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Vertical discourses and science education
Analyzing conceptual demand of educational texts

Introduction

The idea that science education should take intowatt the very nature of the scientific
knowledge and that should also promote the devetopraf scientific literacy bwll
students is an idea supported by academics who widhin theoretical frameworks
based on epistemological and sociological perspextiScience education is education
of scientific knowledge and, following Bernsteircenceptualization (1999), scientific
knowledge is a vertical discourse with a hierarahistructure. Again following
Bernstein, the education of science may be coraider vertical discourse with a
horizontal structure and as such distinct perspestco-exist of what can be considered

as efficient scientific teaching #il students.

The level of complexity of scientific knowledge stience educational texts may be
seen in terms of the concept of conceptual demlanithe paper, conceptual demand is
explored from both theoretical and empirical poimts view. From a theoretical
perspective, the paper discusses the sociologieahing of the concept of conceptual
demand of science education by using Bernsteiré®rthing (1999) about vertical
discourses and structures of knowledge. Also frothearetical perspective, the paper
uses Bernstein’s model of pedagogic discourseglater conceptual demandttee what

and tothehow of the teaching-learning process.

From an empirical perspective, the paper desctibegxternal language of description
that has been developed to analyse the concepa&maartl at various levels of the

educational system - curricula, textbooks, pedagpgactices. The paper also gives



some results of studies which have investigatedawel of conceptual demand of the
pedagogic discourse that is present in monologitifula and textbooks) and dialogic
(pedagogic practices) texts, that is the level aiclwv the hierarchical structure of
scientific knowledge is to be taught and learné@ldo presents results of the relation
between the level of conceptual demand of sciemes#stand students’ scientific

learning.

While presenting results of studies about concégteimand and its relation to students’
scientific learning, the paper intends to discuks tdea that different levels of
conceptual demand in science education may comespo different levels of the
vertical discourse that characterizes the transomsscquisition of scientific
knowledge. It also intends to discuss that the ssccdall students to the hierarchical
structure that characterizes scientific knowledgesppposes a sociological and

pedagogical positioning about the meaning@énce for all

Theoretical framework

Vertical discourses

In the most recent development of his theory, Being1999) focuses on tHierms of
the discourses, i.e. in the internal principlesheir construction and in their social basis

that are subject to pedagogic transformation.

Bernstein starts from the distinction between tumtal' and 'vertical' discourses and
considers, as the criteria for their definitiore thistinct ‘forms of knowledge' which are
realized in the two discourses. Therizontal discoursecorresponds to a form of
knowledge which is segmentally organized and dfiéated. Usually understood as
the everyday or common sense knowledge, it tendbetcan oral, local, context

dependent and specific, tacit and multi-layeredcalisse. Thevertical discourse



referred as school or official knowledge, presethis form of a coherent, explicit,
hierarchically organized structure (as in the cafseatural sciences) or the form of a
series of specialized languages with specializedasmf questioning and specialized
criteria of production and circulation of texts (asthe case of the social sciences and
humanities). In the context of formal educatiore thstinction between the horizontal
and vertical discourses corresponds to the distim¢hat is usually made between non-
academic and academic knowledge, between localoffidal knowledge, the two

discourses being ideologically positioned and déifely evaluated.

Given the distinct nature of the horizontal andtieat discourses, the form taken by
pedagogy and, consequently, the mode of acquisttfaimose discourses, has distinct
characteristics. In the case of the horizontal alisge, knowledge to be acquired is
related not by the integration of their meaning®ulgh a given coordinating principle
but through the functional relation of segmentsontexts to the everyday life. This
means that what it is acquired and the form hois &cquired in a segment or context
may not have any relation with what is acquiredhaw is acquired in another segment
or context. For example, to learn how to do onktes laces has no relation with to
learn how to sit at the table properly. Furthermdhe pedagogy of the horizontal
discourse may also vary according to the segment§ aepending on social
groups/classes, similar segments may differ inrttoelality of code which regulates
acquisition. The emphasis of this segmented pedagbthe horizontal discourse lies,

in general, in the acquisition of a common competesnd not in a graded performance.

The integration within the vertical discourse ist meade at the level of the relation
between segments/contexts but at the level of mganiConsequently, the procedures

of the vertical discourse are not horizontally imelated by the contexts but



hierarchically inter-related to other procedures/e@ the fact that the vertical discourse
does not consist of segments culturally specialibed of specialized symbolic

structures of explicit knowledge, the official orstitutional pedagogy of the vertical
discourse is a process that takes place alongiie Whereas there is contextual
specificity through 'segmentation’ in the horizéntiscourse, there is contextual

specificity through 'recontextualization’ in thetieal discourse.

Bernstein distinguishes two modalities of knowledgé¢hin the vertical discourse -
hierarchical structuresand horizontal structuresof knowledge. The hierarchical
structures of knowledge (as in the case of natsc@nces) correspond to forms of
knowledge that are characterized by integratingp@sdions and theories that operate at
more and more abstract levels, so that as to etplithe uniformity underlying an
extensive range of apparently distinct phenomenlae Thorizontal structures of
knowledge (as in the case of social sciences amdahilies) are characterized by a
series of specialized languages with their spegdlimodes of questioning and with
specialized criteria for the production and cirtiola of texts. Whereas in the
hierarchical structures of knowledge there is ategration of language, in the

horizontal structures of knowledge there is an amdation of languages.

If we take Biology as an example of knowledge dfierarchical structure (Morais &
Neves, 2007), we can say that the theory of ewwiutr the cell theory contain
principles which integrate and unify ideas related set of biological phenomena and
that the development of these theories results frambroader and broader
conceptualization of former theories about the splmenomena. The development of a
conceptual language in Biology, as in any knowleg@gh a hierarchical structure, may

imply the refutation of former propositions or imporation of former propositions into



more general propositions but, in any case, itegponds to development that occurs
according to a hierarchical structure. If we takeiSlogy as an example of knowledge
of a horizontal structure, we can say that funetiem, pos-structuralism, pos-
modernism, etc., correspond to distinct languagésimthat area of knowledge which
are not transmutable, as each one of them stams diistinct and sometimes opposed
assumptions. Thus, whereas the development ofrbiecal structures of knowledge
corresponds to the development of successfully mgereeral and integrating theories,
the development of the horizontal structures of vedge corresponds to the
introduction of a new language, with a new set oégjions and relations, with an

apparent new problematic and with a new set ofrgt@Emans/speakers.

In the case of the horizontal structures of knogéedhere is also a difference between
the knowledge which has an internal language ofrgegon with strong grammars (e.g.
economics, mathematics, linguistics and parts géipslogy) and the knowledge which
has an internal language of description with weedkngnars (e.g. sociology, social
anthropology and cultural studies). The differelie® in the fact that the former possess
an explicit conceptual syntax which has the po#érdf generating relatively precise
empirical descriptions and/or the constructionarhrfal models of empirical relations.
Another aspect which distinguishes horizontal $tmes of knowledge is related to the
number of internal languages that characterizestesictures, being smaller in the case

of the structures of knowledge of strong grammars.

Speaking about these distinctions, Bernstein irgetwd make evident the internal
principles of the construction of distinct areasashdemic knowledge which are the
subject of pedagogic transformation. He also gsfscial attention to the problems of

acquisition of different forms of knowledge. He sathat, within the hierarchical



structures of knowledge, the acquirer is not camegrwith the problem of knowing if
s/he is talking about physics or writing about pbysbut with the correct use of
physics. Since this form of knowledge is charaztsti by a strong grammar, that
grammar makes visible its subject and, for the meqguthe passage from a theory to
another does not indicate a breaking of languagesbuply an extension of the

explanatory and descriptive power of the language.

An interesting aspect which comes out of the com@dzation about the difference
between hierarchical and horizontal structuresnmiwedge (Morais, 2002) is related to
the form how teachers of areas of scientific knalgke are socialized. Experimental
sciences are hierarchical structures of knowledheeories of instruction (social
sciences) are horizontal structures of knowleddeat TS to saythe whatis to be taught

in science classes is quite distinct in its strreefuiomthe howis to be taught. Science
teachers and educators have been primarily soethlizithin specific hierarchical
structures of knowledge and as such they have alvemgountered difficulties in
accepting knowledge characterized by parallel laggs. Primary academic
socialization prepares science teachers and edsctiadhe whatof teaching and

learning. Howeverthe howof teaching and learning requires from teachefgrther

socializing process in the horizontal structureskobwledge. To reconcile them,
teachers have to make a 'big jump' when passing fineerarchical structures to

horizontal structures of knowledge, characterizgevbak grammars.

Conceptual demand

The concept of conceptual demand was firstly usetMorais (Domingos, 1989a,b) to
refer to the complexity of the teaching/learningogass in terms of scientific

skills/competences. A lower level of conceptual dathis related to skills that require a



low level of abstraction (memorization and compredien at a simple level). A higher
level of conceptual demand implies skills that iegjua high level of abstraction
(comprehension at a high level, analysis and kndgéeutilization). Later on, on the
course of jointly work by Morais and Neves (e.g.onsis, Nevesk Pires, 2004), the
concept evolved to integrate the complexity of botgnitive skills and scientific
knowledge and, more recently (e.g., Calado, Nevédagais, 2012; Ferreira & Morais,
2012, to integrate intra-disciplinary relations, thaithe strength of boundaries between
distinct levels of knowledge within a given disan@. The studies described in this
paper use this most recent perspective of concepgaraand. Conceptual demand of
science education is defined as the level of coxiylef science education as given by
the complexity of scientific knowledge and of thieergth of intra-disciplinary relations

between distinct knowledges and also by the conttylex cognitive skills.

The complexity of scientific knowledge was basedtbe distinction between facts,
generalized facts, simple concepts, complex coscaptl unifying themes/theories. A
fact is ‘data which results from observation’ (Bdarein, Watson & Blackwood, 1958,
p.111) and corresponds to very concrete situatiesglting from several observations.
Generalized facts are the result of the relatiowasfous facts of the same type. This
kind of knowledge is knowledge of a low level ofsafaction. A concept is a ‘mental
construct; it is a grouping of the common elememtsattributes shared by certain
objects and events’ (Brandweet al, 1980, p.12) and represents an idea that arises
from the combination of several facts or other epts. The categorization of concepts
is the result of a hierarchical position of distitevels of abstraction and complexity,
where the most abstract and most complex conceptshe unifying themes and
theories. The simple concepts correspond to cam@@icepts proposed by Cantu and

Herron (1978) and are those that have a low lefvabstraction, defining attributes and



examples that are observable, as the concepteefatid insect at their lower level of
understanding. The complex concepts correspondbosiraat concepts proposed by
Cantu and Herron (1978) and ‘are those that dchawee perceptible instances or have
relevant or defining attributes that are not petibdg (p.135), as the concepts
density and electron. The understanding of compncepts involves the
understanding osimple concepts and facts. Unifying themes arectitral ideas and
correspond, in science, generalizations about the world that are accepyescholars

in each subject area (Pella ¥oelker, 1968). Scientific theories correspond to
explanations of a wide variety of relatptienomena (Hickman, Roberts & Larson,
1995). Considering that the hierarchical structwe scientific knowledge is
characterized by integrating propositions that aggeat increasing levels of abstraction,
theory development requires a new theory that irengeneral and more inclusive than
the previous theory (Bernstein, 1999). If sciendecation is to reflect the structure of
scientific knowledge it should lead to the underdtag of concepts and big ideas,
although that understanding requires a balancedsstwnowledge of distinct levels of

complexity.

The intra-disciplinary relations between distinctolwledges are viewed as relations
between discourses. Following Bernstein’s theorpadagogic discourse (1990), these
relations may be analyzed in terms of the stren§tboundaries between discourses. In
this particular case, the intra-disciplinarity isalyzed in terms of the strength of
boundaries between distinct knowledges within amgidiscipline. Strong boundaries
correspond to a situation where there is no relatietween disctinct knowledges and
weak boundaries correspond to a situation whereetieea strong relation between
disctinct knowledges. By promoting intra-disciplipaelations, the teaching/learning
process may lead to the understanding of high ordacepts, with greater power of

8



description, explanation, prediction and transfeee(Morais, 2002). Intra-disciplinary
relations in the science learning context have lokfimed in our studies as the relations
between distinct scientific knowledges, either bé tsame or of distinct levels of
complexity, and either within the same teaching onibetween teaching units, or even
between declarative knowledge (theory) and pro@durowledge (practice) within a
given scientific knowledge. These relations cargeafiom very tight, that is with very
weak boundaries between distinct knowledges (wdaksification), to very loose

(strong classification).

The level of conceptual demand depends also ocdh®lexity of the cognitive skills
that are involved in the teaching-learning proc&3sgnitive skills are considered as
mental processes that may have different levelsoofplexity, depending on the steps
involved (Marzano & Kendall, 2007). Categorizatiof cognitive skills has been
presented in the form of taxonomies, as are thescakthe revised version of Bloom'’s
Taxonomy of Educational Objectives (Krathwohl, 2Jj0@nd the taxonomy created by
Marzano and Kendall (2008)Science learning should not be limited to simgkéls
(as memorization) but should also include complaliss(as understanding, application
and evaluation). The development of complex skiliaf is important in itself, is crucial
for the learning of high scientific knowledge. Wieeer they are simultaneously present
in the teaching-learning process, they contribateftective cognitive development. For
example, the application of a given complex coneapails higher level of conceptual
demand than the understanding of the same conWépenever the high level of
conceptual demand is put into practice, it may leadhat Vygotsky (1978) calls the

development of high mental processes.



Following Bernstein’s model of pedagogic discouf4€90, 2000), the conceptual
demand of science education includes aspects delate‘the what' (skills and

knowledge) and tothe how’ (intra-disciplinary relations) of the pedagogicaburse.

Also following Bernstein, the hierarchical struawf science knowledge requires from
the students high levels of complexity and abstractso that they can attain a
meaningful understanding of that knowledge. Thdabisay that conceptual demand of
science education should be high, and should be foigall students. For this reason
conceptual demand of science education can beaseessentially sociological (Morais,

Neves & Pires, 2004).

According to this theoretical framework, the redas to be discussed in this paper are

shown in the diagram of Figure 1.

(insert Figure 1 about here)

Exemplar studies

Introduction
The studies presented in this paper followed a dhresearch methodology (Creswell,

2003; Morais & Neves, 2010; Tashakkori & Teddli®98&), which combines aspects
associated with quantitative and with qualitativeetihodological approaches. A
guantitative approach was followed when, for exampi the analysis of educational
texts and contexts, several categories and indsatere previously defined on the
basis of the theory. A gualitative approach wakieéd whenever empirical data gave

a contribution to the definition of categories andicators.

According to this methodology, an external languafydescription was used, whereby

the theoretical and the empirical are viewed diaatly (Bernstein, 2000) whenever
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constructing instruments and in data’s collectiod analysis. In this way, we reject the
empirical analysis without a theoretical basis dnel use of a theory that does not

permit its transformation on the basis of the emain(Morais & Neves, 2010).

In order to analyse the level of conceptual dem@andducational texts, instruments
were constructed, piloted and applied for each ohghe selected dimensions of
conceptual demand — complexity of scientific knalge, intradisciplinary relations
between distinct knowledges and complexity of cgm skills. Although differing

with the specificity of the texts analysed, thetnasients have a similar structure. All of
them contained indicators and descriptors definedh@ basis of the monologic or

dialogic character of the educational text.

Conceptual demand of educational texts

The analyses of conceptual demand of educationablogic texts (science curricula
and textbooks) and dialogic texts (science pedagpgactices) were focused on
Portuguese science education at various schoaweld — primary (e.g. Silva, Morais
& Neves, 2012a, 2012b), middle (e.g., Alves, 208kes & Morais, 2012; Calado &

Neves, 2012; Calado, Neves & Morais, 2012; Ferréd@7) and secondary school

(Ferreira & Morais, 2012).

The curricula which were analyzed are structureditiher two documents (the case of
primary and middle school) or two distinct partstbé same document (the case of
secondary schod). The first is of a general character to definéglines considered
essential for the development of the curriculumtred discipline. The second, more
specific, gives guidelines directly related to pgtthe curriculum into practice in the

classroom. The curricula@nalyses were focused on the Official Pedagogicdise
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(OPD) present in the two documents/parts producetheé same context - Official
Recontextualizing Field - with the objective of chaerizingthe message contained in
each one of the documents/parts ah@valuating the recontextualizing processes that

might have occurred between them.

The analyses of textbooks and pedagogic practicae iocused on the Pedagogic
Discourse of Reproduction (PDR), again with theeoblye of evaluating their level of
conceptual demand and the recontextualizing presedsgmt may occur when moving

from the OPD to the PDR.

The diagram of Figure 2 represents the relationtheflevel of conceptual demand of
educational science texts (curricula, textbooks @emhgogic practices), that have been

analyzed.

(insert Figure 2 about here)

In order to analyze the two curricular documertitg, tespective texts were organized
into four sections — ‘Knowledge’, ‘Aims’, ‘Methodagical guidelines’ and ‘Evaluation’

- according to the nature of the information thentained. This organization was
directed by the fact that these are dimensionsdatewusually part of official curricular
documents, independently of the specific designatltat might have been used in
them. Each one of these sections was segmentedumts of analysis. A unit of
analysis was considered as an excerpt of the tattiming one or more periods which
together have a given semantic meaning (Gall, &aHorg, 2007). Each item of the
lists of items, found in some sections of the aula, and each diagram and figure were

considered as a unit of analysis. Each unit of y@mlwas then analyzed using the
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various instruments constructed to appreciate ¢lel lof conceptual demand of the
curricula, in terms of the following three dimensso— complexity of scientific
knowledge, degree of intra-disciplinary relatioretvizeen distinct knowledges (intra-

disciplinarity) and complexity of cognitive skills.

In spite of the schooling level to be analyzed, tomstruction of the respective
instruments was based on similar theoretical anthodelogical guidelines, although
reflecting the specificities of the curricular texbder analysis. The instruments for
characterizing the complexity of scientific knowdgdand the complexity of cognitive
skills contained a three or four degree scale tredtects different levels of

conceptualization of knowledge and of cognitiveqesse’

The instruments for characterizing intra-disciptityacontained a four degree scale.
Bernstein’s concept of classification was usedefing a scale where respective degrees
give the strength of boundaries between distinoilkadges within the discipline. In the
case of primary and middle science curricula, theatdisciplinarity respects to
relations between distinct scientific knowledgés: highest degree {§ corresponds to
an absence of relations between distinct scierkifiowledges; the lowest degree (C
corresponds to a strong relation between disticiensific knowledges; the intermediate
degrees (C and C) correspond to intermediate relations betweenindistscientific
knowledges. In the case of the study of the seagnsieience curriculum, the intra-
disciplinarity respects to relations between dedlae knowledge (theory) and
procedural knowledge (practice), within scientKimowledge: the weakest classification
(degree C) corresponds to an integration of theory and prectvhere both have equal

status, and the highest classification (degré§ Grresponds to a separation between
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theory and practice. This study was centered onletel of conceptual demand of

practical work in high school Biology and Geology.

With the intention of making clear the procedurbattwere followed, the paper is
centred on the middle school curriculum studiesvéa] 2007; Calado, 2007; Calado,
Neves & Morais, 2012; Ferreira, 2007)These studies were focused on the OPD
contained in two curricular documents Essential Competencg®EB, 2001) and
Curricular Guidelines(DEB, 2002) - with regard to science education, avete
particularly centered on the themes ‘Sustainabiitghe Earth’ and ‘Living Better on
Earth’ (the themes of the Portuguese Natural Segwarriculum of the two last years

of middle school — ages 14nd 15).

One of the central objectives of these studies twaanalyze the level of conceptual
demand of the curriculum and the extent to whidh fiessages of the two curricular

documents evidenced recontextualizing processes.

Based on these studies, and considering the emlpieicel, the present paper clarifies
the methodological procedures used in the analgbéise OPD of the two curricular
documents and presents some of the results givahepnalyses. At the theoretical
level, the paper explores those results, and te@tions with results of other similar
studies, in order to discuss the importance oldkiel of conceptual demand of science

education for accessing the structure of sciencaviedge.

The following tables (Tables 1, 2 and 3) intendmake methodological procedures
explicit by presentingexcerpts of instruments and examples of units @flysns and

respective classification according to the scafeb@instrumenfs
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(insert Tables 1, 2 and 3)

Figure 3 shows the results of the analyses centametie theme ‘Sustainability in the
Earth’ of the middle science school curriculum,drder to appreciate the level of
conceptual demand contained in the curriculum aedécontextualizing processes that

occur between the two curricular documents.

(insert Figure 3 about here)

According to these results, we may say that: (e)lekel of conceptual demand is very
low when considering the ‘complexity of scientiknowledge’ and ‘intradisciplinarity’
dimensions and is relatively high for the indicatoomplexity of cognitive skills’
dimension; (b) for all the three dimensions, thedst degrees (1 and § increase and
the highest degrees (4, 3 and)Qlecrease when moving from the curricular document
with the general principleseC) to the curricular document with more specific
guidelines CG). This evidences recontextualizing processes, imittihe official
recontextualizing field, in the direction of decssgay the complexity of cognitive
processes, the complexity of science knowledge theddegree of relation between
distinct levels of scientific knowledge, therefol@vering the level of conceptual

demand.

The results of the other studies centered on thense middle school curriculum
(Alves, 2007; Calado, 2007; Calado, Neves & Mqrail?2), give similar trends. They
show a low level of conceptual demand, particularlwhat concerns the complexity of
knowledge and intra-disciplinarity and they als@mwhrecontextualizing processes in
the direction of lowering the level of conceptuantind, when moving from the

general to the specific curricular principles. Htedies developed in the context of the
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primary (Silva, Morais & Neves, 2012a) and the seleoy (Ferreira & Morais, 2012)
science school curricula also suggest that thd Eveonceptual demand is, in general,
low and it is lower in the curricular document wapecific guidelines more directly
related to the classroom context. Recontextualizingcesses in the direction of
lowering the level of conceptual demand were algseoved in the study focused on
textbooks (Calado & Neves, 2012) which complemerdad of the studies of the

middle science curriculum (Calado, 2007).

If we now consider studies which contained analyafggedagogic practicgg.g. Alves

& Morais, 2012), their results show a similar pretui.e., pedagogic practices are
characterized by a low level of conceptual demawkn lower than the conceptual
demand present in the respective curricula (middlence). A similar result was also
found in a previous study, carried out at the medathd secondary science school levels
(Domingos, 1989a, b). In this particular caseyas possible to understand that teachers
tend to be influenced by the classroom social cantey implementing pedagogic
practices whose level of conceptual demand is lomen teaching in school classes

with students of low social background.

Conceptual demand and students’ scientific learning
An important dimension of the study of the levelaminceptual demand of curricula,

textbooks and pedagogic practices respects torthlysas of the relation between that
level and students scientific learning. A studyt thras carried out at the primary school
level, andwhich analyses the relation between the level afceptual demand of
teachers’ pedagogic practice and children’s sdiergarning (Silva, Morais & Neves,
2012b), will be here reporte@ihe two teachers, who were involved in the studgd in

their practices curriculum teXtshat contained a high level of conceptual demamdi a
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an underlying mixed pedagogic practice with chamstics that former studies (e.g.
Morais, Neves & Pires, 2004; Morais & Neves, 20idye shown to have the potential

to lead students to success.

Instruments for characterizing the level of conaaptdemand of teachers’ pedagogic
practicé referred to botlihe whatandthe howof that practice. In the case thie what,
instruments contained three degrees of increasangplexity in order to characterize
the lower or higher degree of teacher’'s proficierather in terms of scientific
knowledgé® or investigative skil§. In the case ofthe how,the instrument contained
four degrees of classification to indicate a small€) or greater (C) degree of intra-

disciplinarity between distinct scientific knowlesky

Figure 4 shows the results of the analysis of theceptual demand of the two teachers

(Marco and Sara).

(insert Figure 4 about here)

The analysis indicated that the two teachers diffegreatly in their level of conceptual
demand. Whereas teacher Marco’'s pedagogic pra¢tiith working class -WC-
children only) was characterized by a high levetofceptual demand, teacher Sara’s
pedagogic practice (with working and middle clad€- children) was characterized by

a low level of conceptual demand.

The analysis of the relation between teachers’ gegia practice (PP) and children’s
scientific learning, given by the results of a tdst assessed science knowledge and
investigative skill¥, is shown in the graph of Figure 5. Results axemiin a four

degree scale (0-24%; 25-49%; 50-74%; 75-100%) tlatesponds to increasing
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degrees of children’s performance in scientific \kfemige ScKn) and investigative

skills (InvSK).

(insert Figure 5 about here)

The data shows that teacher Marco’s children @i pf the WC) obtained much better
results than teacher Sara’s, even overcoming hecMi@ren’s resultS. This was only

possible because teacher Marco’s pedagogic praaiite&ined not only a high level of
conceptual demand but was also close to the mirddgogic practice predicted in the
curriculum texts, i.e. it contained another favdleafeature to children’s success. This

was not the case of teacher Sara’s pedagogic geacti

If we consider that, when compared with teachea'SaPP, teacher Marco’'s PP was
characterized by a higher level of conceptual demdans legitimate to think that it is
possible to improve the learning of disadvantag@ttiren without lowering the level

of conceptual demand. This is an extremely importasult that reinforces results of
former studies (e.g., Domingos, 1989a; Morais, Newe Pires, 2004) and that
highlights the possibility of leadingl students to adequate scientific knowledge and its

hierarchical structure.

Final considerations

The studies developed so far, that were centredhenconceptual demand of the

pedagogic discourse at various levels of the Podsg educational system, broadly
suggest that the level of conceptual demand dezseaben moving from the general

guidelines of the curricula to its specific guidels and from these to textbooks and to
the classroom context with regard to teacher’s gedia practices (e.g. Alves, 2007,

Alves & Morais, 2012; Calado & Neves, 2012; Caladdeves & Morais, 2012,
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Ferreira, 2007; Ferreira & Morais, 2012; Silva, lier& Neves, 2012a, 2012b). The
studies, which were focused on pedagogic practiedsdifferent levels of conceptual

demand of science learning, suggest that highe@ldexM conceptual demand influence
favourably all students’ scientific learning (e.g. Domingos, 198%ilva, Morais &

Neves, 2012b).

On the basis of these various studies, either mashtan monologic or dialogic texts, it is
possible to say that the conceptualizing of knogéeds a crucial condition for access
of students to scientific knowledge is not muchueal in the Portuguese science
education. Science knowledge, as shown by BerngtE#99), has a hierarchical
structure characterized by the articulation betwlegels of knowledge in the direction
of the development of successfully more general iatejrating theories. Given this
structure, it is legitimate to think that, in thentext of science education, to lower the
level of conceptual demand means to restrict stisdemnominal and factual knowledge
and as such to give them a limited view of sciekwewledge as a discourse with a
hierarchical structure. On the contrary, to raiselevel of conceptual demand means to
provide students with the access to conceptual ledye and as such to give them a
broad view of what science knowledge is. In thisdibon students may have access to
the knowledge which is privileged by the scientdmmmunity and by power groups in
society. And this must be a condition made avadlablall students. As argued by
Morais (Domingos, 1989a), if students “are confimgthin a very limited conception
of science, science as definitions, elementaryqmtoal rules, rather than science as an
imaginative exploration and explanation of the ptglsworld [...] they are likely to be
cut off from the power of its discourse [...] andhky have not access to the power of
discourse they have not access to the discourspsvegr and their dominant agencies

and practices in society.” (p. 222)

It is important to note that science education extst based on low level of conceptual
demand do not correspond to the absence of vedisaburse because any academic
discourse is a vertical discourse (Bernstein, 198@wever, it is a limited vertical

discourse that, according to Morais (Domingos, B938 restricted to the vocabulary
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of science (nominal and terminological knowledgedl aot to its syntax (conceptual

knowledge).

A decision about the level of conceptual demand thato be valued in science
education depends, to a great extent, on the igmalloand pedagogical positioning of
the educational agents (curricula and textbookshas, teachers)in fact, since
education of science is a vertical discourse witiloazontal structure, there may appear
in science education various parallel languagegh wdistinct science educators
defending distinct pedagogic positiorfsor some of them — for instance, science
educators without a broad perspective of the trassaon-acquisition process or with
ideological principles which devalue the socialgualities in school — to lowering the
level of conceptual demand may represent a bettgr for helping disadvantaged
students, given the assumption that they are rexigoed to acquire a conceptualized
scientific knowledge.For others — more acquainted with the sociologiahaning and
consequences of students’ inequalities — it isialdlat the level of conceptual demand
is not lowered. This is based on the assumptionsihaally disadvantaged students (as
likewise the socially advantaged students) haveemtlities for acquiring a
conceptualized scientific knowledge, provided temshpedagogic practice takes into
consideration their socio-cultural characteristimscreating conditions to increase their
positioning in the school context and to facilitébeir access to the school’s vertical

discourse.

Within this line of thought, Morais (Domingos, 1%§9argued that “[...] teachers who
make a very low level of conceptual demand havedao understand the sociological
implications of the transmission-acquisition pracésey are promoting. Children who

enter the school disadvantaged will leave it stilre disadvantaged. [...] The fact that
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these pupils can be successful with teachers whkenaalow level of conceptual
demand [...] means howeasuredachievement can give us a measure of memorized
knowledge [...]and not necessarily an understanding of that kreigedewhich would
require a teaching that takes into account the sencture of the scientific knowledge
[...].The understanding of scientific concepts anitdi@ples, and the competence to use
this knowledge in solving new problems and in ustierding and criticizing the world,
should notbe a preserve of a socially selected few. [...] Ttexe the culture of the
working-class does not entail that the childrenusthdoe deprived of scientific literacy
nor that such literacy entails the adoption of whead considered to be middle-class

values and practices and the loss of their ownegéind practices.” (pp. 216-221).

To keep social equality in science learning cort@reans to create conditions &dr
students to have access to a pedagogic discowasexjresses the structure of scientific
knowledge. And to leadll students to access the hierarchical structureciehsfic
knowledge means to give them the opportunity tanlescience in a conceptually

demanding context.

However, it is important to note that the authofsttos paper are not defending a
science education restricted to high levels of ephgal demand. A balance should exist
between simple and complex knowledge because nagplegnknowledge can be
understood without the acquisition of the simplewledge involved. A balance should
also exist between simple and complex cognitivisskaind memorization should be
included. As referred by Ferreira and Morais (20123sed on data evidenced by
neuroscience research (e.g. Eichenbaum, 2004; G28ke; Kumaran et al., 2009),
“the automation of mental tasks is necessary iremtidat a larger area of the brain is

available to perform more complex tasks, involvihg use of knowledge. Only when
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students develop simple skills, as memorizatiospacific facts and concepts, can s/he

develop complex skills as applying these concepteetv situations” (p.24).

This paper presented a mode of measuring the ¢é\sdience education by measuring
its level of conceptual demand. The discriminabdrarious dimensions of the level of
conceptual demand on the basis of concepts of teasaof both psychology and
sociology allows a detailed analysis of sciencecatianal texts and may be applied to

other areas of educational knowledge, respectieig sipecificities.

The relation made in this paper between the pedegogimension (Knowledge
transmission) and the epistemological dimensionofidadge structure) of science
knowledge allowed the discussing of the meaningdisfinct levels of conceptual
demand in terms of students’ differential accessth® hierarchical structure that
characterizes science knowledge. While using arétieal framework in science
education, based on Bernstein’s conceptualizatidarms of discourses, a contribution
might have been given to the construction of newcatonal knowledge and to open

up new directions for research in this area.

Notes

1. The revised Bloom’s taxonomy contains six levdlsamplexity of cognitive processes: remembering;
understanding; application; analysis; evaluation ereation. In the studies where this taxonomy was
used, the first two levels refer to what is calbsdsimple skills and cover psychological processes
such as remembering and understanding at the nersiestary level. The last two levels refer to
more complex skills that involve a level of comptgxhigher than that of simple skills, such as the
highest level of understanding, application, arialysvaluation and creation. Within the simplelskil
it was also considered two levels of complexitye thkills which involve the lowest level of
complexity by referring to the retrieving of relewaknowledge from long-term memory, such as
recalling; and the skills which imply a higher Iéwd complexity as it is the case of understandihg
the level of exemplification. Within the complexillk it was considered two other levels of
complexity: the skills, which involve understandiaigthe highest level, as it is the casénddrring or
explaining, and the cognitive process of appliegtiand the skills which involve the highest levél o
complexity, including cognitive skills that rang®iin analysis and evaluation to creation.

2. Marzano’s taxonomy contains four levels for thgmitive system: retrieval, comprehension; analysis;
and knowledge utilization. Retrieval, the first é\of the cognitive system, involves the activation
and transfer of knowledge from permanent memorwadoking memory and it is either a matter of
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recognition or recall. The process of comprehensoresponsible for translating knowledge into a
form appropriate for storage in permanent memodyiavolves two related processes, integrating and
symbolizing. The third level, analysis, involve® throduction of new information that the individual
can elaborate on the basis of the knowledge s/bectiprehendedrhe fourth and more complex
level of the cognitive system implies the knowledg#ization in concrete situations and involves
four general categories: decision making, probleiviisg, experimenting, and investigating.

3. The study developed at the secondary school leaslfocused on the Biology and Geology curriculum
for 10" and 11" years of schooling. Although part of the sameils®, Biology and Geology are
presented in the Portuguese curriculum as twondissubjects. For that reason they were analyzed
separately either for each one of the two schooliays taken separately {1and 11", in the case of
specific directions, or for both schooling year&eta together, in the case of general directions
common to the two of them. Thus, in this study, eeasidered six parts of the curriculum: general
part of Biology, Biology 18, Biology 11", general part of Geology, Geology"idahd Geology 1L

4. The study developed at the primary school level enade of instruments with shorter scales for
analyzing the complexity of both knowledge and dtiga skills because the curricular texts at this
level contain little knowledge and investigativéllskof high level of abstraction and complexity.

5. The studies centered on science curricula at thiwllen school level (Alves, 2007; Calado, 2007,
Ferreira, 2007) were part of the same broader figa®n, conducted in the context of the authors’
research group.

6. The whole picture of the instruments and of ttessiffication of the units of analysis may be foumd
Alves (2007), Calado (2007) and Ferreira (2007)k0Ahvailable in_http:/essa.ie.ul.pt: Instruments
2.2.9,2.2.10b and 2.2.11.

7. The curriculum texts refer to a set of activitiesbe used in the science classroom — worksheets,
experimental guides, etc. — and which were conttdufor this specific study.

8. The characteristics are the following: (a) cle#stidction between subjects with distinct statuses
(strong classification of the teacher-student i@fgt teacher control of selection and sequencihg o
knowledge, competences and classroom activitigen@tframing, namely at the macro level, of
selection and sequencing); student control ovetithe of acquisition (weak framing at the level of
pacing); clear explication of the legitimate textlte acquired in the context of the classroom figtro
framing at the level of the evaluation criteriagrgonal relationships of communication between
teacher and students and between students (wealhfrat the level of the hierarchical rules); inter
relation between the various kinds of knowledgeaaddiscipline to be learned by students (weak
classification at the level of intra-disciplinaffyblurring of the boundaries between teacher-stude
and student-student spaces (weak classificatiomdest spaces).

9. The instruments used for characterizing the pedagwogctice in its various dimensions may be found
in Silva (2010). Also available in http://essa.lgat1 Instruments 2.1.12, 2.1.13 and 2.1.14.

10. The excerpt that follows is part of the instrumiatt was constructed to analyze teacher’s profigie
of scientific knowledge:

Indicator Degree 1 Degree 2 Degree 3

The teacher gives scientifically incorrectThe teacher gives answers where s/he The teacher gives answers that contain

answers that evidence makes some relations but fails other various relations to subject matters
. 8 . major deficiencies at the level of  relations essential for the clarification  previously studied, evidencing great
Children’s doubts/questions P N PR . i
scientific knowledge. of the doubt/question, this indicating rigour and correction in all those
some deficiencies at the level of relations.

scientific knowledge.

11. The excerpt that follows is part of the instrumiatt was constructed to analyze teacher’s profigie
of investigative processes:

Indicator Degree 1 Degree 2 Degree 3
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The teacher shows no knowledge of The teacher shows some knowledge of The teacher shows full knowledge of
investigative processes, evidenced by investigative processes but ignores  investigative processes by exploring
a discussion with children of some important steps of these processeand correctly relating different steps of

Discussing experimental problems, predictions, observations, as, for example, relations between these processes (problems,
activities interpretations of results and results, the problems, predictions hypotheses, observations,
conclusions, contained in children’s previously made. interpretation of data, conclusions).

activities, that mechanically follows
the worksheets questions.

12. The scientific knowledge assessed is related toctmeept of the growing of living things. This
concept is central to the set of activities thatevpart of the curriculum texts (constructed fasth
study) implemented by the two teachers. Investigadkills are skills developed through the actdsti
(e.g. making predictions, interpreting experimengsiults).

13. The test results were reinforced by the resulthefstudy of children’s specific coding orientatim
concept understanding when considering the congkfte growing of living things vivos (Silva,
Morais, & Neves, 2012b).
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Table 1 -Excerpt of the instrument for analyzing the comipfeaf scientific knowledge and respective
examples of units of analysis

Excerpt of the instrument

Section Degreel Degree2 Degree 3
Suggestions of Suggestions of Suggestions of
strategies/methodologies strategies/methodologies  strategies/methodologies
. that aim at the that aim at the that aim at the
Methodological  {ansmission/acquisition  transmission/acquisition of  transmission/acquisition
guidelines of generalized facts complex concepts, with a of unifying
and/or simple concepts, level of complexity higher  themes/theories, involving
with a low level of than that of simple concepts a very high level of
complexity. and constituted by not complexity.
perceptible defining
attributes.

Units of analysis

Degree 1: “ When studying energy flows, the sunle Bs source of energy, probably already studied
in the Physics-Chemistry discipline, should be dedil (‘Sustainability in the Earth’ -
Curricular Guidelines.

Degree 2: “[...] within a general approach of sompeasts of inheritance, students should be faced
with situations dealing witthe transmission of characteristics along generat{eye an
hair colour).” (‘Living Better on Earth’ Curricular Guideline$

Degree 3: “Understanding that the dynamics of gstesns is a result of the interdependence betyeen
living things, materials and processeq'Sustainability in the Earth’ -Essential
Competencgs
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Table 2:Excerpt of the instrument for analyzing the intiaeiblinarity (relation between distinct levels
of scientific knowledge) and respective examples$ of analysis

Excerpt of the instrument

Section c™ c* (o3 Cc-

The The The The
strategies/methodologiesstrategies/methodologiesstrategies/methodologies strategies/methodologigs
suggested contain the  suggested contain the suggested contain the  suggested contain the
relationship between relationship between relationship between relationship between
simple knowledge within  simple knowledge of  complex knowledge, or complex knowledge, or

the same theme. distinct themes. between this and simple between this and simplg
. Or knowledge, within the ~ knowledge of distinct
Meth.odolloglcal Scientific knowledge same theme. themes.
guidelines essential to the

understanding of the
relationship between
knowledge is missing in
the
strategies/methodologies
suggested.

Units of analysis

Degree C* “It is recommended that students understand xisemce of different types of water and the relatbf
their use with varied purposes” (‘Sustainabilitytire Earth’-Curricular Guideline$

Degree C: “Starting from familiar situations to the studertbites, burns, anxiety in school assessmentf@ning
on voluntary and involuntary reactions, the rolgha nervous system (central and peripheral) anteg
hormonal system in the coordination of the organssrould be highlighted” (‘Living Better on Earth
Curricular Guideline$

=

Degree C: [Inexistent in the text of either of the twaethes analyzed].

Degree C™: “[...] it is intended that, after having understocohcepts related to the structure and functiowihthe
Earth system, students can apply them to situatlatsrefer to humans’ intervention on Earth anthi
resolution of problems that result from that in@rtion, having in mind the Earth sustainability
(‘Sustainability in the Earth’ Essential Competendes
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Table 3 -Excerpt of the instrument for analyzing the comipferf cognitive skills and respective
examples of units of analysis

Excerpt of the instrument

Section Degreel Degree2 Degree3 Degree4

Strategies/methodologies Strategies/methodologies Strategies/methodologies Strategies/methodologie
that call for mobilizing that call for mobilizing that call for mobilizing that call for mobilizing

skills of a low skills as the skills as the skills of a very
Methodological level of complexity, understanding of simple understanding of high level of complexity
guidelines involving processes that instructional messages  complex instructional as analysis, evaluation
require the retrieving of like exemplification. messages, like and creation.
relevant knowledge from explanation, and
long-term memory. application.

Units of analysis

Degree 1: “The students should learn the locatiogemetic material inside the cell [...]” (‘Living B&fr on Earth’ -
Curricular Guideline$

Degree 2: “Recognizing situations of sustainableeti;yment in diverse regions” (‘Sustainability inettEarth’ —
Essential Competendes

Degree 3:[...] Considering that innumerous catastrophes may giustake the equilibrium of ecosystems and
survival of human populations, the students shoefiiéct on the causes and effects of catastrophgs [
(‘Sustainability in the Earth’ €urricular Guidelines.

Degree 4: “Planning and developing research aigsvitProblem-solving situations, while requiringfetient ways of
searching, collecting, analyzing and organizinginfation, are fundamental to understanding scién
(‘Living Better on Earth’ Essential Competendes

the
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Vertical discourses and science education
Analyzing conceptual demand of educational texts

Abstract

The paper investigates the level at which hieraadlstructures of knowledge, as seen in terms
of the concept of conceptual demand, are presestcience education texts and contexts.
Conceptual demand is explored from both theoretigatl empirical points of view.
Theoretically, the paper discusses the sociologitedning of conceptual demand of science
education by using Bernstein’s theorizing (1999puwbvertical discourses and hierarchical
structures of knowledge, and according to whiclersm education is education of specific
knowledge with a hierarchical structure. Empirigathe paper describes the external language
of description developed to analyse the concemtealand at various levels of the educational
system. The paper also gives some results of studiéch have investigated the level of
conceptual demand of science texts and contextsitancklation with children’s scientific
learning. These results are discussed in terniseaf $ociological meaning in science education.

Key-words Vertical discourses; Hierarchical structures obwledge; Science education; Conceptual
demand; Pedagogic texts and contexts; Studenesitdic learning.
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