vocabulary for some entities. As Kress and Hodge (1979) claimed, "Words are of the 

surface. [We] can always get round words by selecting other words" (p. 63). Selecting 

chordata or vertebrates, for instance, instead of animals with backbones might appear to 

                                                 
19 Although Figures A and B show the organisation of concrete things, the organisation of abstract things 
could have been shown. For instance, as presented in one of the excerpts in Group 1 above, variables can 
be classified as controlled, experimental and uncontrolled; or forces can be classified as gravitational, 
electrical, magnetic; or energy can be classified as kinetic and potential. 
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Figure 7.3: Fundamental principals of science's organisation of entities
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be scientific, but appearances can be misleading. To be scientific, one must know the 

relationships among the terms. It is the relationships used by scientists to position the 

entities into their various classes that add a sense of technicality to the taxonomies. 

Taxonomies are realised by deploying both a vocabulary and a grammar that establishes 

the relationships among the vocabulary items. The high frequency function words are 

one set of grammatical resources available to authors. 

The diagrams in Figure 7.3 also gloss some aspects relevant to the construction of 

taxonomies. Figure A, for instance, shows just one of a number of ways for structuring 

living things. Other scientific structurings for living things could have been developed 

according to other meronymy and hyponymy relationships (e.g., what living things 

contain, what living things do). A complete treatment of living things would need to 

deploy resources to deal with these meta-relationships; for instance, to know what is 

emic for the different structurings; to know when and how to move between 

relationships of hyponymy and meronymy; or, as shown in Figure C, to work with a 

taxonomy that simultaneously deals with relationships of hyponymy and meronymy.  

Also not shown in the diagrams of Figure 7.3 are the relationships among entities 

that are at the same level of the taxonomy. Figure A asserts a relationship between fish 

and vertebrates, and between reptile and vertebrates, but only implies a relationship 

between fish and reptile. Fish and reptile are alike in some respects (they both belong to 

the same superordinate category), but are unlike in other respects (they belong to 

different subordinate categories), and so other entities and relationships enter the picture 

in order to establish and maintain the fish – reptile relationships.  

This discussion highlights varying levels of sophistication that can potentially be 

incorporated into the taxonomies. The four empirical groupings of chapters that were 

obtained from the double clustering procedure of high frequency function words deal 

with the structuring of entities but the groups are separated according to the level of 
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sophistication they employ in the deployment and explication of relationships among 

the entities.  

Beginning with the least sophisticated, Group 4 chapters (Provide Descriptive 

Accounts) do not deal with a structuring of entities beyond a rudimentary level of 

providing labels for the entities under consideration. For some chapters in this group, a 

scientific structuring of entities might not be readily available. For instance, two 

chapters, with the title Economic Geology (CP320 and AJ308), present descriptive 

accounts of various mining ventures in Australia: what is mined, output of the mine, 

estimates of reserves, location of the mine, and so forth. However, other Group 4 

chapters ignore available scientific taxonomies. For example, a number of chapters 

dealing with the solar system are members of this group. They provide descriptive 

accounts of the planets, moons, asteroids, comets, meters, and sun in terms of their 

composition, what their atmospheres are like, daytime and night time temperature, 

oddities (such as the inclination of Pluto's orbit to the ecliptic), and so forth. A 

well-established classification scheme for the planets positions them in one of two 

classes: terrestrial and jovian, but this classification is not mentioned in any of these 

chapters. Instead, two of the chapters structure the entities of the solar system in terms 

of the order in which they are encountered if one took a journey. Structuring the entities 

of the solar system according to an imaginary journey means that some scientific 

principles and relationships are overlooked (such as the distinctions betweens planets 

and moons, jovian and terrestrial planets, and planets, asteroids, and comets).  

Group 3 chapters (Elaborate on Classified Entities) are similar to Group 4 in that 

they provide descriptive accounts of entities, but they differ from Group 4 in that 

entities are explicitly classified. However, the taxonomies tend to be simple in that they 

display little internal structure, and typically do not proceed beyond one or two levels. 

Also, the rules for determining the development of the taxonomy and the positioning of 
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entities into classes are generally not explained other than the positioning of entities 

according to detailed and descriptive accounts. A large number of chapters (AJ104, 

AJ105, CP104, CP111, CP116, SW111, and WW204) that deal with the classification 

of living things are illustrative members of this group. They tend not to develop 

taxonomies similar to that shown in Figure 7.3A. Instead, they generally take a class of 

entities (for instance, the invertebrates, the vertebrates, plants) and present descriptive 

accounts of the classes of entities at the next level. They provide few guidelines for 

determining how the presented section of a taxonomy might fit into a more complete 

taxonomy, or for determining the relationships among the classified entities. Whether 

they are dealing with foods, diseases, rocks, minerals, cells, or steps in the scientific 

method, they typically give the names of the subordinate categories, but their content is 

generally descriptive. 

Group 1 and 2 chapters present more sophisticated taxonomies in that they 

provide the decision making rules for positioning entities at various levels in the 

taxonomy. For instance, the extract from AJ305 (on page 195) dealing with elements 

and compounds shows how to distinguish between compounds and elements according 

to whether or not chemical substances can be chemically broken down, or how to 

distinguish between covalent compounds and ionic compounds according to whether or 

not compounds contain metal atoms. Another set of chapters dealing with simple 

machines show how to distinguish between 1st order, 2nd order and 3rd order levers 

according to the positions of the fulcrum, load and effort. That is, a common 

characteristic of Group 1 and 2 chapters is explicit statements of the relationships 

between the superordinate category and the subordinate categories. 

The chapters dealing with simple machines, however, are Group 1 chapters. 

Group 1 chapters take the development of taxonomies to another level. In addition to 

explication of the relationships between superordinate category and subordinate 
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categories, Group 1 chapters deploy additional entities that serve to explicate the 

relationships among the subordinate categories. For instance, the excerpts from CP119 

(presented in Table 5.3 on page 133) are explicit statements of the relationships between 

subordinate categories: lever and pulley; wheel and axle, and pulley; and screw and 

inclined plane. In this way, Group 1 chapters present a more systematic treatment of 

their content. The treatment is systematic in the sense that the content is organised 

around a small number of generative ideas. It was shown in Chapter 5 that load, effort 

and force advantage were invoked for each class of simple machine. They are the 

generative ideas that organise the content of these chapters. The machines themselves 

serve as practical examples for the different arrangements of load, effort and force 

advantage; and load, effort and force advantage serve to establish and maintain an order 

on a potentially vast array of practical examples of simple machines.  

Schwab (1978), discussing the structure of disciplinary knowledge, argued that 

knowledge is roughly of two kinds: ad hoc and systematic. He explained that ad hoc 

knowledge arises "as lore, as a collection of know-hows, as ad hoc solutions to 

problems which life with its wants and needs poses" (p. 264). Ad hoc knowledge is 

practical, commonsense, and serves an immediate need. In contrast, systematic 

knowledge arises when it is realised that practical needs might be better served "by 

being not quite so practical, so immediate, so ad hoc" (p. 265). Instead of looking for 

separate solutions to different practical problems, systematic knowledge develops as 

people became aware of patterns that could be applied across separate practical 

solutions. Schwab argued that all academic disciplines, including the sciences, are 

systematic. A geologist, for instance, uses the concept of plate tectonics to account for 

diverse phenomena such as volcanoes, earthquakes, faults, mountain building, mineral 

deposits, and so forth (Fortey, 2004). 
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The argument here is that some of the chapters of SC, those belonging to Groups 

3 and 4, organise their entities in ways that are compatible with Schwab's characteristics 

of ad hoc knowledge. By way of contrast, Group 1 chapters and to a less extent, Group 

2 chapters organise their entities in a more systematic way. By applying a relatively 

small number of general concepts, they attempt to show how it is that order can be 

established in a seemingly chaotic world of practical examples and empirical 

observations. This contrast between ad hoc knowledge and systematic knowledge is 

further investigated in the next section in which the relationships among High 

Frequency Function Words groups and other groupings of the chapters are explored. 

 

7.3 Associations between High Frequency Function Word groups and other 
grouping variables 

One of the research issues of this thesis concerns the question of whether or not 

the textbook authors deploy linguistic resources differently across components of SC. 

The question here is concerned with whether or not these levels of sophistication in 

developing taxonomic relationships among entities are associated with other groupings 

of the chapters of SC. The analyses presented in this section investigate associations 

between the groups formed on the basis of high frequency function words and the a 

priori groupings of Year Level and Discipline, and the empirical groupings of 

Vocabulary Diversity and Lexical Organisation established earlier. This section begins 

by presenting the results of bivariate analyses, and later, the results of a homogeneity 

analysis are presented to explore simultaneously the associations among these ways of 

grouping chapters.  

There was no association between High Frequency Function Word groups and 

Year Level (χ2(6) = 7.6, p = 0.271), but there were statistically significant associations 

between High Frequency Function Word groups and: 
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• Discipline (χ2(12) = 101.0, p < 0.001, symmetric Λ = 0.288); 

• Vocabulary Diversity groups (χ2(9) = 72.0, p < 0.001, symmetric Λ = 0.239); and 

• Lexical Organisation groups (χ2(6) = 13.3, p = 0.039, symmetric Λ = 0.034), 

although the PRE measure (Λ) suggests a weak association.  

Tables 7.2 and 7.3 show the Discipline and Vocabulary Diversity crosstabulations with 

High Frequency Function Words groups. 

 

Table 7.2: Crosstabulation of Discipline and High Frequency Function Word groups 
Discipline  Cell Contents: 

 Observed 
 Expected 
 Standardised residual 

Physics Chemistry Biology Geology Other TOTAL 

42 14 3 5 5 69 
18.7 11.8 20.5 8.7 9.3  

Establish correct 
procedures & 
arrangements  7.6 0.9 -5.5 -1.6 -1.8  
       

9 9 7 5 2 32 
8.7 5.4 9.5 4.1 4.3  

Establish 
classification 

0.1 1.8 -1.0 0.5 -1.3  
       

4 12 39 9 7 71 
19.2 12.1 21.1 9.0 9.6  

Elaborate on 
classified entities 

-4.9 0 5.6 0 -1.1  
       

7 4 19 10 17 57 
15.4 9.7 16.9 7.2 7.7  

Provide descriptive 
accounts 

-2.9 -2.3 0.7 1.3 4.1  
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 TOTAL 62 39 68 29 31 229 

 

 

Table 7.2 shows a contrast between Physics and Biology with respect to 

membership in the "Establish Correct Procedures & Arrangements" and the "Elaborate 

on Classified Entities" groups. More Physics chapters than expected belong in the 

"Establish Correct Procedures & Arrangements" group (more than two-thirds of the 

Physics chapters belong in this group), and fewer than expected belong in the 

"Elaborate on Classified Entities" group. With respect to Biology, the opposite pattern 

applies. More Biology chapters than expected belong in the "Elaborate on Classified 

Entities" group (more than half the Biology chapters belong in this group), and fewer 

Major structural relations 208



than expected belong in the "Establish Correct Procedures & Arrangements" group. 

Also, chapters that belong to the "Other" category (nature of science, measurement, 

astronomy) belong in the "Provide Descriptive Accounts" group, whereas fewer than 

expected Physics chapters belong to this group. This suggests that Physics chapters have 

a tendency to display more of the characteristics of Schwab's systematic knowledge, 

whereas Biology and "Other" chapters have a tendency to display more of the 

characteristics of Schwab's ad hoc knowledge. 

 

Table 7.3: Crosstabulation of Vocabulary Diversity groups and High Frequency 
Function Words groups 

Vocabulary Diversity groups  Cell Contents: 
 Observed 
 Expected 
 Standardised residual 

Low 
Diversity 

High 
Diversity 

Low Growth 
Rate 

High Repeat 
Rate TOTAL 

14 10 29 16 69 
8.4 22.6 24.4 13.6  

Establish correct 
procedures & 
arrangements 2.4 -3.9 1.4 0.9  
      

4 9 17 2 32 
3.9 10.5 11.3 6.3  Establish 

classification 0.1 -0.6 2.3 -2.1  
      

1 44 23 3 71 
8.7 23.3 25.1 14.0  Elaborate on 

classified entities -3.4 6.3 -0.6 -3.9  
      

9 12 12 24 57 
7.0 18.7 20.2 11.2  Provide descriptive 

accounts 0.9 -2.2 -2.6 4.9  
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 TOTAL 28 75 81 45 299 

 

 

Table 7.3 shows that there is a tendency to find High Diversity chapters but not 

Low Diversity chapters in the "Elaborate on Classified Entities" group, and there are 

fewer than expected High Diversity chapters in the "Establish Correct Procedures & 

Arrangements" group. There is also a tendency to find High Repeat Rate chapters in the 

"Provide Descriptive Accounts" group, but fewer than expected are found in the 

"Elaborate on Classified Entities" group. This suggests that the vocabulary is less 
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diverse among those chapters displaying the characteristics of Schwab's systematic 

knowledge, and more diverse among those chapters displaying the characteristics of 

Schwab's ad hoc knowledge. 

Only one cell in the crosstabulation between High Frequency Function Words and 

Lexical Organisation groupings showed a statistically significant residual. Chapters that 

belong to "Provide Descriptive Accounts" tend not to be those chapters that contained 

Linked Lexical Organisation. 

The multivariate associations among these groupings were explored using a 

homogeneity analysis. Discipline, Vocabulary Diversity, Map, and High Frequency 

Function Word groups were entered into the analysis. Year Level was dropped because 

it contributed little to an initial analysis, and it did not enter into significant associations 

in the bivariate crosstabulations. On the basis of a scree plot of eigenvalues against 

dimensions, a two dimensional solution was selected for interpretation (the eigenvalues 

for the first and second dimensions were 0.49 and 0.40 respectively).  

The discrimination measures suggest that the categories for High Frequency 

Function Word (1st dimension: 0.63; 2nd dimension: 0.67) are well discriminated on 

both dimensions, and the categories for Diversity (1st dimension: 0.42; 2nd dimension: 

0.55) are moderately well discriminated on both dimensions. The categories for 

Discipline are well discriminated on the first dimension only (1st dimension: 0.64; 2nd 

dimension: 0.26), and the Lexical Organisation categories are poorly discriminated on 

both dimensions (1st dimension: 0.26; 2nd dimension: 0.15). Figure 7.4 shows the 

category quantifications for the two dimensional solution. 

Dimension 1 in Figure 7.4 shows a contrast between a set of Low Diversity 

chapters associated with the discipline of Physics, and high diversity chapters associated 

with the disciplines of Biology and Geology. This contrast is similar to that shown in 

Figure 6.10 (on page 176). There, this contrast was characterised in Toulmin's (1972) 
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Figure 7.4: Category quantifications for Discipline, Vocabulary Diversity, Lexical 
Organisation, and High Frequency Function Word groups 

 

 

terms as compactness versus diffuseness, and in Hempel's (1965) terms as the 

deployment of a theoretical vocabulary versus a descriptive vocabulary. With the 

addition of the High Frequency Function Words groups to the analysis, Figure 7.4 

shows the two groups displaying a more sophisticated development of taxonomies, 

"Establish Correct Procedures & Arrangements" and "Establish Classification", are 

located to the left of the scatterplot, and the two groups displaying less sophisticated 

development of taxonomies, "Elaborate on Classified Entities" and "Provide Descriptive 

Accounts", are located to the right. That is, the contrast can now be cast in Schwab's 

(1978) terms as a systematic structure versus an ad hoc structure. A systematic structure 

is associated with compactness and a theoretical vocabulary, and Schwab's ad hoc 

structure is associated with diffuseness and a descriptive vocabulary.  

The interpretation for the second dimension changes somewhat from that given in 

respect to Figure 6.10 (on page 176). The second dimension, unlike the second 

dimension in Figure 6.10, separates the High Repeat Rate group from the Low Growth 

Rate group. These are both low diversity groups, but the measures that determine these 
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groupings are sensitive to changes in diversity at opposite ends of the word frequency 

distribution: High Growth Rate's measures are sensitive to changes at the high 

frequency end; and the Low Growth Rate's measures are sensitive to changes at the low 

frequency end. Therefore, dimension 2 appears to be separating low function word 

diversity from low content word diversity.  

In addition, dimension 2 separates the groups of chapters that present less 

sophisticated taxonomies. At the upper end, there are chapters that deal with 

unclassified or unclassifiable entities (Provide Descriptive Accounts). At the lower end, 

there are chapters that deal with already classified entities (Elaborate on Classified 

Entities) and establishing classification schemes (Establish Classification). Earlier, the 

"Elaborate on Classified Entities" group was characterised as one where the 

classification schemes were more immediate or more likely to be familiar to a reader. 

The entities that form the content of the "Establish Classification" group of chapters are 

also more or less familiar or partly familiar to readers. While they might be familiar, 

they need to be transformed into the particular versions that science deal with, and thus 

these chapters establish the rules for determining the categories into which entities fall. 

In this sense, the two High Frequency Function Word groups at the lower end of 

dimension 2 deal with entities with which readers could be expected to have some 

familiarity. Thus, dimension 2 contrasts low function word diversity in association with 

no readily available classification scheme with low content word diversity in association 

with classification schemes with which readers could already have some familiarity.  

It was noted in the previous chapter that, in Figure 6.10 (on page 176), Geology 

appeared to be in a contradictory position. In Figure 7.4, however, the contradiction 

appears to be resolved. First, Geology no longer has a large displacement along 

dimension 2. Second, even if Geology was displaced along dimension 2, the weak 

discrimination for the Discipline categories along dimension 2 suggests that attention 
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should be directed towards Diversity and High Frequency Function Words in 

interpreting dimension 2, not Discipline.  

The picture emerging from Figure 7.4 is similar to that obtained from Figure 6.10. 

There is a group of low diversity chapters associated with the disciplines of Physics and 

Chemistry contrasted with high diversity chapters associated with the disciplines of 

Biology and Geology. In Chapter 6, this contrast was cast in terms of a more theoretical 

vocabulary of Physics and Chemistry chapters compared to a more descriptive 

vocabulary of Biology, Geology and "Other" chapters, but that contrast was derived 

from the presence or absence of lexical organisation. With the addition of the High 

Frequency Function Words groups to the analysis, the categories of the Lexical 

Organisation variable are not well discriminated in either dimension. Also, the 

associations (as assessed by the PRE measure) in the crosstabulations involving the 

Lexical Organisation variable are not strong. As a consequence, the contrast between a 

theoretical vocabulary and a descriptive vocabulary needs some modification. 

The High Frequency Function Word groups allow this refinement. The contrast is 

now in terms of the sophistication with which the taxonomies are developed. Without a 

taxonomy, there can be little development of the relationships among entities. By 

ignoring or overlooking the development of taxonomies for whatever reason, textbook 

authors, it seems, prefer to deal with the resultant loosely organised entities by 

incorporating factual detail into descriptive accounts. Through the development of more 

sophisticated taxonomies that show the relationships among and between superordinate 

and subordinate classes of entities, in which descriptive accounts exist but are 

embedded in theoretical accounts organised around a relatively small number of ideas or 

concepts, textbook authors can show how the major theoretical concepts and ideas of 

science are structured. Hence, the theoretical-descriptive contrast remains, but rather 
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than connecting it to lexical vocabulary choices, it seems more empirically supportable 

to connect it to choices that are more to do with the ways entities are organised.  

 

7.4 Conclusions 

This chapter set out to explore the ways in which the chapters of SC can be 

grouped according to authors' preferences for high frequency function words. 

Interpretation of the resultant groupings of chapters is in terms of the sophistication with 

which chapters develop taxonomies. At one extreme are chapters that display 

sophisticated development of taxonomies. It was claimed that the more sophisticated 

taxonomies display a more systematic treatment of the content in the sense that the 

content is organised around a small number of generative concepts, and thus it is a 

system of concepts that hold the taxonomies together. At the other extreme are chapters 

that display little or no development. There are no central organising concepts that link 

the content across sections of these chapters; instead, the content focuses on descriptive 

accounts of entities, or in Schwab's terms, the knowledge is presented as an ad hoc 

collection of facts. 

There is a tendency among Physics and Chemistry chapters to display a more 

systematic treatment of content which in turn is associated with low vocabulary 

diversity. The tendency among Physics and Chemistry chapters to organise their content 

around a relatively small number of concepts accounts for their lower vocabulary 

diversity. As was argued in earlier chapters, repeated invocations of concepts has the 

tendency to increase the frequencies of the words used to refer to those concepts, and 

hence, vocabulary diversity decreases.  

By focussing on two sets of linguistic resources available to authors, this and the 

previous chapter deal with two kinds of organisational structure. With a focus on the 

lexical vocabulary, Chapter 6 dealt with the organisation of content words into concepts. 
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With a focus on functions words, this chapter deals with the organisation of 

relationships among the entities. In the next chapter, the focus changes to the last set of 

linguistic resources to be considered here, the grammatical resources. 
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8    GRAMMATICAL ORGANISATION 
 
 
The previous chapter showed that chapters of SC can be distinguished on the basis 

of authors' preferences among high frequency function words. Function words are 

grammatical words, but they do not capture the full range of grammatical resources 

available to authors. This chapter focuses on the extent to which authors' preferences 

among a broader range of grammatical resources can be used to distinguish the chapters 

of SC. Section 3.2.3 described the process for establishing the set of grammatical 

features to be used in this analysis, and Table 3.1 (on page 69) lists the 78 grammatical 

tags along with typical examples. The frequencies of occurrence for each tag were 

obtained for each chapter. The frequencies were converted to relative frequencies by 

dividing the raw frequency by the total number of tags in a chapter. Relative frequencies 

are in effect proportions, and so, as before, a standard stabilising transformation (Kirk, 

1982) for proportions was applied. 

The analytic procedures are similar to those followed in the previous chapter. 

Frequencies for the grammatical tags were submitted to Revelle's (1982) ICLUST 

procedure to determine patterns of co-occurrence among the tags. Cluster scores for the 

resultant clusters of tags were submitted to k-means cluster analyses to determine 

relatively homogeneous groups of chapters with respect to their profiles across the 

clusters. Associations between these groups and other ways of grouping the chapters are 

investigated using bivariate crosstabulations and homogeneity analysis. 

 

8.1 Patterns of co-occurrence 

The ICLUST procedure is used here with some modifications to that used in the 

previous chapter. ICLUST allows a number of clusters to be specified and an iterative 

procedure to be applied whereby items are re-assigned to those clusters on which they 
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have their highest loading. Revelle (1982) likened this procedure to rotation in 

conventional factor analysis. The initial ICLUST solution contained a number of 

unreliable clusters, and assigned items to clusters for which they had a smaller loading 

than on other clusters. The initial solution suggested that there were eleven reasonably 

reliable clusters. The procedure was run a second time, requesting an eleven cluster 

solution, but this solution was subjected to a number of iterations whereby items were 

re-assigned to clusters on which they load most highly. This solution did not differ 

greatly from the initial solution. The items that tended to form unreliable clusters in the 

initial solution were either not assigned to a cluster or were dropped from a cluster in 

order to meet reliability criteria. The iteration procedure resulted in some items being 

reassigned to different clusters, leading to improved reliability and interpretability.  

However, the 11-cluster solution contained a cluster of items that remained 

unreliable. In addition, sub-sets of this cluster's items were not reliable. As a 

consequence, this cluster was not interpreted and was dropped from subsequent 

analyses. Figures 8.1 a) to j) show the items defining each of the 10 remaining clusters, 

loadings of the items in the 11-cluster solution, the untransformed means (presented as 

frequency of occurrence per 1000 words), and the α and β measures of reliability for the 

resultant sub-sets of items. Interpretations for the clusters of grammatical tags follow. 

 

Cluster 1 (Figure 8.1 a) 

The three features with positive loadings on this cluster invoke a temporal 

sequencing of events. Perfect aspect allows reference to two times. An event occurs, 

usually in the past, but the event has implications, usually for the present. Report 

structures document thoughts and actions. There is a sequencing of events in report 

structures: thoughts or actions precede their reporting. Adverbials of time and frequency 

imply a temporal sequence; adverbials such as earlier and immediately refer to the time 
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of an event, and adverbials such as frequently and constantly refer to how often an event 

occurs. The common aspect is that the three features refer to a temporal flow. These 

three features are contrasted with just one tag, common nouns. Nouns are the primary 

bearers of referential meaning, and high frequencies indicate a high density of specific 

information. Both ends of the dimension entail an element of specificity. However, one 

end emphasises a temporal sequencing of events whereas the other end emphasises the 

events and entities themselves. This dimension is labelled "Report on Specific Past 

Events versus Density of Information". 
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Figure 8.1: Loadings for clusters of grammatical features derived from ICLUST 
a) Cluster 1: α = 0.74, β = 0.70 

 

 

Cluster 2 (Figure 8.1 b) 

The features with positive loadings on cluster 2 are all various ways of making 

reference to participants. Third person pronouns can refer to both animate and inanimate 

participants, but in either case, their referents need to be already named in the text. The 

two types of determiners allow some degree of additional specificity without being 
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precise, but again, the referent must already be stated in the text. Generic categories of 

people refer to categories of human participants, but not to a specific person. This end 

of the dimension seems to be emphasising the participants in science, both animate and 

non-animate, and both human and non-human, with varying degrees of specificity. At 

the other end of the dimension, both features serve to elaborate on a given nominal 

form. High frequencies of both indicate a high information focus, and that information 

is presented in a highly integrated and specific form. Both ends of the dimension refer to 

participants, but the contrast lies with the precision with which participants are referred 

to. This dimension is labelled "General & Categorical Participants versus Precise & 

Specific Participants". 
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Figure 8.1 b)   Cluster 2: α = 0.75, β = 0.65 
 

 

Cluster 3 (Figure 8.1 c) 

Cluster 3 has features with positive loadings only. They are all instances of 

author-reader interaction. Second person pronouns, imperatives and interrogatives 
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directly address the reader, and indirect questions, a way to talk about a question, can be 

considered as inviting the reader to consider the question. Obviously, these processes do 

not happen directly, but these features of lingering orality are to be found in many 

written texts. In Chapter 3, it was stated that end-of-chapter questions and guides to 

completing practical activities were not included in the corpus material, and so the 

interrogatives and imperatives counted here are those that are embedded in the science 

content. This dimension is labelled "Author-Reader Interaction". 
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Figure 8.1 c)   Cluster 3: α = 0.78, β = 0.70 
 

 

Cluster 4 (Figure 8.1 d) 

High frequencies for the three features with positive loadings on cluster 4 indicate 

narration. Past tense locates action in the past. Date and times refer to specific times as 

well as referring to past events. Proper nouns refer to specific referents. The 

co-occurrence of proper nouns with past tense and dates and times indicates that there is 

a tendency for proper nouns to be referred to in a historical sense. These three features 
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contrast with one feature, present tense. Present tense locates a situation or an event in 

present time, but as argued in the previous chapter, present time has to be interpreted as 

the timeless present. That is, a statement expressed in present tense is valid at all 

readings of the text. Expressed another way, the timeless present refers to an event or a 

situation in a generalised way. This dimension is labelled "Specific Historical Narration 

versus Timeless Generalisation". 
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Figure 8.1 d)   Cluster 4: α = 0.83, β = 0.78 
 

 

Cluster 5 (Figure 8.1 e) 

The features with positive loadings on cluster 5 are strategies for elaborating on 

information already given. Non-defining relatives elaborate on a noun. Clausal 

coordination links clauses in a loose, logically unspecified manner, sometimes with an 

element of contrast (when the coordinator is but), and often adding information about 

the subject of the first clause. Contrast adverbial clauses contrast two statements, often 

with the effect of making one surprising, and concession clauses have the effect of 
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asserting the validity of one statement within the bounds of a second assertion. In this 

sense, both types of clause can be thought of as elaborating on the content of the main 

clause. This set of features is contrasted with just one feature, headings. Headings serve 

the purpose of compartmentalising information. They also serve the purpose of framing 

the information, but the framing is not integrated into clause or sentence structures. The 

contents of what follows the heading is stated in the heading, so the heading becomes a 

sort of summary of what follows. This dimension is labelled "Embellishments & 

Elaboration versus Framing & Summation". 
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Figure 8.1 e)   Cluster 5: α = 0.68, β = 0.59 
 

 

Cluster 6  (Figure 8.1 f) 

The definite article co-occurs with singular or plural, and concrete or abstract 

entities. Adverbials of place and direction are sometimes used for text-internal referents, 

but mostly, their referents are outside the text. Their purpose is to situate referents in a 

spatial context as opposed to an abstract context. This end of the dimension appears to 
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deal with specific entities in a spatial context. This is contrasted with two features. 

Adjectives in predicative positions (Electrons are small), although they tend to fragment 

the discourse, give more prominence to the attribution than would be the case were the 

adjective in attributive position (The small electrons …). Clauses with inflections of to 

be as the main verb serve to link a noun with a modifying predicative expression. These 

clauses are variously referred to as "defining" relations or "being" relations, in which 

the attribution is generalised to all instances of the subject of the clause. Both features, 

then, play a role in emphasising generalised attributes. This dimension is labelled 

"Specific, Spatial Context versus Generalised Attributes". 
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Figure 8.1 f)   Cluster 6: α = 0.71, β = 0.63 
 

 

Cluster 7 (Figure 8.1 g) 

The features with positive loadings on cluster 7, demonstrative and impersonal 

pronouns, are used for subsequent reference to a concrete or abstract referent already 

specified in the text. They are used when additional information about a specific 
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referent is provided. The features at the other end of the dimension are also used when 

additional information is provided. Phrasal coordination is used to expand on features, 

qualities, actions, or referents already stated in the text in a logically unspecified 

manner. Present participle structures contain additional information about a noun. Both 

serve the purpose of elaboration, as do the features present at the other end of this 

dimension, but in a more embedded way. This dimension seems to contrast the way in 

which elaboration is achieved, and is labelled "Pronominal Elaboration versus 

Embedded Elaboration". 
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Figure 8.1 g)   Cluster 7: α = 0.67, β = 0.58 
 

 

Cluster 8 (Figure 8.1 h) 

The indefinite article is used to introduce a referent to the discourse, but in a 

general way, in that it specifies an indefinite member of the class of referents. 

Comparative and superlative adjectives in predicative positions serve to compare two or 

more referents. Comparison adverbials also serve to compare referents. Conditional 
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adverbial clauses are used to state the necessity of one condition for another, or the 

possible situations or consequences following a preceding condition. This end of the 

dimension seems to be about establishing general rules and conditions (for example, An 

electron is smaller than a proton; The higher you go, the colder it gets; Like electrons, 

protons are charged; If more sugar is added, a saturated solution results). At the other 

end of this dimension are gerunds and demonstratives. Gerunds are nominalised 

processes. The first reference to a process is usually in the form of a verb, but, if in 

subsequent use, the process is nominalised, more options are available; nominalised 

processes can act on and be acted on by other entities. Demonstratives, in written text, 

are used in subsequent reference to both concrete and abstract nouns, including gerunds, 

to partition referents from others of the same kind. The dimension is labelled 

"Generalised Rules & Conditions versus Particular & Partitioned Referents". 
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Figure 8.1 h)   Cluster 8: α = 0.68, β = 0.60 
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Cluster 9 (Figure 8.1 i) 

Cluster 9 has features with positive loadings only. Amplifiers and emphatics serve 

to boost the effect of the verb. They indicate reliability. Possibility modals indicate the 

ability or possibility of events occurring. Other adverbs serve a broad range of purposes, 

but all adverbs modify the intent of the verb, including indicating possibility and ability, 

and generalisation of the effect of the verb. Quantity determiners indicate a set or group 

within a total. The common aspect to all these seems to be persuasion. The role that 

quantity determiners play in persuasion is to claim that a situation applies or is valid for 

many or most entities, or for much of an entity, and thus allowing a claim to be asserted 

as valid, whereas if the claim had to refer to all entities in a given class, it might no 

longer be valid. The dimension is labelled "Overt Persuasion". 
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Figure 8.1 i)   Cluster 9: α = 0.65, β = 0.56 
 

 

Grammatical organisation 226



Cluster 10 (Figure 8.1 j) 

Cluster 10 has features with positive loading only. Two of the features, number 

and measurement, indicate that this dimension is concerned with quantitative aspects of 

science. However, the presence of hedges in this cluster indicates that high frequencies 

for numbers and units of measurement are accompanied by a degree of uncertainty. At 

first glance, this appears to be a contradiction as far as science is concerned. However, it 

could be that the science presented in these textbooks is concerned with relationships 

other than exact quantitative relationships. When quantitative measurements are a 

feature, establishing their exactness is relatively unimportant. This dimension is labelled 

"Imprecise Measurement". 
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Figure 8.1 j)   Cluster 10: α = 0.69, β = 0.59 
 

 

Patterns of co-occurrence of linguistic features are interpreted in terms of 

underlying functional dimensions. The analysis presented here depends on the 

assumption that co-occurrence of features is not random; rather the co-occurrence 
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patterns reflect an underlying function. One important function relevant to this study is 

that the texts convey content, but this is not the only function served by linguistic 

features. 

According to systemic functional linguistics (Halliday & Hasan, 1985; Halliday & 

Martin, 1993), three functions are emphasised, and each of these functions identifies a 

type of information, or a type of meaning, that is conveyed. The first, as mentioned 

above, is that language is used to reflect on experiences and to represent the world. 

Language represents recognisable phenomena, and so certain groups of linguistic 

features are used to conveying content. This function is variously labelled the 

experiential or the ideational function. Second, language is used to express social 

meanings. Language is used to act on the world, and to do so, language users assume 

roles and responsibilities. This function is labelled the interpersonal function. Third, 

language is used to connect contextual, social and physical relations to a reality being 

constructed in the text. That is, the texts have to construct a reality in the pages 

alongside and reflecting physical and social relations. Groups of linguistic features 

reflect the role that language plays in packaging the information and keeping track of 

the participants and processes through the text. This function is labelled the textual 

function. Using this taxonomy makes it possible to align the functional dimensions 

identified above with these three generic functions, as shown in Table 8.1. 

The five dimensions that are aligned with the ideational function all refer to the 

entities of the text; they refer to what the text is about. Obviously, the texts are about 

science, but the entities of science include not only concrete objects, but also abstract 

entities such as rules, processes, and generalisations. They also include groups of 

entities, and therefore the entities are known not just by a label or a name attached to 

them but also by partitioning, re-arranging and combining groups of entities, and the 
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attributes attached to them. The analysis shows that the ideational / experiential function 

is realised through five distinct dimensions. 

 

Table 8.1: Alignment of linguistic dimensions and language functions 
Generic Language Function  Linguistic Dimension 

Ideational / Experiential 1 Report on Specific Past Events versus Density of Information 
2 General & Categorical Participants versus Precise & Specific 

Participants 
4 Specific Historical Narration versus Timeless Generalisation 
6 Specific, Spatial Context versus Generalised Attributes 
8 Generalised Rules & Conditions versus Particular & 

Partitioned Referents 
  
Interpersonal 3 Author-Reader Interaction 

9 Overt Persuasion 
  
Textual 5 Embellishments & Elaboration versus Framing & Summation 

7 Pronominal Elaboration versus Embedded Elaboration 
10 Imprecise Measurement 

 

 

The two dimensions aligned with the interpersonal function highlight roles and 

responsibilities assumed by the authors to be held by authors and readers. For instance, 

at one end of the dimension Author-Reader Interaction, the roles for author and reader 

are not unlike the roles assumed by teachers and students in classrooms. The authors 

address the readers directly, ask questions (and sometimes provide the correct answer), 

and direct the reader to perform certain actions. The position of a text on the dimension 

Overt Persuasion reflects the extent to which subjective intrusions are deployed and 

shared with the reader, and again, reflect teacher-student roles assumed in many 

classrooms. They make appeals for the reasonableness of a proposition, and therefore, 

the reasonableness of the reader to accept the validity of the proposition. Both 

dimensions reflect a pedagogical strategy, and they might originate from authors' 

preferences regarding style, but they also reflect a role for language in establishing 

interpersonal relationships between author and reader.  
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The three dimensions aligned with the textual functions express the role that 

language plays when dealing with scientific knowledge. They represent linguistic 

choices made by the authors about the way in which the external world comes to have 

textual meaning. Chapters' positions on the dimensions Embellishments & Elaboration 

versus Framing & Summation and Pronominal Elaboration versus Embedded 

Elaboration represent authors' choices for dealing with and keeping track of concepts 

and participants respectively. The dimension Imprecise Measurement reflects the extent 

to which an argument needs to be supported by imprecise quantitative aspects. If 

quantitative aspects are imprecise, they are not needed to define an entity. Their role has 

more to do with keeping track. For instance, the result of Add approximately two 

teaspoons of salt … does not depend on an exact measure of salt, and indeed the unit of 

measurement (teaspoon) is itself inexact. This phrase is part of a sequence of actions, 

and it is the actions that are important here. Actions are performed on objects, in this 

case, salt. The approximate measure then assists in linking salt to the adding process. 

 

8.2 Grouping the chapters 

The question that follows from this is to what extent are various configurations of 

these dimensions evident across Year Levels, Disciplines, and the empirical groupings 

established in earlier chapters. As a first step, dimension scores were calculated by 

applying unit weights to the items in each cluster, and then calculating the mean of the 

transformed relative frequencies for each item in a cluster. Items with negative loading 

were first reversed about the mean. The dimension scores were submitted to cluster 

analyses to determine empirical groupings of chapters. The cluster analysis preserves 

the multivariate nature of the enquiry in that groups of chapters are formed on the basis 

of similar profiles across all dimensions. Membership in these groups can then be 

compared to membership in categories of other grouping variables. 
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Standardised cluster scores were submitted to k-means cluster analyses. All 

solutions from the 2-group solution through to the 8-group solution were requested. The 

5-group solution was taken to be optimal, accounting for 35.7% of the variance, an 

increase of 6.2% over the 4-group solution. (The 6-group solution accounted for 39.4% 

of the variance, an additional 3.7% over the 5-group solution. In addition, there were no 

large increases on individual variables when moving from 5 to 6 groups.) Table 8.2 

shows the profiles of the five groups across the ten dimensions. As before, interpretation 

proceeds by inspection of the standardised means, and means larger than about 0.5 or 

less then -0.5 (shown in bold in Table 8.2) are considered to be worth interpretation. 

Means close to these cut-off values are not entirely ignored and are shown in italics in 

Table 8.2. Interpretation of the five groups of chapters follows. 

 

Group I 

This group has large standardised means for clusters 6 and 8, that is, these 

chapters tend to be at the: 

• Specific, Spatial Context; and, 

• Generalised Rules & Conditions 

ends of the dimensions defined by clusters 6 and 8. The focus is on establishing rules or 

generalisations that are applicable in the context of particular spatial arrangements of 

the entities, or under particular conditions. A large number of Physics chapters are 

members of this group. To take one example from Physics, forces can do things but 

only under certain conditions: forces need to be aligned in space (upwards, downwards, 

sideways); some forces need to be larger or smaller than other forces; and there is a 

result of these arrangements (movement, no movement, speeding up, slowing down, or 

change in direction of the movement). Group I chapters are characterised as "Establish 

Scientific Knowledge on the Basis of Conditional Rules". 
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Table 8.2: Standardised means for five groups of chapters derived from ten clusters of 
grammatical tags 

Groups 

Clusters 
I 

(n = 71) 
II 

(n = 20) 
III 

(n = 62) 
IV 

(n = 31) 
V 

(n = 46) 
1. Report on specific past events 
 versus 
 Density of information 

-0.20 -0.69 -0.25 0.58 0.55 

2. General & categorical participants 
 versus 
 Precise & specific participants 

-0.29 0.44 -0.18 0.80 -0.03 

3. Author-reader interaction 0.21 -0.45 -0.43 0.92 -0.16 
4. Specific historical narration 
 versus 
 Timeless generalisation 

-0.34 -0.61 -0.31 0.22 1.06 

5. Embellishments & elaboration 
 versus 
 Framing & summation 

-0.24 -1.21 0.41 0.12 0.26 

6. Specific, spatial context 
 versus 
 Generalised attributes 

0.51 -0.93 0.07 -0.74 0.02 

7. Pronominal elaboration 
 versus 
 Embedded elaboration 

0.28 0.32 -0.36 -0.09 -0.03 

8. Generalised rules & conditions 
 versus 
 Particular & partitioned referents 

0.53 -0.49 -0.24 -0.35 -0.06 

9. Overt persuasion -0.29 -0.16 0.07 0.55 0.05 
10. Imprecise measurement -0.04 -0.78 -0.18 -0.42 0.92 

 

 

Group II 

This group has small standardised means for clusters 1, 4, 5, 6, and 10. That is, 

these chapters tend to be at the:  

• Density of Information; 

• Timeless Generalisation; 

• Framing & Summation; 

• Generalised Attributes; and, 

• NOT Imprecise Measurement 

ends of the dimensions defined by clusters 1, 4, 5, 6 and 10. Also, clusters 4 and 8 make 

moderate contributions to the interpretation of this group; that is, these chapters are at 
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the Particular Partitioned Referents end of the dimension defined by cluster 8 and they 

contain little Author-Reader Interaction. These chapters compartmentalise the 

information under many headings. Timeless generalisations and generalised attributes 

describe science as it is. There is little elaboration, few appeals to past events, and few 

appeals to readers' reasonableness and common sense. They make use of bullet points, 

which tends to enhance the summarising function of these chapters. This group of 

chapters is not concerned with engaging readers in a collaborative enterprise. Rather, 

science is presented as an already established product. Group II chapters are 

characterised as "Establish Scientific Knowledge in Sets of Statements". 

 

Group III 

None of the standardised means for this group of chapters are greater than 0.5 (or 

less than -0.5), but the means for clusters 3 and 5 are close to 0.5. That is, these chapters 

tend to be at the: 

• Embellishment & Elaboration; and,  

• NOT Author-Reader Interaction 

ends of the dimensions defined by clusters 3 and 5. These chapters focus on the entity, 

but they take the entity as given. That is, the elaborations do not define the entity, but 

instead the elaborations provide additional information about the entity so that the entity 

becomes known to the reader through the elaborations. Small amounts of author-reader 

interaction need some explanation. It may be that the topics of these chapters are more 

obvious to the reader, and as a consequence, authors see less need to draw readers' 

attention to the subject matter. There is a large number of biology chapters in this group. 

Biological entities (flowers, animals, plants, seeds) are more familiar or more likely to 

be a part of readers' experiences. Hence, there is less need to remind readers of their 

everyday experiences of these entities. On the other hand, author-reader interaction 
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increases in those chapters where authors perceive a need to draw to readers' attention 

or remind readers of their experiences with other sorts of entities. Considering entities 

that are the subject of those other chapters (for instance, electricity, forces, acids), while 

they might be a part of readers' experiences, they need first to be transformed into the 

particular versions that physics and chemistry deal with. Part of that transformation 

process depends on drawing readers' attention to their everyday experiences of these 

entities for the purpose of undoing everyday explanations and to substitute the scientific 

way of dealing with these, and as a consequence, those chapters have larger amounts of 

author-reader interaction. Group III chapters are characterised as "Establish Scientific 

Knowledge through Elaboration & Embellishment". 

 

Group IV 

This group has large standardised means for clusters 1, 2, 3, and 9, and a small 

standardised mean for cluster 6. That is, these chapters tend to be at the: 

• Report on Specific Past Events; 

• General & Categorical Participants; 

• Author-Reader Interaction; 

• Generalised Attributes; and, 

• Overt Persuasion 

ends of the dimensions defined by these clusters. These chapters are about general and 

categorical participants with generalised attributes, and the discourse reports on specific 

past events. This group, like Group I, reports on events from the past, but unlike Group 

I, the science is not dependent on those past events (as evidenced by a standardised 

mean for cluster 4 - Specific Historical Narration versus Timeless Generalisation - close 

to zero). In this group, the science is dependent not on events but on entities, the 

categories to which they belong, and attributes attached to them. It seems that these 
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chapters deal with classification schemes, but not necessarily obvious schemes, and so 

the discourse alerts readers to the possibility of an appropriate scheme. It was argued in 

the previous section that biological classification of living things is more or less an 

obvious classification scheme, but we find one such chapter in this group. It turns out 

that this chapter, through a sequence of questions, leads readers initially to an 

inappropriate classification of living things, but by drawing readers' attention to 

additional attributes, some of which are not observable and obvious, the authors alert 

readers to the possibility of correctly classifying a living thing. Other chapters in this 

group deal with topics such as matter, types of sedimentary rocks, chemical groups, and 

steps in the scientific method. The entities that are part of the taxonomies established in 

these chapters might be part of readers' everyday experiences, but the taxonomies 

themselves are not, and the attributes used to classify entities into appropriate categories 

are either not easily observable or highly abstract. Hence, the authors allow elements of 

subjectivity to enter their arguments in order to persuade readers of the validity of these 

taxonomies. Group IV chapters are characterised as "Establish Category Systems 

through Persuasion".  

 

Group V 

This group has large standardised means for clusters 1, 4, and 10, that is, these 

chapters are at the: 

• Report on Specific Past Events; 

• Specific Historical Narration; and,  

• Imprecise Measurement 

ends of the dimensions defined by clusters 1, 4, and 10. They depend on establishing the 

basis for science as set in prior events. Either the event itself is the subject of the 

discourse, or the event is contained in the subordinate clause embedded in a report 
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structure, or some aspect of a past event remains evident or has implications for the 

present. This group is not so much characterised as a historical narration of science. 

Rather, the basis of scientific knowledge contained in these chapters is dependent on 

past events, but the consequences of these past events remain evident or relevant or hold 

consequences for current events. A large number of Geology chapters are members of 

this group. Geological formations evident today are dependent on past events. Names of 

geological formations and rough measurements help to locate geological formations on 

the earth, and dates help to locate geological events in the past. But the science that 

these chapters establish depends on an interpretation of currently visible landscapes, an 

interpretation that itself depends on events or a sequence of events that occurred in the 

past. This group also contains some chapters that deal with astronomy, in particular, 

chapters that deal with exploration of space. There is more emphasis on narration in 

these chapters, but the point is that the science that was discovered or used during space 

exploration remains valid. Group V chapters are characterised as "Establish Scientific 

Knowledge on the Basis of Past Events". 

 

Halliday and Hasan (1985) argued that it is not possible to select one word or one 

phrase or even one whole text, and assign to it one particular function. They argued that 

language is multifunctional and that "strands of meaning are all interwoven in the fabric 

of the discourse" (p. 23). It is important to emphasise that the linguistic features 

documented in these analyses usually are not evenly spread throughout a given chapter. 

They tend to appear in clumps, and other dimensions are evident at other places in a 

chapter. However, the interpretations are based on standardised means (i.e., deviations 

from an overall mean). This sort of interpretation does not preclude other dimensions 

being evident in a given chapter, only that there is evidence of significantly more of a 

particular dimension in a given chapter. For instance, in all chapters there are instances 
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of Author-Reader Interaction. Across all chapters, there is an average value for the 

dimension. The analysis highlighted deviations from that average, and so groups of 

chapters are characterised in terms of those deviations from an average. That is, the 

dimensions are continuous, not dichotomous, and the analysis points to groups of 

chapters that place more or less emphasis on the dimensions.  

 

8.3 Associations between Grammar groups and other grouping variables 

Having established groupings of chapters according to their profiles across 

grammatical features, the discussion turns to a central issue of this thesis: the extent to 

which the grammar groups are associated with other groupings of the chapters of SC. 

The next set of analyses investigate associations between the Grammar groups and the a 

priori groupings of Year Level and Discipline, and the empirical groupings established 

in earlier chapters. With respect to associations between the Grammar groups and the a 

priori groupings, there is no association with Year Level (χ2(8) = 11.9, p = 0.156), but 

there is a statistically significant association with Discipline (χ2(16) = 136.4, p < 0.001, 

symmetric Λ = 0.306). Table 8.3 shows the crosstabulation.  

Physics and Biology chapters are contrasted according to their membership in the 

two largest groups: Physics chapters, but not Biology chapters, tend to belong to the 

group Establish Scientific Knowledge on the Basis of Conditional Rules; and Biology 

chapters, but not Physics chapters, tend to be found in the group Establish Scientific 

Knowledge through Elaboration & Embellishment. The discipline of Physics, as it is 

represented in these textbooks, depends more on establishing conditional rules, whereas 

the discipline of Biology depends more on elaboration and embellishment of already 

given entities. 
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Table 8.3: Crosstabulation of Grammar groups with Discipline 
Discipline  Cell Contents: 

 Observed 
 Expected 
 Standardised residual 

Physics Chemistry Biology Geology Other TOTAL 

48 9 8 4 2 71 
19.1 12.0 21.3 9.0 9.6  

Establish scientific 
knowledge on the basis 
of conditional rules 9.3 -1.2 -4.1 -2.1 -3.2  

3 6 7 2 2 20 
5.4 3.4 6.0 2.5 2.7  

Establish scientific 
knowledge in sets of 
statements -1.3 1.6 0.5 -0.4 -0.5  

Establish scientific 
knowledge through 
elaboration & 
embellishment 

4 
16.7 
-4.3 

15 
10.5 
1.8 

34 
18.6 
5.0 

7 
7.8 
-0.4 

2 
8.4 
-2.8 

62 

2 5 10 3 11 31 
8.4 5.3 9.3 3.9 4.2  

Establish category 
systems through 
persuasion -2.8 -0.1 0.3 -0.5 3.9  

5 4 10 13 14 46 
12.4 7.8 13.8 5.8 6.2  

G
ra

m
m

ar
 g

ro
up

s 
 

Establish scientific 
knowledge on the basis 
of past events -2.7 -1.7 -1.4 3.6 3.8  

 TOTAL 46 71 62 31 20 230 
 

 

Geology and chapters in the "Other" category, particularly those dealing with 

astronomy, tend to belong to the group Establish Scientific Knowledge on the Basis of 

Past Events. There is a tendency to find chapters in the "Other" category, particularly 

those dealing with the nature of science and the scientific method, in the group 

Establishing Category Systems through Persuasion. Chemistry chapters tend not to 

congregate in any particular groups. The observed counts in the cells under the 

Chemistry heading in Table 8.3 might vary, but these counts do not deviate significantly 

from the count expected from random distribution of chemistry chapters. Also, there is 

no tendency for any of the disciplines to congregate in the group Scientific Knowledge 

Established in Set of Statements.  

With respect to the empirical groupings established in earlier chapters, there are 

statistically significant associations between Grammar groups and: 
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• High Frequency Function Word groups (χ2(12) = 132.4, p < 0.001, symmetric 

Λ = 0.310); and, 

• Vocabulary Diversity groups (χ2(12) = 60.3, p < 0.001, symmetric Λ = 0.120). 

There is no association with Lexical Organisation groups (χ2(8) = 11.86, p = 0.157). 

Tables 8.4 and 8.5 show the statistically significant crosstabulations. 

 

Table 8.4: Crosstabulation of Grammar groups with High Frequency Function Word 
groups 

High Frequency Function Word groups  Cell Contents: 
 Observed 
 Expected 
 Standardised residual 

Establish 
correct 

procedures

Establish 
classification 

Elaborate 
on classified 

entities 

Provide 
descriptive 
accounts 

TOTAL 

44 12 5 10 71 
21.4 9.9 22.0 17.7  

Establish scientific 
knowledge on the basis 
of conditional rules 7.0 0.9 -5.3 -2.5  

2 11 3 3 19 
5.7 2.7 5.9 4.7  

Establish scientific 
knowledge in sets of 
statements -1.9 5.8 -1.5 -1.0  

Establish scientific 
knowledge through 
elaboration & 
embellishment 

13 
18.7 
-1.8 

0 
8.7 
-3.7 

30 
19.2 
3.5 

19 
15.4 
1.2 

62 

3 6 21 1 31 
9.3 4.3 9.6 7.7  

Establish category 
systems through 
persuasion -2.7 0.9 4.8 -3.0  

7 3 12 24 46 
13.9 6.4 14.3 11.4  

G
ra

m
m

ar
 g

ro
up

s 
 

Establish scientific 
knowledge on the basis 
of past events -2.5 -1.6 -0.8 4.8  

 TOTAL 69 32 71 57 229 
 

 

Table 8.4 shows the crosstabulation with High Frequency Function Word groups. 

Not only is there a significant association between the two ways of grouping chapters, 

there is also good agreement in the way in which the two analyses assigned chapters to 

groups. In Table 8.4, only the positive significant standardised residuals are bolded, and 

it can be seen that group Elaborate on Classified Entities from the analysis of high 

frequency function words has been split into two groups from the analysis of 
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grammatical features, but for the remaining three groups from both analyses, there is a 

high degree of alignment. That there is this alignment is not surprising - the two ways of 

grouping chapters are based on grammatical features. But as evidenced by the splitting 

of High Frequency Function Words group 3 into Grammar groups III and IV, the 

grouping based on a broader range of grammatical features affords more fidelity.  

 

Table 8.5: Crosstabulation of Grammar groups with Vocabulary Diversity groups 
Vocabulary Diversity groups  Cell Contents: 

 Observed 
 Expected 
 Standardised residual 

Low 
Diversity 

High 
Diversity 

Low Growth 
Rate 

High Repeat 
Rate TOTAL 

19 4 29 19 71 
8.6 23.2 25.0 14.2  

Establish scientific 
knowledge on the basis 
of conditional rules 4.5 -5.8 1.2 1.7  
      

2 8 8 2 20 
2.4 6.5 7.0 4.0  

Establish scientific 
knowledge in sets of 
statements -0.3 0.7 0.5 -1.2  
      
Establish scientific 
knowledge through 
elaboration & 
embellishment 

4 
7.5 
-1.6 

22 
20.2 
0.6 

18 
21.8 
-1.2 

18 
12.4 
2.1 

62 

      
0 19 12 0 31 

3.8 10.1 10.9 6.2  
Establish category 
systems through 
persuasion -2.2 3.7 0.4 -3.0  
      

3 22 14 7 46 
5.6 15.0 16.2 9.2  

G
ra

m
m

ar
 g

ro
up

s 
 

Establish scientific 
knowledge on the basis 
of past events -1.3 2.5 -0.8 -0.9  

       
 TOTAL 28 75 81 46 230 

 

 

Table 8.5 shows the crosstabulation with Vocabulary Diversity groups. There is a 

tendency to find high diversity chapters but not low diversity chapters in the group 

Establish Category Systems through Persuasion, and there is a tendency to find low 

diversity chapters but not high diversity chapters in the group Establish Scientific 

Knowledge on Basis of Conditional Rules. It appears that there is an economy of 

vocabulary when establishing the rule-governed nature of science, but a more diverse 

vocabulary is used to establish taxonomies, possibly because of the author-reader 
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interaction and the persuasive nature of the arguments needed to establish the 

taxonomies.  

The multivariate associations among these variables were explored using a 

homogeneity analysis. Discipline, Vocabulary Diversity, Lexical Organisation, High 

Frequency Function Word groups, and Grammar groups were entered into the analysis. 

Year Level was dropped from the analysis because none of its bivariate associations 

with this set of variables were statistically significant, and it contributed little to an 

initial analysis. On the basis of a scree plot of eigenvalues against dimensions, a two 

dimensional solution is chosen for interpretation (the eigenvalues for the first and 

second dimensions are 0.50 and 0.36 respectively). The discrimination measures 

suggest that the categories for High Frequency Function words (1st dimension: 0.61; 

2nd dimension: 0.68) are well discriminated on both dimensions, and the categories for 

Diversity (1st dimension: 0.41; 2nd dimension: 0.44) are moderately well discriminated 

on both dimensions. The categories for Grammar groups (1st dimension: 0.69; 2nd 

dimension: 0.35) and Discipline (1st dimension: 0.64; 2nd dimension: 0.27) are 

discriminated better on the 1st dimension than on the 2nd dimension. The Lexical 

Organisation categories are poorly discriminated on both dimensions (1st dimension: 

0.15; 2nd dimension: 0.06). Figure 8.2 shows the category quantifications for the two 

dimensional solution. 

The interpretation of Figure 8.2 is similar to the interpretation of Figure 7.4 (on 

page 211). To the left, Physics and Low Diversity are associated with sophisticated 

development of taxonomies (F1 - Establish Correct Procedures & Arrangements). To 

the right, Biology, Geology and High Diversity are associated with less sophisticated 

development of taxonomies (F3 - Elaborate on Classified Entities). With the addition of 

the Grammar groups, most of the associations noted in Tables 8.3, 8.4 and 8.5 are 

evident in Figure 8.2. To the left, G I (Establish Scientific Knowledge on the Basis of 
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Conditional Rules) is associated with Physics, Low Diversity, and F1 (Establish Correct 

Procedures & Arrangements). To the right, G III (Establish Scientific Knowledge 

through Elaboration & Embellishment) and G IV (Establish Category System through 

Persuasion) are associated with Biology, Geology, High Diversity, and F3 (Elaborate on 

Classified Entities).  

 

Chem

Biol

Other
Geol

Phys

Low Growth Rate
High Diversity

High Repeat Rate

Low Diversity No Lex Org

Linked Lex Org

Lex Org

F4

F3

F2

F1

G IV

G V

G III

G II

G I

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.5 -1.0 -0.5 0.0 0.5 1.0

Dimension 1

D
im

en
si

on
 2

 

Key for High Frequency Function 
Word groups 
F1 Establish correct procedures & 

arrangements 
F2 Establish classification 
F3 Elaborate on classified entities 
F4 Provide descriptive accounts 
 
Key for Grammar groups 
G I Establish scientific knowledge 

on the basis of conditional 
rules 

G II Establish scientific knowledge 
in sets of statements 

G III Establish scientific knowledge 
through elaboration & 
embellishment 

G IV Establish category systems 
through persuasion 

G V Establish scientific knowledge 
on the basis of past events 

 
Figure 8.2: Category quantifications for Discipline, Vocabulary Diversity, Lexical 

Organisation, High Frequency Function Word, and Grammar groups 
 

 

Persuasion, elaboration and embellishment are associated with chapters that were 

previously characterised as displaying a diffuse, descriptive and ad hoc structure. 

Persuasion, elaboration and embellishment, as they are deployed in SC, result in loosely 

organised entities. Elaboration and embellishment tend to be reminders to readers of 

readily observable characteristics of entities so that the entities fall into prescribed 

categories of a given taxonomy. Persuasion serves a similar purpose - it is deployed to 

encourage readers to refresh their memories or to look again at entities but in a new 

light so that, again, the entities fall into prescribed categories. Whether persuasion or 
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elaboration and embellishment, their deployment encourages the reader to focus on 

characteristics of entities that are available "just by looking". 

The rule governed nature of scientific discourse is found in chapters that were 

previously characterised as displaying a compact, theoretical and systematic structure. 

When the discourse moves to the development of ideas, and away from the presentation 

of descriptive and factual details, the discourse tends to be organised around these ideas. 

The ideas, which in SC tend to be theoretical, become the focus of the content. The 

ideas themselves are not classified into the categories of a taxonomy. The rules stated in 

terms of abstractions are applied to material world entities so that these entities can be 

placed into categories of a given taxonomy, but neither the rules nor the abstractions are 

readily available to the senses. The rules and abstractions are deployed in the 

development of taxonomies, but the principles underlying the development of 

taxonomies depend less upon material world entities and more upon unobservable and 

mostly abstract and theoretical entities.  

The discrimination measures suggest that the Discipline categories and Grammar 

categories are not well discriminated on dimension 2, and therefore, attention is directed 

towards Diversity and High Frequency Function Words groups for interpreting this 

dimension. However, the vertical positioning of the categories for these groupings has 

remained largely unchanged from their positioning in Figure 7.4, and as a consequence, 

the interpretation of dimension 2 remains unchanged. That is, dimension 2 contrasts low 

function word diversity in association with no classification or no readily available 

classification scheme with low content word diversity in association with the 

classification of entities with which readers already have some familiarity.  

It is noted that the addition of the Grammar groups to the homogeneity analysis 

has not advanced the discussion of this thesis in terms of its theoretical development 
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much beyond the line of reasoning that was achieved at the end of the previous chapter. 

This point is addressed in the next section. 

 

8.4 A note on the measures 

The four empirical groupings used in these analyses are conceptually simple 

measures. Two of them (vocabulary diversity and high frequency function word), 

entailing word frequency counts, can be established, with appropriate software, within a 

relatively short time period. Establishing the other two measures (Lexical Organisation 

groups and Grammar groups), however, is a time consuming exercise (as outlined in 

Chapter 3). In addition, one of these measures, the Lexical Organisation groups, does 

not enter into statistically significant associations with other measures, or if it does, the 

associations are weak.  

Further, both the Grammar groups and the High Frequency Function Word groups 

assess essentially the same linguistic aspect - that of grammar. It is just that they assess 

grammar from different angles. Thus the Grammar groups, rather than adding a new 

theoretical focus to the discussion, proved to be more an exercise in triangulation. 

Therefore, the question arises as to whether or not the same conclusions can be reached 

if the Grammar groups and the Lexical Organisation groups are dropped from the 

homogeneity analysis.  

In an initial two dimensional solution of the homogeneity analysis with the a 

priori groupings of Year Level and Discipline, and the empirical groupings of 

Vocabulary Diversity and High Frequency Function Word, Year Level was poorly 

discriminated in both dimensions (1st dimension: 0.018; 2nd dimension: 0.017). This 

finding is consistent with earlier findings, that Year Level effects, if they are present, 

are only weak effects.  
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A second homogeneity analysis was performed on the remaining groupings. The 

two dimensional solution is selected for interpretation. The eigenvalues for the 1st and 

2nd dimensions are 0.61 and 0.52 respectively. The discrimination measures suggest 

that the categories for High Frequency Function Word (1st dimension: 0.75; 2nd 

dimension: 0.65) are well discriminated in both dimensions, and the categories for 

Diversity (1st dimension: 0.43; 2nd dimension: 0.55) are moderately well discriminated 

on both dimensions. Categories for Discipline (1st dimension: 0.64; 2nd dimension: 

0.35) are discriminated better on the 1st dimension than on the 2nd dimension. Figure 

8.3 shows the category quantifications for the two dimensional solution. 
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Figure 8.3: Category quantifications for Discipline, Vocabulary Diversity, and High 
Frequency Function Word groups 

 

 

The conclusions drawn from Figure 8.3 are largely unchanged. At one extreme of 

one dimension, there are chapters that organise their content around a small number of 

concepts and display a sophisticated development of taxonomies. At the other extreme 

are chapters that display little or no development of taxonomies; instead the focus of 

 Grammatical organisation 245



their content is on the description of entities that fall into predetermined categories. At 

one extreme of the other dimension, there are chapters that provide descriptive accounts 

of unclassified entities contrasted with, at the other extreme, chapters that deal with 

reasonably familiar entities some of which need first to be transformed into the sort of 

entity that science deals with.  

That the disciplines of science are similarly contrasted in the two analyses 

(represented in Figures 8.2 and 8.3) is predictable. Two variables (High Frequency 

Function Words and Grammatical Organisation), both assessing grammar but from 

different angles, categorise the chapters of SC in similar ways, and therefore dropping 

one from the analysis should not substantially change the overall picture. Dropping a 

second measure (Lexical Organisation) that has only weak associations with other 

variables should also not substantially change the overall picture.  

There is at least one other empirical analysis, but drawing on a different 

perspective to the one employed in this thesis, that shows similar contrasts among the 

disciplines of science. Bezzi's (1999) repertory grid analysis, eliciting tertiary students 

and instructors everyday epistemologies of scientific disciplines, documented an 

antithesis between Physics, considered as being objective and rigorous, and Geology, 

considered as being subjective and approximate. The agreement between Bezzi's 

conclusions and the conclusions of this thesis suggest that both analyses, dealing with 

assumptions concerning the disciplines' methods of analysis and synthesis, ultimately 

draw on common and fundamental elements of the way in which students, teachers and 

textbook authors are socialised into the disciplines of science.  

 

8.5 Conclusion 

This chapter explored the ways in which grammatical organisation is deployed by 

the authors of SC, and in particular, the ways in which that organisation aligns with 
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other available organising principles. That the authors have deployed grammatical 

organisation selectively is evidenced by the five groups of chapters that are relatively 

homogeneous with respect to their profiles across grammatical features. Furthermore, 

that deployment is not evenly distributed across other organising principles. The 

grammar involved in providing descriptive and factual accounts is largely the grammar 

of elaboration and persuasion, which in turn is associated with the disciplines of 

Biology and Geology, and less so with Chemistry. The grammar involved in providing 

theoretical accounts is largely the grammar concerned with establishing the rules for and 

conditional effects of spatial arrangements, uses of mostly theoretical entities, and the 

consequences of spatial arrangements for material entities. These characteristics are in 

turn associated with the discipline of Physics, and less so with Chemistry. Thus 

Chemistry appears to occupy a hybrid position. It deals with, at times, observable 

entities, and at other times, unobservable entities; and the unobservable entities are, at 

times, presented in terms of observable consequences.  

There is little or no sequential development evident in SC. Physics chapters, 

whether taken from a Year 8 book or a Year 10 book, present their content largely in 

terms of theoretical concepts. Similarly, Biology chapters, whether taken from a Year 8 

book or a Year 10 book, present their content largely as descriptions of and facts about 

entities. Thus, year level is one organising principle that shows no selectivity with 

respect to the other organising principles.  

Nevertheless, there are two linguistic resources that could be dropped without 

hindering the argument. First, the grammar groups could be dropped because their 

inclusion appeared to be confirming the argument rather than advancing the argument 

(and because it was a time consuming measure to establish). Second, the lexical 

organisation groups could be dropped because they showed little or no association with 

other organising principles. The lack of association was possibly a consequence of the 
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measure that was used in the crosstabulations and the homogeneity analyses lacking 

sensitivity. As they stand, there was insufficient return from these two measures to 

warrant their inclusion in any future research projects given the time and effort required 

to establish them. 

A number of implications follow from the findings of this project, and these are 

discussed in the following chapter. 
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9    CONCLUSIONS 
 

Although I am fully convinced of the truth of the views given in this volume 
under the form of an abstract, I by no means expect to convince experienced 
naturalists whose minds are stocked with a multitude of facts ... and to think 
that we give an explanation when we only restate a fact. (Darwin, 
1859/1985, The origin of species, p. 453) 
 

This study is concerned with documenting science's processes and mechanisms 

for analysis and synthesis, and how these processes and mechanisms are presented to 

students in texts for use in science classrooms. Given that textbooks are important 

resources for teachers and students, and that they provide readily available examples of 

scientific discourse in classrooms, they provide an avenue into the culture of science 

and a site for examining the epistemological frameworks presented to students and 

teachers. 

This chapter concludes the thesis with a summary and discussion of the study's 

findings. Attention is drawn first to findings related to questions posed in Chapter 1. 

These questions are concerned with:  

1. How textbook authors' deploy linguistic resources in representing 

scientific knowledge;  

2. Whether or not authors deploy linguistic resources differently across the 

disciplines of science, and for younger and older readers; and, 

3. Whether or not variation in the deployment of linguistic resources can be 

interpreted in terms of the processes and mechanisms for establishing reliable and 

valid scientific knowledge. 

This chapter includes discussions of the significance of the study, the study's 

limitations, and directions for future research. The chapter concludes with a discussion 

of the study's timeliness and significance for secondary school science curriculum and 

syllabus guidelines.  
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9.1 Summary, discussion and implications of major findings 

Four linguistic resources were investigated in Chapters 5 to 8: vocabulary 

diversity, lexical organisation, high frequency function words, and grammatical 

organisation. This thesis demonstrates the plausibility of taking conceptually simple 

linguistic resources and analytically layering them such that arguments can be advanced 

at each stage of the layering. At each stage, the measures are eminently interpretable, 

and they, in turn, are amenable to the same sorts of interpretation as the composite 

pictures that are formed by the progressive layering of linguistic resources.  

Clustering the profiles across the four vocabulary diversity measures revealed: 

• a high diversity group; 

• a low diversity group; and, 

• two additional low diversity groups that were sensitive to vocabulary 

diversity at opposite ends of the word frequency distribution; interpreted as: 

o high content word diversity (the high repeat rate group); and, 

o low content word diversity (the low growth rate group).  

Thus high diversity and high content word diversity are contrasted with low diversity 

and low content word diversity. Variation in vocabulary diversity is interpreted in terms 

of the way in which the content of a topic is structured. If, on the one hand, content is 

linked to a small number of underlying concepts, then there is more opportunity for 

authors to draw on a common vocabulary afforded by the concepts when discussing 

phenomena related to these concepts, and thus vocabulary diversity is low. If, on the 

other hand, there is a large number of concepts, then there is a tendency for authors to 

draw on new vocabularies for the purpose of discussing phenomena related to each new 

concept, and thus vocabulary diversity is high.  

The correlations among the frequencies of occurrence of high frequency function 

words revealed four underlying dimensions of variation in the way in which these high 
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frequency function words are used. Clustering the profiles across the four dimensions 

revealed four groups of chapters, interpreted in terms of the structuring of the 

phenomena that formed the content of chapters: 

• a group that provides descriptive accounts of unclassified or unclassifiable 

phenomena;  

• two groups that deal with classification:  

o one that establishes a classification scheme; and 

o one that elaborates on classified phenomena; 

• a group that establishes rules, arrangements and procedures for the use of 

entities, but the rules, arrangements and procedures also serve the purpose of 

contrasting phenomena, in particular contrasting phenomena that fall into different 

categories and phenomena at different levels within a given taxonomy.  

 

The correlations among the frequencies of occurrence of grammatical features 

revealed ten underlying dimensions of variation in the way in which these grammatical 

features are used. Clustering the profiles across the ten dimensions revealed five groups 

of chapters. Interpretation of the five groups is in terms of configurations of 

grammatical features used in establishing scientific knowledge. Scientific knowledge is 

established:  

• on the basis of conditional rules;  

• in sets of statements;  

• on the basis of past events;  

• through elaboration and persuasion; and 

• in the development of category systems through persuasion.  

There is good alignment between chapters' groupings according to grammatical features 

and their groupings according to high frequency function words. Thus the grammatical 
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groupings can be interpreted as the ways in which grammatical configurations are 

deployed to structure and categorise phenomena: rules and sets of statements are 

deployed when content is organised around a small number of underlying concepts; and 

elaboration, persuasion and references to the past are deployed when the content is more 

loosely organised around a relatively large number of concepts. 

Clustering the frequencies of co-occurrence of lemmatised content words revealed 

how the lexicon of science is organised into core scientific concepts. There is variation 

in the complexity of the organisational structures revealed: relational pairs; core 

scientific concepts; nodal structures; and large and complex structures displaying 

combinations of these structures. Also, when lexical organisation is revealed, it is 

usually confined to one chapter of the corpus, sometimes two. Lexical organisation is 

evident when patterns of co-occurrence for a group of lemmatised words are sufficiently 

stable, and this in turn depends on the availability of a common vocabulary. Thus, 

accounting for the presence of lexical organisation is similar to accounting for low 

vocabulary diversity: both depend on the availability of a common vocabulary. But 

whereas vocabulary diversity measures were taken across whole chapters, the presence 

of lexical organisation could have resulted from the deployment of a common 

vocabulary to units of text smaller than the chapter.  

In answer to the first question above - how textbook authors deploy linguistic 

resources in representing scientific knowledge - a selective deployment of linguistic 

resources in representing scientific knowledge was found. Furthermore, there are 

multivariate associations among the four linguistic resources. Selectivity with respect to 

one linguistic resource is associated with selectivity with respect to other linguistic 

resources. The major alignments for groups of chapters are shown in Figure 9.1. Toward 

the bottom of the figure, the two high content word diversity groups (high diversity and 

high repeat rate) are associated with chapters that depend upon elaboration and 
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persuasion, and present largely descriptive accounts of scientific phenomena. Toward 

the top of the figure, the two low content word diversity groups (low diversity and low 

growth rate) are associated with rules, statements, procedures, and arrangements. The 

suggestion is that when, on the one hand, the content of a topic is structured around a 

small number of underlying concepts, scientific knowledge is presented in terms of 

rules, statements, procedures, and arrangements; and when, on the other hand, there are 

few or no underlying concepts or when there is a loose or no structure to the phenomena 

being discussed, scientific knowledge is presented through elaboration, persuasion, and 

description. 
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Figure 9.1: Alignment of configurations for four linguistic resources 
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Lexical organisation was analysed and discussed in Chapter 6, and weak 

associations were reported between the lexical organisation groups and vocabulary 

diversity groups. However, in Chapter 8, where all the linguistic resources were 

considered simultaneously, lexical organisation's associations with the other linguistic 

resources had all but disappeared. In Figure 9.1, the lexical organisation categories are 

aligned with the diversity categories as suggested in the earlier (Chapter 6) analysis but 

there are no arrows linking lexical organisation categories with categories of other 

linguistic resources, consistent with the indication of little or no association from the 

latter analysis. It is unlikely that there is no association at all between lexical 

organisation and the other linguistic resources; rather the failure to detect an association 

is more likely due to the way in which the lexical organisation groupings were 

established. 

With respect to the second question above – whether or not authors deploy 

linguistic resources differently across the disciplines of science and for younger and 

older readers - there was evidence that authors deploy linguistic resources differently 

with respect to the disciplines of science. Figure 9.2 shows the alignment of disciplines 

with categories of the linguistic resources. (Categories for lexical organisation are 

removed because they display only weak associations with the other resources.) 

Stronger associations were evident for Physics and Biology, with weaker associations 

(shown in Figure 9.2 in a lighter shade) evident for Chemistry, Geology, and chapters 

that fall into the "Other" category. Building on the discussion of Figure 9.1, the 

suggestion is that the content of Physics and Chemistry, structured around a small 

number of underlying concepts, is presented in terms of rules, statements, procedures, 

and arrangements, whereas the content of Biology and Geology, with only a loose 

structure or no structure to the content's underlying concepts, is presented through 

elaboration, persuasion, and description. 
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Figure 9.2: Alignment of disciplines with linguistic configurations 
 

 

However, there was little or no evidence of authors' deploying linguistic resources 

differently for younger and older readers. The linguistic resources are deployed more or 

less evenly across the three year levels. There appears to be no cumulative effect or 

growing developmental complexity in the deployment of linguistic resources, and thus 

no developmental sequencing to the organisational structures of underlying concepts.  

There is a hierarchy of structures when moving from the bottom to the top of 

Figure 9.2. The hierarchy is best exemplified by the High Frequency Function Word 
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groups in which the progression is in terms of the level of sophistication in the 

development of taxonomies: from descriptive accounts of unclassified or unclassifiable 

entities (toward the bottom of the figure) through to a sophisticated development of 

organised taxonomies (toward the top of the figure). Through Chapters 5 to 8, the 

extremes of the hierarchy were described in various ways. These descriptors, shown in 

Figure 9.3, are thus associated with the disciplines.  
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Figure 9.3: Alignment of descriptors with disciplines and linguistic configurations 
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Toward the bottom of Figure 9.3, Biology and Geology chapters and perhaps 

Astronomy chapters (in the "Other" category) are associated with no taxonomic 

development, little or no taxonomic organisation, no unified development of underlying 

concepts, and with Toulmin's (1972), Schwab's (1978) and Hempel's (1965) 

descriptions of disciplines as being diffuse, ad hoc, and in a "natural history" stage. 

Toward the top of the figure, Physics and Chemistry are associated with sophisticated 

development of and organised taxonomies, a small number of underlying concepts 

providing the focus for the content, and with Toulmin's (1972), Schwab's (1978) and 

Hempel's (1965) descriptions of disciplines as being compact, systematic, and in a 

"theoretical" stage.  

In answer to the third question above - whether or not variation in the deployment 

of linguistic resources can be interpreted in terms of the processes and mechanisms for 

establishing reliable and valid scientific knowledge - when Biology and Geology 

chapters provide descriptive accounts of phenomena, the existence of the phenomena is 

taken to be already established; they exist or have existed in the world prior to the 

description. Similarly, when Biology and Geology chapters categorise phenomena, the 

existence of the categories does not need to be established. The categories might need 

appropriate labels, but the categories themselves are taken to be readily available to the 

senses. Their availability becomes evident once observable characteristics of 

phenomena have been documented and generalisations concerning commonalities 

among the observations have been made. At times, the making of observations might 

need to be assisted by, for instance, microscopes and telescopes, or there might be a 

need to get beyond surface features in order to observe germane features beneath, but, 

on the whole, the work of description and categorisation is accomplished with little 

more than the aid of senses. Thus biological and geological entities and their 

categorisation schemes, because they exist, need documenting, and they are susceptible 
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to simple empirical generalisations, but they exist mostly independently of reference to 

theoretical systems. 

In one sense, the presentation of the content of Physics contrasts with the other 

disciplines in that it is presented mostly in terms that do not have experiential world 

equivalents and thus cannot be directly observed. These terms represent common points 

of reference, and variations on common themes are presented in terms of these unifying 

and underlying concepts. In another sense, the presentation of Physics has points in 

common with Biology and Geology: All are wedded to empiricism. Physics, for the 

authors of these textbooks, involves the labelling of theoretical phenomena, but not for 

the purpose of working with the phenomena in a theoretical way; rather, the purpose is 

often to interpret experiential-world phenomena in terms of a theoretical perspective. In 

these instances, there is little discussion of the origins of theoretical entities or of 

limiting experiential-world situations. Rather, the content draws on experiential-world 

phenomena to provide theories with empirical confirmation. The rules, procedures, and 

arrangements associated with Physics chapters are applied mostly to experiential-world 

phenomena. Scientific knowledge is thereby presented in this corpus as valid and 

reliable to the extent that it corresponds with the experiential world.  

In the Biology and Geology chapters, scientific knowledge is derived directly 

from the experiential world. When extended to Physics, however, theoretical entities are 

inappropriately engaged as if they are necessarily embedded in or somehow attached to 

experiential-world entities and, significantly, as if their "observability" and "utility" are 

the central points of the pedagogy. One result of these conflations is that the corpus 

offers teachers and learners limited choices. Pedagogy becomes centred on the 

experiential world: Science comes to be about experiences and their manipulation; and, 

Science comes to be presented as an enterprise where there is no distinction between 

theory and experience, or where generalising from experience is both the end-point and 
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the purpose. Either way, science becomes a manual enterprise; little remains of science 

as the Galilean interplay between manual and contemplative activity. 

 

9.2 Limitations and directions for further research 

This study is specifically concerned with the contents of science textbooks. Also, 

it is emphasised again that not all chapters that belong to a particular discipline are 

structured in the ways suggested by Figure 9.3. There are degrees of variation, so 

questions now arise as to whether or not these patterns and variations are evident in 

other disciplinary manifestations. That is, further research should address the question 

of whether or not the patterns documented here are parallelled in: 

• classroom talk in science lessons; and 

• students writing for science lessons. 

 

Given, first, that textbooks are important teaching resources, and, second, that the 

narratives about the heroes of science are so prevalent, it could be predicted that 

classroom talk and students' writing would complement and reinforce the patterns 

documented here, but it is important to explore this prediction empirically as the 

argument about socialisation into scientific knowing would be strengthened 

considerably if these complementarities could be established. Corpuses of classroom 

talk and students' writing could be interrogated quantitatively using the methods 

employed here or qualitatively through standard ethnographic or linguistic procedures.  

The linguistic configurations that result from the analytic techniques employed 

here are eminently interpretable. There is, however, the question of the extent to which 

these analytic techniques can provide the basis for a program of research aimed at 

documenting: 
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• textbook representations of knowledge across the full range of school 

subjects; 

• methods of analysis and synthesis as practiced in science today as evidenced 

by articles in science journals; and, 

• the development of scientific disciplines through the analysis of the classic 

primary works of science, for instance Galileo's Two new sciences, Darwin's 

Origin of species, Wegner's The origin of continents and oceans. 

 

There have been documentations of the ways in which linguistic patterns vary 

according to disciplines. A notable and significant example is MacDonald's (1994) 

Professional academic writing, in which functional linguistic analyses are used to 

demonstrate disciplinary variations in the construction and presentation of knowledge. 

MacDonald's analyses are qualitative and thus illustrative, and they are based on small 

textual fragments from across the disciplines. She concluded her study in these terms: 

We need more descriptive, rhetorically and linguistically informed research into 
academic writing ... if we are going to explore how academic practices vary, how 
we may expand access to professional rewards, how we are to use the full range of 
our abilities effectively, and we are to confront our knowledge problems more 
clearly. (MacDonald, 1994, p. 197) 

What needs to happen for these goals to be fully achieved is a program of research using 

broad-based and large-scale corpus analyses that have the capacity to establish the 

consistency and prevalence of patterns such as those she documented.  

 

9.3 Science and science education 

In Chapter 2, an alternative to traditional high school textbooks' accounts of the 

pendulum was offered. With respect to the pendulum in particular and Physics more 

generally, it is easier to conceptualise a curriculum that takes account of idealisation and 

concretisation because idealisation in Physics can be readily achieved through 
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mathematical and geometrical formulations. It is more difficult, though, to characterise 

what the interplay between idealisation and concretisation in Biology and Geology 

might entail. It may be a relatively straightforward task to restructure a high school 

curriculum for Geology, for instance, so that geological phenomena such as volcanoes, 

earthquakes, rock formations, characteristics of minerals, and so forth, are interpreted in 

terms of plate tectonics theory. But issues such as how to present the theory of plate 

tectonics itself, how and what idealisations might be abstracted from experiential-world 

phenomena during the development of the theory of plate tectonics, and how the 

experiential-world complexities might be added back to the theory in order to account 

for a wider range of experiential-world phenomena, are not clear.  

This inquiry was informed by a revisitation to Galileo's Two New Sciences and 

historical and philosophical commentaries on the nature and significance of Galileo's 

unpublished working notes and written communications. These historical documents 

and commentaries show that what is missing from textbook accounts that embody naive 

empiricism is the discernment evident in Galileo's work: when, how and with what cost 

to "simplify" the experiential world, and how to add back to theoretical accounts 

complexities of the experiential-world. It is an understanding of these processes and the 

ways in which they can be displayed and developed in classrooms that should inform 

the preparation of science teachers as well as laying a more solid foundation for high 

school programs. These issues are at the core of an intellectually informed appreciation 

of the nature of science, the history of science and the particular histories of its various 

disciplines, and the development of expertise among newcomers to these disciplines. 

Without this appreciation, teachers and their students can hope for little more than, in 

Darwin's words quoted above, "minds … stocked with a multitude of facts". How to 

analyse, synthesise, and explain the perceived world "under the form of an abstract" 

remains elusive. The accomplishments of science are intellectual, rather than merely 
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observational, empirical, or experimental accomplishments; with Galileo, this thesis has 

put the case that the driving engine of such accomplishments is an appreciation of the 

interplay between idealisation and concretisation. 
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APPENDIX 1: Words driving the distinctiveness between pairs of components 
 
Discipline contrasts 
 

Physics  Chemistry 

Word F/1000 
in Phys 

F/1000 
in Chem Gw

2  Word F/1000 
in Phys 

F/1000 
in Chem Gw

2

energy 7.9 0.8 714.9      
     atoms 0.6 6.0 636.0 
     ions 0.1 3.4 526.8 
     oxygen 0.1 3.5 522.5 
     elements 0.2 3.5 489.3 
light 5.0 0.4 466.6      
     compounds 0.1 2.9 465.5 
     acid 0.2 3.5 444.9 
     metals 0.3 3.5 427.7 
force 3.6 0.1 426.0      
     acids 0.0 2.3 411.0 
     solution 0.1 2.8 383.7 
     chemical 0.6 4.1 360.9 
     carbon 0.3 3.0 322.5 
     atom 0.2 2.7 311.1 
     hydrogen 0.3 2.7 307.8 
     copper 0.2 2.5 289.0 
     molecules 0.2 2.4 281.6 
current 2.9 0.2 273.9      
object 2.5 0.2 244.4      
     reaction 0.4 2.7 240.1 
heat 3.7 0.9 201.6      
circuit 1.5 0.0 195.8      
the 79.5 64.3 183.1      
     substances 0.9 3.3 175.8 
     reactions 0.2 1.8 172.2 
sound 1.6 0.1 167.5      
     properties 0.4 2.1 156.6 
     metal 0.8 2.8 155.1 
objects 1.6 0.1 154.7      
waves 1.3 0.0 152.2      
electric 2.2 0.4 145.1      
direction 1.3 0.1 138.0      
     dioxide 0.3 1.6 132.2 
power 1.5 0.2 124.7      
     are 11.8 17.3 121.3 
figure 2.7 0.8 120.5      
electricity 2.5 0.7 120.2      
car 1.5 0.2 110.7      
     chemicals 0.1 0.9 110.5 
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Physics  Biology 

Word F/1000 
in Phys 

F/1000 
in Biol 

Gw
2  Word F/1000 

in Phys 
F/1000 

in Biol 
Gw

2

     blood 0.0 3.7 877.5 
force 3.6 0.1 855.2      
energy 7.9 1.9 807.4      
current 2.9 0.0 765.3      
     food 0.2 3.9 760.0 
light 5.0 0.8 698.5      
     plants 0.2 3.5 697.9 
electricity 2.5 0.0 697.2      
electric 2.2 0.0 629.1      
object 2.5 0.1 606.3      
     cells 0.9 5.1 604.0 
     animals 0.1 2.7 571.9 
heat 3.7 0.5 556.1      
     body 0.9 4.5 497.1 
a 30.7 20.2 419.8      
     species 0.0 1.6 396.5 
     plant 0.1 2.0 392.7 
circuit 1.5 0.0 357.5      
electrons 1.3 0.0 356.6      
speed 1.5 0.1 355.9      
     bacteria 0.0 1.4 343.2 
forces 1.6 0.1 339.8      
you 8.8 4.1 339.5      
     living 0.1 1.7 332.0 
electrical 1.4 0.0 325.8      
air 4.3 1.3 320.3      
     organisms 0.0 1.5 319.6 
objects 1.6 0.1 297.3      
liquid 1.7 0.2 290.8      
car 1.5 0.1 289.6      
power 1.5 0.1 287.3      
particles 2.0 0.3 282.5      
waves 1.3 0.1 274.5      
     animal 0.0 1.1 256.6 
     system 0.2 1.7 238.9 
direction 1.3 0.1 238.4      
sound 1.6 0.2 225.6      
pressure 1.7 0.3 224.2      
     oxygen 0.1 1.3 220.2 
moving 1.4 0.2 213.8      
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Physics  Geology 

Word F/1000 
in Phys 

F/1000 
in Geol Gw

2  Word F/1000 
in Phys 

F/1000 
in Geol Gw

2

     rocks 0.1 9.9 1546.4 
     rock 0.2 7.5 1021.3 
energy 7.9 0.4 724.2      
     minerals 0.1 3.8 572.1 
light 5.0 0.3 424.1      
     formed 0.2 3.3 361.3 
force 3.6 0.2 331.1      
current 2.9 0.1 297.9      
     years 0.3 2.8 266.4 
object 2.5 0.0 259.3      
electricity 2.5 0.1 251.5      
     soil 0.0 1.7 246.8 
air 4.3 0.8 238.7      
electric 2.2 0.0 238.3      
     australia 0.5 2.9 215.2 
heat 3.7 0.6 212.8      
circuit 1.5 0.0 171.3      
sound 1.6 0.0 161.6      
     been 0.7 3.0 154.4 
electrical 1.4 0.0 152.0      
objects 1.6 0.1 149.8      
car 1.5 0.0 149.4      
electrons 1.3 0.0 148.2      
a 30.7 21.7 148.2      
     were 0.6 2.6 146.4 
     may 1.4 3.9 127.3 
     and 19.8 27.4 121.7 
you 8.8 4.7 116.8      
     plants 0.2 1.3 114.0 
your 2.7 0.7 110.7      
liquid 1.7 0.2 109.1      
     animals 0.1 1.0 106.6 
     found 0.5 1.9 98.4 
power 1.5 0.2 94.2      
speed 1.5 0.2 91.8      
     plant 0.1 1.0 89.2 
cells 0.9 0.0 87.0      
     animal 0.0 0.6 86.9 
     surface 1.1 2.9 86.1 
     these 2.6 5.0 82.4 
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Chemistry  Biology 

Word F/1000 
in Chem 

F/1000 
in Biol Gw

2  Word F/1000 
in Chem 

F/1000 
in Biol Gw

2

atoms 6.0 0.0 1263.5      
ions 3.4 0.0 713.5      
metals 3.5 0.1 676.0      
elements 3.5 0.2 578.4      
atom 2.7 0.0 574.9      
electrons 2.7 0.0 574.1      
     cells 0.3 5.1 547.3 
metal 2.8 0.0 543.9      
hydrogen 2.7 0.1 510.7      
copper 2.5 0.0 500.8      
     body 0.3 4.5 474.5 
solution 2.8 0.1 462.1      
     blood 0.1 3.7 453.1 
acid 3.5 0.3 446.1      
compounds 2.9 0.2 444.0      
reaction 2.7 0.1 422.3      
particles 3.2 0.3 407.8      
properties 2.1 0.0 391.0      
     food 0.5 3.9 352.0 
chemical 4.1 0.8 336.0      
     plants 0.4 3.5 312.7 
     animals 0.2 2.7 296.6 
iron 1.7 0.1 280.0      
gas 2.2 0.2 271.5      
substances 3.3 0.7 263.1      
substance 2.3 0.3 244.6      
acids 2.3 0.3 236.8      
molecules 2.4 0.4 235.1      
     species 0.0 1.6 217.3 
     the 64.3 79.8 206.6 
     organisms 0.0 1.5 193.6 
     system 0.1 1.7 187.1 
     plant 0.2 2.0 186.1 
     cell 0.2 1.9 183.3 
water 7.5 3.7 180.1      
you 8.2 4.1 178.8      
reactions 1.8 0.3 168.0      
solid 1.3 0.1 164.8      
used 4.2 1.6 152.4      
     figure 0.8 2.9 151.8 
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Chemistry  Geology 

Word F/1000 
in Chem 

F/1000 
in Geol Gw

2  Word F/1000 
in Chem 

F/1000 
in Geol Gw

2

     rocks 0.1 9.9 998.9 
     rock 0.3 7.5 655.3 
atoms 6.0 0.2 483.6      
ions 3.4 0.0 335.7      
atom 2.7 0.0 272.3      
metals 3.5 0.2 269.5      
electrons 2.7 0.0 267.6      
         
     minerals 0.4 3.8 253.9 
hydrogen 2.7 0.1 235.4      
     australia 0.2 2.9 233.6 
oxygen 3.5 0.3 228.4      
elements 3.5 0.3 222.1      
reaction 2.7 0.1 220.5      
metal 2.8 0.1 218.4      
molecules 2.4 0.1 211.0      
compounds 2.9 0.2 198.3      
substances 3.3 0.4 192.7      
acids 2.3 0.1 189.1      
     years 0.3 2.8 181.0 
substance 2.3 0.1 177.8      
solution 2.8 0.3 170.7      
chemical 4.1 0.9 163.4      
     earth 0.4 2.7 148.8 
particles 3.2 0.7 134.9      
copper 2.5 0.4 129.7      
     surface 0.7 2.9 120.8 
reactions 1.8 0.1 119.6      
     figure 0.8 3.0 113.8 
air 3.0 0.8 103.4      
     earth's 0.2 1.6 98.8 
with 6.9 3.3 96.4      
carbon 3.0 0.9 95.5      
number 2.3 0.5 89.6      
used 4.2 1.6 88.5      
     formed 1.1 3.3 84.9 
     soil 0.3 1.7 83.0 
properties 2.1 0.5 77.1      
     along 0.2 1.4 73.8 
you 8.2 4.7 71.1      
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Biology  Geology 

Word F/1000 
in Biol 

F/1000 
in Geol Gw

2  Word F/1000 
in Biol 

F/1000 
in Geol Gw

2

     rocks 0.2 9.9 1656.2 
     rock 0.1 7.5 1383.3 
cells 5.1 0.0 585.1      
     formed 0.2 3.3 456.3 
blood 3.7 0.0 440.9      
body 4.5 0.2 420.9      
     minerals 0.5 3.8 388.6 
food 3.9 0.2 369.6      
     earth's 0.1 1.6 234.5 
     earth 0.4 2.7 229.0 
     years 0.6 2.8 188.5 
cell 1.9 0.1 186.9      
     surface 0.8 2.9 164.1 
system 1.7 0.1 160.9      
     australia 0.8 2.9 160.4 
skin 1.1 0.0 131.0      
bacteria 1.4 0.1 121.1      
     were 0.8 2.6 115.3 
species 1.6 0.2 113.4      
human 1.0 0.0 105.8      
plants 3.5 1.3 103.7      
energy 1.9 0.4 102.5      
     material 0.4 1.6 100.3 
your 2.4 0.7 96.5      
     waves 0.1 0.8 95.0 
     was 1.1 2.8 92.4 
     been 1.2 3.0 91.9 
group 0.9 0.1 78.3      
animals 2.7 1.0 76.7      
live 1.0 0.1 72.0      
     sea 0.3 1.3 70.8 
organisms 1.5 0.4 64.8      
the 79.8 70.3 63.4      
oxygen 1.3 0.3 62.8      
grow 1.2 0.3 62.2      
     iron 0.1 0.6 61.9 
     properties 0.0 0.5 59.4 
     solid 0.1 0.7 55.4 
     form 1.0 2.2 55.1 
     at 2.8 4.7 55.0 
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Year Level contrasts 
 

Eight  Nine 

Word F/1000 
in Eight 

F/1000 
in Nine Gw

2  Word F/1000 
in Eight 

F/1000 
in Nine Gw

2

     blood 0.2 1.8 236.6 
     ions 0.0 0.9 215.3 
     acid 0.1 1.2 185.9 
     current 0.1 1.1 163.1 
     circuit 0.0 0.7 160.0 
     acids 0.0 0.9 159.5 
     pressure 0.3 1.6 158.8 
moon 1.6 0.4 155.1      
     electrons 0.2 1.1 125.8 
     air 2.0 3.6 83.2 

 

 
Eight  Ten 

Word F/1000 
in Eight 

F/1000 
in Ten Gw

2  Word F/1000 
in Eight 

F/1000 
in Ten Gw

2

water 6.4 2.8 318.4      
moon 1.6 0.2 283.3      
     blood 0.2 1.7 248.7 
     current 0.1 1.2 196.2 
force 1.9 0.6 141.7      
you 8.5 5.4 140.5      
earth 2.8 1.2 127.4      
     energy 2.0 4.0 124.5 
     ions 0.0 0.5 120.5 
rock 1.7 0.6 113.9      

 

 
Nine  Ten 

Word F/1000 
in Nine 

F/1000 
in Ten Gw

2  Word F/1000 
in Nine 

F/1000 
in Ten Gw

2

air 3.6 1.4 245.5      
     light 1.3 2.9 148.4 
water 4.8 2.8 128.9      
pressure 1.6 0.6 120.5      
plants 2.2 1.0 108.6      
oxygen 1.6 0.7 87.5      
food 2.3 1.2 84.5      
plant 1.2 0.5 80.5      
     natural 0.3 0.9 77.3 
elements 1.0 0.4 68.3      
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Textbook Series contrasts 
 

AJ  CP 

Word 
F/1000 
in AJ 

F/1000 
in CP Gw

2  Word F/1000 
in AJ 

F/1000 
in CP Gw

2

we 6.8 1.8 497.3      
figure 6.9 2.3 374.6      
many 3.6 1.4 162.5      
     following 0.2 1.1 137.8 
     the 74.2 84.3 102.6 
often 2.0 0.7 101.1      
chemicals 1.0 0.2 98.0      
that 10.6 7.3 94.7      
     which 3.0 5.2 94.3 
     organisms 0.1 0.7 89.4 

 

 
AJ  CW 

Word F/1000 
in AJ 

F/1000 
in CW Gw

2  Word F/1000 
in AJ 

F/1000 
in CW Gw

2

figure 6.9 0.0 847.5      
     energy 1.5 4.9 219.2 
     organisms 0.1 1.2 135.5 
we 6.8 3.2 133.8      
     object 0.5 2.1 115.9 
you 4.4 1.9 100.8      
     atoms 0.4 1.7 95.7 
     matter 0.3 1.5 90.2 
per 1.4 0.2 87.4      
plants 2.1 0.6 86.2      

 

 
AJ  SW 

Word F/1000 
in AJ 

F/1000 
in SW Gw

2  Word F/1000 
in AJ 

F/1000 
in SW Gw

2

figure 6.9 0.0 1194.8      
we 6.8 1.1 615.6      
     you 4.4 10.2 339.4 
     your 0.8 3.7 286.0 
     water 3.7 6.9 136.6 
     particles 0.6 2.2 133.9 
     he 0.2 1.3 123.8 
     copper 0.2 1.2 107.9 
species 0.9 0.1 102.0      
thus 1.0 0.1 101.3      
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AJ  WW 

Word F/1000 
in AJ 

F/1000 
in WW Gw

2  Word F/1000 
in AJ 

F/1000 
in WW Gw

2

figure 6.9 0.1 1142.2      
     you 4.4 11.3 431.9 
     your 0.8 4.5 396.9 
     energy 1.5 4.2 189.0 
     which 3.0 6.4 169.4 
we 6.8 3.5 140.7      
     scientists 0.5 1.8 103.0 
     materials 0.3 1.2 92.0 
inside 1.0 0.2 86.3      
see 2.4 0.9 86.3      

 

 
CP  CW 

Word F/1000 
in CP 

F/1000 
in CW Gw

2  Word F/1000 
in CP 

F/1000 
in CW Gw

2

figure 2.3 0.0 266.2      
you 5.8 1.9 193.0      
which 5.2 2.5 96.9      
following 1.1 0.1 85.9      
     are 13.9 18.9 77.7 
     it 8.3 12.2 76.2 
     these 2.8 5.1 70.8 
     there 2.0 4.1 70.7 
     our 1.1 2.6 70.0 
     things 0.3 1.2 69.0 

 

 
CP  SW 

Word F/1000 
in CP 

F/1000 
in SW Gw

2  Word F/1000 
in CP 

F/1000 
in SW Gw

2

figure 2.3 0.0 359.4      
     you 5.8 10.2 168.2 
     he 0.2 1.3 133.6 
of 39.4 31.5 119.0      
     copper 0.2 1.2 110.9 
following 1.1 0.2 98.6      
     your 1.9 3.7 78.3 
     this 6.2 9.2 78.1 
its 2.9 1.4 72.5      
object 1.1 0.3 70.8      

 

 Appendix 1: Distinctive words in pairs  of components 271



 
CP  WW 

Word F/1000 
in CP 

F/1000 
in WW Gw

2  Word F/1000 
in CP 

F/1000 
in WW Gw

2

figure 2.3 0.1 342.9      
the 84.3 66.2 282.6      
     you 5.8 11.3 235.2 
     your 1.9 4.5 142.2 
     our 1.1 2.9 114.6 
     known 0.4 1.7 107.2 
     that 7.3 11.0 98.6 
     sometimes 0.3 1.3 96.3 
     know 0.2 0.9 81.2 
     we 1.8 3.5 80.1 

 

 
CW  SW 

Word F/1000 
in CW 

F/1000 
in SW Gw

2  Word F/1000 
in CW 

F/1000 
in SW Gw

2

     you 1.9 10.2 551.5 
     your 0.8 3.7 175.8 
object 2.1 0.3 163.1      
     he 0.1 1.3 127.9 
     however 0.5 2.3 112.9 
our 2.6 0.8 105.2      
we 3.2 1.1 103.3      
     was 0.6 2.3 101.4 
are 18.9 13.2 93.7      
     water 3.7 6.9 86.5 

 

 
CW  WW 

Word F/1000 
in CW 

F/1000 
in WW Gw

2  Word F/1000 
in CW 

F/1000 
in WW Gw

2

     you 1.9 11.3 637.2 
     your 0.8 4.5 243.8 
     which 2.5 6.4 156.8 
is 27.1 18.6 148.4      
object 2.1 0.5 109.0      
     was 0.6 2.1 84.8 
     such 0.9 2.5 75.2 
it 12.2 8.1 74.7      
     and 20.3 26.5 74.2 
     he 0.1 0.9 73.1 
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SW  WW 

Word F/1000 
in SW 

F/1000 
in WW Gw

2  Word F/1000 
in SW 

F/1000 
in WW Gw

2

water 6.9 2.7 215.0      
the 82.0 66.2 198.8      
     we 1.1 3.5 157.2 
     our 0.8 2.9 157.1 
     which 3.2 6.4 127.1 
     known 0.3 1.7 124.6 
     their 1.6 3.7 105.9 
particles 2.2 0.7 95.1      
     us 0.1 0.9 77.9 
     as 6.6 9.8 75.7 
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APPENDIX 2: Lexical organisation for each book in SC 
 
Maps dropped from consideration in the analyses in Chapter 6 are marked * 
Occasionally, a lemma will be left hanging isolated from the map. This is because, as 
stated on page 100 above, collocational frequencies of 1 or 2 and normalised 
frequencies less than 0.02 are not drawn on the maps.  
 
AJ1 

carbon dioxide

night sky

know well

male female

live thing 

take place 

boil point 

*

*

*

*

*

*

*  
 

 

electric conduct good example 

problem 

simple 

measure 

try 

science 

unit 

work

weight mass 

Other 1: How scientists work 
Other 2: Basic measurement 
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north south

pole 

Other 12: The solar system and 
beyond 

 
 

similar form 

layer 

build 

past 

rock 

sediment 

Geology 19: Sediments & sedimentary 
rocks 

 
 

metre weigh 

centimetre long 

Biology 4: Animals with backbones 

 

animal plant grow fern 

new tree 
Biology 3: Groups 
Biology 6: Plants 
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chemical substance

element pure 

react 

Chemistry 16: Chemical groups 

 

ore separate wide 

iron magnet industry 

mixture salt 

metal 

laboratory 

Chemistry 15: Separating chemicals 
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liquid 

gas 

air 

solid expand 

allow 

change 

freeze 

water oxygen hot 

coldday 

nitrogen 

state 

fuel burn cool evaporate

Physics 14: Heat: Its effect & movement 
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AJ2 

carbon dioxide 

fruit seed 

small intestine 

*

*

*
 

 

phloem xylem 

tube 

Biology 8: Water in plants 

 
 

circuit use 

electric current 

flow 

short 

Physics 5: Electrostatics & 
electric circuits 

 
 

digest system high 

pressure low 

Physics 14: Weather 

 
 

 

shape

liquid solid 

gas crystal 

Physics 1: Looking into matter 
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take place 

chemical react 

*

 

oxide solution 

base acid amino 

Chemistry 2: Compounds 

 

show figure see structure flower pollen 

photosynthesischapter book 

plant 

green 

animal 

food eat leaf

grow stem 

root soil surface

area
absorb

study 

Biology 7: Food making in plants 
Biology 9: Plant reproduction 
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AJ3 

music instrument

simple machine

chromosome pair

live thing

animal plant 

focus lens 

take place 

*

*

*

*

*

*

*  
 

sense neuron muscle 

nerve impulse contract 

Biology 9: Control of 
human body 

 

mineral high frequency

low resource note 

Physics 1: Vibrations, waves 
& sounds 

 

metal substance

ion compound 

explain property 

Chemistry 5: Properties of pure 
substances & atomic 
structure 

Chemistry 6: Structure & bonding in 
pure substances 
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load 

lever 

metre 

second 

distance 

effort 

great 

apply 

wheel 

car drive

act speed 

force 

measure 

direct 

change 

activity

Physics 3: Motion, forces & energy 
Physics 4: Machines 
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CP1 
 

carbon dioxide

boil point 

experiment test

figure show

*

*

*

*
 
 

force exert 

gravity attract 

Physics 9: Forces 

 
 

chemical 

weather physical 

Geology 17: Weathering 

 
 

south 

pole north 

Other 7: The solar system 

 
 

body 

characterfollow 

*
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gas expand 

solid liquid 

Physics 5: What is matter 

 
 

sun earth 

moon new 

Other 7: The solar system 

 

machine advantage 

load effort 

simple 

distance Physics 19: Simple machines 

 

plant 

structure 

fruit seed 

animal 

flower 

reproduce
organism 

live 

Biology 11: The plant kingdom 
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deposit wave 

erode glacier ice 

transport 

Geology 15: Erosion 

 

absorb 

transfer 

heat 

energy potential 

radiation 

conduct 

Physics 18: Heat transfer & 
Effects 
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CP2 
 

carbon dioxide

rock sediment 

contact metamorphic 

figure show

solar system 

*

*

*

*

*
 
 

negative 

radical ion 

charge 

positive 

Chemistry 5: Atomic theory 

 
 

brain 

nerve impulse 

Biology 10: The human nervous system 

 
 

remain preserve 

plant animal 

fossil 

Geology 8: Fossils 
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pressure high 

relative dense 

low 

temperature 

region 

Physics 16: Density & pressure 

 

shell 

number 

atom electron 

loss 

Chemistry 5: Atomic theory 

 

 

connect 

current 

circuit 

electric 

part hard 

Physics 9: Electricity 
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follow 

express involve 

exercise example 

*

 
 

law 

second describe 

motion 

metre 

Physics 14: Moving objects 

 
 

 

react 

equation write 

precipitate 

chemical 

balance 

symbol Chemistry 6: Chemical reactions & 
equations 
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CP3 
 

carbon dioxide

car battery 

erupt volcano 

figure show

melt point 

*

*

*

*

*
 
 

mineral 

ore deposit 

*

 
 

concentrate 

dilute acid 

Chemistry 6: Acids & bases 

 
 

space 

probe launch 

*

 
 

molecule 

mass 

ion 

substance

atom 

formula 

Chemistry 5: Chemical calculations 
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white 

yellow 

red 

blood 

blue 

appear 

Physics 8: Reflection, refraction 
& colour 

 
 

angle 

refract 

travel 

ray 

wave 

light 

reflect total 

mirror 

lens 

Physics 8: Reflection, refraction 
& colour 

 
 

 

equation 

chemical 

represent

follow 

metal 

react 

Chemistry 5: Chemical calculations 

general 
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release 

absorb 

fuse 

heat 

process 

energy 

coal oil 

fuel burn 

nuclear 

tonne 

Physics 11: Energy alternatives 

 
 

cell 

collect 

series 

activity hot 

system 

solar dry 

simple connect 

Physics 2: Electricity sources & supply 
Physics 11: Energy alternatives 

 
 

current 

generate 

flow lava 

supply electric 

main 

oxygen 

use 

food 

power 

appliance

rate 

indicate 

Physics 9: Household electricity 
Physics 2: Electricity supply & sources 
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particle 

gas 

liquid 

solid 

volume 

pressure 

consist move 

expand 

Physics 17: Temperature & heat 
Physics 18: Gases & their properties 

 
 

disease 

virus 

organism 

animal 

natural 

affect 

live 

infect 

plant 

ecosystem

Biology 12: Human impact on 
Australian ecosystems 
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CW1 

life activity

sediment rock

produce image 

filter paper 

convection current 

*

*

*

*

*
 

 

send 

message brain 

Biology 9: Being sensitive 

 
 

point melt boil *
 
 

science model study

thing live include
*

 
 

attract magnet 

gravity force 

piece 
Physics 4: Forces & energy 

 
 

north south 

pole repel like 

here

Physics 4: Forces & energy 
Other 12: Earth, moon & sun 
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form heat 

energy change 

chemical 

Physics 4: Forces & energy 

 
 

symbol 

iron atom 

hydrogen oxygen 

oxide

burn 

mercury 

decompose 

Chemistry 14: Chemical change 

 
 

earth 

moon side 

face 

tide high rotate axis 

sun 

day night 

long 

Other 12: earth, moon & sun
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taste 

organism food 

sense receptor give system 

organ 

body cell 

tell 

detect

muscle

carry 

group 

job 

put 

main 

plant 

Biology 9: Being sensitive 
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CW2 

carbon dioxide

new individual

number proton

*

*

*
 

 

level 

electron hold 

Chemistry 10: Atoms, ions & molecules 

 
 

quantity 

heat energy 

*

 
 

cell 

blood 

red 

vessel 

Biology 6: Blood is much more than 
water 

 
 

consume

animal 

produce 

eat 

Biology 13: Ecology 

 
 

thing 

live survive reproducehelp 

*
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negative positive 

rub charge loss 

Physics 9: Static electricity 

 
 

 

zinc 

alumina iron 

oxide 

different 

impure colour 

quartz 

ore 

white 

pure 

Geology 15: Rocks & minerals 

 

 

base 

acid salt 

solution 

simple 

urea 

machine digest sugar fat 

Chemistry 2: Acids, bases & salts 
Biology 5: This in and that out 
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CW3 

magnet field

live thing 

fossil fuel

power station

immune system 

*

*

*

*

*
 

 

crustocean continent *
 

 

potato

turn loop green 

*

 
 

evidence exam

occur evolution natural 

select

*

 
 

radioactive particle

emit decay 

radiation 

Physics 8: Nuclear physics 
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motor electric 

flow current 

loss 

energy

electron 

source supply

Physics 1: Electricity 
Physics 10: Electricity at home 

 
 

focus 

light 

lens 

ray 

image 

mirror 

Physics 18: Optics 

 
 

spring 

wave 

travel 

sound 

radio 

speed 

telescope reflect 

Physics 17: Waves 
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sperm 

female 

production 

second male 

sex organ reproduce 

Biology 4: Reproduction 

 
 

 Appendix 2: Lexical organisation 299



SW1 

nerve message 

magnet field

*

*
 

 

detect 

touch receptor 

Biology 2: Feeling & moving 

 
 

leave 

root stem 

Biology 11: Animals & plants 

 
 

plant 

flower seed 

animal group 

moss 

fern 

Biology 11: Animals & plants 

 
 

low

armmuscle 

bone

contract 

Biology 2: Feeling & moving 
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dissolve

substancesalt 

gas

liquidsolid 

Chemistry 9: Properties of water 

 
 

grow 

cellnew 

live 

egg

fertilise

thing 

Biology 12: Life cycles 

 
 

sound 

pitchhigh 

string 

vibrate made

Physics 4: Sound & hearing 

 
 

 

image 

lens 

close

light 

focus

back 

gravity 

eye object 

ray 

Physics 3: Eyes & seeing 
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attract 

force 

model

great 

particle

matter 

motion 

friction change 

balance 

water

Physics 5: Moving & stopping 
Chemistry 9: Properties of water 

 
 

igneous

sediment 

form

metamorphic 

rock 

type

Geology 15: The rock cycle 

happen 
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SW2 

carbon dioxide

build block

calcium carbonate

chapter learn

*

*

*

*
 

 

plantanima green *
 

 

negative 

positive charge 

Physics 9: Electric charges 

 
 

special survive 

function adapt 

Biology 3: Animal & plant 
communities 

 
 

chemical react 

write equation 

*

 
 

electric circuit

flowcurrent 

Physics 10: Electric circuits 
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air warm 

front cold 

mass

Physics 6: Earth's air 

 
 

produce hydrogen 

atom oxygen 

gas 

Chemistry 1: Chemical reactions 

 
 

sulfate copper 

particle 

contain ion 

lead nitrate 

combine 

Chemistry 7: Atoms, molecules & 
ions 
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indicate

strong 

sodium 

colour 

ph 

base 

solution 

acid 

hydrochloric 

alkali 

neutral 

salt 

blue 

important 

turn

paper

Chemistry 8: Acids & bases 

 
 

intestine 
blood 

muscle 

lung 

absorb food 

digest 

stomach 

wall 

tissue 

small 

heart 

protein 

store 

Biology 12: Organ systems 
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SW3 

carbon dioxide

power station

live thing 

iron corrode

*

*

*

*
 

 

organ sex sperm egg *
 

 

kinetic 

energy convert 

Physics 5: Energy in motion 

 
 

 

protein 

diet

fat deposit store 

Biology 3: Control systems 
Biology 3: Health & disease 

 

coal oil 

natural gas 

Geology 12: Managing our 
resources 

 
 

bright star 

constellation astronomy 

neutron 

Other 7: Beyond the planets 
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colour eye 

red white 

object absorb 

Physics 9: Optics 

 
 

bacteria virus 

disease cause 

toxic antibody 

Biology 4: Health & disease 

 
 

refract reflect 

lens image 

ray 

light 

Physics 9: Optics 

 
 

current electric 

magnet coil 

direct alternate

second 

flow 

generate 

Chemistry 8: Electrical devices 
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type blood 

carry gene 

predict human

seed 

character 

show diagram

Biology 11: Continuity of life 
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WW1 

animal plant 

test hypothesis 

*

*
 

 

questionanswer ask teacher *
 

 

non-living 

thing live 

Biology 4: Classification & change 

 
 

matter 

propertyphysical

*

 
 

force gravity 

field exert 

pull 

Physics 9: Motion & forces 

 
 

study follow 

show case 

science method 

Other 3: Working with science 
Other 7: Scientific method 
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solid burn 

gas liquid egg 

carbon 

hydrogen

Other 2: Experimenting in the laboratory 
Physics 6: Physical properties of matter 

 
 

high temperature 

measure metre volume 

long 

cook 

time 

unit 

Other 5: Measurement 

 
 

atom contain 

element compound

molecule
kind 

number 

different
Chemistry 9: Atoms, elements & 

compounds 

 
 

react 

mass 

shape large size 

small 

equal 

Other 5: Measurement 
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year 
direct 

travel 

geology 

old 
mud 

rock mineral 

light speed particular 

*
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WW2 

tropic cyclone 

live thing 

chemical react 

*

*

*
 

 

kingdom 

plant animal 

Biology 4: Organisms, classification & keys 

 
 

atom 

oxygen carbon hydrogen

Chemistry 2: Changing materials through 
chemical reactions 

 
 

ion negative 

positive charge 

Chemistry 7: Some chemical groups & 
their reactions 

 
 

current electric 

flow circuit 

Physics 5: Energy & energy 
conversions 
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warm mass 

water air 

vapour 

Physics 6: Introduction to weather 

 
 
 

 

muscle 

several 

support 

control 
tissue 

body 

protect 

consist 

bone 

type 

function 

task 

organ 

carry 

part brain 

nerve 

Biology 8: Cells to systems 
& coordination 
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WW3 

carbon dioxide

live thing 

power station

gravity force

answer question 

eye colour 

*

*

*

*

*

*
 

 

play vital part world

important
*

 
 

place take 

react chemical 

*

 
 

circuit resistance 

connect appliance 

Physics 5: Obtaining & using 
electricity 
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tide level 

high low 

Other 7: Daytime astronomy 

 
 

synthesis material 

resource natural 

Chemistry 8: Non-metals & synthetic
materials 

 
 

weather erode 

sediment rock 

cycle deposit 

Geology 2: Erosion, rocks & 
minerals 

 
 

gas air 

atmosphere release 

cool 

large pollute waste 

small quantity amount 
product 

Biology 11: Humans in the web of 
life 
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source food 

consume supply animal 

fuel 

eat 

plant 

leaf 

Biology 9: Patterns of feeding 

 
 

solution 
atom 

copper 

combine 

electron 

ion form acid 

compound

element 
oxygen 

molecule 

Chemistry 4: Metals & industrial processes 
 

 

current flow 

continue 

generate 

electric conduct direct 

potential convert heat 
move 

energy 

long 

Physics 5: Obtaining & using 
electricity 
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