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Abstract

This study aims at presenting a grid for analysing the way the language employed in Greek school
science textbooks tends to project pedagogic messages. These messages are analysed for the different
school science subjects (i.e., Physics, Chemistry, Biology) and educational levels (i.e., primary and
lower secondary level). The analysis is made using the dimensions of content specialisation (classifi-
cation) and social-pedagogic relationships (framing) promoted by the language of the school science
textbooks as well as the elaboration and abstraction of the corresponding linguistic code (formality),
thus combining pedagogical and socio-linguistic perspectives. Classification and formality are used
to identify the ways science textbooks tend to position students in relation to the interior of the
corresponding specialised body of knowledge (i.e., in terms of content and code) while framing is
used to identify the ways science textbooks tend to position students as learning subjects within the
school science discourse. The results show that the kind of pedagogic messages projected by the
textbooks depends mainly on the educational level and not particularly on the specific discipline. As
the educational level rises a gradual move towards more specialised forms of scientific knowledge
(mainly in terms of code) with a parallel increase in the students’ autonomy in accessing the textbook
material is noticed. The implications concern the way both students and teachers approach science
textbooks as well as the roles they can undertake by internalising the textbooks’ pedagogic messages
and also the way science textbooks are authored.

Key Words: classification, formality, framing, pedagogic messages, school science textbooks, socio-
linguistics

The Aim and Rationale of the Study

The aim of this study is to present a grid for analysing the way language employed
in school science textbooks tends to project pedagogic messages. These messages are
analysed for the different school science subjects (i.e., Physics, Chemistry, Biology)
and educational levels (i.e., primary and lower secondary level). Using the term ‘mes-
sage’ we do not necessarily imply intentionality of textbook authors. The projected
message emanate from the linguistic characteristics of the textbooks themselves.

In parallel in the empirical part of our study, the main guiding questions are:
1. To what extent do the school science textbooks allow students to have access

to: (a) the specialised scientific content and the corresponding scientific codes as
well as to negotiate the rules organising science learning as a social process?
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2. In what ways is this access differentiated during the transition from primary
to lower secondary school and across different science subject areas as well as
according to the types of texts (genres) met in the corresponding textbooks?

These questions stem from the view that science education (and education in
general) is socialisation into the practices and conventions of sub-communities, in
our case of the scientific community (Lemke, 2001). Within the framework of this
view, language has a central role to play in this socialising process as a resource
for shared meaning making (Bazerman, 1988; Gee, 1996; Halliday, 1978; Lemke,
1990; Mishler, 1984).

Among the wide range of the linguistic resources employed in the science edu-
cation context, this study will be restricted to exploring the language of the school
science textbooks. This is considered as an important issue given the central role
that the school science textbooks have in the pedagogic process and especially in
cases (e.g., Greece) where there is only one officially approved (and mandatory
for all schools) textbook for each subject which determines to a large extent the
structure and pacing of the everyday teaching (Kapsalis & Charalambous, 1995).
The importance of a thorough pedagogic analysis of the science textbooks becomes
also evident given the fact that most of them are usually selected on the basis of their
easily accessible surface features (Donovan & Smolkin, 2001; Peacock & Gates,
2000; Shymansky, Yore, & Good, 1991) rather than the principles that organise their
content and the form of presentation. Finally focusing on science textbooks, despite
the rapid growth in the provision of digitalised science educational resources, is still
crucial since the former remain one of the most useful tools in a science teacher’s
hands (Champliss & Calfee, 1998).

The Issue of Textbooks in the Science Education Literature

The issue of school science textbooks has been a major research topic within the
science education research tradition. During the seventies studies on the readability
of textbooks were quite popular but interest in them gradually faded, mainly due to
concerns about their validity, particularly for use in specialised texts. The interest
though for science textbooks as a research topic has been sustained since a liter-
ature search in the ERIC database for studies on the school science textbooks in
the period 1985–2002 revealed 222 relevant studies. These studies can be grouped,
according to their particular focus, into the following categories: (a) Content and
teaching methods (selection, organisation, instructional methods) (47%); (b) Lan-
guage and Readability (13%); (c) Assessment and Evaluation (9%); (d) Societal
issues (e.g., gender stereotyping, social classes) (8%); (e) Illustrations (2%); (f) Epis-
temologically oriented issues (4%); (g) Holistic approach (4%); (h) Reviews (10%);
and (i) Miscellaneous (3%). According to the results of this review, it seems that
a significant part of this research focuses on the content of the textbook and its
language.
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Our study draws on this long research tradition, and attempts to expand it by the
application of the socio-linguistic approach in the analysis of the textbooks (Cope &
Kalantzis, 1993; Halliday & Martin, 1996; Knain, 2001; Lemke, 1990; Matthiessen,
1995; Unsworth, 2001; Veel, 1998). Socio-linguistics fits well with our approach
since it corresponds to the study of language in social contexts and situations and
refers to the questions of who is speaking and to what end (Carlsen, 1991; Rodrigues
& Thompson, 2001). It therefore lends itself to an examination of language within
pedagogical contexts, as is the case in school science textbooks.

Theoretical Background: The Notions of Classification, Formality and Framing

The emphasis on the linguistic part of the science textbooks in this study, by no
means overlooks that school science textbooks are multi-modal texts made up of a
multiplicity of expressive modes (linguistic, visual, textual composition as a whole),
each carrying its own discrete message (Lemke, 1998). Despite the fact then, that it
is recognised that the composite message of a textbook is formulated by the inter-
weaving of all the expressive modes deployed in it, in this paper the analysis will be
restricted only to the linguistic mode, which according to our literate tradition, carries
the most weight in the meaning-making potential. The analysis of the visual part of
the school science textbooks along the same theoretical lines with the analysis of the
linguistic part carried out in this paper, has been presented in a previously published
paper in this journal (Dimopoulos, Koulaidis, & Sklaveniti, 2003).

Furthermore, the emphasis on the school science textbooks dissociated from their
actual use by students and teachers does not mean that we do not perceive the need
for extending our research towards this direction in the future. It does mean that in
order to analyse the ways these textbooks tend to project pedagogic messages within
the school science discourse, we are based on a model of teaching activity according
to which the instructional material is not simply the content, and also according
to which the three elements of the teaching situation (the content, the pupil and
the teacher) are (re)constituted in their articulation within and through the textbook
(Koulaidis & Tsatsaroni, 1996). According to this view, a school science textbook is
not inert until a reader interacts with it. On the contrary it is a text echoing and at
the same time determining a large part of the practices and conventions employed in
school science.

In order then to identify the ways that the school science textbooks tend to project
pedagogic messages with respect to the issue of the students’ access to the scientific
learning process, we use the notions of ‘classification’ (Bernstein, 1996), ‘formality’
(Halliday & Martin, 1996) and ‘framing’ (Bernstein, 1996).

In particular, classification determines the epistemological relationship between
knowledge systems (Bernstein, 1996). In our case, the knowledge systems exam-
ined are specialised scientific knowledge and every other form of knowledge ly-
ing closer to the everyday common-sense realm like mythology, religion, popular
culture, practical knowledge, and so on. Henceforth all the forms of knowledge
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present in the school science textbooks other than the specialised scientific knowl-
edge will be put under the common heading of every-day knowledge. By definition,
strong classification formulates well-defined borderlines, while weak classification
results in blurred borderlines between these two types of knowledge (Bernstein,
1996).

Formality corresponds to the degree of abstraction, elaboration and specialisation
of the linguistic code employed. Low formality corresponds to a linguistic code
resembling very much the vernacular. On the contrary, high formality corresponds
to the specialised linguistic code that follows the conventions that scientific experts
use when communicating through this code.

Classification and formality combined, determine the degree of ‘scientificness’
of a particular textbook, since a text projecting the internal logic of the scientific
content (strong classification) and employing its specialised expressive codes (high
formality) clearly drives the students closer to the specialised scientific knowledge
domain.

Finally, every textbook establishes a social interaction with its readers, which in
our case are the science students. Framing determines which side, the textbook or
the students has the control over the pedagogic interaction (Bernstein, 1996) and
corresponds to the interpersonal function of a text (Halliday, 1996). Therefore, fram-
ing determines the kind of social access students tend to experience through the
use of textbooks during science lessons. Strong framing means that the pedagogic
control belongs clearly to the textbook, while weak framing means that there is some
space left to its readers so as to exert their own control over the pedagogical process
established by it.

The notion of framing can be conceptually further elaborated by referring to the
dimensions of: (a) the power (hierarchical) relationships established by the textbooks
and (b) the control of the texts over the conditions for the students’ involvement in
the science learning process. Strong framing, as far as the power relationships are
concerned, means that the text stands in a higher social position in relation to its
readers, while weak framing means quite the opposite. Furthermore, strong framing,
as far as the conditions for the readers’ involvement are concerned, means that the
textbook has full control in determining these conditions, while weak framing means
that the students-readers have the potential for negotiating them.

The language of the school science textbooks modulates the levels of classifica-
tion, formality and framing. This function of language is realised by specific lexico-
grammatical conventions that act as resources for constructing specific pedagogical
messages. In the next section we present the coding system we developed in order to
operationalise the ways the functions corresponding to the notions of classification,
formality and framing are realised in linguistic terms.
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Methodology

The Sample

The texts analysed are taken from eight science textbooks written in Greek and
used in 9,823 Greek primary and lower secondary schools during 1997–1999 (the
secondary textbooks are still in use). Specifically, these textbooks are: (a) two gen-
eral science textbooks, including topics from all three of the scientific disciplines of
Physics, Chemistry and Biology, for the two upper grades of primary school (11–
12 year olds), (b) two chemistry, (c) two physics and (d) two biology textbooks for
the three grades of the lower secondary school respectively (13–15 year olds). The
reason for choosing to analyse science textbooks used up to the end of lower sec-
ondary school (Gymnasium) is that in Greece, education is not compulsory beyond
this level. At this point it should be also mentioned that the Greek educational sys-
tem is highly centralised and the educational staff has very limited decision-making
power in teaching matters (European Commission, 2002). Within such a climate,
school textbooks in all subjects are developed by the Pedagogical Institute under the
authorisation of the Ministry of Education and Religious Affairs, are mandatory for
all public and private schools and are freely distributed to all students and teachers
in the public education sector (Education Research Center of Greece, 2004).

In order to implement our analytic plan, we divided the textbooks into units of
analysis excluding though from further analysis all those parts of textbooks aiming
at students’ assessment (i.e., questions and activities, solved exemplary problems,
problems for learners to try) and restricting analysis to all the other parts which
aim at delivering scientific knowledge. Specifically, we distinguished different gen-
res within these latter parts of the textbooks. These genres constituted the units
of analysis. According to genre analysis (Cope & Kalantzis, 1993; Martin, 1997)
a text differs in structure according to its purpose. The genres appearing in the Greek
science textbooks are reports, experimental accounts and historical accounts.

‘Report’ is a type of text that describes how things are, presents information
by building up generalisations, classifies various entities and explains processes in
natural phenomena or explains how a technological artifact works. ‘Experimental
account’ is a type of text that usually contains a series of sequenced steps, which
show how a specific experimental task should be carried out, and/or presents the
results of this task. Finally, ‘historical account’ is a type of text that presents either
episodes from the history of science and technology or biographical information
about famous scientists and engineers. In this way a total of 1392 units of analysis of
average length 1.3 pages each (the reports though tend to be rather longer than the
experimental and historical accounts) were identified.
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The Grid of Analysis

All the units were analysed along three dimensions. The first concerns the ele-
ments that denote the degree of the units’ content specialisation (classification). The
second corresponds to the formality of the linguistic code, while the third dimension
corresponds to the interpersonal relationships that tend to be established between the
textbooks and their readers (framing).

The dimension of classification is defined drawing mostly on ideas presented in
studies focusing on the epistemic functioning of texts (Kelly & Takao, 2002; Keys,
1999; Unsworth, 2001; Wignell, Martin, & Eggins, 1996), while the dimensions of
formality and framing consist of variables that become operational by applying a
socio-linguistic approach (Halliday & Martin, 1996).

Below we present the grid for analysing the language of the science textbooks
along the three aforementioned dimensions. The application of this grid as well as
the segmentation of textbooks’ linguistic part on units of analysis was peer validated
by two groups of educationalists. The first was a group of researchers working in
the department of Education of the University of Cyprus, whereas the second group
consists of researchers working within the Greek Environmental and Education Cen-
ter (Gaia). Specifically, these two groups were given the same two hundred pages
accounting for almost 10% of the total number of pages from the school science
textbooks analysed and were asked to divide them into discrete units of analysis
and classify them applying the grid. The results have indicated an 87% inter-coder
agreement. This exercise was part of the familiarisation process of the two groups
with the grid, which was subsequently adopted and applied to the analysis of the
Cypriot school science textbooks and the labels of the exhibits in the Gaia Center
(Koulaidis, Dimopoulos, & Matiatos, 2002; Koulaidis, Dimopoulos, & Sklaveniti,
2002).

a. Classification

Science textbooks aim primarily at leading the students from every-day common-
sense forms of knowledge towards the specialised body of techno-scientific knowl-
edge. The concrete experiential observations from the every-day world are usually
enriched in science textbooks by the planning and execution of experiments, as
well as by the gradual development of rational arguments (Christie, 1998). Finally,
each text usually ends by providing either a scientific generalisation that leads to
the solidification of the scientific truth or an ordered systematic taxonomy of some
phenomena and entities (Koulaidis & Tsatsaroni, 1996; Wignell, Martin, & Eggins,
1996).

Therefore potential measures of classification in school science textbooks are the
way theoretical scientific generalisations or scientific taxonomies are built up. In
the first case (scientific generalisations) the classification projected by the linguistic
mode of the textbooks is strong if the corresponding generalisations are based on:
(a) a large number of observations; (b) a sequence of logically linked points; and
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(c) previously acquired techno-scientific knowledge. These three criteria broadly
correspond to the possible ways (e.g., accumulation of observational data, argu-
mentation and logical coherence and drawing on previously acquired knowledge)
of conclusion making that the standard epistemologies of science describe as taking
place in the scientific endeavour (Harre, 1972; Kuhn, 1970; Lakatos & Musgrave,
1970; Popper, 1979).

In the case of scientific taxonomies the classification could be regarded as strong
if they are based on: (a) clearly defined criteria, (b) the application of these clear cut
criteria on a fair number of different cases, and (c) the application of the criteria in a
common way to all the entities or concepts under classification.

Below we present two examples of the evaluation of the content specialisation in
terms of the way the scientific generalisations are made. The first text results, through
specific steps, in the definition of buoyancy:

EXAMPLE 1. It is very well known that the Earth is surrounded by a layer of air
that exceeds 1000 km in height and is called the atmosphere. The atmosphere is thick
in low altitudes and becomes thinner as the altitude increases. Air, like any other sub-
stance, is attracted by the Earth. Due to this attraction, air has weight, which causes
pressure on the surface of the Earth as well as on any other surface in contact with it,
exactly as it happens with liquids. This pressure due to the weight of the atmosphere
is called atmospheric pressure.

(Physics, 2nd Grade of Lower Secondary School (1998). Athens, Greece: OEDB, p. 107)

The content of the above text is characterised by scientific specialisation (strong
classification) since its generalisation (underlined text) is based on two of the above
three criteria, that is, logically linked points (e.g., attraction of the air by the Earth
as is the case for any other substance) and previously acquired knowledge of science
(e.g., connection with the previously taught case of liquids).

On the contrary, the text of the following example is not scientifically specialised
(weak classification) since its generalisation (underlined text) is based on observa-
tions and elements drawn from mythology.

EXAMPLE 2. Life was initially formed in water. However, human beings and
human civilisation were founded and developed on earth. Gaia, that is the Earth, was
one of the first goddesses adored by people. Gaia did not represent the planet Earth
but the natural environment within which man lives and grows. One of the most
important parts of that environment is the soil and the underground.

(Chemistry, 2nd Grade of Lower Secondary School (1997). Athens, Greece: OEDB, p. 116)

Below we present two examples with regard to the content specialisation in terms
of the way the scientific taxonomies are built up.
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EXAMPLE 3. (. . . Three examples from everyday life each corresponding to one
type of mirror are initially presented). In everyday life then we use flat, concave and
convex mirrors. In the case of the concave and convex mirrors the reflecting surface
is a curve. In particular in the case of a concave mirror the reflecting surface is curved
inwards while in a convex outwards.

(Physics, 2nd Grade of Lower Secondary School (1998). Athens, Greece: OEDB, p. 138)

The content of this extract is considered as scientifically specialised (strong classi-
fication) since the criterion for distinguishing the mirrors is clearly stated (curvature
of the reflecting surface), is applied in a number of cases of the everyday life and is
applied in a common way to all the mirrors.

On the contrary, the content specialisation of the following example is low since
there is not a clear-cut criterion but instead the specific isolated applications for dis-
tinguishing the different types of semiconductors (LEDs and transistors) are stated.

EXAMPLE 4. (. . .) Such materials, which according to their functioning in an elec-
tric circuit, in some cases allow the current to flow though them while in some others
do not, are called semiconductors. A semiconductor is the Light Emitting Diode or
LED. LEDs are those green, orange or red lights that shine when a device is on. The
transistor, which is a basic element of any electronic circuit, is also a semiconductor.

(Physics, 2nd Grade of Lower Secondary School (1998). Athens, Greece: OEDB, p. 247)

b. Formality of the linguistic code

Science uses a specialised linguistic code. This kind of code is not an external
feature of science but constitutes an intrinsic characteristic for the construction of the
scientific discourse (Halliday, 1996). Basic realisations of the specialised character
of the scientific linguistic code (formality) are:
1. the specialised terminology and notation which can be classified into the cate-

gories of ‘terms,’ ‘symbols’ and ‘equations,’
2. the use of nominalisations which are very frequently used in scientific language

because they: (a) facilitate reference to the taxonomy of various entities, (b) en-
hance the compressive expression of complex information, (c) allow the smooth
development of arguments and (d) allow the formation of novel conceptual enti-
ties (Halliday, 1994; Pueyo & Val, 1996),

3. the syntactic complexity which favours the expression of important elements of
scientific discourse like logical relationships, arguments and complex relational
and transactive actions (Halliday & Martin, 1996), and

4. the heavy use of the passive voice which represents the objective and non-personal
character of scientific knowledge.
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Table 1
Formality Markers of the Linguistic Code.

Formality value Formality markers

(Combinations

of markers)

High Terminology and notation

HHHH High = appearance of terms, symbols and equations

HHHM Moderate = appearance of two elements (e.g., symbols and

HHHL equations)

HHMM Low = appearance of only one element (e.g., only terms)

Moderate Nominalisations

MMMH High = existence of nominal groups of three or more nouns

MMMM Moderate = existence of nominal groups of two nouns

MMML Low = no nominal groups

HHLM

HHLL Syntactic complexity

MMHL High = prevalence of hypotaxis (subordination)

LLHM Moderate = almost equilibrium between hypotaxis and

parataxis

Low Low = prevalence of parataxis (co-ordination)

LLLH

LLLM Use of passive voice

LLLL High = prevalence of verbs in passive voice

MMLL Moderate = verbs in passive voice almost equal with verbs in

active voice

Low = verbs in passive voice less than the verbs in active

voice.

The above features of the linguistic code will be treated as markers which co-determine
the level of formality within each science textbook. The way each one of these
markers is operationalised is shown in Table 1.

Below we present an example of how the level of formality of a particular text is
evaluated:

EXAMPLE 5. Nothing can be cooled down at a temperature lower than −273 ◦C!
For this reason, scientists defined this temperature as the zero point of another tem-
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perature scale. This is the absolute temperature scale or Kelvin temperature scale.
This scale is called absolute because its grading is not based on an arbitrary point of
reference but on the lowest temperature that can be achieved in nature. We call this
temperature absolute zero.

(Physics, 2nd Grade of Lower Secondary School (1998). Athens, Greece: OEDB, p. 109)

In this text there are symbols and terms (e.g., −273 ◦C, absolute zero). Subse-
quently, the first formality marker is given a moderate value. In addition there are no
nominal groups, consequently the nominal groups marker takes the minimum value.
Furthermore, since the paratactic syntax is dominant, the third marker is also given
a minimum value. The marker for the voice of verbs is given the maximum value
since there are more verbs in the passive than in the active voice (e.g., nothing can be
cooled down, the lowest temperature that can be achieved, and so on). Therefore, the
language of this text is characterised by moderate formality since two markers take
the minimum values, one the moderate and one the maximum value, respectively.

c. Framing

The interpersonal function of a text is realised by specific grammatical features.
In particular, the power (hierarchical) relationships established by a text are lin-
guistically realised by the type of sentences within it (Halliday & Martin, 1996).
A sentence can be: (a) imperative, (b) interrogative, and (c) declarative. The impera-
tives denote the clear authority of the textbook and, hence, signify a strong framing.
They are frequently met in the experimental accounts and more particularly when the
textbooks provide students with specific instructions of what they are supposed to do
while accessing the relevant material. The interrogatives denote that the textbook still
exerts its own control over the communicative process by selecting what is going to
be asked, but this control is relatively moderated by the fact that the reader now
has some options in answering a question that can take more than one appropriate
answers. Therefore, the interrogatives correspond to a moderate level of framing.
Finally, in the declaratives, the authority of the textbook might be still present but it
is not any more obvious to the reader and so the framing is weak.

Furthermore, the conditions of the reader’s involvement with the content of the
textbook is linguistically realised by the person of the verbs employed in it. In
particular:
(a) The first singular person (I) represents exclusively the author and is very rarely

encountered in science textbooks.
(b) The second singular person (you) represents the reader who is addressed per-

sonally by the textbook. It allows the rules of communication to become explicit
and, hence, it tends to define clearly the conditions of the reader’s participation
in the learning process; therefore, the framing is strong.

(c) The first plural person (we) can represent various situations. The “we” can be
regarded as meaning “me and you” but also as meaning “we others and not
you.” So this person defines the conditions of the reader’s participation yet in a
not very clear way therefore, framing is moderate in this case.
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Table 2
Framing Markers of the Linguistic Mode.

Framing value Framing markers

(Combinations Type of sentence Person of the verb

of markers) (Power relationships) (Conditions of the reader’s

involvement)

Strong High = Imperatives High = Second singular person

HH

HM

MM

Weak Moderate = Interrogatives Moderate = First and Second

plural personsLL

ML Low = Declaratives Low = Third singular or plural

person

Note: The framing value is evaluated in each sentence of a unit of analysis. The
framing value of the majority of the sentences determines the overall framing for the
whole unit of analysis (e.g., if the majority of the sentences are of strong framing
then the overall framing value of the unit of analysis will be also strong).

(d) The second plural person (you) also represents the reader who, in this case,
is addressed by the text as if he/she is part of a broader social group. In this
case again, the conditions of the reader’s participation are not very clear and so
framing is moderate.

(e) The third singular or plural person (he/she/it, they) represents the virtual with-
drawing of both the textbook and the student from the communicative act. In this
case, what matters is the content of the text and not the communicating agents.
Therefore, framing is weak.

The combination of the values of the two dimensions of framing (i.e., the hierar-
chical relationships and the control of the texts over the conditions for the students’
involvement in the science learning process established by the textbooks), gives an
overall view about the extent to which the pedagogic control enacted by the textbook
belongs either to its side or to the side of its readers (students). This is shown in
Table 2.

Below, we present an example of the evaluation of the overall framing implied by
a text.

EXAMPLE 6. Have noticed how loose the electrical wires are during summer?
What do you think, are they as loose in winter too?

(General Science 5th Grade of Primary School (1989). Athens, Greece: OEDB, p. 61)
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In this text the value of framing as far as the power relationships are concerned is
considered as moderate. This value corresponds to the combination of the framing
values of the two sentences in the text. More specifically, the two sentences are
interrogative so framing is moderate. Furthermore, as far as the conditions for the
reader’s involvement promoted by this text is concerned, it can be concluded that
since both sentences use the second singular person, the combined value of framing
is strong. Consequently, the overall value of the framing implied by this text tends to
be strong. Thus, the pedagogic control clearly belongs to the textbooks’ voice.

Results

Below, we present the results of our analysis concerning: (a) the most frequently
appearing genres; (b) the content specialisation (classification); (c) the specialisation
of the linguistic code (formality); and (d), the agency of the pedagogical control
(framing) in the science textbooks. These results are segregated by: (a) educational
level (primary and lower secondary level); (b) genre (reports, experimental accounts,
historical accounts); and (c), science subject (Physics, Chemistry, Biology). For the
latter, we deal only with the lower secondary level textbooks since it is only at this
level that each textbook corresponds to a distinct science subject.

Genres in the Science Textbooks

From the 1392 units of analysis identified in the school science textbooks, 1114
(80.0%) are reports, 183 (13.2%) are experimental accounts and 95 (6.8%) are his-
torical accounts. This shows that the textbooks present the content of science mainly
through reports that introduce, define, explain or classify scientific concepts and
entities rather than through experimental procedures or references to the historical
development of the corresponding body of knowledge. The educational level, as
shown in Table 3, does not broadly differentiate this situation apart from a relative
decrease in the experimental accounts with a parallel small increase in the historical
references in the lower secondary textbooks in comparison to those of the primary
level.

The type of genres though found in the science textbooks show some variation by
the subject they refer to. In particular, while the textbooks of all three subjects pay
particular emphasis on the reports, the physics textbooks tend to place more emphasis
on experimental procedures while the chemistry textbooks are more inclined to focus
on the historical evolution of the corresponding discipline. It is also characteristic of
the Biology textbooks not to contain any experimental accounts.
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Table 3
Genres in the Science Textbooks by Educational Level and Subject Area.1

Educational level/ Reports Experimental Historical

Subject area (N = 1114) accounts accounts

N % N % N %

Primary level 177 76.0 46 19.7 10 4.3

Lower
secondary
level

Physics 508 77.2 123 18.7 27 4.1

Chemistry 207 79.0 14 5.3 41 15.7

Biology 222 92.9 0 0 17 7.1

Subtotal 937 80.8 137 11.8 85 7.4

Total 1114 80.0 183 13.2 95 6.8

1Applicable only in the lower secondary level.

Content specialisation (classification)

The content specialisation of the science textbooks is evaluated only within the
reports since only in this genre, generalisations and taxonomies are built up. In
general terms, the content of the textbooks is highly specialised. The degree of
their content specialisation surprisingly, does not vary by educational level (Table 4).
This means that the special internal logic of science is early introduced, even since
primary school.

The textbooks of the three lower secondary school science subjects also broadly
project the same image. However, as shown in Table 4, some variations could be
identified between the different subjects’ textbooks. In particular, the Physics text-
books tend to be characterised by higher levels of content specialisation in compar-
ison to the textbooks of Chemistry or Biology. In this way, Physics seems to have
somehow weaker links with every-day knowledge in comparison to the other two
lower secondary school science subjects.

Formality of the linguistic code

The formality of the linguistic code employed in the school science textbooks
examined is not particularly high. It is mostly characterised by moderate levels of
formality. The formality of the linguistic code in the primary and lower secondary
level science textbooks does not vary a lot, with the latter being characterised by a
somehow higher formality than the former (Table 4). This tendency which is also
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Table 4
Classification, Formality and Framing of the Science Textbooks by Educational
Level and Subject Area.

Educational level/ Classification1 Formality Framing

Subject area (N = 1114) (N = 1392) (N = 1392)

Strong Weak High Moderate Low Strong Weak

(%) (%) (%) (%) (%) (%) (%)

Primary level 85.3 14.7 6.1 56.6 37.3 54.1 45.9

Lower
secondary
level

Physics 95.4 4.6 61.3 26.6 17.8 11.8 82.2

Chemistry 78.3 21.7 42.4 17.5 1.9 1.9 98.1

Biology 81.9 18.1 66.5 16.8 6.3 6.3 93.7

Subtotal 89.3 10.7 58.1 22.5 11.6 11.6 88.4

Total 88.7 11.3 17.2 57.8 25.0 18.7 81.3

1Applicable only in the reports.

realised by the visual code of the same textbooks (Dimopoulos et al., 2003) reflects
a very gradual introduction of students to the norms and conventions of scientific
language as they proceed in their science studies. This process, however, does not
seem to be completed at the lower secondary level as the textbooks mainly employ
a linguistic code, which despite incorporating some elements of technicality like
terms, equations and verbs in passive voice at a larger extent than in the primary
level, still remains far from being characterised as highly formal (only in one in
five units of analysis the language is characterised as highly formal). The trend
towards an increased technicality of the linguistic code of the textbooks with the
rise of the educational level, is also confirmed by the results of another study (Yager,
1983) which found that the number of specialised terms per page in British Physics,
Chemistry and Biology textbooks also increases with the educational level.

Furthermore, the formality of the linguistic code seems to vary in accordance with
the discipline to which each science textbook corresponds. In particular, as shown in
Table 4, the linguistic code of the Chemistry textbooks is of considerably higher
formality in relation to that employed in the Physics or Biology textbooks. This
result is obviously due to the heavy use of notation of the chemical formulae in
the Chemistry textbooks.

The increased formality found in the Greek Chemistry textbooks is in agreement
with the findings of other studies. In particular in one such study of textbooks used in
the English speaking world (Yager, 1983), it was found that the Chemistry textbooks
employ more specialised scientific terminology than the Physics textbooks while
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Table 5
Formality and Framing of the Linguistic Code by Type of Text (Genre).

Type of text (genre) Formality Framing

(N = 1392) (N = 1392)

High Moderate Low Strong Weak

(%) (%) (%) (%) (%)

Reports 19.3 60.4 20.3 9.0 91.0

Experimental accounts 7.6 46.5 45.9 86.9 13.1

Historical accounts 10.5 49.5 40.5 0 100.0

Total 17.2 57.8 25.0 18.7 81.3

another study aiming at the comparison of the density of specialised terms met in
Physics, Chemistry, Biology and Geology textbooks reached similar conclusions
(Groves, 1995).

Furthermore, the examination of the way the formality of the linguistic code varies
with the type of text (genre) revealed, as shown in Table 5, that the reports are
usually written in more formal and technical language than the experimental and the
historical accounts. In this way the experimental and the historical accounts become
zones of content within the textbooks that allow easier access towards the specialised
body of scientific knowledge hence privileging more the “low ability” students.

The pedagogic control (framing)

The results shown in Table 4 indicate that the primary school science textbooks
by being characterised by higher levels of framing allow a much narrower range
of available options for their readers (students), so as to exert some control over
the pedagogical process enacted by them, in comparison to the corresponding range
provided by the lower secondary level science textbooks.

The pedagogical message emerging from these results is that, as students become
more experienced in science (by being taught science over successive years) they are
increasingly allowed to experience more autonomous ways of accessing the scientific
subject matter.

On the other hand, as shown also in Table 4, only the Physics textbooks tend to be
characterised by rather stronger framing in comparison either to the Chemistry or the
Biology textbooks. In similar results concerning the difference in the interpersonal
function of Biology and Physics textbooks written in English, using though different
from ours methodological tools, have also been found in other studies (Stubbs, 1994;
Veel, 1998). In overall though, the textbooks of the different subjects tend not to be
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differentiated from the general trend of weakening the pedagogic control in the lower
secondary level.

The largest part though of the differentiation in the strength of framing either
across the educational levels or between the different science subjects seems to
originate from the corresponding differentiation in the stressing of the experimen-
tal nature of each textbook since according to Table 5, the tight pedagogic control
upon the students (strong framing) is mainly imposed though the experiments which
being in principle procedural invite the students to follow exact and strict guidelines
in order to complement the relevant tasks. On the contrary in the reports and the
historical accounts what is foregrounded, is the content itself and not the guidance of
the reader, therefore framing is weak in the vast majority of the cases.

Discussion

In this study the language of the school science textbooks is considered as one
of the means for regulating, the thematic focus of science (type of genres), the
specialisation of the subject-matter (classification) and the specialisation of the cor-
responding linguistic code of school science subjects (formality), as well as the social
roles imposed upon the students during the relevant pedagogical and learning process
(framing). In other words, the language of the science textbooks is considered as one
of the means for regulating the conditions of students’ access to the science learning
process.

Below, we discuss primarily the results of the comparison between the science
textbooks of the primary and lower secondary levels respectively along the four
aforementioned dimensions (type of genres, classification, formality and framing)
and secondarily the way in which these dimensions vary according to each science
subject.

More specifically, the prevailing characteristics of the science textbooks at the
primary level were found to be: (a) an emphasis on the explanatory and expository
nature of the subject (prevalence of reports), (b) a highly specialised content reflect-
ing the internal rationale of the corresponding knowledge domain (strong classifica-
tion), (c) the use of a relatively non-highly specialised linguistic code (low/moderate
formality) and (d) the projection of a highly didactic mode of interaction between
textbook and students that, in essence, tends to lower the sense of control of the
latter during the learning process (strong framing).

This image is partially differentiated in the lower secondary level. Thus, science,
as projected by the corresponding textbooks is of one subject which is still descriptive
and explanatory in nature (prevalence of reports as is the case for the primary level)
and is characterised by a high specialisation of its content (strong classification) as
is the case in the textbooks of the primary level. The combination of the prevalence
of reports in them with the high specialisation of their content makes the Greek
textbooks of both educational levels similar to the ones used in other nations, since
as it has been found by textbooks analyses in other countries (Chiapetta, Sethna, &
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Fillman, 1993; Staver & Bay, 1987; Wang & Schmidt, 2001; Wilkinson, 1999), the
vast majority of the textbooks tend to under-present the experimental and historical
aspects of science as well as to present very rare interactions of scientific knowledge
with other forms of human knowledge (religion, tradition, ethics, every-day practical
knowledge).

The features though that differentiate the science textbooks of the lower secondary
level with those of the primary level are the use in the former of a somehow more
conventional and specialised linguistic code which nevertheless is still characterised
by moderate formality (moderate/high formality) as well as the passing of high lev-
els of control over the learning procedure to the side of students, allowing them to
become much more responsible and autonomous learning subjects (weak framing).

The former (i.e., the increase of linguistic formality), even moderate transition
is considered as extremely important since it corresponds to an objectification and
a rising of the status of the corresponding knowledge domain. More specifically,
the objectification of the scientific knowledge which, in turn, raises its status is
achieved by: (a) the dense use of nominalisations, which help in the creation of
scientific lexical/conceptual concepts as ever-existing objects, (b) the frequent use
of terms and notation which gives these concepts stable names and symbols, (c) the
extensive use of complex syntax which helps to establish the relations of the con-
structed entities to other entities in the network of the scientific discourse and (d) the
heavy use of the passive voice which denotes the removal of any human agency
and helps in the presentation of events as simply occurring rather than as made to
occur. This objectification of scientific knowledge through the raising of its linguistic
formality contributes to what Latour calls black-boxing process (Latour, 1987) ac-
cording to which the linguistically constructed lexical/conceptual entities vanish in
a higher order abstraction which becomes difficult to unpack once made (Bazerman,
1998).

Apart though from the moderate increase of the linguistic code’s formality, the
most important pedagogic transition found by the comparison of the science text-
books of the primary and the secondary level, is the abandonment of the ‘didactic
voice’ from the science textbooks for the sake of foregrounding the specialised scien-
tific content itself (weakening of framing). The pedagogy projected by the textbooks
is, then, that as science students become more familiar with the specialised knowl-
edge domain, they become more capable of processing the message of the text in
more individualistic and autonomous ways. In other words, the lower secondary
textbooks treat their readers as ‘proto-experts’ deserving a considerable degree of
autonomy in accessing the relevant subject-matter. A similar trend was detected in
a study examining the relationship between the interpersonal function and the lan-
guage of the Nuffield Co-ordinated Sciences’ Biology textbook which concluded that
as the language became more scientific the style of presentation became increasingly
impersonal causing students many problems as far as its comprehension is concerned
(Kearsey & Turner, 1999).

A similar to the above differentiation between the educational levels, as far as the
projected participation of students is concerned, was also found in an extensive study
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of 187 school physics textbooks in the US (Mulkey, 1987). This study involved the
construction of an instrument that measures the degree of “participant organisation.”
Participant organisation refers to the grouping of content conducive to the acquisition
and development of the cognitive and personality precursors of scientific roles. Non-
participant organisation, on the other hand, refers to a grouping of content that is
not conducive to such an acquisition. The findings of this study, which followed a
different perspective from ours, concluded in a similar vein, and found significant
differences between the grade levels, showing that higher grades textbooks provide
higher degrees of participant organisation.

Summarising, we can say that as the educational level rises, the pedagogic model
projected by Greek school science textbooks is that of a gradual move towards more
specialised forms of scientific knowledge (mainly in terms of codes) with a parallel
increase in the students’ autonomy in determining how to access the relevant teaching
material. This model is in distinct opposition to the widely held pedagogic position,
very often translated into teaching practice, which favours more guidance and fewer
opportunities for initiative on the part of the learner as the school subjects become
more academic and content-specialised (Cazden, 1988; Edwards & Westgate, 1987;
Rodrigues & Bell, 1995).

Furthermore, the trend of reduced students’ ‘guidance’ through the lower sec-
ondary level textbooks and the parallel increase in the relevant specialisation of the
subjects, through their objectification and thus the promotion of their status, are in
conflict from a pedagogic point of view. This conflict is based on the assumption that
it is exactly when the specialisation and degree of specialisation of a school subject
increases that students need more guidance and support for its acquisition.

This conflict could potentially explain the effects of disorientation and lack of
ability to make meaning out of the relevant textbooks experienced by many stu-
dents (Alexander & Kulikowich, 1994; Keys, 1999; Patterson, 2001; Yore, Craig,
& Maguire, 1998). Similar problems of disorientation during instruction, as some
empirical studies in the field of sociology of education have shown (Apple, 2002;
Morais, 2002; Morais & Miranda, 1996), become even more acute for students com-
ing either from underprivileged social classes or from ethnic minorities. It is exactly
these students who rely mostly on school resources, that are the most affected with
the lowering of framing (lack of guidance) and the parallel increase of the academic
status of the knowledge to be acquired.

Moreover, the pedagogic pattern emerging from the combination of these two
opposing trends might have some influence on the increase in negative attitudes of
students towards science as they move from primary to secondary school since there
is some research evidence that helpfulness and guidance in science classes have a
positive impact on attitudes (She & Fisher, 2001; Speering & Rennie, 1996).

As far as the textbooks of the three disciplinary domains in the lower secondary
school (Physics, Chemistry and Biology) are concerned, no considerable variations
were found in their primary characteristics, except for the Chemistry textbook excep-
tionally high formality. All the other variations identified were less prominent. That
is, Physics is presented as a somehow more experimental subject than Chemistry
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and Biology while Chemistry and Biology tend to be slightly more related to every-
day knowledge than Physics. The fact that all the three science subjects seem to
be characterised by more or less similar linguistic properties shows that science is
presented in a discursively coherent way in school textbooks. This coherency, in turn,
potentially shows that the principles determining the textual construction of each sci-
ence subject in school are mainly drawn from common pedagogical presuppositions
about the way science should be transmitted and acquired.

Educational Implications

The emerging image from the above analysis has potential implications in two
directions. Firstly, it could prove useful for the establishment of successful practices
of textbook use on the part of both students and teachers during science classes and
secondly it could provide science textbook authors with important markers that seem
to shape in critical ways the content and form of presentation of the relevant subject-
matter.

Regarding the first direction, the analyses discussed in this paper indicate that
the pedagogical implications of the language employed in school science textbooks
are identifiable and amenable to specification. It therefore seems that elements of
linguistics could be made more generally accessible to science teachers through
teacher training and professional development activities (Christie et al., 1992; Polias,
1998). Functional knowledge about the language of science textbooks would facil-
itate teachers taking practical account of the interconnectedness of science learning
and learning to control the distinctively written characteristics of this special kind
of language and by making these characteristics explicit to their students to enhance
the latters’ ability to write and read scientific texts much more efficiently (Christie,
1998; Newton & Gott, 1989; Prain & Hand, 1996; Yore, 1991). Furthermore in
educational contexts where science teachers enjoy some freedom to choose text-
books themselves according to the pedagogy they want to promote, the current work
provides a set of criteria that could be taken into account when choosing the most
suitable textbook.

As for the implications for the science textbooks authors (or possibly for authors
of other science curriculum materials), we would like to mention that the attempt
undertaken here to construct a framework for analysing the pedagogic messages
projected by the textual material of school science, could possibly constitute a step
towards the direction of making them more reflexive about the role of language in
the constitution of these messages. In parallel, our framework provides them with a
theoretically informed basis for judging the implications of the language employed
in textbooks and also with clear-cut and specific indications about the points and the
ways of intervention so as to regulate the type of the pedagogic messages they would
like to emit though the linguistic part of their textbooks.

Finally, it must be noted that the implications of the present study could be further
developed by future research (which we hope to pursue soon) so as to explore the
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extent to which the specific characteristics emerging from our analysis of the school
science textbooks coincide or not coincide with the pedagogic messages (i.e., mes-
sages related to the legitimate degree of specialisation of both content and codes as
well as to the social ordering reproduced within the school science context) that both
students and teachers ‘read’ (i.e., perceive and uptake) working with them.
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