EDITED BY MARGARET A.L. BLACKIE;
HANELIE-ADENDORFF,

AND-MARNEL MOUTON

ENHANCING SCIENCE
EDUCATION

Exploring-Knowledge Practices
with-Legitimation.Code Theory

39031UNOY

Legitimation Code Theory



Enhancing Science Education

This book helps meet an urgent need for theorized, accessible and discipline-
sensitive publications to assist science, technology, engineering and mathe-
matics educators. The book introduces Legitimation Code Theory (LCT)
and demonstrates how it can be used to improve teaching and learning in
tertiary courses across the sciences. LCT provides a suite of tools which sci-
ence educators can employ in order to help their students grasp difficult and
dense concepts. The chapters cover a broad range of subjects, including biol-
ogy, physics, chemistry and mathematics, as well as different curriculum,
pedagogy and assessment practices. This is a crucial resource for any science
educator who wants to better understand and improve their teaching.

Margaret A.L. Blackie is Senior Lecturer, Department of Chemistry and
Polymer Science, Stellenbosch University, South Africa.

Hanelie Adendorff is Senior Advisor, Faculty of Science, Centre for
Teaching and Learning, Stellenbosch University, South Africa.

Marnel Mouton is Senior Lecturer, Department of Botany and Zoology,
Stellenbosch University, South Africa.



Legitimation Code Theory
Knowledge-Building in Research and Practice

Series editor: Karl Maton
LCT Centre for Knowledge-Building

This series focuses on Legitimation Code Theory or ‘LCT’, a cutting-edge
approach adopted by scholars and educators to understand and improve their
practice. LCT reveals the otherwise hidden principles embodied by knowledge
practices, their different forms and their effects. By making these ‘legitimation
codes’ visible to be learned or changed, LCT work makes a real difference,
from supporting social justice in education to improving design processes.
Books in this series explore topics across the institutional and disciplinary maps
of education, as well as other social fields, such as politics and law.

Other volumes in this series include:

Accessing Academic Discourse
Systemic Functional Linguistics and Legitimation Code Theory
Edited by J. R. Martin, Karl Maton and Y. J. Doran

Building Knowledge in Higher Education
Enhancing Teaching and Learning with Legitimation Code Theory
Edited by Chris Winberg, Sioux McKenna and Kirstin Wilmot

Teaching Science
Knowledge, Language, Pedagogy
Edited by Karl Maton, J. R. Martin and Y. J. Doran

Decolonizing Knowledge and Knowers

Strugygles for University Transformation in South Africa

Edited by Mlamuli Nkosingphile Hlatshwayo, Hanelie Adendorft, Margaret
A.L. Blackie, Aslam Fataar and Paul Maluleka

Enhancing Science Education
Exploring Knowledge Practices with Legitimation Code Theory
Edited by Margaret A.L. Blackie, Hanelie Adendorff and Marnel Mouton

Sociology of Possibility
An Invitation to Legitimation Code Theory
Karl Maton

For a full list of titles in this series, please visit: https: / /www.routledge.com/
Legitimation-Code-Theory/book-series/LMCT


https://www.routledge.com/Legitimation-Code-Theory/book-series/LMCT
https://www.routledge.com/Legitimation-Code-Theory/book-series/LMCT

Enhancing Science Education

Exploring Knowledge Practices with
Legitimation Code Theory

Edited by

Margaret A.L. Blackie,
Hanelie Adendorff, and
Marnel Mouton

£} Routledge

-1 Taylor & Francis Group
LONDON AND NEW YORK



Cover image: © Getty Images

First published 2023
by Routledge
4 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

and by Routledge
605 Third Avenue, New York, NY 10158

Routledge is an imprint of the Taylor & Francis Group, an informa
business

© 2023 selection and editorial matter, Margaret A.L. Blackie,
Hanelie Adendorff and Marnel Mouton; individual chapters, the
contributors

The right of Margaret A.L. Blackie, Hanelie Adendorff and Marnel
Mouton to be identified as the authors of the editorial material, and
of the authors for their individual chapters, has been asserted in
accordance with sections 77 and 78 of the Copyright, Designs and
Patents Act 1988.

All rights reserved. No part of this book may be reprinted or
reproduced or utilised in any form or by any electronic, mechanical,
or other means, now known or hereafter invented, including
photocopying and recording, or in any information storage or
retrieval system, without permission in writing from the publishers.

Trademark notice: Product or corporate names may be trademarks or
registered trademarks, and are used only for identification and
explanation without intent to infringe.

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record has been requested for this book

ISBN: 978-0-367-51869-1 (hbk)
ISBN: 978-0-367-51870-7 (pbk)
ISBN: 978-1-003-05554-9 (cbk)

DOI: 10.4324 /9781003055549

Typeset in Galliard
by SPi Technologies India Pvt Ltd (Straive)


http://dx.doi.org/10.4324/9781003055549

Contents

List of figures
List of tables
List of contributors

1 Enacting Legitimation Code Theory in science education
MARGARET A.L. BLACKIE, HANELIE ADENDORFF, AND MARNEL MOUTON

PART I
Academic Support in Science

2 Becoming active and independent science learners:
Using autonomy pathways to provide structured support
KAREN ELLERY

PART II
Physical Sciences

3 Improving assessments in introductory Physics courses:
Diving into Semantics
CHRISTINE M. STEENKAMP AND ILSE ROOTMAN-LE GRANGE

4 Building complexity in Chemistry through images
ZHIGANG YU, KARL MATON, AND YAEGAN DORAN

5 Using variation in classroom discourse: Making
Chemistry more accessible
BRUNO FERREIRA DOS SANTOS, ADEMIR DE JESUS SILVA JUNIOR, AND
EDUARDO FLEURY MORTIMER

VL

Xt

19

21

39

4]

63

82



vi Contents

6 Radiation Physics in theory and practice: Using
Specialization to understand ‘threshold concepts’
LIZEL HUDSON, PENELOPE ENGEL-HILLS, AND CHRIS WINBERG

PART III
Biological Sciences

7 Interdisciplinarity requires careful stewardship of powerful
knowledge
GABI DE BIE AND SIOUX MCKENNA

8 Advancing students’ scientific discourse through
collaborative pedagogy
MARNEL MOUTON, ILSE ROOTMAN-LE GRANGE, AND BERNHARDINE UYS

9 Using Autonomy to understand active teaching
methods in undergraduate science classes
M. FAADIEL ESSOP AND HANELIE ADENDORFF

PART IV
Mathematical Sciences

10 A conceptual tool for understanding the complexities
of mathematical proficiency
INGRID REWITZKY

11 Supporting the transition from first to second-year

Mathematics using Legitimation Code Theory
HONJISWA CONANA, DEON SOLOMONS, AND DELIA MARSHALL

PART V
Science Education Research

12 Navigating from science into education research
MARGARET A L. BLACKIE

Index

103

127

129

148

169

191

193

206

225

227

241



Figures

1.1
1.2
1.3
1.4
1.5
2.1
2.2
2.3
2.4
3.1
3.2

3.3

34

3.5

3.6

3.7

4.1

4.2

The specialization plane

The epistemic plane

The social plane

The semantic plane

The autonomy plane

The autonomy plane

Autonomy pathways for self-reflection intervention
Autonomy pathways for modelling consolidation of a lecture
Autonomy pathways for guided reflection on a test

The semantic plane

Semantic density maps of the Ph101 assessments of 2016 and
2017 representing the percentage of marks allocated to

(a) questions and (b) model answers of different semantic
density categories

Number of question-answer pairs plotted on a two-dimensional
graph representing the semantic density of answers versus
questions, for the main tests of 2016 (a) and 2017

(b), respectively

The questions of the class tests of 2016 (a) and 2017 (c)

and first exams of 2016 (b) and 2017 (d) of Ph101,

plotted on the semantic plane

The model answers of the class tests of 2016 (a) and 2017 (¢)
and first exams of 2016 (b) and 2017 (d) of Ph101, plotted
on the semantic plane

The average marks plotted versus the semantic density of

the question (a) and answer (¢) and the semantic gravity (¢),
respectively, shown with the weights of the different categories
of questions (b) and answers (d) plotted on the semantic plane
Average marks in the first exams of 2016 and 2017 as a
function of the SDD

Melting ice cubes (top); the electrode reactions in a

Daniell cell (bottom)

Fresh water in a cup (left); hydrogen bonding between

water molecules (right)

10
13
24
27
29
31
43

51

52

53

54

56

59

64

67



viii
4.3

4.4
45
4.6
4.7

4.8

4.9

4.10

4.11

4.12
4.13
4.14
5.1
5.2

5.3
5.4
5.5
5.6
5.7
6.1
6.2
6.3
6.4

7.1
7.2
7.3
8.1

8.2

8.3

Figures

Compressibility of air (left); a structural formula of water
molecules (right)

A structural formula of methane molecules

Two pathways for the production of ibuprofen

A pile of matches (left); a burning match (right)

A campfire (left); energy change during combustion

of carbon (middle); an energy level diagram for the
formation of carbon dioxide from carbon and

oxygen carbon monoxide (right)

A rusted car (left); a diagram of a rusty nail experimental
set-up (right)

Two segments of orange (left); the formation of

sodium chloride

Batteries (left); a diagram showing the formation of

a secondary amide through a condensation reaction
between ethanoic acid and methylamine (right)

A widening range of images’ epistemic—semantic density
across stages

Ice is less dense than liquid water

The addition reaction of ethene with bromine

The formation of the hydronium ion

The triplet relationship

An upward shift or ‘packing” movement in the

classroom discourse

A downward shift

An upward semantic wave shift

A ‘downward escalator’ profile

A “flatline’ profile

A downward shift followed by an upward shift

A relational view of the features of threshold concepts
The specialization plane

The specialization plane for radiation physics

Plotting the threshold concept framework on the
specialization plane

The specialization plane

Three semantic profiles

Specialization codes of the two professions

Wording tool for epistemic—semantic density in

English discourse

Bar graph indicating proportion of simpler to more complex
meaning in the respective descriptions of the nucleus of
a eukaryotic cell from the first-year and the school textbooks
Bar graph indicating proportion of simpler to more complex
meaning in the respective descriptions of the nucleus of a
cukaryotic cell from the students’ (1 to 6) final
summative assessments

68
69
70
71

72

73

74

75

76
77
77
78
83

88
91
92
93
94
96
105
107
108

120
132
134
144

155

158

159



8.4

8.5

8.6

9.1
9.2
9.3
9.4

9.5
9.6
9.7
9.8
9.9
10.1
10.2
10.3
10.4
10.5

10.6
11.1
11.2
11.3
114
11.5
12.1

Figures  ix

A-D Concept maps of students’ biology vocabulary
describing the nucleus of a eukaryotic cell

Concept map of student 6’s biology vocabulary describing
the nucleus of a eukaryotic cell

Semantic density profile of concept 1 component 2 from
first-year and school textbooks, and from final
summative assessment of student 4

The autonomy plane

Autonomy plane for active teaching methods in physiology
Example of an autonomy tour

The autonomy tour traced by the first four task steps in a
Can of Bull

Example of a Burning Question

The return trip traced by the steps in the Burning Question
Running Question — first information slide

Running Question — second information slide

Running Question — theory slide

The specialization plane

The epistemic plane

Insights for functions

Insights for a mathematical activity

Insights for linking mathematical representations

of a mathematical object

Insights for the concept of mathematical structure
Tllustrative profiles and semantic ranges

The specialization plane

Semantic profile of a first-year ECP physics lesson
Semantic profile of a second-year physics lesson
Semantic profile of a second-year mathematics lesson
Nested relationship between the real, the actual and

the empirical domains

160

161

164
176
177
178

182
183
183
185
185
186
196
198
200
201

202
203
208
210
213
213
214

228



Tables

3.1
3.2

3.3

4.1

5.1

5.2
5.3

5.4
55
5.6
6.1
8.1
8.2
9.1
9.2
9.3
10.1

11.1

Translation device for semantic density

Examples of the coding of assessment questions representing
different categories of semantic density and semantic gravity,
along with an explanation to justify the allocated coding
Translation device used for semantic gravity levels

A translation device for the epistemic—semantic density of
images in secondary school chemistry textbooks

Translation device for epistemic—semantic density of
chemistry knowledge

Translation device for epistemic—semantic density of words
Word-grouping tool for epistemic—semantic density in English
discourse

Highest and lowest strength of epistemic—semantic density
in Carlos’s and Bento’s episodes

Stronger and weaker strength of epistemic—semantic density
in Durval’s and Marina’s episodes

Stronger and weaker strength of epistemic—semantic density
in Carlos’s and Marina’s episodes

Using specialization codes to understand threshold concepts
Epistemic—semantic density categories of Maton and Doran
(2016) with descriptions and examples from

students’ discourse

An adjusted version of the word-grouping tool for
epistemic—semantic density

Positional autonomy — a translation device

Relational autonomy — a translation device

Running Question ‘autonomy tour’ with multiple return trips
Ontic relations and discursive relations for a particular
mathematical object of study

Translation device for various levels of Semantics

47

48

50

67

86
88

88
91
94
96
121
154
156
179
179
187

198
212



Contributors

Hanelie Adendorffis a Senior Advisor in the CTL at Stellenbosch University,
South Africa. She has a PhD in chemistry but has been working in profes-
sional development since 2002. Her career and professional development
started with an interest in blended learning and has since included the
areas of assessment, facilitation of collaborative learning, science educa-
tion and, more recently, decolonization of the science curriculum. As a
member of the Faculty of Science’s teaching and learning hub, she works
with the Vice-Dean (Teaching and Learning) to enhance the status of
teaching in the Faculty.

Margaret A.L. Blackie is a Senior Lecturer in the Department of Chemistry
and Polymer Science at Stellenbosch University, South Africa. Since start-
ing her independent career, she has attempted to hold together research
interests in synthetic organic chemistry and in education research. She is
passionate about understanding how knowledge in chemistry is built in
the field and in the minds of students. She has been the recipient of several
awards, including the South African Chemical Institute Chemistry
Education Medal and the Stellenbosch University Distinguished Teacher
Award. She is also the recipient of the Stellenbosch University Teaching
Fellowship focusing on creating resources to smooth the path for academ-
ics from the natural sciences to engage with education research.

Honjiswa Conana is a Teaching and Learning Specialist in the Faculty of
Natural Sciences at the University of the Western Cape, South Africa. Her
role is to support teaching and learning initiatives in the Faculty. She
works alongside lecturers in helping them to make explicit to students the
aspects of the disciplinary discourse. Prior to this appointment, she worked
as an academic literacy practitioner in the Department of Physics and
Astronomy, working in collaboration with first- and second-year Physics
lecturers. In this role, Dr Conana would help lecturers to identify the
disciplinary practices, as well as assist them in developing classroom activ-
ities to make these practices explicit to students. Her research interests lie
in physics education and academic literacies. Her research has been



xii  Contributors

focused on studying students’ experiences in a curriculum that is explicitly
designed to develop physics students’ academic literacy and their access to
the disciplinary discourse of physics.

Gabi de Bie was a passionate and committed educator who served as chief
scientific officer in the Department of Human Biology at the University
of Cape Town, South Africa from 2009 to 2017. She was always as con-
cerned about her students’ social well-being as she was about their intel-
lectual development. She was also passionate about environmental
sustainability and social justice. She undertook her PhD at Rhodes
University and graduated in 2016. She died of cancer in October 2020
and is very much missed by family, friends and colleagues.

Ademir de Jesus Silva Janior is Professor of Chemistry Education at the
Department of Exact and Natural Sciences, State University of
Southwestern Bahia, Brazil. His research interests include Chemistry edu-
cation, classroom discourse and students’ concept building.

Y. J. Doran is a Postdoctoral Researcher at the University of Sydney,
Australia, who focuses on language, semiosis, knowledge and education.
His research spans the interdisciplinary fields of educational linguistics,
discourse analysis, language description and multimodality and focuses
mainly on English and Sundanese.

Karen Ellery is an Associate Professor in the Centre for Higher Education
Research, Teaching and Learning at Rhodes University, South Africa,
where her primary function is to coordinate and teach in the Science
Extended Studies Programme. Her research centres on enabling episte-
mological access in the sciences in a higher education context, focusing
specifically on curriculum structures, pedagogic practices and student
learning.

Penclope Engel-Hills retired as Associate Professor: Interdisciplinary
Health Sciences and Dean: Faculty of Health and Wellness Sciences at the
Cape Peninsula University of Technology (CPUT) in January 2021. She
is now an Adjunct Professor at CPUT with responsibilities in the faculty
and Professional Education Research Institute (PERI). Prof Engel-Hillis
has intersecting roles as a health care practitioner, educator and researcher.
She currently holds ministerial appointments on the councils of the
National Health Research Ethics Council, the Health Professions Council
of South Africa and a Technical and Vocational Education and Training
College. She has graduated and continues to supervise a number of post-
graduate students and co-hosts a postdoctoral fellow in an interdiscipli-
nary research role at the Applied Microbial and Health Biotechnology
Institute.

M. Faadiel Essop is currently a Professor in the Department of Physiological
Sciences at Stellenbosch University, South Africa, and the Director of the
recently established Centre for Cardio-metabolic Research Centre in



Contributors xiii

Africa (CARMA) at Stellenbosch University. Prof Essop is an NRF-rated
internationally acclaimed researcher, former chairperson of the
Department of Physiological Sciences, a former President of the
Physiology Society of Southern Africa, the current Vice-President of the
African Association of Physiological Sciences and a board member of the
General Assembly of the International Union of Physiological Sciences.
He also served as a member of the International Committee of the
American Physiological Society and is an elected Fellow of the American
Physiological Society.

Bruno Ferreira dos Santos is a Professor of Chemistry Education at the
Department of Sciences and Technologies at the State University of
Southwestern Bahia, Brazil. He works with chemistry teacher education
and in-service education for science teachers. His research interests
include teaching and learning sciences, disciplinary learning and its rela-
tionship to language and other semiotic resources.

Eduardo Fleury Mortimer is a Professor of Education at the Federal
University of Minas Gerais, Brazil and a researcher at the National Council
for Scientific and Technological Development. His research interests
focus on science learning, conceptual profiles and classroom discourse.
He is the former president of the Brazilian Association for Research in
Science Education (2005-9).

Lizel Hudson is the Work-Integrated Learning and Language Coordinator
in the Faculty of Health and Wellness Sciences at the CPUT. Her research
interests include health professions education and in particular knowledge-
building in simulated learning environments. She recently completed her
doctoral studies, which focused on understanding threshold concepts in
professional education. Lizel is currently participating in the Teaching
Advancements at University Fellowships Programme where her project
focuses on smart student engagement and a holistic experience towards
student success.

Delia Marshall is a Professor in the Department of Physics and Astronomy
at the University of the Western Cape (UWC), South Africa, where she is
currently Head of Department. Her areas of research include undergrad-
uate physics education and higher education studies. She has a particular
interest in students’ experiences of the transition from high school to
university studies and has been involved in the UWC Science Faculty’s
extended curriculum programme. Working with Honjiswa Conana, her
research on physics learning has used Legitimation Code Theory (LCT)
to examine how students take on the disciplinary discourse of physics, as
well as students’ use of representations in problem-solving. Her current
rescarch interests include the role of higher education in society and for
the public good, the notion of ‘graduateness’ in the context of the under-
graduate education of physics graduates and the post-graduation trajecto-
ries of young South Africans.



xiv  Contributors

Karl Maton is Professor of Sociology at the University of Sydney, Australia;
Director of the LCT Centre for Knowledge-Building; Visiting Professor
at the University of the Witwatersrand, South Africa; and Visiting
Professor at Rhodes University, South Africa. His book Knowledge and
Knowers: Towards a Realist Sociology of Education is the founding text of
LCT (2014). He has also recently co-edited Knowledge-Building:
Educational Studies in Legitimation Code Theory (2016), Accessing
Academic Discourse: Systemic Functional Linguistics and Legitimation
Code Theory (2020) and Teaching Science: Knowledge, Language, Pedagogy
(2021). He is currently writing Legitimation Code Theory: A Primer.

Sioux McKenna is a Professor of Higher Education and is director of the
Centre for Postgraduate Studies at Rhodes University, South Africa. Her
research reflects a concern about who gets access to knowledge in the
academy and whose knowledge is valued. She is also interested in how the
norms and values of disciplines emerge as literacy practices. She is the
project manager of a number of international research projects and has
supervised a number of postgraduate studies, many of which have used
LCT to ask questions about the form and function of higher education.

Marnel Mouton is a Senior Lecturer in the Department of Botany and
Zoology at Stellenbosch University, South Africa. She has a PhD in
Microbiology and currently teaches Biology to various cohorts of under-
graduate students studying programmes in Science, AgriScience and
Health Science. She is also a lecturer and the coordinator of the Extended
Degree Programme for the Faculties of Science, AgriScience and
Engineering at Stellenbosch University. These roles led to her keen inter-
est and research projects in evaluating and addressing the articulation gap
between school and first year in higher education and specifically the life
sciences.

Ingrid Rewitzky is involved in educational leadership at Stellenbosch
University, South Africa, within and across relatively complex environ-
ments through her roles as Professor of Mathematics, Executive Head of
the Department of Mathematical Sciences and Vice-Dean (Learning and
Teaching) of the Faculty of Science and through serving on committees
in the department, faculty and university. As Vice-Dean, she has been
instrumental in facilitating and supporting a scholarly approach to teach-
ing and learning in Science at Stellenbosch University. In December
2018, she was honoured with the Stellenbosch University Chancellor’s
Award in recognition of sustained excellence throughout her career. Her
personal growth and satisfaction as an academic and educational leader
are integrally linked to understanding and establishing connections
between a diversity of perspectives.

Ilse Rootman-le Grange is the E-learning Instructional Designer for the
Faculty of Science at Stellenbosch University, South Africa. She supports
lecturers in Science in the development of teaching practices that include



Contributors xv

learning technologies. She has a PhD and teaching experience in
Chemistry. Her research interests in undergraduate science education
include modes of teaching, bridging the articulation gap, the role of
multidisciplinary collaborations in science education and professional
development of undergraduate lecturers in science.

Deon Solomons is a Senior Lecturer in the Department of Mathematics and
Applied Mathematics at the University of the Western Cape (UWC),
South Africa. He teaches real analysis and modern algebra to third-year
students, measure and integration theory and computational linear alge-
bra at honours level. He provides postgraduate supervision in differential
geometry and gravitation, and in mathematical physics. He conducts
rescarch in these two fields in addition to mathematics education. Dr
Solomons’ also helps out with the UWC MathClub and media and mar-
keting for the Department of Mathematics and Applied Mathematics.

Christine M. Steenkamp is a Senior Lecturer in Physics at Stellenbosch
University, South Africa, and holds a PhD in laser physics. Her interest in
LCT is aimed at improving undergraduate teaching in physics, with a
focus on the first-year physics modules. She is involved in undergraduate
teaching and postgraduate supervision. Her current research projects in
physics involve laser spectroscopy, quantum systems and methods to
purify isotopes for medical purposes.

Bernhardine Uys is based in Stellenbosch University, South Africa, as a
part-time Research Assistant. She has worked with Dr Marnel Mouton on
projects pertaining to LCT and its application in the field of Science edu-
cation to bridge the articulation gap and increase the ability of students to
develop skills in scientific understanding and argumentation. Her interests
lie in Education and Journalism, having acquired a B.Ed. and a B.Hons in
Journalism from Stellenbosch University and having subsequently worked
in both fields over the years.

Chris Winberg holds the South African National Research Foundation
Chair in Work-Integrated Learning and leads the PERI at the CPUT in
Cape Town, South Africa. Chris currently serves as a member of the South
African Ministerial Oversight Committee on Transformation in Higher
Education. Her research focus is professional and vocational education —
with a particular focus on engineering education, the professional devel-
opment of university teachers and technical communication. She obtained
a PhD in applied linguistics from the University of Cape Town and lec-
tured in applied linguistics and language education at the University of
Cape Town, the University of the Western Cape and the University of
Stockholm in Sweden. From 2010 to 2012, she was chairperson of the
South African Association for Applied Linguistics. Chris was director of
the Fundani Centre for Higher Education Development at the CPUT
2011-15, responsible for supporting curriculum renewal, academic staft
development and promoting educational research.



xvi  Contributors

Zhigang Yu is a Lecturer at Beijing Institute of Technology, China, who
focuses on semiotics and education using LCT and systemic functional
linguistics. He undertook his PhD at Tongji University, China, and stud-
ied at the University of Sydney under the supervision of Karl Maton and
Y. J. Doran. His current research interests include multimodality in chem-
istry discourse and knowledge-building of secondary school chemistry.



1 Enacting Legitimation Code
Theory in science education

Margaret A.L. Blackie, Hanelie Adendorff, and
Marnel Mouton

Introduction

The purpose of science education is not only to produce a new generation of
scientists but also to offer young people understanding about the vast explan-
atory power that science has to offer to a world faced with complex chal-
lenges. Debates on how to handle existential threats such as global warming
and diseases like COVID-19 are good examples of such problems. Osborne
and Dillon (2008) argue that science education ‘should be to educate stu-
dents both about the major explanations of the material world that science
offers and about the way science works.” Moreover, scientific understanding
and reasoning are desired attributes for the future citizen in many countries
of the world. Wide-ranging studies have shown that this aspiration will
require dedicated investments in skilled science educators that continuously
develop their own knowledge and teaching practice, the development of
genuinely engaging curricula, as well as assessment protocols and structures
that will meet the desired outcomes and goals. Currently, we are not achiev-
ing this ideal. Many European countries, for example, have witnessed a
decline in the number of students who enrol for degrees in science (Osborne
and Dillon 2008). Moreover, science education continues to represent a
substantial hurdle for both lecturers and students around the globe. Students
find science courses difficult to master, and lecturers find science courses
challenging to teach, although the nature of that challenge varies from sub-
ject to subject (Sithole ez al. 2017). Nonetheless, science education has
tended to focus on the mastery of particular scientific concepts rather than
on the induction of the student to the knowledge field as a whole.

Many academic scientists are interested in developing and improving their
own pedagogy but may struggle to find a ‘way into’ engaging with the
scholarship of teaching and learning (Adendorft 2011). Conducting science
education research is an even bigger challenge. The stumbling block for
many academics making this transition is the apparent lack of clarity on the
links between methods and theoretical frameworks (Adendorff 2011).
Whilst some educationalists have attributed the lack of impact of their work
on the practices of many science educators to an arrogant dismissal of edu-
cation as unscientific, this is far too simplistic and one-sided. Differences of

DOI: 10.4324,/9781003055549-1
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terminology, methodology, style and even epistemology can make research
into science education appear daunting and alien to university-based scien-
tists. Moreover, some approaches in science education research are less than
convincing with the use of vague terminology, loose logic and minimal
empirical evidence. There is thus a need for an approach that is clear, explicit,
evidential and rigorous, to help engage scientists with scholarship that can
enhance their pedagogic practices and enable science education research.
This book brings together a rich collection of studies in science education
that uses a common framework, Legitimation Code Theory, to attend to
these concerns.

Legitimation Code Theory (LCT) provides a welcome entry point into a
scholarly approach to science pedagogy, as well as rigorous science education
research. Moreover, we have found that academic scientists experience LCT
as more ‘science-like” and therefore ‘less foreign,’ relative to other education
research frameworks. LCT offers a suite of tools which can be used for a wide
range of purposes (which is explained later in this chapter). For example, it
may be used to analyze conceptual gain, or to evaluate the ways in which
knowledge and social relations interact in a particular situation or to interro-
gate the aims and purposes of different learning activities in a course. We can
use the framework to examine from the ways in which scientific concepts are
taught to the ways we structure science assessments (Rootman-le Grange
and Blackie 2018, 2020; Steenkamp ez /. 2019).

There is already a diversity of ways in which LCT has been enacted for
evaluating and shaping science pedagogy and curricula, with the framework
finding application in Biology (Mouton and Archer 2019; Mouton 2020),
Chemistry (Blackie 2014 ) and Physics (Georgiou 2016), to name but a few.
LCT comprises several ‘dimensions’ or sets of concepts, one of which is
Semantics. The following three examples all make use of Semantics in differ-
ent ways. Conana et al. (2016) analyzed the way in which language and
concepts were used in an introductory Physics course. These authors showed
that the lecturer almost exclusively used specialist language, which was trou-
blesome for students to access. LCT holds that knowledge-building for
epistemological access requires waves of movement between simpler, every-
day language and the more specialist language of the subject (Maton 2009).
Kelly-Laubscher and Luckett (2016) used Semantics to show that there is a
vast disparity in complexity between high school and university Biology
textbooks. This difference may be one of the reasons why students who
achieved good marks in school struggled with the subject in their first year
at university. Mouton and Archer (2019) and Mouton (2020) have since
built on these findings in Biology to develop a pedagogy and learning activ-
ities to mitigate the articulation gap between school and first year in higher
education. In all of these studies, LCT was used to reveal tacit problems and
to shape teaching practice to overcome the problems. These are just some
possibilities among many. LCT offers the possibility of a breadth of explora-
tion at any level — from a single lecture or practical, to an entire degree
programme.
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Through the exploration of LCT, two further aspects of education have
come into view: cumulative knowledge-building (Maton 2009) or extending
existing ideas and integrative knowledge-building (Maton and Howard 2018)
or productively bringing together different ideas. Science students often
struggle to recognize particular scientific concepts in a different context, a key
outcome of most science programmes. Cumulative knowledge-building is
essential to ensure that a student will be able to use concepts and language
beyond the scope of the particular course, such as the capacity to use science
concepts of acids and bases taught in an introductory Chemistry course in a
second-year Biochemistry course or in real-world problems pertaining to acid
rain. Integrative knowledge-building is the integration of different kinds of
knowledge — this is the foundation for lifelong learning and key to solving
real-life, complex problems. For example, recognizing that developing new,
healthier and cheaper or more sustainable food products draws from knowl-
edge in Chemistry, Biochemistry and Microbiology. Similarly, understanding
the mechanism of infection of a virus such as SARS-CoV-2, the cause of
COVID-19, requires drawing knowledge from different disciplines.

The methodology of LCT also offers a significant advantage to academics
who have been used to disciplinary STEM-based research. Feedback from
various workshops on LCT suggests that academic scientists find that the
integral use of Cartesian planes (described later in this chapter) offers a famil-
iar visual framework which somehow makes LCT feel more ‘science friendly.’
The take up of LCT in the science community speaks for itself.! This emerg-
ing body of work shows how academics across scientific disciplines have used
LCT in the analysis and shaping of their current teaching practice. To date,
such efforts have been largely ad hoc. The vast majority of papers have come
from a relatively small community of science educators who have stumbled
across LCT and found it very useful, though the rapid growth of this com-
munity in recent years is reaching a critical mass of productivity. It is thus
timely to gather a collection of these efforts to show something of the range
of what the use of LCT can achieve within a scientific context.

In this chapter, we introduce the conceptual framework, LCT, to science
educators. We look at each of the LCT dimensions that are used throughout
this book — Specialization, Semantics and Autonomy. At the end of this chap-
ter, we present a brief summary of the chapters that reach across the sciences
and which embrace curriculum design, pedagogic practice and assessment.

Legitimation Code Theory

LCT is a realist framework, developed by Karl Maton (2014 ), which builds
on the work of Basil Bernstein and Pierre Bourdieu, among others. It offers
a multi-dimensional approach for exploring what it means to know and how
one comes to know in different disciplines or knowledge practices (Winberg
et al. 2020). The sociologists Bernstein and Bourdieu both witnessed the
wave of massification of higher education, which shifted the demographic of
the student body from a small, privileged élite to a large diverse group
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including more social classes. It soon became apparent that this greater access
did not translate to success for all since not all students had the cultural and
social capital required to engage meaningfully in higher education. This has
been highlighted by Morrow’s (2009) work on ‘epistemological access’ to the
required knowledge. The work of Bernstein (2000), Bourdieu (1988) and
Morrow (2009) aim to expose some of the impediments to entry into aca-
demia. LCT has a similar social justice agenda — making the ‘rules of the game’
explicit to all participants, potentially affording access to those who have not
been culturally conditioned to see the dynamics in play (Maton 2014).

One of the ways in which LCT does this is by addressing the issue of
knowledge-blindness, where knowledge is reduced to knowing (mental pro-
cesses of understanding) whilst losing sight of the organizing principles at
play in different knowledge practices (Maton, 2014: 3). With its focus on
revealing these underlying logics, LCT allows us to show the ways in which
coming to ‘know’ differ across different knowledge practices. LCT’s set of
tools can be enacted to explore knowledge, i.e. what counts as a legitimate
claim, who is allowed to make such a claim, and how meaning is made by
making explicit that which is often hidden or tacit and taken for granted. Its
various concepts and dimensions offer a means to reveal different aspects of
these ‘rules of the game’ in diverse practices.

Dimensions of LCT

Three of LCT’s dimensions are well developed and in fairly wide usage:
Specialization, Semantics and Autonomy. Specialization and Semantics are
both thoroughly described in Knowledge and Knowers (Maton 2014) and in
Knowledge-Building (Maton et al. 2016). Autonomy was not fully devel-
oped at that time, but an extensive overview of this dimension was presented
in a paper written by Maton and Howard (2018). As mentioned earlier,
these three dimensions allow exploration of different aspects of knowledge
practices. Specialization is focused on how knowledge and knowers are legit-
imated in different knowledge practices. Semantics reveals how meaning is
made. Autonomy explores the origin and purposes of various constituents of
knowledge practices. Each LCT dimension is conceived as a combination of
two organizing principles. These two organizing principles are independent
of one another, each with the ability to vary from weaker to stronger, and
can thus be plotted on a Cartesian plane with each of the principles repre-
sented by one of the axes. Practices can valorize one, both or neither of the
organizing principles, leading to four overarching modalities for each dimen-
sion, which are called ‘codes.’

Specialization

Specialization focuses on the basis for legitimacy in different practices, i.c.
who can make a legitimate knowledge claim, as well as what would consti-
tute a legitimate knowledge claim. This starts from the perspective that all
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knowledge claims are about something and made by someone. The organiz-
ing principles in the case of Specialization are epistemic relations (ER),
between the knowledge practice and its objects, and social relations (SR),
between the practice and its subjects. Fields with relatively strong epistemic
relations (ER+) place emphasis on knowledge, skills and procedures whilst
fields with relatively strong social relations (SR+) valorize dispositions, values
and attributes of knowers (Maton 2014). The two relations can be plotted as
the specialization plane, with four principle modalities or specialization codes
as shown in Figure 1.1 (Maton et /. 2016). Knowledge practices are always
underpinned by epistemic relations and social relations, but it is the degree
to which each organizing principle is emphasized that determines the basis
of'achievement in a particular practice. As stated above, practices can empha-
size one, both or neither of these relations as a basis for legitimacy whilst
both relations can vary from stronger to weaker, allowing an infinite number
of strengths or positions on the specialization plane (Figure 1.1).

The principal modalities or specialization codes are (Figure 1.1):

*  lnowledge codes (ER+, SR-) arise when we have stronger epistemic rela-
tions (ER+) coupled with weaker social relations (SR-), i.e. where prac-
tices emphasize the possession of specialized skills, knowledge or
procedures as the basis for success whilst downplaying the attributes of the
actor making the claim. In this code, what one knows is important, and
one’s dispositions may be gently overlooked. Legitimate participation in
the natural sciences is often dominated by different variations of this code.

e (clite codes (ER+, SR+) arise when stronger epistemic relations (ER+) are
coupled with stronger social relations (SR+), i.e. where practices emphasize
the possession of both specialized skills, knowledge or procedures and
attributes of the actor making the claim. In this code, both what one knows
and who you are provide the basis for legitimacy. Fields that are both tech-
nically demanding and require some kind of individual expression, such as
professional classical music performance, may be dominated by this code.

*  lknower codes (ER-, SR+) arise when weaker epistemic relations (ER-)
are coupled with stronger social relations (SR+), i.e. where practices
emphasize the attributes of the actor making the claim and downplay the
possession of specialized skills, knowledge or procedures as the basis for
legitimacy. In this code, who one is, is important, not what one knows.
Many practices in the humanities are dominated by this code, through
notions of a cultivated gaze.

e ypelativist codes (ER-, SR-) arise when legitimacy is determined by nei-
ther one’s specialist knowledge nor one’s personal attributes. This is a
sort of ‘anything goes,” such as when brainstorming without limits on
what is a permissible idea to add.

Knowledge of the dominant code in a practice can help us unpack the rules
for legitimacy, or the basis for achievement, in that practice. Besides the
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Figure 1.1 The specialization plane (Maton 2014: 30).

ability to change or shift over time, codes can also match, i.e. when two sets
of practices use the same basis for success, or codes can clash. Code clashes
occur when people or practices are characterized by different codes. Scientists
who undertake education research for the first time often experience such a
code clash when introduced to literature in teaching and learning that uses a
knower code as its basis for claims. This might also be one reason why LCT,
with its stronger epistemic relations, has found traction in many science
environments.

Each of these organizing principles — epistemic relations and social rela-
tions — can be explored in more detail. ‘Epistemic relations’ can be bro-
ken down into ‘what practices relate to and how they so relate’ (Maton
2014: 174). These are ontic relations (OR) between knowledge practices
and their objects of study, and discursive relations (DR) between knowl-
edge practices and other knowledge practices (such as between different
theories and methods). These relations can be plotted on the epistemic
plane (see Figure 1.2), allowing us to distinguish four principal modalities
or insights:

e doctrinal insight (OR-, DR+): what counts as legitimate objects of study
is not tightly controlled (weaker ontic relations), but there are strong
boundaries between what qualifies as a legitimate approach and what
does not (stronger discursive relations). Legitimacy is thus the result of
using a specialized approach.

o situational insight (OR+, DR-): strongly bounds and controls what can
be legitimately studied (stronger ontic relations) but weakly bounds
how this can be done (weaker discursive relations). What is studied is
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significant for legitimacy, but there is relative flexibility in terms of
approaches used.

e purist insight (OR+, DR+): both legitimate objects of study and legiti-
mate approaches are strongly bound and thus significant.

e knower/no insight (OR-, DR-): both the objects of study and the legit-
imate approaches are weakly bound. Thus, neither the object of study
nor the method of study is used as a basis for legitimacy. This may be
knower insight when these weaker epistemic relations are paired with
stronger social relations (a knower code or ER-, SR+), or it may be #o
insight when paired with weaker social relations (a relativist code or
ER-, SR-).

The epistemic plane is usetul for distinguishing between the kinds of knowl-
edge that are being developed (Maton 2014). One of the major complaints
of employers of science graduates is that they are unable to apply their
knowledge. Among many possible applications, the epistemic plane can be
used to explain why this might be. Lecturers may focus on the use of particu-
lar methods but fail to clearly show the limits of their application. This means
that students may be able to pass courses and apply specific approved
methods (DR+) to solve problems carefully chosen by the examiners (could
be OR- or OR+). However, on entering employment, the new graduate is
likely to be faced with complex or multifaceted problems and must then
decide which methods can be legitimately applied. If the limits of
application, i.c. variation in strength of OR, was not a major consideration in
the course, the new graduate may struggle.

ontic relations

OR+

situational purist

R— DR+

discursive <D
relations

knower/no doctrinal

v OR-

Figure 1.2 The epistemic plane (Maton 2014: 177).
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Figure 1.3 The social plane (Maton 2014: 186).

Turning to ‘social relations,” the social plane (Figure 1.3) can be used to
explore in greater depth different kinds of relations to knowers. These con-
cepts are most applicable to knower-code practices (ER—, SR+) or élite-code
practices (ER+, SR+), i.e. where social relations are relatively strong (Maton
2014). The social plane does not feature in this book. However, it is described
here for the purposes of a more rounded introduction to the suite of tools
most widely enacted at present. In addition, it affords the possibility of mak-
ing the practices of knower-code fields (such as many parts of education
research) more understandable to scientists. It may also be useful in science
disciplines with a strong professional development orientation where social
relations are also explicitly valued.

The social plane (Figure 1.3) maps the distinction between legitimation of
practice on the basis of emphasis on who one is (subjective velations) and ways
of knowing through interactions with significant others (interactional rela-
tions). Both can take many forms; for example, subjective relations may high-
light social class, sex, gender, race, ethnicity, sexuality, religion, etc., and
interactional relations may highlight prolonged immersion in a canon of
great works, spending time within a culture and so on. Both relations may
differ in how emphasized they are as the basis of legitimacy. As before, plot-
ting these relations as a plane result in four modalities or gazes:

e social gazes (SubR+, IR-) emphasize legitimacy as a legitimate knower
based on who one is (stronger subjective relations) and downplay the
significance of specific ways of knowing (weaker interactional relations).
An example is offered by standpoint theories that allow only those with
a particular identity, such as being LGBTQIA+, to claim legitimacy.
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e cultivated gazes (SubR-, IR+) emphasize legitimacy not on the basis of
one’s identity (weaker subjective relations) but rather on the basis of how
one interactionally comes to be a knower (stronger interactional rela-
tions). These often involve acquiring a ‘feel’ for practices through, for
example, extended participation in ‘communities of practice,” sustained
exposure to exemplary models, such as great works of art, and prolonged
apprenticeship under an acknowledged master.

e born gazes (SubR+, IR+) emphasize both legitimate kinds of knowers
(stronger subjective relations) and legitimate ways of knowing (stronger
interactional relations), such as claims to legitimacy based on both mem-
bership of a social category and experiences with significant others (e.g.
standpoint theory that additionally requires mentoring by already-
liberated knowers in consciousness-raising groups).

e trained/blank gazes (SubR-, IR-) emphasize neither kinds of knowers
nor ways of knowing as the basis of legitimacy. As part of specialization
codes, they emphasize either stronger epistemic relations (trained gaze)
or nothing at all (blank gaze).

Semantics

The Semantics dimension of LCT considers the nature of meanings in terms
of context and complexity. The organizing principles are semantic gravity
and semantic density (Maton 2014).

Semantic gravity (SG) refers to the degree to which meaning relates to its
context (Maton 2013, 2014; Maton ¢z al. 2016). Semantic gravity can
be stronger and weaker along a continuum of strengths. When the
meaning is strongly tied to a context, semantic gravity is stronger
(8G+); when meaning is weakly tied to a context, semantic gravity is
weaker (SG-). In practice, semantic gravity can be strengthened by
moving from more decontextualized meanings to more concrete, con-
textualized meanings and weakened by doing the opposite. In science
teaching, for example, real-world applications of theoretical concepts
can be employed to strengthen semantic gravity, and then returning to
the theoretical concepts would weaken semantic gravity.

Semantic density (SD) refers to the complexity of meaning (Maton 2013,
2014; Maton et al. 2016). Semantic density can also be stronger or
weaker along a continuum of strengths. Stronger semantic density (SD+)
indicates more complex meanings; weaker semantic density (SD-) indi-
cates less complex meanings. In practice, semantic density can be dynam-
ized by moving (strengthening and weakening) between more complex,
condensed meanings and simpler meanings. In science teaching for exam-
ple, when a scientific term or concept is introduced or used, the meaning
is often relatively complex or stronger semantic density; when the lecturer
then unpacks and explains these meanings using simpler words and terms,
they are expressing weaker semantic density; then they return to the con-
cept; they are moving back to stronger semantic density.
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Figure 1.4 The semantic plane (Maton 2014: 131).

The strengths of the two organizing principles, semantic gravity and
semantic density, may vary independently. These are mapped on the semantic
plane (SG=, SD+): semantic gravity is the y-axis and semantic density is the
x-axis, as shown in Figure 1.4 (Maton et al. 2016). We can identify four
principal semantic codes (Maton 2013, 2014; Maton et al. 2016):

e vhizomatic codes (SG-, SD+), where meaning and the ‘basis of achieve-
ment’ is relatively context-independent (weaker semantic gravity) and
complex and condensed (stronger semantic density). Examples in sci-
ence education may include complex theoretical terms or abstract con-
cepts, often expressed in specialist scientific language or symbols, where
no external context is given or available.

e worldly codes (SG+, SD+), where legitimacy is based on meanings that are
relatively context-dependent and more concrete (stronger semantic grav-
ity) but complex and condensed (stronger semantic density). An example
in science teaching may include teaching or using complex scientific
terms or concepts taught against a backdrop of a real-world context.

e prosaic codes (SG+, SD-), where legitimacy represents meanings that are
relatively context-dependent (stronger semantic gravity) and simpler
(weaker semantic density). Examples of these codes in science teaching
may include using simpler meaning (possibly everyday concepts or basic
scientific terms) that apply to real-world contexts — maybe as a way to
explain more complex content later in a lecture.

e yarefied codes (SG—, SD-), where legitimacy is based on meanings that
are more context-independent (weaker semantic gravity) but relatively
simple (weaker semantic density). Here, examples in science teaching
may include the use of simpler theoretical terms, but without the
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background of context (decontextualized), possibly purely theoretical,
but relatively simpler meaning.

Practice (such as classroom practice) can and should ideally display code
shifts on the semantic plane — movements between decontextualized and
more contextualized meanings, as well as between simpler and more com-
plex meanings. This shifting between semantic codes is known as semantic
waves (Maton 2013, 2014). For example, Mouton and Archer (2019) have
shown how pedagogy in Biology should enact semantic waves to facilitate
cumulative learning and Mouton (2020) further showed how project-based
learning can be employed to reach the same goal. Similarly, Blackie (2014)
argues that many lecturers (organic Chemistry in her case) use terms and
simply presume that students understand the broader scope of what is being
said. Instead, lecturers should consciously and intentionally move between
stronger and weaker semantic gravity, as well as between stronger and weaker
semantic density, to enact semantic waves in their teaching of such theoreti-
cal /abstract discipline content.

Extensive research of classroom practices showed that the use of semantic
waves enables cumulative knowledge-building (Maton 2013; Clarence 2016;
Kirk 2017), a key aspect in ‘connecting the dots’ of knowledge. Clarence
(2016) showed that Semantics can be used by lecturers to understand how
to facilitate cumulative knowledge-building using semantic waves. In the
field of academic writing, Kirk (2017) demonstrated how students can be
taught to use the concepts of semantic gravity and semantic gravity waves to
understand what is valued and required in their writing assignments.
Matruglio e a/. (2013) used the interesting approach of temporality in class-
room practice to enact semantic waves.

The extent to which students are able to enact semantic waves in discourse
has been shown to play a role in achievement (Maton 2013). Research
revealed that high-achieving student essays are characterized by a wider
semantic range than that of low achieving essays, which often display so-
called semantic flatlines — little or no movement between simpler, contextu-
alized and more complex, decontextualized meanings (Kirk 2017). However,
this depends on the questions asked or the aims of a project. Georgiou’s
studies (2016) in Physics education showed that students lacking experience
in science (more novice learners) expressed a very limited range of semantic
gravity in explanations, often remaining at the very concrete levels of stronger
semantic gravity. Students with a stronger science background seem to
understand that a wider semantic gravity range is needed to explain and
answer certain questions. They also found that more proficient students
understood which questions required a certain range for semantic gravity.
However, less proficient students were found to often draw on explanations
too weak in semantic gravity, thus reaching up the semantic gravity scale
even when it is not necessary, revealing their lack of discernment.

Using the Semantics dimension of LCT to enact semantic waves in science
education has vast potential to improve pedagogy and promote students’
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learning, understanding and achievement. In science lecturing, for example,
lecturers may reach back to discipline content from school but also stretch
toward the new complex discipline content and move between abstract the-
ory and applications in recurrent cycles. In this type of classroom practice,
knowledge is continuously transformed between relatively concrete and
decontextualized meaning, as well as between simpler and more complex
condensed meaning, leading to the ability to build on previous knowledge
and the transfer thereof into new contexts — crucial in science education.
Scientific language is generally complex and therefore represents stronger
semantic density. However, ‘complexity’ is a relative term and is often used
simply to refer to the cognitive demand of an assessment or assignment. In
contrast, ‘semantic density’ affords greater specificity, conceptualizing com-
plexity in terms of the condensation of meaning within practices, where con-
densation refers to adding meaning to a term or practice. Maton and Doran
(2017a, 2017b) distinguished between forms of semantic density and
explored epistemic—semantic density (ESD) which deals with epistemological
condensation of formal disciplinary definitions and descriptions. They ofter
different tools for analyzing the ESD of language at the level of individual
words, word-grouping, clausing and sequencing. Epistemic—semantic den-
sity further explores the relationality of meanings. Thus, the greater the
number of relations to other meanings of terms or concepts, referred to as a
constellntion of meanings, the stronger the epistemic—semantic density
(Maton 2013; Maton and Doran 2017b). For example, a scientific term such
as ‘protein synthesis’ includes actions and processes with multiple distinct
parts, cach with its technical meaning, and will therefore have stronger ESD.

Autonomy

The Autonomy dimension of LCT explores the degree of insulation of prac-
tices — how insulated are the parts, and how insulated are the ways that they
are related together (Maton and Howard, 2018). The two organizing prin-
ciples are positional autonomy (PA) and relational autonomy (RA). Autonomy
is based on the assumption that any set of practices comprises both constitu-
ents (the things in the practice, i.e. concepts, ideas, artefacts, actors) and
relationships among those constituents (e.g. procedures, conventions, aims).

The degree to which a constituent in a particular context is insulated from
constituents in other contexts is conceptualized as positional autonomy — the
greater the degree of insulation, the stronger the positional autonomy
(Maton and Howard, 2018). In education, this is often used to distinguish
between what is seen as part of, or ‘inside,’ a specific knowledge practice and
what is not. Those things that are taken to be ‘inside’ a practice are defined
as having stronger positional autonomy (PA+), and those considered to be
‘outside‘ are defined as having weaker positional autonomy (PA-). For
example, it can be used to analyze whether ideas are coming from within a
specific topic of science (PA++), wider scientific knowledge (PA+), other
academic knowledge (PA-) or everyday understandings (PA-—).
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Figure 1.5 The autonomy plane (Maton and Howard 2018: 6).

The degree to which the principles governing the relations among constit-
uents are bound by the field is conceptualized as relational autonomy (Maton
and Howard, 2018). In education, this is generally taken as the purpose of
an activity. Purposes that are taken as a legitimate part of or ‘inside’ a specific
practice are defined as having stronger relational autonomy (RA+) than
those considered ‘outside.” For example, it can be used to analyze whether
the ideas being taught in a science classroom are being turned to the purpose
of teaching science (RA+) or towards another purpose, such as behavioural
management or engagement (RA-).

Mapping positional autonomy and relational autonomy on the autonomy
plane generates four principal autonomy codes (Figure 1.5):

o sovereign codes (PA+, RA+) result from strongly insulated positions and
autonomous principles — PA and RA are both relatively stronger. Such
practices would use, for example, ‘inside’ concepts to teach or research
‘inside’ problems, such as using the concept of equilibria in Chemistry
to determine the pH of a weak acid in a Chemistry experiment.

o introjected codes (PA—, RA+) result when weakly insulated constituents
are used for strongly bounded purposes —i.e. when things from ‘outside’
are used for ‘inside’ purposes, such as using calculus (from Mathematics)
to solve problems in Physics.

o projected codes (PA+, RA-) result when constituents are strongly insu-
lated, but the principles or ways in which they relate are heteronomous.
Thus, what is valued arises from within the context, but it is used for
other purposes, or what is ‘inside’ is used for ‘outside’ purposes; for
example, when Physiology concepts are used to evaluate the validity of a
health benefit claim made by the food industry.
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®  exotic codes (PA—, RA-) arise when there are weakly insulated positions
and heteronomous principles. For example, knowledge from a different
context is used to achieve an end that is not related to the subject in
hand, such as telling a joke to get the class’s attention.

Autonomy codes have the capacity to be enacted in real-world practices,
such as teaching practice. It has been shown that there should be a rationale
behind the materials or practices that are selected, repurposed and connected
(Maton & Howard 2018, 2020). Purposeful shifts on the autonomy plane
lead to so-called autonomy tours that engage and cohesively integrate differ-
ent knowledge practices or content. In contrast, poor instructional design
creates pathways around the plane that leave different knowledge practices
or content segmented and disconnected (Maton & Howard 2018, 2020).
Thus, one can use autonomy codes to design how to incorporate different
knowledge practices or content, such as real-world content from other fields
into science classroom pedagogy.

The layout of this volume

Given that the primary intended audience for this volume is academics who
teach within a specific scientific discipline, we decided that organization
according to discipline would be most helpful. Thus, we included five cate-
gories — academic support in science, physical sciences, biological sciences,
mathematical sciences and science education research. If you are new to
LCT, it may help to start with the section associated with your specialty first.
That way you will be familiar with the knowledge content of the subject
which will make the power of the LCT analysis more visible. This approach
may also lower the threshold to becoming familiar with the LCT dimen-
sions. However, once you are familiar with those chapters, we strongly rec-
ommend that you venture out of your comfort zone into different subject
arcas. This will both strengthen your range of understanding of the problems
encountered in science education and will improve your understanding of
LCT. At the end of the volume, we have included a ‘how to navigate’ chapter
(Chapter 12) for those who are just dipping their toes into education
research. We hope this chapter will help you to lower the activation energy
threshold into getting going with doing your own research.

Part I of the book is potentially useful to all readers as the focus is on
academic support in science (Chapter 2). The study explores the role a
reflective learning portfolio in a science access course plays in enabling stu-
dents to become active, self-directed and independent learners. The reflec-
tive learning portfolio interventions focus on explicitly guiding and modelling
appropriate learning practices and critical reflection about learning. Karen
Ellery uses LCT’s Autonomy dimension to analyze the reflective learning
portfolio interventions and students’ responses to them.

Part IT of the book focuses on the physical sciences. In Chapter 3, Christine
M. Steenkamp and Ilse Rootman-le Grange focus on assessments in an
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introductory Physics course at Stellenbosch University in South Africa. The
authors describe a detailed analysis of the Physics exam papers using semantic
density. Their focus was on the kinds of representation i.e., graphs, diagrams,
cquations, etc., and the complexity of language used in these exam papers.
Results revealed that some kinds of representations and some types of ques-
tions have been unconsciously omitted from their assessments.

In Chapter 4, Zhigang Yu, Karl Maton and Yaegan Doran turn their atten-
tion to different kinds of representations found in Chemistry. They carry out
an in-depth study of a Chemistry textbook to reveal the levels of complexity
and abstraction in operation in the diagrams. Using epistemic—semantic den-
sity, they develop a new method of analyzing representations in Chemistry
which can be adapted to other sciences. The main aim of the chapter is to
show how epistemic—semantic density can be applied to visual representa-
tions. Whilst much attention is given to symbols and nomenclature in
Chemistry education, the complexity of visual representation is relatively
rarely the focus of a study. Chemistry educators can tend to presume that a
diagram automatically makes the content more accessible. By showing the
variation in the complexity of representations in Chemistry, this chapter
challenges that assumption.

In Chapter 5 Bruno Ferreira dos Santos, Ademir de Jesus Silva Janior and
Eduardo Fleury Mortim focus on high school Chemistry. They looked at the
language used by the teacher, analyzing the clustering of words and phrases.
Using recordings of lessons, they show the ways in which different teachers
use language in the descriptions of chemical concepts. The variation is
between highly dense technical language and much simpler more accessible
language. The study defines various levels between these two positions using
epistemic—semantic density. The study shows that some teachers repeatedly
move between these two positions, whilst others achieve relatively little
movement.

In Chapter 6, Lizel Hudson, Penelope Engel-Hills and Chris Winberg
turn their attention to a Physics course presented as part of a degree in
Radiation Therapy. Teaching the fundamentals of science to health sciences
students who are cager to focus on patient care, is a non-trivial challenge.
This chapter explores why these students may find it difficult to understand
why they need to study Radiation Physics and why the subject is challenging.
This chapter suggests ways in which the notion of threshold concepts can be
used to make the fundamental science more accessible. This chapter also uses
Specialization to make visible the challenges of teaching a subject with a very
strong theoretical foundation to a cohort who are primarily interested in
learning about patient care.

Part III of the book focuses on the biological sciences which here features
an introductory Biology course, a senior Physiology course and a blended
course comprising Anatomy and Physiology aimed at health science
students.

In Chapter 7, Gabi de Bie and Sioux McKenna look at a course entitled
‘Human Biology” which has developed from the amalgamation of Anatomy
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and Physiology courses for health sciences students. They show the ways in
which integrative knowledge-building was overlooked in curriculum design
resulting in a segmented course which fails to prepare students adequately
for more advanced courses which draw on the foundational knowledge pre-
sented in this course. They use Specialization and Semantics in this
chapter.

Chapter 8 is authored by Marnel Mouton, Ilse Rootman-le Grange and
Bernhardine Uys. They explore why Biology students find it challenging to
engage with complex disciplinary text from sources such as textbooks and
then demonstrate their mastery of the subject matter using appropriate sci-
entific discourse. They draw on LCT’s concept of epistemic—semantic density
(ESD) to analyze sections of the first-year and school textbooks, as well as
students’ written discourse from summative assessments. They show the pro-
found variation that exists in the proficiency of the students’ scientific vocab-
ulary and language functions, as well as the discourse of the school and
first-year Biology textbooks. They consequently argue for science pedagogy
that would allow students time and opportunities to develop these crucial
skills. Such practice may enable students to successfully engage with the sub-
ject matter and then communicate their understanding using written
discourse.

In Chapter 9, M. Faadiel Essop and Hanelie Adendorft focus on using
Autonomy to analyze a project-based activity in the context of an undergrad-
uate Physiology course. The goal of the activity was to teach students how to
do science as opposed to teaching them about science. Exploring what is
introduced and for what purpose, using Autonomy, show the value and dan-
gers involved in these kinds of activities. One can spend a lot of effort on
marginal activities which in fact may obscure the epistemic content necessary
within the subject.

Part IV of the book turns to the mathematical sciences featuring a chapter
on the transition into second-year Mathematics and a chapter applicable at
all levels of tertiary study focusing on mathematical knowledge.

In Chapter 10, Ingrid Rewitzky focuses on teaching Mathematics guided
by the epistemic plane. It is one of the more subject-specific chapters in the
book but serves as a very useful introduction to the power of the epistemic
plane in making the different kinds of knowledge used in Mathematics visi-
ble in teaching. To those without some tertiary-level Mathematics, it will
require a bit of digestion, but it will be well worth your time investment.
This chapter is groundbreaking and will be applicable to engineering disci-
plines as well.

In Chapter 11, Honjiswa Conana, Deon Solomons and Delia Marshall
look at the transition from first year to second year in Mathematics. At many
South African institutions, there has been significant investment in improv-
ing the first-year experience, but the transition into the second year of study
can prove to be a stumbling block. In this chapter, they interrogate the expe-
riences of both students and lecturers of a particular intervention introduced
to smooth this transition in Mathematics.
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The final chapter in Part V is written by Margaret A.L. Blackie and is
aimed at helping those new to science education research to get something
of a foothold in the new terrain. The beginning of the chapter gives a brief
overview of critical realism. Whilst critical realism is one theoretical frame-
work among many, it is a useful starting point for those entering education
rescarch from a background in disciplinary research in a STEM field. This
foundation is then used to situate LCT as realist sociological theory. The
second part of the chapter gives some pointers on how to begin using LCT
in the scholarship of teaching and learning.

Overall then, this volume provides an overview of what can be achieved
using LCT in science education. Represented here are a diversity of science
fields from high-level Mathematics to service courses in Biology. In addition,
all the major LCT dimensions which have been developed to date and are
likely to be applicable to science educators are represented here. Thus, this
book provides a solid introduction to the use of LCT in science in particular
and will be useful to educators and researchers across STEM fields more
generally.

Note

1 For this growing body of work, see the database of LCT publications at https: //
legitimationcodetheory.com/publications /database /.
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