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INTRODUCTION

Some teachers only emphasize the subject matter when they teach.  Others focus on the use of general pedagogical methods such as questioning techniques.  Recently, scholars have recognized that both the subject matter knowledge and pedagogical knowledge are crucial to good teaching and student understanding.  In fact, Shulman (1986) has suggested that teaching expertise should be described and evaluated in terms of pedagogical content knowledge (PCK).  PCK differentiates expert teachers in a subject area from subject area experts.  PCK is therefore a key component of effective teaching.
Professional dialogue sessions has helped teachers share and generate their PCK.  In particular, the Group Investigation (GI) approach with its four components of Investigation, Interaction, Interpretation and Intrinsic motivation augurs well for the development of PCK within an inquiring community of teachers.  This study focuses on how the approach might be used to develop the PCK of 33 secondary school physics teachers during a 30-hour in-service course.  The paper reports on the need for such a course, how the course was designed using GI, and the outcomes of the course in terms of the PCK sharing and benefits to the teachers.
WHAT IS GROUP INVESTIGATION?
Group Investigation (GI) is an effective way of promoting cooperative learning among students and teachers.  Sharan and Sharan (1992) described GI as consisting of four basic features: investigation, interaction, interpretation, and intrinsic motivation.  Group investigation is implemented in six stages as follows:

1. Class determines subtopics and organizes into research groups.

2. Groups plan their investigations.

3. Groups carry out their investigations.

4. Groups plan their presentations.

5. Groups make their presentations.

6. Teachers and students evaluate their projects.


During the first of these four components, Investigation, the teacher poses a challenging and multi-faceted problem to the class of student inquirers.  As the students begin to solve the problem, they seek out information and ideas in cooperation with their peers as they construct the knowledge they acquire.  This is very much based on Dewey’s belief that learning becomes meaningful when the inquiry is scientific and students experience how knowledge is generated.

Since GI takes place among a community of inquirers, there are ample opportunities for learners to interact together.  This component is essential to GI as it is a means whereby students encourage one another, elaborate on each other’s ideas, confront the other person’s viewpoint, and help their peers to focus their attention on the tasks.  Basic teamwork and discussion skills are prerequisite elements of an effective small group interaction.
As the students work on the inquiry, they will gather much information from a variety of sources.  At regular intervals, they need to exchange information and ideas with their peers and attempt to make sense of their inquiry.
This approach to understanding human thought processes asserts that individuals build their notions of reality out of their experiences, feelings, and information, and that these constructions form knowledge.  Group Investigation provides students with the opportunity to interact with others who gave investigated different aspects of the same general topic, and who contribute different perspectives on that topic.  The cooperative interpretation of information gathered by group members promotes their ability to organize, confirm, and consolidate their findings and thus make sense of them.

(Sharan, and Sharan, 1992, p. 100)


Since GI invites students to relate the problems they are investigating to their own interests, experiences, feelings, and curiosity, students naturally become motivated to take an active role in this learning process.  Unlike other cooperative learning methods that are based on shared responsibility and interaction among group members, GI actually provides more opportunities for teachers to capitalize on the drive and positive interdependence that develop when students work together.
THE RATIONALE FOR THE IN-SERVICE COURSE
Ho (2003) had identified, among other sources for the generation and sharing of PCK, that the promotion of professional dialogue among teachers could indeed help to develop their PCK.  At the same time, the fact that physics and physics education have been viewed as exoteric and difficult makes it more compelling to provide teachers the opportunity to come together to share and explore ways to improve on physics teaching.  Thirdly, the in-service course could also serve as a platform for networking among teachers.  And last but not least, the teachers could attend the course as part of their continual professional development.
IN-SERVICE COURSE DESIGN USING GROUP INVESTIGATION
The physics in-service course on “Developing Physics Teachers’ Pedagogical Content Knowledge” was set out with the following three objectives (see Appendix A):
By the end of the course, teachers will be able to

1. Reflect on their own teaching and learning of Physics

2. Understand and discover ways of enhancing practice

3. Participate in collaborative action research


This was a 30-hour course conducted over ten Tuesdays with each session lasting three hours from 2 pm to 5 pm.  It began on 27 June 2000 and ended on 12 September 2000.  Teachers who were interested to attend the course had to apply through the Ministry of Education as they will be fully sponsored.  Finally, the Ministry of Education selected a group of 33 secondary school physics teachers comprising 12 males and 21 females.  At the end of the course, the participants had to submit their reflective portfolios as part of the course graded assessment.  The details of the structure of the course are given in Appendix B.

In the first session, as part of introduction, teachers were asked to reflect on their personal experiences on how they had learnt and taught physics.  This served to articulate their beliefs about physics education.  The impact of their beliefs on their practice should never be underestimated (Ho, & Toh, 2000).  Appendix C was given as a worksheet for this purpose of getting the teachers to reflect on their beliefs and practice.  The second, third and fourth sessions were devoted to GI (see Appendices D and E).  Appendix E was an improvement over the earlier draft Appendix D.  The next four sessions (Session 5 to Session 8) were designated for the six groups to present their GI.  The participants formed their own grouping with some group names such as “Zip-zap” (on the topic of Electromagnetism), “Power Rangers” (on the topic of Energy), and “The Lightning Brigade” (on the topic of Light).  In Session 9, I invited my colleague to provide an alternative perspective on physics teaching.  The last session was used for debrief and feedback.  Appendix F was used as a template to guide their explorations of a lesson design using the PCK approach.  And before the teachers handed in their portfolios, they were given Appendix G that served as a checklist for the submission.
SOME COURSE OUTCOMES AND BENEFITS TO TEACHERS
All the participants said that they had benefited greatly from the in-service course.  Some of their comments are categorized and reflected below:
Reflect on their own teaching and learning of Physics

It gives me an opportunity to reflect on my teaching methodology.
The reflections were useful as they allowed us time to think about the tasks that we had done.
The reflections helped me to think more in-depth.

Understand and discover ways of enhancing practice

The course is actually very good.  It helps me to learn about the many different approaches to teach physics.

The course enabled me to be more effective in teaching students with different levels of understanding of physics.

It was a good idea to create my portfolio so that I can document my work and refer to them easily.

Group Investigations/Networking
The idea of getting us to do GI is highly effective…much better retention than just hearing a lecture.  Working in groups also allows the less-experienced teachers to learn from their more experienced colleagues.

Group Investigation is a good way to share and create PCK.

The discussions were useful and the environment was unthreatening.
This is a very interesting course.  It provided me opportunities to exchange ideas with colleagues on how to teach various physics topics.  

The course provides me with the opportunity to network with teachers from other schools.
I had a pleasant time in my group
Some difficulties the teachers faced were as follows:

I feel very tired attending the sessions after school and have no time to apply what I have learnt in teaching weaker students.

Too tired after a whole-day’s teaching…too tired to think and reflect but definitely gained a lot.
Pretty long course over a period of three months.  Best if the course can start punctually.
One other suggestion was given:

Might be a good idea to compile the resources into a CD-ROM.
Overall, they reported that their PCK had been enhanced.  The comments that best described this were as follows:
Came ‘empty’, returned with a wealth of resources (which hopefully will be put to good use)…the rich becomes richer when they share, the not-so-rich becomes a little richer…stimulating, refreshing, thought-provoking and humbling at the same time.  The more you learn, the more you realize that you need to learn.

CONCLUSION

This study focuses on how the GI approach might be used to develop the PCK of 33 secondary school physics teachers during a 30-hour in-service course.  The paper reports on the need for such a course, how the course was designed using GI, and the outcomes of the course in terms of the PCK sharing and benefits to the teachers.
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Appendix A

PHYSICS IN-SERVICE COURSE (Code: 20610)

Title:

Developing Physics Teachers’ Pedagogical Content Knowledge

Date:

27/6/2000 to 12/9/2000 (All Tuesdays)

Time:

2:00 pm – 5:00 pm (Total of 30 hours)

Venue:
Physics Lab 103, NIE, Block B, Level 1

NIE Course Facilitator:
Mr Ho Boon Tiong (Federal Bldg, Room 204.1)

Tel: 460-5917 or   btho@nie.edu.sg
MOE Co-ordinator:

Mr Lua Ee Ping, Anthony (Tel: 470-9377)




or E-mail at   Lua_Ee_Ping@moe.gov.sg
Objectives: By the end of the course, teachers will be able to

· Reflect on their own teaching and learning of Physics

· Understand and discover ways of enhancing practice

· Participate in collaborative action research

Schedule:  Refer to Schedule Sheet

Course Synopsis:

There are expert teachers in subject areas (such as Physics) and subject area (Physics) experts.  Pedagogical Content Knowledge (PCK) concerns the manner in which teachers relate their subject matter knowledge (what they know about what they teach; for example, Physics/ Thermodynamics/ Temperature) to their pedagogical knowledge (what they know about teaching) and how subject matter knowledge is part of the process of pedagogical reasoning.  For Shulman who first introduced PCK in 1986, it includes “…for the most regularly taught topics in one subject area, the most useful forms of representation of those ideas, the most powerful analogies, illustrations, examples, explanations, and demonstrations - in a word, the ways of representing and formulating the subject that make it comprehensible to [students]…” (p.9).  Since then, much work has been done by other researchers in this field; including Cochran, DeRuiter and King (1993) who renamed PCK to Pedagogical Content Knowing (PCKg) to reflect the dynamic nature of knowledge development based on an explicit constructivist view of teaching.

In this course, you will have access to the latest research developments in this field as well as opportunities to participate in collaborative action research as you reflect and explore the use of PCK in your own Physics lessons to “bring the subject to life!”

Assessment:

Participants are required to develop, maintain and submit Reflective Portfolios.

HBT/bt:MSOWW97/Physics Inservice/PCK INSVC Course Description
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Appendix B

	
	Session 1
	Session 2
	Session 3
	Session 4
	Session 5

	Time
	27/6/2000, Tuesday
	4/7/2000, Tuesday
	11/7/2000, Tuesday
	18/7/2000, Tuesday
	25/7/2000, Tuesday

	
	Setting the Stage
	Group Investigation

(GI)
	Group Investigation
	Sourcing of Resources
	Sharing, Reflections, and Learning

	
	
	
	
	
	

	2:00 pm – 2:20 pm
	Individual reflections
	Some simple
	
	A few more simple
	Students’ demo

	2:20 pm – 2:40 pm
	Self introductions
	Demonstrations        S3
	GI – ALEP
	demonstrations
	

	2:40 pm – 3:00 pm
	and Welcome            S1
	Learning Physics &
	
	Conceptual Change
	2 Group presentations

	3:00 pm – 3:20 pm
	Course introduction
	‘PO’ with random inputs
	
	Approach                 S5
	

	3:20 pm – 3:40 pm
	--------------------------------
	--------------------------------
	BREAK
	--------------------------------
	--------------------------------

	3:40 pm – 4:00 pm
	Physics Demo
	GI – ALEP
	
	
	Word Search &

	4:00 pm – 4:20 pm
	Physics problems     S2
	GI – ALEP                S4
	
	GI – Progress report
	Word Juxtapoz          S6

	4:20 pm – 4:40 pm
	Action Learning
	Reflecting critically
	GI – ALEP
	and further
	The Atom: Historical

	4:40 pm – 5:00 pm
	Session summary
	Session summary
	
	sourcing of resources
	Perspective               S7

	
	
	
	
	
	

	
	
	
	
	
	

	
	Session 6
	Session 7
	Session 8
	Session 9
	Session 10

	Time
	1/8/2000, Tuesday
	15/8/2000, Tuesday
	22/8/2000, Tuesday
	29/8/2000, Tuesday
	12/9/2000, Tuesday

	
	Sharing, Reflections, and Learning
	The Big Picture of Teacher Knowledge
	Still More Reflections and Learning
	The Teaching Continuum
	Where do we go from here?

	
	Call for portfolios
	Call for portfolios
	Call for portfolios
	
	

	2:00 pm – 2:20 pm
	
	
	
	
	Other innovative

	2:20 pm – 2:40 pm
	
	Lecture on
	Get queries
	Resource person:
	Curriculum developm &

	2:40 pm – 3:00 pm
	2 Group presentations
	Teacher Knowledge
	1 Group presentation
	Asst Prof Jose Chan
	Instructional strategies

	3:00 pm – 3:20 pm
	
	(including Conceptual
	
	Martinez (1 hr)
	

	3:20 pm – 3:40 pm
	--------------------------------
	Framework on PCK)
	-------------------------------
	
	--------------------------------

	3:40 pm – 4:00 pm
	
	
	
	B R E A K
	DEBRIEF

	4:00 pm – 4:20 pm
	
	BREAK
	
	
	&

	4:20 pm – 4:40 pm
	Thought Experiments
	
	Curriculum developm
	Authentic Assessment
	FEEDBACK

	4:40 pm – 5:00 pm
	                                  S8
	1 Group presentation
	                                  S9
	                                S10
	

	
	
	
	
	
	


S#: Refer to List of Suggested Strategies; for example, S1 refers to Strategy 1.

Appendix C
Individual Reflections

Sharing of Personal Experiences

What are some things about the following aspects of your school experiences that created lasting impressions for you?

· The teaching and learning of Physics…How was Physics taught to you?  How did you learn Physics?  How did you teach Physics?  How do you think Physics should be taught?

· Your views of Physics…How do you view Physics?

· Other comments…

Name: _______________________________

HBT/bt:MSOWW97/Physics Inservice/Individual reflections
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Appendix D
GROUP INVESTIGATION

Date:

Our Topic:

Our Group:

Our Questions:

Our Resources:

Our Action Learning Exploration Plan (ALEP):

HBT/bt:MSOWW97/Physics Inservice/Group Investigation Handout
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Appendix E
PLANNING A RESEARCH

(GROUP INVESTIGATION)

Date:

Our Group:

Our Topic:

Our re-stated Problem:

Our Research Questions:

Our Available Resources:

Our Action Learning Exploration Plan (ALEP):

(How we divide our work)

Action



Name


Resources

Due Date

HBT/bt:MSOWXP/Planning A Research (Group Investigation) Handout
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Appendix F
PCK Template for Lesson Design

	
	
	
	
	
	

	
	Options

	
	
	
	
	
	

	
	1
	2
	3
	4
	5

	
	
	
	
	
	

	
	
	
	
	
	

	Knowledge of Curricula


	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Representations


	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Student conceptions and difficulties


	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Assessment


	
	
	
	
	

	
	
	
	
	
	


Appendix G
CHECKLIST

· Submitted Learner Profile Form (with recent photograph)

· Wrote down “Sharing of Personal Experiences”

· Completed Thinking Map on a particular concept

· Reflection Journal Records (as many as you have written) – please paginate them

· Completed Group Investigation Action Learning Exploration Plan

· Completed PCK Template for Lesson Design

· Completed PCK Template for Lesson Observation

Please ensure your name is written on your file front cover.

Arrange your portfolio items neatly and systematically according to your contents page.

Be creative in your portfolio design.
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