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Overview

§ A focus on challenges 
§ Definitional:

– Teachers’ knowledge of practice - a complex notion
– PCK - a way of understanding complexity 

§ Methodological: 
– Approaches to capturing & analysing Science Teachers’ PCK 

§ Representational:
– Codifying & sharing Science teachers’ PCK

§ Ongoing:
– Recent developments in the field

§ Future challenges
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Educational Research: The Hardest Science of All (Berliner, 2002)

§ “Hard-to-do science” is what educational researchers do

§ Remarkably challenging work that
– Involves a complex array of particulars 
– Across a wide range of contexts (cant work in generalisations)
– A myriad of interactions embedded in social life
– Within changing social, cultural, and intellectual environments
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Knowledge of practice: A physics teacher’s conception

§ “… If I teach something like physics, it’s like I can see the 
whole - it’s all there … I can feel the map that I’m going 
through … A question comes up, and because you know 
where you are in the map, and you know the way to get 
to other bits, you can say, ‘Ah, that question relates to 
what we did in semester one last year, or this relates to 
that,’ and that’s not a trivial thing to build up over time.” 
(Woolnough, 2006)
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Teachers’ Knowledge of Practice 

§ The knowledge of teachers which is principally known 
and produced by teachers themselves

§ Accumulated through experience 
§ Complex
§ Person and context bound 
§ Tacit, routinised
§ Integrated 
§ Beliefs direct and filter development   
(Carter, 1990; Van Driel, Beijaard & Verloop, 2001)
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“Wisdom of practice” (Shulman, 1987)

§ “The practical pedagogical wisdom of able teachers” 
(p.11)

§ Highly contextualised, content-specific pedagogical 
strategies 

§ Teachers “know a great deal that they have never even 
tried to articulate” (p.11)

§ Important task for the research community to work with 
(beginning and experienced) teachers, to collect, 
examine and codify their wisdom of practice. 

§ Address “the extensive individual and collective amnesia 
of the profession” (p.11)
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Teacher Knowledge of Practice: From a subject matter perspective

What does a teacher need to know and be able to do?
§ Thoroughly analyse subject matter
§ Know how students learn specific subject matter; what is 

difficult and interesting for them
§ Apply strategies aimed at learning and appreciating 

specific subject matter
§ Know which approach is adequate, when and for whom
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Pedagogical Content Knowledge (PCK)

§ That special amalgam of content and pedagogy that 
is uniquely the province of teachers, their own 
special form of professional understanding.” 
(Shulman, 1987, p. 8)
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PCK: Highlighting a gap in the field

§ “My intention was to call attention to a gap in the field, to 
a missing place, and to orient people to start to look for 
what was missing and try to fill it in. I wasn’t claiming that 
I was ready to fill it in by any means…” (Interview with 
Lee Shulman, 2007)

§ How to conceptualise PCK? 
§ Which elements are part of PCK 

and how are these related? 
§ To what extent can generalisations

be made?
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Conceptualisations of PCK (Van Driel et al, 1998)
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PCK  (Shulman, 1986; 1987)

§ Two key elements:
- knowledge of representations of subject matter  
- knowledge of specific students conceptions and learning 
difficulties

§ PCK refers to particular topics;
§ PCK concerns teaching of these topics;
§ PCK is a component of teacher knowledge
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Development of Monash PCK Research program

§ How to capture, document and portray science 
teachers’ expert knowledge of teaching through 
theoretical lens of PCK?

§ How to concretise PCK in a way that might be helpful to 
the teaching profession?

– Identify nature of expertise – articulate and share 
within education community

– Fast track development of new science teachers
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Development of Method   (2 years, 50 teachers)
Research	Approach Data	 Participants

Individual	&	Pair	Interviews	
(1,1/2	hrs)	

6	months

Instructional approaches
Stories	about	teaching	
Detailed	discussions	of	general	
pedagogy	

‘Expert’	Australian secondary	
science teachers	
(Physics/Chem/Biology/	Gen	
Sci)
N	=	24
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Challenges of Capturing PCK

§ Teachers struggled to provide detail of what they do when 
teaching particular content, and, more importantly, the 
reasons.

§ Teachers tended to frame their knowledge in terms of 
pedagogy, not content.

§ Very difficult to obtain a clear picture of what an individual 
teacher knew about teaching a particular content area to 
particular group of students.

§ Observation provides limited insight (partly internal construct –
can’t ‘see’ reasoning)

§ No common language for discussing teaching & learning 
§ Saw ‘glimpses’ of PCK – as interactions of different elements

within a specific situation, rather than ‘complete packages’.
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Development of a Framework

Two part – two purpose – framework

(1) Content Representation (CoRe): An overview of what 
content is taught for a particular science topic (e.g., forces) & 
why to a particular group of students at a particular year level. 

(2) Pedagogical and Professional-experience Repertoire 
(PaP-eRs): A detailed account of a teacher’s thinking, 
reasoning and action for teaching a particular aspect of the 
content within a topic (e.g. stationary objects in the topic of 
forces).

§ A tool for capturing PCK AND an approach to representing 
PCK



Topic:
Year level: BIG SCIENCE IDEAS/CONCEPTS

A B C

What you intend the 
students to learn about 
this idea.

Why it is important for 
students to know this.

What else you might 
know about this idea…

Difficulties/Limitations 
connected with 
teaching this idea.

Knowledge about 
students’ thinking…

Other factors that 
influence your 
teaching of this idea.

Teaching procedures 
(and reasons..)

Specific ways of 
ascertaining students’ 
understanding/
confusion





PaP-eRs (Pedagogical	and	Professional-experience	Repertoire)

• A narrative account that highlights an aspect of science 
content to be taught. 
• Unpacks a teacher’s thinking about a particular aspect 
of PCK and represents the teacher’s reasoning, thinking 
and actions in teaching specific aspects of science 
content.
• The ‘voice’ of a PaP-eR varies depending on that which 
is being portrayed. 
• PaP-eRs bring the CoRe to life and offer one way of 
capturing the holistic nature and complexity of PCK.
• One PaP-eR alone cannot carry PCK; need a diversity 
to illuminate different aspects.



Loughran et al., 2004



“Seeing things differently”

This PaP-eR illustrates how important the teacher’s 
understanding of the content is in influencing how she 
approaches her teaching about the Particle Model of Matter. In 
this PaP-eR, the teaching unfolds over a number of lessons 
and is based on the view that understanding how a model can 
help to explain everyday phenomena requires continual 
revisiting and reinforcement with students. 

The PaP-eR closes with an illustration of how inherent 
contradictions in teaching resources need to be recognized and 
addressed in order to minimize their level of ‘interference’ in 
learning specific concepts and how important that is in teaching 
about models.
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Verification Process:  A form of collaborative analysis

§ Draft CoRe developed with a small group of teachers, 
facilitated by the researchers.

§ Researchers collate responses, edit, sent back to 
teachers for comment 

§ Researchers finally edit CoRe for layout and ease of 
reading (remembering teacher audience), remove 
content errors. 

§ PaP-eRs - developed by researcher - feedback from 
teachers - does it ‘ring true’? 

§ Publish and share CoRe & PaP-eRs for further 
verification and refinement with science teacher/educator 
community
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CoRes + PaP-eRs = Folios

§ Series of folios on 
commonly taught topics, 
e.g. particle theory, 
forces, genetic 
inheritance, chemical 
reactions.

§ Folios important as 
holistic, interconnected 
complexity of science 
teachers’ knowledge.

§ Representing science 
teachers’ knowledge for 
the profession; not a 
‘PCK handbook’.



Summary: CoRes & PaP-eRs

• Not to be viewed as static, or the only/best/correct 
representation of that content

• Necessary but incomplete generalisation from work 
with a group of teachers, at one point in time

• Works at both individual (PaPeR) and collective 
levels (CoRe)

• While knowledge comes from teachers, its form 
would not exist without interaction from the 
researchers.

• Intended to help better understand & value science 
teachers’ specialised expertise; in a manageable 
format.
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Building on this Research

§ Validating use of CoRes and PaP-eRs (Aust)
§ Working on PCK development with pre-service teachers 

using CoRes (Aust, NZ, Sweden) 
§ Teacher educators working with CoRes & PaP-eRs (Aust)
§ In-service science teachers developing CoRes (Sth

Africa)
§ Investigating university chemistry teachers’ PCK using 

CoRes (Mexico)
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Other approaches to determine science teachers’ PCK

§ Observations and/or videos, often in combination
with interviews, using rubrics to assess PCK (e.g., 
Park et al., 2011)

§ Artifacts from teaching (e.g., lesson plans), often
supplemented with reflections from teachers (e.g., 
Henze et al., 2008)

§ Standardized paper and pencil tests 
(e.g., Schmelzing et al., 2013)
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Further Challenges in PCK research 

§ Varying interpretations of PCK (11 definitions: Chan)
§ Nature of knowledge - individual/collective, canonical/ 

personal?
§ ‘Grain size’ – discipline, concept, topic?
§ Purpose for understanding or assessing teacher 

knowledge?
§ Limitations of construct - absence of non-cognitive 

aspects, insufficient attention to pedagogical action or 
questions of social and cultural context, ignored 
outcomes of instruction (Shulman, 2015)
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Addressing PCK challenges 

• International PCK Summits (USA, 2012; NL, 2016)

• Group of international science education researchers to 
work on the divergences in understanding of PCK and 
clarify distinctions between models (Summit 1); share 
and discuss data and instruments (Summit 2)



SUMMIT	1:	Consensus	Model	
A	model	of	teacher	professional	knowledge	and	skills	(Gess-Newsome,	2015).
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Summit 1 Consensus definition: PCK  (Gess-Newsome, 2015)

§ Knowledge of, reasoning behind, and planning for 
teaching a particular topic in a particular way for a 
particular purpose to particular students for enhanced 
student outcomes (Reflection on Action, Explicit)

§ The act of teaching a particular topic in a particular way
for a particular purpose to particular students for 
enhanced student outcomes (Reflection in Action, tacit or 
explicit)
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Summit 2: Why and What? 

PCK	SUMMIT	1:
• Role	of	some	elements	of	model	

unclear	(e.g.,	amplifiers	&	filters)
• Model	interpreted	differently	by	

different	researchers	
• Limited	detail	about	PCK	in	model

PCK	SUMMIT	2:	
• Focus	on	data	- share	&	discuss	data	

and	instruments	used	by	different	
researchers	to	better	understand	
how	PCK	is	captured	and/or	
measured	in	studies;	

• Assess	alignment	of	this	work	with	
Summit	1	consensus	model



Revised	Consensus	Model	of	PCK	(2017)



Practice	PCK	



Individual	PCK



PCK	happens	in	a	learning	context



Collective	PCK



Please	request	permission	to	use	this	model:	janet.carlson@stanford.edu



Ongoing	(and	necessary)	challenges…

• Science Teaching is a highly complex activity; maintaining the 
complexities of pedagogical process is important.

• PCK by definition not a set of rules about how to teach 
subject matter.

• The more that PCK is refined and/or redefined in a bid to 
make it more concrete, perhaps the less valuable it becomes 
as a descriptor of specialist or expert knowledge of practice. 
But on the other hand, in its more conceptual form it is almost 
too abstract to be practical.

• There is a learning curve about PCK that influences how 
researchers interpret and use it.

• PCK can be a useable and meaningful construct for science 
teachers and help them (and others) better value their 
knowledge of practice.
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How can we make studies on PCK more relevant for the 
practice of science teaching and teacher education?

§ So far, the PCK discussion has mainly involved academic 
researchers!

§ How to make teachers more aware of their PCK?
§ How can teachers be supported to share their PCK with 

each other?
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Value of PCK for science teacher education

§ “This sort of theorising isn’t easy and it isn’t typical in pre-
service education, but these student-teachers responded 
really well… I think a serious focus on PCK will give them 
a stronger feel for their own professional development as 
science teachers. They talk enthusiastically about their 
teaching in ways they wouldn’t have before we looked at 
these PCK ideas. They are able to explore in more detail 
the underpinnings of their teaching, the depth of 
philosophy of what they’re trying to do. I think there has 
been a definite development because their conversations 
show a shift.”
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THANK YOU 

§ For questions or follow up contact 
amanda.berry@monash.edu
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Standards and Standardisation

“We have an obligation to raise standards in the 
interest of improvement and reform, but we must avoid 
the creation of rigid orthodoxies. We  must achieve 
standards without standardisation. We must be careful 
that the knowledge-base approach does not produce 
an overly technical image of teaching, a scientific 
enterprise that lost its soul…” 
(Shulman 1987 p.20)



What sort of PCK research is most needed?

1. Studying PCK to understand t’s knowledge versus to
assessing T’s knowledge

2. Relating teacher knowledge to student learning, in 
both quantitative and qualitative ways

3. Studying the role of teacher educators in the process
of PCK development

4. Research on PCK in relation to policy issues, e.g., 
regarding teacher education, professional 
development, teacher quality
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§ “To conduct a piece of research, scholars must 
necessarily narrow their scope, focus their view, and 
formulate a question far less complex than the form in 
which the world presents itself in practice. This holds for 
any piece of research; there are no exceptions.” 
(Shulman 1986 p.6) 


