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ABSTRACT

Since the 19th century, when books for instruction in science
became available in significant numbers, their place in the
science curricﬁlum has been contentious. The defenders of
textbooks have tende»d .to point out . their informative or
instructional role, generally failing tq_ respond to criticisms
of the quality of the text as a prose work. Recent concern with
readability, and the place of reading in the science curriculum,
has made more urgent the analysis of the textbook and its place
in science education.. |

This thesis examines physical science textbooks for answers to
questions dealng with the language of science tektbooks as it
relates to the history and purpbse of science éducation. It is
based on the premise that such langua(qe can be c_haracterised no_t
only by struc.tural factors (such as sentence length and
vocabulary) but also by what the language attempts to achieve.
The latter is dependent on the purposes for which the text is
writteﬁ, and these are shaped by contemporary beliefs about the
nature of science and science education, the particular science
written about, and the intended readers of the book. Science
textbooks emerge as prose works with a history that has shaped
their characteristics.

The thesis explores the histo;y of physi_cai séience texts since
1800, and uses that history to develop both a classification
system for textbooks, .and a framework against which to view the

changing purposes of science textbook authors. It is based on a
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large collection of such textbooks published in Great Britain,

Australia, and the United States. Textbook characteristics are
explored using three levels of analysis. Level 1 is historical,’
placing the texts in a context of contemporary opinion on the
purposes of science and science education. It uses that context
to develop a first order classification of textbook types.
Level 2 wuses techniques from literary criticism (notably
genre-theory and Stylistics) ‘and rhetoric (the nature of
argument and exposition) to match the first order classificatioﬁ
in Level 1 to established theoretical results. This results in
a second order classification of greater depth and power. Level
3 examines the textbooks for prose structures which are designed
to meet the purposes of providing explanations for phenomeha and
instructing. These two  purposes allow a third order
classification to be developed, which can theh be used to make
judgemehts abouﬁ the language of the text_and_its suitability 
for meeting the varied purposes of science education.

Such an analysié provides information about the development of
the modern science text, uses past and present texts as mirrors
of the 1ongfstanding debate'about'tﬁe place of the textbook in
science education, and provides the classification and
characterisation of textbooks needed for any furfher rhetorical

consideration of the textbook as prose.
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Books band expefiments do well
together, but separately they betray
an imperfection, for the illiterate
is anticipated unwillingly by the
labours of the ancients, and the man
of authors deceived by story instead
of‘science;

Edward Bernard (1671)



INTRODUCTION

PURPOSE AND METHOD OF ANALYSIS

This thesis is concerned with the relationships between the
.language of physical science textbooks and changing viewpoints
regarding the nature of science and science education. It arose
out of é profeSsional' concern as a teacher of senior level
physics in Tasmanian schools, and from a research interest in
figurative language and the communicétion of ideas. From the
former came a common student complaint about the difficulty of
reading the assigned texts; from the latter came an awareness of
the lack of research attention paid to the critical analysis of
non-fictional language.

In fact, 1little attention has been paid to the textbook as.a
ygig of prose, though cbnsiderable'feséarch has been done on
finding ways'of improving learning from textual material. The
latter work has mainly been done by.psychOIOgists looking for
ways of changing or adding specific structures (e.g., advance
organisers) to improve comprehension. (Rothkopf, 1964, 1965,
1968, 1976; Ausubel, 1963; Ausubel and Robinson, 1969; Waller,
1977; Rickards and Denner,1978; Annett, 1969; Frase, 1972; and
Freedle and Carroll, 1972). What has not been done by any of
the researchers listed above, however, is a systematic study of
textbook 1language and how that language is_ related to ' the

purposes of the authors; instead, researchers have tended to



concentrate on the readers. More specifically, what has not
been recognised is the possibility of using the language of the
physical science textbook as a mirrbr of changing views of the
nature of science and science education; nor has the science
textbook been classified and characterised with respect to those
Vi?ws- |

This thesis begins thé fask of just such a classification and
characterisation. It is concerned with three central issues.

1. What are the characteristics of textbook language?

2. How did they develop?

3. What can they reveal about science and science education as
‘they are presented to readers at school?

These three issues demand an inter-disciplinary approach,
seeking insights from the history of science education and from
the area of rhetoric. From such insights an analysis emerged in
the form of a multi-layered structure, one that is seen to be
analogous to the tradiﬁional development of an empirical study.
The response of the author is to present this thesis as three

layers (or levels) of analysis as follows.

' SECTION A, the first layer (Chapters l,v2 and 3), is modelled on

the empiricists' firét order of analysis--sensory observation.
It is historical, placing the textbooks in a context of time and
opinion. Chapter 1 is a general history of science education
from 1800 to the present. A more comprehensive treatment of the
history of science education in that period has been ably done
by others, notably Layton (1973) and Jenkins (1979). What
Chapter 1 does, in contrast to the latter works, is to relaﬁe

the major movements in ideas about the nature and purpose of



science education with debates about textbooks and the perceived
importance of reading for learning science. This is followed in
Chapter 2 by a more detailed history of the physical science
textbook itself. Such an history is wused to generate a
classification of textbooks based, as a first approximation, on
stylistic differences. This is, again, analogous to a first
order taxonomic classification based on visible surface
appearances. Chapter 3 supplements this historical analysis by
exémining the prefaces of the textbooks for evidence of
authorial purposes. Thus the text is not only placed in a
context of historical purpose, but the views of the authors
explicitly reveal the varying purposes for which they wrote.
These varying purposes are seen to be strong determinants of

language choice and text structure.

SECTION B, the second layer (Chapters 4 and 5), takes the
historical analysis a step further.  Given tne first order
. stylistic classification of texfbooks generated by Section A, it
becomes necessary to fine-tune bthe defining characteristics,
relating them if possible to rigorously established results in
the area of 1language studies (e.g., linguistics, rhetoric,
grammar, or literary criticism). Continuing the empiricist
analogy; this 1level of analysis seeks relationships between
initial, sensory observation and the established results of the
discipline;_i.e., now does Sectin A'S’claSsification fit in with
current understanding? The classification system developed in
Section A is unique to this thesis, and therefore needs to be
linked.to a second order of analysis. |

Chapter 4 1is concerned with placing the textbook in a literary



context, where the language characteristics identified in
Section A can be considered in more detail. The choice of

genre-theory as the model used for setting that context needs

some detailing. Firstly, genre-theory is itself based on a
system of classification of literary types, and these types are
characterised in the same manner as the textbooks--by both
historical and stylistic featﬁres. Secondly, genre-theory
relates the intended meanings of the author to the constraints
imposed by the characteristic features of fhe genre; and in
turn, the meanings that readers acquire are related to their
familiarity with the generic features» of the text. Thirdly,
genre-theory has many important links with the descriptive and
analytic methods of linguistics, and the resulting connections
can then be made use oOf. However, genre-theory is more
consistently appliqable to discussion of complete prose works,
rather than the more usual concern of linguistics with small
units of spoken or written> utterances. ‘There is, however,
another important._consideration here. After all, a thesis
.concerned with the language of textbooks should, it would seem,
. pay close attention to the models and theoretical insights of
linguistics, the 'science of language'. But this would be to
misjudge the central purpose of this thesis. It is not the
language of the text itself which is under critical analysis,
but the relations between that language, science and science
education. This, as will be shown in Chaptér 4, genre-theory
can more usefully assisﬁ with.

It can be seen that these considerations also argue against
other establighed analytical procedures. For example, there

exists a range of techniques used by researchers for textual



analysis, and most of them listed below can be seen to be
inappropriate to the central purpose of this thesis, for the
accompanying reasons.

(1) Readability (e.g., Klare, 1963, 1976; Stokes, 1978; Denbow,
1973; and Taylor, 1953) is a good predictor of reading
difficulty, but there is little to be gained from repeating such
techniques simply to  establish the reading age demanded by
modern physical science textbooks. This thesis is not directly
concerned with how difficult such texts are to read, but wiﬁh
what such texts-can reveal about science and science education.
(2) Quantitative content analysis, similarly, can inform us
about what has been said, but cannot on its own reveal the
relationships between language, science and science education
looked for here. However, as it can help detect patterns in how
things are said, or support claims made concerning the
characteristics of language usage, it can be useful in defining
the characteristics of textbook language. In general, it will
be used in this study only in a minor way for verification of
procedures and results.

(3) As mentioned earlief, experimental psychology (e.qg.,
Rothkopf, 1965, 1968, 1970; Winter, 1977; Ausubel, 1960, 1963;
and Rickards & Denner, 1978), while it has fashioned probes and
theories of'great complexity to analyse how students learn from
reading, cannot provide the sort of answers being sought here.}
The concern of this study is with the language of textbooks, not
with separate components of thét languégé. In thinking of the
textbook as a discourse, as a consistent way of speaking which
is revealing of societal and authorial views, it is necessary to

consider the text as a whole. Thus questions concerning such



smaller units as advance organizers, 1in-text questions, or
mathemagenics would not seem to be an appropriate form.

(4) By the same argument, most linguistic'analysis look at units
of prose too small for our purposes.’_(e.g., Halliday & Hasan,
1976; Grimes, 1975; Kintsch, 1974; and Winter, 1977). Given the
difficulties involved with: one, _thé limitations involved in
using small sections of prose with small samples of readers;
two, the theoretical disputes concerning what 1is said to be
-happening when students read and recall under experimental
conditions; three, 1identifying single-unit factors which can
cleafly éharacterise texts; and four, the inability of such
small studies to 1indicate relationships between language and
purpose, it becomes clear that a larger rhetorical analysis is
more suited to the purposes of the study.

Chapter 5 continues the language-based analysis by considering

the question of textbook style. Stylistic questions naturally
arise from those of genre, as style forms one of the defininé
characteristics of generic classification. Also, textbook style
is often regarded as one characteristic that influences reading
comprehension, but this thesis will be’more concerned with its
relation to views of science and science éducation.’ Chapter 5

considers style from two viewpoints; that of stylistics, to see

if further refining of the first order classification can be
made, and historically, to see how stylistic concerns have,
again, been shaped by authorial and social purposes. The
analysis also examines the use of certain terms traditionally
used to characterise and judge textbook language (eg., precise,

formal, concise), relating them to authorial purpose.



SECTION C, the third layer (Chapters 6, 7 and 8), takes the
historical and rhetorical analysis a final step further. The
first and second order classifications in Sections A and B are
now applied to prose structures found in the textbooks. This
third level of analysis takes advantage of ©previously
established results to make sense of two important purposes of

the science textbook--to offer explanations, and to instruct.

These two purposes, originally identified in Section A, and
theoretically examined in Section B, are then detailed 1in
Section C. In the empiricist analogy, this third level of
classification corresponds to that of.suggesting explanations
for particular structures and functions, based on the insights
gained from earlier classifications and theoretical background.

Chapter 6 is concerned with the explanations for phenomena

of fered by textbook authors. Such scientific explanations are-
linked to views of what science is by virtue of the kinds of

explanations offered. They are also linked to views of what

science education is by virtue of the levels of explanation.

offered and expected to be learned. Chapter 6 begins with a
brief 'discussion of the types of explanations most commonly
encountered in science textbooks. This discussion is not
intended to p:ovide a critical account of the problematic nature
of explanation in science, nor to suggest that one explanatory
type 1is preferable }to another, but rather to provide the
necessary background for considering the implications of each
type of explanation for revealing the authors' views of science
and science education. The second half of the chapter examines
the presentation and structure of explanations in the

textbooks.



Chapter 7 looks at the instructional language of the textbooks,

which may be thought of as how the authors explain their
explanations. Again, this explaining and teaching purpose of
the text clearly reflects views of what science education is by
virtue of how it is to be learned; by enquiry, for example, or
by roté learning of established conclusions. This can also be
seen to reflect on views of what science is; as a method of
exploring the physical world, or as a logical deductive system.
Chapters 6 and 7, therefore, not only show the relationships
between textbook» language, science, and science education in
finer detail than 1in earlier sections. They also provide the
bases for a third level of'classification of textbooks, centred
on the types and levels of explanations offered, and on the
instructional language characteristics of the text.

Chapter 8 uses gquantitative content analysis of the structures

found in Chapters 6 and 7 to ensure that the analysis presented
in those chapters'is not idiosyncratic or unrepresentative of
the majority of textbooks. In a thesis. of this type,
qualitative measures muét first deéCribe énd classify the
important textual features (Section A), ahd then relate them to
theory (Section B) before quantitative'meésures determine their
relative frequency. The quantitative measures have a seéondary,
verificational role to play. It is important to guard against
drawing conclusions about textbook language based on atypical
texts. Quantitative analysis, based on results from laréer-
numbers of texts, can establish that the texts discussed in all
sections ar¢ typical and characteristic.

‘The thesis concludes with Chapter 9;.which draws together and

summarises the results of Sections A, B and C.



It should be efpphasised that the method of analysis outlined
above was not jmmediately obvious or inevitable. Perh}aps by
virtue of being a multi-disciplinary .thesis, the resulting
three-layer structure was not in fact clear until a great deal
of reading and analysis had taken place. There were two
immediate difficulties. One was the problem of structure,
connecting in a coherent way historical and rhetorical methods.

It was not until the links between the authors' views of science

and science education (shaped by historical setting) , resultant

purposes for writing, and the powerful influence of purpose on

language (both style and structure) were made that the thesis
structure outlined was possible. The second major problem,
commmon to all theses perhaps, but particularly to
multi-disciplinary ones, . was that of depth of treatment--an
in-depth analysis in one area is sacrificed to a shallower
analysis from several. This thesis attempted to confront that
problem in two ways. Firstly, in order to bring together
established results from varied disciplines, it was argued_t_hat
only the broadest conclusions from those disciplines are likely
to be useful, as more discipline-specific concepts often
degenerate into purely metaphorical or analogical relations when
applied to different areas. A similar problem, for example, is
found in integrated general science courses, where logical _and
educationally useful connections Imust be found between, say,
physics and biology. To truly reflect the purposes of a general
science course, only concepts broad enough to be shared by both
physics and biology as sciences (e.g.., enerqgy) will serve. The

in-depth analysis of the links between physics and biology not
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only pre-supposes detailed knowledge of both, but quickly leads
to the analysis of a new, separate discipline, biophysics, with
its own concebts and areas of research. This thesis can perhaps
be seen as making a move towards the establishment of a form of
textual <criticism that draws broad but meaningful concepts
fogether from 1literary criticism and various educational

studies.

THE TEXTBOOKS USED

A few words must be said about the data base for this thesis,

the textbooks themselves. A large number of them--over 300--now
form a collection housed at the University of Tasmania's Centre
for Education. A complete 1list of all £he texts 1in this

collection is attached as Appendix I. These, and all the others
referred to in the thesis, were written in the English language
and published in either Great Britain,'Australia, or the United
States. They were selectéd on the basis of two criteria.

Firstly, they were; of are, well-known and well-used in schools.

This.was judged using publishing lifetimes, or references in
reviews and journals. Secondly, they are typical, orv
representative, of the physical science textbooks of their
historical period and stylistic type. This was Jjudged by
comparison with others of the same time and style, either within
the collection or described in research literature. This

comparative method was necessary due to the absence of én
existing classification scheme for textbooks. It is made more
rigorous, however, by the content analysis that takes place in

Chapter 8.

It will be noted that no attempt was made to classify the
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textbooks according to the supposed age of the readers of those
texts. As will be shown in Section A, it is impossible in many
cases to determine the ages of the readers of many 19th century
texts with any certainty. Whenever possible, reference is made
to textbooks known to have been used in secondary education.
Physicé and chemistry in the secondary school have tended to be
examination courses (such as School Certificate, Higher School
Certificate, 'A' levels, and 'O' levels), and éo texts written
for such courses tend to predominate. In turn, this means the
modern general science texts are not considered. While it may
be argued that the age of the intended reader is an important
influence on the language and style of a textbook, it is not

useful for a rhetorical classification of texts, but for judging

the appropriateness of the textbook's language.

METHODOLOGICAL ASSUMPTIONS

The critical assumptions are these. One, there is such a thing
as 'textbook language'. This assumption grew out of
professional experience with textbook selection, and is borne
out by the large number of research articles which take it as a
given for research purposes (e.g., there are a considerable
number of articles in the bibliography of this thesis which
refer in their titles to 'textbook language'). Two, that
textbook authors assume, rightly, that senior level science
students are readers of average ability, an assumption based on
pérceptions of their reading ability.in other school subjects.
It may in fact be the case that the present system of schooling
in Australia actually selects readers of relatively higher

competence in reading to do senior level science. What this
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thesis does not do is argue for or against social patterns of
reading--i.e., the readers who may be disadvantaged due to
social background. Three, it is assumed that textbook authors.
make honest attempts to write so as to be understood. Four,
that attempts to analyse textual language are meaningful; that
is, fhe results are not idiosyncratic or random, and also that
the meanings which may be ascribed to text content and structure
correspond to intended meanings by the author and understood
meanings by the reader. Five, the assumption is made that
knowledge about textbook structure and éontent as revealed by
the analysis can legitimately - support inferences and
interpretations about non-ﬁextual events. This is one of the
key assumptions of literary criticism. It is important to
staté, however, that this assumption in no way frees the
analysis from the demands of rigour, reason and objectivity in

drawing those inferences and interpretations.

THEORETICAL CONSIDERATIONS

The theoretical analysis presented in this thesis has _three
intimately | linked components-—éURPOSE, EXPLANATION, and
INSTRUCTING. Each will be discussed separately, and the
connections between them made explicit.

Fundamental to this analysis is the idea of Purpose. It is
assumed that authors have clear purposes in mind when writing
texts. Indeed, it may be the case that they have a variety of
purposes in mind, some of which are in conflict. If the
language of theée text is to meet the purposes of the authors, it
must be assumed that the authors try to £find the most

appropriate language, where appropriate is taken to mean 'best
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suited to', in the sense of helping to realise, the purposes of
the authors. This allows an important relationship to be

established: a fundamental consequence of a purpose is that it

is a powerful determinant of language use. It thus becomes

crucial to identify purposes in texts. An examination of the
origins and development 6f the texts is one way to do this, and
that is the purpose of Chapters 1 and 2. A second way is to
examine the authors' explicit purposes as revealed in the
prefaces to the texts, which is the purpose of Chapter 3.
Purposes in textbooks can and do reflect the purposes of
educatoré and society, and the historical approach can locate
those extra-textual purposes.

Purpose is not only a powerful determinant of language, but is a
powerful selector of content. By content is not meant just the
topics selected for study, but the emphasis given to particular
Views of science and science education. For example, choice of
content is guided by views of the 1aborétory and its role in
science and/or in science education. | So, bqund up with any
examination of §urposé must Dbe cbnsiderations of what is
presented Vto the readérs. This aspect of purpose will be
considered in some detail throughout Section A.

Purpose, however, cannot be assumed to be the sole determiner of
language in textbooks. There are, for example, considerations
of tradition, which can also be investigated historically. But
an even more powerful whole-text determinant must be the nature
of the scientific discipiine itself. Science has a unique
structure, way of arguing, methodology, assignment of truth and
probability, as well as its . unique . results. It 1is these

characteristics which make it distinctive. Textbook authors,
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with a purpose of initiating learners into the nature and
" function of these distinctive features, are cbnstrained to
certain allowable patterns of language use. A choice had to be
made as to which feature would be selected for close study,
consistent with the central concern of relating textbook

language, science and science education. Explanation proved to

be a highly suitable choice for the following reasons.
Explanations are whole-text features assumed to be a central
concern of all textbooks, which must ﬁse explanations at various
levels and of various types to explain phenomena and to justify
the concepts developed by the text. Secondly, explanations are
features demanding rhetorical attention when written, because
they cannot be left implicit or to be inferred. Thus they are
language-based features of relevance to this thesis' method of
analysis. And thirdly, if the,explanations offered are to be
appropriate (as used in the the Asénse above), they must be
appropriate in two ways-- not only to the structure of science
as a discipline, but to the understanding of the reader.
Explanations, therefore, have a dual role that must be.expressed
in lanéuage--they must be true to both science and to learning.
Therefore they reflect the authors' views on ‘both science and
science education.

There is one other major determinant of language in textbooks
besides purpose and explanation, and that is the reader of that
text. Textbooks are directed at readefs of different ages and
levels of understanding, background knowledge and reading
ability. It is clearly  impossible to judge textbooks by
.reference to the whole range of possible reader characteristics,

even if they could be identified. But one clear pedagogic
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purpose assumed to be common to all textbooks is that of

instruction. While this is <clearly related to offering

explanations, it is taken here to refer to the act of getting
the reader to undefstand the explanations, and is thus meant to
be synonymous with teaching. Again, it is a rhetorical act
because it must be written not implied, and is thus available
for examination. If language is to be appropriate to authors'
views of science education, it must perform the act of
instructing. Instruction, therefore, is seen to be directly
related to views on science education, and also directly related
to} views of science, especially if authors wish to claim that

the best way to learn science is to do science.

CONCLUDING REMARKS

' This thesis views the textbook as a work of prose. As such, the
text shares all the characteristics of works of both fiction and
non-fiction. It has a history, both within science education,
and as a work of prose--its generic history. Those histories in
turn have beén shaped by contempo rary views, both soc_ial and
aut_horial, of the nature of science and séience education. The
communication of these views forms the purposes of textbook
authors. The combination of purpose and history creates a
rhetoric, a language designed to persuade and/or inform. The
result is not simply a collection of facts and illustrations,
but a text with a given style. . The anélysis of textbook
language, first historically (Section A), then rhetorically
(Section B) and finally structurally .(Section C) will then be
revealing of the underlying purpoées for which texts are

written. More importantly to the concerns of this thesis,
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however, the analysis allows us to use the language of textbooks

as a mirror of changing views of science and science education.



SECTION A

This is the first layer of the analysis. It sets the
textbooks in an hiStorical context of éontemporary opinion on
science and science edﬁcation. .It does so in three ways.
Firstly, it outlines a general histpry of science education,
from about 1800 to the present. This sets the textbooks in
historical perspective.

Secondly, it outlines the history of the textbooks
themselves.

Thirdly, it examines the prefaces to the textbooks for thé
authors} expressed purposes. |
The results of this- historical analysis generates a first
order classification of textbooks, based on authorial

purpose.
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CHAPTER 1. GENERAL HISTORY OF SCIENCE EDUCATION

INTRODUCTION

In the Introduction to this thesis it was stated that a crucial
feature of the analysis is the necessary 1link between the
language of a textbook and the purposes for which it was
written. It was argued that the purposes of the authors are
"reflected, not only in the content of the text, but also in the
rhetoric employed. Rhetoric is defined by the Oxford English
Dictionary as 'language designed to persuade or impress', which
captures the notion of purpose in the term 'designed'. An
examination of fMe development of thé modern science textbook
alongside changes in, and controversies about, the nature of
science education since its inception in schools in the 19th
century is, then, important to the.analysis for several reasons.
Firstly, one set of purposes will, it is argued, come from

contemporary views on the nature of science and of science

education. It is assumed that writers, if not always actively
aware of and responsive to the educational and intellectual
context of their timés, were responding to their beliefs about
the purposes of science.education. For example, it becomes of
interest to know whether science education has the . primary
purpose of training future scientists and technicians, or
developing the mind, or bringing about social change, because
each purpose will influence the authors' decisions about the
most appropriate language to be used in meeting those purposes.

Secondly, another set of purposes comes from educational beliefs
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concerning the value of reading in learning science. Is the
purpose of a text to inform, to instruct, to act as a resonrce,
or to guide investigation? How an author answers such questions
will influence the 1language of the textbook. An historical
analysis provides an illuminative background for examination of
the changing views of the importance and purpose of reading as
an aid to 1learning in school science. If textbooks are not
meant to be read in the traditional and usual sense of reading,
as in normal'storybook reading for example, the implications for
the -authors are considerable. Thirdly, it allows the
opportunity to see if the role of the tentbook as an essential
component of meeting the purposes of science education has

changed over time; i.e., has the text experienced a changing.

pedagogical purpose? Writers, it is assumed, will be responsive

to such changes in how their texts are being used in schools.
In considering these three different sets of purposes , it is
necessary to trace the influences on the textbook of perceived
beliefs concerning the purposes of: science education in
general. | | |
As this historical analysis 1is intended to be limited to a
genéral overview, it is confined to a period between the
beginning of the 19th century and the present day. This time
span wasvchosen because it marksvthe rise of science as a school_
subject, and corresponds to the emergence of the school science
- textbook. Within this approximately 180 year span, five
distinct historical periods can be distinguished, and these are
briefly outlined below.

1. Pre-1840, or the period of virtually no formal schooling for

the majority " of school-age children on a large scale, and
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particularly not in science.

2. 1840-1900, or the rise of school science and the
introduction of compulsdry education.

3. 1900-1960, or the period 6f consolidation in school science,
and its extension into all levels of formal schooling.

4. 1960-1970, or the period of large-_scale national cur.ricula
movements in science; the post-Sputnik era.

5. 1970 to today, the contemporary period of science education
with its conflicting viewbs on enquiry-learning, process-science,
hands-on science, and so forth.

Within each stage the major characteristics of science education
will be identified and connections made with the te.xtbooks of
that time. Considering the enormous number of textbooks written
during any period, only samples of characteristic works will be
cited, though figures wiil be given to indicate the numbers of

textbooks available'to learners.

1. PRE-1840 -

This period was éharacterized by the. virtual non-existence of
formal science teaching in the majority of secondary schools,
and by é relatively small primary school population. There were
a limited number of schools in which science was taught, and
taught well (e.g., the Mayo's school at Cheam) , but they were
not common enough to leave their stamp on the education system
as a whole. The schools most readily thought ofb as fore-runners
in the teaching of science in England--King's Somborne with
Richard Dawes, and Hitcham with John Henslow--were not involved
in science education until the very late 1830's.  (Layton,

1973). The education system in general, vconsisting of
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day-schools, was soundly criticised by educationalists of the
time.

(Teachers were) the ‘refuse of other

callings--discarded servants, or ruined tradesmen;

who cannot do a sum of three; who would not be

able to write a common letter; who do not know

whether the earth is a cube or a sphere, and

cannot tell whether Jerusalem 1is in Asia or

America: whom no gentleman would trust with the

key of his cellar, and no tradesman would send of

a message. (Macaulay, 1847)
School subjects, for the younger pupils, were mainly limited to
reading, writing and numeration, plus religious and moral
inStruction. In secondary level schooling, classical studies,
history and geography were added to this base. Any scientific
education, taking place outside of school, could be described as
autodidactic, as men and women were largely self-taught through
a fairly substantial number of books and magazines that were
available. Layton (op. cit.) has indicated that at the time of
British governmental | intervention and control of state

education, a wide range of reading material was at hand, which

contained secular content. As well as periodicals such as

. Mechanics Magazine or the popular "Penny Magazine of Brbugham's

'Steam Intellect Society' ", Layton mentions such books as Mrs.
Jane Marcet's Conversations on Chemistry (1806) which

",..achieved sixteen editions in 1less than forty years, sold
more than 150,000 copies in America aldne, and numbered the
young Faraday amongst its admifing and grateful readers."
(Ibid). Other secular works available included: Pihnock's

Catechisms of the Arts and Sciences, published in pamphlet form

from about 1822} The Cabinet Cyclopedia of the Reverend Lardner,

1830; The Peter Parley Series; i.e., Tales About Plants, 1839;

and Joyce's Scientific Dialogues, 1840, "...the most popular and
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instructive manual of science in the English language.” (From
the Advertisement to the 1846 edition). This significant number
of publications must be considered in relation to the numbers of
literate adults and children to read this material. Available
figures indicate a very small literate population during this
period. For'example, in 1832, of 12,400 adults attending about
a hundred schools in that year, only 3,148 were said to be
literate as a result of their schooling (Hudson, 1851). Child
literacy figures are not available. The iarge amount of reading
material mentioned by Layton must be contrasted with the great
lack of suitable materials of any type from which the young
pupil could learn reading (Altick, 1957). It was not until late
in the 19th century that comments such as the following from
Matthew Arnold, in his'school-inspector's report for 1860, began
to be heeded by educational authorities.

Dry = scientific disquisitions and literary

compositions of an inferior order, are indeed the

worst possible instruments for teaching children

to read well...I have seen school-books belonging

to the cheapest, and therefore the most popular

series in use in our primary schools, in which far

more than half of the poetical extracts were the

composition of either the anonymous compilers

themselves, or of American writers of the second

and third order...(Quality 1literature) would be

far better adapted than a treatise on the

atmosphere, the steam-engine, or the pump, to

attain the proper end of a reading-book, that of

teaching scholars to read well... (Arnold, in

Altick, op. cit.)
This passage indicates Arnold's belief that wvarious works on
secular topics, such as the atmosphere and steam-engines, were
being used to teach reading rather than science. There is some
evidence (Layton, op.cit.; Altick, op. cit.; Webb, 1955) that
before 1840, twenty years before Arnold's report, the Bible

would hawe been the sole book of instruction.
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The books made available to readers in schools during this
period had several distinguishing characteristics. Firstly,
they were often either Catechetical (written in a
question/answer form) or Conversational (written in story form,
often centered around a family). Secondly, they were often
published by organizations with religious affiliations; 1i.e.,
The Society for Promoting Christian.Knowledge (SPCK) . Thirdly,
they appear to be intended chiefly as primary school readers and
spéllers, adopting secular and scientific themes, but chiefly
designed for other educational purposes thén the teaching of
scienge. One of the best known of these.early readers was the
series written by Maria Edgeworth. One title in this series is

Harry and Lucy concluded; being the Last Part of Early Lessons,

1825.

'‘Mamma, do you recollect, two years ago, when my
father was explaining to us the barometer and
thermometer, and when he showed us several little
experiments?' said Lucy, and she sighed.'

Later in the same chapter is this passage:

"But all will agree with your nameless gentleman,

that when women pretend to understand what they do

not, whether about science or anything else, they

are absurd and ridiculous. And if they talk even

of what they understand, merely to display their
knowledge, they must be troublesome and .
disagreeable." (Edgeworth, 1825)

‘'This passage is made especially revealing when it 1is recalled

that both Maria and Richard Edgeworth were associaed with the

Radical Education movement in England, and with the

science~orientated Lunar Society, which was founded in about

1766 (Simon, 1969). Secular reading books df this period were

thus not written in response to any particular view of science

education, or to meet the needs of science teachers. Instead
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they were a response to the need to compensate for a lack of

formal education in any widespread sense. Their purposes were

to meet the needs of an autodidactic population of few readers.
Even before 1840 those needs were varied. Some early textbooks
were nothing. but thinly veiled religious and moral »exhortations

(e.g., the Rev. R. Newton's Nature's Mighty Wonders); some were

written with the need for specialised information in mind (eg.,

H. Reid's Elements of Astronomy, 1842; or British Fish and

Fisheries, 1850); and some were in response to a felt need for

popular works on natural history (e.g., J. Wesley's Compendium

of Natural History, 1836). None were written to help a student
pass an examination, or begin a course of study in a particular
science.
What these texts all took for granted was that it was possible
to learn science from reading. They are clearly written with
the belief that there would not be a teacher present to guide or
interpret the prose--the text itself must do the teaching.
"Much that would be tiresome and ihéufferable to
young people, if offered by preceptors in a
didactic tone, will be eagerly accepted when
suggested in conversation, especially in
conversations between themselves: in these there
is always a certain proportion of nonsense; an
alloy, which 1is necessary to make sense work
well." (Edgeworth, op. cit.) '
Maria Edgeworth was clearly convinced that children could
actually learn better by reading her conversations than by
formal teaching. The purpose of her book, and many others of
the kind, was pedagogical, aimed at an autodidactic population
of readers.

Only a handful of the early textbook writers reveal their

purposes in the form of an Introduction or Preface; indeed, many
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of the texts were entirely without such features. But from the
ones that are available, and from an examination of in-text.
remarks, it is clear that many authors shared the conviction
.that the facts of science (Natural Philosophy) and natural
history were of interest to children, and they were atteﬁpting

to present those facts in an interesting and appropriate way.
Some of the titles of books from this period are indicative of
the range of purposes of these writers:

Scientific Dialogues intended for the Instruction and
Entertainment of Young People: in which the First Principles of

Natural and Experimental Philosophy are Fully Explained.
(Joyce, 1821)

A Compendium of Natural Philosophy, being a Survey of the Wisdom
of God in the Creation. (Wesley, 1836)

Chemistry of Science and Art, . an Elementary Treatise on
Chemistry, adapted for Self-instruction, Use in Schools, and
Reading along with a Course of Lectures. (Reid, 1840)

These authors were concerned to get their facts right as well,
and frequently mentioned in their prefaces that the work had

been "...revised, corrected and adapted to the present state of
science" or that "...to secure the strictest accuracy..the most
approved modern authors have been consulted..." Some authors
showed an interest in the processes now associaﬁed with the

scientific method, ...to exercise the powers of attention,
observation, reasoning, and invention..." (Edgeworth, op. cit.).

But a discussion of the relationship between reading about these

processes and learning them was not attempted. The reality of
the schooling situation must have 1led many authors to the
obvious conclusioﬁ that there were no other ways of acquiring
this understanding at the time than by self-teaching.

A further point concerning reading can be made here. Pugh

(1975) has traced the development of silent reading in a general
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way since Classical times, and claims that reading aloud was the
normal mode until the 19th century.

"Examination of factors related to the historical

development of silent reading reveals that it

became the usual and optimum mode of reading for

most adult reading tasks mainly because the tasks

themselves changed in character." (Pugh, 1975)
The tasks that Pugh goes on to identify involve the reading of
prose to gain information, whether from the newspaper or books.
for self-improvement.

"Towards the end of the century there was still

considerable argument over whether books should be

used for information or treated

respectfully...However, whatever its virtues, the

0ld shared literacy was gone, and was replaced by

the printed mass media and by - books and

- periodicals for a specialized readership."

(Ibid)
It should be noted that a great deal of autodidactic education
‘for adults in science and other secular subjects was taking
place in the various Mechanics Institutes and Literary and
Philosophical Societies which appeared in Great Britain after
about 1780 (Simon, op. cit.; Layton, op. cit.). The impact of
these private societies was very important for the increasing
demands to make science an important part of the school
curriculum, and also for supplying'a population of interested
readers with information books of all types.
At the end of this period, vocal support was beginning to be
heard for a change in the curriculum to include more secular
material. 'Where, asks Frederick Hill, can the middle-class
parent find for his child "the inducement, or even the
opportunity, for the pursuit of mechanics, architecture,

navigation, sculpture, chemistry, mineralology, or that one

among a dozen other branches of knowledge for which he may have
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a special aptitude?' " (Hill, in Simon, op. cit.). The changes
called for secular material to be made available to the majority
of students at school, though the reference to 'middle-class' in
the passage above is a reminder that there were some
institutions where science was being taught, which were not open

to all learners.

2. 1840 -- 1900

This was an extraordinérily interesting time for the development
of science education and the science textbook. The year 1840
marked the establishment of the Committee of Council on
Education, evidence of growing political concern over the state
of schooling in Great Britain. For science education in
particular, it saw fhe beginnings of the battle for the
inclusioh'of science in schools, a battle waged against the
dominance of Classical studies by such men as John Henslow,
Henry Moseley, and Richard Dawes (Layton, op. cit.). It also
saw the»debate over what forms science education should take.
_ Basicélly the opinions were divided between two alternatives.
There were those. who saw the chief value of science in its
method. For them, the emphasis in science education was to be
placed‘on 'doing' and 'experimenting'. One typical example of
this view was the enthusiamn for object lessons and heurism.
Because the advocates of this conception of science education
de-emphasized reading, they were not keen either to publish 6r-
use textbooks.

"The teaching of the elements of experimental

science must therefore accompany the teaching of

reading. And great care must be taken that the

palate for experimenting, for results, is not
spoilt by reading. The use of textbooks must be
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most carefully avoided at this time." (Armstrong,
1903)
But some proponents of the scientific method did realize the
advantages of textbooks in classrooms as aids to mass education.

Some even wrote them themselves: T.H. Huxley's Physiography

(1891) is an example, and the whole Macmillan's Science Primers
Series was in this heuristic'tradition. The famous botanist
J.D. Hooker expressed his views on the study of botany in the
Preface to his Science Primer.

The study of botany is best commenced with the
careful observation of the different parts of
living plants, their positions and arrangements in
reference to one another, the order in which they
make their appearance, and their uses to the plant
itself. It is hence often called a science of
observation, in contrast to chemistry and other
subjects of which the study must necessarily
commence with experiment. (Hooker, 1876) '

Hooker published his Botany textbook in 1876 as one of the

Macmillan Primers. It went through 21 reprints and three
‘editions up to 1920. In all fairness to Hooker, he did not
intend his textbook to be the heart of a botany course. His

preface lays emphasis on the actual collection and observation
of living specimens.
In using this Primer the plants indicated are,
whenever possible, to be put into each pupil's
hand...EBach pupil should have a pocket lens
magnifying three or four times, a sharp penknife,
and a pair of forceps; and he should be taught to
preserve between sheets of paper the specimens he
has examined, with a descriptive ticket
attached... (Ibid)
Botany, claimed Hooker, is a different kind of activity than
other school subjects; it is meant to be 1learned by doing
(observing and experimenting) rather than reading. His textbook
was designed to guide the reader through the processes of

observing and experimenting, as well as adding information about
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structures and process_observed in the plant. It also provided
definitions, descriptions of plant features, explanations of
phenomena, and schemes of classification. It 1is entirely
possible that Hooker's textbook was so popular because it
contained all these adjuncts which are easily examinable.
Hooker himself attempted to influence the course of science
education through the examination system itself. (Layton, op.
cit.) He was perhaps concerned to provide the necessary
background knowledge essential for making sense of the
observations central to a botany course. It is certainly true
that he was speaking as a botaniét about reading, unaware or
unconvinvced about the realities of classroom discussion. His
text, and the other equally popular Macmillan's Primers, are
-characteristic of the more moderate view of the proponents of
science education as a method. It is important to point out
that there was also a debate among scientist/educators such as
‘Hooker and Huxley over the differences between the sciences.

The distinction was drawn between experimental sciences such as

chemistry, and observational sciences such as botany or zoology.

If this distinction could be maintained, the consequences for
-the ways in which the sciences are taught would be considerable.
Both Hooker and Huxley wished to deny this distinction
(But) botany has also to be pursued as an
experimental science; only the experiments by
which the growth of plants, their modes of living
and multiplying, and their relations to the soil
and air are investigated, cannot be intelligently
conducted until much has been @ learned by
observation alone. (Hooker, op. cit.)
This denial was partly based on the belief in the doctrine of
'transfer training‘; the skills of observing, comparing,

classifying, and so forth learned in biology could be applied to
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any other 1learning situation. It was therefore an important
educational argument to be able to claim for the life sciences
an assured place as sciences of equal rigour and value to
physics and chemistry. The advocates of this view were eager to
see science education.in England take the direction of 'natural
history' courses. (Jenkins, 1979).

This view of science as a method, and of the value in science
education.of using that method to teach the various sciences
was, however, only one alternative; and historically it was
~short 1lived. Its successful rival was the view of science
education as the transmission of a body of knowledge to be
mastered by any means available. Representative of this view,
yhich was associated with the movement for teaching 'the science
of common things' (forerunner to General Science) were Dawes and
Moseley (cf. Dawes, 1853; Moseley is discussed in Layton, op.
cit.). These 'science as a discipline' advocates were quite
happy to use textbooks, and they began to have a wealth of good

books on which. to draw: Johnson's Catechism of Agricultural

Chemistry (1844), Wilson's Chemistry, and Oliver's Lessons in

Elementary Botany are examples of texts which enjoyed extensive

publishing lifetimes. For Moseley, the way in which knowledge
was transmitted was not as important as the knowledge itself;
consequently, little attention was paid to the debates about the
learning of science by reading. He did, however, support the
call for increased availability of texts of quality (Committee
of Council on Education, 1845). Some textbook authors of the
time, echoing Maria Edgeworth and perhaps reacting against
Hooker and Huxley, claimed that reading is the best way to

learn.
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This book is compiled in such a way that it may be
read again and again, but not learnt by heart.
Reading aloud is the most beneficial of all
exercises entered into at school for the purposes
of learning. By reading in this way the scholar
makes acquaintance with words which do not form
part of his daily vocabulary, learns to express
his ideas by imitating what he reads, and, what is
of still greater significance, acquires much
varied information which he would be unable to
obtain in any other way. (Bert, 1899)

Paul Bert's First Year of Scientific Knowledge, from which the

preceding was taken, was an enormously popular textbook,
reaching at least 18 editions. Originally written in French, it
was translated into English by the author's wife.
Advertisements for the textbook claimed that there was a copy in
every village school in France, and a copy has come to light
from a small country school in Tasmania, marked with the
inscription 'Inspector of School's copy'. Thus there was a real
debate during this period concerning the place of reading as
beneficial or hurtful to learning. Bert's opinion represented
one extreme. Another quotation from Armstrong can be used to
represent the other.

Don't look at a textbook; avoid most of them as

you would poison. Their methods are as a rule

detestable and destructive of all honest efforts

toward development of powers of self-helpfulness;

the worst offenders being such as are written by

those who have 'felt a want' in connection with

some particular examination. (Armstrong, op.

cit.).
This is a forceful rejection of the role of reading, picturing
books themselves as inappropriate to the purposes of science

education. But the real nature of the condemnation is seen to

be directed at poorly written books. Indeed, Armstrong himself

called on writers of talent to implement a "new literature."”

Books are wanted, written in a bright, attractive
and simple style, full of accurate
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information...Unfortunately those who attempt to

write readable books are too frequently not those

who are possessed of sound knowledge: it is time

that it were realized by those who could write

well and accurately that there is a duty incumbent

upon them... (Ibid)
During this period a greater number of textbooks began to
appear, specifically designed for school use, though it is
unclear whether they were in the "bright, attractive and simple
style" desired 'by Armstrong. The large publishing
houses-~Macmillans, Longmans, George Routledge, Dent--began to
produce a wide range of textbooks for both elementary and
secondary science students. The textbook history of these firms
is yet to be written, but an examination of the numbers of
textbooks advertised on the flyleaves and inside covers of

published texts shows an increasing number and range being

offered to the public. To give two examples; in the back of

their 1898 editioh of Watt's Geology for Beginners, Macmillan's
lists' eighty-six textbooks published in their Science Class
Books. series adapted to the South Kensington Syllabus,
indicating that they were intended for use in schools. 1In 1900,
Blackie and Son's "Brief List of Educational Works" included
fifty-six titles for school science alone. In both cases these
textbooks were available within twenty years of the advent of
compulsory secondary éduCation. A simple count of the number of
advertised texts available for school ﬁse in science by 1900,
taken from the textbook collection used in this thesis, reveals
over 350 separate titles for use in Commonwealth countries. It
must be kept in mind, however, that not all of these texts
achieved popularity among teachers. Consequent upon this

increased availability of textbooks are several points relevant
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to science education at the time. Firstly, there was a decline
in the religious content of the textbooks as the smaller,
denominational publishers found themselves squeezed out of the
market. They suffered as well from the new emphasis on secular
content in the emerging school science curricula. Secondly,
there was a demise in the autodidactic style of textbook.
Trained teachers, examination demands and science educators all
combined to remove the emphasis from the teaching voice of the
text.
Comenius (1592-1670) saw the text as a dumb
teacher. Like the teacher, its task is to impart
knowledge (however defined) as efficiently as
possible. It is useful to look at the text with
the expectation that it might possess some of the
skills and characteristics of the teacher. In
practice, the description 'deaf' teacher is more
accurate since, 1in a sense, the text speaks
through the written word but is unaware of the
success of its exposition. (Newton, 1983)
And thirdly, the large publishers were able to encourage notable
scientists to write popular, elementary textbooks. T.H. Huxley,
J.D. Hooker, W.A. Tilden, Balfour-Stewart, M. Faraday, S.
Thompson (all members of the Royal Society and eminent in their
own fields) and many others felt an obligation to produce
distillations of the work in their area for students. Many also
served as examiners for the Department of Science and Art

(DSA) .

Until the Elementary Education Act of 1870 most
science teaching took place under the auspices of

the D.S.A. Under the rigorous financial control
of their examination results, such
classes...tended to be non-practical,

textbook-orientated and imbued with rote learning.
Both Frankland and Huxley tried to stimulate
practical science teaching by holding summer
schools for science teachers during the 1870's,
but the practical instruction they encouraged, and
the practical textbooks which followed the wake,
were of a manipulative and demonstrative
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character.. (Brock, 1973)

Some of these writer~scientists were also members of the
"X-Club", the influential group of ten members of the Royal
Society who exercised such a strong influence on the scientific
activity of England in the latter half of the 19th century.
(Jensen,'l970); Such was their réputatibn as scientists that
they were able to have considerable effect on the character of
science education as well.

It was also during this period that educational psychologists
began. to influence teéching and to develop theories of learning.
Such studies entered the debate about science education in the
form of Faéulty Psychology  versus Herbartianism and
experimentalist psychology. (Ross, 1933). This is mainly of
importance here in the way such arguments influenced opinion on
the relative merits of 'reading' versus 'doing' for learning.
During these early stages of educational psychology, the rival
views were divided over two major concerhs. Firstly, what are

the pre-conditions for learning (i.e., is the child's mind a

tabula rasa, or does it contain pre-set 'ideas’ or

'faculties'?); and secondly, what are the possibilities of

learning (i.e., what is theé most we can hope for through
education) . Debate on these issues obscured questions on the

methodologies of instruction. Hence educators such as H.E.

Armstrong could use Faculty Psychology as a Jjustification for
heurism when in fact he had no evidence (other than his own
experience) about how children learn from heuristic methods, or
whether in fact they were better than reading. (Brock, op.
cit.). The‘ argument between science educators was often

characterised by considerations apart from psychology because
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often the real crux of the disagreement was about the value of
science education to the individual and society xrather than how
science is best learned. Consequently, advocates of educational
change often 1looked for a psychological theory that would
justify pre-conceived ideas of what sbhould be learned--method or
.information--and why.

Finally, this period also saw considerable increases 1in
educational opportunities for large masses o©of students, and anv
inéreased number of schools, students and teachers through the
introduction of compulsory education. The modexrn phenomena of
lavrge mixed-ability classes, compulsory subjects and organized
timetables began -to appear. The demands on teachers changed
dramatically. This formalization of classroom science education

saw a response by textbook writers. The Preface to A Class Book

of Physics by Sir Richard Gregory and H.E. Hadley defends the
textbook's place in such difficult circumstances.
In most cases the time available for a science
course will not permit the go-as-you-please pace
postulated by some educational reformers as
essential to good work...How few pupils there are
who possess the motive and purpose required for
successful scientific study without assistance
from the textbook is known only to the practical
teacher. (Gregory and Hadley, 1941)
The reality of the school situation, then, as it did with the
autodidactic style of textbooks, exerted considerable
influence.
In summary, then, this period can be characterized by four major
debates relevant to this thesis. Firstly, the debate over the
place of science in the curriculum--it had to bbe justified by

arguments claiming its usefulness and distinctiveness.

Secondly, the debate over the nature of science education
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itself~-was the emphasis to be placed on method or content.
Thirdly, the debate over the value of reading in science
education--this was answered mainly by beliefs concerning the
second debate above. And fourthly, the debate over the process
of leafning begun by educational psychology.

The school textbooks of the period tend to have scientists
rather than school teachers or <clergymen or writers of
children's 1literature as their authors. Responses to all four
of the debates .listed above shaped the purposes of these

scientist/authors.

3. 1900 -- 1960

Though the debates of the late 19th century continued into the
early years of this period, the establishment of school science
on a wider scale than before tended to ensure that, in general,
this period would mainly be debating the form of science
education rather than its right to exist on the school
timetable. Modern schooling was in place and under way. Only a
few main characteristics of this period,_with reference to texts
and science education, will be mentioned.
_Firstly; there was a shift from scientist as authors of textbook
to teachers and/or tertiary-level 1écturers as authors.
At the beginning of the period (1870), almost 70%
of (textbook) writers were professional physical
scientists, that is, researchers who lectured in
universities and equivalent institutions. As this
percentage declined, that of school teachers rose.
Furthermore, the proportion of teachers who taught
in the private sector was unexpectedly high.

(Newton, op. cit.)

As the number and level of training of science teachers
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iﬁcreased ( a result of the te.acher—t'raining Regulations
introduced by the Board of Education in Great Britain in 1904),
they 1legitimately .claimed that textbooks should reflect what
they thought students should know, and how they best 1learn it.
Education and science grew apart, losing that interface
previously provided by scientists keen to influence education.
The effects of this‘ on tex‘tbooks have been profound. Lacking
the_ scientist's depth of understanding and sense of personal
involvement with the discovery of new knowledge, the
teacher/authors simply 1lifted from the scientist's textbooks
whole sections of information, often leaving behind the
carefully constructed arguments and doubts concerning such
information, and merely re-arranged' of shifted them about to
make them more 'presentable'. A large number of textbooks vof
this period are simply re-written, cut-and-paste parodiés of
seminal texts, with questions added at the end of the chapters,
an increased number of illustrations, a set of past examination
qu_estions in an appendix, and a few recipe-book experiments
(Bassey, 1960). Typical of these texts are: Holmyard's A Highér

School Inorganic Chemistry (1939); Hopkins et. al.'s Chemistry

and You (1944); Smith and Smith's Intermediate Physics (1949) ;

and Stump and Rowlands' Leaving Physics (1950). This pattern

was apparently followed in America as well. Joseph Schwab

comments on it in the first chapter of his Biology Teachers'

Handbook, written for the Biological Sciences Curriculum Study.
(Schwab, 1963). An even more political view of the process is
given by Gerald Macdonald, who claims that the presentation of
knowledge to the young is not under the control of either

scientists or teachers, but editors. (Macdonald, 1976).
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What 1is clear is that the change from scientist/authors to
teacher/authors reflected a profound change in the purposes for
which texts were ﬁritten, and a consequent change in their
language.

The textbooks _of this period began to show a remarkable
similarity in approach and style. Highly successful textbooks
from ;his time would include the following, all of which are
included in the textbook collection attached as Appendix I.

Gregory and Hadley's A Class Book of Physics, first edition
1909, and reprinted 18 times up to 1941.

W. Watson's A Text-Book of Physics, second edition 1900, and
going through four editions. _

C.J. Smith's Intermediate Physics, first edition 1932, reprinted
12 times up to 1944. ’ ‘

Parrish's Chemistry for Schools of Science, first edition 1899,
reprinted 20 - times up to 1925.

Mee's A Modern Chemistry for Schools, first edition 1938, last
reprinted 1950.

Cavell's An Introduction to Chemistry, first edition 1940,
reprinted 3 times and going through 3 ‘editions to 1953.

The measure of their success is, of course, their 1long
publishing 1lifetimes, but also their inclusion as required
readiﬁg by examining authorities in some Australian states. One
of the factors lihking them together is their uniform commitment
to existing educational practices and institutions.

This book has been written to provide a course of
elementary physics to the standard required for
the Intermediate Examination...We wish to thank
the Public Examinations Board of the University of
Adelaide for permission to take many of these
questions from past Intermediate Examination
papers. (Smith and Smith, op. cit.)

The inclusion of this (extra) material has enabled
a complete course of Inorganic Chemistry to be
provided for several examinations which are
intermediate in standard between the advanced and
ordinary 1levels of the General Certificate.
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(Cavell, op. cit.)

...the allotment of space to individual topics is

roughly in proportion to the frequency with which

these topics appear in the examination papers.

(Holmyard, 1939)
The purpose of the textbook in this period was to present a
course of study to match the place of science as an ekaminable
school subject (Jenkins, op. cit.). It was perhaps here that
the purposes of the teacher/author as opposed to the
scientist/author were most clearly seen.
Anothef area of similarity between the texts was the ordering of
content, though this is apparently a consistentcy that can be
traced back fo'the middle of the 19th century, and only began to
show changes after the early 1960's. - Newton (op. cit.) lists
the content and their preferred ordering in physics texts over
this time as: (1) Mechanics and properties of matter; (2) Heat;
(3) Light; (4) Sound; and (5) Magnetism electricity énd modern
physics.
In this period, the role of the laboratory, as presented in the
textbooks at any rate, iS'seéondary. Experiments are designed
to illustrate knownjléws (e.qg., "Expﬁ. 1. To verify the law of
conStant composition." Cavell, op. cit.), or to determine the
value of physical constants (e.g., coefficients of thermal
expansion, refractive indices, atomic weights and specific
densities). Many texfs early in this period designed the
experiments so that they could be done as demonstrations by the
teacher. The textbook authors placed little emphasis 6n the
Qays by which scientific understanding is obtained, stressing

instead its completed results.

Finally, for the 1lower 1levels of secondary science the
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curriculum emphasised General Science. The original claims for

the methodologies of the separate sciences--that they were

distinguishable as Observational and Experimental--were
forgotfen as the teachers and administrators now in control of
science educatibn came to see science as a single discipline
which had genefated-an enormous number of useful facts. Earlier

educational claims for important distinctions between the

Natural History sciences and the Physical Sciences were
minimized as demand grew for the whole range of Sciencé to be
given' to all children. (cf. the discussion of the General
Science movement and 'Science for All' in Jenkins, op. cit.).
The effect on the textbook was to fifst of all create the demand
for a new type of author, the generalist, whose task was to
paint broad outlines. This of course widened the sepération of
scientist and textbook author even further. The second effect
was a consequence- of the belief that all students needed an
vintroduction to Science. What were they to study, and what were
they to achieve? What is common between botany, physics and
geology at the elementary level? 'In attempting to answer these
questions, the recognition of a whole.new set of purposes for
science educétionv-emerged, again with significant effects on
textbobk language. Also, textbook writers were forced to make

selections from the ever-increasing content of the various

sciences. 'Consequently, there was 1less room in the text for
examining the processes of science. In addition, if all pupils
are to do science, then textbooks must be written for a whole
range of reading abilities, and in that sense, textbook language

would be constrained by classroom realities.



40

4. 1960 -- 1970

This period is characterised by the large scale national
Eurriculum projects-—Ameriéan, British and Australian--among the
best known of which are, perhaps, PSSC, Chemstudy, BSCS,
Nuffield, ISCS, and JSSP. It is beyond the purposes of this
Ehapter to attempt to detail their origins, philosophies and
influences; yet, because their influence was, and is,
widespread, some outline of their notions of science education
is necessarj here. A 1list of the major factors influencing
their development would contain at least the following.

1. The increasingly professional development of teachers.

2. The increased numbefs of well-equipped 1laboratories and
teaching resources.

'3. The increased influence of professional groups such as the
Science Masters' Association in England (Ingle and Jennings,
1981)

4. The manpower concerns for the increased number and quality
of scientists and engineers, especially after the launching of
the Russian Sputnik in 1957.

5. Large scale financial support for curriculum change, either
from private foundations or government.‘

The significant changes these national curriculum projects hoped
to bring about included major restructuring of the content in

order to emphasise structures of knowledge rather than simple

information (e.g., Bruner, 1960); an increased emphasis on the
labdratory as a basis for thinking and learning about science;
an emphasis on skills (e.g., observing, fecording, drawing
logical conclusions) rather than on information alone; and the

standardisation of the curriculum to make it accessible to
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everyone in school. This 1last claim perhaps explains the
willingness of Australian schools, for example, to use American
or British materials in science, becéuse the structures,
principles and skills of science (as well aé its results) were
felt to be universal.

Their materials, including textbooks, were placed in front of
énormous numbers of stﬁaents.

...few people are aware of the important role some
250 million textbooks play in the education of
50,000,000 elementary and high-school students.
For instance, during his school career your child
will either commit to memory or attempt to absorb
at least 32,000 textbook pages, and this does not
include supplementary readings in social sciences,
literature, or science. In the first grade he
will complete at least four textbooks, and by the
time he finishes his last year in high school, he
will intensely study another sixty....During the
school day itself, 75 percent of your child's
classroom time and at night 90 percent of the time
he spends on homework will be centered around
textbooks.. .Textbooks..are still the single most
important teaching tool. (Black, 1967)

In America, where the emphasis on the authority and use of
textbooks can be much higher than in England or Australia
(Fensham, 1980; Olson, 1980), the curriculum developers were
often explicit about the role of the textbook.

This textbook is the heart of the PSSC course, in

which physics is presented not as a mere body of

facts but Dbasically as a continuing process by

which men seek to understand the nature of the

physical world. (From the Preface to the PSSC

textbook, 1960) '
Once again, however, the 1link between'reading a textbook and
understanding the "continuing process" that is physics is not
made clear. The original designers of Nuffield physics and
chemistry, on the other hand, originally opted for no set

textbook at all (with the exception of O-level biology) but

instead produced a wide range of materials of various kinds.
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A comprehensive package of material was made
available in each project comprising guides for
teachers, various forms of written material for
pupils, as well as such supplementary material as
film-loops and wall charts....(some) set standards
of design and imaginative art production that had
rarely, if ever, been achieved before in
educational books in Britain. (Waring, 1979)

The Nuffield Chemistry Students' Book 1 makes only a brief
reference to the role of reading in learningvchemistry.
Not a textbook, not a background book, not a book
of data--this book has been deliberately left in
many ways incomplete. Like an outline map of an
unexplored island, it will provide you with a
series of starting points from which to explore
the interior, to build up your own view of
chemistry at this level. To do so, you do not
merely need to read the book; you need to do the
course...It is impossible to convey in a short
section the great variety of interest and activity
there is ‘in modern chemistry. This you can find
out only by doing chemistry, not reading about it.
(Nuffield, 1970)
Because the Nuffield texts were written by different authors,
and pfesented material in a variety of ways, there is a wider
range of prose styles contained in any one text than in other
representative textbooks of the same time--PSSC, for example.
From the language point of view, textbooks of this period were
influenced by the following considerations. Firstly, the direct
influence of various psychological models of learning. Bruner,
Ausubel and Gagne were directly involved 1in textbook

design--Bruner with PSSC in 1960, Gagne with Science--A Process

Approach in the early i960's, and Ausubel through his critical
role in the National Science Teachers' Association. Schwab was
invol?ed in BSCS in l963,> supervising the production of the
highly successful ﬁextbooks of that course. Secondly, the
textbooks were often integrated with laboratory work,

work-sheets, outside reading and in-text questions. Because of
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its integral role in a complete curriculum package, the text's
language could begin to refer outside itself to experiences the
reader could or should have had iﬁ the laboratory, or at home,
or indirectly through reading historical extracts and primary
sources. Thirdly, muitiple authorship and editorship became
common, removing the possibility of a single, personal style and
languagé. The "I" of the scientist or teacher was replaced with
the "we" of the curriculum team.
As mentioned, the role of the laboratory was strehgthened during
this period, with the larger curriculum designers producing a
complete package of materials, equipment and practical guides.
The textbooks could then reflect this experimental approach.
Specif;cally, fhe primary‘purpose of science education was seen
as the uncovering of the investigative nafure of science as a
human activity--the "continuing process" of the PSSC textbook.
If in fact this was so, then the language of the text would be
constrained by this purpose. The éuthors would place their
emphasis on methodology, on the. detailing of experimental
design, standards, technological limitations, measurement and
its errors, and the choice of apparatus and techniques. Yet
even casual reading of these textbooks suggests that their real
concern was with science as a body of knowledge. It is notable
that laboratory work was often detailed in‘a separate lab manual
containing things to do rather than things to think about.

It seems that many school chemistry texts, like

the relevant examinations, have 1largely ignored

the social dimensions of chemistry, despite

detailed accounts of the processes underlying the

chemical industry, and have virtually excluded all

reference to the imaginative, personal and craft

elements  of scientific creativity. The emphasis

has been upon chemistry as a body of knowledge,
established by pure, self-justifying inquiry...
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(Jenkins, op. cit.)

And finally, there was an enormous increase in the numbers of
textbooks produced during the decade. The market for textbooks
increased, of course, with the great increase of students at the
upper end 6f secondary schools, and there was a need to produce
textbooks that supported curriculum changes. Kellaway has
provided some astonishing figures; in the area of school
mathématics and science, he shows the numbers of books published
annually in Britain alone, in the late 1960's, to be some
33,000. Physics and chemistry accounfed for around 800 new
tiﬁles a year. (Keilaway, 1970). This enormous output was not,
as Kellaway makes clear, the result of wide experimentation with
style, format and purpose. On the contrary, it hindered
critical appraisal -and overwhelmed any alternative writing for
school science. Indeed, textS»wHich failed to match traditional
approaches to school science tended to be "swept from the

bookshelves." (Bassey, op. cit.).

5. 1970 -- PRESENT -

Contemporary textbooks are harder to characterise because of
their numbers and ever-increasing diveréity. It is clearly
difficult, from the research literature, to séy what the.
distinguishing features of science education are today. For the
primary school and the lower levels of high school, one common .
theme 1is enquiry 1learning--science as the personal act of
discovery, with the British Schools Council 5/13 Science Project
as an example. (Schwab, 1963; Rowe, 1972; Waring, op. cit.)

General science 1is still actively taught, with the debate
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centering on questions of integrated science, levels of
achievement, and schools' based activities in science--all in
opposition to persisting arguments for a common core curriculum.
(White, 1973; Kelly, 1980). Theée textbooks, in contrast to
those of earlier periods, take for granted that the teacher will
make judgements on how best to present and balance the materials
from the textbook and the laboratory (e.g., "Only the teacher
can decide which parts are relevant to the needs of a particular
class." Jardine, '1969; and "It is assumed that teachers wi;l
respond to the excess of material by seiecting from it to suit
the level of ability, interests énd academic réquireménts of
those in their charge." Criddle, Izett and Ryan, 1975).

At_ the senior level of high school, physics and chemistry
curricula are still operating with the notion of science as a
body of knowledge, and examinations still strongly influence
science curricula, especially‘for the more able students taking
certificate courses. This is also reflected in the fact that
national curricUlé‘are still beiné Written, though the large
curriéulumv packaées have frequently been replaced with
multiple-author textbooks (e.g., Mayfield, Parham and Weber's

Fundamentals of Senior Physics; the varied Web of Life texts; or

the Australian Academy of Science textbooks in chemistry and
géolOgy) which are written for a national, if not international
audience.

The Foreword to the Australian Academy of Science's Elements of
Chemistry (1983) reflects an awareness common to this period of
the need for a broad approach to the role of the textbook.

(1) There is to be a "large laboratory component...closely

integrated with the text material." -
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(2) But of course chemistry is "...very much a part of our
lives, and not simply what is done in the school laboratory."
(3) The intent is also té "...familiarize students with common
chemicals and their reactions, and take them from the concrete
experience to the abstract idea."
(4) As well, the "...influence of chemical industry and
technology in our daily lives.." is included as a purpose.
All of these purposes are valuable ones, and the text does argue
that the over-riding emphasis is to be placed on chemistry as
an experimental science, and that if it is approached in that
way all of the purposes can.be met. (Bucat et al., 1983). But
it is not clear what the function of the textbook and reading
are in a course which emphasises practical ﬁork. Nor does the
text make clear in what fashion a discussion of the role of
scientific thinking can take'place_alongside a treatment of the
science/technology interface in a meaningful way for non-science
students inAa book about senior-level chemistry for examination
candidates. This widened basis for science education has
recently been emphasised by the Science Fof All ‘movement,
sponsored by UNESCO. At a conference in Bangkok in Septembér,
1983, a set of 8 criteria for content selection were cqnsidered.
as important. | |
1. It should be perceived by the learners as

immediately useful in their real world or as
having social worth by its economic or community

value. '
2. It should improve the living standards of the
learners, or increase their productivity and

contribute to the well-being of the community and
national development goals. :

3. It should be based on the daily 1life
experiences of the 1learners, relate to the
resources of their real world and have obvious
applications in their work, leisure or homes.

-4, It should include natural phenomena which will
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create wonder and excitement in the. learners.

5. It should enable the learners to acquire and

master useful and employable skills.

6. It must consider cultural and social traditions

and seek to complement these.

7. It should enable the learner to recognise and

appreciate the importance of science and

technology in national development.

8. It should enable the learners to utilize w1sely

their natural resources and to live harmoniously’

with nature and society.  (Fish, 1984).
Such a comprehensive yet pointed set of criteria, if adopted,
would cleafly have considerable influence on the language and
style available to textbook writers.
Uncertainty about' the role of science and science education in
society has recently begun to be éxpressed in the research
literature. (Mathews, 1975; Margetson, 1982; Smolicz, 1974;
Young, 1976; and Barnes and Edge, 1982). Typical of the sorts
of questions being raised by this concern are these of
Margetson.

ce.if the,nature'of science is as unclear as the

arguments suggest (here he mentions Kuhn, 1970,

Popper, 1968; Lakatos, 1970; and Feyerabend,

1975), then are there any grounds for the belief

that there is such a subject as science at all?

Are there any satisfactory criteria of demarcation

by reference to which science can be distinguished

- from non-science? (Margetson, op. cit.)

Modern writers have not responded to these concerns within their
textbook. Their main interest is with the presentation of a
body of. knowledge which is obtained by methods which are taken
as unique and unproblematical (Bassey, 1961). The problem of
initiating the learner into this body of knowledge is of much
greater importance. ‘As a result, most writers present, not a
well-argued coherent view of science, but a series of activities

for teachers to use as they see fit. It may be that these are

no longer really textbooké at all, bbut 'study guides' or
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'resource materialf. This is not to say that such texts are
haphazard. Most senior science textbooks still arrange their
material in a suppOSedly logical order, and attempt some degree
of comprehensiveness. What is missing is the thread of
justification and purpose that ran all through earlier texts
from the 19th century autodidactic religious readers to the PSSC
and. Nuffield projects. For 120 years, science writers and
educators have been confidently saying that they know the
purposes of science education in schools and in the lives of
hﬁman beings. By contrast, the writers of modern textbooks have
become responsive!tb é wide range of demands (e.g., the UNESCO
criteria), some of‘which may be in conflict, making it unlikely
that the text's prose can display a single ciear' purpose or
coherent set of purposes. The needs of those going on to
science as a career, and those terminating formal science
education; the lplace of science 'in society, shown to be in
question; the relations between science and technology, also
unclear; ‘the t'ype of thinkir;g and doing  which is distinc':tlyA
scientifié; and the 1logical structure, ideas, principles and
patterns of the particular science taught——all these place
enormous demands on the textbook.

One impbrtant change that has taken place in textbooks during
this period is in the amount of textbook space givén to actual
prose. The modern science textbook has omitted the text as much
as possible{_replacing it with diagrams, photographs, equations,
charts, wofked numerical examples and shorﬁ sentence summaries.
Undoubtedly, early textbook authors wused a 1lot of prose
describing what a modernvphotograph makes immediately clear.

But early textbooks were not, on the average, any longer than
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modern texts. Everett's Text-Book of Physics (1901) has 322
pages, was intended for use over two years, and had graphics on

only 192 pages. Mayfield et al's Fundamentals of Senior Physics

1 (1973) has fewer pages (205), but is intended to be used in
one year, and has at least one graphic on every page.
Similarly, Roscoe's Chemistry (1875) had only 100 pages and had
a small woodcut on almost every page; the Australian Academy of

Science's text, Elements of Chemistry: Volume 1 (1983) has 445

pages, the majority of which are dominated by graphics of
various types. Such a high incidence of graphics raises a whole
series of new questions about'reading a textbook. For example,
how do children extract meaning from graphics; how important are
the prose passage liﬁks between graphics for a coherent,
sequenced understanding; how well do readers cope with the
demands.of shifting from written to graphic material and back
again; and do graphics, in fact, aid the learning of concepts
and abstractions, or do they simply guarantee that something
different will be learned through the new medium? Without a
strong, consisteht.textual component,-the.modern textbook may
finally be moving away from its traditional role of supporting
learning through reading vand through telling the story of

science.

SUMMARY

This chapter has briefly outlined the development of the
physical science textbook alongside major movements in science
education since about 1800. The starting point was the
suggestion that to better understand the language of textbooks,

it is important to know their purposes. These purposes are
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found, in some measure, in the authors' responses to prevailing
notions of science, and the purposes and value of science
education. In turn, those notions are found in the writings of
scientists, philosophers and educators, and in the realities of
the classroom.

The early 19th century writers adapted their autodidactic texts
to school purpoéeé in response to the érowing numbers of
children at school. Writers with particular views of the nature
of science and science education wrote texts reflective of
either science as enquiry or science as conclusions.
Dissatisfaction with prevailing teaching practice and political
manpower demands influenced the large national curriculum
projects and their textbooks. Concern aboht the place of
science in the l1ife of the child and society, along with growing
understanding of the processes of 1learning, have shaped the
modern textbook and its language.

As a result, three major purposes have been idenfified.
Firstly, that of writing for an autodidactic audience. This
purpose was not specifically related to science education, but
centred on religious views and/or the teaching of reading.
Secondly, that of portraying to learners a particular view of
science, such as a method of discovery. These were often
written by scientists of considerable reputation -to support
their arguments for a particular type of science education. And
thirdly, that of presenting to readers the results of scientific
investigation, and the. information necessary to succeed in
examinations. These were generally written by teachers. This
may reflect a perceived difference between what might be termed

'useful knowledge' and 'prerequisite knowledge', with the latter
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becoming far more dominant in recent years. The next chapter
links these purposes more explicitly with the textbooks written

to match them.
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CHAPTER 2: HISTORY OF THE SCIENCE TEXTBOOK

INTRODUCTION

One of the central concerns of this thesis is determining the

characteristics of textbook language. The development of the
science textbook alongside major developments 1in science
education was traced in fhe previous chapter, where it was shown
that ﬁhe textbooks of each of the major periods were influenced
by historical factors and social trends in education generall?,
and sciehceveduction in particular; This history was revealing
of the translation_of-views of science and science education
into sets of purposes. .These purposes were identified in the
writings of scientists, religious authors, educators, teachers
and curriculum developeré. It was also suggested thét ‘the
characteristic language of the textbooks would reflect these
purposes, but no attemﬁt was made in that chapter to make this
conhéction explicit. This chapter uses the historical framework
beguh in the previous chapter to examine the development of
textbook language style and rhetorical character, concentrating
on physical science texts

More 'specificaily,' this'  chapter has two imporﬁant purposes
within the thesis structure. Firstly, it develops a vocabulary
to be used to characterise textbook language. This vocabulary
is drawn from the rhetorical pattern of the textbooks, énd it is
then used to develop the first order classification for textbook
types. Secondly; this chapter also traces .the connections

between the historical 1influences outlined in the previous
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chapter and the language of the textbooks. It seems clear that
today's physics and chemistry textbooks were strongly shaped
during the very beginnings of school science, and many of their
structural, linguistic and stylistic features have their origins
in 19th century writing.

In addition, ah analysis of éﬁrly texts provides an opportunity
for the examination of alternative approaches, not only to
textbook ianguage and style, but to science education, the role

of reading, and the placevof science in the life of the child.

The textbook did not, of course, suddenly appear in a fully
developed form at the beginning of the 19th century. Science
writing‘for the uée of scholars can be traced to the Medieval
period, and ultimately to fraéments abstracted from the Greek
natural philosophers. But writing which was meant for children,
and which concerns itself with science, becéme widely available
only in the 19th century. The ébvious reason for this was the
lack of a generally literate population of young people, and the
creation of this‘population by the rise of popular education.

Both = these factors generated a demand for books with a

pedagogical purpose. Such a purpose could be satisfied either
by incorporating pedagogy into existing informational books, or
by writing new, separate works. This new, pedagogical purpose

provides justification for a working definition of a textbook: a

textbook 1is any book written with the purpose of instructing

and/or informing learners, whether autodidacts or those in

schools. Such a wide definition is useful because not only does
it encompass books written specifically for school purposes, but

also a wide variety of works which might be termed
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'p&pularizations'. The latter were used at the beginnings of
science education, taken into the classroom because nothing more
suitable was available. One difficulty with such a definition
of 'textbook' is that it does not eliminate such works as
dictionaries, encyclopedias or reference works. This problem is
eliminated by referring to rhetorical arguments--the rhetoric of
textbooks (ﬁheir language used to persuade or impress) is
distinct from that of a reference work.

Remembering that gompulsory education did not begin in earnest
in Commonwealth countries until the late 19th century, writers
who, before then, wanted to give childfen access to science
could not assume that they would bé at school{ They wrote what

are termed here autodidactic works 'meaning self-teaching texts)

designed to provide information ‘and/or instruction on a wide
range of topics for readers outside of formal schooling. It is
‘their works that were taken up by teachers and used in various
ways.

Four main rhetorical types of textbooks have been identifiéd,

and will be referred to as CATECHETICAL, CONVERSATIONALIST,

EXPERIMENTALIST and FORMALIST. The ordering from Catechetical to

Formalist reflects a change over time, but it must be pointed
out that the historical relationshié betweeﬁ the four is not a
linear one. Each grew out of its own sef of influences; not
quite independently of each other, but sufficiently distinct to
make any argument for the transformation of one into the next
difficult»to maintain. It will.be useful, however, to keeb in
mind the rough chronological setting of each type, as outlined
below, and shown in Figure 1 (see following page).

The Catechetical texts were mainly written between the middle of
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the 17th century and the end of the 19th, with the greatest
numbers appearing in the early 1800's. They had all but

disappeared by 1880, but the occasional text was still being
>written in this styie as late as 1950 (e.g., Carter's Physics

for Everyone, 1950). Also, the Teach Yourself Books, published

by The English Universities Press, are reminders of the strong,

unceasing interest in ‘autodidactic texts (e.qg., L. Wilkes'
Teach Yourself Teaching, 1959). Hundreds of titles were
published in this series. Of course, they are not written in

the same style as the Cateéhetical texts, nor for readers
necessarily without access to formal schooling, but their
considerable publishing success is echoéd by the growing number
of self-teaching texts catering to 'speciélised' audiences.
(Evans, 1983) |

_The.;Convérsationalist texts appeared about 1750, peaked in
pfoduétion_ about 1858, and disappeared by the early 1900's.

Their influence 1lingers on in such popularizations as Gamow's

Mr. Thompson Explores the Atom (Gamow, 1951), and ‘the 'now_
classic Flatland by A. Square (Abbott, 1952). Comic strips,
too, are used to teach_ science, though not often at senior

level. Butler and'Raymond's Introduction to Physics (1974) is

an exception, and some researchers have;enéouraged teachers to
use this for@at in their lessons (e.g., O'Bruba and Camplese,
1981). However, in spite of the growing interest in children's
literature in the primary school, little increase is appareht in
the amount’pﬁblished even for these younéer readefs in the area
of story-book science. - Examples of'such literature for young

readers includes Number Stories of Long Ago (Smith, 1919), The

.Stone That Loves Iron (Carter, 1963) and The Day of the
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Diprotodon (Ruhen, 1976).

The Experiméntalist texts appear about 1890, grow in numbers,
and are then subsumed by the Formalist school texts, which
appear at roughly the same time as the Experimentalists, but
quickly came to dominate the field, é position they still hold

today.

THE CATECHETICAL TEXTBOOKS

The Catechetical texts are in question and answer form. This
suggests they may have their origins in the type of Socratic
dialogue familiar in many Medieval religious debates and, for
example, the. dialogues of Galileo. Referring to the texts

(rather than their format) as "...contributions to a literary
vein of popular compilapions of factual information...", David
Laytoh claims "...they presented science in disqrete,
unstructured snippets designed for the amusement and edification
of the curious." (Layton, 1973). They were very popular and
much used 1in schools; whether as "reading lesson" books or
specifically for écience lessons. (Ibid).

The Catechetical 'style takés its name from fhe style used in
writiﬁg religious catechisms.. "It is...in this period (the
second half of the 19th century) that the word 'textbook' was
first used by analogy with the clergyman's 'text' which he set
up and defended."” (Newton, 1983). The word 'catechism' itself
is from the Greek, meéning5to "teach by word of mouth" (0.E.D.).
Iﬁ is therefore .not surprising that this style is seen to
resemble teacher/pupil "verbal intéraétioh in the classroom

(i.e., Barnes, Britton and Rosen, '1971; The Bullock Report,

1975). It can be argued that this style was deliberately chosen
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to match a traditional patterﬁ of pedagogy (Newton, op. cit.;
Thomsen, 1975); after all, if this was the method of instruction
used by teachers, then it would seem reasonable for authors to
simply write texts as though they were transcripts of classroom
lessons.

The first abstract below is from Pinnock's Catechisms of the

Arts and Sciences, published iﬁ stages from about 1822. PinnockA
covered an encyclopédic range of topics in small pamphlets which
were sometimes bound together into collected volumes. This
_example is from Volume 1 of such a collection which also
contains sections on morality, health, logic and natural
theology. The abstract shows two essential character;stics of
these éarly catechisms; firstly, the strong religious content;
and secondly, the simple reasoning from common experience
without reliance on experiment.

Q. What is meant by absolute mbtion?

A. That which is measured with regard to an object

at absolute rest, or where the space passed over

is absolute space,--that which contains the whole

universe, and which therefore cannot move.
Q. Cannot we measure or estimate a motion of this

kind? :
A. No; because we are not sure that any body is
absolutely at rest. The water moves; the air

moves; the earth moves, the moon and planets move;
we know from the appearance and disappearance of
the same spots on the disc, or face, of the sun,
that the sun moves round an axis.

Q. Is not that taking rather too extended a view
of the works of nature?

A. The wonders of creation are limited only by the
powers of their CREATOR, and that is far beyond
what our observation, or even our imagination, can
survey. System may be joined to system, and
constellation after constellation of systems may
revolve round centres more powerful and roll in
orbits more immense...for all that is there
disclosed is but the altar upon which it behoves
man to kneel down and adore the might and majesty
of the God by whom the whole was made... (p.52)

Q. Whence do these variation and changes of
motions proceed? '
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A. They are usually said to proceed from’
differences of FORCE. :
Q. What do you mean by force?
A. Any phenomenon that is accompanied by change in
. the state of a body, whether that change from
rest, or from one dirction or degree of motion to
another, is said to be produced by a force. We
say, the force of the wind; the force of fire; the
force of gunpowder; the force of a blow; and we
never see anything in motion without thinking of
the force that made it move. '
Q. Are force and motion the same then? (Pinnock,
1828)

A second example also shows these two characteristics clearly.
It comes from Dr. Brewer's Guide to Science. It provides an
intefesting contrast to Pinnock, and together they indicate
"something of the range of Cgtechetical types. Published in
1848, and going through at least 31 editions and 113,000 copies
until 1873, Brewer's was a more substantial work of 446 pages,
and contained an index and 106 unanswered quesfions at the back
“for the ingenious reader to solve". By contrast, Pinnock's

Catechisms - were séparate pamphlets of approkimately 60 to 70

pages. Both these texts were very popular, and énjoyed long
publishing 11fet1mes. ‘The abstract below from Dr. Brewer comes
from. the 10th edltlon.

Q. What is the USE of SNOW?

‘'A. To keep the earth warm, and to nourish it.

Q. Why does the snow keep the EARTH WARM?

A. Because it 1is a very bad conductor; in

consequence of which, when the earth is covered

with snow, its temperature very rarely descends
below freezing point, even when the air is 15 or

20 degrees colder.

Q. Tell me the words of the PSALMIST (cxlvii.lé6)

respecting snow; and explain what he means.

A. The psalmist says..."the Lord giveth snow like
. wool;" and he means not only that snow is white
- like wool but that it is warm like wool.

Q. Why is wool WARM?:

A. Because air is entangled among the fibres of

the wool; and air is a very bad conductor.

Q. Why is snow WARM?

A. Because air is entangled among the crystals of

the snow; and air is a very bad conductor.
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'(Brewer, 1848)

It is important to remember-fhat fhese catechisms were text,
resource material, moral.and ethical reader and dictionary all
in one. It was quite clear to these writers that science had an
importaht role to play in the moral as well as intellectual
growth of the child. | |

The religious purposes are transparent.‘ The world is carefully
arranged in accordance with God's plan (eg., snow is dgsigned to
keep the earth warm and nourished). The emphasis on the
practical uses of nature as revealed by the questions and
answérs hints that peopie are expected to use nature to advance
themselves. These early catechisms contain 1little theory or
discussion of the ways knowledge is uncovered by science. They
are hot speculative, in that readers are not expected to enquire
into the subject any further. Their direct concern was to offer
simple explanations  for common'lbphenomena, and Vprovide
défihitions  for scientific térmsi The explanations offered,
however, stopped .at a purely nominalist levelf-theyv were
 concerhed‘only with fhe_immediéte phenomenon;.’For exémplé, the
first question in Brewer's 1848 text ié "What is heat?", and
this 1is answered byv "That which produces the sensation of
warmth.",“and the text is then immediately asking questions
about its effects. Any questions concerning the meanings or
purposes of 'the phenomeha described or explained wusually
introduced God ihto_the discussion. There is little doubt that
a chief characteristié-of thése texts is to consider>only what
things.dq, or are constructed of, rather_ﬁhan.with what they
are. As the bulk of the qﬁestions ask "Why?", the view of

nature that is given to the reader is strongly teleological.:
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276 ARTS AND SCIENCLS.

Q. Is it always of the sane length 2

A. No, it is not; but its variations arc known, ang
the difierence between them and mean cyual time, is
called the equation of time.

Q. All the bodies which appear in the heavens do
not belong to the solar system ?

4. No. The greater number of them are the stary,
or fixed stars.

Q. What is known of them?

A. Their degrees of light, and their situations with
relation to the sun, and to each other, '

Q. Are not their distances known?

A. No. They are too distant for being in any way
the subjects of science.

Q. Are they of no use, then?

A. They are of the greatest use. The distances of
the moon from stars is one of the best means of finding
the longitudes of places at sea, and enabling mariners
to know where they are, and thus to avoid dangers,
and reach the places to which they wish to go.

Q. What is the general principle ? ’

A. At a certain time and place the moon must ap-
pear at a certain distance from some particular star.
The time and distance can be known, and from them
the place can be found.

Q. Then much of human art depends upon astro-
nomy ?

A. Yes, the art of navigation, which has done more
for the improvement of man than any other art, is de-
pendent upon the principles of astronomy.

Q. What is the conjecture with regard to the fixed
stars 2

4. Conjcctures are not science; but the conjecture

SCIENCYE. OF THL HEAVINS, 77

is, that each of them is a sun with a systen of worlds
around it; and that of these suns and systems there is
no end ;—that no observation could survey them alj,
and no arithmetic sum up their number; but that,
after days, and years, and ages, had been spent in the
task, that task would be no more nearly ended than
the moment it was begun.

Q. What name is given to that wonderful struce-
ture ?

A. 1t is called the universc; and the best definition
of it is onc of the oldest—** it has centre every wherc,
and boundary no where.”

Q. To what does that consideration lead ?

A. 1t has been already mentioned, that the power of
matter, as displayed in the vegetable and the animal
tribes, have causes which do not belong to the mere
matter of which they are compused ; and it appears
alco that the diversities of those powers of matter have
no end. But we find that in all their variety and
number, they are adapted to their different purposcs,
and to each other, by laws which are so simple, so
universal, and so well adapted for the support of each
other, that the whole boundless extent must have been
seen, in all its duration, before one of the countless
millions of created things existed.

Q. Does that lead to any new branch of science ?

A. Yes; it leads to

Tue KnowLEDGE or Gob.

Q. Is any other name given to the knowledge of
God?
4. That which is obtained from the study of the
s b

’Figure 2.

A page (actua1 size) from a characteristic

Catechetical textbook:

Turner's Arts and Sciences, 1832
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The view of science as a human activity that these textbooks
implicitly convey 1is that of a rational pursuit of Natural
Truth. It is ‘also, more explicitly, a vehicle for the
admiration of God. There is the by now familiar view of the
world operating by virtue of the laws of motion and change
implanted in it, once only, by God. Science, therefore, served
a purpose greater than itself. The following selection of
questions from Pinnock are typical of this use of science to
lead the readers to admiration of God.

Q. In order to discover the traces of infinite

wisdom and power in the works of creation, at what

point should we begin?

Q. Leaving plants and animals out of

- consideration, <can we find any evidences of

Almighty power and wisdom in the earth itself?

Q. And does all that man knows or can do, result

from the study of those qualities that have been

implanted in substances by God? (Pinnock, op.

cit.) ’

Part of the success of both these textbooks may be due to the

instructional intentions of the authors, concerning which a few

remarks are appropriate here. Their pedagogical intent is
expressed in their réspectivé pfefaces: té produée wofksAin a
style which is "clear, simple, and _éaSy, and will be found
intelligible to the meanest capacity" (Pinnock); in "language so
simple that a child may understand it, yet not so childish as to
offend thé'scientific.">(Brewer). .Nevertheless they gained no
thanks frdm the men of science. T.H.'Huxley remarked that in
~works such as Brewer's "there was no means.to lead the mind of a
child to what might be calledtpurely'scientificvconsiderations;
the design of that education was pure infdrmation, no attention

was made to use the information, that was the cardinal defect."



61

(Huxley, in Layton, op. cit).

For the purposes of teaching in schools, the question and answer
style has a certain obvious appeal to the rote-learning school
of pedagogy, and these texts may in fact be precursors to the
late 19th century 'crammers'. The style is also suited to the
practice of reading aloud, suggested té bé the common pattern
until late in the 19th century in England (Pugh, op. cit.), and
even later in Australia. It must be kept in mind that these
texts were not written under the impression that they would be
used as school books. They were designed for the instruction of
youth by writers and publishers of varying religious and
political viewpoints (i.e., The Society for Promoting Christian
Knowledge) . Thus they did nqt refer to experiences in the
laboratory, or suggest activities, experiments and practical
work that need guidance from a teacher.

The idea that a question and answer format is appropriate for
learning science has persisted into relatively modern times.

The following extract is from E.F. Carter's Physics for

Everyone, published in 1950.

Q. What is the difference between "force" and
"energy"?

A. A force causes an object to move, and the
object possesses enerqgy by virtue of that motion.
Q. Under what conditions may force be applied to
an object?

A. (a) To alter the direction of its movement. (b)

To move it from a state of rest. (c) To overcome
friction, and thus keep it moving at the same
rate. (d) To increase its rate of motion. (e) To

bring it to a standstill. (p.27)

Q. Why does a layer of snow protect vegetables
from frost and cold?

A. Because the snow layer prevents the heat of the
earth from being drawn away by the cold air above
the snow. (p.67) » ‘

Q. Why does a layer. of ice prevent the water
beneath being further affected by air frost?

A. Because ice is a bad conductor of heat, and the
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layer acts as a blanket, keeping the water below
relatively warm. (p.221) (Carter, op. cit.)
These selections bear important similarities to the Pinnock and
Brewer textbooks written over a hundred years prior to Carter's.
In fact, the only significant difference is in the removal of

the religious and teleological components; pedagogically the two

are identical. Carter's text 1is also in the autodidactic
tradition as it was not intended for school use: "...and the

raison d'etre of this book 1is to popularise Applied Physics

without cheapening or ridiculing it." (Carter, 1950). Even
this statement from thebPreface bears strong resemblance to that
cited previously from the Brewer text, which claimed to be
written so that a child may understand, "yet not so childish as
to offend the scientific.".

The Catechetical texts clearly reflect the purposes for which
they were written; namely, to satisfy the need for autodidactic
works treating secular or semi-secular themes; to adopt the
common pedagogical pattern of inétructing through controlled
dialogue; and to inform the reader about the content by simply
stating the correct, currently accépted view. It is difficult
to reliably state how many of these Catechetical texts were
printed, and of what types and influence, although Layton (op.
cit.) states they enjoyed "wide popularity." An examinatibn of
the fly-sheets of copies examined suggests that certain
publishers--Jarold and Sons; W. and R. Chambers; and Wﬁittaker
are examples--printed large numbers of such texts. Jarrolds

published at least 33, and Chambers 50.

THE CONVERSATIONALIST TEXTS
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The Conversationalist textbooks are very different in format to
the Catechetical. As suggested in Chapter 1, it is probable
that these textbooks were derivations of the school spellers and
readers (cf., the Maria Edgeworth series).

The first example comes from First Steps in General Knowledge by

Mrs. Charles Tomlinson. 1Its date of publication is unverified,
but 1870 is written on the title page by an owner.

Conversation IV

The Planet Venus

Early the next morning, the children saw their
papa walking in the garden alone, and they ran
down from the nursery to ask for the history of
another planet before breakfast. Their papa began
thus: "Next to Mercury comes Venus, the most
beautiful of all the planets, and the brightest
that can be seen from the earth. Our great poet
Milton thus speaks of her:-

'Fairest of stars, last of the train of night,

If better thou belong not to the dawn,

Sure. pledge of day, that crown'st the smiling
morn

Why thy bright circlet.'"

"Why does he speak of Venus as crowning the
smiling morn? Does it ever shine in the morning?"
asked Henry. : ‘

"Venus, in one part of her course is seen for more
than three hours before sunrise, and in another
for as 1long after sunset: this is why..."
(Tomlinson, 1870)

On the page preceding the one cited is a small table of data
concerning the planet Mercury, the subject of Conversation III;
This text, and others of the same kind, were beginning to
accommodate themselves to school use. In addition to tables of
data, important terms are italicized and defined in the course
of the conversation; summaries are»often included at the end of
sections; and extensive use is made of'textual adjuncts such as
the above untatién from Milton. This is expressive of a belief
that all knowledge should indeed be harmonious within the mind

of the educated man. To be truly educated was to see and note
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such relationships, which were reflective of a rational unity.
It may have been influenced, as well, by the contemporary views
on transfer training.
British educators interested in science, such as Richard Dawes
and John Henslow,were anxious to provide reading materials with
a secular content for school use. The original source of most
such texts was the Commission of National Education in Ireland.
(Layton, op. cit.). The Tomlinson text, however, was published
by the Society for Promoting Christian Knowledge, whose output
of scientific writing for the general public must have had a
significant influence on . general scientific awareness, and
attitudes towards science, for many years.

It should be made clear that there was in fact no

shortage during the 1850's of reading lesson or

other books dealing with scientific knowledge.

Typical of the reading books was the small volume

entitled Natural Philosophy for Beginners and its

companion, the more advanced collection of Reading

in Science, which had been prepared under the

direction of the Committee of General Literature

and Education appointed by the Society for the

Promotion of Christian Knowledge. (Layton, op.
cit.)

Many of these textbooks were meant to introduce into schools a.
'science of common things', intended primarily for the use of
working-class schools, and under the inspiration of such
Continental educationalists as Pestalozzi and Mayo. They were
written around the notion of the  'object lesson' and the
observation of nature. "He (Mayo) emphasised that the essence
of the method was that all subjects and studies should arise
from the experience of the pupil..." (Curtis and Boultwood,

1977). Mayo's sister wrote a text called Lessons on Objects

which, going through 16 editions, emphasised the role of

observation. The publishing firm of Longmans, Green and Company
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published a 'Ship' series of "Chatty Object Lessons" in Natural

Science from about 1900. The extract below is from the

Prefatory Note For Teachers from Hackwood's Object Lessons in

Nature Knowledge, one of the volumes in this series.

Stage I., which is the Examination. of the Objects
themselves, must be the chief part of each Lesson,
inasmuch as it arouses a living interest in the
subject. The Teacher will merely guide the
children in their comparisons and contrasts and in
all their other efforts to discover things for
themselves. (Hackwood, 1900)

This and similar texts were much better received by men of
science, and some even wrote them themselves; John Tyndall,
Professor of Natural Philosophy at the Royal Institution in
1853, and a noted science educator, wrote a set of 18 lessons on
natural philosphy in reading lesson book form.

A second example of a Conversétionalist text comes from the

Rollo Series, and 1is part of the volume on AIR. There are

fourteen volumes in the series, covering many general topics
suéh aé readihg, travel and correspondance, and four on natural
philosophy--Air, Water, Fire and Sky. They were fairly
substantial, running to almost>200 pages. They were an American

series, published in 1855,

Rollo seemed to be very much interested in this
conversation. He had dismounted from his father's
knee, and stood by his side, listening eagerly.
His mother, too, was paying close attention. As
for Nathan, he sat still; though it is not by any
means certain that he understood it very well.
"Let us suppose," said his father, "that the mass
of lead, as big as a load of hay, is fastened to
one end of a stick of timber."

"That would not be strong enough to hold it," said
Rollo.

"Well, ‘then, to a beam of iron, as large as a
stick of timber," rejoined his father.

"0", said James, "you could not get such a big bar
of iron."

"No," replied his father, "only an imaginary one;
and that will be just as good as any. Now,
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Rollo’s mother folded wp a small piece of
paper, and attempted to light the little lamp,
which she was going to carry into the bed-
room, with that. » ‘

But the wick would not take fire. and
Rollo saw that, while his mother was con-
tinuing her efforts to make it burn, the flame
of the paper was gradually creeping up uearer
and nearer to her fingers. At last, finding
that there would soon be danger of burning
her fingers, she walked across the room to-
wards a window which was open, still
eudeavoring to light the lamp. But it was
all in vain. She reached the window just
in time to throw the end of the paper out,
and save her fingers from being burned.

“Why won't it light 2 said Rollo.

Rollo’s father was sitting upon the sofa,
taking his rest after the labors of the day;
and when he saw that the lamp failed of
being lighted, he said, —

“Yon will have to get a longer lamp-
lighter, unless you have got some spirits or
wirpentine to put upon the wick.”

« Spirits of turpentine 2V repeuted Rollo.

“Yes,” said his father. ¢ In hotels, where
they have a great many lamps to light, they

LCWEA UL [N STM Y A0 .

Figure 3, A page (actual size) from a
characteristic Conversationalist

-~ textbook:

Rollo's Fire,

1855
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suppose the great mass of lead is fastened to one
end of this bar, and another one, just like it, to
the other end, to balance it. Now suppose that
the lower end... (p.1l48)

Rollo began to 1laugh aloud at this idea, and
looked very much interested and pleased.

"0, then I wish there was no gravitation", said
Rollo; "I do, really."

"But, then," continued his father, "if you should
get up into the air, you could not get down

again."

"Why not?" said Nathan, beginning to look a little
concerned. -

"Unless," said his father, "you had something

above you, to push against, so as to push

yourselves down. You would be just like a boy in

a boat, off from the shore, and without any paddle

or pole. He could not get back again."

"We might tie a rope to something," said James,

"before we went up, and so pull ourselves

down"...(p.150) (Rollo, 1855)
The above abstract illustrates the way science can be taught
without practical work, through story-telling illustrated by
objects of common experience. Sincé these works had begun to be
taken up by teachers in schools, questions at the end of each
conversation were included. These questions are still very much
comprehension type questions rather than questions of fact and
scientific understanding; e.g., "Why did the boys wish there was
no graVitation?" and "Where was Rollo's'father when he first
asked him about the case?"

A variation on the strictly conversational style is illustrated

by a third example, from Paul Bert's First Year of Scientific

Knowledge, 1899.

MAGNETS

1. We can thus say that poles of similar nature
repel each other whilst, poles of the opposite
nature attract each other; the rule is the same as
that applicable to electricity.

Henry was aware of the fact although unable to
explain it, as his uncle brought him from town a
small metal duck that floats on water and follows
or flees from a magnetic needle according to the
end presented to it; and this because in the
duck's bill a piece of magnetised steel is hidden.
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I asked Henry to bring me his toy, here it is, and

you see how very docile the good duck is.

Mariner's compass.--And now let us return to our

suspended knitting needles. You see, of its own

accord it has set itself in a certain direction;

if I turn it aside it oscillates a while and

returns to its first position. Now note in what

direction it turns.

2. One end points to the north, the other of

course to the south. (Bert, 1899)
This text 1is more of. a monologue than a conversation. It
emphasises the practical, experimental side of science through
numerous demonstrations. Of course the experiments are still
being read “about rather than performed, but in the debate
between science education as more concerned with 'pure' or
'applied' science. (cf. Liebig, in Layton, op. cit.), textbooks
such as Bert's were influential in emphasising the importance of
practical work. " The explanations based on these simple
experiments and demonstrations take place within a discourse,
and analogies are drawn from real life experiences. Like the
Catechisms, the Conversationalist texts are concerned solely
with simple phenomena, and not with absttract concepts. The
style allows science a very human face--the reader has someone
to empathise with, and acquires information along with the
characters. These texts reveal a role of science in education
as still part of a means-end relationship; science is simply one
means of producing an educated, rational, moral adult. Today,
'such narrative forms would be seen as suitable only for the
primary grades, where the content is seen as secondary to the
comprehension. However, in considering thi s it is important to
take into account changing views of childhood between the 19th

century and today. The 19th century, fox example, tended to

view the child as an immature adult (Altick, 1957).
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As mentioned in Chapter 1, many Conversationalist writers were
convincedethat reading was the best way of learning. There can
be no doubt that the Conversationalist textbooks were meant to
be read at least paftly as works of the imagination. Thus their
authors could claim that they were motivators of learning by
writing texts that engaged the intellect in a way the
Catechetical texts could not. The wfiting of Conversationalist
textbooks was not confined to science; geography was also a
popular subject for these authors. A large number of geography
texts were written in the 19th century, in both the Catechetical
and Conversationalist style, and some were very popular. Sir
Richard Phillips, writing as the "Rev. J. Goldsmith" published

An Easy Grammar of Geography for Schools and Young Persons which

reached 31 editions. (Vaughan, 1972). More informal than this

was "Grandfather Grey's" The Wonder of the Home: Eleven Stories

(1852); Sherwood's Little Henry and His Bearers (1815); and

Wakefield's A Family Tour through the British Empire. Many
examples of such texts are given by Vaughan (op. cit.). These
textbooks clearly reflect the conviction that content can be
learned by reading about the subject.

In brief summary, the Conversationalist texts reveal a
rhetorical style suited to the purpose of providing an
autodidactic reader with an introduction to scientific content.
This purpose forced them to present, in story form, simple
experiments, demonstrations end examples of feasoning from_
evidence. They often had the additional purpose of moral
instruction, providing the reader with examples of children in
interaction with their pafents, family members, and others in

society, pointing out the correct way to behave in various
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situations.

As teachers have, in some cases, done the author
the honor to introduce some of the preceding works
of this <class into their schools, as reading
books, &c., considerable reference has been made
to this, in the form and manner of the discussion,
and questions have been added to facilitate the
use of the books in cases where parents or
teachers may make the reading of them a regular
exercise of instruction. (Rollo, op. cit.)

Clearly, these texts began to show adaptations to school use,

including new questions, definitions and tables of data.

THE EXPERIMENTALIST TEXTBOOKS

The Experimentalist text can be associated with the heuristic
movement which came to prominence in the British school system
towards the end of the 19th century. Championed by such
influential figufes as Henry Armstrdng, T.H. Huxley and William
Tyndall, this particular movement stressed the importance of

what would now be regarded as enquify-orientated teaching,

placing emphasis on enquiry skills, observation and experiment.
In considering these texts, two points from Chapter 1 must be
kept in mind. 'Firstly[ the heuristic movement is almost
uniquely British, not European, and is tied to the 19th century
British preoccupation with empiricism. Heurism has had and
continues to have a powerful influence on science teaching in
English and Commonwealth schools.

So the heuristic method worked and, despite the

ever-increasing syllabus content, still works in

the chemistry department of Christ's Hospital

today. Call it 'the discovery method’', 'the

problem-solving: approach', open—-ended

experimentation' or what-you-will, it is coming

into favour today in a form very close to that

advocated by its originator. (Richmond and

Quraishi, 1964)

Secondly, textbooks were anathema for most heurists, their chief
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éoncern being the possible misuse ‘'of the textbook as an
inevitable consequence of its increased availability (cf.
Armstrong, op. cit.). It is indeed very difficult to prevent
textbooks from dominating and distorting curriculum issues, as
the discussion of_Hooker's botany text in Chapter 1 made clear.

At.the end of the 19th century there was an extreme shortage of
qualified science teachers and as a consequence the aims of
heuristic teaching could not be readily met. 1In response a set
of ten science 'pkimers' was published in the mid to late 1870's
‘by Macmillans to meet professional demands. They became
“extremely popular and were used for more than 40 years in
British and Commonwealth schools. This was an extraordinarily
long lifetime, and gaVe rise to a number of derivative texts,

such as Perkin and Lean's An _Introduction to Chemistry and

Physics, 1906. Of the major primers, the most influential was
Roscoe's Chemistry. The following extract is taken from the
1913 edition.

Fire I

2. What happens when a candle or a taper burns?
The wax as well as the wick of the taper gradually
disappears as the taper burns, and at last all is
gone~-wick, wax and all. What has become of the
wax? It has disappeared. 1Is it lost? So far as
our eyes are concerned certainly it is lost but so
is the ship which sails away on the sea, and yet
we know the ship still exists even though we do
not see it; and so the lump of sugar appars to be
lost when we put it into a cup of hot tea, and yet
we know that the sugar is not really lost, because
the tea is made sweet. Now we must look for the
wax of our taper in another way; we must put a
question to Nature for her to answer, and we shall
always find that our question, if properly asked,
is always clearly and certainly answered. We must
make an Experiment, and if this is properly made
we shall never fail in the end to get the
information we want.

EXPERIMENT 1l--Let us burn our taper in a clean
glass bottle with a narrow neck; after it has
‘burnt for a few minutes we notice that the flame
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grows less, and in a short time the taper goes

out. This is the first thing we have to observe.

We next have to discover why the taper goes out.

For this purpose let us see whether the air in the

bottle is now the same as it was before the candle

was burnt. How can we tell this? Let us pour

some lime-water... (Roscoe, 1913)
The commitment to observing and experimehting is clearly seen in
this abstract, and is méintained throughout the book. Science
in general, and chemiétry in particﬁlar, is seen as a process in
which careful attention to what happens in an experiment yields
unexpected and important truths. The teacher would be expected
to maintain that spirit of enquiry.
The primers were surprisingly small, by modern textbook
standards; Roscoe‘é textbook contains only 96 pages, yet covered
a broad range of _topics. The content is ordered into the
divisions Fire, Eafth, Atmosphere, Water, etc.——divisiohs which
would bé cOnsistent with the reader's world view of the apparent
structure of nature. This is unlike the division in many more
modern textbooks which perhaps force the scientists' world view
too immediately on the new learner. With the Roscoe text one is
conscious of a very well thought-out textbook with a clear
rationale. Descriptions of apparatus and chemicals required are
given together with the names of suppliers at the end of the
book.
In spite of the intentions of the authors of the Experimentalist
textbooks that the emphasis be placed on practical work, their
books are presumably meant to be treated as a reading text; they
are to be.read fromipover to cover, in sequence. This is clear
from the rhetorical structure. These texts could not be dipped

into at random, or have isolated sections used out of context,

without destroying the sequential and directed argument of the
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a eolid which has the shape of the one botile and
force it into ihe shape of the other, although the sizo
or volume of hoth is the smme ; nor can you take n
solid of the rize or volume of the first wooden block
and squeeze it into that of the second, although the
shape of both blocks is the same. A perfect solid
will keep its figure, and it will also keep its size.

Bear in mind, however, that when we say we cnan
not do a thing, we really mean we cannot do it with-
out very great difficulty, and then not completely,
but only to o very small extent ; in fact, what we
really mean is best explained by making a series of
simple experiments.

ExrerIMENT 8 —Let me tuke a bar of iron; T will
first of all try to break it in pieces by means of o
blow, but it won’t he breken.

Tig. 5.

I will next try to stretch it out by hanging it up
tightly by one end, and then applying to the other
end a heavy weight, but it won't he stretched.

1 will now, by means of two rods, fitting into the
bar at its ends, as you ree in the figure, try to twist
round the one end, while I hold the other still, but
it won't he twikted.

or SOLIDS.] _ PUHYRICS, o0

1 will now set the bar endwixe upon the tuble, nnd
put a henvy weight above it, to try and squeeze it
together, but it won't be squeezed.

And finally 1 will hang it up horizontally by both
ends, and attach o weight to the centre, and 1 find it
won't be hent. :

Now the bar of iron which T can ncither break by
a blow, nor stretch, nor iwist, nor squeeze together,
nor bend, is a very good example of a solid body ; and
yet, if I applied an exceedingly great force, this har
wight be stretched, or twisted, or squeezed, or hent.
And in truth I did actually stretch, and twist, and
squeeze down, and bend it, in the experiments I have
just described, but not enough to make it visible to
you. In fact the amount by which I streteh, or twist,
or squeeze down, or bend the bar, depeuds upon the
amount of force I use; and in Physics we try to find
out the relation hetween the force which we use and
the effects which we produce. T cannot tell you all
ahout this subject, because it would take up a great
deal of time, hut we may take one operation, such as
hending, and endeavour to find in what way its effects
depend upon the foree which we employ.

15. Bending. ExperiMext 9.—For this pwrpose
let us support a wooden heam in a horizontal position
by both ends, and let us hang a somewhat heavy
weight from its middle or centre.  Then let us mea-
sure upon a reale how far the centre has lieen hent
down by the weight. Let us now double the weight
that hangs from the eentre, and mark the new position

Figure 4.

A page .(actual s1ze) from a character1st1c

Exper1menta11st textbook:

Balfour Stewart's Physics, 1891
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prose. But they were not to be the focus of the learning. They
were by all accounts misused and came in for a considerable
amount of criticism in later years, although the criticism
really applies to the misuse of textbooks generally, rather than
the Experimentalist texts particularly. What was happening was
that students were being asked to 'learn' the textbook chapter
by chapter.

Sir H.E. Roscoe described such a lesson in one of

the largér public schools where it was the Latin

master who taught chemistry: 'Now boys, have you

all got your Roscoe?' Boys: 'Yes, sir.' Master:

'Well, pages 42-54.' Then he proceeds to correct

the Latin exercises. Bell rings. Master: 'Well,

have you read your Roscoe?' Boys: 'Yes, sir.'

Master: 'Then you-may go.' (Thompson, 1956)
It must be pointed out that the Experimentalist texts should not
be thought of as laboratory manuals, or as equivalent to texts
with a high practical work component but no spirit of enquiry.

The following extract from a popular text of the latter sort,

illustrates this difference. It is from A.M. Poyser's Magnetism

and Electricity, the fifth edition  (1894), and thus
contemporaneous with the Primers.

Attraction of Iron by Magnets.

Exp. 7. Take an ordinary bar magnet, and dip it
into iron filings. Observe that the filings do
not adhere to all parts of the magnet, but that
they accumulate in tufts near the ends.

Exp. 8. Take a strong bar magnet, and a number of
small soft iron bars of equal size and weight.

(1) Near the end a of the magnet attach the
greatest number of these bars that can  be
sustained. (2) Test a point b on the magnet near
the centre. It will be found that the same number
of bars will no longer be supported...

We therefore learn that-- '

(a) The attractive power of the magnet is greatest
near the ends. Strictly speaking, there are two
points, one near each end of the magnet, where the
attractive power 1is greatest. These points are
called the poles of the magnet.

(b) The portion between the poles has apparently
less magnetism.
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(c) All round the magnet, midway between the
poles, there is no attraction. This is called the
- neutral line... (Poyser, 1894)

This text of course is first of all telling the student what
they will observe, and then telling them what to make of their
'observations’'. This is counter to the intended use of the
laboratory and of experimentation advocated by heurism and the
Experimentalists.
Briefly, then, these textbooks are clearly matched to the
purpose of providing written material for school learners -in
support of a view of.science.education as a process of learning
the methods and results of laboratory-based enquiry. They were
written by scientists who showed a willingness to explore the
uncertainties and consequences of the conceptts developed in the
enquiry process; that is, they reflect what Schwab has called
the "narrative of enquiry" in contrast to a "rhetoric of
conclusions”.

The wusual rhetoric embodies the conclusions of

‘science as flat declarations that this and that

are characteristic properties and behaviors of the

subject elements in hand. A narrative of enquiry,

on the other hand, develops the conclusions of

enquiry as precisely that—-formulations of the

evidence made available by a series of enquiries.

(Schwab, 1962)
While the nature and role of enquiry-based, 'heuristic'
approaches is still being debated today, the Experimentalist
textbooks were swamped by the great flood of texts that followed
the large increase of students into secondary education and the

advent of science as an examinable subject thhat occurred at the

~end of the 19th century.

THE FORMALIST TEXTBOOKS
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The Formalist texts origin_gted in the need to make both natural
history and the separate .disciplines of the sciences available
to the masses. Books ;lblf.science (Natural Philosophy) and
natural histofy for generall audiences have been available since

before the 19th century. Works such as The Cabinet Cyclopaedia

by the Rev. D. Lardner (1830); A Compendium of Natural

Philosophy by J. Wesley (1836); Glimpses of Nature, Science and

Art by W. Anderson (1872); and Fragments of Science by J.
Tyndall (1879) and many- others were available to the general
reading public. "Often they were simply compilations of
information written to inform the public of the findings of
science. As such, they were  the fdre-runners of the
'popularisations' of today, which also are not written for.
school purposes. It is not always easy with these 19th and
early 20th century works to discriminate between those written
with religious motives (e.g., the Anderson work above) and those
whch were truly popular accounts of particular sciences. In
some cases, authorship or publisher can give indications .of
religious pu'rposes. of the strictly scientific, some represent
the first 'attemptg to distill and simplify the gréat classic
works of science—-Newton's Principia, for example, or the works
of Dalton, Laplace, and Darwin. The dangers of attempting to do
so are only beginning to be realized. It has recently been
suggested that there aré some quite standard misformulations and
incorrect illustrative examples which continue to appear even in
modern texts. ‘(Warren, 1965) . Leaving that aside, the
Formalist textbooks were designed tb be used in the teaching of
science. as a school subject. They were no longer

popularisations, but instruments of school-based instruction.
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They took their Qﬁargéter from a body of ideas and other
considerations which are important to keep in mind when
examining them. Briefly stated these are:

1. The developing nature of science as a set of professional

disciplines. As such it began to exhibit the characteristics of
objectivity, quantification, reductionism, and analytical

reasoning in a modern form that, in part, form the distinctive

disciplines of science. These began to be seen in the
textbooks.
2. The elimination of ulterior religious motives. This has

already been mentioned in Chapter 1 in relation to the shift of
the publication of science books from religious institutions to
educational publishers, and in the shift from the writers of
textbooks from clergymen and non-scientists to scientists.
Given, however, that many 19th century clergymen were scientists
or interested in science, this change reflects a willingness to
separate their religious views from their purposes of informing‘
readers about science.

3. The increasing demand for the training' of scientists ‘and
engineers. Science began to assume an instrumentalist role in
education.

4. The development of science as a school subject. It became,
therefore, increasingly responsive to pressures from teachers
and educational | administrators. It faced practical
methodoldgical problems, thé problem of large classroom numbers,
and the conflicting views put forth by educationalists and
psychologists as to how it should be best taught and learned.

5. The lack of suitably qualified, trained science teachers.

This tended to force the textbook into a central position in the
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classroom. As well, there was no developed tradition of science
education to guide practice and inform teacher training.

6. The influence of external examinations and certification
authorities. The examination papers and mode of assessment
became an increasingly dominant influence on what was taught and
how it was taught. This is most clearly seen in the number of
textbook prefaces which claim to match examination demands.
These separate ihfluences combined to produce a type of textbook
broadly similar-ﬁin purpose and style though differing in
format. |

The extract below is from the Preface to H. Reid's Elements of

Astronomy (1842), and shows how some of the factors mentioned
above have influenced the author's approach.

...1it 1is extremely desirable that science should
‘be introduced as a regular part of education into
all schools, and that for this purpose there
should be text-books composed on its various
branches to aid the pupil; it being found that the
most rapid progress is made when a lesson is given
out to be studied by the learner, on which he is
afterwards to be examined by his teacher. O0Of the
various sections of Natural Philosophy, no one
seems better adapted for the instruction of youth
than ASTRONOMY. The phenomena it describes are
interesting above all others from their grandeur
as well as from their practical application to the
uses of human life; while, by the exactness of its
laws and the certainty of its demonstrations, it
is eminently fitted to improve the mind 1in
precision of thought and accuracy of expression.
(Reid, 1842)

Several points in this preface are worth highlighting. One is
the view of science education as a "means of mental discipline
and intellectual improvement." This is repeated later in the
emphasis on astronomy aé .particularly "fitted to improve the
mind in precision of thought and accuracy of expression." Such

remarks again indicate the presence of a psychological belief in



77

- the reality of 'transfer training'. Secondly, there 1is a
sketchy teaching strategy recommended. And thirdly, the format
itself is designed to put the information into "short,
aphoristic sentences, which will greatly assist the pupil in
forming answers to the various questions that may be put to him
by his ‘tutor." (Ibid) . An abstract of such 'sentences' is
provided below.

441. The . mean distance of Saturn from the sun is
nine hundred and four millions of miles
(904,000,000) . His eccentricity is more than
1/20th of his mean distance from the sun.

442, At Saturn, the sun will present a diameter
about 1/10th of that seen at the earth. The
proportion of the sun's influence which reaches
Saturn is about 1/90th of that enjoyed at the
earth--as 95 squared to 904 squared.

443, The equatorial diameter of Saturn is about
79,000 miles. The polar diameter of this planet
is stated to be about 1/11th 1less than the
-equatorial. Having a very rapid rotation on its
axis, it is to be expected that Saturn, 1like
Jupiter, will be very much flattened at his
poles. :

444. Saturn rotates on his axis in 10 hours 16
minutes. ;

445, Saturn completes his revolution round the sun
in 10,759 days, or about 294 years; moving in his
orbit at the rate of about 6 miles in a second, or
360 miles in a minute.... (Ibid)

There is no index or collection of questions in this volume. It

is unrelieved information. It is impossible to know what a

teacher would have done with this text beyond asking for
memorizations and /assigning' homework readings. Nowhere are
there appeals to the reader's imagination or religious
sentiments so common in the Catechetical or Conversationalist
texts. The spirit of science is absent, its role in education
and the - life of the <c¢hild, despite the assertions of the
Preface, are completely unexplored. The whole notion of science

as an exploratory activity is left untouched, not only in that
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no accounts are giveniof how the information was obtained or
unfolded over time; but also in that the reade;s are not asked
to explore its meaning for themselves.

Many of these features have persisted over 150 years to
influence today's textbooks. But .as this particular text is
perhaps extreme in ité concentration on providing information,
it is important to contrast it with something a little closer to
the modern textbook. The next extract comes from Galbraith and

Haughton's Manual of Hydrostatics, the third edition, 1880. It

is one of a series of 12 manuals, all concerned with either
mathematics, engineering, or physical science.

Specific Gravity of Moist Air

As gases are generally collected over water, they
are, when measured, saturated with aqueous vapour,
the pressure of which corresponds to the
temperature of the water; the weight of dry gas
contained in a given volume of wet gas may be
calculated as follows:--Let p and t be the
pressure and the temperature of the mixture of dry
gas and vapour, the pressures of which are a and b
respectively; by equation (25) a is equal to p =
b, and as the dry gas fills the volume V, its
weight is

W = 5.375V(p - b)/460 + t ...

EXAMPLES. :

1. A volume of hydrogen gas saturated with
moisture measures 12.5 cubic inches, the elastic
force of the mixture is 29.2 inches, the
temperature 52 degrees F., and the force of the
vapour 0.388; <calculate the weight of dry
hydrogen. Ans. 0.26088 grains....(p.70)

Equal Transmission of Pressure.--

If a vessel be filled with a gaseous fluid, and if
an orifice be fitted with a piston...it is
necessary, in order to hold the piston in its
place, to exert against it from without inwards a
force equal to the elastic force of the gas.
Thus, if the elastic force be equal to 15 1lbs. on
the square inch, and if the area of the piston be
3 square inches, it will be necessary to exert a
pressure of 45 1bs. against the piston. If any
greater pressure be applied, the piston will enter
the vessel until the elasticity of the gas, under
a diminished volume, becomes equal to the
increased pressure. The additional pressure is
thus transmitted equally in all directions to
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every point of the vessel. (p.26) (Galbraith and
Haughton, 1880)

The format and rhetoric of this textbook is beginning to look
familiar;A a bit of theory, some description of apparatus, a
formula or two, and some problems to work. There is no index,
and no statement of intent or purpose given. It reflects the
model of science dominant in England at the time and noted as .
early as 1884 by Justus von Liebig: "What struck me most in
England was the “perception that only those works that haQe a‘
practical tendency awake attention and command respect; while
the purely scientific, which possesses far greater merit, are
almost unknown." (Laygon, op. cit.).’

The next example.perhaps represents the Formalist textbookvih
its mature form.v It comes from J.D. Everett's Textbook ggf
Physics, 1901, which went through at least 11 editions, and was
the recommended textbook for Higher School Certificate physics:
in Tasmanian schools for 12 years.

Acceleration.~--Such motion as that of one of the
masses in Atwood's machine, or of a body falling
freely, is said to be uniformly accelerated. This
designation means that the velocity is increased
by equal amounts in all equal intervals of time.
A body acted on by a constant force in the line in
which it is travelling, always moves with uniform
acceleration.. This is an obvious inference from
the second law of motion, which asserts that the
acceleration of a body is inversely as its mass
and directly as the force acting on it...(p.34)
The variations of density, pressure and
temperature in aqueous vapour--as long as none of
it passes into liquid form--are connected by the
same laws as those of a gas; that is to say,. its
pressure is proportional to its density when the
temperature is constant, and to the absolute
temperature when the density 1is constant....For
example, the weight of a cubic foot of dry air at
10 degrees C., under the pressure of 30 inches of
mercury, being 547 grains, and the maximum
pressure of vapour at 10 degrees C. being .361 of
an inch of mercury, the maximum weight of a cubic
foot of vapour at 10 degrees C. is
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(.622) x (.36i/30) x (547) = 4.1 grains...
(Everett, 1901)

The Everett text contains an index, tables of data, end of unit
questions, and nuherous illustrations. Its Preface states the
aim of ‘the textbook to present "the main points of
theory... (and) to ground students well in the main lines of
scientific theory. The aim must not be so much to teach theﬁ
many facts, as to teach them rightly to connect a few great
facts together. Science must be taught them from a 1liberal, not
a technical standpoint." (Ibid). This.seems to be in contraét
to the perception of Liebig cited earlier; but in both the texts
chosen as examples the main role of science education is the -
transmission of. current understandings. Since well—equippéd
‘'physics laboratories and teachers trained to use them were
rather scarce in 1900 (Layton, op. cit.; Jenkins, op. cit.),
these. textbooks certainly formed the centre of the classroom
activity. Thevre5ult was formal teaéhing with a strong emphasis
on problem solving through worked examples.

An aspect of the Everett textbook thch has become traditional
in modérn genéral physics texts is the choice of content, and,
in general, its sequence. The topics covered in Everett include
Dynamics (classical mechanics--motion, force and energy), Heat,
Optics, Hydrostatics (which has not survived as such), Sound,
Electricity and Magnetism. Astronomy has tended to disappear
from the senior science curriculum, perhaps due to that emphasis
on the practical noted by Liebig; it certainly does not hold the
assured important place it held 1in the 19th century. The
Preface makes the claim that the content is chosen to include

"those portions of Theoretical Physics which are most essential
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Effect of dissolved substances on the freezing point. When an
aqueous solution is cooled, the freezing point is lowered, and the first
solid portion to appear is pure ice. The freezing point of a solution is
dchined as that temperature at which the solution is in equilibrium with
the solid solvent. The lowering of the freezing point by the dissolved
suhsta.nce is proportional to the concentration of the solute. This state-
ment 1s known as Blagden’s Law.

It has been shown that the vapour pressure of the solution of a non-

volaale substance is lowered according to the formula §1—,-=N, and thus

the “ steam line ** is lowered to an extent which is proportional to the
molecular concentration.

In Fig. 329, AX is the vapour-pressure curve of the pure hq\.ud
solvent, Y4 that for the solid solvent, the melting point or freezing
point being given by the point of intersection of these two lines. Curves
lower than X4 intersect the line YA at points such as P and Q, which
correspond 10 temperatures 8, and 6, lower than the normal freezing
point of the pure solvent, 6.

Vapour pressure

Kdmumm 0-6,
is lwice

C e dnpmuano -6,

8, 81 9 Temperature
Fic, 329,

Suppose that the molecular concentration of the solute in solution 2
(for which SQ is the * steam line ™) is twice that of solution 1 (for which
RP is the corresponding line) ; SQ is then twice as far below 4X as is
RP, and if the curves are all approximately straight lines, 4Q =2A4P and
8-6,=2(8 -8). Thatis, the depression of the freezing point is propor-
donal to the concentration in moles of solute per mole of solvent. This is
the principle of a method used in Physical Chemistry for the determina-
uon of molecular weight.

Equilibrium diagrams for mixtures. The two curves in Fig. 330
for a solution of common salt in water show how the temperature of

equilibrium depends on the concenrration. Starting at A with a weak

solunion of salt at 0° C, and cooling if, pure icc ssparated out, increasing
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the concentration of salt in the remainder and lowering its freezing point
stll further. Pure ice continues to separate out untl the paint indicated
by C is reached, at a temperature of
~21° C. and a concentration of about
23 per cent. of salt. Similarly, starting
with a strong solution containing about
27 per cent. of salt at B and cooling
it, salt crystallises out leaving behind
a weaker solution which on cooling
sdll further deposits more salt, until
eventually the point € is reached. To
the left of C then, the solid deposited
on cooling is pure ice; to the right
of C, thesolid is pure salt. At C, both 0
ice and salt are deposited together, or
the substance appears to solidify as a
whole. Hence, a mixture of which the
composition is that for the point C has a deﬁmte freezing pomt, behaving
in this respect like a pure substance. The point C is called the
cryohydric¢ or eutectic point, and the mixture the composition of
which corresponds to C is called a cryohydric mixture, or eutectic
mixture.

Ice and salt as a freezing mixture. Two simple points which
require some careful thought for their explanation are (a) how it is pos-
sible to obtain a low temperature by the use of a mixture of ice and salt,
and (b) why salt placed on an icy pavement will melt the ice. Both
depend on the same effects. When salt dissolves in water heat is ab-
sorbed ; and the resulting solution has a lower freezing point than the
pure water. In the freezing mixture, then, progressive solution of the
salt, with resulting lowering of temperature, takes place until the pro-
portions of the mixture are those of the eutectic mixture, and the tentp-
erature is that of the eutectic point. When salt is used to ** thaw * an icy
pavement the same thing happens; the resulting mixture will remain
liquid if the temperature is above the eutectic tempersature, as is the case
except in extremely cold climates.

Alloys. Results very similar to those for a solution of sslt in water
are obtained with alloys of two or more metals. The simple case of the
alloys of lead and tin, which is of great practical importance, will be con-
sidered in some detail.

The melting point of lead is 327° C., and that of tin is 232° C. Molten
alloys containing known proportions of each constituent can be made by
melting a known mass of lead in a crucible, and dissolving the required
amount of tin in the liquid lead. Using a 360° mercury thermometer, or
a suitable thermocouple, cooling curves for the pure metals and for alloys
of different known compositions can be obtained.

Pure lead and pure dn give cooling curves with a single horizoatal
portion, like the curve for naphthalene, denoting a definite melting paint.
Alloys of lead and tin, except those with compositions of about 60
per cent, tin and about 40 per cent, vad, give curves with.two * hale ”

-21°C

i
o3

F .

10 20 0
Parcentage composition, NaCt
Fic. 330. Equilibrium diagram

for salt solutioa.
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as a foundation for subsequentvadvances, while at the same time
most fitted for exerciéing the‘ learner in logical and
conseéutive thought." '(Ibid). Most two-year senior physics
courses today follow the same path, though without mentioning
the Second’of>Everett's justifications--a belief in the transfer
- of learhing.

Another characteristic of the Formélist textbooks which has
persisted to the present day is it§ rhetorical style, which is
~itself generally referred to as 'formal', in contrast to, for
example, the Conversational style. Some very general
charactefiStics, which will be given precise definitions iﬁ
Chapter‘S, will be mentioned. There are no superfluous phrases;
it is :highly structured; it 1is descriptive father than
prescriptive; and it avoids thé vivid, figurative use of words.
Any competent reading of these passages demands operation on a
high level of abstraction and logical analysis, plus the ability
to follow reasoned argument from a difficult, remote context.
'As a means of expression, it is closed; offering no invitations
to the reader to speculate or question. It never invites the
reader to Areach above or outside the textbook; it 1lacks the
spirit of ehquiry. It is written in the ‘"rhetoric of
conclusions". (Schwab, op. cit.). Rather than assist learning,
the textbook itself becomes the object of study.

The.gap between the language of the Everett textbook and that of
the modern physics text is not a large one--it is certainly not
fundamental. The Formalist texébooks, in their language of
presentation, have reflected <changes only in publishing
innovations related to format; eg., colour photographs instead

of woodcuts. To make this point more specifically, consider the
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following extract, from Fundamentals of Senior Physics, 1973.

A plumb bob experiences a gravitational force at
any point in this field because of its mass, and
the value of this force is the weight of the bob.
However, at the same point in the field, different
masses have different weight. Thus to describe
the strength of the field, we need to consider
some quantity which is independent of the mass of
“the test object used to detect the field and which
is a property only of the point at which the mass
is placed. The force per unit mass is taken as a
measure of the gravitational field strength. The
gravitational field strength g is defined as the
force F per unit mass at a point.

g = F/m
The measurement of force can be made with a spring
balance... (Mayfield et al., 1973)

There are many points of similarity between this text and the
Everett one cited above; there is the straightforward stating of
information, the use of formula, logical argument :and
definition, and didactic tone. The technical language of both
early and modern Formalist textbooks creates problems for
readers, but can be defénded on several grounds. First, perhaps
there is no other language at all suitable for the purpose of
deal_ing with advanced concepts in science education. However,
the historical overview so far  considered has suggested
alfernatives that, although they were matched to different
purposes, could be considered as possible rhetorical models for
déaling with mature science. There currently exists a wide
range of popularizations in science that can inform, and that

use a more informal style; books such as Russell's The ABC of

Atoms (1924), Toulmin and Goodfield's The Architecture of Matter

'(19_62), and Thomas' The Medusa and the Snail (1979) . Secondly,

perhaps the formal language is necessary for purposes of
objectivity and truth; perhaps it  guarantees precision and

eliminates ambiguity. These were certainly the feelings of the
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Royal Society, which wished “to develop a discourse free of
ambiguous language. (cf. Sprat, 1667, quoted in Adolph, 1968).
Such language, as the language of science, may be our only
access to the discipline of science. From this point of view,
science education is seen as having the role of introducing
learners  to a. form of knowledge complete in itself, and
therefore not allowing science to serve any other purpose, as it
once Adid. Lastly, there 1is the argument that the science
student has té start using this language of science sometime,
and can not be shielded from it indefinitely. After all, in
criép; pfecise manner, here is how the world works--logically,
lawfully and quantitati?ely. But to serve the purpose of being
used in schools to initiate learners into science by the act of
feading, textbooks must confront the question of how readers
might use the text to develop within themselves such a view of

science.

S UMMARY

All four types of textbook represent clear efforts to prodﬁce
ﬁritten forms suitable for their varying purposes--some for
autodidactic readers, others for school students. The four
different solutions to the problem represent extremes in
underlying philosophy. The writers of the Experimentalist
textbooks placed a very heavy emphasis on what today would be
termed experiential learning--experience of the phenomena in
guestion being the key issue. All the other three types place a
much heavier eméhasis on lahguage. The Catechetical writers
preferred a simple definitive response to key questions with no

attempt being made to test depth of understanding or meaning.
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This has not survived as a téxtbook technique except for the
occasional modern day 'crammer' which tends to be frowned on by
modern educationalists, and in teacher/pupil dialogue. The
Conversationalist textbooks almost certainly stem from thé
Pestalozzian influence of the object 1lesson on teaching, and
’from the early spellers and readers. Today, the object lesson
" as a. teaching style is considered out of fashion, but it
represents an attempt to make a linguistic bridge between the
scientist's world view and the <child's--something which
continues to be a major teaching_problem; These Conversational
texts have waned in popularity. By comparison, the Formalist
textbook makes little concession to the reader's world view or
perspective. The readef is presented with a simplified version
of the scientist”s world view, and yet it is clear that even
these texts contain a level of ébstract reasoning and structure
of argument which is often much too demanding. As well, the
moderh science textbook would appear to have combined the
purposes of _the experimentalists and formalists, producing a
.book which is often a large unwieldy compendium which‘in sheer
size méy be daunting to the average studeht. And finally, it
must be ‘noted that the importanée of language in science
teaching seems to be much more clearly expioited in the early
textbooks, usually with definite and distinctly different

rationales and views of the value of reading for learning.
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CHAPTER 3: PURPOSES FOUND IN THE TEXTBOOK PREFACES

-
<

INTRODUCTION

The preceding two chapters examined the relations beﬁween
purpose and tex;book language. They traced the influence of
science educatioﬁ‘on the textbook, and showed that four major
subdivisions of textbooks, based on rhétorical style, can be
identified. The purposes’of textbooks were shown to be linked
to preVailing nétions of science education, and that these
notions in turn determined the rhetorical style.

This chapter has t&o main objectives. Firstly, to provide
'further‘evidence that textbook authors were and are writing with
clear purposes iﬁ mind. The words of the authors themselves are
examined as set forth in their textbook prefaces. Secondly, the
authors' purposes have only been seen to this point in broad
outline, and therefore this chapter details fhose purpdses more
closely. To do so it 1is necesséry to identify purposes within
the textbooks themselves. An immediately obvious way to do so
is through an examination of the Prefaces, Introductions,
Forewords,'.etc., written by the author or authors. For
convenience, the word preface is used for all those pré-textual
statements which can be identified as written by the author or
authors. The examination of thése prefaces again follows
chroﬁological lines. This chapter also provides justification
for earlier claims that authors were responsive to prevailing

ideas of science education, and that the authors' rhetorical
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style was, in turn, shaped by those responses.

Before such an analysis can take place, a number of assumptions
must be made clear. | Firstly, if: is assumed that the authors of
these prefaces are not writing with the intent to deceive the
purchaser of the textbook in order to make their text more
marketable. Three arguments can be used in support of this
assumption. In the first place, the writers of many of the
‘texts considered- were, and in some cases still are, men and
women of sufficient reputation to make such deception
unlikely--Huxley, Hooker, and the emihent scientists of the 19th
and early 20th centuries, and the clergymen before them; the
well-known educators and contributing psychol ogists since.
Secondly, it can be reasonably argued that few authors would
risk the loss of confidence and reputation that would follow
from the obvious distortion of the aims of the preface and the
reality of the text. A third factor working against deception
is the tendency for many textbooks to be writtem by more than
one author, or by a committee. Thus, while most authors would
be anxious to put their fextbook in the best possible light, and
may make claims for their wqu in excess of what is finally
achieved, the prefaces are not likely vto contain gross
distortions of the writer's or wrifers' true intentions.

What is not assumed in this study is that the authors have
always met all the purposes expressed in their prefaces. What
an author believes about the nature of science and of science
education is not always matched by the talent to©o expound such
views in words, énd under the constraints of textbook
characteristics. This chapter is only concerned with expressed

purposes, however. Later chapters will determine how closely
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reality matched promise. Nor does this thesis assume that the
authors carefully set out a series of aims or purposes and then
wrote a textbook to match. It is clearly impossible in many
cases to determine if the prefaces were written before or after
the textbook itself. What is assumed is that the prefa¢e
contains, from the writer's and reader's_ pqint of view, an-
accurate reflection of the authors' 'purposes. Again, only
careful reading and analysis of the textbook can determine if
the reality matches these purpose. And finally, it is assumed
that the author.or authors did in fact write the preface which
ié followed by his or her name.

As well as the above assumptions, there are two additional
points of methodology that should be mentioned before
considering ﬁhe prefaces themselves. Firstly, the intentions of
an authdr of fiction are.often unclear, and determining them
provides many hours of 1labour for critics and teachers of
English. By contrast, textbook writers have often felt the need
to explain and Jjustify their purposes to the public, to
teachers, and occasionally to pupils. The preface, however, is
the only place in the text where the aﬁthor speaks explicitly to
the reader. After that, no further reference is made to the

purposes of the author within the body of the text. Therefore,

the presence of the prefaces means this thesis is not reiiant on
the techniques of 1literary criticism to determine authorial
purpose.

Secondly, 19th century and early 20th century textbook writers
cén be expected to be defensive about the role of reading in
science education, as powerful arguments against textbooks were

raised by such eminent educationalists as H.E. Armstrong and the
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advocates of the experimentalist methods, as shown in Chapter 1.
This may explain why they felt it necessary to include a preface
outlining and, occasionally, defending their purposes, as the
several examples given in previous chapters show (e.qg.,
Edgeworth, Bert). Yet all the writers of every period assume a
secure place fqr the textbook in the classroom; none are
pleading for survival. There is clearly a strong, established
view» in science ' education disciplines that there must be a
textbook,‘that children learn by reading, and teachers feel more
confident when they have a textbook to lean on. = (Mann, 1981;
Newton, op. cit.). The Nuffiéld Science experience, as outlined
in Chapter 1, has shown that it is very difficult for modern
‘science education fo do without boéks, but that the role of the
vbook'within the classroom, and the quality of the books, can

still be debated.

Method of Analysis

This analysis asks four main questions which the textbook
authors could reasonably be expected to address if they attempt
to outline their purposes. They are also questions which relate
to the concern of this thesis with the language of the
textbooks. ' These are‘theh used as framework questions for the
analysis of the prefaces.

1. What is the role of the textbook in science education? This
is asking for the author's view of .the‘relationship betweenl
textbook, 1aboratory, field study and so on; in other words, how
central a role should the textbook play in the classroom. This
question can reveal SOmething of the author's view of science

education, and it can also indicate if there have been changes
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in views on the importance of ‘the text in learning about
science.

2. What 1is the place of science education in the curriculum?
Authors may feei the need to justify the place of science in the
‘total eduéation of the child. This question can reveal
something of the author's view of science education in both the
life of the child and in society, and is related to the purposes
of science education (e.g., to develop powers of observation and
analysis, or to méet certain manpowér demands) .

3. What is the naturé.bf science as a human activity--what is
its role in the life of the student and society? This questién
seeks direct statements of the'author's views.of the nature of
scieﬁce, a.centrai concérn of this thesis.

4, Wﬁat is the appropriate language for writing about science in
a textbook? Answers to this question would include claims made
about_ the nature of reading as weli as writing, vocabulary,
style, lével of difficulty, and language usage; i.e., formal
versus informal usages. This questioh seeks to know whether the
authors have been aware of any necessary or important
connections between their language style and their views on
science and science education.

Using these four questions it is - possible fo examine the
prefaces of the textbooks fof authorial purposes, ana then to
match those purposes to the. rhetorical styles classification
developed in Chapter 2. The results presented here come from a
close reading of all the prefaces contained both 1in the
coilection and frorﬁ other sources; representative examples of

the most frequently expressed purpdses are presented.
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THE CATECHETICAL PREFACES

There are two methodological factors that must be mentioned when
examining the Catechetical textbooks. Only a relatively small
number of these early question and answer texts contained
prefaces, perhaps because the tradition had not yet become
established. It is, however, possible to present broad
generalizations from the few prefaces available. Furthermore,
in 1looking at these texts through the framework of the four
questions outlined ‘above, it is clear that the first
two~~dealing with textbooks within science education--are
inappropriate. Science education scarcely existed at the time
they were written. If they were used in schools at all, it was
as readers and spellers as pointed out in Chapter 2. Yet they
still function as textbooks because they were taken up by
teachers for instructional purposes in schools.
There is evidence that the authors were concerned with the third
of the framework questions, that of science as a human activity.
Science was seen as an activity that revealed a view of the
universe controlled by God and therefore worthy of admiration.
The following extract is from the preface to the pamphlet on
Botany by Pinnock.

This little Introductory Work..is written with the

sole view of rendering more easy the study of a

science which, at the present day, is cultivated

by all those who have any pretensions to a polite

education; and, if it be considered in a moral

point of view, this study is well calculated to

furnish us with instruction, and conduct us, by

gentle steps, to the knowledge of that Great

Being, who has condescended to form plants with so

much delicacy, and grace them with such a variety

of beauties. (Pinnock, 1828, op. cit.)

In his introductory chapter, Turner (1832) discusses the various

divisions of science and art, and then makes the following
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statement about the "eighth division of knowledge".

Q. What is the eighth division?

A. The Knowledge of GOD the Creator.

Q. How many sciences does that include?

A. It includes only one,--Natural Theology; or the
knowledge which we derive of Nature's God, from

the study of nature. Before it can be very
. correct, there must be a very considerable
knowledge of nature. (Turner, 1832) '

The main other purpose claimed for the Catechetical textbooks
" was to respond to the need for autodidactic (or self-teaching)
textbooks dealing with secular material. Again, ﬁhere is
support for this view in the prefaces.

No science 1is more generally interesting, than

that which explains the common phenomena of
life...The Author has spared neither 1labour nor

expense to - render his (text) instructive and
amusing to the young, as well as to those of
maturer life. (Brewer, 1855)

-In a commercial country, 1like Great Britain, an
acquaintance with Chemistry possesses the highest
advantages; for whatever station in 1life our
children be destined to fill...whatever avocation,
in short, they may be called on to pursue, the
rudiments of Chemical Science must prove
materially useful to them; while the ramifications
are so various, that they present to the
inquisitive mind an endless source of amusement
and delight. (Pinnock, Chemistry, 1828)

The intention has been to make the work an
introductory <catalogue to all the sciences,
arranged as nearly as possible in the way in which
they may be studied most succesfully, and acquired
with the least labour. A glance over the table of
contents will show what the arrangement is; and
the Editor flatters himself that the work will be
equally useful in public schools and for private
learners. (Turner, op. cit.)

The final selection from Turner comes from the 20th edition,
1832, after the text had begun t§ be taken ﬁp into schools. All
these seléctions are revealing of three méin points concerning
these eariy textbooks; their concern with religion,_ their

concern with the educational advancement of their readers, and
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their concern to make the content boﬁh ‘instructive' and
'amusing', which can be taken to mean pleasurable to read, which
may suggest some notion of learning theory.

The fQurth framework question referred to the authors' concerns
with the language of the textbook, and What statements, if any,
were made by the writers themselves about their efforts to make
that language appropriate. In general, the Catechetical
prefeces made only passing comments on language. The most
substantial. remarks come from Brewer.

The object of the present book is to explain above
2000 of these questions...in language so simple
that a child may understand 1it, yet not so
childish as to offend the scientific. (Brewer,
op. cit.) ‘

Far more common, and related to the question of language, are
comments that the authors have taken into account their likely
readers.

The object of this 1little work is to lead the
youthful mind, by easy and progressive stages, to
a general and intelligent acquaintance with the
system on which Natural History is based. (Owen,
1856)

'Many years have elapsed since the first appearance
of this popular school-book--a book which, by
-bringing something like an arrangement of the more

~important branches of human knowledge within the
reach of young . students, merited, there 1is no
doubt, the extensive and prolonged patronage of
the public which it has received. (Turner, op.
cit.)

Though Natural History has so long been regarded
as a study more beneficial to mankind than any
other, yet few attempts - have been made to
facilitate the progress of a child in this
valuable and interesting science. However
deficient, therefore, this Catechism may be in
explaining the wonders or developing the mysteries
of Nature, it is hoped that an acquaintance with
‘the leading features may be gained by an attentive
perusal; particularly as it is produced in that
form to which the instructors of youth, in the
present enlightened age, have given so decided a
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preference. '(Pinnock, Catechism of Natural
History, 1821)

There is clearly evidence for at least four purposes in the
Catechetical prefaces. Firstly, a concern to show the presence
and power of God in nature. Seéondly, for the purpose of
assisting in the education of young, autodidactic readers as
well as those under instruction. Thirdly, they were written
with due regard for scientific accuracy, and the belief that
scientific knowledge was important in the total education of
youth. And finally, there i.s some indication that the writers
chose the Catechetical style to be in harmony with current
vteaching practice (e.g., Pinnock above), and in the belief that

such a style would lead to the eésy acquisition of knowledge.

THE CONVERSATIONALIST PREFACES
As with the Catechetical texts, these Conversational texts were
not originally written with school children in mind, but for
autodidac_tic readers. Therefore, the first two framework
question.sv are again inappropriate. However, there is evidence
that these authors saw a role for books in teaching science,
even if not within the classroom. The authors of these fictional
story-book form texts are united in their desiré to add to the
secular knowledge of their readers, even when concerns with
moral or intellectual development are present. The following
extracts reveal this pu_r-poée, and provide answers to the third
framework' question--what is the nature of science as a human
activity}‘
| Botany is in itself a very comprehensive science,

and one which it will require much time and study

to understand; but this little book will shew you:
the first step towards acquiring some knowledge of
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it. (Parley, Tales About Plants, 1839)

The Author trusts that the whole work will be
found a complete compendium of natural and
experimental philosophy, not only adapted to the
understandings of young people, but well
calculated also to convey that kind of familiar
instruction which is absolutely necessary, before
a person can attend public 1lectures in those
branches of science with advantage. (Joyce,
1846)

The acquisition of knowledge, however, though in

this case a secondary, is by no means an

unimportant object; and the discussion of the

several topics proceeds accordingly... (Rollo,

op. cit.) :
It was argued in Chapter 2 that the Conversationalist textbooks
developed out of the school spellers and readers (cf. Maria
Edgeworth in support of this view; also Jenkins, op. cit.).
Recall that the preface to the Rollo Series book on Air mentions
that "teachers have, in some cases, done the author the honor to
introduce some of the preceding works of this class into their

schools, as reading books... (Rollo, op. cit.). Such views

help to answer the fourth framework question, concerning the
most appropriate language for writing about science. For not

only the Edgéworth and Rollo textbooks, but the also very

popular Scientific Dialogues of the Rev. Joyce mention the
importance of reading as a method of learning.

The Author conceives, at 1least, he shall be
justified in asserting, that no introduction to
natural and experimental philosophy has been
attempted in a method so familiar and easy as that
which he now offers to the public--none which
appears .to him so properly adapted to the
capacities of young people... (Joyce, op. cit.)

Conversation, with the habit of explaining the
meaning of . words, and the structure of common
‘domestic implements to children, is the sure and
effectual method of preparing the mind for the
acquirement of science. (Quoted from Edgeworth's
Practical Education, on the frontispiece of Joyce,
- 1821)
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The Conversationalist writers, then, are seen to express two
main purposes. The first is a purposeful use of this style
based on a belief in the method of conversational story-telling
for learning. The second is a commitment to the value of
secular knowledge in the 1life of the child. Reference to
religious purposes was generally absent from these texts'
~ prefaces.
"What is still not present in the preface statements are any
comments on the nature of science, or the place of a text in
science education. 'Young people' and 'children' are felt to
need an introduction to scientific information, but science is
not seen as a discipline of study. A final quotation from the
Rollo preface, in a passage preceding the one cited above,
emphasises this point.

The main design in view, in the discussions which

are offered to the juvenile world, under the title

of The Rollo Philosophy, relates rather to their

effect upon the . little reader's  habits of

thinking, reasoning, and observation, than to the

.additions they may make to his stock of knowledge.

‘The benefit which the author intends that the

reader shall derive from them, is an influence on

the cast of his intellectual character... (Rollo,

op. cit.)
The prefaceé to both the Catechetical and Conversationalist
texts were generally very brief statements. vThey contained no

reference to school science, the laboratory or the connections

between science and experiment.

THE PREFACES TO THE EXPERIMENTALIST TEXTBOOKS

It was the Experimentalist writers who 1laid the greatest
~emphasis on science as a method, convinced that it was this

methodology which gave science its uniqueness as a discipline of
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study, and constituted its greatest contribution to the life of
the student. Therefore it is their answers to the third
framework question, the nature of science as an activity, that
‘dominates their prefaces. While it is true that some scientists
divided the sciences into the Observational (such as Botany) and
the Experimental (such as Chemistry), the shared conviction of
the Experimentalist writers was that science was best seen as a
collection of techniques guided by a commitment to a unique form
of enquiry.
This 'is not to say that these writers were uninterested in
teaching the readers the fundamental principles of the various
_sciences. On the contrary, it is important to realise that the
Experimentalist writers were convinced that their approach would
positively aid the léarning of fact, principle and theory
relevant to the science being dealt with in the textbook.

‘In publishing the Science Primers on Physics and

Chemistry, the object of the Authors has been to

state the fundamental principles of their

respective sciences in a manner suited to pupils

of an early age. They feel that the thing to be

aimed at is not so much to give information, as to

endeavour to discipline the mind in a way which

has not hitherto been customary, by bringing it

into immediate contact with Nature herself. For

this purpose a series of simple experiments has

been . devised, 1leading up to the chief truths of

each science. (Balfour Stewart, 1884)
The above quotation comes from Balfour Stewart's Physics. The .

exact wording is also included in another of the Macmillan

Science Primers, Roscoe's Chemistrz. It is clear that while the
"fundamental principles" of the sciences are not to be

neglected, it is disciplining the mind to a particular way of
opefating_ on the world that is crucial to learning those

principles._ Nature must be directly consulted by the learner,
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and Nature does not respond to any sort of questioning. Only
when those questions are couched in the form of "experiments"
does Nature reveal her answers.
The prefaces do show, however, that this shared conviction did
not always 1lead to éharedvviews on teaching or pupil activity.
Consider the following two extracts; the first from the preface
to H:E. Roscoe's Chemistry, first published in 1872 and
reprinted 32 times up to 1913.
These experiments must be performed by the teacher
in regqgular order before the class, or better by
one pupil, or two pupils jointly, under his
superintendence. The power of observation in the
pupils will thus be awakened and strengthend...
The second extract is from Hooker's Botany (op. cit.)
In using this Priméer. the plants indicated are,
whenever possible, to be put into each pupil's
hand... o
There are still tfaces, then, of a felt difference in the value
of actually having students perform the activities. Exposure to
the method was perhaps assumed to be enough. Another piece of
evidence from the prefaces re-emphasises the feeling among the
physics and chemistry writers that experiments were preferably
to be done by the teacher as demonstrator.
The whole of the apparatus needed for all the
experiments...will be supplied by Messrs. J.J.
Griffin and Sons, 22 Garrick Street, Covent
Garden, London, W.C., for L19 3s. 8d. exclusive of
packing. (Balfour Stewart, op. cit.)
Included in the back of these physical science Primers was a
statement concerning the proper method of demonstration of each
- experiment, including this quotation from Roscoe.
Faraday, our great master in experimental
lectures, always devoted many hours to the
preparation of the experiments for each lecture.

No point, however trifling, bearing upon the
success of the experiment was considered
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unimportant; he used to try the stoppers of all

the bottles he had to use to see that they had not

become fixed, and thus would cause delay by

requiring forcible opening. (Roscoe, op. cit.)
This emphasis is very 1likely due to the relative scarcity of
well-equipped physical science 1laboratories, and teachers
trained in experimental methods, a point detailed in Chapter 1.
The role of the textbook--the first framework question--was not
explicitly discussed in these préfaces. Given the
Experimentalists' 'insistence on the primacy of the experimental
method, it is perhaps surprising that many of them still issued

textbooks. The best known of these were published as ten

Science Primers published by Macmillans: T.H. Huxley's

Introductory, Roscoe's Chemistry, Balfour Stewart's Physics,
: =AemisStry Physics

Geikie's Physical Geography and his Geology, Foster's
: Geology

Physiology, Lockyer's Astronomy, Hooker's Botany, Jevon's Logic,

and his Political Economy. All were published under the joint

editéréhip of Huxley,'Roscoe and Stewart. The long publishing
lifetimes of these textbooks, to which feference has already
been made, plus the reputations and commitment to science
eduéatibn of the authors, ‘argue for their <considerable
"influenCe. But it was not to last for very long. By 1914
Macmillan was publishing textbooks reflective of the new demands
made on education by compulsory secondary schooling, demands
which seemed to place greater emphasis on the body of knowledgev
of each scientific discipline rather than on the methods. A
textbook which may éapture ~this trahsition, and which does

mention, very briefly, the role of the_tethook,‘is Gregory and

Simmons' Introductory Chemistry, published by Macmillan in

1914.
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A course of work in elementary science must
include not only practical exercises to be
performed by each pupil, but also sufficient
consideration of principles to enable the purpose
of the experiments to be understood and the
results to be coordinated. Lectures and
descriptive text bring together the separate facts
collected in the laboratory, and without them much
of the practical work tends to become mechanical
and meaningless.

In the present book an endeavour has been made to
provide a course of work in which practical
exercises and the principles they exemplify both
receive attention. (Gregory and Simmons, 1914)

' The key to the change about to "become dominantly conveyed
through the Formalist textbooks caﬁ be seen in two phrases from
the preface quoted above: "a course of work", reflective of
emerging concerns with courses, syllabi and examinations; and
"praétical exercises", reflective of the view of the laboratory
lesson as illustrative of physical séience practice and results,
rather than the key to "disciplining the mind in a way which has
not been hitherto customary..." as expressed in the
Expefimentalist prefaces.

Another Experimentalist text to discuss the role of the textbook

in’ science education was Perkin and Leans's An Introduction to

Chemistry  and Physics. They mention the controversy over the

role of the textbook in education, most 1likely in response to
the criticisms of Armstrong mentioned in Chapter 2.

It has been the fashion lately among some to decry
any use of text-books. It is very noteworthy that
young boys (aet. 12) 1learn very little from a
chapter in a text-book, while it is equally
remarkable how an older class (aet. 16) may
realise, with fidelity of detail, experiments they
have never seen, and make rapid progress with
comparatively little help from a master....

We know that many teachers have found our book
more useful to themselves than to their classes;
an able boy can perhaps do without a text-book
entirely, but his duller comrade often needs a
helping hand in the .revision of his work. It need
scarcely be pointed out that there are experiments
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for which detailed and frequent instructions are

necessary, and in such cases the necessary

information may be obtained by a boy directly from

a text-book, and its use will remove a buxrden from

the teacher. And further, it is a great

convenience to have mathematical examples in

type...But enough of detail; every teacher must

work in his own way to do his best work. (Perkin

and Lean, 1906)
From this passage it can be seen that some Experimentalist
authors did not see the text as having an important role to play
in teaching or instruction, but only in informing and providing
numerical problems. Indeed, among brighter 'pupi 1s it could be
dispensed with altogether. This conservative view of the
importance of the textbook in science education is partly due to
the emphasis that the Experimentalists wanted to place on
enquiry, and on disciplining the mind, rather than on
accumulating facts. It is also partly due to an expreSsed
conviction that teachers have a degree of autonomy that must be
respected. . This latter conviction has survived into the
Formalist textbooks, as will be shown, but the former view can
be seen in current general science texts which emphasise
enquiry, but have changed their content to 'activities' to
further that enquiry, in contrast to the Experimentalists whose
texts supported an enquiry into a specific discipline.
It can be seen that the main interest of the Experimentalist
writers was with the third of the framework questions--what is
the nature of science as a human activity. There are no
di_scussions of the appropriate language for science education
(the fourth question), or of the place of science education in
the curriculum (the second). The latter may be due to the fact

that just such a debate was taking place outside the schools on

a political level, as outlined in Chapter 1.
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THE PREFACE TO THE FORMALIST TEXTBOOKS

A set of purpos'es common to the Formalist textbooks is more
difficult to specify, because they are written with a varied set
of audiences in mind. With the establishment of science as a
school subject towards the end of the 19th century, and the
accompanying proliferation of coﬁrses for students with
different abilitites and/or interests, the purposes of the
authors become varied. It is possible, howevef, to see some
common concerns expressed in the prefaces.

The first of the framework questions used to analyse these texts
is: what is the role of the textbook in science education.
Several characteristic responses to this question can be found
in the Formalist prefaces.

1. Links with examinations

From the earliest days of the Formalist school textbook in the
mid 19th century up through today, ~one central purpose has
tended to dominate: they are, almost without exception, written
to match syllabus or examination demands.

The work 1is designed primarily to cover the
Intermediate Pass Course in Science, Engineering,
and Medicine of the University of London, but it
is also suitable for Intermediate Honours
Candidates and for University Scholarships.
Further, it meets the requirements of the Civil
Service Commissioners in connection with Junior
Appointment, the Post Office (Engineers), and the

Army Entrance Examination. - (Allen and Moore,
1918)
The above quotation is one of the more excessive. But it is

echoed in the majority of all Formalist textbooks.

This small volume is intended as an introduction
for beginners, and primarily for those who are
reading for the South Kensington  Elementary
Examination in Magnetism and Electricity.
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(Poyser, 1894)

This book 1is intended primarily to meet the
requirements of the Oxford and Cambridge School
Certificate Examinations. (Bailey and Bausor,
1914)

In this book an endeavour has ben made to cover
the syllabuses required in Physics for the
Intermediate, the Higher School Certificate, and
Scholarship Examinations of the various
Universities. (Smith, 1944)

The inclusion of this extra material has enabled a
complete course 1in Inorganic Chemistry to be
provided for several examinations which are
intermediate in standard between the ordinary and
advanced levels of the General Certificate.
(Cavell, 1946) o

This book provides a suitable course of study for

the Leaving Certificate Examination in Physics, as

prescribed by the University of Melbourne.

(Stump and Rowlands, 1950)

The course provided in this single volume is

designed as an introduction to physics and has

been written with the needs of the CSE student

- especially in mind. (Chaplin and Keighley, 1977)

The works cited cover a span of 83 years, starting roughly at
the time of compulsory secondary education in the Commonwealth.
Examination requirements are not a concern for the autodidactic
textbooks, and the prefaces to the Experimentalist text tend. to .
emphasise other concerns.

It may be argued that this over-riding purpose of the Formalist

textbooks reflects a convenient way for the writers to select

content. What a textbook can accomplish, however, must surely

be a function of what it contains. By making the textbook
subject to the demands of outside influences, the text serves a
purpose that may be in conflict with purposes which can be
better served by such written material. More specifically, a
clear danger is that the neéd to 'cover the ground' will force a

style of rhetoric, or instructional methodology, inconsistent
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with wider educational aims, such as those found in the earlier
Catechetical and Conversationalist texts. Armstrong (1903) was
particularly scathing of this characteristic of Formalist
textbooks.

I notice that it 1is .customary in University

Extension courses to preface the syllabus--itself

an invention of 'the enemy--with a 1list of

text-books...Don't look at a textbook; avoid most

of them as you would poison. Their methods are as

a rule detestable and destructive of all honest

effort toward development of powers of

self-helpfulness; the worst offenders wusually

being such as are written by those who have 'felt

a want' in connection with some particular

examination. (Armstrong, 1903)
An important point emerges clearly from this concern of the
Formalist textbooks with examination demands. The language of
the textbook is <concerned with <correct descriptions or
representations of matters of fact or knowledge. To this is
added the strong constraint to present information in such a
form that it can be easily translated into examination answers.
Recalling that the Formalist textbooks were mainly written by
teachers familiar with the pressures and format of external
examinations, it is only to be expected that the language'of the
textbook would come to adopt characteristics suited to the
ultimate goal of getting students successfully through such
examinations. The specific nature of those characteristics
needs detailing, therefore, and such detail will be the subject

of Section C of this theéis.

2. Thé textbook as a collection of knowledge

A view often expressed in these prefaces is to see the text as a
compilation of the important or unifying principles of science
in a convenient form. The following selections are typical.

...it is hoped that a study of the following pages
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will furnish the student with a comprehensive

knowledge of the essential principles of

Elementary Physics... (Smith, 1944)

In writing this book, the aim has been to provide

a complete course in elementary theoretical and

practical chemistry. (Cavell, 1946)

The book is intended to meet the syllabus

adequately without being excessive, and the

systematic and <compact presentation employed

should simplify the task of the student to grasp

the essentials of the subject with true

understanding. (Barrell, 1958)
An essential characteristic of this purpose is succinctly summed
up in the preface to the Everett Text-Book of Physics (1901).
Everett states the aim of his textbook as "not so much to teach
them many facts, as to teach them rightly to connect a few great
facts together." (op. cit.). The distinction between "facts"
and the knowledge needed to "connect them together" is a crucial
one. The'prefaces clearly express the view of science as a
collection of facts bound into a coherent whole by a set of
principles. Everett implies that his text has the purpose of
teaching those connecting principles, rather than training or
disciplining the mind of the readers in such a way as to develop
the ability to make such connections themselves. However, as
the number of 'great facts' increased, the authors had to select
from an ever-growing collection of material. One result of this

can be seen in the fifth edition, 1970, of G.R. Noakes' New

Intermediate Physics, which reached 965 pages. 1In his preface,

Noakes claims that the book "ranged less widely" than the four
separate volumes that preceded it; and that "although the book
is subdivided in the usual way, it really represents the subject
as a coherent whole, by emphasising that the same basic

principles apply throughout." (Noakes, 1970).
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The majority of Formalist writers, however, were more
pre-occupied with finding criferia by'which to select content
from the vast range available, and having made the selection,
attempting to demonstrate their essential unity.

This expansion of the science (of
electromagnetism) and of its practical
applications has rendered more difficult than
before the task of presenting with sufficient
clearness, yet with necessary brevity, an
elementary exposition of the leading phenomena,
and of their relations to one - another.
(Thompson, 1901)

To bring the subject within the
compass...described, an account is given only of
phenomena which are of special importance, or
which appear to throw light on other branches of
Physics, and the mathematical methods adopted are
very elementary. (Poynting and Thomson, 1925)

...as to subject matter they (the authors) have
included in this book only such subjects as touch
closely the everyday life of the average pupil.
In a word, they have endeavored to make it
represent the everyday physics which the average
person needs to help him to adjust himself to his
surroundings, and to interpret his own experiences
correctly. (Millikan and Gale, 1927)

When arranging a course of instruction for

intermediate students...one is met with the
difficulty that the range of subjects which may be
dealt with is so large....The result..is that the

teacher has either to attempt to cover all the
ground..or he has to limit the number of subjects
which he will consider. The author believes that
this latter alternative is the better one...
(Watson, 1932)
The selection criteria may differ, then, but the aim is to
present a course of study within the bounds of the selection

that reflects the main principles of the subject.

3. The textbook as link between scientist and learner.

The extract cited above from Millikan and Gale serves to

introduce another common theme of science textbooks: to point
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out the applications of scientific principles to ordinary life,
or, conversely, to use every-day experiences to build up
increasingly complex scientific concepts. Either way, the
intention is to 1link the scientists' world view with the
students’'. There are two different justifications for this
view expreséed in the prefaces. The first is an educational, or
pedagogic one.

It appeared to me to be plainly dictated by common
sense, that the teacher, who wishes to lead his
pupil to form a clear mental picture of the order
which pervades the multiform and endlessly
shifting phenomena of nature, should commence with
the familiar facts of the scholar's daily
experience; and that, from the firm ground of such
experience, he should lead the beginner, step by
step, to remoter objects and to the less readily
comprehensible relations of things. (Huxley,
1891)

And almost 60 years later another Huxley was to continue the
argument.
We have wished to present science not as a 'school
subject', but as a living body of knowledge which
is interwoven into everything around us, whether
machines or manufactured articles or the play of
natural forces, whether the life of the fields or

‘the mysteries of the laboratory. (Andrade and
Huxley, 1934)

This view is directly related to the child-centred pedagogical
beliefs that had entered Britain mainly through the work of

Pestalozzi. In this sense the textbook of Huxley (Physiography,

1891) and others with this view‘can be seen as responsive to
models of child development and learning. But by far the most
common justification is to provide the scientific content with
the necessary relevance, not explicitly linked to learning, but
to convince the student that what is learned can be applied.

Examples of prefaces stressing the applications of scientific
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knowledge to every-day life are so common that only two, very
typical statements will be cited in evidence.

...care has been taken to stress the many

illustrations and applications of physical

principles in everyday life. (Smith and Smith,

1949)

The treatment follows the course of discovery by

experiment, and proceds to the consideration of

practical and technical applications. (Kearsey,

1971)
The distinction that these textbooks make is a curious and
subtle one. "Either the experiences of daily life are used to
illustrate and illuminate the <concepts of science (the
pedagogical view) or the concepts of science are used to
illustrate and inform daily experience (the relevance view). 1In
the former, the author is searching for concepts and
understandings from the readers' world that will help make the
scientific ones more familiar and, therefore, more easily
learned. If this was consistently applied throughout the text,
it may be argued that the author was influenced by ideas from
learning'psychology. In the latter, the author is attempting to

show that science can add to and illuminate experiences in the

readers' world; science, therefore, ié relevant and applicable

to everyday concerns.

4. Textbook sequence

There is another way in which the content of the Formalist
textbooks is seen to be similar, and that is in the sequence of
the topics included.

The great majority of general physics textbooks order their
content from classical mechanics through optics, heat,
hydrostatics, to e;ectricity and magnetism (Newton, op. cit.).

Chemistry too shows such an ordering, though not quite as
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rigidly as physics. Chemistry texts tend to deal first with

classifications: elements, mixtures and compounds; physical and

chemical changes; solutions and colloids; acids, bases and
salts. This is either 1immediately preceded or followed by
discussion = of the atomic theory and symbols. This
classification section is then followed by detailed treatments

of substances: air, water and metals; halogens; or separate

chemicals.
This sequence can be argued to result from one or more of three
vinfluences. Firstly, it can be responsive to learning
psychology, in that the sequence of topics is reflective of an
attempt to take the reader from the basic underlying principles
to the more complex. In this wview, an analogy can be
constructed with the child's intellectual development.
Secondly, in both physics and chemistry, these orderings of
content are rarely argued to be .an historical sequence, but
rather reflects the 1logical ordering 6f the material. The
American PSSC textbook makes this point explicitly. |
The topics 1in the PSSC cou;Se are selected and
ordered to progress from the simple and familiar
to the more subtle ideas of modern atomic physics.
PSSC, 1960)
It is important to note that the PSSC textbook is one of the
very few to use a different order of content; they start with
motion, but develop an atomic model before investigating optics
and waves, leaving the treatment of mechanics to the third
section of the textbook. (Chaplin and Keighley, 1977, is another
exception, starting their textbook with light).

And thirdly, there is the possibility that the sequence reflects

the power of tradition. In the great majority of textbooks
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there is no 'Hstification given for the choice of sequence; the
unspoken assﬂwption is that this is the order in which the
science must he learned. Nor do Formalist textbooks often argue
that the teacher should feel free to use the chapters in any
. §

order. This can be contrasted with preface statements from
modern general science textbooks. Writers of general science
texts are apparently gquite aware that they are writing for
readers of mixed ability. They have responded to this in two
ways, the first of which is illustrated by the two examples that
follow.

It is assumed that teachers will respond to the

excess of material in the text by selecting from

it to suit the 1level of ability, interests and

academic requirements of those in their charge.

(Criddle, Izett and Ryan, 1975)

Book 1 introduces students to Enquiry Science in

their first year of secondary schooling. The book

is divided into thirteen independent modules, each

module consisting of a variety of experimental

'Activities' where consideration has been given to

Piaget's "concrete stage" of conceptual

development. However, the number of 'Activities'

. completed by any group will largely depend on the

ability of the students in that group. (Comino

and Ryan, 1978)
These writers distinguish between difficult . concepts and,
presumably, simpler concepts. But there 1is generally no
distinguishable pattern in the ordering of their content; as the
Comino and Ryan text makes clear, the separate units are
'independent'. This independence would imply that sequence is
not an important part of any learning theory. Other general
science authors, however, are concerned with sequence.

...although the Guide 1is written apparently in

sequence with an organized development of concepts

and vocabulary, it is not intended that the

sequence should be followed rigidly.

Nevertheless, departures from this sequence will
need careful thought to deal with ©possible
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omissions and conceptual difficulties. (Nuffield
Combined Science, 1970)

Jardine's Physics is Fun, though not a general science text,

makes the same claim: "..this book is designed to be worked
through chapter by chapter...I believe vthis is one of the
sacrifices that must‘be made if a usable teaching book is to be
produced." (Jardine, 1969). Writers such as those responsible
for the Nuffield text above are more concerned with the logical
development of the subjects under consideration, rathér than
with the psychological development of the learner. In this,
they closely resemble the Formalist authors.

Finally, mostA textbook writers express. a rather conservative
view of their fole in the classroom; authors have been reluctant
to teil teachers how to use their texts. Writing as they must
for large classes of mixed abilities, and for use in classrooms
of very different methodologies, this may not be surpfising.
And, unlike the Catechetical and Conversationalist authors, the
Formalist writers do not generally express the purpose of
positively influencing the readers' attitudés towards science.
One of the most popular and long-laéting téxtbooks, Gregory and
Hadley's (three editions and 22 reprints between 1909 and 1941)
states 1in its preface that it is "designed not so much to
inspire as to instruct." (op. cit.); No modern textbook makes

any greater claim.

The second framework question used in analysing these texts is:
What view of science is held by the authors?

Science as method or results.

American, British and Australian Formalist authors of all



111

periods generally hold one of two views of science, as expressed
in their prefaces; it is either seen as an ordered collection of
knowledge held tbgether by law and theory, or it is seen as the
sum of its techniques; i.e., a method. Science is presented to
the reader as either Pure or Applied; Theoretical or Practical.
The distinction was clear at the beginning of the Formalist

textbook dominance in schools.

Knowledge :
This book is primarily intended as a text-book for
elementary classes of Physics. It aims at

presenting, in brief space, those portions of
Theoretical Physics which are most essential as a
foundation for subsequent advances, while at the
same time most fitted for exercising the learner
in 1logical and consecutive thought. (Everett,
op. cit.)

Not merely, or even mainly, to impart information,

but to set' before the student a large and compact

body of truth obtained by a method which shall

remain for him, tproughout life, a pattern and

norm of clear and correct thinking. (Crew,

1910) v
The Formalist textbook prefaces, however, despite the presence
of statements as emphatic as Crew's, are not concerned to give
precedence to the elaboration of the Method, nor to developing .
scientific concepts through using the experimentalist approach.
Nor does this elaboration appear within the body of the text.
The Formalist textbook authors divide rather neatly into those
who are writing textbooks of 'practical physics' or
'experimental chemistry', and those who pay lip-service to
experimentation within theoretical éohsiderations. Typical. of
the former are these preface statements.

The author believes that the experiments chosen

throughout the book are presented in a newer and

simpler form perhaps than heretofore...contriving

details of laboratory method which will help
-beginners to obtain with certainty accurate
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results even in difficult experiments such as
finding the Coefficient of Expansion of a Gas and
the Latent Heat of Vaporization of Steam.
(Brown, 1945)

Chemistry, as a science, is based on experiment;
laws and principles are grounded on fact. Pupils
must realize this, and not theorize 'in the air'.
Because true facts are obtained only by carefully
observing relevant. phenomena the need for the
cultivation of the art of accurate observation has
early been emphasised. (Taylor, 1933)

In this work for beginners an attempt is made to
present the subject from a purely experimental
standpoint. Statics is a study which affords
excellent scope for practical treatment, and it is
therefore very valuable as a means of training
boys to systematic thought and deduction. Such
training is always best achieved when based on the

- boy's own experience and achievement, and it is
hoped that the performance of the thirty
experiments outlined in this book, and the
discussion of their results and consequences, will
provide ample material for this purpose. (Hart,
1915)

The following pages are intended to serve as a
book of reference to the student working in a
physical laboratory...The aim of the book is to
draw attention to those points which require care,
and to indicate the sources of error which are
common to all the instruments which are likely to
be employed. @ (Watson, 1930)
To give an impression of these practical textbooks, a sample of
the table of contents in the Watson text will be helpful.
Chapter IV deals with Density, and includes the following:
"29.Density. 30.The measurement of density--corrections for

temperature of water and buoyancy of air. 31l.Measurement of the

density of a solid heavier than water by the method of

Archimedes. 32.Mea§urement of the denSity of a solid 1lighter
than water. 33.Measurement of the density of a solid in the
form of small pieces--the pyknometer. 34 .Measurement of the
density of a .liquid with a sinker. 35.Measurement of the

density of a 1liquid with specific gravity bottle. Pagés 79 -
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92",

The concern with manipulation of equipment and measurement is
very strong in these textbooks, emphasising the work in the
laboratory at the expense of theory. Sometimes the techniques
and skills are seen as directed towards the accumulation of dafal
which can be used to illustrate a law of nature. For example,
an experiment is described that enables the student to measure
angles of incidence and refraction for a ray of light in air and
glass. This is taken as confirmation of a law of
refraction--such laws were themselves somehow 'derived' from
numerous experiments and calculations of this sort.

The essential purpose of these practical textbooks is summed up

in a single sentence from the preface to Allen and Moore's A

Text-Book of Practical Physics, 1918: "..the development of men
and women capable of doing good work under adverseior unfamiliar
circumstances." It can best be thought of as 'training' rather
than 'educating',A and the language of these textbooks is
strictly confined to the precise giving of instructions for
successful laboratory practice. This is far removed froﬁ»the
Experimentaliét approach which was to develop general powers of
observation, inquiry, and so forth.
The theoretically orientated Formalist textbooks give laboratory.
practice a minor role to play, concerned as they are with the
resuits obtained. Enough has been said about this approach
already, and therefore'oniy one example will be given.

As no textbook can 'take the place of

experimentally illustrated lectures and of

practical work in the 1laboratory, no attempt has

been made to describe experimental illustrations

of the various phenomena. (Watson, op. cit.)

This example comes from the small number of books which claim to
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pay attention to the important role of the laboratory. Many
Formalist textbook prefaces do not even mention the school
laboratory at all. In chemistry texts, this minor role of the
laboratory is more likely to be expressed through removing the
experiments from the main body of the text itself.

The experiments described in the sections headed
"Practical Illustrations" at the conclusion of the
chapters can in most cases be performed with very
simple apparatus, and as many as possible should
be done by the student. The majority of them are
also well adapted for 1lecture experiments.
(Senter, 1919)

Full practical details for a large number of
simple experiments have also been included at the
ends of the appropriate chapters, and care has
been taken to give the quantities of materials for
these experiments, since their omission is a
common cause of failure in elementary work.
(Cavell, op. cit.)

Examples of the nature of this practical work attached to the
end of the chapter show that they, like the physics ones, are
interested only in verifying theoretical results or determining
values of physical constants.

Experiment 43. To verify the Law of Constant
Proportions by Making Magnesium Oxide by two

Methods.

Experiment 45. To verify the Law of Multiple
Proportions with the Oxides of Lead.

Experiment 46. To Determine the Density of
Oxygen.

Experiment 75. To Determine the Weight of Carbon
Dioxide given off when 100 gm. of Calcium
Carbonate are treated with Dilute Hydrochloric
Acid. (Mee, 1938)
Often associated with either view above is the insistence on
plenty of numerical problem solving--from the working of such
problems, comprehension grows. Many of them are taken from past
Examination papers. It 1is not often suggested that such

numerical problems are an integral part of science either as a

method or as a collection of results. Rather, it is argued that
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they are necessary to make the readers familiar with theoretical

principles.

The third framework gquestion used to analyse these textbooks
‘was: What 1is the aﬁthors' view of the place of science in
society -and fhe life of the child?

Formalist textbooks are seldom concerned with this issue. In
‘general, the American wfiters have been more concerned to place
education in a social context--their prefaces are often 1long,
carefully considering a wide range of educational issues. The

following extract is from Bower and Robinson's Dynamic Physics,

1942.

One purpose of this book is to provide an
understanding of the principles of physics
necessary to cope with the present mechanized
environment...Another purpose..is to help young
people lay a foundation for successful careers in
the field of science...A third purpose..is to
stimulate <critical thinking as .a basis for
intelligent action in a democracy. We are forever
concerned with the preservation of our American
way  of 1life....In organizing and shaping the
contents of this book, the authors have been
guided by the Report of the American Policies
Commission..in the direction of the four worthy
aims laid down as a general pattern for education
in a democracy... (Bower and Robinson, 1942)

None of the British or Australian Formalist textbooks are this
explicit. The American text at 1east_pays some attention to the
placing of science in a socio-political context. They often
contain the idea that all educational studies can serve wider,
if not highér, purposés. ‘"It is  tempting to assume that the
American approach reflects their pragmatic view of science as a
tool of 'better living'. Science serves the people iﬁisupport
of a positivistic faith in the progressbof discovery in écience

and consequent increased material well-being. This 1latter
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statement has been a characteristic of science textbooks
regardless of country of origin.

The school text draws no clear distinction between
science and technology; technological advance and
scientific advance are taken as almost synonymous.
Thus, school science, in stressing simultaneously
technological advance - and scientific method
clearly embraces this positivistic ideal.
(Smolicz and Nunan, 1975)

A recent textbook to make statements about what science is, and
its relations to the 1life ofA the student, is the Australian
Academy of Science's Elements of Chemistry, 1983. In the
.section entitled "To the Student", the authors state:

Chemistry has an important role in our lives--too
important for any of us to be ignorant of it.
This book provides the opportunity for you to
- become acquainted with chemistry as it affects you
everywhere and all of the time. The intent of the
book is to provide a blend of the facts of
chemistry and the patterns, generalizations and
theories of chemistry with applications of

chemistry in our world. As you study chemistry,
you are urged to ask continually 'How is this
important to me in my everyday life?' (Bucat,’
1983)

This is not of course as explicit as Bower's American textbook
cited above, and it may be reflective of a concern for relevancé.
rather than expressive of a view of the role ‘of science in
society or the 1life of the child. However it is intended, such
a purpose does allow the possibility of the language of the
textbook to refer outside of the‘body of knowledge which is

distinctive to chemistry, to the world of the reader.

The fourth framework question asked: What is the appropriate
language for writing about science in a textbook?
Few authors of Formalist textbooks make more than very brief

statements about writing style or language usage, and their
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relations to learning. As early as 1901 Thompson, in his

Elementary Lessons in Electricity and Magnetism was stating his

intent to present his material with "sufficient clearness, yet
with necessary brevity." Gregory and Hadley (1941, op. cit.)
stated that "A textbook should be concise in description and
precise in instruction..."” Barrell (1958, op. cit.) wanted to
be "systematic and compact." Stump and Rowlands (1950, op.
cit.) desired to be "clear and concise." Chaplin and Keighley
(1977, op. cit.) believed that the use of colour and photographs
would somehow make their text "easily readable." More
' attention, in fact, was paid to layout than language.

There were several over-riding beliefs concerning the 'proper'
langﬁage for a textbook revealed by the examination of the
Formalist prefaces. Firstly, the writing should be brief, or
concise. The writers were anxious to remove unnecessary words
and repetitions. In contrast to the Catechetical and
Conversationalist texts, the Formalist texts were clearly not
designed to match classroom dialogue or discussion. Secondly,
the writing was to be precise; it had to 'say exactly what was
meant, and express exactly what was the case. Thirdly, it was
to possess great clarity. Exactly what is meant by this term is
unclear (thouqh the assumed meaning is close to 'explicit' and
'context-independent), but it seems to have been a function of
the first two characteristics, rather than a concern to match
the language to the reader's abilities. Itvis of importance,
however, that a concern to make textbooks concise, precise and
clear will impose enormous contraints on the rhetorical style
vavailable to the author, who may, for example, decide as a

result that the Conversational style is inappropriate. It may
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also place enormous demands on the reader if it is too
unfamiliar a style, or makes ' very 1little concession to the
students' world view.

As the position of the textbook in science education became more
assured; writers gave less and less space to a preface at all.
The authors' comments have become iimited to pointing out such
changes to the textbook as 'the switch to S.I. units', or 'the
more extensi?e use of graphs and photographs', or 'the inclusion
of certain examination queStiohs', or 'the inclusion of new
topics in 1line with syllabus changes', or that they are
'responsivé to teacher feedback'; i.e., "These comments have

guided much of the revision incorporated in this edition."

SUMMARY

This chapter had the aim of identifying the important and
characteristic purposes of the authors of physical science
textbooks as revealed by the prefaces contained within those
texts. The prefaces were examined against a background of foﬁr
questions: the role of the textbook in science education, the
view of science as én activity, the place Qf science education
in the life of the student, and the laﬁguage of the textbook.
Each.defined rhetorical type of textbook was seen to haVe its
characteristic purposes. The Catechetical were shown to reflect
ideological purposes 1in the inclusion of religious content
within - textbooks’ for autodidactic readers. The
Conversationalists were guided by the purposes of teaching
secglar material through a dialogue format, felt by the authors
to be highly valuable for learning. The Experimentalists wished

to emphasise the values of the 'scientific' approach to
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acquiring knowledge of Nature through experiment. While the
principles of each discipline were important, the
Experimentalists felt that the best approach to those principles
was direct acquaintance of the learner with phenomena through
the experimental method. And finally, the Formalist tended to
emphasise the structured body of knowledge discovered by the
various disciplines, further shaped bv. the matching of 'the
textbook content and sequence to examination demands. The role
of the laboratory was shown to be often supportive of theory
work. Two additional . characteristics of the Formalist texts
were the emphasis on the application of leafned. knowledge
outside the classroom through concerns for relevance, and the
scant attention paid to the appropriate lanquage (concise,
precise and clear) for meeting those demands through a written

textbook.



SECTION B

This is the second layer of the analysis, with three main
concerns.

~Firstly, it wuses aspects of genre-theory to begin the
literary anlysié of textbook 1anquage, an analysis that
characterises texts by both structure and purpose. Those
pﬁrposes were identified in Section A.

Secondly, it uses aspects of stylistics to further refine
the claséification of textbooks as works of prose.

Thirdly, it presents a second order classification of

textbooks based on rhetorical and stylistic criteria.
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CHAPTER 4: TEXTBOOKS AND GENRE THEORY:
TOWARDS A MORE FUNDAMENTAL CLASSIFICATION OF TEXTBOOKS

INTRODUCTION: THE TEXTBOOK AS LITERATURE

A great deal of textbook (especially science textbook) criticism
 takes place under the assumption that a textbook is
non-literary. The textbook, by being placed firmly in the
non-fiction category, is seen to be a different kind of written
production from the novel or the poem. And so it is, but the
ways in which it is different are deserving of closer
aﬁtention.

In many ways, fiction and non-fiction writings are very similar.
In the process of. writing both fiction and non-fiction,
authorial meanings ﬁust be conveyed by words which are subject
to the constraints of 1language. In both’ cases, 'ﬁoo, it can
safely be assumed that authors have purposes and intentions, the
achievement of which depends on their skills as writers and not
on their authority. Thus clumsy works which fail to engage the

reader are failures in either domain. From the point of view of
the reader, all written material demands interaction with
presented meanings. It may be argued, of course, that in a
non-fictional work the 'meanings’ are intended to be less open
to debate, less subijective. Nevertheless, the reader has a task
to perform--to extract meaning from a text. Ronald Wardhaugh,

in an article Reading Technical Prose, put it this way:

I would argue that reading is active, productive,
and cognitive. It involves an active search for
information and interaction with the text; it

-
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requires the constant constructive involvement of

the reader in what he is doing; and it demands the

use of higher order mental abilities. (Wardhaugh,

1976)
This comment helps to make the point that any discussion or
criticism of textual language, whether fiction or non-fiction,
must take place against the consideration of what is to be
understood by reading. This is also a view currently emphasised
by research into literary style, a point developed in the next
chapter.
Given these basic similarities, it is more difficult to see why
textbooks have been disregarded by literary critics for so long.
There is certainly a tradition of critical comment on style by
reviewers of non-fiction. But this commentary has seldom
attempted to use any well-established criteria for stylistic
analysis. One consequence of artificially separating fiction
and non-fiction has been the resultiné loss of serious attempts
to judge the writing of non-fiction by such literary criteria.
Notions of quality and style, for examplé, have created a set of
criteria of standards which critics have consistently applied to
literary works. Of course, which works are valued by any one
critic on any given scale will vary widely over time and
culture. But agreement is not the issue here. What is
important is that therébis a very old tradition of literary
criticism which has not only provided a theoretical background
for the discussion of written works, providing insights and
valuable referential knowledge; it has also provided a critical
context which can act as a positive impulse to an author's
self-criticism, resulting in works of higher quality. In a

cultural setting in which quality of craft is being constantly
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discussed, there 1is at least the opportunity to respond to
actively debated ideas of good and bad writing. By being
removed from such a setting, the writing of non-fiction 1is
forced into arbitrary and ill-defined criteria of standards, or
‘even lack of standards. For example, recall the lack of
attention given to quality of prose in the prefaces of the
textbooks considered in the previous chapter. These authors
were not responding to a well-argued‘tradition of craftsmanship
in textbook writing. This is not to say that the writers of all
types of non-fiction are uniformly indifferent to their prose
quality. As Peter Medawar put it:

No one who has anything original or important to

say will willingly run the risk of Dbeing

misunderstood; people who write obscurely are

either unskilled in writing or up to mischief.

(Medawar, 1974)
Bui: without a background setting of criteria for and dis.cussion

of quality, it 1is difficult to see how writers can become

skilled communicators in any medium.

METHODOLOGY

This chapter uses one area of literary criticism, genre-theory,

not only to show how it may be applied to nom-fiction, but also
to develop useful terminology and classifications for textual
analysis.

The decision to use genre-theory was not an arbitrary one. It
was chosen after careful consideration of the possibilities for
analysing textbook language offered by sociolinguistics,
particularly the work of Bernstein (1971) and Haliiday (1973,
1978) . Sociolinguistics studies language in ai social context.

Three key ideas for cha-rac'terising this context are referred to
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as field, tenor and mode.

The environment, or social context, of language is
structured as a field of significant social
action, a tenor of role relationships, and a mode

of symbolic organization. Taken together these
‘constitute ' the situation, or 'context of
situation', of a text. (Halliday, 1978)

Halliday associates the concept of gehre with the idea of the
'mode'. Mode refers to the medium (written or spoken), but also’
to the range of functions that the language is serving.

The rhetorical concepts of expository, didactic,

persuasive, descriptive and the like are examples

of such semiotic functions....The various genres

of discourse, including literary genres, are the

specific semiotic functions of text that have

social value in the culture. (Ibid)
Genre-theory, then,"is - seen by sociolinguistics as being
concerned with the functions of language in a social context.
To fully analyse how language functions in such contexts, all
three of Halliday's concepts (field, tenor and mode) would be
necessary. But the difficulty with adopting such an approach,
given the purposes of this thesis, lies in determining the
'functions' of a textbook. Before that can be determined, it is
necessary to examine the underlying structure and pﬁrpose of the
textbook. In other words, before anything can be said about the
funcﬁions of the textbook in a social setting, something’must be
known about the characteristics of that text, characteristics
that determine hew it is read, what is learned, and how it is
learned. None of these characteristics have yet been determined
for textbooks. Genre-theory <can help to establish those
characteristics, and in this sense is prior to any
sociolinguistic analysisf |
Section A has outlined the social context that influenced the

~authors' purposes; the historical context of science education.
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It also provided a first order classification and
characterisation of textbook types; - Catechetical,
Conversationalist, Experimentalist and_Formalist. This Section
places the textbook in a <iifferen£ context; the textbook as
literature. Using the concepts of classifying and
characterising literary works that arises out of genre-theory,
it is possible to examine the relationship between the language
of the textbook and the authors' views of science and science
education even more finely than in Section A, because now the
analysis shifts away from the context, énd first order

approximations, to the language itself.

GENRE THEORY

Genre-theory is an attempt first of all to classify written

works.

Genre should be conceived, we think, as a grouping
of literary works based, theoretically, upon both
outer form (specific metre or structure) and also
upon inner form (attitude, tone, purpose--more
crudely, subject and audience). (Wellek and
Warren, 1972) ”

Two key considerations come immediately from this definition;
that of structure and that of purpose.

1. Structures in Textbook Language

If classification were the sole value of genre theory, it would
still be of use to this thesis. But it cuts deeper than that.

Theory of genres 1is a principle of order: it
classifies literary history not by time or space
(period or national language) but by specifically
literary types of organization or structure. Any

critical or evaluative--as distinct from
historical--study involves, in some form, the
appeal to such structures. (Ibid)

Genre-theory thus argues that we cannot evaluate a textbook
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without examining the structures which textbooks embody and
share. This makes the demand that an attempt is made to
determine the distinguishing structures of textbooks. Structure
can refer to a whole range of criteria, from the fixed
grammatical stucture of the work, to the lyric structure (e.qg.,
iambic pentameter and dipodic) and on to whole complete units of
prose, such as drama or short étory. Identifying the important
structures, and then using them for comparing like texts still
may seem to be nothing but an identification and sorting
process—-tﬁough this alone would be valuable for textbooks, as
there has béen no serious attempts to develop a classification
scheme by which they may be handled.

It is important to point out the close relationship between
structure,  rhetoric and genre-theory at this point.
Traditionally, rheforic has distinguished between types of prose
by identifying varying purposes; e;g., expository, didactic,
persuasive, and déscriptive. (Croll, 1966). Rhetorical studies
attempt to assign to each of these purpo.ses the appropriat'e
style;  i.e., it was . originally meant to be prescriptive.
However, in reality each of these purposes may be couched in
many forms. For example, expository purposes may be expressed

through a philosophical treatise, a sermon, a poem such as

Lucretius' On the Nature of Things, or an essay. Each of these
will have a different outward form, but the same inner purpose.
Genre-theory attempts to order prose works by reference to both

these characteristics. Modern textbook do not differ markedly
in terms of structure. There is no question of examining
differences in such things as metre, or narrative versus epic.

Nor is anything to be gained by looking for such characteristics
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as 1illustraed by the phrase "Enforced abundance is the
distinctive characteristic of the sonnet--pregnant eXpression of
. strong feeling with reflective profundity." (Hirsch, 1967).
However, there has been a change in structure between the
Catechetiqal, the Conversationalist, the Experimentalist and the
Formalist texts. These differences would allow the placing of
-these texts into different genera if structure was to be the
only criteria. The Catechetical would be placed in the
traditional genre of Catechism, the Conversationalist in that of
Childréns' Stories, and the " modern textbook in that of
Expository Text (Pearson, 1940). Before that should be done,
however, the other criteria of purpose must be considered;

especially as purpose is prior to text.

2. Purposes of Textbooks

It is in considering purpose that genre-theory touches directly
on the topic of language in textbooks. In Section A a variety
of authorial purpoées were identified as characteristic of the
four te#tbook types. From these various purposes it is possible
to identify two distinct over-riding ones, expressed both in the
prefaces and in' the contemporary views of .science education.
Those two are the purpose to instruct and the purpose to inform.
Regardless of subject matter, or the structures of the_text,
authors wrote their textbooks with one or both of those purposes
in mind. These two purposes can be used to categorise two

distinct genera. In an instructional genre, the main intention

of the writer is to adopt those usages of language that will
best move the .reader from one position or level of understanding

to another. Informational genera, by contrast, emphasise usages
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intending correct descriptions or representations or matters of
fact or knowledge. Examples of the language characteristic of
~each of these genera is given below.

Genre of Instruction: Examples

"I didn't know that the grass would burn so
before," said Rollo.

"It will not," said his father, "unless it is both
hot and windy. This is an illustration of what I
explained to you the other  day. When grass is
heated above a certain point, it takes fire. Now,
when one blade of grass is burning, it does not
usually produce heat enough to raise the next one
to such a degree of heat that it will take fire:;
but this afternoon it will; for now the heat of
one little tuft burning is enough to heat the next
one sufficiently to cause it to take fire, because
it is already partly heated by the sun."

"aAnd the wind helps," said Rollo (Rollo, 1855)

The earth, too, hangs in space as you sometimes
see a balloon. Now is it at rest? or does it
move? Perhaps you will say that it does not move,
because your school-house is where it always was;
that the houses or trees near to it are no further
away or nearer than they were. » .
But this does not help us: let us take a large
ball of worsted, or an orange, to represent the
earth, and stick into it one pin to represent the
school-house, and other pins to picture to you the
trees and the homes around it.

You will see at once that whether the worsted ball
Oor orange is at rest or in motion, the positions
of the pins with regard to each other will not
change. '

How, then, are we to settle the question?
(Lockyer, 1904)

Genre of Information: Example

When the temperature of a solid body is raised, in
general the distance between any two points in the
body increases, that is, the body expands. Thus a
cylindrical rod of iron when the temperature rises
increases not only in length but also in diameter.
If we consider only the increase in length, we are
said to deal with the linear expansion of the
body. If, however, the change in volume is
considered, we are said to deal with the cubical
expansion of the body.

If a bar of solid is heated from 0 degrees C. to 1
degrees C., the ratio of the increase in length to
the original length is called the coefficient of
linear expansion. (Watson, 1932)

To place the passages from Rollo and Watson in separate genera
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is clearly reasonable, as they differ in both outward form and
inner purpose. To do the same for the passages from Lockyer and
Watson may seem slightly arbitrary; they are certainly not as
different as, say, epic poetry and Elizabethan drama.
Nevertheless, they do show structural variations critical for
"distinguishing genera. Their 'structures' may be more subtly
distinct than the Rollo/Watson texts, but they show very
distinét."inner forms" or purposes. All three texts, of course,
share a common history within science education. But with the
fundamental disagreement between authors as to whether science
éhould be seen, and taught, as a metﬁod. or as a body of
knowledge‘came the division of the fextbook into the two genera.
This allows texts such as Rollo's and Lockyer's to be placed in
the same genre of instruction despite their differences in
structure, and texts such as Watson's to be placed in a genre of
information. Thié distinction is a crucial one, and throughout
this analysis, reference will be made to these two
genera-—instructional and informational.

As a result_of the above analysis, the textbook classification
vdeveloped in Section A can be seen to fit into tfaditional
genre-theory classification in the following ways.

The Catechetical texts can be lgssigned to the genre of
information. Their question and answer format, along with their
purpose of presenting secular information to autodidactic
readers without offering instruction, their view of science as a
cbllected body of kﬁowledge, and their concern to use that
knowledge to reflect on religious and moral themes, provide
characteristics appropriate for placing them in that genre.

The Conversationalist texts can be assigned to the genre of



129

instruction. Their purpose was not simply to present knowledge,
but to use the story form to teach, considering it the most
appropriae for learning. As shown by the passages in Section A,

the story format emphasised finding out as well as information.

-The Experimentalist text are also  placed in the genre of
instruction. Their prefaces reveal a céncern for the purpose of
'teaching science as a'method, and the passages show a concern to
lead readers along a trail of enquiry to reach conclusions.

The Formalist texts are placed in the genre of information.
Their purposes are reVealéd by the prefaces to be more concerned‘
with science as a body of knowledge rather than as a method, and
the quoted passages reveal an emphasis on stated results rather

than on enquiry.

THE IMPORTANCE OF GENRE-THEORY TO LANGUAGE CHOICE

It is impoftant to ask whether genre-theory is prescriptive of
language use, or heuristically valuable only as an aid to
classificaﬁion. |

Genre theorists argue a more ‘important role for Aéeneric
conceptions than classification and characterisation _by
struacture and purpose. They blun£1y> argue that genre is
.necessary for communication. |

Since a type (e.g., epic poetry) can be
represented by more than one instance (e.g., The
Iliad), it is a bridge between instances, and only
such a bridge can unite the particularity of
meaning with the sociality of interpretation.
Certainly a communicable meaning can have ‘aspects
which are unique--indeed, every meaning does. But
it must also belong to a recognizable type in
“order to be communicable.

...quite aside from the speaker's choice of words,
and, even more remarkably, quite aside from the
context in which the utterance occurs, the details
of meaning that an interpreter understands are
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powerfully determined and constituted by his

meaning expectations. And these expectations

arise from. the interpreter's conception of the

type of meaning that is being expressed. (Hirsch,

1967)
A writer has a meaning to convey--it might be about why metal
bars expand upon heating, or the way Jjealousy can lead to
murder. That meaning, Hirsch would argue, can only be
communicated if writer and reader share a context of ways of
saying. A unique meaning is unintelligible unless it is linked
to the traditions of the genre. More specifically, if a reader
is confronted with a passage that is known to be from a
textbbok, é set of 'meaning expectations' (Hirsch's term) are
established--"In this type of utterance, we expect these types
of traits.” These expectations, fixed by experience with the
genre, determine the details of meaning the passage contains.
Again quoting Hirsch: "All understanding of verbal meaning is
necessarily genre-bound." (Ibid)
For a wriﬁer of textbooks, a narrowed choice 6f language,
structure and communicable meanings is already determined by
choice of genre. A writer divérging_tdo far from the genre
btakes risks of being misunderstood. For example, readeré
familiar with the genre of science fiction are not concerned to
attach 1literal truth to the scientific or technological facts
presented by the author. To cast a science textbook into that
genre risks evoking similar responses from the reader. Genre
theory suggests, therefore, that if an author intends a meaning
to be, say, the laws of conservation of energy as foundations of
physical theory, then by placing the discuésion in a textbook,

it can be assumed that the reader is already expecting a certain

-kind of meaning that helps with the actual meaning of the
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particular instance. This can be very helpful, and taken
adVantage of.

More specifically, when avthors cstart with a certain purpose in
mind--for example, to inform readers of the underlying
principles. of physics--they presumably choose’.the ‘rhetoricai
type they feel to be most appropriate for meeting that purpose.
Traditionally, thié has been expository. Secondly, as the
stated purpose is to inform readers, they adopt the genre of
informaﬁion for their textbook. .What they choose to say about
those undeflying principles will depend on their views of the
- nature of science and science education; Genre-theory argues
that these choices will determine to a great extent whaf the
author 'ggg say about the topic without risking wuncertain
., meanings. .

For readers, on the other hand, there is no éubstitute for
carefully guided experience with the 'genre of tektbooks.
Readers familiar with the structures> characteristic of . that
genre'come to textbooks with a set of_expectations abput the
kinds of meaning to be found there. ‘It is crucial "vtlhat_ the
writer be aware of this.

Even when the meaning which the speaker wants to

convey is wunusual...he knows that in order to
convey his meaning he must take into account his
interpreter's probable understanding. If his
interpreter's system of expectations and

associations is to correspond to his own, he must
adopt ‘usages which fulfill not only his own
expectations but also those of his interpreter.
(Ibid)
Writers must be aware of the restricted 'usages' available to
them if they wish to build on the shared past experiences of

writer and reader.
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SUMMARY

The signif;cqnce of genre-theory, and that of literary criticism
in general: ﬁan be indicated quite simplv.

Firstly, bQFh this thesis and genre-theory are centrally
concerned w;fh notions of purpose. Genre-theory links purpose
with usage:‘ structure and meaning--all components of the
language of textbooks, and all reflective of the authors' views
of science épd sciénce education. It thus lends greater weight
to the valué of determinihg what the purposes of the textbook
are, which was the subject of Section A. These purposes
determined the placement of the texts in Athe genre of
information (Catechetical and Formalist) or instruction
(Conversationalist and Experimentalist) . This connection
between the first order classification of textbooks from Section
A and generic classifications provides a basis for the second
order classification argued for in the Introduction to the
thesis.

Secondly, a further essential component of that classifigation
is structure, another term used by genre-theory to characterise
literary types. Section C examines the textbooks for structures
which can then be interpreted in the 1light of genre-theory.
Attenfion to prose structures designed to offer explanations or
to instruct would then reveal a great deal about the usage,
structures and meanings the textbook relies on. From the point
of view of learning'from reading, such an analysis would also
indicate what shared éxpectations, associations and experiences
the writer thought essential to briqg to the text.

Finally, 1literary theory and criticism, in the guise of

genre-theory, can throw a great deal of light on a consideration
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of textbook language. This is possible, initially, by

classification based on structure and purpose. This is then

extended by pointing out the relation of both of those to
authors' views on science and science education, as well as to
reader expectationé, and the matching of author/reader
expectations through 'shared past experiences' with that form.
There is a further factor in the determining role of genre in
selecting communicable meanings-—"all meaning 1is necessarily
genre-bound".. This in turn raises the question of the
constraints genre places on usage and structure. All of these
points suggest it is important to attach a greater significance
to the textbook as a conveyor of. genre-bound meanings, and on
its language as a function of that meaning. They help provide a
focﬁs for a consideration of how the textbook functions
educationally, where presumably well-determined meanings are

being presented to readers.
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CHAPTER 5: STYLE AS A LITERARY CONSTRUCT FOR CLASSIFYING
TEXTBOOKS

INTRODUCTION

Up to this point in the analysis of textbook lamwaage; the term
' textbook style' has. been used without <clarification and
specification. Connections have been made between the first
order élassification of texts in Section A and the 'style' of
the four types of texts. Further connections have been implied
betwéen rhetorical types and the appropriate 'style; for each in
the previous chapter. And genre-theory argueS that 'style' is
a component of generic classification becagse choice of genre
determines lahguage usage and, hénce, style. But can the
consideration of textbook style :reveél anytmﬁlg about the
relationships between textbook language and views of science and
science education? Style, oOr more particulariy'stylistics, does
have an important role to play in this analysis for the
following reasons.

Firstly, one of the main concerns of this analysis, as outlined
in the Introduction/ was to develop a vocabulary through which
to discuss the language of a textbook. Style is an attribute of
1anguage which, as will be shown, has been very loosely used and
even more poorly defined. By spending some time attempting to
give greater precision to the meaning of style, the discussion
of textbook language will be advanced. Secondly, style is an

important consequence of authorial decisions about purpose. The

purpose to express a view of science education as using the

methods of science will force Stylistic patterns on the
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resulting prose consistent with that purpose. Thirdly, style is

sometimes a powerful determinant of textbook content and

structure. For example, if concern for style is greater than
concern for scientific accuraCy} then the Conversationalist
approach to textbooks is valid; style was often seen by both
Catechetical and Conversationalist authors to be of greater
importance'than content. And such a decision will mean clear
constraints on what can be said, how it can be said, and how
other purposes can be fulfilled. And fourthly, style may have
influences essential to . the process of learning that cannot be
realized without it--motivation, interest, retention, attention
aﬁd_recall are all factors that may be strongly influenced by
the style of the writing. Style may be the rhetorical factor
that not only gives access to the purposes and views of the
author, therefore, but also gives the readers access to the

information contained in the text.

METHODOLOGY

This.chapter approaches these questions in ﬁhe following way;
First there 1is a discussion of what is meant by the terms
'style' and 'stylistics', the study of style. This is followed
by a look at the historical development of-modern expository
prose style, of which textbooks form a subset. An analysis ef
the stylistic characﬁer of Catechetical and Conversationalist
texts is given. This will necessarily be brief because of the
restricted rnature of these two types. The Catechetical texts
are very tightly constrained by the question and answer format,
~and “this allows few stylistic = possibilities. The

Conversationalist texts (being stories) are more suited to
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analysis based on criteria from literary criticism. Finally a
specific analysis of Experimentalist and Formalist prose style
is undertaken. This approach is inteﬁded to be descriptive
rather than theoretical--no new theories of sylistics or
linguistics are being proposed. It is rather an extension of
current thinking on questions of style to science textbooks that

is being undertaken.

STYLE AS A LITERARY CONSTRUCT

Any discussion of what is meant by style quickly runs up against
the wide range of opinions as to what style is. Enkvist (1973)
in an ekamination of style in literature, lists seven commonly
used definitions.

«..a higher, active principle of composition by
which the writer penetrates and reveals the inner
form of his subject... A
.style as a shell surroundlng a pre-existing
core of thought or expression...
...as the - choice between alternative
expressions... ' '
.as a set of individual characterlstlcs
...as deviations from a norm...
..as a set of collective characteristics...
..those relations among linguistic entities that
are statable in terms of wider spans of text than
the sentence... (Enkvist, 1973)

Comments on textbook style usually interpret style to mean
either a set of individual or collective characteristics, to use
Enkvist's distinctions. Below are some examples of these
comments from research literature.

We raise the question 'How inconsiderate are
children's textbooks?' because we suspect that
many are very much so. Considerate text is clear
and straightforward, enabling the reader to gather
information efficiently, with minimal cognitive
effort. A text that violates one or more of these
maxims is inconsiderate. (Kantor et al., 1983)
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"...highly formal..." "...unreal and remote..."
"...impersonal..." (Rosen, 1972)
"...verbose, obtuse and dull." (Mann, 1981)

The most common rhetorical style chosen by
writers...is one sometimes referred to as
'textbookese’'. It is an objective, unelaborated,

straightforward style with an anonymous
authoritative 'author' reporting a body of facts
in one proposition after another. (Crismore,
1984)

It is not possible in all the cases above to judge if the.
writers were being critical or approving. What is evident is
that certain key words are used in attempting to classify or

describe textbook 1language--formal, objective, straightforward

are the most value-free  ones commonly used, with

verbose/unelaborated as contrasts of opinion, and obtuse, dull,
unreal and remote .indicatiQe of the subjective terms used.
Whatever is actually intended by‘these terms is unclear. For
example, what .is meant by the term 'formal' when used to
describe a literary style? Rosen (1972), using Halliday's above
mentionedbideas of 'field', 'tenor' and 'mode' (Halliday, op;
cit.). discusses textbook 1language by reference to 'register’
analysis. In discussing the tenor of discourse (ige., "how
formal is the utterance?") of textbooks, Rosen uses the idea of
a - "relationship" between the writer and the reader.
Reiationships can be either formal (and impersonal) or,
supposedly, informal (or personable). With respect to
textbooks, Rosen says: "This writer-reader relationship is the
more sophisticated by virtue of its tenuousness. How unreal and
remote this is for the ordinary pupil."” (Rosen, op. cit.).
Thus 'formal' is taken in the sense of a formal relationship

with someone. The defining characteristics of such a
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relationship, even assuming this is the appropriate metaphor,
are not made clear, except througﬁ such phrases as ' tenuousness,
unreal and remote'. They are certainly not exclusive to
textbook language, as exactly those wbrds can be used to
describe works of fictional literature.

The authors of textbooks have npt done much better themselves,
except that their descriptions of their language have been
intended to be posi£ive. The vfolvlowing terms are to be found in

the textbooks themselves: concise, precise, systematic, compact,

clear, and simple. Objectivity is a characteristic that seems
to have been taken ,fbr granted. Comparing the two sets of
terms, those of the researchers and those of the authérs, there
.is not a great deal of overlap, unless one is to argue that
'formal' and 'straightforward' meéns '‘concise' and 'precise'.
As well, critics of textbook prose such as Kantor et al. (op.
cit.) would deny that the authors have ihdeed been 'clear' and
'simple' even if they have met their other criteria. Even so,
the authors of textbooks have been equally remiss in their
neglect of providing meaningful definitions of the terms they
use  to characterize their writing. For example, what is meant
by the term 'precise'in textbook language? Presumably it is
close to the dictionary definition of 'accurately expressed'.
But of course this is only a claim that thé expressions are free
from error, or convey the correct meaning. The former claim is
simply the reasonable expectation that any textbook be accurate
in matters of fact. The latter begins to encroach on the area
of pedagogy by consideration of meanings. It is also a claim
that can.apply to fictional writing and literary criticism that

is concerned with meaning. It is also unclear why the writers
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of the textbook believe that such language is most appropriate
for their purposes, or why teachers and readeré should value
such characteristics.

The question arises as to whether it is possible to speak more
precisely about the stylistic characteristics of a given piece

of prose. Stylistics attempts to develop an objective account

of what appears on the surface to be a highly subjective
literary phenomenon. Rival theories of style have developed,
particularly over the last 50 years, but all were given an
initial impetus with the work of Charles Bally. His early works
(Bally, 1909) developed the linguistic model previously
formulated by Saussure, extending it to include those
non-conceptual components of language, of which style is one.
Thought has two aspects: the conceptual and the
non-conceptual. The former is a result of
convention while the latter has its source in
personal expression and emotion. That is, thought
is a product both of objective, conventionally
determined concepts and of subjective and private
feelings, attitudes, motives, perspectives, etc.
(Bally, in Taylor, 1980)
This dual' nature of thought, and its expression in'language,
creates for Bally'a_dialéctic, a struggle between the desire to
express individual, private feelings, and the necessity to use
conventional, determined concepts to ensure being understood at
all. This is <closely related to similar <claims within
genre-theory concerning meaning beihg 'genre-bound'. Stylistics
became the study of those language 'elements' which express the
“emotions. A particular‘style will be determined by the ways in
which those emotions are successfully communicated.

Such a view of style is clearly psychologically based, and later

stylists have been concerned to be far more analytical than
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Bally, if not more objective. The stylistician Riffaterre
changed Bally's emphasis from the subjectivity of the message to
the role of the receiver of that message.

...the object of the analysis of style is the

illusion that the text creates in the mind of the

reader. (Riffaterre, 1971)

The stylistic context is a 1linguistic pattern

suddenly broken by an element which was

unpredictable, and the contrast resulting from

this interference 1is the stylistic stimulus.

(Riffaterre, 1959)
The reader becomes aware of the style of a particular passage
when he or she finds unexpected (unexpected as determined by
context) lingquistic elements within the passage that act to call
attention to the unique viewpoint of the writer. Stylistic
analysis is then the task of identifying these unexpected
elements. As Taylor points out, "In this way the reader's
perception plays a large role in the determination of stylistic
structure." (Taylor, op. cit). This emphasis on the role of
the reader was later extended by Dillon as stylistics began to
use the ideas of Chomsky and information processing.

The way a writer chooses to frame sentences and

place their elements does affect the reader's

cognitive processes in- predictable ways which-

analysis can explicate, but via the strategies of

processing: a particular construction or

preference of a writer is important insofar as it

affects processing of the text. In this way,

stylistics becomes concerned...with the way texts

and readers act on each other. (Dillon, 1978)
Transformational grammar was apparently successful in answering
many questions about how differences in style could be produced
from the underlying deep structures of the grammar, but “the
difficulty still remained about how these stylistic differences

can affect the reader; i.e., how do the transformations

determine the communicational effectiveness of the writing?
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As a result of the work of Dillon, stylisticians recognised the
need for a model of reading to complement earlier work. Again,
this has close parallels with genre-theory, which also demanded
some account of what it means to read works in different genre.
Modern stylisticians since Dillon have been ‘using
information-processing models to answer this need.
'Enough has been said to suggest that 'style', whatever it is,
cannot be defined simply by referring to characteristics of the
written message alone, but is a complex relationship that exists
between the text and the reader.
..if terms like 'loose' or 'terse' or 'emphatic'

(to take examples from the traditional vocabulary

of stylistics) have any significance as

descriptions of style--and surely they do--it must

be because, 1like the description 'complex', they

relate to certain identifiable = structural

properties...What the impressionistic terms of

stylistics are impressions of are types of

grammatical structures. (Thorne, 1970)

What remains to be explained of course is the fact

that different styles, different characters of

surface structure, different foregroundings, have
profoundly distinct consequences in the readers

experience...To be more exact what do
transformations (of grammar) do to us? (Fowler,
1972) '

Stylistics 1is stating that access to precise statements about
style can only come from careful applicétion of the rules of
transformational grammar; all our other notions are simply
impressionistic and intuitive. In order to capture a complete
picture of style, a model of reading is also required. This
means judgement of a textbook in isolation from its readers is
inadequate. What is also required iéla way of discussing the
impressionistic and intuitive notions that are evidenﬁ, and
which do capture some of the essential differences between such

obviously different types. of writing as, say, the
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Conversationalist and the Formalist.

There is at least a long history of debate over what styles are
being used at any given time within a society, and which styles
are 'best' or most appropriate for given communicative purposes.
These studies are grouped under the discipline of Rhetoric. .A
fuller discussion of the history of that debate allows this
analysis to not only examine some possibly rigorous meanings for
different prose styles, but also to place the 1language of

textbooks within an historical framework of ideas about style.

RHETORIC AND PROSE STYLE

Studies of rhetoric traditionally start with Aristotle, and for
the purposes of this analysis the seminal work of Morris Croll
will provide the framework for discussion. His essay, " 'Attic
Prose' in the Seventeenth Century" traces the rise of a prose
style suited for the purposes of philosophical discussion from
the days of the Greek philosophers to the seventeenth century.
At the time of Cicero there were three recognized prose styles.

In the time of Cicero it had become customary to

define the character of the three genera more

fully by a reference to the, K effect of each upon

the audience. The genus humile is best adapted to

teaching or telling its hearers something; the

genus medium delights them or gives them pleasure;

the genus grande rouses them and excites them to
action. (Croll, 1966)

There are interesting parallels between: the ideas of stylistics
concerning the role of the reader, and the classification of
rhetorical types based upon intended effects on the audience.

The main concern of this section is with the genus humile, or

‘common style, which in the 17th century was known as the Attic
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style. Aristotle gave three essential characteristics of this
style--clearness, brevity, and appropriateness. It is important
to examine each of these in turn.

1. Clearness. Though expressed in varyihg and often ambiguous
ways, clearness was often defined by contrasting it with its
opposite, deliberate darkness. It referréd to the attempt to
"depict the effort of the athletic and disciplined mind in its
progress toward the unattainable goal of ultimate knowledge."
(Ibid). In science textbooks, clearness is regarded as a
virtue.

Clearness is evidently the first merit of an-

exposition of objective reality, as in the
statement of the facts and 1laws of natural
science; Aristotle occasionally had "such

exposition in his mind, and, partly on his
authority, there have been in modern times several
attempts to erect the theory of style on the
foundation of mere scientific clearness. (Ibid)

This concern for clearness, as has been shown, is still present
in textbook prefaces.

2. Brevity. Croll has given a slightly more descriptive idea of
what is‘cohtained in the idea of brevity.

It 1is a quality that is almost necessarily
involved in the attempt to portray exactly the
immediate motions of the mind. In the history of
all the epochs and schools of writing it is found
that those which have aimed at the expression of
individual experience have tended to break up the
long musical periods of public discourse into
short, incisive members, connected with each other
by only the slightest of 1ligatures, each one
carrying a stronger emphasis, conveying a sharper
meaning than it would have 1if it were more
strictly subordinated to the general effect of the
whole period. (Ibid)

Here is a meaning of brevity that is perhaps not identical to
what is meant by the term when used by textbook authors, for

whom brevity means to say a 1lot .in only a few words. For
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Aristotle, brevity means a structural change, letting smaller
units carry more immediate meaning. What is to be shed are all
features felt to be superfluous to the intended meaning. There
is no mention of the need to condense thought into a smaller
package, the main result of which is increased abstraction
rather than clarity or ease of understandability. As well,
brevity was sSeen as more suited to private, personal
communication as opposed to public discourse. But as has been
claimed for 'textbookese', one of its characteristics is an
anonymous author giving the reader access to public
information.
3. Appropriateness. The third characteristic is
appropriatehess, which is also a chief focus of this study.

Aristotle does not clearly define what he means by

it, but it is evident that he thinks chiefly of

appropriateness to the character of the audience

addressed and the nature of the occasion: a style

should adopt itself to the social requirements of

the discourse, and not be, for instance, either

too lofty or too mean for the kind of audience

contemplated. (Ibid)
This idea of appropriateness is closely allied to the linguistic
notion of 'register', the combination of field, tenor and mode
already referred to. Croll goes on to argue that this meaning
of appropriateness was not suited to the views of the Stoics who
followed Aristotle, and who subsequently modified it. The
nature of this modification is crucial to the understanding of
textbook 1language. For the Stoics, appropriateness had two
aspects, appropriateness to thing and to person.

If (as Lipsius defines it)"everything is said for

the sake of the argument" (or subject), and "the

vesture of sentence and phrase exactly fits the

body of the thing described", thought and

discourse are exactly identical, and there is only
one science of both, which we may call logic or
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dialectic, or what-not.  The proper outcome of

"appropriateness of the thing" is such a

mathematical style as was contemplated by Bayle

and some seventeenth-century Cartesians, a style

admirable of course for scientific exposition, but

limited to uses 1in v‘vhich art has no opportunity.

(Ibid)
An extremely important distinction has now been drawn. Rhetoric
can either be appropriate té the subject (e.g., science) or it
can be appropriate to the audience (e.g., learners). In this
distinction there is the possible origins of the distinct genera
of information and instruction respectively. There is also the
justification for the claims of a unique 'language of science'
which, as will shortly be shown, found voice in the Royal
Society. But first it 1is necessary to understand what the
Stoics meant by appropriateness to person. This aspect of the
'argument' is meant to "...render one's own experience in the
encounter with reality as exactly, as vividly, as possible."

A style appropriate to the mind of the speaker,

therefore, is one that portrays the process of

acquiring the truth rather than the secure

possession of it, and expressed ideas not only

with clearness and brevity, but also with the

ardor in which they were first conceived. It 1is

‘'no more a bare, unadorned, unimaginative style.

than the oratorical style is... (Ibid)
The characteristics of this style are "the figu_res. of wit";
antithesis, or the contrast of ideas by expressing them as
parallels of strongly contrasting words; 'point', or turns of
wit; and metaphor, "the greates_t, of the figures by which
literature may interpret the exact realities of experience..."
(Croll, op. cit.)
So for the Stoics the combination of appropriateness to thing

and to person meant the expression of the means of acquiring

truth about the thing, using not only clearness and brevity but
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figures of "wit". A criticism of modern textbook language may
then be based on the view that textbooks pay attention only to
appropriateness to thing, and lack attention to such figures of
wit. This would imply that such language cannot portray the
‘"ardor" with which the process of acquiring the truth was
conceived; only the secure possession of truth is communicated.
A transition must now be made from the work of Croll to the
beginnings of organized science as represented by the Royal
Society. For the hembers of the Royal Society (established in
1663) were deeply concerned to establish a prose style suited to
their purposes. Many early textbook writers, as has been shown,
were members of the Royal Society, and may be expected to have
reflected the Society's views on prose style. It has beeéen
argued by some researchers that these views reflected the
Utilitarian philosophy of the members of the Society; that
language must serve the end of practical results. (Adolph,
1968). There is no doubt that the Society was determined to
enforce a prose style suited to utility. In his well-known
preface to the history of the Society, Sprat.(1666) first argues
'against prevailing rhetorical styles, and then delivers the
official view of the Society.

They (the members of the Society) have therefore

been most rigorous in putting in execution, the

only Remedy, that can be found for this

extravagance: and that has been, a constant

resolution, to reject all the amplifications,

digressions, and swellings of style: to return

back to the native purity, and shortness, when men
delivered so many things, almost in an equal

number of words. They have exacted from their
members, a close, naked, natural way of speaking;
positive expressions; clear senses; a native
_easiness: bringing all things as near the
Mathematicall plainness, as they can: and

.preferring the language of Artizans, Countrymen,
and Merchants, before that of Wits, or Scholars.
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(Sprat, in Adolph, op. cit.)

Adolph goes on to argue that Sprat "...intended the style
practiced by the Society to serve as a model of what all prose
which advanced useful knowledge should be..." (Ibid).

There are still difficulties with the . exact meaning to be
attached to such terms as "cloée"; "naked", and "natural", but
the intent is quite clear: to strip the 1language of all
unnecessary words and phrases; to aspire, in fact, to that
purity of the genus humile which aimed at brevity, clearness,
and appropriateness to thing. By avoiding the language of "Wits

and Scholars" the Society clearly hoped to allow Truth to come

from fact rather than persuasion.

What is being shown here is the beginning of the tradition of
Forﬁalist textbook. language. The genus humile or plain style
did not originate with the Royal Society. But as the Society
gained in influence, its ideas of expression increasingly became
the only acceptable ones in the fields of science and, though
not immediately, in science education. The separation between
appropriateness to thing and to person became fixed in the
language of textbooks; corresponding, as has been said, to the
separation of the two igenres_ of information and instruction.
There can be little doubt that the genus humile, or Attic style,
has been and continues to be appropriate to the needs of
science. . Without the accompanying characteristic of
appropriateness to person, there arises the possibility of it
being unsuited to the needs of learners.

Given this background to questions of style, the textbook types

can be examined for their stylistic characteristics.
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STYLE IN THE CATECHETICAL TEXTBOOKS

The Catechetical texts, in their bare simplicity of question and
answer form, might be taken as the epitome of the genus humile
applied to instruction. Stripped of all superfluous phrasing
(except the occasional reference to well-known English poets or
the Bible), these texts represent as "naked" a style as is
possible without the abstractions of mathematical symbolisms.
They sétisfy the criteria of brevity, and offer descriptions and
definitions that are intended to be precise and clear. Their
lack of wvivid, figurative language, establishes them as
committed to the idea of 'appropriateness to thing'.

The Catechefical texts, whether in science or other.areas of
secular knowledge, can be characterised more formally in the
following manner.

First order classification:

1. Catechetical, based on the whole~text characteristic of the
Question and Answer format.

2. Purpose: to inform autodidactic readers, often under the
belief that this format was modelling the best method of
instruction found in schools. |

Second order classificatioﬁ:

1. Rhetorically. type: expository; style: genus humile
(appropriate to thing).

2. Generically. genre of instruction.

3. Stylistically. seeks to be precise, concise, brief and
unadorned; attempts to avoid figurative language, formal

author/reader relations.
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STYLE IN THE CONVERSATIONALIST TEXTBOOKS

Any discussion of style in the Conversationalist textbooks must
quickly move to the field of litérary criticism, for these books
were written in a fictional format, alloying the individuality
of the author to be expressed. Thus they are far more open to a
stylistic analysis that uses the traditional terms of literary
studies~~tone, mood, distance, introspection, terseness, and so
" forth. These authors, writing for children, had a great sense
of audience, and their texts can be said therefore to conform
.more strongly to the idea of appropriateness to person than to
thing. The authors still wanted to be accurate with their
science, but they were willing to forego Dbrevity and
"mathematicall plainess" to achieve their other purposes.

"First order classification:

1. Conversational, based on the vcharacteristic of dialogue:
between characters, and also reflective of thé presence of the
traditional elements of story--plot, characters, setting.

2. Purpose: to use  fictional story formats to teach secular
material to autodidactic»readers, often under the belief that
this was the best way to learn.

Second order classification:

1. Rhetorically. type: literary/descriptive; style: genus
medium.

2. Generically. genre of instruction.

3. Stylistically. seeks to use language in such a way as to be
vivid, personal, true to matﬁers of fact, and to suggest

emotional as well as intellectual attitudes to information.
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Comprehensibn more important than information. Use of
‘figurative language common, along with a wide range of

individual authorial language.

STYLE IN THE EXPERIMENTALIST TEXTBOOKS

This section extends the discussion of style to include three
areas of interrelationship between Style,.learning, and notions
of science.

1. The authors' views of the roles of reader and writer. This
view will determine the kinds of discourse permissible, and
therefore strongly influence the style.

2, The text's presentation of the inter-relationship between the
activities of science and:learning.

3. The emphasis the authors place on knowing and learning. This
relates to the distinction between the genera of information and
instruction, and examines the way in which information is
presented to the reader.

In carrying out this analysis, reference will frequently be made
to the fqllowing.prose passage from an Experimentalist textbook,

Roscoe‘s Chemistry.

Let us see if we can get anything else from water
than steam, by treating it in different ways.
Experiment 1l2.--Instead of sending heat into the
water, by which I only get it to boil, I will send
a stream of electricity through the water (to
which I will add a few drops of acid to allow the
electricity to pass more easily). I use four
cells of a Grove's battery, and the electricity
will pass into the acidulated water by the two
platinum wires passing through the cork at the
bottom of the glass funnel, when I join these with
the copper wires from the battery.

What do we notice the instant we join the wires?
The water near the wires seems to boil, or
effervesce, owing to small bubbles of gas being
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given off. These bubbles cannot be steam, because
steam, if formed near the wire, would at once be
condensed by the water near it, and these bubbles
rise up through the cold water. Let us try to
collect these gases; and we will see whether the
bubbles from the one wire are the same as those
from the other. For this purpose we will put a
small test-tube filled with water over each wire,
so that the bubbles as they rise round the wire
must be caught by the tubes, which are both of the

same size. What do we notice as the gases
collect? Why, that in one tube we are getting
just twice as much gas as in the other. (Roscoe,
op. cit.)

This passage shows the characteristics of the Experimentalist
textbooks identified earlier in this study. Science is seen as
based on method, and it is written in the manner of what Schwab
referred to as the "narrative of enquiry" (Schwab, op. cit.).
However, the writers of the Experimentalist textbooks were
prominent members of the Royal Society, and should therefore be
expected to show the stylistic preferences called for by Sprat.
Consider the first question raised by this section--the authors'
view of the role of writer and reader. Since modern ideas on
style are concerned with relations between text and reader, tﬁen'
this question of role is an important one. Recall that this .
.role relationship is referred to in linguistic studies as tenor
of discourse.

The language we use varies according to the level
of formality, of technicality, and so on. What is
the variable underlying this type of distinction?
Essentially, it is the role relationships in the
situation in question: who the participants in the
communication group are, and in what relationship
they stand to one another.

This is what...we called the 'tenor of discourse'.
Examples of role relationships, that would be
reflected in the language used, are teacher/pupil,
parent/child/, child/child in peer group....It is
the role relationships, including the indirect
relationship between an author and his audience,
that determine such things as the level of
technicality and degree of formality. (Halliday,
op. cit.)
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This notion of tenor suggests that a key determinant of textbook
style will be the rolé the author adopts with respect to the
readers--eg., teacher, guide, parent, dogmatist, questioner,
informant, responder, doubter, contradictor .

The Experimentalist authors' view of their role was discussed in
the historical sections of this study. As scientists and
science éducators of high reputation, they were concerned to see
their view of science as.a methodology adopted in schools. For
vthem, science education was a training in the acqu isition of the
skills and knowledge associated with that methodology. Their
position was, therefore, not simply teacher, but advocate of a
belief. They were anxious to act as demonstxators of the
correctness of that belief in schools. To do this, as the
passage indicates, they chose a prose style appropriate to the

role of practicing scientific enquirer. The word 'practicing''

is important here. That role allows the textbook to show
characteristics sharply different from any of the other typeé.
An obvious, immediate difference is the authorial voice, more
that of master to apprentice than distant authority. There isb
greater use of -personai pronouns--I, we, you——and of the active,
present tense rather than the passive, past tense. Because the
emphasis is on the role of practicing enquirer, the passage
contains a greater number of sentences which give direction,
refer to observations, and indicate manipulations. Anéther
Experifnentalist passage, this time from Balfour Stewart's
Physics, also shows thése characteristics.

PROPERTIES OF LIQUIDS.

18. They keep their Size.--In a liquid such as

water, we can move the particles about very

easily, but we cannot by any means <force a
quantity of water into a smaller size, or make a




153

quart content itself with a pint bottle.
Experiment 11.--Let us, however, try to do so, and
see what result we get, because we ought always to
‘make an experiment when we can. Let us take a
quantity of water shut in at one end, while at the
other there is a water-tight piston or plug. Now
let us try to drive this piston down in order to
force the water into a smaller volume, and to do
so let us put a large weight upon the piston; but
notwithstanding all this we cannot compress the
water. .
21. Liquids find their level.--The next property
~ of liquids is that they always place themselves so
~as to have a level surface.
Experiment 16.--Even when the liquid is contained
in bent tubes, that in the 1left-hand tube will
always be at the same level as that in the right,
and this will take place whatever be the shape of
the tubes. Indeed, I have only to fill some of
these curiously shaped tubes with water in order
to convince you that this is the case. You see
the water is at the same level in all the tubes.
(Balfour Stewart, op. cit.)

Besides the effect of the authors' view of the relationship
between writer and reader, these passages illustrate the second
main point of this section. Style will be influenced by the
individual author's perbeption of the inter-relationship between
the activities of science and the learning of science. The
author of a pedagogical text may (and perhaps should) be
concerned to ésk two questions relatéd to the subject written
about and the learner of that subject. Firstly, are some areas
of the subject more easily learned than others? This question
is not necessarily related to style, but concerns the sequencing
of material, and mgtching cdntent to the readers' anticipated
level of cognitive development. The second question is of
greater importance here. It asks if there are characteristics
of the subject or discipline itself that can make that
discipline more easily learnable. The Experimentalist writers
may have been arguing that, by using the activities of science

(i.e., observing, experimenting; in short, doing), the nature of
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science and 1its results are best learned. By contrast, the

Conversationalist writers, for example, were avguing that
dialogue between children was the best way for them to learn
anything. If any such a choice is made by an author, then the
style will reflect that choice. It 1is wvery likely that
arguments such as these are inextricably bound up with the
authors view of the nature of science, and the purposes of
‘science education. But it is, strictly speaking, an educational
question. For it does not necessarily, logically follow that
if, say, science is conceived of as an activity, then the best
way to learn science 1is by doing those activities. Authors,
however, do make such assumptions; e.g., some Formalist writers
advocated lots of numerical problem solving as the best way to
learn. The Experimentalist writers clearly believed that the
best way to learn was by. doing--or at least being
shown--experiments. This pedagogical choice is reflected in the
style. Observation and manipulation are stressed. There is a
correspondingly higher frequency of occurence of terms related

to these activities than in the other textbook types. Phrases

such as "Let us see...", "What do we notice...", "Let us
try...", and "I take the tube...I bring it...." characterise
this style.

The third question of this section asks where the authors place
the greatest emphaSis, knowing or learning. The earlier
discussions of genre suggest that a textbook which places its
emphasis on knowing (e.g., knowing the rules, formulae and laws)
will fall into the genre of information. A text emphasising
learning, the acquisition of knowledge, will be placed in the

genre of instruction. This distinction will certainly lead to
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stylistic differences. For example, the manner in which
information 1is presented to the reader will reflect this
emphasis. Lists of formulae, tables 6f data, and worked sample
problems all emphasise knowing rather +than 1learning. The
problems at the ends of the chapters are strong indicators of
the concern placed on knowing the answer rather than learning
the methods. These stylistic features are difficult to see in
small prose. passages; theyl are characteristics of the whole
text. It 1is interesting to note, however, that Roscoe's
Chemistri contains no tables of data and no questions at the end
of sections. Nor does Balfour Stewart's Physics. What counted
as knowing in these Experimentalist textbooks was not the rote
learning of information. Knowing was more closely attuned to
the idea of skilfully applying a procedure to a task. Since
style " is regarded as part of w:iter/reader‘ interaction, the
reader as learner will encounter the writer as an initiator into
those procedures; | The process of reading becomes, not the
search for information, but the following of a 'master
craftsman' at work.

For the Experimentélist texts, then, the following
classification is possible.

First order classification:

1. Experimentalist, based on the central role of experimentation
vin both science as a discipline, and in science education as the
chief focus of study.

2. Purpose: to instruct the reader in ﬁhe processes of enquiry
which are uniquely scientific.

Second order classification:

1. Rhetorically. type: didactic/expository; style: genus humile
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(appropriate to person).

2. Generically. genre of instruction.

3. Stylistically. The authors role is that of guide, or
teacher, thus allowing a more personal, informal style. The
prose emphasises words and sentences that correspond to enquiry;

eg., questions, directions and demonstrations.

STYLE IN THE FORMALIST TEXTBOOKS

The opportunity presents itself with the Formalist textbooks to
try and make some more specific comments on what might be meant
by the commonly used terms of textbook.language criticism. For
example, the terms 'formal', 'concise' and so on havel been
mentioned as needing more careful consideration than is usually
afforded them in discusions of textbooks. This section analyzes
them by referring to specific textbook passages and determining
if these critical and descriptive terms can be usefﬁlly applied
to textbook language.

The analysis bases itself around characteristic examples of
Formalist textbook prose, chiefly from Mayfield et al.'s

Fundamentals of Senior Physics (1979). A detailed examination

of specific passages serves the analysis Dbetter than
géneralizations over a wide range of textbooks because the focus
is so much narrower that potentially misleading generalizations
are.avoided. It allows the close examination of the struéture
of the prose, the word choices, and the literary style.

The following passage comes from the section in Mayfield et al.
that deals with the concept of energy.

...1it would seem that the law of conservation of
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momentum does predict the actual outcome of an
interaction, but it does not preclude other
possibilities which never occur in practice.
There must be another law (or laws) which accounts
for one outcome and precludes the rest. The
conservation of momentum has been so successful
that we 1look for another quantity which might be
conserved.

The problem was solved by the Dutchman Christiaan
Huygens when he correctly suggested that the
scalar quantity mass times velocity squared was
conserved as well as the vector quantity
momentum. ..The quantity 1/2 mass times velocity
squared is <called the kinetic energy of the
particle. (Mayfield et al., op. cit.)

‘This style of writing has often been referred to as formal
(e.g., Rosen, Mann, and Siegel, op. cit.). As this term is
never given specific meanings by these writers, it is necessary
to attempt to understand its meaning by examining the word

itself. Assuming non-idiosyncratic uses, formal can be taken in

two ways; (1) wvalid by virtue of its form, explicitly and
definitely, in accordance with recognized rules or forms; (2)
required by convention, perfunctory, observant of rules.
. (0.E.D., 1982). The former usage is demonstrated by considering

the difference between the idea of formal versus informal proofs
in geometry, the iatterbby_the idea of formal versus informal
attire at social functions. Both usages are characterised by
considering their wusual synonyms--precise, regular, stiff and
methodical.

The above passage is formal in both senses of the term. It
takes advantage of the belief (valid or not) that this type of
discourse is required by objective truth. The very style itself
is felt to cdnvey a sense of validity. This formality has
resulted, as shown earlier, from a long tradition of Attic prose
that was developed in the 17th century for scientific purposes.

It is now codified in the genre of information, corresponding to



158

the first use of formal above. The second usage implies that
there are rules that, if followed, give writing authority and
objective validity in its own sphere, and that these rules shape
formal prose. Some of those rules need outlining.

One such rule is concerned with authorial voice. In the case of

formal prose, the author as an individual must be distant from
the prose written; his or her personal beliefs, attitudes,
idiosyncracies and personal speaking voice must be absent, and
ideally it will be written in the‘third person passive. The
passage quoted above does use the first person plural term "we",
as if speaking directly to the reader, but of course there is no
possibility of learning anything about the character behind this
"we" based on the passége alone; in that sense it is anonymous.
A second rule demands that the writer be as precise--that is,
unambiguous-~-as possible. Each term is defined, its context
limited, its relations to other terms within the discourse made
explicit. In the opening paragraph to the chapter on energy,
preceding the passage just considered, the Mayfield textbook
makes this point explicitly. bther.textbooks have been slightly
more flexible with precision of definitions, but the results
have often been vague and unsatisfactory because the writérs
have not devoted ‘any time to discussion of the nature of
définition and the need for precision according to certain
pragmatic rules. An example from the PSSC textbook will make
'this point clearer.

Although.energy may be hard to define precisely,

it is familiar to all of us.

In everyday language, we often speak of energy in

the following way: we say we are "full of energy"

if we get up in the morning eager and ready and

tackle a job or take on a challenge. But when we
have been active for some time, we get tired and
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say we have "lost our energy."...For the moment we
shall say that energy 1is the essential thing
involved in jobs--not the creation of energy but
its transfer from one form to another.

The work W = Fx done accelerating the mass m from
rest is equal to the gquantity mv/2, or in other
words, mv/2 is equal to the energy transferred tok
the body in setting it in motion. We call it Ek,
the kinetic energy of the body: that is,

Ek = mv/2. (PSSC, op. cit.)

The textbook writers seem to have felt the need to familiarise
the reader with the meaning of certain terms within the
discipline, and precisionfis an obvious virtue. But the writers
confuse ;he precision of the mathematical formulation with
precision of definition. To say that E = M x (VxV) is not to
say what. energy 1is, but only how it 1is related to other
quantities. It is easy to understand the attraction of such
mathematical formalisms when faced with tﬁe imprecision of

definitions such as "Energy is the essential thing involved in

~jobs..." or the more familiar "Energy is the ability to do
work." 'Energy is seen then as an ability rather that as an
entity (like an atom) or a process (like acceleration). If the

student was not carefully guided in his or her interpretation of
the word "ability", it might become confused with cleverness,
talent, or mental power. Such an approach, while it may
overcome some of the difficulties mentioned with respect to the»
imprecision of verbal statements, leaves the reader with an
understanding of precision in scientific writing as meaning
something akin to the "tailored to fit within specified
tolerances" dictionary notion. A fuller, more open discussion
of the specific role that energy has to play within physics
could gradually unfold the meaning of the term. Literal

definition itself is no guarantee of umambiguous meaning.



160

Indeed, it has been argued that figurative 1language (e.qg.,
metaphor, analogy and simile), can be as precise as literal
phrasing. (Ortony, 1975; Petrie, 1974; Croll, op. cit.)

The argument thus far suggests that the'rule of formal prose
that calls for precisioniin expression is taken by the writers
to mean mathematical formalism. There are, of course, certain
things (like laboratory equipment) and certain processes (like
filtration) which the textbook writer can precisely label
through naming. Such naming is not peculiar to science
education, and the textbook has a real role to play in such
precise pointing out. But there are many concepts which cannot
be so named (energy, force, field, inertia, matter are
examples), and for which notions of precision, and the proper
stylistic device§ for assuring that precision, need more careful
attention by textbook writers.

A further rule guiding formal language calls for the discourse

to take place within a narrow, specified context. This demand
is obviously closely related to that of precision, because it is
only within a specified context of applicability that concepts
can become precise. This rule does, however, raisé questions of
‘the influence of style in making connections between the context
of the reader's world and that of the science under
consideration. A familiar, non-stylistic way of forging such
links is the use of "real-life" situations in the problems and
examples given in the text. But the recent concern ovef
'‘alternative frameworks' (Driver, 1983) suégests that many
learners are either not making connections between their own
personal constructs and those of science for the explanations of

phenomena, or they carry around incbmpatible views--one learned
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formally and the other experientially. Attention 1is now
beginning to be paid to the question of meaningfully joining
together (and in some cases supplanting) these world views.
(Warren, 1979; McCloskey et al., 1980; Watts, 1983). Again,
some research has suggested that figurative language,
particularly metaphor, may have an important role to play here.

I have argued that metaphors are essential for

learning in a number of ways. They may provide

the most memorable ways of learning and thus be

our most effective and efficient tools. But

further, they are epistemologically necessary in

that they seem to provide a basic way of passing

from the well-known to the unknown. However, such

a formulation is somewhat misleading, for the

crucial use of metaphor is in moving from one

conceptual scheme with its associated way of

knowing to another conceptual scheme with its

associated way of knowing. Finally...it seems

that the activity phase of understanding metaphors

has much in common with exemplars--concrete

problem solutions-- in providing an alternative to

immediate observation as one of the crucial legs

for triangulating our theories and observations on

the world. (Petrie, 1979)
Metaphor is seen as an important linguistic device for throwing
into sharp contrast a comparison between two quite unrelated
terms. The metaphor functions to throw new light on both in
ways that are strongly contextual. If metaphor has this power,
perhaps it 'is one stylistic device that textbook writers could
use to overcome reduced context difficulties. (Ortony, 1975).
A further difficulty arises when the writer's intent is not only
to have the student realize the context of applicability of the
concepts as defined by the text, but also to generalise to wider
contexts. To illustrate this it is necessary to return to the
Mayfield text. As quoted, the writers are careful to narrow the

context of discussion to allow their treatment of energy to be

more precise. But they do not then return with their precise
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definition and present it, in context, against the other
meanings and understandings about energy that they mention in
their introductory paragraph. It may‘not, of course, be the
intention of the Mayfield text to encourage comparison and
generalization. The significant point for this arqument is that
the style of the language does not permit it.

A further rule of formal prose style is that of limited syntax.

Syntax refers to sentence construction, and the rule suggests
that only a limited range of sentence types will predominate in
a given type of textbook. An analysis of this rule would first
demand a classification of sentence types, and an exhaustive
content analysis ﬁo' determine patterns of wusage, if such
existed. The argument of limited syntax is not crucial to the
analysis presented here, but it is of interest to see how such
an analysis would deal with a brief textbook passage. Consider
the following piece of proSe from the same Mayfield textbook.

What do we know of the nature of charge? From
observations of interactions between charged
objects...we find that there are two kinds of
electric charge, which are arbitarily called
positive and negative. Objects with like charges
repel each other and objects with unlike charges
attract each other. ‘

The charge ultimately arises from the fundamental
particles of matter itself. The atoms of which
matter 1is composed <contain positively charged
protons and negatively charged electrons. The
charge of one proton is of the same magnitude as
the charge of one electron. An 'uncharged' body
contains equal numbers of protons and electrons so
that the object as a whole 1is electrically
neutral. When two neutral objects such as the
comb and dry hair are placed in contact, charge in
the form of electrons may be transferred from one
object to another. When separated, one object has
an excess of electons and is. charged negatively
and the other object has an equal deficiency of
electrons and is charged positively. (Rubbing the
two materials together increases the area of
contact and assists the transfer of charge).
(Mayfield, op. cit.)
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The passage. consists of ten sentences, nine of which are
statements, with one question. The average sentence length ié
18.6 words. The second paragraph, containing seven sentences,
consists of four 'simple' sentences--that is, they héve the

simplest noun-phrase followed byda verb-phrase order. These are

the first four sentences of that paragraph, and their averagel
length is 15.5 words. The last three sentences of that paragrph
are ‘'embedded' sentences--they have a clause beginning with
"when" which is embedded in, respectively, a simple sentence and
a compound sentence (which consists of two simple sentences
joined by "and"). Their average length is 28.5 words. The last
sentence of each paragraph is a compound sentence, but the final
sentence has the unusual gerund "rdbbing".for its noun-phrase.
The second sentence of the first paragraph is another embedded
sentence, but it is multi—embedded, containing four clauses and
27 words.

If the opening question is disregarded for a moment, the result
is: four simple éentences which are statements of fact (all in
the second pargraph), and the remaining five sentences are
complex embedded and/or compound sentences with an average
length of 23 words. Several points can be made about such a
syntaétical structure. The first relates to the memorability of"
complex sentences. Psycholinguistic research (Slobin, 1971;
Miller and 1Isard, 1964) suggests that syntactically complex
sentences are harder to recall. The role of context cannot be
disregarded of course, and there are studies which suggest that
context can remove some Dbarriers to recall of difficdlt
sentences. Notice, however, which sentences would seem to be

easiest to recall. They are the opening question (though
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questions can raise problems of their own: Slobin, op. cit.) and

the four simple sentences of fact. This is an advantage for

learning information. But the other sentences provide the

'. 'explanations and reasonings: on which those facts are based, or

are given relevance. The second point is concerned with the way

the explanations are offered syntactically. Consider the

sentence "When two neutral objects such as the comb and dry hair
are placed in contact, charge in the form of electrons may be
transferred from one object to another." This statement is
designed to provide the beginnings of an explanation for
observed phenomena. Yet in fact, an observable event (the
placing of a comb and dry hair in contact) is being linked with
an unobservable event (the transfer of charges). The
syntactical linking of these two by the complex sentence creates
the possibility 6f the reader aséuming that either the contact
céuses the transfer of charge (if the senténce is read in the
form 'when X happens, Y results) or that there is some as yet

unclear association between the two events,

This tendency to use syntactically simple sentences for‘matters
of fact, and syntactically complex sentences for explanations,
is not unusual in formalist textbooks. Here is another example,
this time from Ingram.

In physics, we need to define a quantity that
tells us how much of the electric property a body
possesses. We call this quantity electric charge.
The analogous property in gravitational theory is
. mass. The principle difference between the
electric and gravitational properties is that all
bodies have mass, while most bodies 1in their
normal state have no perceptible charge. The
reason for this is that there are two opposite
kinds of charge, called positive and negative. A
body having equal gquantities of each has no
long-range electric property. On the other hand,
there is no negative mass. (Ingram, op. cit.)
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The pattern is the same; short, syntactically simple sentences
for the facts and definition--"We call this quantity electric
charge"--and longer, more syntactically complex sentences for

the explanations--"The principle..."

Up to this point, four rules of formalist writing have been
considered; authorial voice, precision, reduced context, and
limited syntax. Of these, precision and reduced context may be
considered to be part of a necessary complex of stylistic
characteristics demanded by the nature of the textbook—-they are
required to be precise ‘and of liniited context. Syntax and
authorial voice, on the other hand, are elements of the writer's
style not necessarily imposed by the material or the purpose of
the textbook; There is no discipline-bound need for science
textbook writing to be either impersonal or syntéctically
complex.

A further stylistic component of textbook writing is referred to

as the rhetorical model of the text. Although not one of the

rules of formal writing as just investigated, formal writing can
be seen to be characterized by its own rhetorical model.
Rhetoric is concerned with the art of persuasive or impressive
speaking and writing. The rhetorical model is a description of
the way in which the writing moves through the material from
which it is arguing. It asks if the preéentation of material
and argument to the reader is a straight-forw;rd linear one,
whether it is circular, or branching. A linear model moves from
one point to another in a continuous 'chain, much 1like a formal
mathematical proof. '.A branching model takes sides-tracks,

refers back to itself or other material, and makes connections
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between related but separate elements within the discourse. An
analysis of rhetorical model can take place at any level within
the writing, from the over-all plan of the entire work down to
individual arguments.

There are two stylistic concerns of rhetorical model analysis of
interest to this thesis, operating at different levels within
Formalist textbooks. The first of these relates to the writer's
view of science as a discipline, and the effect of that view on
the rhetorical style of the textbook. It can be argued, from
the earlier examination of the history of modern scientific
prose style, fhat the style of science textbooks is derivative
from the model of ‘'correct' scientific writing. In particular,
the type of reasoning or argument allowed is determined by the
established methods that give validity within science as a
discipline. Since, as has been shown, textbook writers appeal
to a model of science that emphasises logical, inductive and
deductive formal reasoning, the textbooks argue in the same way.'
This imposes a striétly linear rhetorical model on the textbook.
The presentation to the reader follows the pattern: experiment
leads to observation, followed by discussion with theory,
stating a definition and finally a mathematical formalism. This
is the <classical model of the scientific method; observe,
déduce, generalise, quantify. There is no longer, however, a
concensus view that this is in fact the way science does
operate, especially since the work of Kuhn. Nevertheless, even
if it is the way science does work, it is not necessarily the
best way for science education to proceed. That argument would
need to appeal to learning theory and relevant educational

research.
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The second point of interest concerns the linear rhetorical
model as it appears in the textbook at a much higher level, that
of the order of presentation of material to the reader. The
entire textbook is arranged, of course, by topics. But the
ordering of these topics is not arbitrary. Again, the evidence
from the prefaces albne, as detailed in Chapter 3, indicates
that the content 1is often ordered to represent either the
logical ordering of the subject, or the progression from
simplest to most complex. Both of these rationales dictate a
linear model. The most common ordering in general physics
textbooks has, for the whole history of the Formalist text, been
from dynamics to electro-magnetism, with optics, thermodynamics,
and, until its demise, hydrostatics, somewhere in between.
Within each larger heading, the topics are usually covered in
the same order. The contents of the section on Light in

Everett's Textbook of Physics (1901) ran in this ordering:

reflection, refraction, formation bf images, lenses,
magnification, chromatic dispersion, spectra, colour, the eye,
photometry, velocity of 1light, polarized 1light. The 1960
edition of PSSC Physics's chapter Optics and Waves is strikingly
similar: how light behaves, reflection and images, refraction,
ienses and optical instruments, the particle model of 1light,
introduction to waves, waves and 1light, interference, 1light
waves. This arrangement is important, for it 1is not Jjust
expressive of a progression towards complexity (“The topics in
 the PSSC course are selecﬁed and ordered to run from the simple
and familiar to the more subtle ideas of modern atomic physics." .

PSSC, op. cit.), but towards a conclusion. The whole

progression through the section is one long argument leading to
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the current views of the topic un_dér consideration. A closer
examination of the PSSC text will make this point clearer. The
phenomena to be studied are dealt with first by a series of
observations about reflection and ref'raction, treating light as
if it were a beam or ray; that is, its behaviour and not its
éubstance is being studied. From its behaviours, a set of laws
of reflection and Shell's Law of refraction are generated,
before it is known what is in fact being reflected and
refracted. These laws Are next used to examine the behaviour of
lenses, and converging and diverging light rays. A few laws of
optical behaviour and magnification are developed. It is only
after lonvg examination of the the behaviour of 1light that a
consideration of the nature of 1light (as particle or wave)
begins. The linear‘rhetorical model presents this sequencing as
inevitable, and the conclusion is drawn that behaviours of
entities must be studied prior to examlinations of substances.
This way of arquing is not justified by the demands of science,
nor has it been seen as necessary by the writers of earlier
textbooks. - The Catechetical authors,. for example, also used a

linear model, but started from the definition of 1 ight, and then

used that definition to account for certain phenomena.

This lineaf model can be seen even more clearly when contrasted
with the rhetorical model employed by the Conwversationalist
textbooks. Their model, based on dialogue, consisted of
questions posed by characters, statements of fact, religious and
social asides, social conversation, moral inj_unctions, and
descriptions of scene and action. Much of the dialogue may seem
irrelevant to the ‘aim.s of science education toaay, but it did

provide an alternative, multi-branching rhetoric a round which to
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orgénize content. The digressions away from the linear flow of
scientific information allowed 'stopovers' for review,
reflection, the drawing of implications, the discussion of
parallel developments (historical, or from other disciplines)
and the placing of learned material in familiar contexts. These
branching patterns»resemble at times thé verbal discourse of the
teacher when attempting to explain and discuss scientific
phenomena. Human conversation is flexibie and responsive in a
way that the linear model does not permit.

The Formalist textbooks can then be classified as follows.

First order classification:

1. Formalist, based on their characteristically formal language
structure.

2. Purpose: to inform readers of the results and structure of
‘scientific disciplines. |

Second order classification:

l.. Rhetorically. type: expository; style: genus »humile
(appropriate to thing).

2. Generically. genre of information.

3; Stylistically. distant‘authorial voice, linear rhetorical
model, reduced context, ‘limited syntax, and the concern for

precision, conciseness and impersonal expression.

SUMMARY

The idea of Style in textbooks has’béen investigated from four
viewpoints.

Firstly, a discussion of'the literary meaning of the word style.
it ‘investigated the changing wunderstanding of style as a

characteristic of language, and ended with the current view of
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style as determined by the interaction of text and reader.
Secondly, a look at the history of prose style from the analysis
by Aristotle to the recommendations of the Royal Society. It
was claimed that the desire of the'Rdyal Society for a prose
suited to the.purposes of science led to the establishment df a
tradition of such writing. This tradition has not only affected
science but also science education. A crucial aspect of this
section was the recognitidn of a dichotomy between the
appropriateness of the writing to subject and to audience.
‘Thirdly, an attempt to give some meaning to the criticism of
formal textbook language by examining the rules that
characterise such language. Those rules--distant authorial
voice, concern for precision, 1limited context, and limited
syntax--were dealtb with against the background of selected
Formalist textbook passages. A further characteristic of such
language--rhetorical model--was also examined.

Fourthly, a discussion of selected Experimentalist textbook
passages was used to point out three further determinants of
textbook prose style. Those three were the writers' view of the
role relationship between author and reader; the writers'
perception of the interactions between the subject being written
about and the learning of that subject; and the emphasis placed
by the authors on knowing or learning.

Using these four viewpoints, a second order classification of
textbooks was generated. The concepts of genera (of insfruction
and of information) were found to be of use in the previous
chapter for classifying texts; this was added to in this chapter
by a stylistic analysis which used the concepts of rhetoric to

develop further the classification system. At the same time,
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further relations between the language of the text and the
authors' views of - science and science education were

highlighted.



SECTION C

This is the third 1layer of the‘analysis, with three main
concerns.

Firstly, it examines the textbooks for evidence of two
important purposes identified in Section A--explanation and
instruction. Those purposes are revealed in the texts as
prose structures, which are essential generic
characteristics identified in Section' B.

Secondly, it uses content analysis to provide verification
of the’resﬁlts of the thesis presented in Sections A and B.
Thirdly, it pfesents a third level of classification, based

on the results of all three Sections.
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CHAPTER 6: EXPLANATORY STRUCTURES IN SCIENCE TEXTBOOKS

" PART A: OUTLINE OF TYPES OF EXPLANATIONS OFFERED

INTRODUCTION

In the Introduction to this thesis it was claimed that an
important structural feature of textbook language was

explanation. In particular, reference was made to explanation

as a characteristic type of argument expected to be found in
science textbooks. It was also claimed that the types of
explanations could reveal the authors'.view of the nature of
science, and that the level of explanation could reveal their
view of science education.

In general terms an explanation can be seen as a type of
argument, which in turn consists of a series of statements
designed with one 6f two possibilities in mind. One is to
persuade the reader to a particular point of view, the squpd_is
to put forward a carefully prepared structure, or iiﬂe of

reasoning, in order to demonstrate the validity of a particular

principle or generalisation. The former is more typical perhaps
of political and theological usesbof argument, the latter of
mathematics and science. This distinction is made clearer by
relating iﬁ to the discussion in Section B of the nature of
rhetoric. - Recall that classical ideas of rhetoric attempted to
match a style of speaking or writing with a particular purpose;

e.g., to persuade, to teach, to entertain. Persuasion (or
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argument) was to be done,by and through a particular rhetoric.
The Royal Society attemp'ted'to replace rhetoric as a tool of
persuasion with empirical enquify, and in doing so called for
“ the adoption by scientists of Sprat's 'naked Prose'. The
distinction, then, is between rhetoric as argument and empirical
enquiry as argument. -However, this distinction calls for yet
another between arguments in mathematics and science as well.
(Indeed) it is . Jjust because the propositions
(whether singular or general) investigated by the
empirical sciences can be denied without 1logical
absurdity that observational evidence is required
to support them. Accordingly, Jjustification of
claims as to the necessity of propositions, as
well as the explanation of why propositions are
necessary, are the business of formal disciplines
like logic and mathematics, and not of empirical
inquiry. (Nagel, 1979)
Science, therefore, must establish the truth of its propositions
by appeals to empirical evidence, while mathematics deals in
necessary truths. For this reason, it is possible to describe
the arguments of science .as emgyiric__as distinct from the.
analytic arguments of mathematics ‘and logic. An'b analj;sis of
, explanation’ in texts provides the _oppbrtuni-ty'-to_ see if such
. . o7 ‘. . N : , : Ee'_ ' ' . ' . ) ’ . _.
~distinctions are demonstrated in the writing.
The classic form of argument is the syllogism. From two given
or assumed propositions called the ,v’premisses, and having a
common or middle term, a third is deduced called the conclusion,
from which the middle term is absent. Syllogistic argument is
commonly found in all types of textbooks, but does not itself
show the distinction,between empiric and analytic arguments
pointed out above; nor does it g'ive, any‘_'indication of the
~variety o'f‘ explanations that may be baSed on its form. .

Given such - distinctions : (persuasive/demonstrative;
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empiric/analytic), textbook authors can be seen to present a

variety of types of arguments'within the same book. Some wish

to use persuasive aréuments in support of a particular view of
science, say experimental or theoretical, or er the educational
value of,numerical»problem»solving;.or for the place of science
ihssociety. .These kinds.of argumehts typically occur in the
.prefaces'to the texts and, clearly, they are geherated from the
purposes of the authors,' If authors are cencerned to re-enforce
their purposes withih‘the text itself, they must include, in
some fashion, prose material' in support of the premisses of
their arguments. For example, an aréament forva particular view
of the place of science in society may be supported in the text
by occasional -diseussien of the wuse of science 1in both
alleviating hardship'ahdicreating new social conditions. On the
other hand, the authors may not, of course, wish to argue for a
-burpose, but will simply take the vpremisses as guiding
principles for textual _structure _and content. For example,
rather thanvargue for numerical problem solving, the author may
simply include many sﬁCh problems. | |

Authors maylalso include in their texts eﬁgiric arguments, which
attempt to argue for a specific scientific conclusion. For
example, the author may wish to argue for the general validity
of the law of conservation of energy. Or another may wish to
.argue‘fer a more specific explanafion, that of the causes of the
tides. In these cases, :the conclusions must be explicitly
presented, but must also conform to accepted ideas of proof and
evidence within sciehce;' Again, the authors may wish only to
present these conclﬁsions wifhout'arguing for them, expecting

readers to take them on trust. In the latter situation, the
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authors' purpose cannot be for the reader to learn the processes
of experiment and reasoning which led to the establishment of
the presented explanation.

It is clearly necessary, therefore, to distinguish between
érgued and un-argued purposes. The distinction is an important
one, because purposes which are explicitly argued for.by the
author become part of what is to be learned by the reader.
Continuing an example from above, if an author argues in the
text for the value of numerical problem solving, then that .is a
clearly signalled intention that the reader should come to
understandhif not éccépt that point of view, and learn to see
problem solving in the same way as the author (as well as learn
to solve such problems). If the author does not argue for such
a .view of problem solving in the text, such signalling is
missing. The reader cannot then be expected to come to share
the author's point of view. Of course, the reader may come to

such a view independently.

Authorial purposes which are explicitly arqgued for, then, will
be represented in the text as arguments--a éeries of statements
designed to persuade or. demonstrate. Such a use of the word
argument is consistent with its usual definition of 'reason(s)
advanced for 6r. againsf a proposition.' (Oxford English
Dictionary) . How do arguments determine textbook languagé?
Firstly, as Jjust discussed, by their 1link with purpose.
Secondly, an argument, to be seen as such, must have a clearly
recognisable p;emise, it must have jusiifications to support
that premiée, and ideally i£ must connect premise and
justifications in ways that are coherent, well-ordered, and

also comprehensible to the reader. These demands impose a



176

structure and limitations on the textbook's language.
It is also particularly important to be clear what is meant by a

langugge structure as used here. A language structure consists

of an distinct, identifiable unit of prose that 1is concerned
with one purpose only. For example, if an author wishes to
arg‘ue for the -imporfance of science for understanding modern
'sqéiety, the textbook language will be under certain constraints
in so doing; i.e., justifications should only be drawn from
rélevant areas, and they must be arranged and ordered in such a
way as to convince the reader of_' fheir val idity and value as
reasons for accepting t\he_ author's view. The author then places
these statements together, organising them to read logica_lly and
‘coherently. Or, to give another example, if the concern is with
a 'specific scientific conclusion, then’ the authors details the
expe;‘imvental method, the underlying theory, the type of
reasbni_ng used, the '_rélevant assumption, the data, and the
conclusion itself. Ir.lve:ither case, the prose unit that contains

such arquments is referred to as a 'language structure’.

EXPLANATION

I.t is possible to use the same sylldg‘istic form to argque for
very difvferent views,- - of coufse. Gi\}en the  variety of
arguments, and the consequenf language structurxres, that are
present in textbooks, it is necessary to choose one for detailed
study. - Explanatibn is a suitable cho_ice, for reasons that will
be detailed below.

Firstly, an explanation in scie»nce', can be regarded as an answer
to a why-question. (Hempel, 1965) . ) Examples of such questions

would be: why do the planets move in elliptical orbits with the
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sun at one focus?, why do metal bars expand on heating?
Clearly, a major purpose of textbook authors would be to provide
éxplanations as answers to these why-questions in science, even
if they do not offer explanations of such things as the place of
science in society.

Secondly, it has just been noted that the syllogistic form
allows the writer to argﬁe for very different purposes;

argument, therefore, 1is too general a term to be helpful.

Explanation, however, is.discipline bound; that is, different
areas of knowledge may have different ideas as to what counts as
an explanation. This simply means that what will be allowable
as an explanation in one field, say religion, may not be
éllowable in another, say science. An example of this
discipline-dependent nature of explanation 1is readily seen in
the controversy between Creationism and Evolution as rival
explanations for the same phenomena--the current diversity and
(apparent) inter-relatedness of 1life. Put crudely, miracles
(creationism) are _not allowable as explanatory structures in
modern science, and natural laws (evolutionary‘theory) are not a
sufficient explanatory structure in modern religion. The actual

arguments, however, as opposed to the explanations, may still be

conducted by both sides using similar lanquage structures; e.g.,
logic, appeals to evidence, or construction'of valid, fruitful
analogies.

'Thirdly; there are. still a range of possibilities within
textbooks as to ygg; is in need of explanation; the method of
gaining information, or the completed results, or the
applications of those results. Which of these factors is

emphasised will reflect the authors' views of the nature of
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science, and what it is about science that itAis important to
communicate to readers. And each of these factors in turn
demands a different type of explanation, which in turn will
influence the language of the textbook. Again, if the second
order classification is reasdnable, ‘then different rhetorical
types of texts shou;d'contain'different types of explanations.
Fourthly, explanation, as a type of argument, is 1linked to
rhetorical classifications such as .expository (persuasive and
informative arguments) and didactic (argumeﬁts designed to
demonstrate) . It therefore allows the classification of texts
already begun to be taken a' step further, to see whether there
are differences in the textbooks' language structures which
reflects the rhetorical’distinctions.made in Section B between
the four textbook types.

It can be seen from the above that ahAexplanation, when it is an
answer to a why-question within- the discipline of science, will
be present in the textbhook as a prose structure. If the
specific nature of scientific explanations is considered, then
it can also be stated that the explahations (the stateﬁents and
their connections) can be written aﬁd displayed independently of
any person providing the explanation; i.e., it is an empiric or

analytic argument.

TYPES OF EXPLANATION IN SCIENCE: AN OVERVIEW

What - does count as an explanation in modern science? Four
different answers will be presented here. Each of the four will
subsequently be used 'a framework against which to examine

textbook explanations, which will take place in Part B. The
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following section is intended to outline the four main types of
explanations found in textbooks, not to argue for them.

1. Aristotle's Four Causes.

One of the earliest discussions of scientific explanation comes
from Aristotle. A complete account of any natural process must,
it is claimed, take é fange of factors into account, such as the
material make up of the object(s) involved, the range and types
of forces at work, and the nature of the measuring devices. As
well, there are different ways in which the gquestion 'Why?' can
be asked in science, calling for different types of explanation
in response. An early reéognition_of all these factors is found
in Aristotle's 'four causes'. (Toulmin and Goodfield, 1962).
An example will make this clearer. Suppose the textbook author
is concerned to provide an explanation to the question "Why does
a metal rod expand when heated?" According to Aristotle's four
causes, four different types of explanatory structures are
possible.

(1) Aristotle's first cause is referred to as the 'From what'
cause. Explanations are based on the material constitution of

the objects concerned; here, the fact that the bar is made of
iron. ' ' :

(2) The second cause is referred to as the 'What was it' cause.
Explanations are based on the form or essence of the object;
here, the fact that it is an iron bar.

(3) The third cause is referred to as the 'By what' cause.
Explanations are based on causal agents acting on the object;
here, heat could be taken to be acting on the iron bar in such a
way as to bring about expansion, perhaps by 'pushing' the
molecules apart.

(4) The fourth cause is referred to as the 'In aid of what'
cause. Explanations are based on identifying the purposes or
ends of the phenomenon; here, an example could be that iron rods
expand because such expansion is useful to man.

These four kinds of explanation are not necessarily in conflict

with one another, though they do not all have equal standing as
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scientific explanations today. For example, Aristotle's fourth
cause--'In aid of what'--raises the problem of teleological
explanation in science. Textbook authors may select from these

four types the one(s) they feel to be most suitable for
explanation of the phenomena that they have to deal with, and
the readers they envisage using their books.

2. Cause and Effect Explanations.

Explanations that are based on finding causes for phenomena are
clearly identifiable with the third of Aristotle's causes, the
'By what' cause. A clear statement of the mature of this type

of explanation is given by T.H. Huxley in his Introductory.

Anything is said to be explained as soon as we
have discovered its cause, or the reason why it
exists; the explanation is fuller, i £ we can find
out the cause of that cause; and the further we
can trace the chain of causes and effects, the
more satisfactory is the explanation. (Huxley,
1902)

Huxley's text does not suggest that there is any real difficulty
in establishing that one event or condition is indeed the cause
of another. If it is recalled that Huxley associated science
with common-sense, this is perhaps not surprising. Science
would then assume causal relations in the same way as everyday
experience does; the water causes the f.ire' to go out, the wind
causes the tree to fall over. Yet causality has come under
close scrutiny by philosophers of science, and it appears that
common-sense views may not be adequate for all areas of
science.

The - view that the (causality) principle is an

empirical generalization. ..is di £ficult to

maintain. For when the principle is formulated in

a fully general way, without mention of which

factors determine the occurrences of things and

processes, the principle excludes nothing whatever
from the 1logically possible orders of events in



181

the world; and in effect the principle collapses

into an implicit definition of what it is to be a

causal or determining factor in natural processes.

On the other hand, if the principle is formulated

in a more limiting manner, so that it does mention

which traits of things are the causally

determining ones in natural processes, the

principle turns out not to be universally true,

and can therefore be asserted as sound only for

certain special subject matters. (Nagel, op.

cit.)
Nagel also points out that there is considerable diversity in
the use and understanding of the term 'causality' in science.
It is variously interpreted as a principle of wider scope than
any particular causal law; a trait affirming something pervasive
throughout nature; a principle asserting something about laws
and theories rather than the subject matter of 1laws and
theories; a regulative principle for enquiry; an inductive
generalization; or as a priori and necessary. (Ibid) . It
therefore will be necessary to distinguish between these
meanings when examining the textbook authors' use of the term.
3. Empiricism.
A common way of interpreting causality is to assume that causes

can be determined empirically, and many textbook authors adopt

some or all of the principles of empiricism. Causal relations
are to be identified and described by reference to laboratory

operations. In the strictest form of empiricism, termed

operationalism, a theory must contain only observables, and the
more primitive the observableé, the better (Bunge, 1967}).
Operational definitions are common in Formalist textbooks.
There are two points that must be.mentioned in reference to
operationalism. Firstly, there afe philosophical difficulties
with operationalism (sometimes referred to as logical

positivism) which will not be detailed here beyond noting that
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some philosophers of science such as Bunge deny. that such
definitions are meaningful (Bunge, op. cit.). Secondly, there
is confusion over what is to count as an 'observable' in this
kind of definition.

A second, milder form of empiricism relies on what is sometimes

referred to as the Double-Vocabulary View: every theory contains

both observational terms (e.g;, 'hot') and non-observational
terms which are not reducible to sense experience (e.g.,
'temperature’). Correspondence rules or postulates confer

meaning on the theoretical terms by relating them to the
observables. An example of this is given below.

Temperature.  Thermometers.--The gualitative
meaning of the term temperature is familiar to
every one; thus a body which feels hot to the
touch is said to have a higher temperature than a
body which feels cold. Our - senses, however, do
not allow of our making any but the very roughest
estimate of the amount by which the temperature of
one body is higher than that of another. Hence in
order to measure temperature we are obliged to
make use of the change in some physical property
of some kind of matter which takes place as the
temperature changes. The physical property which
is most usually employed for this purpose is the
volume of a 1liguid or of a gas, both of which
depend on the temperature.. (Watson, 1932)

The difficulties aséociated with empiricism are important enough
to examine a little more fully, especially as they touch on the
~ very real problem of the role of ‘the laboratory in science
education. Piaget explored some facets of the nature éf

empiricism in an article titled The Gaps in Empiricism. .

This brings wus...to the central argument of
empiricism: that all knowledge should be related
as closely as possible to observable facts.

In reality, in every field--from physics to
psychology, sociology or linguistics--the essence -
of scientific knowledge consists in going beyond
what is observable in order to relate it to
subjacent structures...(in) physics we might be
justified in regarding as observable features the
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repeatable relations which functional analysis
strives to translate into "laws", but on
examination of the actual work of scientists--and
not the philosophical statements to which they so
often limit themselves--we have to recognize that
their systematic and unceasing need to discover
why things happened forces them to break through
.the barriers of the observable... (Piaget and
Inhelder, 1976)

Wwhat is often termed"empiricism!; then, actually goes beyond
the observable. Even at a very elementary level, explanation
quickly makes this jump, which accounts for the presence of
bridging structures such as models, systems, and other abstract
organising principles in explanatory structures.

4. Inductivist and Deductivist Accounts of Explanation.

There are two important‘types ofbexplanatory structures which
come under this heading-—the covering-law model and axiomatics.

A. Covering-Law Model

An early clear statement of inductivist explanations was given

by Carl Hempel in 1965 in his Aspects of Scientific Explanation,

using a 'covering-law' model. This model has been widely taken
up, expanded, and criticised. The following is an outline of
the model.

Explanation in Science: Four Criteria

(a) The presence of a law or generalization about
‘the phenomena under scrutiny.

(b) Empirical statements about . observable
conditions with regard to the phenomena. '

(c) Internal consistency in the chain of reasoning
between premisses and logical conclusions.

(d) Empirical truth in the sense that conditions
do, in fact, prevail and that the generalization
is, to the best of our knowledge, well founded.
(Hempel, op. cit.)

What the model briefly states, then, is . that to give an
explanation of a particular phenomena--say the expansion of a

metal bar on heating--it must be shown to be an instance of, or
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"covered by", a known law, or laws, of nature. This model is
clearly aistinctive of science, even if it also taken as a model
for other disciplines, such as sociology.

There is no need to elaborate the recent philosophical
difficulties associated with every step of Hempel's criteria
given above. However, it 1is still the accepted view of most
contemporary.philesophers of science--Passmore, Braithwaite and
Popper are examples--that natural laws exist and that the aim of
scientific explanation is to interpret natural 1law.

Unless SCience education is seen to have the express'éurpose of
introducing 1learners to the natural philosophic roots of -
science, there 1is no compelling reason ﬁo elaborate on the
difficulties of the inductivist/deductivist approach. In fact;
as seen in Chapter 3 on textbook prefaces, the authors were
rarely concerned to make such notions explicit, though paesing
reference to such ideas appeared in some 19th century texts.
This presents an obvious difficulty in providing explanations
for readers, for, as we have seen, there are four (at least)
types of explanatory' structures possible. 'The presence ef :a
well-defined model of explanation would seem to provide a useful
entry point for examining.the_arguments of a science textbook,
for initiating the reader into a distinctive model of
- explanation in science, ~and for purposeful use in providing
eXplanatioﬁs of phenomena. An explanetion would thgs be seen as
an argument to persuade the reader to accept the phenomena as
correctly expléined within ' a framework of scientific
explanetion.

B. Axiomatic Systems.

Physical axiomatics refers to the view of physics as being built
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solely on a set of abstract, self-evident axioms. (Bunge, oOp.
cit.). It is important to spend some time looking more closely
at the nature of the axiomatic system in physical sciences,
because the consequences of such a view of science have a
profound influence on the structure and language of textbook
explanation.

The physical sciences afe not the only field of study to attempt
to use axiomatics as the basis of their organisation; Spinoza's
philosophical treatise on Ethics, for example, begins in the

Euclidean manner with eight definitions (or meanings assigned by

the author) and seven axioms (or statements about how the world
is). From these are derived or deduced principles for human
conduct. Axiomatics is principally a deductive system. .
Axiomatics, at least in its simplest‘ expresSion, has three
important aims. Firét, it attempts fo organize the operating
theories on a logical structure, a deductive one in most cases.
This involves elaborating a formaiism. Euclidean geometry, of
course, is the supreme example of a mathematical formalism—-from
a set of_axioms the Pythagorean theorem, for example, can be
deduced. This aim of axiomatics is to reduce what are referred
to as the self-evident, or primitive concepts (e.g., mass) of a
field of study to a set of mathematical symbolisms which can
then be manipulated by the rules of mathematics, and from which
the entire rahge of ‘relevant phenomena can be deduced.
Maxwell's equations of electromagnetism are such a formalism,
and it seems clear that Newton, in the Principia, considered his
laws and their - attendant definitions to also form such a
formalism; he referred to them both as laws and axioms.

The fact that the notion of a deductive system was
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introduced into European thought in a mathematical

context--Euclid's Elements...has had the effect

that the first explicitly deductive systems,

including the greatest of them, Newton's

Principia...professed to prove their later

propositions--those which were confirmed Dby

confrontation with experience--by deducing them

from original first principles. (Braithwaite,

1953)
Of course, a strict formalism allows no physical or, from the
readers' point of view, 'everyday' meaning to be attached to the
symbols in the equations. Force simply is mass times
acceleration, or electric current 1is voltage divided by
resistance--and physics becomes a branch of mathematics. Most
teachers would probably not be too unhappy with such an abstract
view, and some physicists have come close to such a position.
Formalist textbooks are anxious to develop a mathematical
formalism as soon as possible, and it is common for the student
to be asked to derive certain equations (e.g., for kinetic
energy) - from more basic algebraic expressions in the true
axiomatic manner. Such a strict formalism gives an impression
of science as unconcerned with explanation in any but a
deductive sense. Axiomatic science'might then be treated as an
abstract activity, trying to remove 1its concepts from any
contact with the readers' world.
The second aim of axiomatics is related to the notion of
assigning physical meaning to the terms in the science being
considered. Axiomatics attempts to assign unambiguous meanings
to the primitive concepts of a law or theory, removing intuitive
or anthropological misconceptions. There are two facets to this
problem. Firstly there is the relationship between axiomatic

meaning and the role of a formal prose style in scientific

writing, which is seen to be connected to rhetorical discussions
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from Section B. Conceiving of science as a deductive system
would seem to imply the language characteristics of the genre of
information and its associated styiisfic features. Secondly,
axiomatic meanings are seen to relate to a series of concerns
with the formulation of Newton's formalism expressed by
scientists.

Mach (1960): With regard to the concept of 'mass’,

it is to be observed that the formulation of

Newton...is unfortunate. Newton felt distinctly

that in every body there was inherent a property

whereby the amount of its motion was determined
and perceived that thus must be different from

weight. He called it, as we still do, mass; but
he did not succeed in correctly stating this
perception.

Poincare (1952): But how are we to measure force

and mass? We do not even know what they are.
What is mass? Newton replies: 'The product of the
volume and the density.' 'It were better to say',
answer Thomson and Tait, 'that density 1is the
quotient of the mass by the volume.' What 1is
force? 'It is', replies Legrange, 'that which
moves oOr tends to move a Dbody.' ‘It is',
according to Kirchhoff, °'the product of the mass
and the acceleration.' Then why not say that mass
is the quotient of the force by the acceleration?
These difficulties are insurmountable.

Eddington (1929): His formulation of the first law

reads: "Every body continues in a state of rest

or of wuniform motion in a  right 1line except

insofar as it doesn't."
The textbook writer who takes notice of statements such as the
above would have two concerns. The first is to take great care
in the formulation and expression of the axiomatic terms‘used in
the textbook, as they seem to be open to a great deal of
critical appraisal by eminent scientists in the field. The
second is to clearly establish for the student the nature of the

deductive method that 1is being used. Other researchers have

commented on the axiomatic characteristics of science

. textbooks.
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The subject of dynamics is presented in most
general physics textbooks in much the same form
as...by Newton...more than two and a half

centuries ago. Important quantities are not
explicitly defined. Unnecessary reliance is
placed on intuition and anthropomorphism. In
brief, the theory is deficient in rigor and
lacking in clarity. (O'Leary, 1947)

EXPLANATION AND TEXTBOOK LANGUAGE

An impoftant reason for focussing on explanation in textbooks
concernsvthe significant effects it has on textbook language.
If appeals can only be made to'discipline—debendent explanatory
structures, then textbooks must incorporate them into the text,
where they will be available for ahaiysis. This is clearly seen

in the passage below, which comes from Introduction to the

Sciences, 1856. It was one.of over 100 textbooks published by
W. and R. Chambers as the Chambers Educational Course. They
were widely used and well known to teachers and the general
public.

Matter, in all its forms, is subject to various

fixed rules or laws, which have been established

by the Creator for very important ends. By one.of

these, it is ordered that every particle or mass

of matter possesses a power of attracting other

particles or masses.  (Chambers, 1856)
In the history of science there was a period when, to some
authors of scientific material, bivine Law was superior to
natural law. Textbook language . contained appeals to, and
arguments based on, such a belief. Thus the type of explanation
felt to be allowable influenced the language used.
- Explanation is also seen to be related to the central question
of using textbook language to examine the authors' views of the

nature of science and science education. This 1is because

explanations are chiefly concerned with providing meaning. Not
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: / v _
-only are they a part of what is to be learned, but without them

the content of the textbook remains unconnected, unverified, and
without scientific significance. The content would remain

merely encyclopedic. For example, explanations provide the
framework within which fects and principles are given meaning,
and they place observations within the structure that is called
science, from which meanings are derived. Meaning in this sense
is identical to the uses of the word in such sentences as: "What
does the word 'potential' mean in‘physics?" or "This metal rod
expands upon heating. By that we mean that...." or "In
chemistry we claim to be able to explain why certain gases are
inert; By the term 'inert' we mean that..." It is clear that
if. it 1is the methods of science that allows wunique and
specifiable meanings to be given in each of these cases, then
the language authors choose to provide those meanings will

reflect their views of those methods.

SUMMARY

Part A has made the distinctions between arguments that are
designed to persuade (rhetorical arguments), and those which are
designed to present a carefully prepared structure to establish
the truth of a proposition (analytical or empiric arguments).

Within the latter explanation was selected as a type of argument

useful to- this analysis because of its importance in science

generally and because it is a feature of textbooks that 1is

related to questions of rhetoric that were developed in Section
B. Four types of explanatory structures were outlined, based on
Aristotle's Four Causes, Cause and Effect relationships,

Empirical accounts, and Inductivist/Deductivist accounts. These
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four will be wused as frameworks against which to examine

textbook authors' explanations in Part B.
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PART B: EXPLANATION IN SCIENCE TEXTBOOKS

The purpose of Part B is not confined to identifying what

explanatory structures are to be found in the four textbook

types. Attention is also paid to the 1links between those
structures and the textbooks' 1language, and the 1level of
explanation offered to the reader. Two fundamental gquestions

’

are also considered.

1. Has the nature of scientific ekplanation been elaborated in
the body of the text?

2. Do the kinds of explanations given differ depending on the
phenomenon béing considered?

It is necessary to point out that textbook.authors.do_not make

any direct comment on the nature of explanation in science in

their prefaces, with the exception of T.H. Huxley's Introductory
(op. cit.). Therefore the type of explanations given must be

extracted from the body of the text alone.

EXPLANATION IN THE CATECHETICAL TEXTBOOKS

The Catechetical textbook authors did not explicitly detail or
even refer to the nature of explanation in science. But they
occasionally carefully distinguish between scientific and other
types of knowledge or methodology.

Q. Can you tell me the meaning of the word
Science? o

A. It is the same as knowledge, the Latin name for
which is scientia, formed from the verb scire, to
know.

Q. What is the distinction?

A. Merely to know that a thing exists, or that an
event has taken place, without any reference . to
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its relations to other things or events, is simple
knowledge of the thing or the event; and when the
knowledge of the relations is added to the simple
knowledge, the sum becomes scientific knowledge,
or science. (page 1)

Q. And cannot scientific knowledge be obtained
without any effort?

A. It cannot. Whatever number of individual
things a person may know, he has no science if he
does not know the relations that they have to each
other or to other things; and that is found by
comparing the one with the other, which is an
operation of the mind, an effort or exercise of
thought... (page 2) C
Q. Do they (art and science) proceed by the same
means, then?

A. They do not: scienceé proceeds by discovery; art

proceeds by invention (page 16)
Q. Is any particular name given to sciences of
that kind?

A. They are called experimental sciences; the
applications of art by which it is sought. to
discover the truths, being only trials
(experiments), and not certain applications, as is
the case where art 1is founded upon science.
(page 17)

A. ...for after considerable progress has been
made is science and in art, there are certain
general laws found  out, which, though not
absolutely certain in a new case, are very useful
in pointing out what is likely to be discovered,
and what not. (page 18) (Turner, 1832)

Science is pictured in this passage as the knowledge of things,
events, and. their ,relationé. It proceeds by discovérz, ~and

moves towards truth. In progressing, general laws are

discovered, acting here as guides to likely future discoveries;

their role in explanation is not mentioned.

(1) Explanation Using Aristotle's Four Causes

In dealing with the‘textbooks of this type, this section also
introduces séme, of the important language considefations
involved in the analysis of explanation. The first of these is
the notion of 1levels of explanation. There are two ways this

needs to be considered; how far the textbook will pursue. notions
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of ultimate explanation, and what level of explanation is
appropriate to the reader. The first of these will be
considered immediately. Where does the final explanation
lie--in the laws, in the origin of those laws by God, in the
particular psychology of man? At the highest 1level, these
Catechetical textbook authors provided explanations that were
teleological. Reference is made to phenomena occurring in
response to some ultimate purpose,»or because they were designed

that way. The following quotation is from Introduction to the

Arts and Sciences by the Reverend R. Turner, 1832, the 20th
edition.

Q. What' is the grand foundation of Natural
Theology?

A. To our comprehension, the universe is infinite;
that 1is, we cannot assign ‘boundaries to it,
neither can we fix a time for its beginning or
end; all its varied powers and principles work as
if it were one; and therefore unbounded extent and
interminable duration must be, to the Maker of it,
not more than momentary thought is to man.

Q. And is the existence of knowledge and power
equally conspicuous throughout all the works of
nature?

A. It is, only we do not heed it in those things
with which we are familiar: that one's foot is
firm on land, and sinks down in water, or in empty
space, is just as strong a proof of the Almighty
wisdom and power as the revolution of
systems,~-the resistance in the one case, and the
yielding in the other, are portions of the same
general. law that sustains suns and planets.
(Turner, op. cit.) : '

'But such teleological explanations’(Afistotle's fourth cause)
are not commonly resorted to in the normal explanations given to
common phenoﬁena in the textbook. Rather, they were usually
reserved for sebarate passages within the textbook dealing with
God's relationship with the natural world. Actual teleological
explanations:- of specific phenomena are rare; in most cases the

'laws' or 'principles' of science will serve. The origins of
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these laws 1in God's design is. mentioned but not usually
otherwise elaborated. While it is true that some of these
textbooks mention God frequently, it is usually only in
reference to 'the splendour and.majesty of his works'.

"These teleological explanations are the only one of Aristotle's

four causes commonly used in the Catechetical textbooks.

(2) Cause and Effect Accounts of Explanation

These are by.far the most common of the explanatory structures
offered in these texts. . Whenever 'principles' or 'agents' are
referred to, they are regarded as éausal principles Oor agents.
An appeal to the Turner textbook will make this point above
clear..'In whét follows, a "principle" of caloric is used to
provide ‘an explanation of several phenomena--changes of state,
and expansion.

Q. How would you define caloric in a chemical
sense? ' ;

A. It is the principle by which the cohesion of
the atoms of bodies is 1loosened, or the atoms
themselves separated from each other. :
Q. Does heat always expand the volume of bodies?
A. It does so at very various rates; but it may
generally be said to do so when there is no change
of state of the body and no chemical action.

Q. If there is a change of state?

A. When the change is from gas to liquid, or from
ligquid to . solid, a gquantity of heat becomes
sensible, in the generality of cases; and when the
change is the other way, a quantity disappears.

Q. What other general function, besides loosening
- the connexion of bodies, may be supposed to be
performed by heat or caloric? -

A. Their change of state; and we may say that it
is owing to its relation to caloric that any body
happens to be a solid, a liquid, or a gas; and
that a different relation to caloric would place
it in another of those states. (Turner, op.
cit.) : :

Here there is definite reference to a cause or principle;

empirical data in the sense of perceived changes of state; a
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chain of logic between cause and effect,’although that chain is
very thin--in this instance, the whole explanation can be seen
to founder on the undefined meaning of the phrase "...relation
to caloric...", for this relation is necessary to the proof.
Dr. Brewer's Guide to Science provides further examples of
" explanation in'these>éarly textbooks, and a contrast to Turner.
Brewer makes no reference to laws of nature at all.

Q0. What are the principal effects of heat?

A, l.-- Expansion. 2.--Liquefaction.

3.--Vaporization, and 4.--Ignition.

Q. Show that heat expands air.

A. If a bladder (partially filled with air) be

tied up at the neck, and laid before a fire, the

air will expand until the bladder bursts.

Q. Why will the air swell, if the bladder be 1a1d

before a fire?

A. Because the heat of the fire will drive the

particles of air apart from each other, and cause

them to occupy more room than they did before.

(Brewer, op. cit.)
This example is important for the point concerning levels of
explanation, mentioned earlier. Once the reader has been told
that heat causes objects to expand by driving their particles
apart, the rest of _ the queStions in the sectibn ask about
specific instances of that general principle; i.e., "Why does a
glass crack when hot water is poured into it?" ‘It is thus an
éxample of using deductive argument. But a full, or deeper
explanation, requires some understanding of why heat 'forces
particles apart'. This is‘particularly true in this case, when
heat was defined in the very first question of the Brewer
textbook as "That which produces the sensation of warmth." The
fuller explanation is not given in Brewer, perhaps because of
the age and educational background of his likely readers, rather

than concerns over ultimate explanations. This is seen to be

the case not only because of the intent of the textbook, as
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stated in the preface, to explain common phendmena "..in
language so simple that a child may understand it, yet not so
childish as to offend the scientific." It is also indicated by
the lack of concern given to the nature of explanation in the
sense of ultimate or 'firét cause' explanation. Brewer's task
becomes to correctly détermine. the level of explanation

appropriate to the reader.

(3) Empirical Accounts. of Explanation

The Catechetical writers made no reference to the laboratory at
all, and therefore operationalism or a double-vocabulary view
have no place in explanation in these texts. Yet there are
numerous examples of | observations, or immediate sensory
experience,.both of which are the foundations of empiricism.
The pattern is ﬁsually for some phenomenon to be pointed out,
and then this is generally followed by the question 'why?' This
- question is in turn followed by a causal explanation. If
"...the central argument of empiricism (is) thaf all knowledge
should be related as closely as possible to observable facts" as
Piaget (op. cit.) claimed, then these Catechetical texts clearly
start in the right way. But as the above example of caloric
shows, these writers were not to be confined to using only

sensory impressions to build up scientific explanations.

(4) Inductivist/Deductivist Accounts of Explanation

The Catechetical textbook authors were likely to see God as the
ultimate explanation, but they weré_not concerned to make such a
view a principle concern of their texts. No clear, definitive.

and explicit model of explanation is presented. A better clue



197

as to the general level of explanation given in these textbooks
comes from an examination of inductivist/deductivist
explanations offered. It is necessary to remember, when reading
these passages, that there was a great deal of confusion between
simply stating what has been found to be the case, and providing
explanations.

Q. What are the principles that maintain a body in

a state of rest? :

A. Pressures which exactly oppose each other, and

the body 1is on that account said to be 1in

equilibrio, or equally balanced.

Q. How many forces or pressures are necessary for

keeping a body in equilibrio?

A. Two, which are equal and exactly opposed to

each other.

Q. If they are opposed, but not equal?

A. The body will have a tendency to move equal to

their difference. (Brewer, op. cit.)
This passage can be fairly called an explanation of equilibrium,
or, at a more concrete level, of why objects remain at rest.
"Pressure, or forces" is given a definition later in the section
quoted as "Anything which tends to produce motion is a power or

force, in a mechanical sense." It is easily seen that this

passage meets some of the criteria of Hempel for explanation.
There is mention of a general law or 'principle' (today called
the law of inertia), and there is at least a hint or reference
to empirical evidence in the notion of 'equal' and 'opposed' if
it is assumed they were derived from observation. ‘But the
logical connections between principles and results- are not
elaborated.
The passage does emphasise three importantf points concerning
explanation in these early textbooks. Firstly, a rejection of

explanation by deference to authority, or, more specifically,

human authority, as it has been shown that divine authority
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could still be evoked when required. This is seen in the move
away from early Greek ideas that objects have an inherent
tendency by their natures to be at rest, or to move to their
place. Secondly, there 1is a strong desire to emphasise
physical or objective causes as explanations for events. The
emphasis in the Catechetical textbooks was on phenoﬁena, not on
essences or forms. This is a central reason why the first two
of Aristotle's 'four causes' were seldom used. This is also
shown by the reference in the textbéoks to a "body" or "object".
This abstraction away from a particular object does not allow
explanation to rest on the composition or form of the object.
And thirdly, there 'is clear use of lggig in making inferences
and, therefore, providing explanatibns. This is clearly related
to the last point.abové.' General rules are given, for abstract .
objects, from which deductions can be drawn about particular
objects. Logic is aléo the key means by which the "relations"
were to be. established. There are furtﬁer uses of 1logic,
however. | |

Q. Explain .what you mean.

A. That steam requires force to keep it from

separating, and ice requires force to separate it;

and if the one can be changed into the other, they

must be both capable of some intermediate state,

such as that of liquid water, which can be changed

into steam or into ice. (Ibid)

This passage 1is an appeal to a logical argument without

empirical proof.

(5) Levels of Explanation

The level can be decided upon by the writers in three ways.
They can consider the 1level to be fixed by the amount of

knowledge required to move from one level to.the next deeper
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(e.g., Dbefore equilibrium can be treated 1in greater depth,
perhaps the reader needs to know vector arithmetic). Or the
writer can consider the level to be determined by the readers'
level of intellectual development (e.g., in a Piagetian sense).
Finally, the level can be fixed by a definite purpose of the
writer's (e.g., to match the 1levels to those of external
examination questions). All three ievéls‘may be constraining an
author at the same time. In kthe examples .given from the
Catechetical textbooks, the éuthors; views on levels of
explanation are not clear, but the passages suggest that the
authors deliberately chose a low level of explanation not only
to match the intellectual level of the réadérs, but also to suit
their purposes of providing simple explanations of common
phenomena for autodidactic readers. This assumes that the
authors had a higher 1level of explanation available tb
themselves. Considering the reputations of many of  these
aﬁthors, and the references in their prefaces to having the
information either supplied or checked by 'leading authorities',

this assumption seems fairly certain. .

(6) Language and Explanations

The above section leads to a consideration of the relationship
between the language of these early textbooks and explanation.
It was claimed in the Introduction to Part A that argument was a
determiner of textbook language. More specifiCally, explanation
was claimed to impose‘ a ‘certain structﬁre on the textbook
language, due to the distinctive, if not unique, hature of
explanatioﬁ in science. Structure of .course does not imply a

necessary prose style. It 1is then fair to ask if the
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Catechetical style of writing is appropriate for providing
explanations; does it hinder or promote the purpose of providing
explanations to readers? There is no doubt that the desire to
provide explanations at some level has structured the language
in these texts to some degree. As seen in the passages quoted
above, there are patterns of explanation; a principle is stated,
deductions are drawn, and examples are given. What is also
clear, however, is that these textbook authors were more
strongly influenced by purposes. other than providing
explanations. Those other purposes were to inform their readers
about the results of science, and linking the naturél world to
the divine. Explanation is not a strong determiner of language
stylé in these textbooks because explénation was a minor
purpose; and of course, these writers felt free to move out of
the constraints of a model such as Hempel's because reference to
divine explanation was legitimate. In the case -of the
Catechetical writers, it is truer to say that explanation had to
fit ihto the qdestion and answer format as best it could, rather
than acting as a strong constraint. There 1s no reason why
explanation cannot take place within such a question and answer
format, of course--Socratic dialogue cén argué to perfectly
satisfactory explanations.i What may be argued to be’missing is
the lack.of actual empirical data in these dialogues, where all
points are logically debated from evidence taken as given and
correct.

The discussion and examples indicate that the authors had a view
-0of science as both a collection of information about the
structure and function of the material world, and as ordered by

law. The pattern of explanation used suggests that it is
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apprgpriate to place these texts in the rhetorical category of
expositofy,‘ and within the genre of information. The
explanations express nothing of the methods of science, nor of
science as concerned with enquiry. Science education was
therefore the use of contemporary catechetical teaching methods

to present the information for memoris ation.

EXPLANATION IN THE CONVERSATIONALIST T EXTBOOKS

The writers of the Conversational ist textbooks were less
concerned with science as a schooi sﬁbject or as a discipline,
than they were with other ends. The se writers used scientific
content to teach proper behaviour, improve reading skills, and
discipline the mind. It is not surprising, therefore, that they
paid 1little attention to scientific models of explanation. As
'did the Catechetical authors, they s aw science as a method of
discovering natural truth, and were équally concerned to present

the discoveries and not the methods to the readers. For these

authors, presentation was more important than content.

EXPLANATION BASED ON ARISTOTLE'S FOUR CAUSES

An interesting example of the use of Aristotle's first'
cause——"What is it?"--is found in the Rollo textbook on Fire.
The following is offered as an exp.lanation for the use of
'spirits of'turper_ltine' as an aid for 1lighting a lamp.

"But, father, why will the wick 1light any

quicker?"
"Why, different substances take fire at different
temperatures. For instance, if you were to put a

little heap of sulphur, and another little heap of
sawdust, on a shovel together, and put them over a
fire, so as to heat them both equally, the sulphur
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would take fire very soon, but the sawdust would

not until the shovel was very nearly red

hot...There 1is a dgreat difference in different

substances, in regard to the temperature at which

they inflame." (Rollo, op. cit.)
Here explanation depends, to some extent, on the nature of the
substances themselves, along with heat as an accompanying causal
-agent. There 1is no attempt to say' why different substances
"inflame" at different temperatures; again, as in the
Catechetical textbooks, the writer's assumption must have been
that such a 1level of explanation was inappropriate to his

purposes. In the Rollo textbooks, religious teleology was

completely absent.

CAUSE AND EFFECT EXPLANATIONS

By far the most common form of explanation in these texts is
causal. The following is typical of this approach.

James. Will you explain the causes (of the
tides)? -

Tutor. I will endeavour to do this in an easy and
concise manner, without fatiguing your memory with
a great variety of particulars:--

The ebbs of tides, and their mysterious flow,
We, as art's elements, shall understand. Dryden.

You must bear in mind then, that the tides are
occasioned by the attraction of the sun and moon
upon the waters of the earth: perhaps a diagram
may be of some assistance to you...

. Since the force of = gravity or attraction
diminishes as the squares of the distances

increase, the waters on the_ side A are more
attracted by the moon M, than the central parts at
C...

Charles. You mean that the waters will rise at A

by the immediate attraction of the moon M, and
will rise at B by the centre C receding and
leaving them more elevated there.

Tutor. That is the explanation. (Joyce, op.
cit.)

" The passage 1illustrates many of the points made 1in the
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discussion of the Catechetical texts: causal principles, logical
arguments, lgck of empirical 'data, and no clear connections

between principles and phenomena at the underlying "why" level
of explanation. It is interesting to compare this explanation

with a mode'_rn one from It's Your World (Ball et al., 1976), an

integrated general science textbook published in Australia.
The effect of the gravitational attraction of the
Sun and Moon on the Earth produce another natural
change--the tides. The side of the Earth nearest
to the Sun experiences a gravitational attraction
slightly stronger than'that of the Earth itself.
On the opposite side to the Sun, the attraction is
slightly weaker. The water in the oceans moves
under these forces. Water is 'pulled' by gravity
to pile up on the side nearest to the Sun. On the
opposite side of the Earth, the water which has
been 1left behind also piles up. This creates
'solar tides'. ,
Similarly the Moon causes 'lunar’ tides...
(Ball, 1976) ’
There has clearly been no change in the explanations given by
these authors in terms of either depth or kind. The more modern
textbook's version is arguably even more confusing for the
reader, with such phrases as "..'.slightly stronger than _thatvof
the Earth itself." and "...also piles up." - Nevertheless, both
examples are concerned to use a causal agent or principle
(attraction) to provide explanations for the phenomenon.
While teleological views are present, they are most strongly
expressed in those works published by religious organisations,
such as the Society for Promoting Christian Knowledge, or which

were written by authors who had religious purposes in mind. An

example of such a textbook is Joyce's Scientific Dialogues, 1821

(op. cit.) This was one of the most popular textbooks of its
type ever produced. It was re-issued up to 1846, with new

editions appearing at frequent intervals. Though there is a



204

great deal of religious content, there is only one reference to
God as the "First Cause". It occurs late in the book in an

interesting passage.

Charles. What can be the use of these fixed
stars?
Tutor. Your minds indeed are too enlightened to

imagine, like children unaccustomed to reflection,
that all things were created for the enjoyment of
man. The earth on which we 1live is but one of
eleven planets circulating perpetually round the
sun as a centre, and with these are connected
eighteen secondary planets or moons, all of which
are probably teeming with living beings, capable,
though in different ways, of enjoying the bounties
of the great First Cause. (Joyce, op. cit.)

In the rest of Joyce's textbook, God is presented as the Creator
and Sustainer of all the wonders of nature, but not specifically
as the cause of phenomena directly. The explanations given by
Joyce are similar in level and structure to those of the

Catechetical writers.

EMPIRICAL AND INDUCTIVIST/DEDUCTIVIST ACCOUNTS OF EXPLANATION.

There is no evidence in these texts of the use of either of
these structures. Laboratory experiments are absent, and
natural law is not wused as an organising principle for

explanations.

LANGUAGE AND EXPLANATION

Recall that the Conversationalist writers had an expressed
commitment to their rhetorical style. They believed thét such
story-based writing was one of the best ways to learn. Given
this commitment, it is wunlikely that they would allow the
demands of scientific explanation to control that style to any

degree. As in the Catechetical texts, explanation takes a minor
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role. The Conversationalist story can, however, provide a
setting in which the need for an explanation can arise quite
naturally in the course of the story, a need which could lead to
discussions of explanation offered by other texts or the

teacher.

EXPLANATION IN THE EXPERIMENTALIST TEXTBOOKS

No mention will be made in this section of Aristotle's Four
Causes as they do not 6ccur, and only brief mention will be made
of Inductivist/Deductivist accounts. The Experimentalist

~authors had an over-riding commitment to causality.

CAUSE/EFFECT AND EMPIRICAL ACCOUNTS OF EXPLANATION

The Experimentalist  textbooks, written as they were Dby
scientists of great reputation and commitment to science as a.
method,.bring scientific explanation to faf greater prominence
than éithervof the textbook types.cthidered so far.vblhdeed,

Huxley considers the nature of explanation.explicitly in his

Introductory. The following is an expansion of a quotation from
Part A of this chapter.

Anything is said to be explained as soon as we
have discovered its cause, or the reason why it
exists; the explanation is fuller, if we can find
out the cause of that cause; and the further we
can trace the chain of causes and effects, the.
more satisfactory is the explanation. But no
explanation of anything can be complete, because
human knowledge, at 1its best, goes but a very
little way back towards the beginning of things.
When a thing is found always to cause a particular
effect, we call that effect sometimes  a property,
sometimes a power of the thing. Thus the odour of
- onions is said to be a property of onions...
When we have made out by careful and repeated
observation that something is always the cause of
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a certain effect, or that certain events'always

take place 1in the same order, we speak of the

truth thus discovered as a law of nature...But it

is desirable to remember that which is very often

forgotten, that the laws of nature are not the

causes of the order of nature, but only our way of

stating as much as we have made out of that order.

(Huxley, op. cit.)
These statements show a willingness to address the issues of the
nature of science and scientific explanation for the readers.
While there 1is a clear commitment here to causality, the
empirical data component of the model is stressed in the
subsequent sections of. the Introductory. An important feature
of this model is the emphasis placed on repeated verifications

of causal relations leading to a law of nature. This is clearly

opposed to using'bthe laws of néture as explanations for
'phenomena, as in the Inductivist/Deductivis£ approach.

Although written after the first of the Macmillan Primers
appeared, "and in response to diffidultiés with method and

explanation between the separate sciences, the Introductory

-volume was _intendéd to be read before .ény of the .more
speCialisedecience Primers. As a result, ﬁhé other textbooks
make no direct mention of explanation. As a consequence of the
model of explanation outlined by Huxley, however, their
~explanations  tended to be rather long for such small volumes.

For not only had causes to be discovered through experiment and

observation, they also had to be demonstrated--such was the dual

nature of the Experimentélist concern with scientific method.
Here is an exémple.from the section on Heat in Balfour Stewart's
Physics. First there afé some introductory remarks on the
nature of :heat; 'and the methods to be. used to discover its

properties.
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Now if heat be something that has entered into the
ball we should expect that as it cools it will
grow continually 1lighter. If, however, this
experiment be properly made, it will be found that
the iron ball does not lose weight as it cools,
and therefore whatever heat be, its presence  has
not made the ball one grain the heavier.

We have strong reasons for thinking that heat is
really a kind of vibratory motion, so that when a
body is heated each extremely small particle of it
is moving about either backwards and forwards or
round and round. But these particles are so very
small, and their motions so very rapid, that the
eye has no means of seeing what really takes
place... . .
You see now how great a likeness there is between
a sounding body such as a bell and a hot body such
as a white-hot ball. The particles of both bodies
are in a state of rapid motion: those of the bell
strike the air around the bell, and the air
conveys the blows to our ear; the particles of the
hot ball also deal a succession of blows to the
medium around the ball, and this medium conveys
the blows to our eye...

...in the case of heated bodies, we have first of
all to study the bodies themselves, and secondly
to learn how fast the rays of light and heat which
they ‘give out travel through the medium.
(Balfour Stewart, op. cit.)

iThere is a cleaf.picture hére of the way expl&qations will
proceed. In pfder for heat to be used as a cause, it must be
clearly defined. Experiments are used to sﬁow fhat heat is not
a matefial substance, and analogies are used to gairi a picture
~of heat aé a mode of vibration, like sound; "This is followed by
a set of experiments describing the effect.of heat on various
substances, resultihg in expansion, change ‘of state, and

chemical change. |

Expansion of bodies when heated.--When a body is
heated, it almost always expands; that is to say,
it gets larger in all directions. To prove to you
that this is the case 1lest us heat a solid, a
‘liquid, and a gas... :

Experiment 37.--Here is a hollow glass bulb which
is filled with water; let us now heat this glass
bulb, and the water will rise in the fine tube
which 1is attached to the bulb. In this case both
the glass bulb and the water expand, but the water
expands much more than the glass bulb, and hence
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it pushes its way upward in the fine tube...

(Ibid)
Interestingly, the passage does not make the clear statement
that heat is the cause of the expansion, nor does it ever state
why heat causes the expansion. Expansion is left as one of the
"powers" of heat. This level of explanation is similar to that
of the Catechetical and Conversationalist textbooks, but perhaps
for slightly different reasons, wunconnected with purposes
outside science as was the case with the earlier texts. It may
be that Balfour Stewart felt that such a causal 1level of
explanation was appropriate to the readers' understanding, as
well as being the correct model for science. Nevertheless, no
explanation for the actual effects of heat on objects when they
expand, change state, or undergo chemical change is given.
One more'example of explanation will be given to indicate that
the example from Balfour Stewart is not atypical. Roscoe's
Chemistry is interesting from the point of view of explanation
because it shows clearly that Roscoe was not so concerned with
using laws to provide explanations for phenomena, as he was for
using laboratory ‘techniques to uncover the ‘"properties" of
substances. Thus, the Roscoe textbook is mofe descriptive. than
interpretive, and explanation of phenomena is clearly baged on
method.

What is Water made up of?

Let us see if we can get anything else from water

than steam, by treating it in different ways.

Experiment 12.--Instead of sending heat into the

water, by which I only get it to boil, I will send

a stream of electricity through the water...I use

four cells of a ' Grove's  battery...and the

electricity will pass into the acidified water by

the two platinum wires passing through the cork at

the bottom of the glass funnel, when I join these

with the copper wires from the battery.
What do we notice the instant we join the wires?
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The water near the wires seems to boil, or
effervesce, owing to small bubbles of gas given
off...

If we repeat this experiment with the water, we
shall always get the same result, and by no other
treatment that we know of can we get anything else
but oxygen and hydrogen from water. Hence we
conclude
(1) That by means of electricity we can split up
or decompose water into two perfectly different
substances, oxygen and hydrogen gases; and into
nothing else. '
(2) That water, when thus decomposed, yields twice
. as large a volume of hydrogen as it does of
oxygen. (Roscoe, op. cit.)

Roscoe was engaged in generating the eMpirical data which could
then be used to provide explanations. The numerous experiments
in his book emphasised the 'discovery' nature of science, rather

than 'demonstrated' the truth of chemical laws.

LANGUAGE AND EXPLANATION

- With thé Experimentalist textbooks, several new features
reiating explanation ana textbook language"become apparent.
Science beg‘an to dominate the rhetorical style. Science as a
discipline became the focus of .the book, and teaching that
discipliné became the central purpose of the book. There were
several »consequences. of this. A comparison of the. passages
'quoted thus far in this chapter show that there was a marked
change in the Experimentalist texts with respect to vocabulary,
with an increase in both the number and range of specialized
terms: scientific vocabulary, - laboratory vocabulary, and
mathematical vocabulary.

More generally, however, the style of writing changed to match
the demands of informing and instructing. This can be seen in
several ways. Firstly, the emphasisA on experimentation was

important. ‘Experiments demand sequenced directions or
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instruction, imposing an order on the writing. They also demand

description, such as of equipment or procedure, which require

accuracy and clarity.

Secondly, along with experimentation there is an emphasis on
observation. While this could allow scope for the use of much

descriptive language, it was generally the case that, in fact,
the readers were told what to observe. Scientific oheervation
imposed restrictiohs on the permissible uses of language to
describe what was seen or heard or felt. No longer are the
readers to be allowed to respond, as were the characters in the
Conversationelist textbooks, with such 'observations' as this:
“How big does the moon 1look?" said Miss Mary. "Why, about as

big as a large plate," said Rollo.

Thlrdly,'experlmentatlon and observation allowed the writer to
- use these methods to draw conclusions. These conclusions could
either be concerned Qith explanation of ahphenomenon,.or with
.the propertieshof a subetance. In either case, the drewing of

conclusions demanded strict 'logical reasoning. The phrases

" "Hence we learn that.." or "Now'7we see that.,,_ ahdiaseveraln

other variations of these connectlve phrases are ev1dence of
their presence 1n_these texts. Such conclu51ons are carefully
expreséed, becadse they are taken to be true discoveries about
nature;_'The following,ie a brief example. |

. We have learnt--
1. That the candle soon goes out 1f it be burnt in
a bottle of air. (This sort of conclusion could
have found in an earlier type of textbook) ‘
. 2. That a colourless invisible gas called carbonic
acid is formed in the bottle after the candle has
‘burnt. _
3. That the carbonic. acid gas comes from the
carbon or soot contained in the wax.
4, That water 1is also formed when the candle
burns. -
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We therefore have 1learnt that the wax of the
candle has not been destroyed or lost, but that it
has changed its form and has been converted into

carbonic acid and water. This sort of an entire
change is called a chemical change. (Roscoe, op.
cit.)

This passage also serves to emphasise a further point about such
language; thebry is tied to objective data collection. The
conservation of matter is not presented as a theory that will
'explain' the disappearance of a candle as it burns, but rather
the breverse. This demand imposes a structure on the
argument--the conclusions which collect as a body of knowledge
about substances can be used to develop a chemical theory only
if logical appeals can_be made to the results of experiments.
It is not that clear cut of course; for example, limewater is
used as a test for carbonié acid gas, but no explanation is
given as to why it goes milky.

Finally, the Experimentglist approach is dependent upon

measurements being made. '~ Again, these measurements must be

aCcurate,_ linked carefully to the eXperiment; and properly
manipulated and expressed, Measurement adds in a new dimension
of abstractness, both.in terms of the symbol systems uéed (e.qg.,
the notion of various temperature 'écales’) and in assigning
numerical valﬁes to stétes of a system or _object (e.g., a
temperature of 50 degrees, or a hardness of 7).

Genefally, then, what is distinctive about the Experimentalist
writers' language of explanation stems from their concern to
lead  the reader carefully through tﬁe procéss of discovery and
demonstration. This required the wuse of a more formal
rhetdrical style, influenced by the need to carefully collect

evidence, make measurements, and draw conclusions, proceeding in
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a more structured manner than either the Catechetical or

Conversationalist writers.

EXPLANATION IN THE FORMALIST TEXTBOOKS

With the Formalist textbooks, the shift to Science as the focus
of the text is complete. While the Experimehtalist could ttill
talk in their prefaces about training the mind in certain ways
ofvenquiry, the Formalist writers were chiefly concerned with
science as a body of knowledge that must be transmitted. The
reader is not someone whqse mind must be disciplined, but, most
often, an examination candidate. Science itself, as shown in
Section A, was genérally seen by these writers as a collection
of findings rather than as a method. As a consequence, there is

a shift from the explanation of methods and properties as in the

Experimentalist texts, to an explanation of the formal structure
of the discipline; Physics and chemistry in particular came to
‘be seen as formal deductive systems similér to geometry, where
the application of axioms and laws led to deducible results
confirmed by numerical solutions. Particular phenomena were of
small concern compared to the univerSal power of the deductive
system; they serve only as examplés of general results.

As a result, explanations based on Aristotle's Four Causes do
not appear‘ in . these texts, and will not bel examined here.

Unlike the Experimentalists, who had Huxley's Introductory as a

guide, the Formalist authors do not have an explicit model of
explanation to follow. Their texts, therefore, often present a

mixture of explanatory structures in one volume.
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CAUSE AND EFFECT EXPLANATIONS

The Formalist authors make no mention of God as the First Cause.
Nor do they commonly use causality explicitly as an explanatory
structure. Consider the following quotation from Noakes' New

Intermediate Physics.

Consider. first the evaporation of a liquid into a
closed space, initially evacuated. The energy of
the faster-moving of the molecules near the
surface of the 1liquid will enable them to get
beyond the attraction of° the neighbouring
molecules, and they will pass out into the
surrounding space. As more and more molecules
enter the space, the pressure they exert by their
collisions with the walls of the enclosure
increases. But the molecules moving in the space
above the 1liquid collide with the liquid surface
also, and those striking the liquid surface may be
supposed to return to the liquid....Eventually as
many moleules return to the surface per second as
leave it per second; when this happens, the number
of molecules present in the vapour state remains
steady, and the pressure of the vapour has reached
a maximum steady value. (Noakes, 1970)

'The_expianation of evaporation is based on rapidity of motion as
the cause. This rather informal use of céusality is typical of
the Formalist textbooks. It is, however{ rarely used_at all.
Noakés, for example, like the gréat majority of 'formalist
authdrs; does nét éffef any explanation at all for thé éxpansion
Qf a metal bar on heating. Those texts that do mention thermal
'expansion tend to dismiss any explanationb of it with phrases
like 'thérmal expansion is caused by heat".

Chemistfy texts, too, rarely display causal explanations. The

following passage is from The Australian Academy of Science's

chemistry text, Elements of Chemistry.

. Solids have a vapour pressure which is usually
considerably smaller than that of the
corresponding liquid. As in the case of liquids,
evaporation of solids is due to particles (atoms,
ions or 'molecules) at the surface which
instantaneously have sufficient kinetic energy to



214
escape the forces of attraction of their
neighbours. (Bucat, 1983)
Again the explanation is causal, but on a very informal level.
This may be due to a concern for offering.the appropriate level
of explanation to the readers"current understanding. If so,
there is no mention of this in the prefaces. But even these low

levels of explanation are often lacking altogether. The

following is from Walker's Introduction to Physical Chemistry.

Solids are said to sublime when on heating they
pass directly into a vapour, which on being cooled
does not condense to a liquid but directly to a
solid. Sublimation takes place with ease under
ordinary conditions when the solid has at its
melting point a vapour pressure not far removed
from the external pressure, or, what practically
comes to the same thing, when the melting and
boiling points of the substance are comparatively
close together....By sufficiently reducing the
external pressure, the boiling point of any

- substance can always be lowered  to the
neighbourhood of its melting point, and
sublimation can take place. (Walker, 1910)

The account of sublimation given here is purely descriptive.

The concern of the text is clearly to tell the reader what
happens; and the conditions under which it can be made to

happen, but not to explain why it happens.

EMPIRICAL ACCOUNTS OF EXPLANATION

The writers of Formalist textbooks quite naturally adopt one of
the various empiricist viewpoints because, whether
philosophically corfect or not, empiricism has allowed science
to progress enormously. Yét if the success of science is so
plainly based on the assumptions of empiricism, it is shrprising
that these assumptions have never found a place in the content
of textbooks._ This is clearly important to the ability of the

textbook Writer to successfully assign meaning to fundamental
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concepts, and the depth or level of explanation attempted. As
outlined in Part A, it seéms .that both empiricism and the
inductivist/deductivist approach have difficulties in assigning
unambiguOus.meaning to such concepts. Axiomatics, it will be’
recalled, says in effect that a concept such as force is not to
be understood by reference to muscular effects or physical
analogies, as these introduce intuitive and anthropomorphic
notions; nor by operations suéh as pulling on standard masses
with springs in the laboratory, because such basic terms as
'mass' are left undefined; nor by referring to mass multiplied
by acceleration, because the formalism is too open-ended for
physical meaning. It is of interest, therefore, to see the ways
in which Formalist textbook writers have handled this problém.
The striqter'empiricist physics and chemistry textbooks reféf
the readers to experiments made in the laboratory, the results
of which are generalized into laws such as the léw of

conservation of momentum. - The following extracts are from

Mayfield et :al.'s Fundamentals of Senior Physics, 1975, a

- currently popular senior level physics textbook used in
Australia.

The...treatment of energy...is in line with the
modern approach to mechanics through multi-flash
photography and frictionless motion. (From the
preface) ' _

This chapter is about energy, an idea which you
have no doubt heard about and a word which you
have certainly used. In fact, one of the
difficulties we might have in understanding the
concept of energy stems directly from the wide .
variety of ways in which the term is loosely used.
Our approach will be more precise... (The text
now refers the reader to experiments contained in
the practical book on collisions between gliders
on an air track). _ _

...it would seem that the law of conservation of
momentum does predict the actual outcome of an
interaction, but it does not preclude other



216

possibilities which never occur in practice.
There must be another law (or laws) whi ch accounts
for one outcome and precludes the o thers...The
problem was solved by the Dutchman Christiaan
Huygens when he correctly suggested that the
scalar quantity mass times velocity squared was
conserved as well as the vector quantlty momentum.
(Mayfield et al., 1975)

The statement that there "must be another law which accounts

for observed phenomena not only illustrates the textbook's
commitment to a deductive system based on natural laws, but also
shows the use of empiricism to provide an explamnation. Thus the
outcomes of experiments are given an explanation by reference to
a law which must wunderly them, while at the same time the
experiments are being used to uncover the iaws. This 1s an
important Vshi'ft from the procedure adopted by the
Experimentalist writers, who were only concerned to uncover
causes as . explanations. For example, Roscoe's Chemistry
includes a section on combustion, one part of which tries to
determine the cause of what is observed during the burning of a
candle. The concern was not to uncover a 1law, _but a cause. The

following two extracts are from a Formalist chemistry text,

Bailey and Bausor's School Certificate Chemistrwy.

Many elements...are capable of combining together
to form more than one compound. Liet us .now
perform some experiments with a wview to finding
out whether in two compounds of the sarne elements
there is any simple relation between the relative
proportions of these elements.

(This is followed by two experiments-oxidation of
lead, and water in copper sulphate) .

These and all similar cases may be summed up in
the following statement, which is known as the Law
of Multiple Proportion... (Bailey and Bausor,
1929)

The above is a discussion of multiple proportions, and the
following is an extract from their treatment of combustion. .

The Candle Flame.--The inflammable matter in a
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candle 1is the wax or tallow, consisting of
“compounds containing carbon and hydrogen. The wax
is melted and passes up into the wick, which
serves as a still supplying the vapours of carbon
compounds to the space immediately surrounding it.
That such a space exists containing combustible
vapours may easily be shown by the following
experiment: -

Exp. -180.--Depress a sheet of stout paper quickly
into a candle flame to the level of the top of the
wick, and hold it steadily there for about a

second. On withdrawing it, a ring of 'sooty
deposit will be seen, and within it a clear
space....

The changes which take place in this zone are very

complex. The formation of dense hydrocarbons and
separation of carbon particles 1is continued.
(Ibid) o

There are no laws of combustion to uncover, and the text is seen

to limit its discussion tovpure descriptibn. There is not even
a low level causal explanation for the observation of the sooty
ring, unless the reader'is expected to‘make the assumption that
the ring results from the complex "separation of carbon
particies".

It is véry common in the Formalist texts-to find empiricism, as
reflected in_the place of the labdratory in schools; being used
'in a supporting role. Experiments have one of twé funCEiohs in
the textbook. Either they are used to uncover a law of nature
(e.g., the law of momentum, or multiple proportion) or they are
used to démonstrate the correctnessvof thebry (e.g., by showing
thévsoot is really there). The latter function is also achieved
by using experiments to determine the values of certain physical
constants, like coefficients of expansion or eieétrical
resistivity. These constants are pfedicted by theory and
quantified by a mathematical formalism, which the laboratory

confirms.
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INDUCTIVIST/DEDUCTIVIST ACCOUNTS OF EXPLANATION

To begin to examine the place of deductive explanations in these

texts, the following extract from a Formalist textbook will be.

useful. Smith's Intermediate Physics, first published in 1932,
was reprinted 12 times to 1944. It has already been mentioned
in' Chapter 3 that 1its central purpose was to "cover the
syllabus" for examination candidates. In the passage below, the
structure of the presented explanation is, for the moment, more
important than the language.

Momentum and Force.--Bodies only move relatively
to their surroundings if they are acted upon by
some external agency, and by experience we know
that it is more difficult to move some bodies than
others. This is because the bodies have different
masses, where mass is defined as the quantity of
matter in a body... The external agency which is
capable of imparting motion to a body is called
force...The momentum I is defined as the product
of the mass, m, of the body and its veloc1ty v, SO
“that I = mv. (Smith, op. cit.)

In the text, this first section is used to introduce some
important términology. It does so through the formal method of
defining them, much as Newton did in the Principia, or indeed as
any formal system must do. The next section in the Smith
textbook states Newton's laws of motion, then adds this
paragraph.

A formal proof, analytical or experimental of

these laws 1is not possible, but on them is based

the whole system of dynamics,- including astronomy.

Since the results obtained and the predictions

made by astronomers are in good accord with facts,

it becomes difficult to imagine that the laws on

which their arguments finally depend are

erroneous. (Ibid)

The text has now developed some definitions and a set of laws.

From these, two types of consequences flow. The first is a
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tidying up of the formal system by establishing quéntitative
relationships, systems of units, and further terminology.

Force.--Newton's second  law provides us with a
means of measuring forces. The proportionality
implied in the law may be made into equality by an
appropriate choice of wunits. If the velocity
changes from V1l to V2 in time t, the force F is
given by

F =m(V2 - V1)/t = ma

only when this particular choice of units has been

made, the force is equal to the change of momentum

per unit time.

Units of Force.--When the mass of a body is given

in pounds, and the acceleration in feet per second

per second, the force is expressed in poundals.

The absolute unit of force in the F.P.S. system is

the poundal, which is defined as that force which,

acting on a body of mass. 1 1b., will impart to it

an acceleration of 1 ft. per second.  (Ibid)
The Secqnd _consequence 1is simply .using the system to solve
specific problems, where assumptions about 'uniform' conditions
and 'ideal' properties (e.g., massless strings) are specified.

Example.--A mass of 15 1b. is pulled along a

horizontal table by a 1light inextensible string

passing over ‘a smooth pulley and carrying a mass

of 1 1b. Find the tension (T) in the string, and

the acceleration (a) of the system. (Ibid)
The formal structure of this presentation is typical of the
general pattern  for explanation in these textbooks.
Remembering, however, the discussion in Part A concerning argued
and unargued purposes, the nature of explanation in these
textbooks 1is rarely explicitly mentioned. The writers do,
however; expect the readers to use the formal structure to
answer questions and perform calculations. In this sense, the

‘laws are used in the sense of explanation outlined in the

'covering-law' model of Hempel, and expressed more clearly by

. Passmore, in his book Science and its Critics.

Merely to assert ‘that mass and energy are
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mathematically related does not of itself explain
anything. But it can be used to explain a great
deal. So although one can see why the positivists
- insisted that the propositions of mathematical
physics do not explain it does not follow that
science itself does not explain--unless, as some
philosophers of science appeared to do, we
identify science with the set of equations of
mathematical physics. (Passmore, 1978)

The type of formal system referred to by Passmore is sometimes
referred to as an axiomatic system. Meaning is assigned to the
terms and conéepts of science by their place in the axiomatic
system. Recall, however, the difficulty with assigning physical
meaning to important terms in such a formal system.
It is important, thén, to examine the textbooks themselves for
- their treatment of some of these important quantities to see if
these difficulties are evident in the writing. All of the
textbooks to be cited below were published either in England or
Australia, and were recommended for use by senior level students
of physics.

ENERGY.-~-A body which resembles a wound-up clock

in being ready to do work by letting its parts run

down into the position which they tend to take, is

said to contain potential .energy or statical -

energy. "Energy" in dynamics and in physics

generally, means capability of doing work.
- Everett, Textbook of Physics, 1900.

MATTER.~-At the present moment, the question what
is matter? is almost unanswerable. We know much
about its intimate structure and properties, but
still remain ignorant of its exact nature. A
definition of the term 1is desirable; and of the
many which have been suggested, it 1is perhaps
sufficient to state that matter is that which can
occupy space. Gregory and Hadley, A Classbook of

Physics, 1925.

ENERGY.~--If a body is capable of doing work it is
said to possess energy and the quantity of work
which it can do is a measure of its energy...The
energy possessed by a body because of its motion
is called kinetic energy. Energy possessed by a
body on. account "of its state or its position is
- termed potential energy. . Martin and Connor,
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Basic Physics, 1945.

MATTER.--The mass of an object clearly depends on
the amount of matter it contains. An increase in
matter produces an increase in mass.

...inertial mass 1is defined so that the momentum
of a system of objects, whether similar or
dissimilar, is conserved during interactions. The
mass of the object has been defined operationally.
Ingram et al., Physics: A Laboratory-Orientated

Approach, 1973.

The definitions'given clearly indicate the problem with such an
‘informal method of assigning meanings to these terms. In what
sense do bodies "possesé" energy? What 'is the physical or
'commonsense' meaning of mass if it is simply defined to
.conserve momentum, which is itself mass times velocitY?
Dissatisfaction with such an informal method is just the point
6f the criticism expressed by Mach, Poincare, Eddington and
O'Leary.in Part A.‘ Formalism is an attempt to aonfroht these
difficulties, and Formalist textbooks are anxious to develop a
mathematical formalism as soon as possible.‘ While the formalist
method can ﬁrovide a logical structure, it_xﬁay leave a
conceptuél, and perhaps perceptual, vacuum; éllownlg the’feader-
- to attach varying understandings'to the symbols. |
Intereétingly,. chemistry' does not seem to experience this
difficulty to the same degree. Dealing as it does with
substances énd processes, it rarely needs to refer to abstract
entities such as energy or force. The writers of Formélist
chemistry te#ts have therefore been  able to ﬁse operatiqnal
definitions more freely than the writers of physicé texts. |
| ...we may give as a preliminary definition of an
acid: A substance which turns blue litmus red and
contains hydrogen partly or wholly replaceable by

a metal. (Cavell, 1946)

Oxidation was defined...as being a process in
which a substance unites with oxygen. This is the
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first idea of the process, and examples have been

given in illustration--e.g., the burning of

elements in oxygen...

the second idea of the process (is)--namely, that

the taking away of hydrogen from a compound is a

process of oxidation. (Taylor, 1942)
These definitions allow the reader to assign meaning to a term
or process by referring to a laboratory operation. There is
still some difficulty with oxidation, however, with reference to
abstactions such as "the taking away of hydrogen". Such phrases
are theory-bound, in the sense that acceptance of theoretical
statements is assumed before sense can be made of the
definition. Still, a substance which has undergone the process
of oxidation will be, in some senses, a different subStance, and

these differences can be made a ctiteria for the process having

taken place.

LANGUAGE AND EXPLANATION

Part A of this chapter outlined the importance of carefully
considering the types of explanations offered by authors,
because once a model of explanation has been adopted, it
stronglf'influences the language of the text. An explanation as
.a prose structure contains a certain set of terms, it proceeds
in é specified direction, it makes appeals only to certain types
of evidence, and ‘it generally operates.at a certain level of
abstractioh. In addition, the type of explahation reflects on
the authors' view of scieﬁce and science education.

In the Formalist texts, all the explanatory types discussed are
tightly structured, and the language of the textbook reflects
this formality. As detailed 1in Chépter 5, formal is a term

often used to characterise textbook language, when it is taken
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as the opposite Qf informal or 'chatty' or somehow less serious.
This understanding of the word 'formal' is best considered in
relation to the above discussion of Fofmalism as a method of
explanation. The Formalist textbooks writers have been very
‘concerned with a view of science as a body of knowledge
structured by a formal deductive system. This view has led to
the adoption of certain language patterns associated with such a
'system. This can be shown on three different levels of textbook
organization.

1. On the level of thé sentence and phrase,iFormalist textbooks
are characterised by such>expressioné as: if...then; ...when X
occurs, then...; ...by Y is meant...; ...from 2 it follows
.that...;’...because X is true, then... The use of such_phraseé
occurred, for example, 18 times in the ten page chapter on

Fofces - and Gravitational Fields in Fundamentals of Senior

Physics (Mayfield et. al., op. cit.).
2. On thé larger 1level of paragraph or other organizing unit
within a chapter, the following devicés are common: definitions
(whether operatibnal or not); reference to experimental fesults,
.usuaily from andther book; logical deductive arguments using the
phrases mentioned aboVe; and mathematical formalisms culminating
in a set of equations.

3. On the broadest level, that of the textbook itself, the
strﬁcture of the entire work reflects a progression from basic
aXioms to derived results. The ordering of the chapters reveals
this characteristic, as Well as comments made in the prefaces.

It can be seen that the first two levéls difeétly determine
lahguage used; the actual words used in ‘the phrases, and the

limited range of possible wordings. used in the larger units.
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Common examples of such wordings would look something like the
"following:

Thus it is possible to show, as in Expt. 27...that
one gram of hydrogen combines with 8 grams of
oxygen. This relationship is an example of a
universal rule known as the law of equivalent
proportions... -(Cavell, 1946)

If some quantity can be determined at every point
in a region, a field is said to be defined. For
example, if the air pressure is measured at many
places over a continent, the set of readings forms
a pressure field. (Mayfield et al., op. cit.)

The constant m is called the inertial mass of the
object and is defined so that the momentum of a
system of objects, whether similar or dissimilar,
is conserved during interactions.

i.e., (MV)1l = = (MV)2
The mass of the object . has been defined
operationally. (Ingram et al., op. cit.)

If the kinetic theory is applicable to gases, we
should expect pressure to be affected by other
factors than the number of moles per unit volume.
For example, the mass of the molecules and their
velocities should be important, as well.

To measure the temperature of a gas we immerse
some kind of thermometer in it. If the
thermometer is colder than the system, heat flows
into the thermometer wuntil the gas and the
thermometer are at the same temperature...When
there is no net flow of heat, the thermometer is
said to be in thermal equilibrium with the gas.
(Chem Study, 1963)

These examples are the direct result of the adoption of an
"empiricist view of assigning meéning, and the desire to
formalise the structure of knowledge into a deductive system.

A final point concerning the language of these Formalist texts
deéls with its appropriateness for their purposes of meeting
examinétion demands, andpreéenting science as an organized body
of knowledge. With regard to the first of tﬁeée purposes, it is
‘difficult to judge appropriateness without having a range of
different textual styles to compare in terms of examination

results. As has been shown, for exémple, the writers of the
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Experimentalist textbooks were themselves examiners for the DSA,
.énd.wrote textbooks in the belief that they wouid meet such
examination demands. There is no evidence that a given fextbook
style has consistently ensured increased examination success,
especially inen the wide range of other factors of equai
importance-—teachefs, pupils, curricula and laboratories. The
second purpose aone, that of presenting science as an organised
body of knowledge based on an empiricist model, raises similar
difficulties that deserve closer attention.

It can be argued that if the organizing principles, and
foundation assﬁmptions, of science are not elaborated for the
reader, thén the body of knowledge will remain diffuse and
unorganized, and the textbook could be seen as a compendium of
facts and principles. The above. section on explanatioh in
Formalist textbooks makes cléar the emphasis placed by the
authors on using a dgductive system to organise the content, but
it has élso shown that no discussion of the system takes place;
there 1is still uncertainty as to whether an explanation has

indeed been given to the reader.

SUMMARY

The explanations presented to reéders-by the four textbook types
are seen to différ, reflecting on the'éuthors' views of science.
And, in each case, the second order ciassification system of
Section B can be consistently applied to- them.

‘The Catechetical texts éhow the influence of religiéus ideas,
‘with God as the 'first cause', but by faf .the most common
explanations are based on 1logical deductions from stated

results. The readers are simply told what is the case. Science
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could be seen as a collection of such knowledge. This
corresponds to their <classification as within the genre of
informaﬁion, and as expository. '

Conversationalist texts predominately use causal explanations.

The characters are depicted as finding the causes for things,
either through their own efforts or by being told by an
authority figure. Science 1is again the collection of the
results of sﬁch finding out. This corresponds to their
classificétion within - the genre of instruction, and as
didactic/eprsitory.
The_Experimentalist authors regarded‘cahse and effect as the
basis for explanation in science, and their teth emphasised the
methods * by which scientists came to determine those causal
relations. This corresponds to their classification within the
genre of.instruction, and as didactic/expository.

Formalisf texts depict science as a formal; deducfiVe system,
and the explanations are 1logical ekercises based on the
underlying laws and principles of the sbience; the role of the
labofatory in establishing such laws and 'principles is
secondary. This corresponds to their classification within the

genre of information, and as expository.
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CHAPTER 7: THE INSTRUCTIONAL LANGUAGE OF TEXTBOOKS

INTRODUCTION

The pfevious chaptef used the notion of 'explanation' to
invéstigate the authors' views of the nature of science. It was
assuméd that ‘a ce.ntral purpose of textbook authors is to >prese'nt
explanations for phenomena to readers as part o\f the

informational content of the text. This chapter looks at the

closély associated purpose of instfucting the reader. For in
order to learn, .the reader must_ come to understand the
explanations pre_sented by the autho‘r.

More specifiéally, an investigation of instruction éan reveal
several things. Firstly, there willlbe dif ferences 1in the
instructional'-priorities of the authors. This question of
content can be. linked to authorial purposes as examined earlier;
i.e., experimental, theoretical, religious, ideological. Thus,
this chaptér will _considér which.parts of that . content the
authors felt were in need of explic'itv in‘stru_cti_on. Secondly, if

it is possible to develop some idea of what it is to instruct by

means of written prose structures, then judgements are possible
'on" hdw well textbooks fulfill 'this purpose . Thirdly,
ins'truc‘tional language can be useid to establish the authors'
views of the nature of science education, for instruction is
obviously ,linkedb to the pedagogical purposes of the authors.
For example, if the purpose o_f scienée education 1is seen as
establishiﬁg in the mind of the reader a view of the world as

'causally“connected and established by God, then the text would
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be expected to support that purpose not only by providing causal
explanations, but also by using language in such a way as to
bring the reader to such a view.

As a consequence of the above it is important to establish two
things; what is meant by instructing, and what are the ways of

instructing referred to.

INSTRUCTION VERSUS EXPLANATION

The word instruction may seem too ambiguous a term for the
various pedagogical intentions of tex tbook agthors. But it is
intended simply to summarise those uses of pfose to teach rather
than simply to inform. Instruction is used in preference to the
phrase 'to explain' because explaining is too closely associated
with the-térm explanation to be useful here. To avoid possible
éonfusion'between explanation as presented in Chapter 6, and the
act of explaining as treated here, the term instruction wiil be
used.

An important step in distinguishing between explanations and the
act of explaining (instruction) was takeﬁ'by J. R. Martin in

Explaining, Understanding and Teaching (1970). Martin develops

the argument . that an explanation is not an action: "An
explanation is not a doing at all...although the things one does
with or to explanations may themselves be doings, the
explanations one does things with or to are not doings, (but)
sentences or statements of some sort or other." (Martin, 1970).
This corresponds to the idea of an explanation as a prose
structure within textbooks. Martin discusses "explaining" by
identifying four types of explaining; éxplaining as ‘'gap

. filling', as 'question answering', as 'reason giving' and as 'a
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use ofv language--e.g., clarification'’ (Ibid). In terms of
pedagogical purpose, it is sufficient to focus on the activity
Martin refers to as "explaining something to someone", which is
distinguished from "explaining something".

Explaining something and explaining something to
someone differ from one another, then, in that the
latter is an activity and the former is not. They
differ also in that one who explains something to
someone is trying to get that person to learn or
understand something. He is imparting knowledge
(or at 1least trying to), not seeking it. His
problem is one of communication, of getting
-something across to someone. (Ibid)

Explaining something to someone is what is meant here by the

term instructing. Instructing is an activity performed by

someone for the purpose of 'imparting knowledge'.

INSTRUCTION AND LEARNING

Martin suggests that learning and understanding, considered as
the aims of pedagogy, can be achieved by successfully imparting

knowiedge. ‘Such a view allows this analysis to consider the

explanations offered by authors as examples of the knowledge to

be imparted, and instruction as the act of doing so.. This

activity,'unlike explanation, 1is not discipline dependent, but
»iﬁ pfimarily‘an educational one. It is common to the everyday
act of giving directions to someone who is lost, or lecturing in
a University, or expiicating a piece of poetry or religious
doctrine. There'is a sense in whiéh one can instruct one's
self, but.that corresponds to Martin's idea expressed above of
explaining something, which is a search for knowledge, rather
‘than the giving of knowlédge to anotherf

Given this définition, more needs to be said about the nature of

instruction. - What is meant here by 'imparting knowledge', and
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what are the intended effects of the instruction on the
readers?
The first of these questions can be considered from a pragmatic
point of view, based on the 1link between the explanations and
the pedagogical purposes of the authors, who must give their
readers access to those explanations. Imparting knowledge cén
be taken to mean doing what is necéssary to ensure that the new
knowledge becomes part of the readers' world view, to use the
language of alternative frameworks (e.g., Driver, 1978, 1983).
This can bé expressed slightly differently, in that successful
instruction "...consists in reducing a situation to elements
with which we are so familiar that we accept them és a matter of
éourse..." - (Bridgman, 1958). It ﬁay be argued at this point
that many readers have no mature scientific knowledge of the
'familiar'.things in their environment, or which are part of
their- world view. Gravity |is ceftainly familiar to all
~students, yet few have any scientific'knbwledge, of the type
contained in textbooks, concerning it. This is, of course, only
an argument for 1levels of knowledge.. As students progress
through school, they supposedly encounter textbéoks which are
attempting to explain phenomena in greater and greater depth.
But the initial learning, it seems, must either start with the
familiar facts bf the reader's experience, facts which 'make
sense' from the child's world view, or attempt to immediately
make the new concepts as familiar as the old. Using the example
of gravity, it is easy to see the reluctance of the writers of
introductory physics textbooks to explain gravitational
phenomena using the Special Theory df Relativity, because the

concepts involved must be made gradually familiar, keeping in
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step with the developing understanding of the learner.

The phrase 'developing understanding of the reader' used above
introduces the second question: what were the intended effects
of instruction on the reader? The analysis thus far has paid no
attention to the role of the reader of the textbook in the
.instructional process. Textbook writers, as shown in Section A,
have not explicitly addressed questions of 1learning theory.
While they intended to change the readers in some wéy, it is not
‘clear exacﬁly what changes, in a psychological sense, were
intended. Phrases such as 'greater .understanding', 'increased
knowledge' or ‘'deeper awreness' occasionally occur in the
textbook prefaces of all four types. This sﬁggests that the
method of instuction to be used was considered to be in some
measure independent of the psychological changes referred to.
There» is, however, considerable differences in the types of
knowledge to be imparted, as shown iﬁ Sections A and B. A majorv
pﬁrpose of the analysis 6f the textbooks within this chapter is
to examiné the relationship between the authors' view of the
important knowledge to be traﬁsmitﬁed (the authors' view of the
natUre of_séience education) and the ways of transmitting it

(the authors' instructional language) .

~INSTRUCTION IN TEXTBOOKS

Surprisingly few studieé have been done on the nature of
instruction when taken as an activity designed to explain, and
most of'them have been directed to those preparing 1éctures or
technical manuals. Smith and Meux (1970) see instructing as
"...(giving) the rules, definitions, or facts which are used to

justify decisions, judgements, actions, etc.". This of course is
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only the top layer of instructing, for those rules, definitions
and facts are often themselves in need of further detailing.
Yet the former is a very common view of instructing adopted by
modern textbooks, and makes the assumption that providing
reasons appropriate to the discipline will make sense to a
learner of that discipline. The tendency 1is to reduce the
notioh of instruction to that of outlining a logical system.
Clearly this is not sufficient to meet the demands for
instruction--there is no hint of 'making sense' or 'familiarity'
in such a view. Miltz (1972) lists several factors involved in
instruction, of which the ones rele\}ant to written material are:
vagueness (or clarity); precision of statement; frequency of
ekamples; amount of material covered; length;
rule--example--rule format; and length of sentences. There may,
however, be conflicts here. What if "precision of statement”
demands the adaptation éf a mathematical formalism inaccessible
to the reader? It is important to note that Miltz does not list
factors which ﬁake into account the audience, the recipients of
the instruction. It is also important to note how several of
his <criteria are identical to the <criteria identified by
Formalist textbook authors in their prefaces as wvaluable aims
for textbook language. 1In this the textbook authors are seen to
be operating on a 'Tabula Rasa' model of the students' minds.

A crucial point that must be clearly made here 1is that the
criteria for instruction set down by thé résearchers mentioned
aboveA are“n_o_g derived .from the ~content of any particular
textbook or even sci_ence generally. They come from educational
theory; learning psychology, and studies on textual reading.

Therefore the acts of instruction need not be drawn from, or
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make use of, the language and method of science.

INSTRUCTION AS PROSE STRUCTURES IN TEXTBOOKS

Instruction can be done in many ways; drawing analogies,
building models, reasoning from prior experience, defining,
pointing out or pointing to, demonstrating, giving examples,
drawing maps or diagrams, using metaphors, and constructing
logical arguments (both inductive and deductive). It may well
be the case that certain ways of instruction are best suited to
certain concepts; nonetheless, if the aim of instruction is
imparting knowledge, then these ways are the means by which this
may be achieved.

Textbooks of course are 1limited to those ways of instructing
that can be written, but that still includes a wide range.
Indeed, as was shown in Chapter 2, writers of Catechetical and
Conversationalist texté felt that there were few things texts
cannot offer that a teacher can, and many things that a teacher
lacks resources for can be easily done by a textbook. What an
author cannot do is be responsive in the way a teacher can by
taking advantage of necessary interaction. Of necessity the
textbook writers must get it right, unambiguously. They have
the advantage of not being asked to 'think on their feetf4-they’
can take the time to construct a .clear, simple, meaningful
instructional sequence. A well-seqaenced, carefully prepared
set of activities could take the reader from initial contact
with a subject to the desired level of understanding. That, at
least;‘is and has been the operatiné premise of all self-help
books from thé earliest autodidactic readers to todays 'teach

'yourself' books. They share the view that, while it may be true
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that some things are more difficult to explain than others, they
should not necesSarily be harder to explain in textbooks. It
has even been argued by the writers of self-help textbooks that
those phenoména felt to be only explainable by having a learner
witness something, 6r carry out a particular operation, can in
fact be handled by a textbook by presenting a set of exactly
those insﬁructions-—go and see, or go and do--which are the
equivalent to what a teacher can do in similar circumstances.
Though‘there is a vast practical literature in science teachers'
journals on how best to teach, or prepare, or demonstrate, a
' particular phenomenonAor unit of wérk, the Effect of different
literafy or rhetorical devices for instructing contained in
textbooks has recei?ed little attention. The existing ones have
tended to concentfate. on two such devices: .metaphor (Ortony,
1975; 'Miller, 1976; Petrie, 1974) and models (Ziman, 1978;
Harref 1975). The central difficulty for teachers and writers
is that any instructional device, be it‘metabhor, examples, or
whatever, is not always the best in every circumstance. That
is, while all ways of instructing might be equally valuable, it
is clear that at different times one mayvbe more appropriate
‘than anothér. Writers of textbooks traditionélly have not, as
shown in ‘Chapter 3 on Prefaces, paid much attention to the
'pedagogical language of their text. Yet they do claim to be
writing readable textbooks that will inform the reader at the
appropriate level, whether that level be stated as an age group,
or an’examination level.

This chapter examines the textbooks for answers to the following
questions concerning the pedagogic purpose of the authors. What

do the authors feel is in greatest need of textual instruction?



235

What range of instructional devices do they employ? Are there
patterns, or clear preferences, in how they attempt to instruct?
And finally, has there been a change over time in the answers to

these questions?

INSTRUCTION IN THE CATECHETICAL TEXTBOOKS

Instruction in these question-and-answer texts was, generally,
.quite straightforward--it was a matter of telling. Yet they
often had a pedagogic purpose; recall the Preface to Dr.
Brewer's Guide to Science.
No science is moré interesting, than that which
explains the common phenomena of life. We see

that salt and snow are both white, a rose red,
leaves green, and the violet a deep purple; but

how few persons ever ask the question why! The
object of the present book is to explain above
2000 of those gquestions... (Brewer, op. cit.)

So what is to be explained is clearly "the common phenomena of
life", the 'why is the sky blue' sort of question. How is this
instruction to be done? The foliowing is. an extract from
Brewer's textbook.

Q. Why does fire produce heat?

A. Because it liberates latent heat from the air
and fuel, by chemical action. : :

Q. What <chemical changes in air and fuel are
produced by combustion?

A. lst--Some of the oxygen of the air, combining
with the hydrogen of the fuel, condenses into
water: and 2ndly--Some of the oxygen of the air,
combining with the carbon of theée fuel, forms
carbonic gas. (page 39)

Q. Does the heat of the human body arise from the
same cause as the heat of fire? '

A. Yes, it does. The carbon of the blood combines
with the oxygen of the air inhaled, and produces
carbonic acid gas. (This takes place in the
capillaries) (page 87) :

Q. Why does running make us warm? _

A. Because we inhale more air, and cause the blood
to- pass more rapidly through the lungs. Running
acts upon the blood in the capillary vessels, as a
pair of bellows on a common fire. (page 90)
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(Ibid)

The first two answers are simple instances of telling, of
stating what is the case. In order for these statements to do
any instructing, the assumption must be made that all the terms
used-~liberate, latent heat, chemical action, combining,
condensing--and the names of elements and compounds, are already
understood by the reader. Given this assumption, the statements
serve to show that this instance is merely an extension of
something with which they are already familiar. For this to be
true, 'the readers must have had considerable experience with the
discipline of chemistry for these statements to be meaningful.
The questions could then be seen as checking on the students'
understanding of what they enquired into in the laboratory. As
this was not the case with the users of these textbooks, the
instructing can do little more than ask tﬁat the reader take the
author's word that what is written is true. What it cannot do -
is make the terms used in the instruction '.familiar'b in the way
that has been argued 1is neeessary for unders tanding. |

The third question and answer, coming later 1in the text, uses a
previously stated result to explain a new phenomena. This 1is
not an analo_gy, because the two things being considered--fire
and animal heat--are stated to be two aspects of the same thing.
Thus this type of instruction is more properly described as
establishing connections between similar phenomena, therefore
providing examples of a general phenomenon.

The fourth question and answer are more complex. "Because we
inhale more air". is an.empirical statement , based on the well
known effects on breathing rate when running. The readers know

they breathe faster, and that is then connected with inhaling
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more air. "...causes the blood to pass more quickly through the
lungs" also sounds empirical, except for the word "causes" which
links the inhalation of air with blood flow to the 1lungs.
This 1link would need to be experimentally demonstrated, but in
this text it 1is simply stated as the result of 1logical
reasoning. The first sentence as a whole supports a model of
'animal heat' based on chemical combustion: AIR + BLOOD = HEAT.
Since this 1is not experimentally supported, 'animal heat' is to
.be'understood by referencé to common heating experiences, 1like
candles. The second sentencé,- however, contains a specific
anélogy, which can be e#pressed as a proportion: RUNNING:BODY
HEATY:: BELLOWS:FIRE. Such an analogy, for the only time in the
section quqted aboye, dllows the act of instruction to meet the
demdnds'of.Bridgman for "reducing a situation to elements wiﬁh
which we are ...familiar."

The question "Why does fire produce heat?" could be anticipating
a.teleological résponse of the type "Because it was so ordered
by God for the benefit of man." Such responses were not
,uncohmon'in textbooks like Brewer's, as when hé asks in a later
passage "What is the usebof snow? To keep the earth warm and to
. nourish it." But in this instance, "Why does fire produce
héat?f'might appear to be answered.as if the questionvwas how
does firev produce heat. A 'how' question. in 'science can
reasonably be expected to force> thei answer to be éither
empirical,. or one using familiar mechanisms, or one based on a
-giveh.'model. | Asking 'why' allowé the answer to remain
theoretical, as is the case here. And the empirical statements
that follow——"Some of.tﬁe oxygen of the air, combining with the

hydrogen of the fuel, condenses into water."--don't do any
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instructing either. And since thére is no. reference to how
those empirical statements themselves were arrived at, they
remain unexplained, and incapable"of aiding ’instructional
purposes.

. The types of instruction found iﬁ this textbook are rather
narrow. Instructing is largely stating, and then showing how
other phenomena are instances of the#e statements. There are
rare examples of analogy, and ofi forming links with common
experience. Such a limited repertoire of instructional devices
works against the author's sﬁated intention of explaining the
common phenomena of life to the readers.

The following is another example of this style, taken from a

much later textbook, Carter's Physics for Everyone.

Q. How is heat produced?

A. ... (b) From chemical energy, as when
concentrated sulphuric acid is added to water, or
when wood or coal is burnt and heat is produced by
the violent combination of such substances as
oxygen and carbon; oxygen combustion being the
important phenomenon we know as fire. (page 60)
Q. Why does a candle burn?

A. The melted wax, drawn up by the wick, is
rapidly decomposed by the flame. The hydrogen in
the wax, combining with the oxygen of the air,

forms water; whilst the carbon of the wax,
combining with the oxygen of the air, forms carbon
dioxide gas. When the elements of the wax combine

with the oxygen of the air, 1latent heat is
liberated by the chemical changes taking place.
(page 68)

Q. Why are roads salted in frosty weather?

A. To dissolve the ice. Water freezes at 32F.,
but salt and water will not freeze till the air
temperature has dropped to 27 or 28F. Salt added
to frozen water (ice) dissolves it. (page 71).
(Carter, op. cit.)

The similarities to the Brewer textbook are evident; the science
is better, but the teaching hasn't changed. All the answers are
Statements, telling the reader what is the case. Instruction in

both these texts is seen to consist of supplying an answer, but
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of coursé this iﬁ no way guarantees an understanding of that
answer. v.In this sense, these textbooks rarely do any real
instructing .

The concern above with appropriate leveis.ofvinstruction is also
reflected in any consideration of what these Catechetical
‘textbooks canhot do. The question and answer format constrains
the variety of methods of instruction and excludes the use of
experiment or enquiry--in fact, the whole range of instruction
that depends on the readers doing something, acting on their
environmént, is necessarily absent. Thus the instruction can
never allow the degree of familiarity with the introduced
concepts that the reader has with the things commonly handled
and acted upon. The whole rangé of understanding phenomena that
comes from interacting with them is missing. The Catechetical
textbook writer cannot even make ‘reference to described
experiments, or outline the principles underlying the

experimental eXploration of nature.

INSTRUCTION INVTHE CONVERSA&IONALIST TEXTBdOKS

These textbooks: were, it will Dbe remembered, written in
fictional story form. The topic of the textbook centred around
discussions -between family members, friends and people

encountered during daily 1life. Some, 1like the Scientific

Dialogues- of Joyce i(op. cit.) Were strictly conversations;
others, like the Rollo books (op. cit.) weré'complete stories,
with charactsrs,vactivity and plots. A contrast of these two
types will indicate the range of ways of instructing contained

in them. First, a selection from Joyce.

ASTRONOMY.  FIRST CONVERSATION. OF THE FIXED
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STARS.
Father-~--James-~-Charles
Charles. The delay occasioned by our unusually
long walk has afforded us one of the most
. brilliant views of the heavens I ever witnessed.
What a delightful study must Astronomy be! What
does Astronomy mean, Papa? ,
Fa. The word Astronomy implies that science which
explains the motions of the heavenly bodies, and
the laws by which they are governed: it is derived
- from two Greek words aster "a star" and nomos "a
law": and it 1is my design to explain this
wonderful study to you in our ensuing
conversations, and I trust it will lead you to
admire the wisdom and omnipotence of the Almighty,
and to be ever ready to acknowledge His power and
goodness in all that you survey.
Ja. Oh! thank you, Papa, I shall be delighted with
the study, I am sure...Is it possible to count the
stars, Papa? I have heard that they are numbered,
and even arranged in catalogues according to their
apparent magnitudes. Pray, explain to us how this

was done. (page 97)
Ja. Can you confirm your explanation.. .by
experiment?

Fa. You shall be gratified. In every case you
ought to require the best evidence that the
subject will admit of--

To ask or search I blame thee not: for heaven

.Is as the book of God before thee set,

Wherein to read His wondrous works, and learn

His seasons, hours, or days, or months, or
years.-—-Milton

I will show you two experiments which will greatly
help to remove the difficulty.

Here are two common 1looking glasses, which,
philosophically speaking, are plane mirrors.....
(page 98) (Joyce, 1821)

Consider the ways of instructing used so far. Firstly of course
there is simple telling, as in giving a definition of the word
astronomy. And there is the use of described experimentation,
unaccompanied by diagrams, which the reader had to imagine
taking place. Notice too the references to God, and the use of
poetry, both quite common in these early readers;
Fa. Brihg me your multiplying glass.‘ Look through
it at the candle. How many do you see? or,
- rather, how many candles should you suppose there
. were, did you not know that there was but one upon

the table?
Ja. A great many: and a pretty sight it is.
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Ch. Let me see! yes, there are very many, but I
can easily count them. There are sixteen.

Fa. There will be just as many images of the
candle, or any other object at which you look, as

there are different surfaces upon your glass.

For, by the principle of refraction, the image of

the candle is seen in as many places as the glass

has surfaces: consequently, if, instead of 16

there had been 60, or, if they could have been cut
and polished so small, as to be 600, then the
single candle would have given you the appearance
of 60 or 600. What think you now about the
stars?

Ja. Since I have seen that reflection and
refraction will, individually, afford such optical

deceptions, I can no longer doubt but that...a
thousand real luminaries may have the power of
exciting in my mind +the idea of millions...

(page 99) (Ibid)

In this passage an attempt has been made to refer to an object
of common experience--a multiplying glass--to explain the
phenomena of the numbers of stars seeminé so much greater than
actual count makes ‘them. This .- is not an analogy, but a
demonstration that unfamil.ia.r phenomena can be underétood by
reference to familiar occurences in the reader's world. Notice
téo the use of reasoned argument for explaining.>-TME argument
takes'the form of an ihduction, from the empirical counting of
the 16 iméges of the candle flame, to the "idea of millions" of
stars. A great number of arguments used to explain'ar%a of the
following géneral.form: if a stated fact is true (preferably
demonstxaﬁed to be true, but often simply givén), then a second
fact 1logically follows. A third feature of intereét for
instructing, in both of the passages cited, is. the use of
conversational questions to raise queries the reader might also
have'Wished to.ask, br which a teacher might haVe‘wanted raised.
The;e quésfions, of course, are similar to. the Catechetical
approaéh( except they can be much less formal: e.g., "What think

‘'you now about the’ stars?". But their similarities to the
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Catechetical text questions 1is striking, as the following
examples illustrate.

Ch. What do you mean by stars of the first
magnitude? (p. 100)

Ja. What are constellations, Papa? (p. 101)

Ja. What is the ecliptic, Papa?

Ch. Why was it called the ecliptic?

Ja. Can we trace the circle of the ecllptlc in the
heavens? ,

Ch. Is the moon, then, always in the ecliptic?
(p. 106) (Ibid)

In the light of these sort of questions, the Joyce textbook can
. be seen as somewhat transitional between the Catechetical and
the Conversationalist, asking‘the same types of questions, but
allowing a greater range of answers.
The authors of the traditional story form of Conversationalist
textbooks, 1like the Rollo Series,'or the Peter Parley Series,
have an even greater range of instructional devices, because
they depict the characters doing and acting as well as talking.
To illustrate this, the following section will analyse a chapter
from the textbook Fire in the Rollo series. The second chapter
of this small book (192 pages) is called Lamp-Lighting, and runs
for 15 pages.
The chapter begins with Rollo's mother trying to light a small
oil lamp, without success, from a small piece of paper. Rollo's
father, noticing this failed attempt, says in conversation:
"You will have to get a longer lamp-lighter,

unless you have some spirits of turpentine to put.

on the wick.

"Splrlts of turpentine?" repeated Rollo.

"Yes," said his father. "In hotels, where they

have a great many lamps to 1light, they have a

little bottle of spirits of turpentine.....then it

will light very quick."

"Why, sir?" asked Rollo. ‘

"Because spirits of turpentine is very

combustible, or rather inflammable."

"That means it will burn very easily, I suppose,"”
said Rollo....
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"That makes  me think of something Jonas said,
which I was going to ask you," said Rollo. "He
said that, in books, burning was always called
combustion, and I told him I meant to ask you why
they couldn't as well call it burning.'

"It is true, no doubt," added his father, "that,
in philosophical books, philosophical terms are
very often used, instead of the common language
which we ordinarily employ."

"Why are they, father?" asked Rollo. "I think
that the common words are a great deal easier to
understand." (Rollo, op. cit.)

This .first section of the chapter is typical of the
Conversationalist  format; the scene has been set with
characters, a situation, and the introduction of é themé that
will be explored. The discussion .of combustion takes place
embedded. in a discussion of scientific vocabulary and the
necessity for words used with precisé meaning. In terms of
instructing, the reader's curiosity has béen aroused by the way
the questions have arisen naturally from the simple problem of
lighting a lamp, and the father's stafement concerning spirits
of turpentine.

Rollo's mother has finally 1lit thé lamp wusing a longer
lamp-lighter, and says she too would 1ike-£o héar the_remainder
of- the discussion between Rollo and hio father.

"But,. father, why will the wick 1light any
guicker?"
"Why, different substances take fire at different
temperatures. For instance, if you were to put a
. little heap of sulphur, and another 1little heap of
sawdust, on a shovel together, and put them over a
fire, so as to heat them both equally, the sulphur
would take fire very soon, but the sawdust would
not =~ until the shovel was very nearly red
hot...There 1is a great difference in different
.substances, in regard to the temperature at which
they inflame."
"What do you mean by temperature, father?" asked
Rollo.. ' ,

..he (Rollo's father) said it would be a very
interesting experiment to take a long iron bar,
and put a small quantity of several different
substances on it, in a row, and then heat the bar



244

gradually, from end to end, all alike, until it

was very soft, and so see 1in what order the

various substances would take fire.

"Well, father," said Rollo, "I wish you would. I

should like to see the experiment very much."

"No," said his father, "I cannot actually try such

an experiment as that...It could not be done very

well, except in a chemical laboratory..." (Ibid)
There are three types of instruction in this extract. Simple
telling: "...different substances take fire at different
temperatures." Validity is given to this statement by the
description of a simple experiment using sulphur, sawdust and a
shovel. Defining: Rollo's father gives a definition of
temperature as "heat". And a thought-experiment, using the iron
bar, which can be done, but only in the laboratory. Later in
this passage, Rollo is instructed to get some iron filings from
the blacksmith's on his way home from school, to demonstrate
that iron too is combustible. This experiment is performed by
Rollo's father.
The rest of this chapter is concerned with a discussion of the
effects of wick size and 1length on 1lighting lamps, wick
trimming, and lamp extinguishing.

"There is one thing more I want to tell you, and

that will be all I have to say about lamps
to-night; and that 1is, to explain to you the

philosophy of putting them- out. You nmust
understand that two things are necessary to carry
on combustion or burning. First, there must be

air; and, secondly, the body burning must be kept
above a certain degree of heat...

"Now, when we blow out a lamp, we stop the burning
by cooling it...On the other hand, when we put it
out by an extingquisher, we stop the burning by
means of shutting out the air..." (Ibid)

This last section illustrates again the use of instructing by
logical argument. If combustion needs air and a minimum
temperataure; then‘preventing one or both of those conditions

will cause combustion to cease.
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The rest of the Rollo book shows ﬁollo and his family making
gunpowder, burning tree stumps, making hot air balloons,
visiting the blacksmigh and engaging in lengthy discussions
about all they've seen and done and heard. The children are
shown asking questions about theirbdaiiy tasks, and conducting
private experiments which often go wrong, providing father with
an opportunity to correct, explain and suggest new activities.

These Convérsationalist textbooks show very clearly that it.is
possible to make scientific concepts familiar to readers who are
unlikely' té' have the advantages of a well-equipped school
science lébofatory available, or the presence of a wéll-trained
science teacher. Science is shown to enter into the everyday
lives of the characters -in the story; It is given meaning and
understanding by the numerous ways of  instructing which the
.story format makes available: anaiogy, metaphor, models,
examples,‘ definition, | description, logical argument,
ﬁhbught-ekperiments, demonstrations, stating--all 1linking the
conceptS'_being discussed to the’ everyday world of the

characters.

INSTRUCTION IN THE EXPERIMENTALIST TEXTBOOKS

It is Dbest to begin a study of instruction in the
Experimentalist texts by recalling one of the chief purposes of
theKauthors, expressed in the prefaces. "...the thing to be
aimed at is, not so much to give infbrmation, as to endeavour to
discipline the mind in a way which has not hitherto been
customary, by bringing it into direct contact wifh Nature
herself. For this purpose a series of simple experiments has

been'devised,_leading up to the chief truths in each science."
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(Roscoe, op. cit.). .Unlike the Conversationalists, who
investigated burning in chimneys' and tree-stumps, the
Experimentalists resorted to bell-jars and lime water. This
. removal to the laboratdry is extremely important, both for
science education and for instructing. It narrows the context-
and discourse available to the author by portraying science as
an activity,done using unique ways of questioning and operating
on nature. |

This emphasis on the role of the laboratory was clearly made by

T.H. Huxley in the Introductory volume of the Macmillan Science
Primers.

In strictness all accurate knowledge is Science;
and all exact reasoning is scientific reasoning.
The method of observation and experiment by which
such great results are obtained in science, 1is
identically the same as that which is employed by
every one, every day of his life, but refined and
rendered precise... :

But those who have never tried to observe
accurately will be surprised to find how difficult
a business it is...

Scientific observation is such as is at once full,
precise, and free from unconscious inference.
‘Experiment 1is the observation of that which
happens when we intentionally bring natural
objects together, or separate them, or in any way
change the conditions under which they are placed.
Scientific experiment, therefore, is scientific
observation performed under accurately known
artificial conditions. (Huxley, 1902).

The general pattern of instruction used in these Experimentalist

textbooks can be outlined quite simply. A given observation
(e.g., the disappearance of a candle as it burns) is followed by
a given question (e.g., is it lost?). This is answered by a set

of experiments, each designed to directly address a particular

aspect of the problém (e.g., burning a taper in an inverted
jaf). ‘Each experiment ends with another observation--in this

case, the taper goes out--which leads to another question, such

-
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as Why? A why quesion demands an hypothesis to be tested; e.g.,
- perhaps the air in the bottle has changed. How can that be
determined? Another experiment must be done, and so it goes.
We next have to discover why the taper goes out.
For this purpose let us see whether the air in the
bottle is now the same as it was before the candle
was burnt. How can we tell this? Let us pour
some clear limewater first into a bottle filled
with air in which no candle has been burnt, and
then into the one in which our taper was burnt.
You see the difference at once! In the first
bottle the limewatear remains clear, in the second
it becomes at once milky. Hence we see that the
air has been. changed in some way, by the burning
of the taper. This milkiness is nothing else but
chalk, and chalk is made up of lime and carbonic
acid. Carbonic acid...turns the limewater milky,
and puts out a burning taper. (Roscoe, 1913)
There are instances in the quotation above of telling, however,
particularly the last two sentences. Unfortunately these two
are precisely the ones that are meant to round off the
explaining of why the taper went out, and why we observed what
we did. There are some key points which are not subject to
- instruction. For example, why investigate changes in the air in
the bottle in the first place, why does chalk form in the
limewater, why and/or how does carbonic acid put out the taper?
The whole sequence ofveXperiments and observations serves only
to establish the presenée of carbonic acid, not its effects on
the taper. This passage only counts as 'reduction to the
familiar' if certain assumptions are made about the reader's
level of background knowledge. As well, using limewater to test
for the presehce of carbonic acid has only been established in a
laboratory context. Thus it can hardly be helpful in making the
experiment 'make sense' to the reader in the way Bridgman uses

the term. This 1is the clear danger of basing instruction

chiefly on laboratory operations. To understand why the candle



248

went out, chemical theory is also essential. It can be argued
that an optimal blend of theory and practical would serve the
purpose of instruction better.

Quite clearly, instructing is to be done byv reference to
laboratory experiments, with the occasional use of pointing out
or pointing to, demonstration, definition, and logical
reasoning. The main force of the instruction comes from
constantly asking the question "how do we know that?", and
answering by doing. Recall, however, that the Experimentalists
were not in accord with the idea that all students were to do
the experiments themselves--teacher or.pupil demonstration would
serve just as well. Nor were they consistent in their attempts

to always use laboratory experiments to explain phenomena--only

chemistry fitted this criteria'with_éonsistent success.
In order to see if explaining in chemistry may be atypical of
the EXperiméntalist approach, it is ‘necessary to see if the
pattern is also apparent in physics. The following selection
comes from the introductory chapter on motion and force in
Balfour Stewart's Physics.
The section starts with a definition of motion as "chaﬁge of
place."
-"Well; then, if I sit on a chair in a room I may
say that I am at rest, but if I walk up and down
the room I am in motion. . Now ' in order to
understand my movements, you must know something
more than the mere fact that I am moving about;
you must know the direction or line in which I am
moving, and you must also know the rate or
velocity with which I am .moving." (Balfour
Stewart, op. cit.) :
This is followed by examples of walking to the train station,

discussion of the motion of the train, and leads to the question

about' the causes for change in motion. Again there is an
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initial definition: "In:fact that which changes the state of a
.body is called force, whether that state be one of rest or of
motion." This definition is at once followed by two simple
experiments.

Experiment l1l.--To prove this, take a tin pan with
some peas in the bottom of it, and hold the pan in
your right hand. Now quickly raise your right
hand, with the pan in it, until your right arm is
brought to a stop by a fixed bar of wood, which
you have placed a little above it...

Experiment 2.--Now put some more peas into the
pan, having spilt the last ones; but instead of
raising the pan quickly upwards, lower it as
quickly as you can...

Let us pause for a moment, and see what we really
learn from these experiments. We learn from the
first, that...it requires force to stop . their
upward motion, and this force we could not apply.
by means of the bar of wood...You see, therefore,
that it needs force to stop a moving body.

Again, in the second experiment, we communicate a
downward motion to the pan, but the force of our
arm which does so, does not affect the peas which
lie 1loosely on the bottom of the pan. They,
therefore, keep their state of rest, and lag
behind the pan until at 1last the force of the

earth brings them downwards to the floor. You
see, therefore, that it needs’a'force to start a
body at rest. (Ibid)

These simple experiments are used to illustate the concept of
force, using materials evailable ~to every student.. Such an .
~approach 1is very similer to ‘the use of experiments in the
Conversationalist textbooks. As' such they are in some ways
.exceptions to the usual pattern of basing discovery on
laboratory experiments, and in fact they are the only such
experimehts in the Balfour Stewart's textbook. Importantly,
.they eﬁphasise the fundamental role of experimentation in
instructihg in these textbooks.

Laboratory experiments are not alWaYs possible, of course, and
50 the-Experimentalists were content to use imaginary ones, or

thought-experiments, in order to explain common "phenomena.
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Lockyer's Astronomy textbook is forced to do this, as for

example when trying to explain why, ...if you watch a ship
going away from you the hull will disappear first. "

"Now what does this mean? Let us make an

experiment. Get a smooth table on which there are

two flies, let us say, and if the flies are not

there, pretend that they are; and suppose them to

be moving about. Now it is clear that the flies,

as long as they keep on the surface of the table,

will always be in full view of each other. ...

Another experiment. We will take an orange this

time, and suppose a fly standing still at the

top....and another fly at the bottom. ...

Therefore the earth is like a ball or an orange,

and not flat like a table." (Lockyer, 19 04)
Such 1imaginary 'experiments' carry the bulk of dinstructing in
this textbook, committed as it is to "help the reader, by means
of simple experiments, to form true ideas of the motions of the
heavenly bodies." (Ibid). Lockyer is keen to use everyday
apparatus in his instructing--tables, oranges, fl ies--which are
far removed from the laboratory methods of Roscoe and Stewart.
Yet the ways of instructing in these Expervim'entailist textbooks
are still 1limited by the notion +that all conclusions and
understanding must flow directly from experiment, observation,
and scientific reasoning. As a -revsult‘, Only a handful of
instructional devices are used: logical ‘argument, examples,
definitions, and simple telling are the most common. Figurative
language is avoided, despite the fact that the authors are often
speaking in the first person. All experiments are formalized;
that 1is, they are given as a set of procedures to be performed.
In the Conversationalist texts, by contrast, nmany éxperiments
arose out _of the chriosity of the characters, often went wrong,

and were rarely unambiguou's Oor precise. The greatest value of

the Experimentalist approach may lie in this very consistency of
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method, which insisted that all true knowledge comes from
Science, and that instructing readers about this knowledge must

be done using the method of Science itself.

INSTRUCTION IN THE FORMALIST TEXTBOOKS

In considering the Formalist textbooks, it is hard to isolate a
fully representative example. Great numbers of them have been
bubliShed since 1900, and some of them have become élassics in
their field.. One possibility is to concentrate attention on
those which were the most popular in terms of 1longevity of
schobl use. This'can be determinéd in some cases from written
recommendations for their use by examining authorities, and by
their long publishing 1lifetimes. Such choices will indicate
something about what was considered good at the time, at least
-by teachers, and they can serve as standards of comparison with
other_'Formaiist texts. With the proliferation of physical
science courses since the beginning of the 20th century designed
to meet the needs of a wide range_of studénts (e.g., examination
versus non;examination candidates, medical students, slow
learners; humanitieé Students), Formalist textbooks tended to
'specialise, with the result that.some.of them had a limited
. audience in mind. As this study.is concerned in the main with
textbooks written for readers in the senior level of secondary
school, specialist audiences will not be directly considered.

The first Formalist textbook to be considered is Watson's A

Text-Book of Physics, first published in 1899 and going through

at least four editions up to 1926. The following extract is

from the section on energy.
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We find by experience that in certain
circumstances bodies are capable of doing work.
Thus when a weight has been raised up above the
surface of the earth, it possesses the power of
doing work during its return to the surface of the
earth...Hence we see that in certain circumstances
bodies possess a capacity for doing work; and this
capacity for doing work is called Energy.
(Watson, 1910)

This example first illustrates the emphasis the Formalist
.authors‘placed on basing instruction on considerations of what
something is, unlike the Experimentalists, who wanted fo
concentrate on how we determine what is the case. It is not,

therefore, surprising to see the frequent use of a defihition to

instruct. Usually, these definitions are supported by examples.

Examples of potential energy abound in everyday

life; thus when a clock-weight is raised we do

work against the attraction which exists between

the weight and the earth...When winding up a

watch, in the same way, work is done in bending

the spring. (Ibid)
The examples are not far removed from daily experience, but a
degree of abstraction has appeared with such terms as 'body' and
'capacity for work'. Also, it is not clear precisely what is
meant by the idea of a body 'possessing' the 'power' to do work.
There is a confusion over just what is to be understood in the
passage——the nature of energy, or what it is to possess energy.
>The'signposts to the type of instructing evident in this passage
are the words which come from the systems of formal
reasoning--'hence', 'thus' and 'in the case of'. It is not
clearly established by the passage why the concept of energy is
needed, or why the. capacity for doing work needs special
treatment, unless they are formally necessary to establish a

deductive system in which energy can play the role of a

~ convenient abstract fiction. At any rate, the view of science
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as a deductive system 'is not explicitly presented in the
Formalist textbooks, and it iS»fherefore difficult to see how
such instructional wuses can serve to reduce a concept like
energy to the familiar in the sense necessary for understanding.
Energy remains, at best, an abstract principle or, perhaps
worse, something bbjects"possess'.

It could be argued that iﬁstruction of something so abstract as
energy demands such devices as definition and examples. It then
becomes necessary to examine an attempt to teach something more
concrete. A texﬁbook more recent in .time, Noake's New

Intermediate Physics is another popular Formalist textbook; the

first. edition appeared in 1957, the fifth -in. 1970. The
following comes from the 1970 edition, and deals with the
expansion of solids on heating. .

Increasing the temperature of a rod causes it to
~expand, that 1is, to increase in thickness and

length. This expansion -in length must Dbe
proportional to the length of the rod; for if a
rod one metre in length expands by one

-millimetre, two such rods placed end to end to
make a rod two metres 1long expands by two
millimetres. At least within the accuracy of
ordinary observation and within the narrow range
of temperatures of most ordinary experiments, the
expansion is nearly proportional @ to the
temperature rise. The expansion also depends on

. the material of the rod; when equal lengths are
heated through the same difference in temperature,
it is found that the expansion of iron is about
two-thirds that of brass and about half that of
zinc. ~ (Noakes, 1970)

There is a clear pattern of instruction herg; first a statement
of what is the case, presented without empirical proof, and then
an illustration of the point. Noékes doeé'hot discuss why a
metal bar expénds updn heating at anyvpoint in his.textbook,vnor
.why it does so prdportionally'to length, temperature rise or

type of material. All these empirical statements are simply
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stated. It appears that once expansibn is given as a fact, and
the proportionalities and coefficients of expansion stated, the
text is really concerﬁed to offer instruction in three things:
one, how the chén'ges in length can be_quantified; two, what
assumptions will be made in the equatibns to follow; and three,

the notation adopted.

We shall use the formula 1 = 1'(1 + a'T) where
1' denotes the original length, 1 the final
length, T the rise in temperature, and a' the mean
coefficient of expansion over this range.
(Ibid) ’ ’

The intent is the same as in the earlier example from Watson--to
establish a formal system through and by which phenomena can be
quantified ‘and mathematically manipul ated -. There has been a
falling away of any intention to discuss the -phenoména of the
veveryday world in such a way as to satisfy the definition of
instructing as "making sense, in the way t he things with which
we are familiar make sense."” |

'Takeri as a general rule, the Formalist tex tbook writers can be
- seen as_vieQing science és a system of organized knowledge. As
teacher/authors, they are keen to only outline the ways pf.oblems
are solved'within. the formal deductive sys tem that is science,
and only iln'formation necessafy to allow this problem solving to
take place succesfully is detaiied. »Consequently, their
instructional role is much reduced. |

There are two points that must be menfioned with reference to
the writers. Firstly, there were a number of texts written by
notable scientists which fall unaer the Formalist category; not

all were  teachers. Examples inc lude W. Ostwald's The

Fundamental Principles of Chemistry (1909) and J.J. Thomson's

_Cohduction of Electricity Through Gases (1906). As in the case
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of the teacher/authors, however, the main purpose of these texts
was to present, in clear and simple outline, the principal
conclusions and results of the particular science concerned.
This 1is not to argue that some of the Formalist authors were
not, and are not, better at such a task than others. Rather, it
seems . clear thatb none were specifically concefned to take
advantage of literary and rhetorical devices for instructing
learners. Secondly, it may appear paradoxical that teachers are
seen to be producing textbooks less concerned with instruction
than either the Conversationalist stdry—tellers or the
Experimentalist scientists. HoWever, the presentation of
material 1in the Formalist textbooks .reflecté greater concern
with structuring the information in a logical, sequential form
cohsistent_ with syllabus demands, than with constructing
instructional - passages to assist the learning of the
information. It may be, in part, because teachers came to see a
role fof fhe textbook as a resource to support teaching, not as
an instructional tool in its own right..

It wouldﬁ be 'incorredt_ to create thé impression,»that the
Formalist writers wére not interested in the laboratory at all.
The examiﬁation of their prefaces showed that many of them
thought theory and practice were both necessary for a complete
education in physics. But the rdle of eXperimentation within
the textbooks themselves has always been secondary. The
experiments were aesigned to illuminate theoryy‘ not reveal a
uhique way of questioning. As a result, the experiments were
often 'recipe-book' practicals, or were included in a separate
'lab manual'{ The concern for»the scientific 'method' did not

influence the ways the Formalist authors presented their
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material; the laboratory work could simply be referred to in

passing as 'demonstrating' = or 'illustrating' laws and
principles. And thus the 1laboratory's possibilities for
intruction were much reduced. In considering this point, it

will be helpful to examine a currently used Australian textbook,

PhYsics——A Laboratory-Orientated Approach (Ingram et al.,

1973), reprinted three times to 1977. The preface makes no

mention of the laboratory, and all laboratory work was contained

in a séparate ~manual. The textbooks (called study guides),
however, are not intended to dominate the course.

Much of the interest in any physics course and the
deeper understanding of concepts are fostered by .
considering (their) consequences and applications.
For this reason it 1is most important that . the
guides are not elevated to a position where they
are treated as a course in themselves. To
discourage this highly undesirable possibility a
large number of suitable references has been
suggested for your consultation. (Ingram et al,
1977)

The following extract is from the section on momentum.

Interactions Between Identical Objects
We will begin by studying two-body interactions in
- which the two bodies are as nearly identical as we
can make them.
We can study experimentally the interactions
between similar gliders on a linear air track and
similar trollies on a bench...Measurement of the
initial and final velocities 1leads us to the
conclusion that the total final velocity equals
the total initial velocity.
Therefore, in all cases, V(l) + Vv(2) = v(1)' +
v(2)'. That is, in these one~dimensional
interactions between similar objects, velocity is
a quantity of motion which is conserved.
‘Interactions Between Dissimilar Objects--Defining
Momentum
However, when the interactions between dissimilar
objects are investigated, we find that velocity is
not conserved...
We want to define a quantity of motion in such a
way that, for a system of bodies whether similar
or dissimilar, the total quantity of motion is not
altered by interaction between the bodies. We
will call this quantity momentum..
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From your laboratory assignment, you have seen

that all moving objects pOossess momentum.

(Ibid) '
This extract intends to teach what momentum is, and how it is
derived from phenomena. To fairly interpret this passage, it is
important to assume that the readers have had the experiences in
the laboratory to which the passage refers. The instructing is
doﬁe as - follows. Reference is made to a particular set of
_laboratory reSults:‘e.g., "Measurement of the initial and final
velocites;.." These results have been empirically determined,
and they lead to generalised eonclﬁsions: e.g., "Therefore, in
all cases...velocity 1is a quantity of  motion which is
cbnserved.". For this to count as instruction leading to
understanding, assumptions must be made about the reader's
understanding of and familiarity with such terms as "quantity of
motion”‘ and "cense:ved". Further =empirical investigation
reveals occasions when velocity doee-not appear to be conserved.
The resbehse of the authors is to create»a}definition SO thet
quantityeof motion yiil beAconserved'despipe the difficulties
with dissimilar.bodies.. This may be eleafly necessary for the
construction of the logical aréument, but it in no Way links the
vfole of the laboratory in generating empiricai data with the
concept of momentum. Finally, in this passage, the text assures
the reader that their laboratory experiments have allowed them
to see that all objects possess momentum, when only.a few lines
before it had been expressed as a useful defiﬂitioﬁ.
‘Again, thie difficulty may be one of trying to describe and
define_an abstfact concept. The feilowingi then, is an extract

concerned with electrical resistance. It-comes from Abbott's

Ordinary Level Physics, first published in 1963 and reprinted 14
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times until 1974.

Experiments with a gold-leaf electroscope
~(4) To test the insulating properties of various
materials :
The insulating or, conversely, the conducting
property of a given substance may be tested by
holding a sample of the substance in the hand and
then bringing it into contact with the cap of a
charged electroscope. If the substance is a good
insulator there will be 'no leakage of charge
through it and the leaf divergence will not alter.
If, however, the leaf collapses instantly it shows
that the substance is a good conductor. (page
383)
An experiment to compare the electric conducting
powers of various substrances was described on
page 383... ‘
As far as current electricity 1is concerned, we
usually think in terms of the ability of a
substance to resist the flow of electricity
through it. A good conductor is therefore said to
have a low resistance and a poor conductor a high
resistance.
We shall see later that the resistance of a wire
depends on its dimensions and the material from
which it is made. (page 426). (Abbott, 1974)

Consider. the 'experiment' first. "The intention is to "test the
insulating or conducting property" of various substances. The
assumption is therefore that objects have such properties. The
defining character of a "good insulator" is its lack of effect
on a charged electroscope-—"..nb leakage of charge through it.."
An operational definition is offered as explaining what a good
conductor is; i.e., reference is made to a phenomena, not to the
internal structure of the substance.

The sentence after'the'description of the 'experiment' uses the
term "eleétric conducting power" without making it clear what
that in fact means. The next section speaks of the "ability" of
a substance to resist the flow of electricity. In both cases of
definitionQ—good conductors and low resistance--no attempt has
been made to describe or understand the phenomena. It is

clearly impossible for passages of this type to engage in any
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meaningful instruction because there is not one link between the
world of the reader and the world of the phenomena presented.
Even more than the Experimentalists, these writers confine

themselves to the world of the scientist's laboratory.

SUMMARY

This chapter.'uéed the authors' purpose .of 'instruction' to
examine prose structures within the four textbook types.
Instruction was defiﬁed as the act of 'imparting knowlédge',
where the type of knowledge t6 be transmitted to the readers is
determined by the authors' view of the nature of science, and
’the purposes 6f science education. Various waYs of instructing
in textbooks were mentioned, and. the' textbooks examined for

their presence.

The Catechetical texts could be chafacteriéed in the following
ways. |

bl. Instructing is mainly telliﬁg. The question and answer
fofmat' does not allow enquiry and reference to labbratdry
activities.

2.AUse of logical argument to link stated principles and related
phenomena. |

3. Examples are commonly drawn from the faﬁiliar world of the
reader, so that abstrdctions are often avoided.

4. A very limited range of instructiqnal language is contained

in these texts.

The Conversational texts showed the following characteristics.

1. A wide range of instructional language in these texts; e.g.,



260

figurative langquage, demonstration, descriptions, logical
argument.
2. The phenomena discussed come from everyday experiences of

the readers, and often based on tasks being performed by the
characters.

3. Instructing takes place until the curiosity of the character
is satisfied.

4. Many important principles needed for instruction to take
place are, however, often simply stated by parental authority,

and then used to explain partiéular cases.

The Experimentalist texts showed the following characteristics.
1. Instruction is based on the attempt to use the laboratory;
whenever possible, to guide the reader through an investigation.
The method of enquiry is itself the instructional act.

2. Instruction is removed from the everyday world of the reader
by being placed in the.laboratory, which may or may not be part
of the experience of the reader.

3. The focus on. the laboratory, and arguing from empirically
determined results to generai conclusions, narrows the'range'of

instructional language found 'in these texts.

The Formalist texts showed the following.

l. The primary instructional pattern is to offer a definition,
give exambles of the principle either in the iaboratory or erm
real 1life, and then argue »logically from the principle' to
particular conclusons.

2. Instruction 1is generally limited tbistatéments of what is

the case.
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3. The role of the laboratory is reduced to verifying results,
and the world of the readers' common experience is used to
provide examples of scientific concepts.

4.- The authors are not concerned with either arousing curiosity
or satisfying it by reducing scientific concepts to the already

familiar.

There are thus important differences in the ways the authors
have chosen to meet the instructional purposes of their texts.
It is very curious that Formalist texts, written by teachers,
-pay less attention to instruction than the Conversationalist
writers, who were often neither educationalists or scientists.
Perhaps this indicates a reluctance to intrude on the
pedagogical role of the teacher. The Experimentalists, as
scientists, perhaps underestimated the need to provide a wider
- range of instruction than the methods of science alone. The
Catechetical writers, on the dther hand, occasionally expressed
the view that their format was chosen to ma.tch current opinion.
on cbrrect te’a_chvin'g method. 1In this. .case,'limited attention to
instruction may be the result of inadequate u.nderstandling of

learning theory and methodology.
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CHAPTER 8: CONTENT ANALYSIS

INTRODUCTION

This chapter is intendedbto show that the results obtained to
this point are hot based on textbooks which are atypical or
uncharacteristic. It is important to demonstrate in a
quantitative way that the system of classification developed by
this thesis can be usefully applied to a large range of
textbooks.

By containing numerous examples and some numerical data, such a
chapter will be quite different ih style and structure from the
others 6f this thesis. For several reasons, it seems best to
place this quantitative information together in one chaptef.
Firstly, confining such an analysis to one section permits a
more coherent argument to be presented in the other chapters;
the disussion and qualitative analysis 1is not continually
interrupted by quantitative data. Secpndly, while one or two
examples serve to make‘a point, a multiplication of validating
examples distracts from the force of the point being made. And
thirdiy, content analYéis provides the opportunity to explore
certain aspects of the argument in greater depth, an opportunity
out of placé within the structure and purpose of other
chapters.

Cbnfent analysis is used in this chéptéf to examine more closely
claims made.in Section C concerning explanation and instruction.
Those claims were that it was possible to classify textbooks by

the types of explanations offered, and by the instructional
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language used by the authors to explain concepts, principles and
methods. In addition, a substantial section is devoted to
detailing the traditional prose style of the Formalist textbook
presentation of concepts to readers. This will allow an
examination of claims made about Formalist textbook language

made in Chapter 5 (Style).

METHODOLOGY

1. IDENTIFICATION OF PROSE STRUCTURES.

In order to obtain the necessary information from the texts, a
_systematic application of one of. many content  analysis
techniques 1is required. Berelson (1952) in his comprehensive
examination of content analysis as a research tool, maintained
that a wide range of techniques of varying quantitative detail
are available, and should be adopted according to need. More
recent reseachers (Macdonald-Ross, 1978; Tamir, 1983) also make
this claim when discussing the roléfbf content analysis in the
- evaluation ot curriculum materials. In fact, some measure of
content analysié.df vérying degree of detail is recommended by
almost all commentators on textbook evaluation. The specific
task of - this analysis is to provide some quantitativé
ihformaﬁion concerning what was said, how it was said, and how
it was argued for. This need not always be a simple counting
procedure, as the above researchers make abundantly clear. The
éroblems of faithfully anaiysing and interpréting prose of the
comple#ity of the textbook are considerabie, and are'similar to
those of the' critic of literature or drama. What are the
glements of which the work is composed? How are they to be

isolated? Is their numerical occurrence significant? How are
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they used? What role do they play? These are the kinds of
questions such an analysis must consider. Concerned as it is
with the characteristics of textbook language on a larger scale
than that of the sentence or word, this thesis seeks to isolatei
ianguage components that permit such quantitative treatment as
well as reflecting on the claims made earlier. To be consistent
with the éarly assumption that authors write textbooks with a
set of purposes in mind, it is appropriate to isolate prose

structures which are written to achieve those purposes. Such

prose étrﬁctures may be of any length, from sentence through
paragraph to, of course, the text as a whole. As it is the text
itself which is to be examined, however, no structure longer
than a section is considered, a section being defined as a prose
uﬁit devoted tb a single idea. Sections are usually signalled
in the text by typographic markérs; e.g., headings in bold type
or italics, clear physical separationb from preceding and
adjoining sections,” and subheadings. The following' seven
strucﬁures were chosen to be iSolatédb and counted for the

reasons given.

SEVEN STRUCTURES TO BE IDENTIFIED AND COUNTED BY CONTENT
ANALYSIS

A(l). Laboratory Experiments Worked Through In the Text. If the

authors' purpose is to portray science as a method by which
nature is questioned and made to give up its answers, such
laboratory experiments would be prevélentgin the textbook; Such
structures are usuélly introduced by distinctive prose markers
that are not isolated textually or physically from the rest of

the section, and which are generally of the form "In order to
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"

answer this question, we must make an experiment... or some
equivalent phrase. The experiment itself is worked through step
by step, with justifications being given for each procedure.
Finally conclusions are drawn which are either used to start a
fresh experiment, or are generalised; The‘main point is that
they are integral to the prose, which cannot be coherently read

without them. Their presence is also an indication that the

text is included in the genre of instruction as well as that of

information.

A(2). Laboratory Experiments Used to Introduce/Develop Concepts.

In many cases the authors' purpose 'may be to make use of
1aborathy operations only to illustrate the need for a
particular scientific concept, or to provide examples of how the
concept can be usefully used or examined within the laboratory.
In Such.cases, it is commbn to find these experiments separated
out either physically or typographically from the rest of the
section. Also, the experiments are written in the 'famiiiar '
style'of the labofatory manual; a set of instructions is - given
for the setting up of equipment, special procedures to follow,
measurements to be made, and the form in which the data is to be
presented. Such experiments are usually of the
heasureﬁent-type, where the purpose -may be to deterhine the
Value'of'some physical constant. Many more recent Formalist
textbooks _have stripped their pages of these experiﬁents,
placing them in a separate laboratory manual, théreby expressing
a.conviction that they are not essential to the development of

the argument of the téxt.
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A(3). Laboratory Experiments Referred to Only. If the authors'

main purpose is to convey a view of science as a logical body of
knowledge, or as a Well—structured deductive system, then the
plaée of the experiment may be reduced still further. In this
structure, the laboratory'experiment is a piece of research that
has generated the foundations for generalisations and laws. - As
these generalisations and laws are _science, the experiments
themsel&es need only be referred to as having taken place, or as
possible things to do. Very occasionally, these experiments are
described in brief form; more generally, they are marked by
prose such as "Repeated experiments with moving bodies 1led
scientists to the conclusion that...". Such structures tend to
be of one or few sentences in length, as opposed to structures
A(l) and A(2). above, yet they offen form the entire

justification for crucial concepts.

B. Real Life Situations Used As Examples. This structure is
related to the authors' purpose of Showing eithef how scientific
concepts can be used to illuminate real life situations, or how
these situafioné'can illuminate scientific conéepts. In either
case, the educational purpose of relating science to the world
.of the reader is served. One of the crucial questions in
science eduéation has always been the connection between the
world, the laboratory, and the concepts of science. How much
reference is made to the real world can be indicated by looking
for references to non-laboratory events and examples within ﬁhe
textbooks . It was claimed in Chapter 7 that:such references
were integral to the Conversational textbooks, néglected in the

Experimentalist, and common in the Catechetical and Formalist.



267

C. Enquiry Statements (Narrative of Enquiry). These are prose

structures that allow some measurement of stylistic matters.
Agaiﬁ, they are related to the authors' purpose of educating
through enquiry rather than through telling. Many such enquiry
statements are , or contain, questions addressed to the reader.
But also very commonly they are passages of considerable length
in which the author describes the conceptual and experimental
difficulties that ' accompany . the development of scientific
concepts. Included under this heading are passages that discuss
such matters as the role of theory,:law, models, and experiment,
showing their particular role within scientific enquiry. Again,
it was claimed in Chapter 7 that the presence of such enquify

statements are an indication that the textbook falls within the

genre of instruction, and that they should be more common in the"

less formal textbooks.

D. Statements Made Without Justification (Rhetoric of

Conclusions). These statements are used to inform the reader.

of results rather' than lead the reader through a process of
enquiry.. Again, they may be of 'varying length. They are
straightforward, and should be more common in the Form51lis£
textbooks than the Experimentalist. Their presence would be an

indication‘that the text belonged in the genre of information.

E. Logical Afguments Used To Introduce/Develop Concepts. This
is a prose structure which corresponds to the authors’ purpose
of providing explanétions based on scientific concepts. In

Chapter 6 on explanation, it was claimed that the most common
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model for scientific explanation is the covering-law model. One
of its chief components is the ability to reason logically from
established laws to the particular phenomenon under
consideration. When to this is added the common beliefb of
certain textbook writers (evidenced in their prefaces) that

science is chiefly a system of such logical deductions from law
to phenomena, the textbook can be expected to show instances of
the application of such 1logical reasoning to everyday and
laboratory phenomené. Such 1logical étructures are often marked
by sentences containihg the form "...if...then..." of "By
applying the law to this case, it can be seen that...". Often
wholé passages are taken up by this 1logical argumen£: concepts
are stated, and from them conclusions are derived, impliéations
and. inferences are drawn, thereby 1linking more and more

phenomena together.

2. CHOICE OF THEMES FOR EXAMINATION.

The seven prose structures detailed above are, then, used to
examine the claims . made earlief' in the study regarding
Explanation, Instruction and Style.. it ié still necessary to
‘ensure that equivalent sections of textbooks .are examined to
avoid bias, as one section may be more suited to laboratofy.work
than another, for example. And roﬁghly equal amounts of each
textbook need to be examined, for, although this does not allow
differences in verbosity or conciséness to be considered, it
does ensure that the textbooks have equal-éhances to reveal és
much of their full range as possible wihout examining the whole

text. Therefore, it was decided .to examine all four types of

textbooks, whenever possible, for their treatment of WATER. In.
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the physics texts, this usually means hydrostatics or
hydrodynamics; in the chemistry téxts, it means water as a
substance, with .reference to its physical and chemical
properties. Interestingly, the treatment of water occupies
roughly the same number of pages 1in the large majority of
textbooks. It is a theme which has persistéd in textbooké for a
great length of timé, it is a themé thch can be treated by the
authors in a multitude of ways, and it is a theme of sufficient
iﬁportance to assume it will be given close,‘careful attention
by the authors of any science text. In cases where water is noﬁ
treatéd by the textbook, another substance (like air, or
sedimehtary rocks) or a major concept subject to a wide range 6f

interpretations (like time, or pressure) will be substituted.

3. MODE OF PRESENTATION OF DATA

Each textbook will be ekamined for its treatment of water or
equivalent,.and-the fesults displéYed'in the form below. The
numbers of textbooks of each type that are examined represent

approximately 10% of the total number of that type available.

Author, Title, Publisher, Date of Publication, Number of Pages.

Number and Title of Chapter, Number of Pages in the Chapter.

A(l). LAB. EXPERIMENTS WORKED THROUGH IN TEXT ~ (N1)
A(2). LAB. EXPERIMENTS USED TO INTRODUCE/DEVELOP CONCEPTS (N2)
A(3). LAB. EXPERIMENTS REFERRED TO ONLY , (N3)
B. REAL LIFE SITUATIONS USED AS EXAMPLES (N4