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Conceptual demand of science curricula
A study at the middle school level

INTRODUCTION

At the beginning of the 21 century, the issue & ¢juality and success of students’ science
learning remains at the centre of research andipeain the hope that the school, as a social
institution, will be able to educate scientificallyerate citizens. To educate scientifically
literate citizens means, according to OECD (1989prepare individuals with “the capacity to
use scientific knowledge, to identify questions &mdraw evidence-based conclusions in order
to understand and help make decisions about theahawvorld and the changes made to it
through human activity'(p.60). Changes occurring in today's society hag tb the re-
conceptualizing of science education. All over wald science curricula have been placing
more emphasis on the development of scientifieddg (BouJaoude, 2002). Initially used by
Hurd (1958) — to highlight the importance sifience for alin a more and more technological
and scientific society —, the concept of scientiieracy has been seen in terms of various and
distinct dimensions (e.g., Dillon, 2009; FeinsteR010; Kemp, 2002Laugksch, 2000).
However, and despite the diversity of meanings a=mb to the concept of scientific literacy,
some authors (e.g., DeBoer, 2000) believe thathdukl imply a broad and functional
understanding of science. This idea leads to thtersient that all citizens need to develop
scientific literacy so that knowledge and skillsxndae mobilized and applied to the present

scientific-technological world.

When studying scientific literacy in curricula and pedagogic practices, it is important to
analyze their level of conceptual demaad,explained in the Theoretical Framework below.

The study presented in this article is focusedhencbnceptual demand of science currieuid



takes as the object of analysis the current PoesgyiNatural Sciences curriculum for middle

school.

The curricular reorganization of the educationastemn for compulsory school (7 15
schooling ages), that occurred in Portugal in 22002, introduced new organizational
guidelines and new curricula, all based on a ptayécurriculum flexibility working within a
centralized educational system. In this contexfy twain documents were delivered by the
Ministry of Education and Science (ME&ssential CompetencéSEB, 2001) andCurricular
Guidelines(DEB, 2002). These documents were constructedirwttie field of the MES by
teams of mostly invited external experts, namelyensity teachers. Some authors were
involved in both documents but some authors weweled in only one of the two and
additional authors were involved. The expectatibthe Ministry of Education and Science is
that textbook authors and teachers will develop thierk on the basis of the principles defined
in both documents. Th&ssential Competencedocument sets out the general skills and
knowledges that are considered as essential biahienal Curriculum to define a profile for
the compulsory education output and alse specific skills and knowledgeso be developed
in each discipline or disciplinary area. TBairricular Guidelinesdocument, more specific,
derives from theEssential Competencaetocument and guides the knowledge selection and
sequencingand the implementation of educational experiencess dach discipline or
disciplinary area. In the particular case of midsiéool education (13 15" schooling ages),
where the present study is focused, the CurricGlaidelines for the discipline of Natural
Sciences are structured around four organizatidhames: ‘Earth in Space’, ‘Earth in
Transformation’, ‘Sustainability in the Earth’ afidving Better on Earth’. According to the
sequence referred in the curriculum documentsfitstetwo themes are to be taught in the first

year of middle school (age )3 The ‘Sustainability in the Earth’ theme is to taeight in the



second year of middle school (ag€)ldnd the ‘Living Better on Earth’ theme is to beght in

the last year of middle school (age 1T his fourththeme is considered as:

"the culmination of all prior learning and aims extabling the student to evaluate the importance of
individual and collective intervention in the Ealthlance [...]" (DEB, 2001, p.146).

The study presented in this article is part of aader investigation (Calado, 2007) which
involved the analysis of the pedagogic discoursetaioed in both the Portuguese Natural
Sciences curriculum for middle school and the respe textbooks, with regard to the ‘Living
Better on Earth’ theme. The analysis of the cuhdicu contained in this study was
complemented by another study, focused on the aattility in the Earth’ theme, which was
carried out by another researcher (Ferreira, 20R&jerence to the respective results will be

made at relevant points in this article.

This article focuses on an analysis of the offipatlagogic discourse (OPD) that is part of the
two official documents of the current curriculaorganization -Essential Competencesd
Curricular Guidelines- with respect to their level of conceptual demararough this analysis

it is also possible to discuss recontextualizingcpsses that may have occurred within the
Ministry of Education and Science, when the messag¢ained in th&ssential Competences
document moves to theurricular Guidelinesdocument. The problem addressed by the study
is the following:What is the level of conceptual demand of the tffioial documents of the
current Natural Sciences curriculum for middle schand what is the extent to which the
messages of those documents evidence recontextggirocesses From this problem the
following objectives were derived: a) analyze th®DD contained in the two curricular
documents with regard to the level of conceptuahaed; b) characterize the extent and
direction of the recontextualizing of the OPD of @urricular Guidelinesdocument in relation

to the OPD ofthe Essential Competencedocument; and c) offer a reflection on the

consequences of the level of conceptual demandtite recontextualizing processes of the



curriculum on scientific literacy odll students. A further and fundamental objectiveha$ t
article is to highlight methods and concepts thayime used to identify the level of conceptual

demand in science curricula.

THEORETICAL FRAMEWORK

The curriculum, as an official text with a set ofngiples that directs the teaching/learning
process at the various levels of the educationatesy (syllabuses, textbooks, pedagogic
practices) reflecting ideological and political pmhs about the meaning accorded to that
process, has been the object of large and varisehreh (e.g, Apple, 2004; Young, 2008;
Wheelahan, 2010). Such research has been guiddrbbnetical perspectives from the areas of
epistemology, psychology and sociology and has domehtally focused on the kind of

knowledge that should be valued throughout the @atwrriculum and also on the ideological,

political, sociological options underlying curricmh organization. The present study is
psychologically and sociologically grounded andpecifically focused on the message of the
official pedagogic discourse conveyed in the cuitm of a given discipline addressing in

particular the level of conceptual demand.

Within a sociological perspective, the study makes of Bernstein’s model of pedagogic
discourse (1990, 2000). Through this model it isgilde to understand the relationships that
lead to the production and reproduction of thecwdfi pedagogic discourse (OPD) along the
pedagogic device. The OPD is construed as contadinections about school organization and
management and about curricula and assessmentrdiogdo the model, the OPD results
from the recontextualization of the General RegutatDiscourse (dominant principles of
society) that occurs in the Ministry of EducationdaScience and its agencies, under the

influence of the economy, symbolic control and iin&ional fieldsand also influenced by



curriculum authors’ ideologies. The curriculum/ayls for a given discipline or disciplinary
area is then produced by the Ministry of Educatiod Science in the official recontextualizing
field and integratesthe what' and the how’ of the OPD, i.e. the knowledge and the
relationships to be transmitted and how thehould be transmitted. The OPD is further
transformed in the pedagogic recontextualizinglfiel produce the pedagogic discourse that is
conveyed, for example, by school textbooks. Thszalirse becomes the pedagogic discourse
of reproduction at the classroom level where it ni@y the object of various further

recontextualizations.

According to the model, the recontextualizing psses that occur at the level of the pedagogic
discourse, whenever this discourse moves from amegt to another, introduce changes
whose direction and extent may reflect, among otaetors, the ideological and pedagogical
principles of the curriculum’ authors and the iefhces of their social interactions while

constructing the curriculum (Ferreira, Morais, &wds, 2011).

The pedagogic discourse, conveyed in texts prodatedarious levels of the educational
system, contains a sociological message that atsspower and control relations between
categories such adiscourses(e.g. intra-disciplinary relationsgpaces(e.g. teacher/student)
and subjects(e.g. Ministry’s agenfgeacher). In order to characterize the various pcavel
control relations, Bernstein uses the concepts lasdication and framing, respectively.
Classification (C) refers to the degree of mainteeaof boundaries between categories
(discourses, spaces and subjects), assuming sttalngs when there is a clear insulation
between categories and weak values when therbligring of boundaries between categories.
Framing (F) refers to social relations betweengaies, i.e. to communication between those
categories. It is strong when the higher categagy inore control in the relationship and it is

weak when the lower category has some controlerréhationship. The present study uses the



concept of classification for analyzing the intiaeiplinary relations between distinct
knowledges within the same discipline (Natural 8ces for middle school education) (see

Methodology).

From a psychological point of view, and given itartcular focus on the importance of
teaching/learning processes that promote a highl let conceptual demand, the study is
strongly informed by on Vygotsky’s ideas (1978).cAading to Vygotsky, education should go
beyond students’ actual level abgnitive development and, as such, the teachegliieg

process should provide, in our terms, a level afceptual demand higher than the level at
which students can operate alone. Following thdsag, a highly conceptualized scientific
learning plays an important role in the promotidnsoientific literacy. Science education
should not be restricted to the simple understandinconcepts but it should also foster the

development of high level cognitive skills and kriegge.

In order to analyze the complexity of science cutld, the study uses a model of analysis of
conceptual demand which has been developed thrdifiignent studies focused on curricula
and pedagogic practicesThe concept of conceptual demand was firstly usgdvibrais
(Domingos, 1989a, b) to refer to the complexitytloé teaching/learning process in terms of
cognitive skills. Later on, on the course of joyntwork by Morais and Neves (e.g., Morais,
Neves, & Pires, 2004), the concept evolved to nakegthe complexity of scientific skills and
of scientific knowledge and, more recently (e.grrEira, 2007; Ferreira & Morais, 2012), to
integrate intra-disciplinarity within a scientifdiscipline, that is the degree of relation between
distinct scientific knowledges of that disciplinenis subsequent reformulation of the concept
of conceptual demand represents a considerablefaterprd when compared to the former
definition based on the complexity of skills onl¥zor this reason, the study described in this

article makes use of the most recent perspectivihefconceptConceptual demand is then



defined as the level of complexity of science etiocaas given by the complexity of scientific
knowledge and of the strength of intra-disciplinagfations between distinct knowledges
within a scientific disciplineand also by the complexity of cognitive skills (M@ & Neves,
2012). It is important to note that a concept ohaaptual demand was used in several
international studies in the 1970's and 1980’s, nehé& was associated with Piagetian
development stages (e.g. Shayer & Adey, 1981). present study departs from this
perspective to follow the perspective describedvalemd in doing so offers a deeper and richer

analysis.

Bybee and Scotter (2007) emphasize that, among asipects, the science curriculum must be
rigorous and coherent. With regard to the firsteagpthe authors believe that the science
curriculum should emphasize learning which is cpteally demanding. In this perspective,
the science curriculum should help students toeaghia general and broad understanding,
within a given conceptual structure, of the fundatak ideas of science and also an
understanding of the scientific procedutbat have a fundamental impact on today’'s world
(Millar, & Osborne, 1998). With regard to the codrece of the curriculum, Bybee and Scotter
(2007) refer to the organization of concepts anoc@sses to be developed throughout the
school, as well as to the "connectivity" of sciemomcepts and processes that students must

experience along the science teaching/learningegsoc

Making relations between distin&howledges is therefore essential for a more medmin
understanding of science. Keeping in mind that Kedge has a given structure that contain
distinct levels of abstraction and organizatiorg tbaching/learning process should lead to the
understanding of concepts and big ideas, rathem tbausing on a more factual domain
(Erickson, 2007). Considering the hierarchical gtiee of scientific knowledgecharacterized

by integrating propositions that operate at indreakevels of abstraction, the development of a



theory requires a new theory that is more genardlraore inclusive than the previous theory
(Bernstein, 1999). Following these ideas, undeditanscientific knowledge at a high level

implies that science education should considerdlaionship between distinct knowledges, in
a way simulating the integration that charactertbesstructure of scientific knowledge. Thus,

by promoting intra-disciplinary relations, the tbhamg/learning process may lead to the
understanding of high order concepts, with gregiewer of description, explanation,

prediction and transference. In this study, intisciglinary relations are defined as the relations
between distinct knowledges within a given disciplieither of the same or of distinct levels of
complexity, and either within the same teaching onbetween teaching units. These relations
can range from very tight to very loose, that mnfrvery weak boundaries between distinct
knowledges (weak classification), to very strongudmbaries between distinct knowledges

(strong classification).

On the basis of the ideas provided above, the aatbfathis article argue that it is important to
raise the level of conceptual demand in sciencecatn. A decision about the level of
conceptual demand that is to be valued in sciedoeation depends, to a great extent, on the
ideological and pedagogical positioning of the ediomal agents (curricula and textbook
authors, teachers). For some of them — for instascence educators without a broad
perspective of the transmission-acquisition procssith ideological principles which fail to
engage with the fundamental social inequalitiesdhool — lowering the level of conceptual
demand may represent a better way for helping d&s#dged students, given the assumption
that they are incapable of acquiring conceptualigei@ntific knowledge. For others — more
acquainted with the sociological meaning and comseces of students’ inequalities — it is
crucial that the level of conceptual demand islowered. This is based on the assumption that
socially disadvantaged students (likewise the #gcaalvantaged students) have potentialities

for acquiring conceptualized scientific knowledgegvided teachers’ pedagogic practice takes



into consideration their socio-cultural characteass To keep social equality in science
learning contexts means to create conditionsafbrstudents to have access to a pedagogic
discourse that expresses the structure of sciektidwledge. And to leaall students to access
the structure of scientific knowledge means to dhem the opportunity to learn science in a

conceptually demanding context.

At a time when the worldwide belief education for allleads many to defend a school based
on simple knowledge and general skills we calldaronceptually demanding education with

the goal of decreasing the gap between advantagkdisadvantaged students.

METHODOLOGY

General aspects

The study uses a mixed research methodology (eghakkori, & Creswell, 2007; Morais, &
Neves, 2010). On the one hand, the study contaitisearetical framework to guide the
construction of instruments of analysis where tlaegories and indicators have been
previously defined (a characteristic more assodiatgh quantitative methodologies). On the
other hand, empirical data, obtained in exploratmmglyses of the documents, were used for
the construction of the instruments’ descriptors cf@aracteristic more associated with
gualitative methodologies). In terms of data analysnethodological procedures of a
fundamentally qualitative character were used byyoay out an interpretative content
analysis. Our mixed methodological approach usesxarnal language of description (the
instruments) derived from an internal language escdiption (e.g. Bernstein’s theory) on the
one hand, and it is based on the empirical dath®wther hand. A constant dialectical relation
is established between the external language ofriggsn and the empirical datdhis

dialectic relation is made possible by the strorgmgnar of the internal language of



description, created by Bernstein's theory, thetwal the development of rigorous external
languages of description which, in turn, providedgnce for more systematic empirical

analyses.

The text of the two curricular documengssgential Competencesd Curricular Guideline$
was segmented into units of analysis. Followingl,Gdrg and Gall (1996), a unit of analysis
corresponds to an excerpt of the text with a gisemantic meaningA unit of analysis can,
therefore, have one or more periods. In the cadistefof items (e.g. objectives), each one of
the items was considered as a unit of analysis. Hésential Competencetocument was
divided into 73 units of analysis and t@erricular Guidelinesdocument was divided into 80
units of analysis. The text of both documents wasized into four sections — ‘Knowledge’,
‘Aims’, ‘Methodological guidelines’ and ‘Evaluation- according to the nature of the
information it contained. Each unit of analysis veasociated with one of the four sections and
was analyzed using the various instruments cortstluto appreciate the level of conceptual

demand of the curriculum.

The level of the conceptual demand of the curriculsas determined by three dimensions: (i)
the complexity of cognitive skills; (i) the compigy of scientific knowledge; (iii) the intra-
disciplinary relations between distinct scientiknowledges. Thus, the analysis of the OPD
present in the two curricular documents focusedtwao aspects of the teaching/learning
process: the what’ valued by the Ministry of Education in terms of Iskiand scientific
knowledge, andthe how’ that is how this knowledge is to be taught in ®rof intra-

disciplinary relations.

The level of conceptual demand was analyzed inderheach one of the three dimensions and

also by taking the three dimensions together (ssa Bnalysis).
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Diagram of Figure 1 shows the relations analyzethenstudy with regard to the conceptual

demand of the curriculuin

(Insert figure 1 about here)

Construction and implementation of instruments

Instrument$ for analyzing the two curricular documents were starcted, piloted and
implemented. Models/instruments developed on eadtadies of the ESSA Group (e.g.,
Castro, 2006; Neves, & Morais, 2000kere used as the basis for the construction of the
instruments of this study and the entire procesheaif construction and application was carried
out jointly by three researcherBhe instruments and the analyses of texts werelatald by
two researchers who analyzed about 30% of the ohimalysis randomly chosen within each

one of the curriculum sections.

The instruments refer to the complexity of cogmtikills, to the complexity of the scientific

knowledge and to the intra-disciplinary relatiom$vieen distinct scientific knowledges.

Complexity of cognitive skills

The instrument for analyzing the complexity of ciige skills was based on categories
presented in the revised version of Bloom’s Taxop@hEducational Objectives (Krathwohl,
20025. It contains, as categories of analysis, four llewé complexity of cognitive processes.
The first two levels refer to what are called, miststudy, simple skills (SSk) and cover
psychological processes such as remembering arefsiadding at the most elementary level.
The last two levels refer to more complex skillSKF that involve a level of complexity higher
than that of simple skills, such as the higheselleof understanding, application, analysis,

evaluation and creation.
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Within the simple skills, the instrument containgotlevels of complexity: the SSkvhich
involve the lowest level of complexity referring tioe retrieving of relevant knowledge from
long-term memory, such as recalling; and the "S&kich imply a level of complexity higher
than that of SSksuch as understanding at the level of exempliboatWithin the complex
skills the instrument also contains two levels amplexity: the CSkvhich involve
understanding at the highest level, as is the oasaferring or explaining, and the cognitive
process of application; and the CSkhich involve the highest level of complexity, inding

cognitive skills that rangom analysis and evaluation to creation.

Based on the four levels of complexity of cognitskalls, a four degree scale was organized for
each section of the curriculum. While represenéirggadient of complexity from degree 1 (SSk
) to degree 4 (CSk, the scale provides an increasing level of conmmlemand. It should be
noted that the definition of degrees in a scalesdug exclude a continuum between mental
processes involved in distinct skills (Andrich, 200 Rather it seeks to offer some

categorization of skills in a given teaching/leagcontext.

Table | presents an excerpt of the instrumenttHersection ‘Methodological guidelines’. It is
followed by examples of units of analysis from eifnt curriculum sections and their

respective classification according to the fourrdegscale of the instrument.

Table |- Excerpt of the instrument for characterizing tdoenplexity of cognitive skills

Section Degree 1 Degree 2 Degree 3 Degree 4
(ssk) (SSK) (CSK) (CSK)
Strategies/methodologies Strategies/methodologies Strategies/methodologies  Strategies/methodologies
that call for mobilizing that call for mobilizing that call for mobilizing that call for mobilizing
Methodological skills of a low level of skills of a level of skills of a level of skills of a very high level
guidelines complexity, involving complexity higher than complexity higher than of complexity such as
processes that require the that of SSksuch as the that of SSK, such as the analysis, evaluation and
retrieving of relevant understanding of simple  understanding of complex creation
knowledge from long- instructional messages instructional messages,
term memory like exemplification like explanationand the
application

Units of analysis
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Degree 1 (SSk “The students should learn the location of genetaterial inside the cell and this can be
achieved by using schemes representing the ceditate” (Curricular Guidelinesdocument, p. 33
— ‘Methodological guidelines’ section)

Degree 2 (SSK: “Representations of the inside of the human boty be explored [...] so that students can
identify the relative position of the various orgaand tissues [...]"GQurricular Guidelines
document, p. 32 - ‘Methodological guidelines’ sen}i

Degree 3 (CSk “Students should understand the interactions betwhe various human systems rather than
studying them in an isolated way [..(Curricular Guidelinesdocument, p.33 — ‘Aims’ section)

Degree 4 (CSR: “Planning and developing research activitiesodRm-solving situations, while requiring
different ways of searching, collecting, analyzangd organizing information, are fundamental to
understanding science.E¢sential Competencecument, p. 131 — ‘Methodological guidelines’
section)

Complexity of scientific knowledge

The study considered that scientific knowledge ddé classified either as simple knowledge,
involving generalized facts and concepts of firslen, or as complex knowledge, involving
concepts of second and third orders. A generalizedresults from the associatiof various
facts of the same kind, and a fact ‘is an observgdiienomenon’ (Brandwein, Watson, &
Blackwood, 1958, p.112), corresponding to a vemcH situation. A concept is a ‘mental
construction, a group of elements or attributeseshay certain objects or events’ (Brandwein
et al, 1980, p.12) and represents an idea which regaolts the combination of several facts or
other concepts. The categorization of conceptseirersl orders is the result of a hierarchy
between levels of abstraction and perception. Thascepts of a first order refer to simple
concepts, which have a low level of abstractionfindey attributes and examples easily
perceptible (Cantu, & Herron, 1978). Second oradercepts are complex concepts, which have
no perceptible examples or which have relevantndgji attributes that are not perceptible
(Cantu, & Herron, 1978). Finally, third order copt® respect to unifying themetheories,
structuring ideas, representing generalizationsuatice world as accepted by scholars in the
area of science. There is a hierarchy betweendheepts of different orders whereby the level

of complexity increases from the first to the thindlers.
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The instrument used to analyze the complexity argific knowledge contains a three degree
scale. Degree 1 corresponds to simple knowledgee(gbzed facts and first order concepts)
and degrees 2 and 3 refer to complex knowledge hichwdegree 2 includes second order
concepts and degree 3 includes third order concépesscale represents an increasing gradient
of conceptualization of scientific knowledge aneérgfore an increasing level of conceptual

demand.

Table Il presents an excerpt of the instrument,tfh@ ‘Methodological Guidelines’ sectipn

followed by examples of units of analysis classifeecording to the scale of the instrument.

Table 11— Excerpt of the instrument for characterizing toenplexity of scientific knowledge

Section Degree 1 Degree 2 Degree 3
Suggestions of Suggestions of Suggestions of
strategies/methodologies that aim strategies/methodologies that aim strategies/methodologies that aim
Methodological at the transmission/acquisition of  at the transmission/acquisition of  at the transmission/acquisition of
guidelines generalized facts and/or simple  complex concepts, with a level of unifying themes/theories,
concepts, with a low level of complexity higher than that of involving a very high level of

complexity (concepts of 1st order) simple concepts. These concepts complexity (concepts of 3rd order)
are mental constructions without
easy perceptible examples
(concepts of 2nd order)

Units of analysis

Degree 1 (Concepts of 1st order): “Representatiohshe inside of the human body (CD-Rom or three-
dimensional model) can be explored so that studearisdentify the relative position of differentgans
and tissues [...].”Qurricular Guidelinesdocument, p. 32 - Methodological guidelines’ seattio

Degree 2 (Concepts of 2nd order): “[.within a general approach of some aspects of itdrene, students should
be faced with concrete situations of the transmissif characteristics along generations (eye amd ha
colour).” (Curricular Guidelines documenp. 33 - Methodological guidelines’ section)

Degree 3 (Concepts of 3rd order): “Taking into astahe Curricular Guidelines for middle school eation, it
is important to investigate problems from the pecsipe of individual health (the human body, its
functioning and balance), global security and thedh interaction with each other and with the
environment” (Essential Competencdscument, p. 146 - Methodological guidelines’ smtyi

Intra-disciplinary relations betweedlistinct scientific knowledges
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The instrument for analyzing the relations betweistinct scientific knowledges was based on
the theoretical meaning of intra-disciplinary redas given by using Bernstein's concept of
classification of discourse relations (1990). Asddlaefore, strong values of classification
correspond to well defined boundaries between ntistknowledgegno relations are made)
whereas weak values of classification corresporal turring, or even absence, of boundaries
between distinct knowledges (relations are preséhg study assumes that the presence, in the
teaching/learning context, of relations betweenimts scientific knowledgesead to higher
levels of conceptualizatiomnd to more effective understanding of sciences Tosition
reflects the organizational nature of science keoge itself as this knowledge corresponds, as

it was said earlier, to a discourse characterized bierarchical structure.

Based on these theoretical assumptions, a fouedesgale of classification {C C', C , C))
was constructed and descriptors for each curricideation were defined. The scale considered
not only the level of complexity of knowledge (silmpmnd complex) but also the relations
between scientific knowledges within the same tearhunit and of distinct teaching units.
Establishing relations between knowledge of distieaching units represents a higher level of
intra-disciplinarity than relation between knowledgithin the same teaching unit. The level
(simple or complex) of the knowledge involved ie tielation contributes more to the degree of
intra-disciplinarity than the fact that the relati@ccurs within the same teaching unit or
between distinct teaching units. Therefore the éstjlitwo degrees of the scale - corresponding
to the strongest values of classification (@nd C) - refer to situations in which there is a
relation between simple knowledge whether the kedgé refers to the same teaching unit
(C™) or to distinct teaching units {if The lowest degrees of the scale - corresponiirtge
weakest values of classification (&1d C") - refer to situations in which there is a relatio
between complex knowledge or between this and sirkpbwledge whether the knowledge

respects to the same teaching uni},(@r to distinct teaching units {(Q.
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The piloting of this instrument led to the additiandegree € of a descriptor that portrayed a
situation where scientific knowledge (e.g. the @picof homeosthasis essential to the

understanding of the relationship between knowlesigeissing.

Table Il presents an excerpt of the instrumentlier‘Methodological Guidelines’ section. It is
followed by examples of units of analysis from drént curriculum sections with respective

values of classification.

Table Il — Excerpt of the instrument for characterizing thia-disciplinary relations between distinct scidic
knowledges
Section c (oh (on Cc—
The The The The
strategies/methodologies strategies/methodologies strategies/methodologies strategies/methodologies
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
Methodological the same teaching unit distinct teaching units between this and simple  between this and simple
guidelines Or knowledge, within the knowledge of distinct
Scientific knowledge same teaching unit teaching units

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

Units of analysis

C™: “The students may look for the energetic valuearfous foods on labels or on dietary lists artdripret data
that relate energy costs of the body in differémtgical conditions.” Curricular Guidelinesdocument, p. 36
- Methodological guidelines’ section)

C": “Understanding the basic concepts related totheald environmental protection that should behendasis of
human action, individually and in the communityEséential Competencedocument, p.144 - Aims’

section

C : “Starting from familiar situations to the studertbites, burns, anxiety in evaluation moments) ftusing
voluntary and involuntary reactions, the role oé thervous system (central and peripheral) and ef th
hormonal system in the coordination of the organismould be highlighted” (Curricular Guidelines
documentp. 34 - Methodological guidelines’ section)

C ": “The exploration of a former question about chanigeseart rhythm implies knowledges of the circaigt
and respiratory systems and the metabolism (e.ghdncase of sport) or of the circulatory, nerveusl
hormonal systems (e.g. in the case of a situatimt tauses anxiety or fear)Curricular Guidelines
document, p. 34 — ‘Knowledge’ section)
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The analysis of all units of both curricular docuntseEssential CompetencesdCurricular
Guideline$, through the use of each instrument, was followedheycomputing of the results
obtained. For each one of the dimensions of thel lelzconceptual demand, the frequency of
units of analysis (in relative percentage), clasdifaccording to the scalar degrees of the
respective instrument, was computed. Frequencysrdfeth to each one of the curriculum
sections separately (‘Knowledge’, ‘Aims’, ‘Methodgical guidelines’ and ‘Evaluation’) and

to the curriculum text taken as a whole.

Some units of analysis were classified as ambigamaisin this case thayere not considered

in the computing of frequencies. Units of analysisre taken as ambiguous whenever the
degree of complexity of skills, the degree of coaxfily of scientific knowledge or the degree
of intra-disciplinarity was not explicit in the expt, and as such impossible to determine. The
following unit of analysis illustrates a situatiovhere the degree of complexity of scientific

knowledge was taken as ambiguous.

“Some behaviours that interfere with the balancethef organism (alcohol, tobacco, drugs, hygiene,
physical activity) may be studied simultaneouslyhwiormer questions [...]" Qurricular Guidelines

document, p.35).

In order to get a measure of the level of concédptigenand of each one of the official
documents, global and partial indices were computdm global indek was the result of
considering jointly the three dimensions of theelewf conceptual demand - complexity of
cognitive skills, complexity of scientific knowledgand intra-disciplinary relations between
distinct scientific knowledges. The partial inditegre the result of considering each one of

the three dimensions separately.

DATA ANALYSIS
Complexity of cognitive skills
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The results of the analysis of curricular documenith regard to the complexity of cognitive

skills are shown in Figure 2.

(Insert figure 2 about here)

The analysis shows that, on the whole, both cuaicdocuments tend to emphasize the
development of high cognitive processksthe Essential Competenc€g&C) document, 76%
of the text contains directions related to the ttgsment of complex cognitive skil(glegrees 3
and 4), 55% of which refer to the highest degreearhplexity. Only 24% of the directions
refer to simple cognitive skills (degrees 1 anda@yl within them only 4% refer to the lowest
degree of complexity. In th€urricular Guidelines(CG) document, 67% of the text contains
directions related to the development of complegnttove skills (degrees 3 and 4), 40% of
which refer to the highest degree of complexityne cognitive skills (degrees 1 and 2) are
present in 33% of the statements and within the#o Bfer to the lowest degree of complexity.
These results show that, in both documents, cagngkills of higher complexity predominate,

although this is more evident in the case offedocument.

The comparative analysis of the two documents shinas theCurricular Guidelines(CG)
document increases the reference to complex gifllew level and the reference to simple
skills of low level and decreases the referenceotmplex skills of high level. This evidences
recontextualizing processes within the official aeiextualizing field in the direction of

decreasing the complexity of the cognitive procesddhe level of thEG.

The analysis of the results obtained for each cwlwim section separately shows a
considerable percentage of ambiguous statementts (o analysis) and therefore a small

percentage of statements with the potential tortadyaed. This was particularly evident in the

18



case of theCG document that presents 22% of ambiguous statemehen the document is

taken as a whole.

Given the low number of units to be analyzed in ¢hse of ‘Knowledge’ section, for both
documents, and in the case of ‘Aims’ and ‘Evaludtisections, for theCG document, and
given also the absence, in tB€ document, of directions about the evaluation odllsskthe
analysis of recontextualizing processes at thislle¥ analysis can only be conclusive for the
‘Methodological Guidelines’ section. In this sectithere is considerable change when moving
from the EC document to th&€G document. Contrary to theG document, thé=C contains
complex skills of high level only (degrees 3 andwdjich indicates that special attention is
being given by curriculum authors to strategies andthodologies that promote the

development of complex cognitive processes

Complexity of scientific knowledge

The results of the analysis of the two curricularcwiments, in terms of the degree of

complexity of scientific knowledge, are shown igdie 3.

(Insert figure 3 about here)

The EC document shows a balanced distribution of the esighgiven to distinct levels of
complexity of scientific knowledge - 39% of the t;of analysis mention 3rd order concepts,
such as unifying themes/theories (degree 3), 32%iiore2nd order concepts (degree 2) and
29% refer to generalized facts and simple 1st otdacepts (degree 1). In ti€ document,
only 25% of the units of analysis mention unifyithgmes (degree 3), and there is considerable
attention given to generalized facts and first orctncepts (43% of degree 1). It seems then
that the recontextualizing processes that occumdtie OPD, during the construction of the

CGdocument, led to a decreasing of the level of cptuadization of scientific learning.
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The results obtained for each one of the sectidbmiseotwo curricular documents, show that in
the case of th€G document, the ‘Knowledge’ and the ‘MethodologiGalidelines’ were the
sections that mostly contribute to the trend foimthe document as a whole. In the case of the
EC document as a whole, the trend found is mostlgxpression of the ‘Aims’ section. This
makes it impossible to reach any conclusion abeabntextualizing processes within the
various curriculum sections. This was a result idiez the low number of units of analysis
found in one of the two documents, when considerihg ‘Knowledge’, ‘Aims’ and

‘Methodological guidelines’ sections, or the abseantstatements in the ‘Evaluation’ section.

Intra-disciplinary relations between scientific knowledges

The analysis of intra-disciplinary relations betwedistinct scientific knowledgegook into
account the complexity of the knowledge involvedsirch relations and the teaching unit to
which the knowledge belonged. Figure 4 presentsékalts obtained for the two curricular

documents and their respective sections.

(Insert figure 4 about here)

In the case of thEC document, weak classifications @d C’) predominate. This means that
relations between complex knowledge or betweendtsample knowledge prevail (69% of the
analyzed text) either within the same teaching (8586 C), or between distinct teaching units
(34% C™). In this document, 31% of the text involves rielas between simple knowledge’(C
" and C), where relations between knowledge of the saraehiag unit (C *) prevail over
relations between knowledge of distinct teachingswC") - 27% and 4% respectively. These
results show that, in thEC document, relations between scientific knowledgignér of the

same teaching unit or distinct teaching units) watthigh degree of conceptualization and
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broadness predominate, thus reflecting a high lelvebnceptual demand with respect to ‘intra-

disciplinarity’.

When theCG document is compared with tB€ document, there is a decrease in the relations
between complex knowledge or between it and sirkptevliedge (52% of the text), whether
they relate to knowledge of the same teaching (8826 C), or to knowledge of distinct
teaching units (19% C). At the level of simple knowledge there are ordlations between
knowledge of the same teaching unit (48%)Gnhich also shows a decreasing of intra-

disciplinarity when it is compared with i document.

These results show that the recontextualizing mse®that occur in the transition of € to
the CG documents give origin to lesser intra-disciplingritherefore to a lower level of
abstraction, evidenced by greater percentage atioak between simple knowledge, within the

same teaching unit, and smaller percentage ofioakabetween complex scientific knowledge.

Similarly to the findings about the level of comytg of scientific knowledge, the
‘Knowledge’ and the ‘Methodological Guidelines’ wethe curriculum sections that mostly
contribute to the trend found at the level of @8 document as a whole and the ‘Aims’ was
the section that mostly contributed to the trenehtbin the case of tHeC document. Again in
this case, there are a small number of excerptsménof the two documents, when considering
the ‘Knowledge’, ‘Aims’ and ‘Methodological guidekes’ sections. This is mostly as a
consequence of the ambiguity found at the levahti-disciplinary relations. References to
the evaluation of relations between distinct sdiienknowledgesare absent in the case of the
EC document and are ambiguous in the case o€CtBelocument. As in the previous analyses,
there are no conclusive data about recontextuglipmocesses between tB€ and theCG

documents, when the analysis is focused on thécalum sections.
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Level of conceptual demand

The level of conceptual demand for each one ofadtffieial documents was determined by
making a composite index of the results obtainedHe three dimensions of that level: degree
of complexity of cognitive skills, degree of comxity of scientific knowledge and degree of
intra-disciplinarity betweeinlistinct scientific knowledges (see Methodologyigufe 5 shows
the level of conceptual demand of each curricutarudhentEC andCG, and the partial index
for each one of the dimensions so that it is pdsdi see which dimension has contributed

more to the level of conceptual demand of eachobiee two documents.

(Insert figure 5 about here)

The global composite index for tleC document is 0.76 which evidences a consideralld le
of conceptual demand. All the three dimensions showelatively high value of conceptual
demand — 0.82 for ‘complexity of cognitive skillsQ.70 for ‘complexity of scientific

knowledge’ and 0.69 for ‘intra-disciplinarity betere distinct scientific knowledges'.

The average value of 0.59 of the global compositiex of theCG document represents a low
level of conceptual demand of this document whempared with the level of th&C
document. The value of the ‘complexity of cognitisklls’ dimension is high (0.72), much
higher than the values of the dimensions of ‘coxipfeof scientific knowledge’ and ‘intra-
disciplinarity between distinct scientific knowlezlj which are low (0.50 and 0.56,
respectively).

Recontextualizing processes between the contexteeotwo documents are stronger at the
level of the ‘complexity of scientific knowledgel.here are several possible explanations for
this pattern of recontextualisation. It may be tbdsult of the very nature of ti&G document
where greater specification of the teaching-leagyurocesses is required. In this move towards

specification, curriculum authors seem to have dtiem to mention in this document
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something they had mentioned in tB€ document; that is they seem to have forgotten to
mention the concepts of higher order and the malatibetween these that can lead to
comprehensive and integrating ideas. Curriculuth@as’ inability to give specific directions

related to complex ideas may be another possilgaeation.

The analyses show, as discussed above, the presesecdiguous units of analysis at the level
of some sections of the curricular documents. @hibiguity indicates that curriculum authors
fail to give clear directions to teachers and teslts authors with regard to the central skills,
knowledges and relations between scientific knogésd In fact, this absence of clarity may
lead to different interpretations from the partloddse whom the curriculum directly addresses
(i.e. teachers and textbook’ authors), dependingheir scientific/pedagogic education and
interest. Given the degree of ambiguity found, andorder to test the validity of the
conclusions reached about the curriculum concemtaaiand, it was decided to analyze the
level of conceptual demand of the curricular docotmeby considering two hypothetical
opposite situations: a situation which translatesiadervaluing of the information contained in
the ambiguous units and a situation which translaa overvaluing of the information
contained in the ambiguous unité order to study the undervaluing of the inforioat
contained in ambiguous units, the lowest degreedch dimension (i.e. the first degree of each
instrument) was assigned to these units. In ordestudy the overvaluing of the information,

the highest degree for each dimension (i.e. thtediegree of each instrument) was assigned.

When the information in the ambiguous units wasemvalued, the level of conceptual demand
decreased from 0.76 to 0.60 in the case oE@&ocument, and from 0.59 to 0.50 in the case
of the CG document. When the information contained in thdigoous units was overvalued,
the level of conceptual demand changed from 0.7B86 in theEC, and from 0.59 for 0.71 in

the CG. These results show that, in the case of the watleng, the level of conceptual
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demand of theEC document does not reach very low levels (0.60) redm the level of
conceptual demand of tl&G document reaches relatively low values (0.50).rEwvethe case
of overvaluing, the level of the conceptual demahdhe CG is consistently lower than the
level of conceptual demand of tHeC. This reinforcesthe finding of recontextualizing

processes occurring between the two documentsrnmstof extent and direction.

CONCLUSIONS

This study analyzed the official pedagogic disceun$ the Natural Sciences curriculum for
middle school education with regard to the levetaficeptual demand. It focused on the theme
‘Living Better on Earth’. The analysis intended aal®o make visible the recontextualizing
processes that may occur between the two curricddauments, th&ssential Competences

and theCurricular Guidelines

According to the results obtained, the level of agptual demand of the official pedagogic
discourse of the science curriculum is higher atldvel of theEssential Competenceghen
compared with th€urricular Guidelines This conclusion is based on a composite indek tha
incorporated three dimension$ conceptual demand: level of complexity of comyeitskills,
level of complexity of scientific knowledge and &\of intra-disciplinarity between distinct

scientific knowledges.

With regard to the complexity of cognitive skillgomplex skills predominate in both

documents particularly in thessential Competence®cument. This is the dimension that, in
both documents, contributed mostly to the high e@abii the composite index of conceptual
demand. This result might be explained by the faat the theme analyzed is studied in the
final year of middle school, where it is assumeat gtudents can develop complex skills such

as application of concepts to new situations andimgajudgments based on criteria and
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standards. In this perspective, special emphagis/én to problem-solving, decision making,
project planning and investigations. However, as ishown by Ferreira’s study (2007), the
level of complexity of cognitive skills is also thgin both documents and higher in the
Essential Competencegen the analysis focused on the theme ‘Sustdityaibi the Earth’. In
this theme, particular emphasis is also given t@stigations, problem solving and decision
making. These are skills that have been emphasizaatrent science education discourses and

which tend to be reproduced in curricular documents

With regard to the complexity of scientific knowtgs] the science curriculum emphasizes
complex knowledge. However, whereas thesential Competencedocument contains a
balanced distribution of knowledgewith distinct levels of complexity, theCurricular
Guidelines document gives a greater emphasis to simpler leoyd. These results are
consistent with Ferreira’s study (2007) by showtingt complex knowledge is more valued in
the Essential Competencdblan in theCurricular Guidelines.Taken together, these studies
show that the high level of conceptual demand requby the general principles of the

curriculum is devalued in the process of movingdod¥g specification of these principles.

With regard to the third dimension that was usednalyze the level of conceptual demand —
intra-disciplinarity between distinct scientific éwledges- the science curriculum calls for
relatively high intra-disciplinarity at the levef the Essential Competencellowever, in the
Curricular Guidelinesthe intra-disciplinarity, namely with respect teetrelationships between
knowledge of distinct teaching uniis,very low. The discontinuity between the two aular
documents may be interpreted as a result of diffesiencountered by curriculum authors in
making complex intra-disciplinary relations in antext where more specific guidelines should
be given. Again these findings are consistent Wehreira’s study (2007) where she also shows

a relative devaluing of intra-disciplinary relat®ometween complex scientific knowledge of
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distinct teaching units when the curricular textve® from theEssential Competencés the

Curricular Guidelines.

In the analysis of the recontextualizing procegbas$ took place in the transition from the
Essential Competencés theCurricular Guidelinesthere is evidence that the directionality is
one of a move towards a poorer approach to sciedaeation, particularly in terms of the
complexity of scientific knowledge and of the intt&ciplinary relations between distinct
scientific knowledges. These recontextualizing psses represent a decreasing of the level of
conceptual demand of th€urricular Guidelines when compared with theEssential
Competencedt should be noted that the particular directlipdound — from more complex

to more simple in the move from tliessential Competencés the Curricular Guidelines-
cannot be accounted for by the need for greatamfggion. On the contrary, the specification
should link given concrete situations of the sceetass with concepts at the most abstract
level. Or they should suggest situations, like peob solving or investigative laboratory

activities which are known to be promoters of Hig\els of scientific learning.

According to a study carried out by Ferreira, Msraind Neves (2011), these recontextualizing
processes may be a consequence of the diffictitieby curriculum authors when putting into
practice, in the form of a monologic text, someeasp of scientific learning, such as those
related to the level conceptual demand. Anothesiptesreason is related to the ideological and
pedagogical principles of the curriculum authorsfdct, the results of that study, which was
centered on the ideological and pedagogical presipf the curriculum authors, show that
“options taken by the authors’ team do not tota#flect the importance that they all accord [...]the

promotion of a scientific literacy based on the elepment of skills and knowledge of various levefs

complexity and on strong relations of intra-disigiptity”. (p. 152).
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Considering the fact that some of the authors eEssential Competence®cument were not
authors of theCurricular Guidelinesdocument, the recontextualizing that occurred ia th
curriculum construction may reflect the distinceadbgical and pedagogical principles of the

authors of the two curricular documents.

According to Vygotsky (1978) we can say that theedions given by theEssential
Competencedocument, when compared with t@arrricular Guidelinesdocumentmay lead
to teaching/learning processes that promote higéldeof scientific literacy, as students would
be contextualized in cognitive demanding proceskas contain the potential to push them

beyond their actual stage of development.

Moreover, and according to some studies develogegddbESSA group (e.g. Morais, & Neves,
2001; Morais, Neves, & Pires, 2004), raising theeleof conceptual demand, together with
pedagogic practices with characteristics favouradlthe learning o&ll children, may ensure
thatall children have access to high levels of scientiferdcy. The authors consider that the
message of thEssential Competencel®cument, while containing a high level of conceptu
demand, may have the potential to value the dewsdop of scientific literacy by all students,
including the disadvantaged, since it has the piateto lead them to access to the text more
valued by the scientific community and by socid#pwever, the decreasing of the level of
conceptual demand in the case of the specific fjoekeof the curriculum may put at stake the
success odll students, as recommended by the broad rationakeaurriculum and by current

perspectives in science education, whereby a lengl bf scientific literacy is seen as essential.

The recontextualizing processes that were founthisstudy are in line with those found in
simultaneous and previous studies (e.g. Alves, 2B6rtreira 2007; Ferreira, & Morais, 2011,
Neves & Morais, 2001). These studies showed th#tencontext of the production of official

pedagogic discourse, recontextualizing processes @a the direction of lowering the level of
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conceptual demand in shifts from general princigiesthe more specific guidelines of a

curriculum. In particular, the research result$-efreira (2007), which focused on the analysis
of the theme ‘Sustainability on Earth’ (age')Ll4f the same middle school curriculum, and
which also studied the level of conceptual demantims of the three dimensions used in the

present studyshow a similar trend. This allows a higher geneadion of the conclusions.

These recontextualizing processes are of particalavance when one considers that teachers
tend to use the specific guidelines, in this caggCurricular Guidelinesdocument, as one of
their main sourceof information for curriculum implementation, sen¢hese guidelines are
directly related to what they are going to do imitlteaching. In this way, the relatively high
level of conceptual demand contained in the generalciples may not be present in the
classroom. This is compounded by the already kntaeh that teachers mostly make use of
textbooks as another main source of informationdoiding them in their teaching. In the
broader research of which the present study is (@alado, 2007), the analysis of the
curriculum was complemented with the analysis aflteoks This analysis showed that the
message contained in textbooks recontextualizem#ssage of the two curricular documents
(Calado & Neves, 2012) in the direction of lowerithge level of conceptual demand. If the
level decreases from thEssential Competencedocument to theCurricular Guidelhes
document and also from the curriculum to textboaks] if teachers tend to mostly make use of
the Curricular Guidelinesdocument and of the textbooks, then conditions ceated for
decreasing the level of conceptual demand on theegbof the teacher's pedagogic practice.
However, this is not an inevitable situation siitaean be inverted, depending on the education
of the teacher and on the control that is givehito/her in the educational systef.teacher
with both a good preparation and an ideology trdtiesthe importance of providing high
scientific literacy taall students can recontextualize the pedagogic diseptosvhich s/he has

direct access through ti@urricular Guidelinesdocument and the textbooks, in the direction of
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increasing instead of further decreasing the lesfelconceptual demand present in that

discourse.

Teacher’s control over the implementation of thericulum is more valued in the context of
curriculum flexibility, on which the current Portugse curricular reorganization is based. This
implies that the Ministry for Education and Sciergees to teachers more control ovére
what’ (knowledges and skills) andhe how’ (hature of relations in the classroom) of the
pedagogic discourse to be transmitted/acquired.bfbader investigation of which this study
is part (Calado, 2007) showed a reduced explicthgshe Ministry of Education and Science
of ‘the what’and the how’ of the pedagogic discourse (see also Ferreira7;2bérreira, &
Morais, 2011)According to Ferreira, Morais and Neves (2011)s thibsence of explicit texts
may be the result of the fact that the curriculumhars intend to give to teachers a greater

degree of autonomy in the curriculum implementatiora context of curriculum flexibility.

However,when curriculum authorfail to clarify some of the directions about themgexity

of skills and of scientific knowledge to be learrattl about the relations to be made between
distinct scientific knowledges, teachers and teakiscauthors may promote the development of
teaching/learning processes with a low level ofcetual demand. Indeed, in the absence of
explicit criteria with regard to the text to be ilemented in schools, teachers, particularly those
who have limited knowledge of science and sciers@cation, may be unable to 'build' a
curriculum that takes into account results of regeabout the importance of increasing the
level of conceptual demand in order to leddstudents to a high level of scientific literacy
(e.g., Morais, & Neves, 2001, 2011; Morais, Nev&sires, 2004). Whenever teachers adapt
the curriculum to the specificities of students asdhools, they tend to develop
teaching/learning processes with different levdlgeanceptual demand and as such they may

put at stake the high scientific literacyaif students. In fact, studies (e.g. Domingos, 1989 a,
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have shown that teachers tend to vary the levebonteptual demand of the teaching/learning
process in accordance with the social contexthithvthey teach, in a process that lowers that
level whenever they teach disadvantaged childrdns Tontributes to increasing the gap

between students with different socio-economic gemknds with regard to scientific literacy.

Following the results discussed in this paper amdors believe that if teachers are to promote
effective scientific learning, the curriculum mustve explicit evaluation criteria at least in
relation to the knowledges and skills to be acquaed the conceptual inter-relation between

distinct knowledges (intra-disciplinarity). Accongj to Neves and Morais (2006) if

"the quality of education is to prevail fall students, to make the curriculum flexible doesmean leaving
for teachers/schools (and textbooks’ authors) &hection of concepts, skills and goals to be dexedobut
the selection, in terms of students’ specificitiethe activities that allow all of them to havecass to the

same concepts and skills, with similar levels ahptexity."(p. 17).

On the other hand, the results of this study atsatgo the importance of teacher education,
since the greater autonomy allowed to teachersrder that they respond more adequately to
the needs and interests of their students, alstaic@npotentialities which are necessarily
dependent on teachers’ scientific and pedagogichlcaion. Teachers with a sound

background may provide more meaningful learningtfair students by taking advantage of
the space of autonomy they got to explore pedagduacacteristics that promote a high level

of scientific literacy.

The study reported in this paper also makes a rdethbgical contribution in two specific
ways: at the level of the theoretical assumptidrad guided the selection of the dimensions
used for studying the level of conceptual demardiarthe level of the instruments constructed
for their analysis. The strong conceptual and exqilary power of the theorgn which the
study was based, and the constant dialectics battheetheoretical and the empirical, enabled

the construction of instruments with descriptorat tmade possible a detailed analysis of the
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various scientific learning characteristics theedizas dimensions of the level of conceptual

demand. These instruments may prove useful in atinercular studies or may be adapted to
other educational contexts.

Notes

1. In this study, skills are seen as cognitive meptalcesses which may have different levels of cewipl,
depending on the steps involved (Marzano & Ken@alQ7).

2. See Model of analysis of ‘level of conceptual datha of science education’ in
<http://essa.ie.ul.pt/researchmat_modelsofanaliesis htm>

3. The structure of the coding scheme presented iar€ig is such that it may be used in further studither of
science disciplines or of social sciences discgdinThe level of conceptual demand of the curricubf a
discipline (as, for example, history in the field social sciences) may be appreciated by analy$irgy
complexity of knowledge and the complexity of cdgy@ skills that curriculum entails and also itdrén
disciplinary relations. Such analyses may indidiite contribution of specific disciplines, as givey their
curriculum, to students’ development, in terms nbkledge and competences. Any given curriculum liysua
contains general and specific guidelines and a# $isc meaning is better understood by an analyss t
discriminates between broad aims and particulaeaibjes and tasks. Furthermore, the coding scheraéso
useful to analyse conceptual demand at levels iehse education other than curricula as it is theecof
pedagogic practices and teacher education.

4. Available online in <http://essa.ie.ul.pt/materiaistrumentos_texto.htm>

5. According to this Taxonomy, the cognitive domaimdives six main categories of cognitive skills: ember,
understand, apply, analyze, evaluate and create.

6. From a conceptual point of view the question ig tha absence in the curriculum of the unifying cept of
homeosthasis can compromise the understandingenfarg scientific knowledge when, studying thdutnan
body in balancg the students have to understand that the hurodg tis organized in a hierarchy of levels that
function in an integrated way and perform spediiiections” (DEB, 2001, p. 146).

7. The nervous and the hormonal systems are pareafame teaching unit this curriculum.

8. Computing the global index based on the three dénes - degree of intra-disciplinarity between idist

scientific knowledges (IntraSK), degree of compigxf cognitive skills (CSk) and degree of comptgxof
scientific knowledge (SK):

(total UA degree X IntraSK x X) + (total UA degrieCSk x X) + (total UA degree X SK x X)
(total UA IntraSK x highest degree) + (total UA CShighest degree) + (total UA SK x highest degree)

Exemplifying with the data obtained in the studytld pedagogic discourse of thesential Competences

(7x1+1x2+9x3+9x4) + (2x1+10x2+11x3+28x4) + (8x1+922x3) = 0.76
104 + 204 + 84

9. Computing the partial index regarding intra-disicigrity (IntraSK):

IntraSK = (UAdegreelx1) + (UAdegree2x2) + (UAdegree3x3UAdegree4x4)
(total UA x highest degree)

Exemplifying with the data obtained in the studytld pedagogic discourse of thesential Competences

7x1+1x2+9x3+9x4 =72/104 = 0.69
26x4
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Conceptual demand of science curricula
A study at the middle school level

Abstract

This paper addresses the issue of the level ofepinal demand of science curricula by analyzing the
case of the current Portuguese Natural Sciencegwaum for middle school. Conceptual demand is
seen in terms of the complexity of cognitive skittsee complexity of scientific knowledge and th&an
disciplinary relations between distinct knowledgathin the same disciplinélhe paper also analyzes
recontextualizing processes that may occur withendfficial recontextualizing field. Theoreticallyis
based on Vygotsky's ideas and Bernstein’s theorypetlagogic discourse and uses a mixed

methodology.

The results show that the document with the brasdelines of the curriculum contains a relatively
high level of conceptual demand in terms of the¢hdimension®f the conceptual demarsdudied.
This message is recontextualized, in the direatfotlecreasing its conceptual demand, in the documen

with specific guidelines.

The article explores consequences, in termslbftudents’ scientific literacy, of the low level of
conceptual demand recommended by the documentspitified pedagogic guidelines, since teachers
and textbook’s authors rely mostly on this officixt to guide their practices and texts. In
methodological terms, the study explores assumpticged in the analysis of the level of conceptual

demand and presents innovative instruments comsttdicr developing this analysis.

Key-words:Level of conceptual demand; Curriculum; Reconteliting processes; Science education.
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