
Th
eo

ry a
n
d
 M

eth
o
d
s fo

r S
o
cio

cu
ltu

ra
l R

esea
rch

in
 S

cien
ce a

n
d
 E

n
gin

eerin
g E

d
u
ca

tio
n

www.routledge.com/education 9 780815 351924

ISBN 978-0-8153-5192-4

“Kelly and Green have developed insights and research methods to examine
classroom discourse, and the book structure, organized around eight chapters
illustrating specifc methods, gives it an innovative nature, while the rigor and
depth of the contributions anticipate that it will soon become a classic.”
—From the Foreword by María Pilar Jiménez-Aleixandre, Universidade de
Santiago de Compostela, Spain

“The text provides a unique opportunity to understand the combination of
research lenses, tools, and decision-making when using large-scale video
and qualitative data sets. The contributions include rigorous grounding
in sociocultural traditions coupled with cutting edge considerations of
contemporary science and engineering learning settings.”
—Heidi Carlone, Hooks Distinguished Professor of STEM Education, The
University of North Carolina at Greensboro

Introducing original methods for integrating sociocultural and discourse
studies into science and engineering education, this book provides a
much-needed framework for how to conduct qualitative research in this feld.
The three dimensions of learning identifed in the Next Generation Science
Standards (NGSS) create a need for research methods that examine the
sociocultural components of science education. With cutting-edge studies and
examples consistent with the NGSS, this book offers comprehensive research
methods for integrating discourse and sociocultural practices in science and
engineering education and provides key tools for applying this framework for
students, pre-service teachers, scholars, and researchers.

Gregory J. Kelly is Senior Associate Dean for Research, Outreach, and
Technology and Distinguished Professor of Education in the College of
Education at Pennsylvania State University, USA.

Judith L. Green is Professor Emeritus of Education at the University of
California, Santa Barbara, USA.

SCIENCE EDUCATION / RESEARCH METHODS

A PDF version of this book is available for free in Open Access at www.taylorfrancis.com. It has been 
made available under a Creative Commons Attribution-Non Commercial-No Derivatives 4.0 license.

Edited by G
regory J. K

elly and Judith L. G
reen

Routledge titles are available as eBook editions in a range of digital formats

 

 
 

  

 
 

 
 

 
 

 

 
 

  
  

 
 

 
 
 

 

 
 

  
 

 
 

 
 

T E A C H I N G  A N D  L E A R N I N G  I N  S C I E N C E  S E R I E S  

Edited by 
Gregory J. Kelly 

and Judith L. Green 

Theory and Methods 
for Sociocultural 
Research in Science 
and Engineering 
Education 



 
 

 

 

 

THEORY AND METHODS FOR 
SOCIOCULTURAL RESEARCH IN 
SCIENCE AND ENGINEERING 
EDUCATION 

Introducing original methods for integrating sociocultural and discourse stud-
ies into science and engineering education, this book provides a much-needed 
framework for how to conduct qualitative research in this feld. The three 
dimensions of learning identifed in the Next Generation Science Standards (NGSS) 
create a need for research methods that examine the sociocultural components 
of science education. With cutting-edge studies and examples consistent with 
the NGSS, this book ofers comprehensive research methods for integrating 
discourse and sociocultural practices in science and engineering education and 
provides key tools for applying this framework for students, pre-service teachers, 
scholars, and researchers. 

Gregory J. Kelly is Senior Associate Dean for Research, Outreach, and 
Technology and Distinguished Professor of Education in the College of Education 
at Pennsylvania State University, USA. 

Judith L. Green is Professor Emerita of Education at University of California, 
Santa Barbara, USA. 



 

 

  

Teaching and Learning in Science Series 
Norman G. Lederman, Series Editor 

Supporting K–12 English Language Learners in Science 
Putting Research into Teaching Practice 
Edited by Cory Buxton, Martha Allexsaht-Snider 

Reframing Science Teaching and Learning 
Students and Educators Co-developing Science Practices In and Out 
of School 
Edited by David Stroupe 

Representations of Nature of Science in School Science Textbooks 
A Global Perspective 
Edited by Christine V. McDonald, Fouad Abd-El-Khalick 

Teaching Biology in Schools 
Global Research, Issues, and Trends 
Edited by Kostas Kampourakis, Michael Reiss 

Theory and Methods for Sociocultural Research in Science and 
Engineering Education 
Edited by Gregory J. Kelly and Judith L. Green 

For more information about this series, please visit: 
www.routledge.com/series/LEATLSS 

http://www.routledge.com/series/LEATLSS


THEORY AND 
METHODS FOR 
SOCIOCULTURAL 
RESEARCH IN SCIENCE 
AND ENGINEERING 
EDUCATION 

Edited by 
Gregory J. Kelly and Judith L. Green 



 

 
 
 

 
  

 
 

 
 
 
 

First published 2019 
by Routledge 
52 Vanderbilt Avenue, New York, NY 10017 

and by Routledge 
2 Park Square, Milton Park,Abingdon, Oxon, OX14 4RN 

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

© 2019 Taylor & Francis 

The right of Gregory J. Kelly and Judith L. Green to be identifed  
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. 

The Open Access version of this book, available at www.taylorfrancis. 
com, has been made available under a Creative Commons Attribution-
Non Commercial-No Derivatives 4.0 license. 

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

Library of Congress Cataloging-in-Publication Data 
A catalog record for this title has been requested 
Names: Kelly, Gregory J., editor. | Green, Judith L., editor. 
Title:Theory and methods for sociocultural research in science and  

engineering education / edited by Gregory J. Kelly and Judith  
L. Green.

Description: New York, NY : Routledge, 2019. | Includes  
bibliographical references and index. 

Identifers: LCCN 2018035430| ISBN 9780815351894 (hardback : 
alk. paper) | ISBN 9780815351924 (pbk. : alk. paper) | ISBN  
9781351139922 (ebk) 

Subjects: LCSH: Science—Study and teaching—Social aspects. |  
Science—Study and teaching—Research. | Engineering— 
Study and teaching—Social aspects. | Engineering—Study  
and teaching—Research. | Next Generation Science Standards  
(Education) 

Classifcation: LCC Q181 .T45 2019 | DDC 306.4/50721—dc23 LC 
record available at https://lccn.loc.gov/2018035430 

ISBN: 978-0-8153-5189-4 (hbk) 
ISBN: 978-0-8153-5192-4 (pbk) 
ISBN: 978-1-351-13992-2 (ebk) 

DOI: 10.4324/9781351139922 

https://lccn.loc.gov/2018035430
http://www.taylorfrancis.com
http://www.taylorfrancis.com
https://doi.org/10.4324/9781351139922


 
 

 

   
 

   

   
 

   
 

   
 

CONTENTS 

List of Figures and Tables 
List of Contributors 
Foreword: Meeting Methodological Challenges 

María Pilar Jiménez-Aleixandre 

vii 
x 

xiv 

1 Framing Issues of Theory and Methods for the 
Study of Science and Engineering Education 
Gregory J. Kelly and Judith L. Green 

1 

2 Making Science and Gender in Kindergarten 
Alicia M. McDyre 

29 

3 Multimodal Analysis of Decision Making in 
Elementary Engineering 
Carmen M. Vanderhoof 

48 

4 Translanguaging about Socioscientifc Issues in 
Middle School Science 
Peter R. Licona 

73 

5 Learning through Improvement from Failure in 
Elementary Engineering Design Projects 
Matthew M. Johnson 

101 



 

   
 
 

 

   
 

   
 

   
 

  
 
 

 
 

  
 

 

  
 

 

vi Contents 

6 An Interactional Ethnography Perspective to 
Analyze Informal Formative Assessments (IFAs) 
to Build Epistemic and Conceptual Coherence 
in Science Learning 
Asli Sezen-Barrie and Rachel Mulvaney 

125 

7 Emotional Discourse as Constructed in an 
Environmental Science Course 
Elizabeth Hufnagel 

155 

8 Discourse of Professional Pedagogical Vision in 
Teacher Education 
Arzu Tanis Ozcelik and Scott P. McDonald 

181 

9 Analyzing the Generative Nature of Science 
Teachers’ Professional Development Discourse 
Amy Ricketts 

206 

10 Commentary: Constructing Transparency in 
Designing and Conducting Multilayered Research 
in Science and Engineering Education – Potentials 
and Challenges of Ethnographically Informed 
Discourse-Based Methodologies 
Audra Skukauskaite 

234 

11 Commentary: Research Methods for the 
Advancement of Possibility Knowledge and 
Practice in Science and Engineering Education 
Kristiina Kumpulainen 

256 

Appendix A: How We Look at Discourse: 
Defnitions of Sociolinguistic Units 
Judith L. Green and Gregory J. Kelly 

264 

Index 271 



   
   
   
   
   

 
   

 
   

 
   
   
   
   

 
   
   
   

 
   
    
   

 

FIGURES AND TABLES 

Figures 

2.1 Example of ethnographic feld notes, cooked 37 
2.2 Example of a transcript with message units 38 
2.3 Analyzed transcript with action units 39 
2.4 Example of an event map from the Light and Shadows unit 40 
2.5 Graph of the interactions of case study girls throughout the 

Light and Shadows unit 41 
2.6 Web format depicting Molly’s authoring identities-in-practice 

and positioning as a science learner 43 
3.1 Engineering is Elementary (EiE) list of records for qualitative 

analysis 54 
3.2 Sample transcript 1 59 
3.3 Sample transcript 2 60 
3.4 Sample transcript 3 63 
5.1 Average improvement scores per attempt at improvement 

by the groups’ video recorded 115 
6.1 Driving questions, activities and core ideas 132 
6.2 Sources of data and timeline of data collection 133 
6.3 Order of analysis from classroom interactions back to 

prior FAs and DTM decisions 135 
6.4 Reproduced students’ worksheet on global data exercise 140 
6.5 Reproduced students’ poster on CO

2 
data comparisons 144 

6.6 Students’ reproduced sheet for planning the wind 
blades design 148 



 

   
 

 
   

 
   

 
   

 
 

   
 

   
   

 
   
   
   

 
   
   
   

 
   

 
  
  

 

   
   
   
   
   
   

 
 

   

viii Figures and Tables 

7.1 Overview of logic of inquiry about students’ emotional 
sense-making of climate change in an environmental 
science course 166 

7.2 Subset of questions in the inquiry to explore what counted 
as emotional expressions 167 

7.3 Subset of questions in the inquiry to make salient the 
nuances of emotional expressions 170 

7.4 Subset of questions in the inquiry to analyze how 
individuals-within-the-collective emotionally engaged 
with particular aspects of climate change 172 

7.5 Subset of questions in the inquiry to examine why 
emotions were expressed diferently across time and space 174 

8.1 Example Studio Code timeline 192 
8.2 A section of the event map showing the highlighted 

transcribed events and episodes within each event 192 
8.3 Example coding framework table 197 
9.1 Meeting-level event map from the September 24, 2014 meeting 213 
9.2 Excerpt of an episode-level event map of the September 24, 

2014 meeting 214 
9.3 Initial domain analysis 215 
9.4 Excerpt from year-long event map with codes 219 
9.5 Conversational factors that construct associated with more-

and less-generative talk 220 
9.6 Concept map: “Chemistry Phenomena” episode, 

September 2014 221 
10.1 Researcher actions (x is a kind of y) 237 
10.2 x is a kind of aspect infuencing conceptualizing 

phenomena to be studied 241 

Tables 

4.1 Phases of constructing an archive of records 80 
4.2 Field notes example 81 
4.3 Overview of construction of curriculum intervention 84 
4.4 Portion of event map format 87 
4.5 Sample transcript 90 
5.1 A description and comparison of the activities in the 

experimental curriculum (EiE) and the comparison 
curriculum (E4C) 107 

5.2 Descriptive statistics of the classrooms studied 108 



 

   
 

 
   
   

 
   

 
   
   
   

 
 

   
   

  
     

 
  
  

Figures and Tables ix 

5.3 An excerpt from an event map demonstrating the features 
and how they are used to organize activity, note times, and 
code for failure cause, type, and teacher reaction 110 

5.4 An example of a transcript using Jefersonian symbols 112 
5.5 The rubric developed for assessing systematic improvement 

including journal page references and examples 114 
5.6 A description of characteristics and examples of the four 

identifed causes of failure 117 
6.1 Event map of day 2 presenting phase and sequence units 137 
6.2 Event map of day 3 presenting phase and sequence units 146 
7.1 Emotional expression codes in the early stages of the logic 

of inquiry that would later evolve into four dimensions 
(aboutness, frequency, type, and ownership) 169 

8.1 Participant background 187 
8.2 Research questions, data corpus, and analysis 189 

10.1 x is a way to conceptualize the phenomenon to be studied 240 
10.2 If . . . then logic that demonstrates the link between theoretical 

propositions and implicated actions 244 
10.3 Analysis methods and technological tools 248 
10.4 Exemplars of transparent research practices 253 



 

  

CONTRIBUTORS 

Judith L. Green, University of California, Santa Barbara, emerita 
Judith is an Emerita Professor in the Gevirtz Graduate School of Education at 
the University of California, Santa Barbara. As an Emerita Professor, Judith is 
engaged in developing new understandings with colleagues in pre-kindergarten 
through higher education contexts. Her research directions focus on develop-
ing understandings of how the Interactional Ethnographic approach supports 
research on social and discursive opportunities for learning and academic knowl-
edge construction across disciplines through ongoing programs of research. 

Elizabeth Hufnagel, University of Maine 
Beth is an Assistant Professor of Science Education in the College of Education 
and Human Development at the University of Maine. Her research explores 
the ways learners and teachers emotionally make sense of science and learning 
through discourse in a variety of science learning settings. She teaches both sec-
ondary and elementary science methods courses as well as graduate seminars in 
science and mathematics education research. 

María Pilar Jiménez-Aleixandre, Universidade de Santiago de 
Compostela, Spain 
Marilar is an Ad Honorem Professor of Science Education in the Faculty of 
Education at the University of Santiago de Compostela, Spain. Her research 
focuses on students’ engagement in argumentation and epistemic practices, 
through classroom studies and longitudinal designs. Her recent research explores 
the use of evidence by kindergarteners and the interface between critical thinking 
and argumentation on socioscientifc issues. Outside science education Marilar 
is an award-winning author of poetry, fction, and children’s fction and she has 
been recently elected for the Royal Galician Academy (RAG). 



 

 
 
 
 

 

 
 
 

 
 
 

 

 

 
 
 
 

Contributors xi 

Matthew M. Johnson, Pennsylvania State University 
Matt is an Assistant Teaching Professor with the Center for Science and the 
Schools in the College of Education at Pennsylvania State University. His research 
interests focus on how teachers learn about epistemic practices through in-service 
teacher professional development programs and how they provide opportunities 
for students to engage in them to learn disciplinary content. 

Gregory J. Kelly, Pennsylvania State University 
Greg is a Professor of Science Education and Senior Associate Dean for Research, 
Outreach, and Technology in the College of Education at Pennsylvania State 
University. His research explores issues of knowledge and discourse in science 
education settings. Greg teaches courses on teaching and learning science in 
secondary schools and uses history, philosophy, and sociology of science in sci-
ence education. Recent research includes development of theories of epistemic 
cognition and analysis of engineering classrooms. 

Kristiina Kumpulainen, University of Helsinki 
Kristiina is a Professor of Education and Vice Dean for Research at the Faculty 
of Educational Sciences at the University of Helsinki, Finland. She is also the 
founding member and scientifc director of the Playful Learning Center. Her 
research is grounded in sociocultural theories of human learning and develop-
ment and interactional sociolinguistics. She investigates tool-mediated learning 
and communication in various settings, including early childhood centers, 
schools, libraries, science centers, and teacher education settings. She also 
addresses methodological questions in the analysis of social interaction in learn-
ing and education. Her current research centers on multiliteracies, STEAM 
education, play and learning, digital childhoods, learning across contexts, chil-
dren’s agency and identity, resilience, as well as visual participatory research. 

Peter R. Licona, Elizabethtown College 
Peter is Assistant Professor of PK-12 STEM Education at Elizabethtown College. 
Peter teaches courses on elementary, middle, and secondary science and math-
ematics methods and a course on cultural and linguistic diversity in PK-12 
classrooms. His research program focuses on the intersection of culturally and 
linguistically diverse students and science education, with a focus on bilingualism. 

Scott P. McDonald, Pennsylvania State University 
Scott is an Associate Professor of Science Education in the College of Education 
at Pennsylvania State University. His research focuses on teacher learning, 
framed as professional pedagogical vision, of ambitious and equitable science 
teaching practices. He also studies student learning in Earth and Space Sciences, 
specifcally learning progressions in Plate Tectonics and Astronomy. 

Alicia M. McDyre, Pennsylvania State University 
Alicia is an Assistant Professor of Education and Director of Curriculum and 
Instruction Field Experiences in the College of Education at Pennsylvania State 



 

 
 
 
 
 

xii Contributors 

University. Her research explores the teaching and learning of science in early 
childhood classrooms, identity work in young children, and the authoring and 
positioning of girls during science instruction. 

Rachel Mulvaney, Parkville Middle School and Center of Technology in 
Baltimore County, Maryland 
Rachel is a Sixth Grade Mathematics and Science Teacher at Parkville Middle 
School and Center of Technology in Baltimore County, Maryland. Rachel 
teaches science topics such as ecosystem interactions, forces and motion, and 
earth and space science. Her special areas of interest include climate change 
within STEM education, particularly in a middle school setting. 

Amy Ricketts, Purdue University 
Amy is a Postdoctoral Research Associate in the Department of Curriculum 
and Instruction at Purdue University. Her research explores the complexities 
of supporting science teacher learning across the career span. Amy is a former 
K-8 science teacher of thirteen years, and has taught science methods courses 
for pre-service teachers. Recent research includes negotiating the (sometimes) 
conficting learning goals of various stakeholders in a school–university partner-
ship. Most importantly, Amy strives to learn with and from teachers. 

Asli Sezen-Barrie, University of Maine (Orono) 
Asli is an Assistant Professor of Curriculum, Assessment and Instruction in the 
College of Education and Human Development at University of Maine (Orono). 
Her research focuses on sociocultural dimensions of science teachers’ profes-
sional learning while utilizing discourse analysis, interactional ethnography, and 
practices of climate science. Dr. Sezen-Barrie teaches courses on formative assess-
ments, learning theories, and science teaching methods. Asli’s recent research 
includes teachers’ and their students’ engagement into epistemic practices and the 
use of epistemic tools in science and engineering classrooms. 

Audra Skukauskaite, Independent Researcher 
Audra is an Independent Researcher, Research Consultant and Full Professor 
of Research Methodology, who teaches qualitative research as an adjunct for 
doctoral programs in Social Sciences and Integrated Medicine and Health at 
Saybrook University. Over the past two years, she has begun collaborations with 
the Lemelson-MIT program at the Massachusetts Institute of Technology, where 
she consults and conducts ethnographic research focusing on invention education. 
She also serves as a Senior Research Scientist for an EU-funded four-year project 
in health care education in Lithuania and a program chair for the Qualitative 
Methodologies section of the Measurement and Research Methodologies division 
of the American Educational Research Association. Audra’s research, teaching, 
and consulting interests focus on learning, teaching, conducting, and publishing 
research in systematic and transparent ways. Her primary interest is in research 
methodologies, with the specifc focus on how ethnographic epistemologies, 
discourse-based studies, and qualitative research enable studying and understand-
ing complex social and learning environments within and across diferent felds. 



 Contributors xiii 

Arzu Tanis Ozcelik, Aydin Adnan Menderes University, Turkey 
Arzu is an Assistant Professor in the Department of Elementary Education in 
the College of Education at Aydin Adnan Menderes University, Turkey. Her 
research focuses on teacher learning of reform-based models of teaching, namely 
ambitious science teaching practices, and teachers’ development of professional 
pedagogical vision around learning and teaching of science. Arzu teaches courses 
on physics, science teaching methods, and practices of science and technology to 
elementary and middle school majors. She also has studies on astronomy educa-
tion and informal educators’ instructional practices. 

Carmen M. Vanderhoof, Pennsylvania State University 
Carmen is a Graduate Research Assistant for Professor Kelly and pursuing her 
doctorate in Curriculum and Instruction (Science Education) at Pennsylvania 
State University. Her research interests are classroom discourse processes, ele-
mentary engineering education, STEM integration, group dynamics surrounding 
decision-making, multimodal literacy, multiple representations, and the inter-
section of multiple discourse analysis tools with multimodal and ethnographic 
perspectives. 



 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

FOREWORD 

Meeting Methodological Challenges 

María Pilar Jiménez-Aleixandre 

The frst paper authored by Greg Kelly that I read was published in 1993, when 
I was beginning my career in the University of Santiago de Compostela, moving 
from conceptual change towards the study of argumentation. Kelly, Carlsen, and 
Cunningham (1993) proposed, twenty-fve years ago, to take into account the 
contributions from Science Studies – history, philosophy, and sociology of sci-
ence – in science education research, framing it in a sociocultural perspective. That 
paper, together with Duschl’s (1990) proposal and a postdoc visit to Peter Hewson 
in 1992, which gave me the opportunity of being inside Sister Gertrud Hennessey’s 
classroom, changed my ways both of “seeing” events in science classrooms and of 
“seeing” science education research. As Galileo tells 10-year-old Andrea in Bertolt 
Brecht’s play Life of Galileo, “to look is not to see.” Andrea argues that he can see 
the sun moving, and that understanding the earth orbit is far too difcult for he is 
not yet 11, and Galileo replies that this is exactly why he wants Andrea to under-
stand it. 

For, since I began teaching in high school in the 1970s, I had been interested 
in learning and knowledge justifcation. In understanding how 11-year-olds 
learn science, in learning how to support them in “seeing” scientifc phenom-
ena through particular theoretical lenses. Graduating in biology in 1969, at a 
time when in Spain pedagogical training for teaching and science education 
research did not exist, I bought two books, Piaget’s The Origins of Intelligence in 
Children and Neil Postman and Charles Weingartner’s Teaching as a Subversive 
Activity, in an efort to learn some theory about education. During the fve 
years of the biology degree, I only had the opportunity to enroll in one course 
about history of science and to read Benjamin Farrington’s Science and Politics in 
the Ancient World. From Piaget I learnt that knowledge is actively constructed 
by the learner. In Postman and Weingartner’s book I found ideas from Dewey, 
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and a recommendation that school should develop in students the anthropo-
logical perspective, observing their own culture as if it were a foreign tribe, a 
suggestion that would be brilliantly developed by Latour and Woolgar (1986). 

My trajectory can be representative, or in Heap’s terms an example, of 
Spanish – and most European – science education scholars beginning to build 
research communities in the 1980s. Our background consisted solely of sci-
ence concepts, methods, and approaches. Thus, many of the frst research 
eforts were grounded in methods drawn from science. Heap (1995) pointed 
out that educational research – even when identifying itself as qualitative – 
often retained empiricist conceptions and criteria. In my context this trend 
was heightened in most of science education work, which attempted to 
legitimize science education research within empiricist frameworks. Diferent 
types of obstacles, epistemic, related to research traditions, experiential, and 
even afective, among others, needed to be overcome in order to engage in 
science-in-the-making studies, as suggested by Kelly and colleagues (1993). 
A few years later, after meeting Greg Kelly and cooperating with him in the 
frst argumentation session in a NARST conference in 1997, I became famil-
iar with Judith Green’s insightful approaches. An infuential example of their 
work together is the framework for examining students’ discursive practices in 
a physics laboratory (Kelly, Crawford, & Green, 2001). Since then, scholars 
interested in what happens inside science classrooms, and how to account for 
it, have learnt much from both their theoretical contributions and their meth-
odological proposals. Kelly and Green have developed insights and research 
methods to examine classroom discourse, and the book structure organized 
around eight empirical chapters illustrating specifc methods gives it an inno-
vative nature, while the rigor and depth of the contributions anticipate that it 
will soon become a classic. 

Although I mentioned above science classrooms and science education, it 
needs to be noted that an original feature of the book is including engineering in 
its focus, which refects one of Kelly’s current research interest (Cunningham & 
Kelly, 2017a; 2017b), aligned with the Next Generation Science Standards (NGSS) 
(NGSS Lead States, 2013). 

Methodology matters, and there is a thirst for robust reference books about it. 
Educational research about science and engineering has tended to have a stronger 
focus either on theoretical approaches or on empirical fndings about learning and 
teaching. Methodological issues specifc of these felds have, as a consequence, 
been given less attention. A substantial amount of scholarly work about science 
and engineering is grounded in domain-general research methods, from which 
we have much to learn but that are less suited to address some domain-specifc 
issues. Domain-specifcity is one of the methodological challenges that this vol-
ume seeks to meet, and which makes it a work of unique value. A second one 
is to tackle the three-dimensional learning, integrating core ideas, crosscutting 
concepts and practices, emphasized in the NGSS. A third challenge is to show 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
 

 
 
 

 
  

 
 
 
 
 

  
 

xvi Foreword 

how rigorous qualitative research can make visible how science and engineering 
concepts, processes, and practices are socially constructed. 

The volume is particularly strong from a methodological perspective, 
addressing issues that have been previously unresolved or understudied, or 
approaching more familiar problems in a new way. An instance is the construc-
tion of identities-in-practice of kindergarten girls as science learners, investigated 
by Alicia McDyre, in the Chapter 2. As she points out, most gender research 
in science has been about adolescents, and I will add that Early Childhood 
Education has received little attention. It should be noted, and praised, that 
gender is addressed in that early chapter, the frst one reporting a study. Equity 
is also the focus of Peter Licona’s chapter about the methodological decisions 
made in his study with bilingual students engaging in argumentation about 
the socioscientifc issue of endangered species. The examination of emotional 
expressions, undertaken by Elizabeth Hufnagel in the context of environmental 
science and climate change, is another understudied issue. Hufnagel articulates 
a framework for the study of emotions in science classrooms, creating in the 
process the notion of aboutness to refer to the object of the emotion. Elementary 
engineering provides the context of two chapters: Johnson explores the joint 
social construction by students and teachers of failure and improvement in 
engineering design projects, and Vanderhoof carries out a multimodal analy-
sis of engineering design, with a view towards transferability to other studies 
involving student–student interactions and a focus on student-produced arti-
facts. Asli Sezen-Barrie and Rachel Mulvaney tackle an original issue, how to 
build coherence among scientifc concepts and related epistemic practices, in 
the area of climate science, through Informal Formative Assessments (IFAs). 
Learning science and engineering is dependent on how teachers teach, there-
fore on how teachers are enculturated, and two chapters propose new ways of 
looking at teacher education: Arzu Tanis Ozcelik and Scott McDonald focus 
on how pre-service science teachers develop what they term professional ped-
agogical vision related to ambitious science teaching, and the new challenges 
posed by the NGSS. Amy Ricketts analyzes a professional learning community, 
and how the teachers belonging to it developed a culture of refective critique 
through conversations of a generative nature. 

The emphasis on methodological challenges means that the focus of each 
of these chapters is a refection about the process of research itself, discussing 
not only the fnal form of research questions, rubrics, or tools for analysis, but 
in particular the decisions made during the process, and even – as examined 
by Hufnagel – the changes in the logic of inquiry, as data were collected and 
analyzed. In other words, we get access to the science-in-the-making of these 
studies and dissertations, to the metaknowledge that went into this research, or 
that was generated during it. This explicit layout of refections is another fea-
ture that makes this book unique. As Kelly and Green point out in Chapter 1, 
their goal is to make visible ways of developing and explaining processes 
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involved in designing, conducting, and constructing warranted accounts from 
discourse analysis. Refection about the research processes combines the three 
types of critical discourse identifed by Kelly (2006): critical discourse within 
group, concerning developmental and defnitional work regarding a research 
group’s central theories, assumptions, and key constructs; critical discourse regard-
ing public reason concerning the epistemological commitments of the feld of 
education regarding research methods; and hermeneutical conversations across 
groups, designed to learn from diferences across traditions. 

The book ofers a systematic approach to the study of educational events, an 
approach that is empirical and emphasizes methodologies, but that is also theo-
retically grounded; for methods have foundations on particular theories. The 
research reported in these contributions is grounded in a sociocultural perspective, 
bringing together approaches from discourse analysis, interactional ethnography, 
and epistemology, weaving them in a coherent whole. The qualifer “systematic” 
is relevant for, as Kelly and Green discuss in the Chapter 1, some qualitative stud-
ies sufer from problems such as lack of systematic sampling, lack of theoretically 
grounded approaches for the study of large data sets, or failing to situate instances 
of learning in ongoing sociocultural practices. 

All scholars who have been extensively involved in reviewing manuscripts for 
refereed journals, in evaluating research proposals for National Agencies (such as 
NSF), or even in supervising doctoral students, know that most faws of research 
proposals or manuscripts relate to methodological issues. This book will be useful 
for researchers, frst because of its systematic approach to methodology, as illus-
trated for instance in the questions discussed in Chapter 1, ranging from asking 
ethnographic questions to recognizing relevant data sources, elaborating data rep-
resentations, or fnding patterns. Second, it will be useful for the book’s range of 
examples, which develop all these questions and analyze a variety of dimensions 
about how the construction of science and engineering is accomplished. 

An undercurrent running through the chapters is a commitment to equity, 
social justice, and a sustainable world. Two of the studies, Hufnagel’s, and Sezen-
Barrie and Mulvaney’s, are situated in the context of climate change. In particular, 
Sezen-Barrie and Mulvaney take on the challenge of building coherence across 
concepts and epistemic practices utilized to justify the claim that humans are 
the main cause of current climate change. Denialism of anthropogenic climate 
change is an educational problem but, more seriously, it is a social and political 
issue impacting the earth’s future. As Sezen-Barrie, Shea, and Borman (2017) 
point out, climate change skepticism is not scientifc skepticism, but rather denial. 
This raises a theoretical issue: concerns are currently shifting from a focus on 
understanding the tentativeness of scientifc knowledge towards a focus on epis-
temic education empowering students to face “post-truth.” Chinn and Barzilai 
(2018) propose that a fully apt epistemic performance, on this dimension, would 
see abeyance as an option, but would judge that the scientifc community con-
sensus is sufciently warranted. In order to examine such complex epistemic 
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performances in classroom practice, we will need sophisticated methods, as those 
analyzed in detail in this book. 

As Galileo Galilei – at least the Galileo imagined by Brecht – struggled to 
teach a 10-year-old to “see” beyond the apparent, and to uncover the relation-
ships between earth and sun, so educational researchers strive to uncover how 
science and engineering are socially, conceptually, and discursively constructed in 
classrooms. In doing so they will fnd guidance in the accomplished scholarship 
brought together in this volume and, in particular, in the refections about what 
the authors-ethnographers learnt from their analyses. 
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1 
FRAMING ISSUES OF THEORY 
AND METHODS FOR THE STUDY 
OF SCIENCE AND ENGINEERING 
EDUCATION 

Gregory J. Kelly and Judith L. Green 

Introduction 

The Next Generation Science Standards (NGSS Lead States, 2013) prominently 
feature three-dimensional learning—the integration of disciplinary core ideas, 
crosscutting concepts, and scientifc and engineering practices. This tripartite 
emphasis raises methodological challenges for researchers and educators seek-
ing to examine, and thus uncover, the ways in which science and engineering 
content, processes, and practices are ongoing social constructions in educational 
settings. The methodological challenges include understanding the cognitive, 
social, and interpersonal factors supporting or constraining the learning of these 
disciplinary ideas, concepts, and practices. 

This volume brings together contributors who explore how science and 
engineering concepts, processes, and practices are socially constructed through 
coordinated interactions among students, teachers, curricula, texts, and technolo-
gies (Kelly, 2016a). Our goal in assembling this particular group is to make visible 
ways of developing and explaining processes involved in designing, conducting, 
and constructing research leading to warranted accounts of educational phenom-
ena (Heap, 1995). A series of chapters that describe various dimensions of the 
construction of science and engineering make visible how, in what ways, for 
what purposes, and with what outcomes, science and engineering in educational 
settings are socially, discursively, and conceptually constructed. 

This research approach takes seriously the ways that discourses and social prac-
tices are constructed over time by members of a sustaining social group. Such 
classroom cultures are formed through locally interpreted and recognized ways of 
talking, being, and knowing (Santa Barbara Classroom Discourse Group, 1992a, b). 
These reforms in science education emerged from a recognition, developed over 
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2 Gregory J. Kelly and Judith L. Green 

ffty years of theoretical and empirical research on discourse processes and ethno-
graphic studies of education (Green, 1983; Gumperz & Hymes, 1986; Hymes, 
1974), of the important ways that educational experiences are created through 
discourse. This research tradition examines ways that educational and social expe-
riences are shaped through discourse in and across interactions among actors in 
developing events and times (Bloome, Carter, Christian, Otto, & Shuart-Faris, 
2005; Cazden, John, & Hymes, 1972; Heath & Street, 2008; Green, 1983; Green 
& Joo, 2016; Green & Bloome, 2004; Gumperz & Hymes, 1986; Hymes, 1974; 
Kelly & Chen, 1999; Lemke, 1990). 

Early work on classroom discourse in science education focused on teacher 
talk. For example, Lemke’s (1990) seminal work examined how and in what 
ways the thematic content of scientifc knowledge was communicated. Such 
functional linguistic analysis showed how teachers came to frame science as 
difcult to understand and as accessible to only a cognitive elite by limiting 
classroom conversations to narrow conceptions of disciplinary knowledge. 
Since this early work, the feld has greatly expanded to include a range of studies 
looking at issues such as student groupwork in laboratory settings, argumenta-
tion, assessments, uses of questioning, and studies of identity development (for 
review, see Kelly, 2014a). 

Science and engineering education each have a history of ideas, recommen-
dations, instructional design and practice, and suggested reforms. This book 
provides a set of selected studies, each of which examines some of the current 
practices in science, engineering, and teacher education. At the core of this vol-
ume is an understanding that, whether focused on students’ engineering design 
challenges, identity construction as a scientist, or development of teachers’ profes-
sional vision, everyday educational events are, and have always been, constructed 
through discourse processes, within the cultural practices of life within these and 
related settings (e.g., home, community, laboratories, social spaces). 

The book’s authors make visible ways of conducting ethnographically 
informed, discourse studies of science and engineering education as socially con-
structed in everyday life in classrooms (kindergarten through university). The 
research approach provides systematic ways to use large-scale video and qualita-
tive data to examine salient issues for making sense of science and engineering. 
Chapter topics include argumentation, gender in science, engineering design, sci-
ence accessibility for emergent bilingual students, the role of emotion in science 
learning, and teacher education. 

Our review of the literature, and our experience as researchers, surfaced the 
need for a book providing multiple instances of systematic empirical studies of 
educational phenomena. Large-scale quantitative studies often lack the sensitivity 
to examine the ways that access to knowledge, afliation and identity, and learn-
ing through design are constructed through social interaction. While such studies 
often report declarative statements about the current state, as measured within the 
boundaries set by the research instruments, they fail to explain why or how the 



 

  
 

 
 

 
 
 

 
 

 
 
 
 

 
 
 
 

 
 

Framing Issues of Theory and Methods 3 

current state was constructed. Alternatively, some qualitative studies do not uti-
lize systematic sampling and/or theoretically grounded approaches for the study 
of large-scale video data sets. These studies often zoom to important instances 
of learning, showing how in such an instance learning occurred, but fail to situ-
ate the instance in ongoing sociocultural practices. In contrast, we seek to make 
transparent ways of systematic sampling and theoretically grounding approaches 
for analyses of large-scale video data sets or archived records (e.g., video, audio, 
written work by students). The approach lays out ways of recording, document-
ing, sampling, and analyzing video and artifact data through discourse analysis 
that addresses questions applicable to the understanding of three-dimensional 
learning (integration of disciplinary core ideas, crosscutting concepts, and scien-
tifc and engineering practices). 

Epistemology, Methodology, and Educational Research 

Educational research seeks to produce knowledge about learning, activities, people, 
institutions, and systems. Research methodologies are designed to produce new 
knowledge. Such knowledge is grounded in human perception, experience, prac-
tices, and identities. Thus, to the extent that research methodologies are about 
producing knowledge, they are epistemological. Like the study of knowledge 
(epistemology), research methodologies are concerned with the origins, produc-
tion, evaluation, and limitations of knowledge (Boyd, Gasper, & Trout, 1991). 

This book takes up the challenge posed by Kelly (2006) in an introduc-
tory chapter in the Handbook of Complementary Methods in Education Research. 
He identifed three types of critical discourse with conversation metaphors for 
articulating, comparing, assessing, and improving research methodologies in 
educational research: critical discourse within group, critical discourse regarding public 
reason, and hermeneutical conversations across groups. We describe each of these criti-
cal discourses and explain how the chapters in this volume advance the challenge 
of building more rigorous, coherent, and transparent approaches to research 
methods in science and engineering education. 

Critical discourse within group are conversations concerning developmental 
and defnitional work regarding the creation, specifcation, and extension of 
a research group’s central theories, assumptions, and key constructs (Kelly, 
2006). Within-group critical discourse provides a forum for development of 
a research area’s core theories and commitments. For example, in the subse-
quent section, Discourse, interaction, and interactional ethnography, we describe the 
central theoretical commitments of interactional ethnography and apply them 
to specifc studies in the later chapters. In within-group conversations, there 
is a premium on the development of new ideas, metaphors, and redescriptions 
(Rorty, 1989). In these critical conversations, researchers create new vocabu-
lary to make sense of our world. For example, notions such as “aboutness” 
(Hufnagel, this volume), “failure” (Johnson, this volume), and “professional 
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pedagogical vision” (Tanis Ozcelik & McDonald, this volume) are re-imagined 
and re-articulated in science and engineering education in new ways that advance 
the respective conversations about emotions in science, engineering design, and 
teacher learning. We invite the readers to consider the ways that each chapter 
contributes to the creation of the substantive central theories, assumptions, and 
key constructs in the respective domains. 

Critical discourse regarding public reason focuses on the development of epistemo-
logical commitments to assess the value of educational research within and across 
diferent research traditions (Kelly, 2006). These conversations concern the crite-
ria used to judge research. Likely candidates for criteria would be insightfulness, 
empirical warrant, theoretical salience, consistency with other knowledge, trans-
parency, and usefulness for practitioners. For example, later in this chapter we 
consider some critical methodological themes for research in education (Kelly, 
2014b) as related to the empirical chapters (Chapters 2–9) in this book. Thus, 
critical discourse regarding public reason concerns the epistemological commit-
ments of the feld of education regarding research methods. What counts as valid 
and useful research in this area? What are the bases for decisions about the value 
and usefulness of studies of science and engineering education? How are studies 
of discourse, social practices, access, and equity across contexts and timescales 
valuable to engage the feld in critical discussions about the epistemology of social 
science research? 

Hermeneutical conversations across groups are conversations designed to foster learn-
ing from diferences across traditions. They also consider the multiple audiences 
of research. There are many ways in which research in science and engineering 
education can contribute to conversations about educational research within and 
across research traditions. Based on this conceptual argument, we propose difer-
ent directions for conversations about how research on science and engineering 
education ties into other traditions in the feld. The frst conversation supports 
consideration of how research on science and engineering can be informed 
by, and inform, the development of specifc research methods for educational 
research more generally. Science and engineering represent compact disciplines, 
with relatively high degrees of consensus (Rorty, 1991; Toulmin, 1972). Each 
feld represents unique ways that knowledge is generated, communicated, and 
applied. The uniqueness of some of the features of the disciplines of science and 
engineering presents models and challenges for educational research. 

A second form of conversation can consider how diferent theoretical tradi-
tions within science and engineering education (cognitive, sociocultural) have 
examined substantive issues and how similar substantive issues articulated in the 
chapters of this book relate to that body of work. There are many ways that the 
social phenomena described in the chapters of this book could have been stud-
ied. By undertaking comparisons across traditions from linguistics, psychology, 
anthropology, and sociology about how key constructs are recognized, examined, 
and constructed in and through research, we can examine how these comparisons 
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can inform hermeneutical conversations. A third form of hermeneutical con-
versation could explore how studies of discourse and sociocultural practices of 
science and engineering connect with studies across broad social phenomena 
beyond the specifcs of these disciplines. Developing a research program address-
ing these problems may require examining how diferent approaches are mutually 
supportive and synergistic within and across disciplines in studying social phe-
nomena. For example, studies of workforce development and policy can show 
how science and engineering interact with legitimizing institutions in society. 
At the center of these three forms of hermeneutical conversations, therefore, is 
a common critical theme—the understanding of relationships between research 
methodology and the production of knowledge through studies grounded in dif-
ferent traditions. 

The connectedness of knowledge production and research methodology is 
made visible in each of the chapters in this volume. The selected studies adopt a 
common (although not identical) approach to the study of disciplinary knowl-
edge, practices, and identities that permits ways of understanding the investigation 
of discourse from this epistemological point of view. Each author drew from, 
interpreted, and modifed aspects of interactional ethnography. By holding the 
orienting theories for the study of knowledge construction constant, the collec-
tive work provides knowledge about how to research science and engineering 
ways of knowing, doing, and being. We now turn to an overview of interactional 
ethnography, which informed the subsequent empirical studies. 

Overview of Perspectives: Discourse, Interaction, and 
Interactional Ethnography (IE) 

Interactional ethnography is an approach to the study of culture. It considers the 
social contexts discourse uses as cultures-in-the-making. The orientation to 
understanding culture begins with the recognition of the importance of dis-
course processes, texts, and signs and symbols for the construction of norms and 
expectations; roles, relationships, and positionings; and rights and obligations as 
well as the construction of meaning among members. Interactional ethnography 
is informed by sociolinguistics, cultural anthropology, ethnomethodology, and 
critical discourse analysis. 

Sociolinguistics investigates ways that everyday life is accomplished through 
discourse processes. Gumperz (1982) defnes sociolinguistics as a “feld of 
inquiry which investigates the language usage of particular human groups” 
(p. 9). Discourse is often defned as language-in-use that includes verbal exchanges, 
written texts, signs and symbols, and other semiotic resources (Jaworski & 
Coupland, 1999). These semiotic resources include contextualization cues, such 
as gesture, eye gaze, prosody, lexicon, grammar, kinesics, and proxemics (Bloome 
et al., 2005; Gumperz, 2001; Green & Castanheira, 2012; Green & Wallat, 1979; 
Strauss & Feiz, 2014). To understand how specifc discourse processes function, 



 

 
 
 

 
 
 

 
 
 

 
 

 
 

6 Gregory J. Kelly and Judith L. Green 

they need to be examined in contexts of use; thus, discourse studies are tied to 
ethnographic descriptions of what members of a social group propose, recognize, 
acknowledge, and interactionally accomplish as socially, academically, personally, 
and interpersonally signifcant. In such instances, interpretations of semantics and 
accompanying contextualization cues are highly culturally dependent. Meaning 
is derived from interactions that include the highly active interpretative nature of 
communication. 

Cultural anthropology also informs interactional ethnography. Ethnographers 
produce data, from which texts about cultural processes and practices are con-
structed (Ellen, 1984). That is, anthropologists write culture (Cliford & Marcus, 
1986). From this point of view, there is an active, participatory role of the eth-
nographer in the construction of the account of the putative cultural practices. 
Cultural knowledge is socially constructed through the languaculture of particu-
lar groups (Agar, 1994; Green, Skukauskaite, & Baker, 2012). This awareness 
of the refexivity of the ethnographic point of view suggests the need for the 
analysts to make transparent the logic-in-use informing the methodological deci-
sions of the study (Green, Dai, Joo, Williams, Liu, & Lu, 2015). Part of this 
orienting theory is the need to take an emic perspective to construct ways of 
knowing grounded in the local cultural practices. Green and Bridges (2018; fol-
lowing Heath & Street, 2008) identify what constitutes such an emic (insider) 
understanding, which includes suspending assumed-to-be-known categories of 
meaning to construct situated meanings from the local setting, recognizing dif-
ferences between ethnographers’ knowledge and that of the participants, and 
developing ways of representing what is known by the local (insider) actors. This 
awareness of the role of the ethnographer in the construction of the knowledge 
speaks to the need to engage in the critical discourses noted previously. 

Ethnomethodology infuences interactional ethnography in important ways. 
Ethnomethodology is the study of the ways that people accomplish everyday 
life. It is not a “research methodology”; rather, it focuses on the methods used 
to get through social contexts. In the study of scientifc practices, ethnometh-
odology has attended to the products of science that emerge from interactional 
and discursively formulated events. Consider the following from Lynch (1992): 
“Ethnomethodology’s descriptions of the mundane and situated activities of 
observing, explaining, or proving enable a kind of rediscovery and respecif-
cation of how these central terms become relevant within particular content 
of activity” (p. 258). Such respecifcation entails more than just producing 
declarative statements (empirical and contingent) of fndings about the work 
of scientists. A diferent type of warranted claim is needed—ethnomethod-
ology (and interactional ethnography) produces both logical and normative 
claims about the workings of social groups (Heap, 1995). Rather than empirical 
generalizations, claims are constructed through the study of culture and pro-
duce propositions revealing previous unrecognized patterns in everyday life. 
Although ethnomethodology presents the interactionally accomplished nature 
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of everyday life and provides theoretical tools to understanding conversations, 
classroom discourse occurs in institutions and settings where power, control, 
and structures mediate the direction and nature of the discourse processes. This 
suggests a need to understand how power works in social settings. 

Critical discourse analysis (CDA) examines how ideologies and power relations 
are manifest in ways that language is used in various contexts. In educational 
research, theories of power, culture, and social life inform ways that critical 
discourse analysis can be applied to life in schools (Rogers, Schaenen, Schott, 
O’Brien, Trigos-Carrillo, Starkey, & Chasteen, 2016). An ethnographic point of 
view recognizes that language and discourse entail meanings that have power for 
real people in real settings. Fairclough (2010) identifed relational, dialectical, and 
transdisciplinary properties of critical discourse analysis (p. 3). First, the approach 
focuses on social relationships and the ways they use texts, genres, power rela-
tions, and institutions to establish and maintain these relationships. For example, 
science teachers have institutional power, established by their role as an authority 
in a classroom. Certain discourses aford teachers the ability to control others 
through the power instantiated by this role. However, the discourses of science, 
used by the teacher or texts of the classroom, may also be positioned to appear 
distant, objective, and unassailable. In this way, the genres of scientifc explana-
tion communicate an ideology. 

Second, critical discourse analysis is dialectical. The uses of discourse and power 
in social relations and institutions are interconnected. As discourse is employed it 
creates consequences beyond that of mere discourse—that is, there are material 
consequences of ideologies. For example, academic success or failure has implica-
tions for who can participate in further debates about scientifc or other matters. 

Third, critical discourse analysis is transdisciplinary, drawing from multiple 
disciplines, such as sociology, linguistic anthropology, political science, gender 
studies, and/or education (Fairclough 2010; Rogers et al., 2016). Interactional 
ethnography takes up Fairclough’s (1992) three dimensions of critical discourse 
analysis methodology through analysis of text, analysis of text production, and 
social analysis of the discursive events, conditions, and consequences for partici-
pants. The application of interactional ethnography to science and engineering 
education in this book highlights diferent aspects of text, text production, and 
social analyses. 

Taking an Interactional Ethnographic Perspective on 
Science and Engineering Education 

Uses of discourse in the moment of interaction are always situated in a social 
and cultural setting. They are constructed in particular ways with conventions 
that align with the norms and expectations of the participants. And they have 
consequences for subsequent actions by the participants. Interactional ethnogra-
phy begins by asking ethnographic questions, such as: What is happening here? 
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How are the norms and expectations constructed, developed, acknowledged, and 
legitimized? What counts as knowledge? For whom, under what circumstances, 
with what outcomes, with what consequence? 

The process begins with an initial period of ethnographic research that seeks to 
understand insights into local communicative ecologies, discover recurrent com-
municative patterns, and identify how local actors defne problems (Gumperz, 
2001). These analyses become the basis for selecting sequentially bounded units 
or events, denoted by co-occurring shifts in content reference (spoken, written, 
or graphic/visual), prosody, or other stylistic markers, which are represented by 
transcripts. Thus, ethnographic description provides a basis for selection decisions 
and theoretical sampling in large ethnographic archives from which data sets 
are constructed (Gee & Green, 1998; Kelly & Chen, 1999). By drawing from 
the ethnographic descriptions, the detailed discourse analysis is informed by the 
broader contexts of use of the discourse processes in question. 

To research the accomplishment of everyday life, a number of substantive 
assumptions defne the orientation (Kelly & Green, 1998): As members of a group 
afliate over time, social interaction helps them develop patterned ways of produc-
ing language-in-use (Bloome et al., 2005). Such language use both shapes and is 
shaped by social order (Fairclough, 2010; Jaworski & Coupland, 1999), as social 
groups create particular ways of talking, thinking, acting, and being (Gee & Green, 
1998; Santa Barbara Classroom Discourse Group, 1992a). These ways of acting 
come to defne cultural practices, become resources for members, and evolve as 
members internalize the common practices and transform them over time. The 
cultural practices that constitute membership in a community are created inter-
actionally through discourse processes. Local group members are also members 
of other groups, and thus bring frames of reference to each interaction, including 
experiences, beliefs, values, knowledge, and practices (e.g., ways of knowing, doing, 
interpreting, and so forth) that may match or clash with local ones (Castanheira, 
Crawford, Dixon, & Green, 2001; Kelly, 2014b). These substantive assumptions 
provide an orienting framework to examine three basic ways of investigating cul-
tural practice: observing what people do, say, and make. Such assumptions about 
the construction of everyday life support the creation of common frameworks for 
interpretative research and are shared by research programs across academic disci-
plines (Baker, Green, & Skukauskaite, 2008; Bloome et al., 2005; Green & Dixon, 
1993; Kelly, 2014b). By supporting a common framework, we can build theory in 
education oriented to making knowledge accessible to learners. The framework is 
interpreted, modifed, and integrated with other theories across the chapters of this 
book. In this way, the overall orientation demonstrates the importance of a com-
mon framework, but also the ways that such a framework can be taken up and at 
times extended to examine particular phenomena of interest to researchers across 
settings, perspectives, and topics in educational research. 

Science and engineering are constituted by social practices, occurring in cul-
tural contexts. Thus, through everyday practices of doing science or engineering, 
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members of local communities propose, communicate, assess, and legitimize 
knowledge claims, engineering designs, and solutions to locally relevant extant 
problems (Kelly, 2016a, b). In professional and educational communities, the 
actions taken can become coordinated through concerted activity, thus develop-
ing patterned cultural practices of members for the group (Kelly & Green, 1998; 
Smith, 1996). Thus, through language use and other actions, social groups create 
meaning, and build identity and afliation as well as academic knowledge and 
practices that contribute to larger societal needs. Rather than viewing science and 
engineering as disembodied knowledge, the authors in this book view discipli-
nary knowledge and practice as the products of concerted activity, and therefore 
subject to investigation through the study of the locally created, interactionally 
acknowledged and recognized cultural practices leading to the relevant knowl-
edge and solutions to problems defned in such contexts. 

Research Considerations, Approaches, and Methods 

Interactional ethnography ofers the possibility to build common frameworks for 
interpretative research to investigate the various ways that disciplinary knowledge 
and practice can be communicated in educational settings. There are multiple 
views of culture, and numerous approaches for how to defne, do, or interpret 
ethnography. We fnd the distinction by Green and Bloome (2004) of (a) doing 
ethnography, (b) adopting an ethnographic perspective, and (c) using ethno-
graphic tools to be especially helpful for the application of ethnography to school 
and other educational settings. Doing ethnography has traditionally referred to 
in-depth, long-term studies of culture often done by cultural anthropologists 
through extended feld study. Within anthropology, adopting an ethnographic 
perspective means drawing from theories of culture and inquiry practices of 
anthropology to guide research in a given local setting. Using ethnographic tools 
refers to the methods and techniques employed in feld work. For the most part, 
the examples in this book adopt an ethnographic perspective, viewing the local 
educational settings for research as open to interrogation through ethnographic 
questions (Heath, 1982; Bloome & Green, 2018). In each instance, the ethno-
graphic methods employed are situationally defned. 

In the next section, we provide an example of taking an ethnographic 
perspective from our previous work to illustrate some of the key features of 
interactional ethnography relevant to the study of science and engineering 
education. Subsequent chapters will further illustrate and elaborate upon these 
seven features. The example comes from a study by Kelly, Crawford, and Green 
(2001) where we examined the discourse processes of four groups of physics 
students studying oscillatory motion. The groups completed a series of tasks 
using force and motion detectors that graphed physical events instantaneously 
on a computer screen. The activity allowed students to vary aspects of the 
physical world and examine how these afected the graphical representations. 
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To apply an ethnographic perspective to these events, we engaged in the 
following types of research activity. 

Asking Ethnographic Questions 

Ethnographers ask questions. In this case, we asked: What’s happening here? 
What are the roles and responsibilities as locally defned and construed by the 
students and teacher? What knowledge is relevant to completing the school task? 
How might the school task be related to disciplinary knowledge? Through data 
collection and analysis, the ethnographic research team refned the questions so 
that they were those most salient to understanding how knowledge was con-
structed, shared, and assessed (Kelly, Crawford, & Green, 2001). Thus, our set 
of ethnographic questions was emergent, relevant to our evolving knowledge 
of the students’ construction of the physics, and open to debate and changes as 
we worked through the discourse analysis of the video episodes. In contrast, the 
study of physics often asks other sorts of questions; questions that do not con-
sider science as culture and practice. From a cognitive perspective, researchers 
might ask a third set of questions, leading to diferent data and diferent results, 
thus showing how knowledge in social science is constructed, contingent, and 
informed by theoretical commitments. Cognitively oriented questions might 
include: What was the initial knowledge state of each of the students? What mis-
conceptions about the physics of force and motion were addressed through the 
lesson? How did the students’ self-efcacy lead to choices about solutions to the 
physics problems? How did the teachers’ pedagogical content knowledge (PCK) 
inform choices about what to say to the students and when? 

Identifying Sites for Knowledge Construction and 
Negotiating Access 

To use interactional ethnography, the research team needed to identify sites and 
gain access for the study of knowledge construction. Much has been written 
about gaining access for qualitative research, for example, Corsaro (1985) and 
Emerson, Fretz, and Shaw (1995), so we will not elaborate here. For our physics 
study, we chose a site for research and thought about how to gain access to the 
sorts of data relevant to our research questions. We negotiated access with a high 
school teacher and her students. This involved learning about their curricular 
goals, understanding the content the students were studying, identifying areas of 
mutual interest (laboratory work with technology), and assessing the physical and 
technological constraints of the learning environment. 

In this example, students needed to interpret the physical events (oscillat-
ing masses), symbols (real-time, computer-generated graphs), verbal and written 
prompts (teacher lab guidesheet, student talk), and embodied motion (student 
imitation of motion through physical movement of hands). Students based many 
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of their knowledge claims in data acquired by the representation technologies. The 
computer-generated visual texts were a consequence of the live complex physical 
phenomena and ofered sufcient interpretative fexibility (Knorr-Cetina, 1995) 
to provoke sustained conversation. This suggested to us the importance of creat-
ing a retrievable record of the events through video recordings and the collection 
of the lesson prompts and student-produced artifacts. 

Recognizing the Relevant Data Sources for Interactional 
Ethnography 

The video records of the events were relevant data sources because key features 
of the social phenomena included a series of knowledge claims made by the stu-
dents. The series of student claims about physical phenomena often entailed false 
starts, changes in initial thinking, questioning, re-doing of data trials, rebuttals, 
and re-interpretations. Therefore, students’ deliberation about the physical and 
representational phenomena was central to the activity. Relevant to the study 
of student discourse from a sociolinguistic perspective was consideration of the 
verbal and non-verbal communication, which included the signs and symbols, 
proxemics, and prosody of the conversations (Green, Weade, & Graham, 1988; 
Gumperz, 2001). Previous studies of scientifc practice supported our meth-
odological orientation. For example, Garfnkel, Lynch, and Livingston’s (1981) 
study analyzed the “local, interactionally produced, recognized, and understood 
embodied practices” (p. 135) of astronomers as they discovered, named, and tex-
tually identifed a pulsar. Much like the astronomers, the physics students made 
sense of the phenomena by proposing a series of claims that were considered and 
modifed over time by the group members. 

Discourse and Sociocultural Practices in Everyday Life, 
in Time, and in Space 

The students’ discourse processes in the small groups were not just constructed in 
the moment without referents, previous knowledge, or literary practices. Rather, 
knowledge claims made in the moment-to-moment interactions were embedded 
in speech genres, sociohistorical traditions, and ways of being that were drawn 
into and invoked in the local setting (Bakhtin, 1986; Bazerman, 1988; Kelly, 
2008). For example, the data representations of the oscillatory motion stemmed 
from a long tradition of mathematical knowledge regarding ways of plotting 
variables for common understandings. The data acquisition technology concre-
tized such knowledge and rendered visual images for the students to interpret. 
Such interpretation required not only making sense of the immediate displays, 
but also understanding the assumptions built into the mathematical traditions of 
data representation and graphing conventions. Thus, making sense of the oscilla-
tory motion (displacement, velocity, acceleration, force) required drawing from 


