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Abstract 
Curriculum innovations influenced by shifting curriculum from teaching subjects as separate 
compartments into integration of related disciplines has ushered discourse on adopting pedagogical 
strategies for teaching sciences through amalgamated themes across disciplines. The South African 
Teacher Education Institutions were mandated to develop curriculum reflecting science disciplines 
reflecting principles of knowledge integration. Bernstein’s theory was used as a theory to frame the 
empirical study. The theory enabled the study to identify relevant syntax and semantics that could be 
used to describe how integrated knowledge in sciences curriculum could be structured to ensure that 
teacher trainees are adequately prepared to teach school curriculum. This study aimed at identifying 
perceptions and thoughts of Science Teacher Educators on how curriculum could be structured to 
allow knowledge integration in related disciplines. A purposive sample of teacher training universities 
was used to collect data for the case study. Data was collected through qualitative means, through 
interview and curriculum document analysis. Findings unveiled diverse patterns of thoughts on 
whether science multidisciplinary knowledge could be structured to allow integration of related themes 
in designing science teacher education curriculum structure. Further, findings unveiled that models 
used for the curriculum design by different institutions to some extent demonstrated divergent models 
influenced by lecturers as curriculum designers and developers’ perspectives are influenced by their 
philosophical world views on how knowledge production entails. In conclusion, knowledge integration 
is a paradigm shift which requires ideological and philosophical beliefs to be set aside for 
transformational curriculum to be developed. Knowledge integration is therefore a process from 
curriculum design to curriculum dissemination and it can therefore act as a principle underpinning its 
implementation process. 
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1 INTRODUCTION 
Research conducted in the education system in South Africa unveiled that since 1998 and up until 
2010, teacher education and training struggled to re-conceptualise the Sciences curriculum model for 
implementing multi-disciplinary or integrated approaches to knowledge acquisition (Bantwini, 2014; 
Bansilal and Mkhwanazi, 2014 and Jansen and Christie, 1998). The Review of the Curriculum Policy 
for teacher education and training was another indication that teacher educators in Higher Education 
and Training faced challenges in developing an adequate curriculum to implement multi-disciplinary 
and integrated learning. It is in this context that this study explores the disturbingly different 
perceptions of Sciences teacher educators concerning the principle of knowledge integration for 
integrated learning. 

Proponents of knowledge integration theory advocate a shift from fragmentation of subject or 
disciplinary knowledge to a broad field of knowledge (Slattery, 2010, Apple, 2004, Gravette and 
Geyser, 2004 and Fullan, 2006). This theory defends the generation of knowledge independent of 
proper context and still practised by academics and researchers at various universities. Theorists who 
propose this theory argue that world problems and real-life challenges cannot be solved by 
compartmentalised knowledge (Berkes, 2008 and Kutti, 2007).   

Pioneers of the multi-disciplinary approach in South Africa describe the clustering of related subject 
disciplines into Learning Areas and the principles of knowledge integration underpinning the 
Outcomes Based Education (OBE) curriculum model as curriculum reform or curriculum for a 21st 
century democratic society in South Africa (Nkomo, 1998, Department of Education and Training, 
1997 and Gravette and Geyser, 2004). Jansen and Christie (1998) refer to multi-disciplinary 
paradigms in teacher education and training as hybridisation of knowledge which requires 
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competences and expertise of teaching across traditional disciplines or areas of subject content 
knowledge. 

Researchers indicate that at universities in South Africa before the transformation of teacher education 
in 1994, curricula were based on heterogeneous disciplines as areas of specialization (Jansen and 
Christie, 1998; Gravette and Geyser, 2004). This separation and isolation implies that academics who 
are specialists in one or two disciplines could be biased towards particular disciplines in selecting 
themes. Students may acquire theoretical and applied knowledge dominated by the speciality areas of 
teacher educators.  This tendency may run contrary to the principles of multi-disciplinary or integrated 
approaches, and to knowledge acquisition itself.  

This study purported to trace and explore the codes, modalities and principles that regulate 
approaches to integrated knowledge production as well as the syntax or terminology used in 
conceptual frameworks for integrated knowledge used for teaching and learning of Life Sciences at 
many Faculties of Education at South African universities. According to Davis (2001), pedagogic 
discourse is an integral part of knowledge production. In his synthesis of pedagogic discourse in 
Bernstein’s theory, Davis (ibid.) concludes that this model has three fundamental levels: generation of 
knowledge, re-contextualising knowledge and transmission of knowledge. In the context of this study, 
academics who are involved in teacher education and training hold certain ideas pertaining to 
pedagogical discourse for integrated knowledge of Life Sciences. 

The synthesis of literature indicated that the theoretical principles underpinning the conceptual 
pedagogical knowledge for Science teacher education drew from philosophical beliefs of both 
positivism and constructivist realists (Muller, 2000 and Luckett, 2009). Literature indicates that 
research on approaches of epistemic development is influenced by the notions of truthfulness, 
objectivity and universality in knowledge (Muller and Young, 2007). The perspective that upholds this 
belief about the theory of knowledge advocated approaches to pedagogy in the field of Life Sciences 
which promotes: self-discovery, experimentation, investigation and other deductive and inductive 
methods of teaching and learning, such as inquiry-based-learning and problem-based learning (Killen, 
2005; 2015 and Young, 2006). The analysis of these pedagogical approaches is critical in this study 
for it provide the lens through which the data collected by means of interviews from Science educators 
will be analysed. Furthermore, the perspectives on the application of these pedagogical approaches in 
the preparation of pre-service teachers in the field of Science education were used as a mirror against 
which the responses of the academics’ in the departments of Science Education were analysed and 
conceptualised in the context of knowledge integration. this study is framed in a way to trace and 
explore how Bernstein’s codes or modalities can regulate approaches to integrated knowledge 
production and the syntax or terminology used for a conceptual framework of integrated knowledge for 
teaching and learning of Sciences in Faculties of Education at South African universities. Pragmatic 
philosophies of curriculum emphasize a variety of subjects or disciplines based on a wide range of 
assumptions and used for many different ends. Knowledge production is secured by a commitment to 
achieving goals such as effecting change, making a change in learners’ lives and producing excellent 
skills and content knowledge depth in Sciences. DHET, (2011), states that the emerging trend in 
conceptualization of knowledge indicates a significant shift: away from traditional modes of knowledge 
production, and towards an inclusive and pragmatic mode. Kutti (2007) and Repko (2009) argue that 
knowledge production should be more humanistic oriented: as humans seek to find solutions to the 
challenges of the 21st century which is more technologically integrated than it is inclined to protect and 
maintain production of segregated patterns of knowledge (in silos). This societal change makes 
dogged adherence to traditional outlooks (pre-1994) inherently problematic. Pragmatism resonates 
with the notion of learner-centeredness; newer traditions and theories for organizing information and 
designing a curriculum for successful learning. Schubert (1997) asserts that some educationists 
advocate careful attention to experiences of learners or students. Researchers, Gibson (1999) and 
Biggs (2007), emphasise students’ psychological interests and the fact that students should resolve 
meaningful problems by moving toward the logical; which knowledge is generated and organized by 
human culture. 

2 METHODOLOGY 
This research project adopted a case study design for planning and organising data collection. This 
design allowed the researcher to treat each institution as an independent case. According to Mouton 
(2013:94) case studies are applicable to qualitative methods and relevant to collection of exploratory 
and descriptive data. Data were elicited by means of in-depth interviews with the sample of thirteen 
academics at various Departments of Science Education. The sampling strategy was purposive: the 
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main target for the study was university academics and specialists in Science Education at Faculties 
of Education. Arrangements for scheduling appointments were made during the process of the 
Science curriculum review. The aim and objective of the study were to examine: (i) what paradigms 
academics used to teach the science curriculum and (ii) whether that paradigm encapsulated the 
notion of knowledge integration as advocated in the curriculum policy called (MRTEQ). The 
assumption held in the study was that since universities are known to be intellectual spaces, they have 
developed patterns of thought about integration of knowledge to be tested in revised curricula for 
teacher education.   

Ethical issues, such as confidentiality and anonymity, were ensured among participants and their 
institutions: the pseudonyms were used throughout. Letters such as [A, B, C & D] represent 
institutions as case studies and [Y, X, K] letters represent respondents. According to Kumar (2005) 
and Babbie and Mouton, (2007) it is critical to consider ethics in any research in order to protect the 
image and integrity of the participants. Kumar (2005) proposed that pseudonyms are commonly used 
in research to ensure anonymity of participants.  

3 RESULTS AND DISCUSSION 

3.1 Organisation and presentation of disciplinary knowledge 
The organisation of topics or themes in under Cases A and B indicates adherence to the notion of 
content-driven curriculum. The sequential list of the scope in the form of topics points to the vertical 
articulation of learning progression in the faculty of Science. The scope of work displayed in the 
curriculum document shows that topics are aligned with specialised disciplinary knowledge in Life 
Science for example, Chemistry, Biochemistry, Zoology and Botany. 

The contrast was noticed in the documents representing the distribution of content knowledge in the 
school of Science Education in the education faculty (Cases D & C). The topics presenting the scope 
of disciplinary knowledge indicated that the content is more bias, to Natural Sciences than Life 
Sciences. Data shows that in the first year scope of disciplinary content knowledge focuses on 
Physical Sciences and Chemistry and second year scope reflect scattered topics from Biology.     

3.2 Distribution of topics or themes in the curriculum 
Data analysis identified patterns and trends of thought which indicated that some of academics 
participating in the sample emphasised that themes and topics selected for academic content in sub-
disciplines [in the field of Sciences such as, Physical Science, Chemistry, Geography, animal Kingdom 
and Plant Kingdom in Life Sciences] should be vertically articulated.  

3.3 Knowledge integration 
Perceptions of knowledge integration were identified with views linked to teaching across disciplinary 
knowledge integration in curriculum design and development. The data, generated from curriculum 
documents of various universities reflect the maintenance of heterogeneity in specialised knowledge 
domains for acquisition of in-depth knowledge in Life Sciences. This implies that academics in the 
department of Science Education construed integration of knowledge to imply mixing topics (themes) 
form different specialised disciplines in Science Education. In some universities, data indicates the 
mixture of themes and topics taught to students in the school to enable them to teach Life Science 
competently in Further Education and Training phase. 

Data classified under this category indicate that academics who shared this pattern of thought 
understood at least the importance of aligning the curriculum for preparing Life Sciences teachers with 
the needs of students, the expectations of the work place and the national Life Sciences curriculum for 
schools called (CAPS) although their distrust of integration was a concern.  

There were several ideas noted during the process of data analysis that pointed to models for 
implementing knowledge integration. Data revealed that academics in their practice of knowledge 
organisation, tried models that in one way or another relate knowledge integration; as advocated by 
researchers, Kutti, (2007), Fogarty, (1991) in Mode 2 knowledge production theory. The responses 
associated models such as the King 5E’s and Dialogical Argumentation Instructional Models: on the 
basis that they expose students to approaches to learn across main disciplines. Such models 
emphasise problem-solving learning, inquiry-based learning as well as deductive and inductive 
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principles underlying knowledge generation by students.  The possibility arises of integrating 
indigenous knowledge systems in knowledge production with mainstream theories which enjoy 
recognition in South Africa. 

The implication of this finding is that integration of knowledge systems in Sciences is a form of 
incorporating concepts across culturally diverse forms of knowledge. This synthesis could benefit 
previously marginalised scientific discoveries and inventions that did not enjoy the same recognition 
as their Eurocentric counterparts. Consideration of indigenous scientific knowledge brings equal 
recognition of all cultures and recognises significance of previously under-represented cultures in 
South Africa, Africa and across other parts of the world. 

Further, the implication of this finding is that integration of knowledge systems in Sciences is a form of 
incorporating concepts across culturally diverse forms of knowledge. This synthesis could benefit 
previously marginalised scientific discoveries and inventions that did not enjoy the same recognition 
as their Eurocentric counterparts. Consideration of indigenous scientific knowledge brings equal 
recognition of all cultures and recognises significance of previously under-represented cultures in 
South Africa, Africa and across other parts of the world. 

Second finding from the critical synthesis of the data reveals that students are encouraged to generate 
their own kinds of mind-maps by means of dialogue and argument.  Deductive and inductive attitudes 
of mind indicate critical thinking and advanced cognitive competences in subject knowledge. 

This therefore implies that the strength of this pedagogy is that it engages and incorporates learning; 
empowering and enabling students who, by virtue of deprived social backgrounds, may not have been 
exposed to certain crucial conceptual knowledge. 

Spady (1994) introduces the issue of Subjective Epistemology which is the culmination of students’ 
active participation. This view confirms that through the models (DAIM) and King 5E’s, students 
studying to teach Life Sciences at national Faculties of Education develop their own conceptual 
understanding of integrated knowledge; drawing it from related disciplines. Fogarty (1991: 61-64) 
presents various approaches to knowledge integration; for example, the web model, integrating 
knowledge across the disciplines; the connected model, which entails connecting topic, skills and 
concepts within the same discipline and the threaded model or integration of ‘big ideas’ that promotes 
transfer of skills through related disciplines. Agreeing with the importance of students’ active 
participation in knowledge production, Dancy (1991) argues that self-discovery and ‘subjective 
epistemology’ provide epistemic foundations for knowing about things which are essentially 
propositional. The implication for Life Sciences teacher trainees could be the development of 
competences to select and organise subject content appropriately for meaningful learning of Life 
Sciences. 

4 CONCLUSIONS 
Knowledge integration is a paradigm shift for developing Science education curriculum for teacher 
education and training. Integration can act as a principle underpinning implementation. The synthesis 
of the findings of the study highlighted issues that typify confusion and uncertainty regarding 
interpretation of the DHET (2011 and 2015) notions of integration and integrated Science education. 
Findings and conclusions indicate that there is at least some evidence of emergent, enlightened 
patterns of thought among a few academics which signals a welcome departure from stifling 
traditionalist restrictions upon teaching and learning of Sciences in higher education. Instead of 
transmitting knowledge from textbooks, a few lecturers are designing activities around themes and 
topics which enforce dialogue, argumentation, engagement, exploration, explanation and development 
of new, integrated strategies of teaching. These strategies are recommended by pioneers of Mode 2 
knowledge integration (Killen, 2005, Repko, 2007, Kutti, 2010). 

This study recommends adopting the Dialogical Argumentative Instructional Model and the King 5E 
approach in the education and training of Life Sciences teachers.  Such enlightened and flexible 
pedagogical schemata allow for the acquisition of applied competences as prescribed in the 
curriculum policy for teacher education and training. In Science Education, in particular, such 
approaches have been tested and found suitable in enabling students to develop conceptual 
knowledge of sciences across cultural and disciplinary divides. This study argues that integration of 
knowledge should focus on, and begin building, knowledge from the point of the real-life experiences 
of students. This argument is influenced by the Critical paradigm and the theory of curriculum called 
Praxis which emphasises liberation of the mind through teaching and learning; especially the minds of 

10240



those oppressed by poverty who are not aware of the rich stock of life-knowledge that they already 
possess; a resource which provides a ready platform for educational development. 
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