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The structure of this presentation	


•  The Interconnected Model: Reflection and Action 
 
•  Video as a Research Tool 

–  Aligning theory and methodology 
–  International studies of mathematics classrooms 

•  Professional Growth of Mathematics Teachers 
–  The Potential Contribution of Video to Mathematics Teacher Education 

•  Video as a catalyst for reflection in pd programs 
•  Video as key referent in developing a language of professional practice 
•  Video as a representational tool in a standards-based culture 
•  Video as a tool for promoting teacher agency and reflection 
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Interconnected model of professional growth	
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Elements of a Model of Professional Growth	


Clarke, D.J. & Hollingsworth, H. (2002) Elaborating a model of teacher 
professional growth. Teaching and Teacher Education, 18(8), 947-967 
 
Domains: 
Change can occur in four distinct domains 
•  Personal Domain - Knowledge, Beliefs and Attitudes (and Values) 
•  Domain of Practice - Professional Experimentation 
•  Domain of Consequence - Salient Outcomes 
•  External Domain - Information, Stimulus or Support 

Mediating Processes: 
Change occurs through the mediating processes of “reflection” and 
“enactment” 



The Process of Professional Growth	

The mediating processes of reflection and enactment 
are mechanisms by which change in one domain 
leads to change in another. 
 
The Interconnected Model is a “change model” of 
Teacher Professional Growth. This “growth” includes 
the consolidation of existing beliefs and practice. 
 
Any processes of Professional Growth occur within 
the constraints and affordances of the enveloping 
Change Environment. 



The Role of the Change Environment	


The School Context	


Access     Participation      Personal Outcomes     Application	


The conditions evident in a school can either support or 
impede growth (constrain or afford change). 



“I	  don’t	  see	  the	  point	  of	  all	  these	  inservice	  
sessions.	  I	  already	  know	  how	  to	  teach	  be9er	  than	  I	  
possibly	  can”	  (Desforges	  &	  Cockburn,	  1987).	  



Interconnected model of professional growth	
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Change in Teacher Beliefs:  The 
importance of Salient Outcomes	


Changes in teacher beliefs regarding the 
efficacy of new practices are mediated by 
the teacher’s inferences linking the new 
practices to salient outcomes. 
These salient outcomes will inevitably reflect 
the teacher’s existing conception of the 
goals of instruction, and of acceptable 
classroom practice; that is, the teacher’s 
knowledge and beliefs (and values). 



Sample Growth Network 1	
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Sample Growth Network 2 (‘Guskey’)	
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Sample Growth Network 3	
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Growth without inservice (‘Clarke/Peter’)	


External 
Source of	


Information or 
Stimulus	


Professional	

Knowledge,	

Beliefs &	

Attitudes	


Professional	

Experimentation	


Salient	

Outcomes	


Personal	

Domain	


Domain of	

Practice	


Domain of	

Consequence	


External Domain	


Enactment	


Reflection	


The Change	

Environment	


1	
2	


3	




Perfected Practice (‘Hollingsworth’)	
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Video as a Research Tool	


•  The transfer from single-microphone audio (as in the early 
studies), via single-camera video (as in many recent 
studies) to multi-camera and multi-audio (as in the studies 
at the technological forefront) is not primarily technology-
driven, but rather motivated by the recent shifts in 
education theories on learning, from a view of learning as 
transfer to a view of learning as constructed in action.  

•  Thus, technological sophistication is a requirement of 
recent theory, rather than a matter of sophisticated 
equipment for technologically-minded project coordinators.  



Students as Agents	

 “What is absent from nearly all the rhetoric and 
variables of TIMSS pointing to the future needs of the 
global economy is indeed this human side: the notion 
that students themselves are agents” (Thorsten, 2000, 
p. 71) 



 If classroom practice is co-
constructed, then it becomes 
essential to document the 
intentions, actions and 
inferences of all classroom 
participants.   

 
 A classroom takes on a 
different aspect according to 
how you are positioned within it 
or in relation to it. 
	
	


Methodological Entailments	
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The LPS community 
•  Australia - Melbourne 
•  Germany - Berlin 
•  Japan - Tokyo 
•  USA - San Diego 
•  China - Hong Kong/Shanghai/Macau/Beijing 
•  Sweden - Gothenburg/Uppsala 
•  South Africa - Durban 
•  Israel - Tel Aviv 
•  Philippines - Manila 
•  Korea - Seoul 
•  The Czech Republic - Prague 
•  United Kingdom - Bristol 
•  Singapore 
•  Portugal - Lisbon 
•  Norway - Bergen 
•  New Zealand - Palmerston North 



The Learner’s Perspective Study	
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Strategies to Facilitate Reflection 
and Action: The Use of Video 



Locating the Use of Video	

Video can catalyse change and facilitate teacher reflection. This 
contribution of video to teacher growth can take at least four 
forms: 
• International comparative video-based research informing practice 
and catalyzing reflection through pre- and in-service programs; 
• Video and the development of a professional language of practice; 
• Video as a medium for illustrating exemplary and problematic 
practice; 
• Video as the tool by which a standards-based professional culture 
can be both realised and problematised; 
• Video as promoting teacher agency and teachers’ reflection on their 
own practice. 

Each of these alternatives is currently being pursued.	




International Comparisons of Classroom Practice 

•  International comparisons of classroom practice offer 
insights into the novel, interesting and adaptable 
practices employed in other school systems and into 
the strange, invisible, and unquestioned routines and 
rituals of our own classrooms.  

•  International comparative research is our insurance 
against the inevitable insularity of our attempts to 
document, theorise and consequently improve the 
practices of our classrooms. 

•  Teachers can be confronted and provoked by the 
classroom practices of competent teachers elsewhere. 



International Comparative Research informing practice 
and catalyzing reflection in pre- and in-service programs 

Example.  The results of the Learner’s Perspective Study form the key components 
of both teacher in-service and conference presentations focusing on challenging 
existing (Australian) assumptions of what constitutes good practice. 
 
 
 
	


Walking Between Desks (Kikan-Shido)                                                 

Frequencies Comparison
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The Spoken Word	


•  Analysis can be conducted into the use of specific 
words, phrases or expressions. A fine-grained 
analysis of the use of technical and pseudo-
technical terms can examine authorship, 
audience, revoicing, appropriation, and 
internalization. Recent analyses of this type have 
revealed dramatic differences in the level of 
general and technical orality in mathematics 
classrooms internationally (Clarke, 2010, 2012, 
2013; Clarke & Xu, 2007, 2008a and b; Clarke, 
Xu & Wan, 2010a, b and c, 2013a and b; Xu & 
Clarke, 2013). 



Who is talking? (number of utterances per lesson)*	


*Each bar represents an average over five lessons 
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What are they saying? Frequency of Use of Key Mathematical Terms	


*Each bar represents an average over five lessons 
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Prompts to stimulate teacher reflection 

 
 

[Which resembles your classroom  
     practice? 
 
                   Conjectures? 
 
                                     Questions?]	




Patterns of Language Use: US1-L01	


 



Patterns of Language Use: KR1-L01	




Patterns of language use: SH1-L01	


Key term 
sequence: 
“equation” 

Key term 
sequence: 
“solution” 



Examining patterns of language use	

The highly visual nature of the timeline display can reveal temporal patterns in the 
coded terms. In the case of Shanghai Teacher One, the solicited articulation of the key 
term (e.g. “solution”) by a sequence of students, seems to be a distinctive 
characteristic of that teacher’s practice. Once identified, such distinctive patterns can 
be examined in more detail. Consider specifically the transcript of a two-minute 
interaction (min: sec) focusing on the term “solution.” 

12:42 
(m:s) 

T: So let's read ... ah, let's read question one, question 
one. It says...  in the following pairs of number value, 
each of them can be matched with a pair of x and y. So, 
let's read this. It is asking, which of them are the 
solutions of the equation two x plus y equals three? Which 
are the solutions of the equation three x plus four y 
equals two? Come on, have a try.  

13:10 T: So, let's take a look. How about the first one? Oh, ok, 
you.  

13:14 Anthea: x is equal to zero, y is equal to three. It is.  
13:17 T: It's an equation. That means, x is equal to zero, y is 

equal to three. It is... ? 
13:21 Anthea: It is a solution of the equation two x plus y equals 

three.. 
13:24 T: A solution. Okay, sit down please. How about you, Aaron? 
13:28 Aaron: x equals zero and y equals one over two is a solution of 

the equation three x plus four y equals two..  
 



Examining patterns of language use	

13:35 T: Ah, a solution of this. Sit down please. Let's continue. 

Question three, question three. Come on, (...) [APOLLO and 
AMANDA raising their hands] 

13:41 Bray: If x equals negative two, y equals two, it is the solution 
of the equation three x plus two y equals two.  

13:48 T: Oh,...... it's a solution of the equation three x plus four 
y equals two. A solution, right? Ok, sit down please. Let's 
continue. Come on.  

13:55 Again: When x equals one over two, y equals two, it is the 
solution of the equation two x plus y equals three.  

14:00 T: Okay, it is a solution of two x plus y equals three. Okay, 
sit down please. So now, x equals one, y equals one over 
two, come on, (...) Tell me.  

14:12 Abert: When x equals one, y equals negative one over two, it is a 
solution of three x plus four y equals two.  

14:17 T: Okay, he says when x equals one, y equals negative one over 
two, and the equation is three x plus four y equals- 

14:23 T: Oh, he says- 
14:24 E: No it isn't.  
14:26 T: It's a solution of two x plus y equals three. And so, okay, 

(...) Tell me.  
14:33 S: When x equals one, y equals negative one over two, it is 

neither the solution of two x plus y equals three nor the 
solution of three x plus four y equals two.  

14:41 T: Right. So he says they are neither the solution of the 
equation two x plus y equals three nor the equation three x 
plus four y equals two. So why? Why aren't they?  

 



Tracing the Flow of Ideas: SH2-L02	




Kikan-Shido - Between Desks Instruction	


•  The teacher walks around the classroom, 
while the students work independently or semi-
independently. The teacher observes the 
students working and may or may not speak or 
otherwise interact with the students. The 
students may or may not speak or otherwise 
interact with each other or with the teacher. 



Kikan-Shido (Between Desks Instruction) 
 AU1: Lesson 4	




Kikan-Shido: Monitoring or Guiding	
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Prompts to stimulate teacher reflection 

 
 

[Which resembles your classroom  
     practice? 
 
                   Conjectures? 
 
                                     Questions?]	




Illustrating instructional choices 

“How are you going boys?” “Are there any strategies to help you win? “What if rolling 
an improper fraction works to your advantage?” “Show me what you mean.” 



	
The limits of my language are the limits of my 
world. All I know is what I have words for. 

(Wittgenstein, 1922) 

Language as the medium of reflection 



Improving what we can’t name?	

Our capacity to improve classroom practice is 
constrained by the language with which we discuss 
that practice. 
 
The language available to teachers determines 
their capacity to reflect on and improve their 
practice. 
 
To name a practice is to both reify it and to render 
it amenable to reflection and improvement. 



The Lexicon Project	


Neriage - a Japanese term meaning “the kneading, 
mixing together of the students’ ideas” 
 
Jiang ping [讲评] - a Chinese term meaning “the public 
evaluation of a student’s solution” 
 
Učitelská ozvěna – a Czech term meaning “the 
teacher’s echo” when the teacher reformulates a 
student’s answer 



One example: Beginning the Lesson	


Warm-up – the most common activity at the beginning of 
a US lesson: the term has gymnastic connotations - 
typically a few relatively routine tasks – the tasks may or 
may not be connected to the subsequent lesson. 
Rappel de cours - a French term: “review of content” – 
intended to establish a common knowledge base on which 
to construct the lesson’s content. 
Pudian – a Chinese term referring to the planned 
connection (‘bridging’) between students’ prior 
experience or existing knowledge and the lesson’s 
content. 

NOT ONE BEST METHOD, BUT A HYBRID PEDAGOGY  



Fundamental differences encrypted in language	


•  Whether we look to the Japanese 
“gakushushido", the Dutch “leren” or the 
Russian “obuchenie”, we find that some 
communities have acknowledged the 
interdependence of instruction and learning by 
encompassing both activities within the one 
process and, most significantly, within the one 
word. 
In English, we seem compelled to 
dichotomise classroom practice 
into Teaching or Learning.   



Complementary Accounts: Nominal	


Objects, actions and events can be identified that 
are visible in one language and unnamable in 
another. 
 
THE VIDEO RECORD BECOMES THE LINK 
BETWEEN THESE COMPLEMENTARY 
ACCOUNTS AND PROVIDES A COMMON 
REFERRENT FOR THE DEVELOPMENT OF A 
HYBRID LEXICON OF CLASSROOM PRACTICE. 



Video illustrating instructional alternatives 
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Choral Response in a Chinese Classroom 



The classroom situation in China involves certain contingencies: 
 
(i)  Typically the class size is greater than 45 students. 
(ii)  No student will ever ask a question of the teacher. 
(iii)  No student will talk to another student. 

Yet interviews with many competent Chinese teachers has revealed that they 
prioritise student spoken fluency with technical mathematical language. 
 
Choral response has been shown to be a powerful strategy to develop this sort of 
capability within the contingencies of the Chinese classroom context. 

Instruction as a reflection of culture and context 



Learning through physical engagement 

Effective Mathematics Teaching Project (Victorian Department of Education)	




This example of the use of outdoor physical activity is entirely 
feasible in the tradition of practice that is Australian mathematics 
teaching. 

 
Such use of outdoor activity to facilitate student mathematics 

learning appears to be unknown in the Chinese educational 
context. 

 
The two examples illustrate pedagogical possibilities that remain 

unexplored in the two contexts, but which might, nonetheless be 
explored to some extent. 

 
More importantly, each example can alert teachers in both settings 

to the affordances (and the constraints) of their own settings. This 
sensitising can be a highly educative and productive experience. 

 
 

Instruction as a reflection of culture and context 



Video exemplifying curriculum standards	
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•  The national mathematics curriculum employs the four proficiency 
strands of Understanding, Fluency, Problem solving, and 
Reasoning, adapted from the recommendations in Adding it Up 
(Kilpatrick, Swafford & Findell 2001).  

•  These proficiency strands define the range and nature of expected 
actions in relation to the content described for each of the content 
strands. 

•  In as much as these proficiencies transcend the categories of 
conventional “content” they constitute a “meta-curriculum.”	

Proficiencies – the new Australian Curriculum 



Reasoning  
(from Australian Curriculum: Mathematics) 

•  Students develop an increasingly sophisticated 
capacity for logical thought and actions, such as 

» analysing,  
» proving,  
» evaluating,  
» explaining,  
» inferring,  
» justifying and  
» generalising … 



Distinguish: 
•  Eliciting student mathematical reasoning  

 (i.e. making it visible) 
•  Encouraging student mathematical reasoning  

 (i.e. promoting its use) 
•  Developing mathematical reasoning  

 (i.e. modelling and guiding) 
Don’t confuse these three alternatives! 

Elicit, encourage and develop 



•  Encourage students in small and whole-group 
settings to share why they think a statement is true 
and hold all students accountable for understanding. 

Classroom Norms Promoting Mathematical Reasoning 



What does mathematical reasoning look like?	


Mathematical Reasoning in the Classroom 
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Problem: When two coins are tossed there are three possible outcomes: 
two heads, one head, or no heads. The probability of two heads is 
therefore one third.	


Ss  [Discussion about sample space] from 00:33 to 01:16 
 (The students conclude the statement is false) 

 
S2  But why? 
 
S1  We always need to think why! 
 
S3  Because there are two coins and each one has two faces . . .  

How has this expectation been established? 

Mathematical reasoning in the classroom 



•  Develop a classroom culture in which the 
mathematical correctness of a response relies 
on the validity of the mathematical justification 
that is provided. 

Classroom Norms Promoting 
Mathematical Reasoning 
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What importance do teachers give to developing mathematical 
reasoning? 



Teacher actions that support student reasoning 



Teacher actions that support student reasoning 

“Now that’s a good question!” 



Teachers must be able to: 
–  Recognise mathematical reasoning  
–  Encourage its use 
–  Provide the classroom conditions for its occurrence 
–  Actively seek to develop its constituent skill set 
–  Assess student mathematical reasoning, and thereby 
–  Provide relevant and timely feedback on its use 

This will require more explicit promotion and scaffolding in teacher 
education programs. Video can provide essential illustration. 

Teacher Education and Mathematical Reasoning 



Video exemplifying teaching standards	


Video as the 
exemplification 

of Teaching 
Standards	


Professional	

Knowledge,	

Beliefs &	

Attitudes	


Professional	

Experimentation	


Salient	

Outcomes	


Personal	

Domain	


Domain of	

Practice	


Domain of	

Consequence	


External Domain	


Enactment	


Reflection	


The Change	

Environment	




Web-mediated Standards Development 



Web-mediated Standards Development 



Web-mediated Standards Development 



Catalysing reflection on practice	
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Preparation 
The teacher arranges the filming of one lesson and selects two five-minute 
excerpts from the video of that lesson for discussion in the CBL session 
Introduction 
The teacher “sets the scene” - describes the context and outlines an issue of 
interest 
Viewing the Segment 
A chosen 5-minute excerpt is viewed without comment or interruption (it may 
also be re-viewed at the request of group members) 
Discussion 
Following clarifying questions to the teacher, the discussion pursues issues 
raised by each group member  
Follow Up 
Conversations would continue beyond the CBL session, relevant articles 
might be distributed 

Page Title / heading goes here	
A ‘Typical’ CBL Session	

Case-based Learning: A Typical CBL Session 



Promoting teacher agency and teachers’ reflection on 
their own practice: Case-based Learning (CBL) 

The ITHAKA Case-Based Learning (CBL) Project - Video Discussion Group: Secondary Example	


The use of video as a catalyst in case-based learning has been widely practised.  
In this case, the central resource is a two-frame video of classroom practice. 



Promoting teacher agency and teachers’ reflection on 
their own practice: Case-based Learning (CBL) 

The ITHAKA Case-Based Learning (CBL) Project - Video Discussion Group: Primary Example	




Discussion sometimes took unexpected turns and 
ranged far beyond the features or issues that had 
initially prompted the teacher to select that excerpt.  
 
In the language of the Interconnected Model, the 
salient features of the excerpt were a matter for 
individual interpretation and group discussion and 
led to a stimulating negotiation of the participants’ 
meanings and values. 
 

Case-Based Learning: Video Discussion Groups 



	

CBL as an approach to teacher professional learning 
 
How is it different? Radically! CBL has ordinary teachers as the 
focus. Normal teachers doing what they do every day. It is not 
whiz bang “Here's a set of tasks for next week's maths lessons”, it 
is far deeper and [more] meaningful. Real issues about real 
classrooms from real teachers. 
	

	

	




Watching yourself 'teach' is … quite addictive. Since 
being involved in CBL I have taped myself and the 
students a few times with great interest. Through the 
camera lens I see things differently about myself as a 
teacher and the students I teach. It is like I have 
developed a third eye, which watches me from the 
back of the classroom, closely monitoring what I do 
and asking why.  
 

[Participant in the Case-Based Learning (CBL) PD program]  
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Premise 
•  Teacher reflection on and subsequent improvement of 

 practice will be facilitated through the selective  use of an 
 analytical framework by both the teacher and the 
 researcher/facilitator.  

 
Primary Learning Catalyst 
•  The central professional learning event is a “Feedback 

 Conversation” between the teacher and the researcher 
 focusing on selected framework elements.  
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to Inform Instructional Improvement (F2I3) 

  (Hollingsworth & Kusznirczuk) 



Feedback	  dimensions	  
	  
 Dimension	  1 CommunicaKng	  expectaKons	  for	  mathemaKcs	  

learning	   
Dimension	  2 QuesKons	  and	  discussions	  for	  mathemaKcs	  

learning	   
Dimension	  3 Tasks	  for	  mathemaKcs	  learning	   
Dimension	  4 Building	  understanding	  for	  mathemaKcs	  

learning	   
Dimension	  5 Using	  assessment	  for	  mathemaKcs	  learning	   



Process 
	  

•  Discussion of Feedback Dimensions with teacher   
•  Target Feedback Dimensions selected by teacher 
•  Lesson Videotaped 
•  Teacher Reflection on Selected Dimensions 
•  Researcher Analysis of Selected Dimensions 
•  Feedback Conversation 

 “What did you see?” 
 “What we observed” (Studiocode analysis) 
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Feedback and Feed-forward to Inform Instructional Improvement 

     (Hollingsworth & Kusznirczuk) 



Teacher comments: 
	  

“There	  were	  definitely	  numerous	  3mes	  that	  I	  no3ced	  things	  on	  the	  
video	  that	  I	  would	  never	  normally	  have	  no3ced	  [without	  the	  
framework],	  or	  perhaps	  remembered,	  post-‐lesson.”	  	  
	  
“I	  felt	  that	  it	  gave	  me	  more	  ownership	  of	  the	  feedback	  process	  and	  at	  
the	  same	  3me	  made	  me	  accountable	  for	  reviewing	  the	  video	  in	  a	  
cri3cal	  way.	  I	  definitely	  wanted	  it	  to	  be	  a	  discussion	  between	  the	  two	  
of	  us	  rather	  than	  just	  a	  self-‐analysis.”	  
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Feedback and Feed-forward to Inform Instructional Improvement 

     (Hollingsworth & Kusznirczuk) 



Key Orientation: Feedback and Feed-forward 
	  

	  
ShiR	  from	  the	  provision	  of	  feedback	  from	  the	  researcher	  to	  
the	  teacher,	  to	  a	  conversaKon	  between	  the	  teacher	  and	  
researcher	  that	  also	  includes	  feed-‐forward.	  
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Next Steps: 
 
• Further test and refine the observation instrument (feedback 
dimensions) and feed-forward process; prepare reports and 
technical manuals for broader use. 
• Promote the concept of feed-forward as critical to informing 
instructional improvement. 
• Seek funding for a large, multi-site project; test for efficiency 
and scalability. 
• Explore further technology possibilities – state-of-the-art, 
portable, fast turnaround video set-ups (ICCR). 
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Video and Mathematics Teacher Education	


•  Video as a Research Tool to Inform Practice 
–  Aligning theory and methodology 
–  International studies of mathematics classrooms 
–  Sharing and adapting best practice internationally 
–  Problematising established practice 
–  Developing a language of professional practice 

•  The Potential Contribution of Video to Mathematics Teacher Education 
•  Video as a catalyst for reflection in pd programs 
•  Video as a representational tool in a standards-based culture 
•  Video as a tool for promoting teacher agency and reflection 



Thank You	

•  To express interest in researching classrooms internationally, email me at: 
 

 d.clarke@unimelb.edu.au 
 
•  For information about the International Centre for Classroom Research access: 
 

 http://www.iccr.edu.au 
 
•  For information and papers on the Learner’s Perspective Study access: 
 

 http://www.lps.iccr.edu.au 


