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Abstract 

This qualitative case study explores the use of lesson study over a ten-week period with 

six Ontario middle school science teachers. The research questions guiding this study 

were: (1) How does participation in science-based lesson study influence these teachers’: 

(a) science subject matter knowledge (science SMK), (b) science pedagogical content 

knowledge (science PCK), and (c) confidence in teaching science?, and (2) What benefits 

and challenges do they associate with lesson study?  

 Data sources for this study were: teacher questionnaires, surveys, reflections, pre-

and post- interviews, and follow-up emails; researcher field notes and reflections; pre- 

and post- administration of the Science Teaching Efficacy Belief Instrument; and audio 

recordings of group meetings. 

The teachers demonstrated limited gains in science SMK. There was evidence for 

an overall improvement in teacher knowledge of forces and simple machines, and two 

teachers demonstrated improvement in over half of the five scenarios assessing teacher 

science SMK. Modest gains in teacher science PCK were found. One teacher expressed 

more accurate understanding of students’ knowledge of forces and a better knowledge of 

effective science teaching strategies. The majority of teachers reported that they would be 

using three-part lessons and hands-on activities more in their science teaching. Gains in 

teacher pedagogical knowledge (PK) were found in four areas: greater emphasis on 

anticipation of student thinking and responses, recognition of the importance of observing 

students, more intentional teaching, and anticipated future use of student video data. Most 

teachers reported feeling more confident in teaching structures and mechanisms, and 
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attributed this increase in confidence to collaboration and seeing evidence of student 

learning and engagement during the lesson teachings.  

Teacher benefits included: learning how to increase student engagement and 

collaboration, observing students, including video data, observing colleagues teach, time 

to collaborate, plan, and reflect, teaching the same lesson to two classes, more intentional 

teaching, and increasing social interactions. Teacher challenges included: teacher 

unfamiliarity with the students being taught, time spent taking part in lesson study, 

teachers in the role of observers, and impact of observers and videotaping on students and 

teachers during lesson enactments. 
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Chapter 1 

Introduction 

This study reports on a group of six Ontario middle-school teachers who took part 

in a form of collaborative teacher professional development known as lesson study. In 

this dissertation I explore the impact of lesson study on their science subject matter 

knowledge, science pedagogical content knowledge, and confidence in teaching science, 

and the benefits and challenges that they experienced from taking part in lesson study.  

In this chapter I discuss the background for the study and provide a brief 

introduction to lesson study. After a definition of terms, I present the rationale for the 

study including a statement of the problem, the purpose of the study, the research 

questions, and the potential significance of this study. I conclude the chapter by outlining 

how this dissertation is organized. 

Background of the Study 

 A large body of research reveals links between: (a) teachers’ science subject 

matter knowledge, teaching practices and knowledge of students, and confidence in 

teaching science, and (b) teacher effectiveness and student achievement in science (e.g., 

Gess-Newsome & Lederman, 1995; Angle & Moseley, 2009; Lakshmanan, Heath, 

Perlmutter, & Elder, 2011). The research also shows that teachers at all level often have 

poor science subject matter knowledge; hold misconceptions in all areas of science that 

are difficult to change (Smith & Neale, 1989; Wandersee, Mintzes, & Novak, 1994; 

Abell, 2007); lack confidence in teaching science (Appleton, 1995; Harlen, 1997); and 

often have teaching practices that are inconsistent with reform-based, constructivist 
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approaches to science teaching that emphasize conceptual understanding and inquiry-

based learning. I believe that there is a need for professional development that improves 

elementary and middle school teachers’ science subject matter knowledge, teaching 

practices and knowledge of students, and confidence in teaching science.  

 Constructivism is a philosophy of learning that claims that each learner actively 

constructs their own understanding, based on their current and past knowledge and their 

personal experiences. Piaget (1926, 1952) introduced two important processes he 

believed helped to explain how people learn: assimilation and accommodation. 

Assimilation is where learners take in new information or ideas and incorporate these into 

their existing conceptual framework, and accommodation is a process in which new ideas 

force learners to restructure their existing schemas. Vygotsky (1978) added a new 

dimension of social context to constructivism, proposing that interactions between 

learners are an important means by which learners construct new knowledge. This study 

draws on social constructivists’ views of learning that recognize that the discussions and 

exchanges of ideas that occur in such social contexts help learners make the transition 

from the social to the individual plane.  

 Several researchers subsequently used the framework of social constructivism to 

better understand how students learn science, and to improve the teaching and learning of 

science. Novak and Gowin (1984) claimed that students have a variety of ideas about the 

world which are often inconsistent with scientific explanations, and that these “alternative 

conceptions” or “preconceptions” are difficult to change through conventional teaching 

strategies. Posner, Strike, Hewson, and Gertzog (1982) proposed that conceptual change 

only occurs if learners are dissatisfied with their current ideas, and they proposed that 
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new ideas must be intelligible, plausible, and fruitful if they are to be accepted or 

accommodated by learners. Rosalind Driver’s Children’s Learning in Science (CLIS) 

group at the University of Leeds has been very influential in the area of constructivist 

approaches to conceptual change (Driver & Oldham, 1986; Driver, 1989; Scott, Asoko, & 

Driver, 1992; Driver, Asoko, Leach, Mortimer, & Scott, 1994). Driver and Oldham 

(1986) summarized the group’s views about learning, which are applicable to both 

children and adults: individuals are purposive, knowledge is constructed by individuals 

through social interaction and experiences with the physical environment, individuals’ 

knowledge and belief structures influence the meanings they construct in a given 

situation, constructing meaning is an active process, understanding is not the same as 

believing, and learning scientific ideas involves conceptual change (p. 110-111). Modern 

reform-based, constructivist approaches to science teaching and learning are consistent 

with these views and emphasize learning through experience and collaboration (e.g., 

National Research Council, 2000). 

However, Hashweh (2003) points out that many teachers “hold knowledge, 

beliefs and dispositions, and practice teaching in ways that are in dissonance with those 

required by many new reforms” (p. 423). Hashweh goes on to propose a model of teacher 

learning that synthesizes cognitive psychology, social constructivism, and the conceptual 

change approach to science education discussed above. In this model teachers undergo 

“accommodative change” when they: are motivated to develop professionally; critically 

examine their existing knowledge, beliefs, and teaching practices; construct new 

knowledge, beliefs, and practices; resolve conflicts between the old and new sets of ideas 

and practices; and do so in a social and collaborative climate. Wallace (2003) develops 
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three themes about the nature of teacher learning: it is closely linked to the context in 

which learning takes place, and requires a focus on authentic activities (e.g., based in the 

classroom); it is social in nature and critically dependent on “rich opportunities for 

diverse groups of teachers to participate in, and to shape, discourse communities” (p. 10); 

and it involves collaboration with fellow teachers and other members of the educational 

community (see also Warfield, Wood, & Lehman, 2005, and Lewis, Perry, & Hurd, 

2009).  

There is now recognition by the research community that traditional top-down 

professional development approaches, where teachers are taken out of their classrooms 

and schools and given workshops and lectures by outside experts, are not effective in 

enhancing teacher knowledge, changing teacher practice, or improving student learning 

(Darling-Hammond & McLaughlin, 1995; Bell & Gilbert, 1996; Darling-Hammond, 

1999; Posnanski, 2002; Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003; Bruce, 

Esmonde, Ross, Dookie, & Beatty, 2010). The assumptions behind these approaches are 

that teachers are deficient in some aspect of teaching or learning and that other experts 

have the best understanding of the knowledge and skills that the teachers need.   

Thus many researchers argue that teacher professional development in science 

should also be based on social constructivist principles (e.g., Posnanski, 2002; Loucks-

Horsley, Love, Stiles, Mundry, & Hewson, 2003). A synthesis of the research literature 

reveals that effective teacher professional development in science and mathematics: is 

based in the classroom with the teachers’ own students, research-based, addresses issues 

of concern to teachers themselves, and primarily motivated by student learning (Darling-

Hammond, 1999; Rhoton & McLean, 2008); provides opportunities for teachers to build 
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their subject matter knowledge and to critically examine their pedagogical beliefs and 

practices (Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003; Rhoton & McLean, 

2008); gives teachers opportunities to collaborate with their colleagues and other experts 

(Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003; Darling-Hammond, 1999; 

Rhoton & McLean, 2008); uses student learning outcomes to assess effectiveness 

(Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003; Darling- Hammond, 1999); 

and includes sustained support and takes place over an extended period of time (Darling-

Hammond, 1999; Rhoton & McLean, 2008).   

Chapter 2 discusses how social constructivist approaches to teacher professional 

development can increase teacher science subject matter knowledge and confidence in 

teaching science, and improve science teaching practices and teacher knowledge of 

students. Lesson study, a social constructivist approach to teacher professional 

development, is now discussed. 

Lesson Study 

Introduction 

Lesson study (a literal translation of the Japanese word Jugyokenkyu) is a teacher 

professional development approach that originated in Japan and has been practiced there 

for several decades (Fernandez & Yoshida, 2004; Makinae, 2010; Arani, Keisuke, & 

Lassegard, 2010). It has become the standard model of elementary teacher professional 

development in that country, and is practiced within schools, regionally between schools, 

and nationally. Lesson study involves small groups of teachers working together to 

identify goals for student learning, develop a “research lesson” to meet these goals, enact 

the lesson with students, with one teacher teaching the lesson and the others collecting 
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data on student learning, reflect on and discuss the lesson plan enactment, and possibly 

revise and re-teach the lesson (Stigler & Hiebert, 1999; Fernandez, 2002; Lewis, 2002; 

Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003; Fernandez & Yoshida, 2004). 

Lewis and Tsuchida (1997) note that lesson study in Japan has played an important role 

in transforming traditional science teaching into an inquiry-based approach to science 

teaching.  

Stages of Lesson Study in Japanese Schools 

The lesson study cycle in Japanese schools can be broken down into eight stages 

(Stigler & Hiebert, 1999; Fernandez, 2002; Fernandez & Yoshida, 2004): (1) focusing the 

lesson study, (2) planning the lesson, (3) teaching the lesson, (4) debriefing the teaching 

of the lesson, (5) revising the lesson, (6) teaching the revised lesson, (7) debriefing the 

revised lesson, and (8) sharing the results. The total length of a lesson study cycle, the 

number of meetings, and the time between meetings vary depending on the setting and 

availability of time and other resources. I now discuss the eight stages of a lesson study 

cycle in more detail. 

1. Focusing the lesson study. Lesson study is typically carried out in groups of 4 

to 6 teachers. The group first decides on a research focus—what the overall aim of the 

lesson study project should be. This focus is usually based on the teachers’ goals for 

student learning, and is compelling and meaningful for all participants. The group then 

chooses what subject area to work in. Often the group chooses a subject that is difficult 

for students to learn and/or for teachers to teach, or a subject with a new curriculum. At 

this point, the group needs to determine which aspects of instruction they will examine 

(e.g., curriculum, learning materials, learning activities, teaching strategies, evaluation). 
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Finally, the group chooses a specific topic within the subject area, based on 

considerations such as the importance of the topic in the curriculum and its difficulty for 

students and teachers. The group also specifies the student goals for that topic.  

2. Planning the research lesson. This stage is the heart of lesson study, and 

during this stage the group will plan the lesson in detail. The group will carry out 

research on their topic, making use of resources such as existing lessons on the topic, 

textbooks, educational research literature, other educators in schools and universities, and 

professional organizations. The research lesson produced is a detailed outline of the 

instruction that will be carried out with the students, including anticipated student 

responses. The lesson usually includes a discussion of how it fits into the larger unit of 

which it is a part, and will make connections between the lesson and the research theme 

and overall goals of the lesson study project. 

Data collection is an important aspect of lesson study. The lesson will provide 

details of what observers should focus on and what data they should collect regarding 

student outcomes. In most cases, the group will invite a knowledgeable other (e.g., a 

teacher or researcher knowledgeable about the topic) to join the group to help focus the 

lesson, to provide resources, and to serve as a discussant after the lesson is taught.  

3. Teaching and observing the research lesson. When the lesson has been 

sufficiently developed, one of the teachers will teach the lesson to a class. Depending on 

the group and the school, the lesson may be public, with other teachers, administrators, 

and educational researchers brought in to observe. The teacher will teach the lesson 

developed by the group. The observers will be given specific tasks, in particular to collect 

data during the lesson. It is important that the observers not help students or interfere with 
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the flow of the lesson, but the group may agree that observers can ask the students 

clarifying questions. A variety of data may be collected, including evidence of student 

motivation, engagement, and attitudes, student social behavior and attitudes toward 

learning, and evidence for student learning. The lesson is usually videotaped for future 

analysis. 

4. Debriefing the teaching of the lesson. This stage usually occurs soon after the 

lesson is taught (almost always on the same day) and follows a standard protocol. The 

teacher who taught the lesson will speak first and give his or her reflections on the lesson 

and comment on any difficulties that arose. Next, the lesson study group as a whole will 

explain their goals for the lesson and how the lesson was developed. The lesson study 

group and any other observers will then present and discuss the data gathered on student 

learning, engagement, and behaviour. If present, a knowledgeable other may then discuss 

the lesson, and perhaps make connections to the research literature and other lesson study 

projects. Finally, a general discussion will ensue, focused on how the lesson impacted 

student outcomes. 

5. Revision of the lesson. Based on their observations and reflections from the 

first teaching of the lesson, the group will create a revised version of the lesson that 

incorporates the changes that they believe will improve upon the original version.  

6. Teaching the revised lesson. The revised lesson is then taught to a different 

class. Usually it is taught by a different member of the group, with other group members 

again observing students. It is standard practice to invite all members of the school 

faculty to attend the second teaching of the lesson, and sometimes teachers from other 
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schools are also invited. The revised lesson is usually taught within a few days after the 

first teaching of the lesson. 

7. Debriefing the revised lesson. After the teaching of the revised lesson, the 

lesson study group and any other observers meet to discuss and review the lesson, 

following the same protocol used in the debrief of the original lesson.  

8. Sharing the results. It is common for lesson study groups to share their lessons 

and what they have learned. There are two main ways in which this sharing is done. The 

first way is for the group to write a report, called a “Summary of the Study” or a 

“Research Bulletin”, in which they document the lesson they have completed together 

and the insights that they have gained. These reports are often published in book form, 

and may be distributed to other schools and educational authorities. The second way of 

sharing is to invite teachers from other schools to observe the teaching of the revised 

lesson, as discussed above.   

Differences Between Lesson Study in Japan and North America 

 Lesson study enactments done in US and Canadian schools (elementary and 

secondary) generally follow the same stages as for Japanese schools, with the following 

differences: 

1. The revision of the lesson, and the teaching and debrief of the revised lesson 
(stages 5-7 above) do not always occur in lesson study done in US and Canadian 
schools. 
 

2. The sharing of lesson study results (stage 8 above) is less common in US and 
Canadian lesson study enactments. 
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Five Important Characteristics of Lesson Study in Japanese Schools 

 Lewis (2000) discusses how Japanese lesson study research lessons generally 

share five special characteristics, which distinguish lesson study from other forms of 

teacher professional development (pp. 4-6):  

1. Research lessons are observed by other teachers. As discussed above, observing 
teachers may be from the group’s school, or from other schools. 
 

2. Research lessons are planned for a long time, usually collaboratively. Lesson 
study takes place over extended periods of time, and teachers collaborate to 
develop the research lesson. 
 

3. Research lessons are designed to bring to life in a lesson a particular goal or 
vision of education. Often the lesson study group’s theme or focus is a broad goal 
or vision that transcends a specific subject matter and lesson. 
 

4. Research lessons are recorded. This recording is done in several ways, including 
video and audio recording, observational notes, and copies of student work. 
 

5. Research lessons are discussed. This discussion first takes place in the debrief 
following the teaching of the lesson, but teachers will continue to discuss and 
reflect over longer periods of time.  
 

This Lesson Study Enactment 

 The lesson study enactment described in this dissertation followed the Japanese 

model described above, with the following exceptions: 

1. In almost all lesson study enactments in Japan or in the US or Canada, the lesson 
is taught to the class of the group member who teaches the lesson. This did not 
happen in this study’s enactment of lesson study for either teaching of the lesson. 
 

2. A knowledgeable other was not part of this enactment, although the researcher did 
carry out this role to a certain extent. 
 

3. This lesson study enactment has not yet been shared with the educational or 
research community, although this dissertation and publications arising from it 
will address this.  
 
It is argued that the lesson study enactment described in this study meets the five 
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special characteristics of Lewis (2000) discussed above: (1) the non-teaching members of 

the lesson study group closely observed both teachings of the lesson; (2) the research 

lesson was collaboratively developed by the group over several weeks; (3) the lesson 

study group developed the research lesson to address issues of student learning through 

hands-on inquiry, and student engagement and collaboration; (4) the research lesson was 

audio and video recorded, and notes were taken by the observers; and (5) each teaching 

of the lesson was discussed immediately after, and there was a final group meeting to 

reflect on the lesson study project. 

History of Lesson Study in Japan, the United States, and Canada 

Lesson study in Japan. The vast majority of Japanese elementary school teachers 

participate in lesson study, both as preservice and inservice teachers, with frequencies 

ranging from once a month to several times a year (Arani, Keisuke, & Lassegard, 2010). 

Lesson study in Japan can also be district-sponsored, where groups meet at least once a 

month after school and work in a particular subject or theme. Often these lessons are 

presented publicly on a district-wide research afternoon. Teachers’ unions, subject matter 

associations, and voluntary teacher circles also sponsor lesson study. Other settings for 

lesson study are research schools funded to investigate new teaching approaches and 

national elementary schools (similar to North American university laboratory schools). 

Thousands of teachers often attend the public research lessons delivered at the national 

elementary schools. Thus teachers in Japan have many opportunities to take part in lesson 

study. 

Lesson study in the United States. Lewis and Tsuchida (1998) were the first to 

publish on lesson study in North America, but Stigler and Hiebert’s (1999) summary of 
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the Third International Math and Science Study (TIMSS) video study of 8th grade 

mathematics teachers in the US, Germany, and Japan played an important role in 

bringing lesson study to the attention of North American educators. Stigler and Hiebert 

included a chapter on Japanese lesson study (see also Yoshida, 1999 and Fernandez & 

Yoshida, 2004) and recommended lesson study to US educators as a means of teacher 

professional development. By 2005, lesson study was being carried out in over 335 

schools in 32 US states, involved thousands of teachers, and was the focus of dozens of 

conferences, reports, and published articles (Choksi & Fernandez, 2005; Lewis, 2006; 

Lewis, Perry, & Murata, 2006). Examples of long-term lesson study in the United States 

include: Highlands Elementary School in San Mateo, California, where lesson study 

started in 2000-2001, and now involves all teachers in the school (Lewis, 2002; Lewis, 

Perry, Hurd, & O’Connell, 2006); Paterson Public School Number Two in New Jersey, 

where lesson study started in 1997, and teachers are given two hours each week during 

the school day to take part in lesson study (Lewis, 2002); and the Bay Area School 

District in California, which has become a well-known US lesson study site (Perry & 

Lewis, 2009). 

Lesson study in Canada. Lesson study has been slower to develop in Canada but 

is becoming more popular, particularly in mathematics. One of the first lesson study trials 

was carried out by the York Region School District in 2004, with 280 elementary 

teachers working in groups of 8-12 on early mathematics and reading (Harrison, 2004). 

In Ontario, elementary mathematics lesson study projects are also being carried out in the 

Dufferin-Peel, Greater Essex, and Hamilton-Wentworth boards (Miller, 2010), in the 

Algonquin and Lakeshore Catholic board (Tepylo & Moss, 2011), and at the OISE 
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Institute of Child Study Laboratory (Moss, 2008; Moss, Messina, Morley, & Tepylo, 

2011). Flynn, Hedges, and Bruce (2009) report on mathematics lesson study done with 

three elementary teachers in a central-Eastern Ontario school. Lesson study projects with 

preservice teachers are being done at York University (Miller, 2010) and OISE/UT 

(Moss, 2008). Bruce, Esmonde, Ross, Dookie, & Beatty (2010) looked at the impact of 

an Ontario teacher professional development program that had elements of lesson study, 

where participants met on several two-day sessions to co-plan and co-teach/observe 3-

part mathematics lessons. However, no documented reports on lesson study in science 

with Canadian teachers have been found1.   

Challenges to Lesson Study in the United States and Canada 

 Teaching occurs in a much different context in the US and Canada than it does in 

Japan, and it is not surprising that there are challenges in carrying out lesson study in the 

US and Canada (Fernandez, 2002; Chokshi & Fernandez, 2004). Fernandez (2002) 

discusses challenges such as: finding the time and interest for lesson study, the fear of 

having others observe one teaching, the lack of a common curriculum, and gaps in 

teacher subject matter knowledge. Fernandez (2002) found that these challenges were 

overcome by lesson study groups in New Jersey and New York City by: increasing the 

time available for lesson study, teachers becoming more comfortable teaching in front of 

their colleagues, the adoption of a common curriculum, and the involvement of 

knowledgeable outsiders to provide expertise with subject matter knowledge and 

children’s learning. The growing popularity of lesson study supports these findings. 

                                                        
1 Miller (2010) gives an anecdotal account of lesson study in Grade 10 optics carried out 
in the Greater Essex District School Board. 
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Fernandez (2002) and Fernandez, Cannon, and Chokshi (2003) identify further 

challenges associated with the need for teachers to adopt a research stance towards lesson 

study. As researchers, teachers need to: pose rich, researchable and testable questions;  

properly design classroom experiments to test these questions; think carefully about what 

evidence should be collected in the classroom and how this should be done; and interpret 

and generalize their findings to other settings. Fernandez, Cannon, and Chokshi (2003) 

discuss the need for teachers to approach lesson study from the perspectives of 

curriculum developer and student. Viewing lesson study through a curriculum 

developer’s lens involves teachers understanding how the curriculum is presented in 

textbooks as well as how it is actually implemented in the classroom, “with an eye 

towards skillfully orchestrating children’s learning both across and within lessons” (p. 

177). From a curriculum developer’s viewpoint teachers also need to think about how a 

particular lesson meshes with other lessons in the same unit and with content taught in 

other grades. Fernandez, Cannon, and Chokshi (2003) discuss how the Japanese teachers 

involved in their study “emphasized the importance of teachers adopting the student lens 

by attempting to understand students’ thinking, anticipate their behaviors, and determine 

how to use this knowledge to build students’ understanding” (p. 179). 

Lewis (2006) reminds us that lesson study is still relatively new in Canada and the 

US, and that lesson study practitioners here have not yet been able to build up the skills 

and experience that their Japanese counterparts have developed over several decades of 

lesson study practice. These skills include knowledge of curriculum, student thinking, 

and lesson study strategies and protocols, and the skills to successfully collaborate with a 

diverse mix of colleagues. Lesson study also requires institutional supports, including 
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encouragement of teacher collaboration, availability of time and resources to carry out 

lesson study, establishment of a culture where teachers regularly observe each other 

teach, and the development of curricula and teaching resources designed to promote deep 

understanding of material by students and teachers. Perry and Lewis (2009) discuss five 

conditions that have sustained lesson study in the Bay Area School District: many and 

varied opportunities for learning and reflection, and involvement of outsiders; a strong 

professional community, where group-based lesson study builds upon existing 

collaborative practices; distributed teacher leadership, where leadership tasks are spread 

across a team of people; development and use of technical resources such as lesson plan 

templates and observation forms, research materials, and outside experts; and 

procurement of financial resources (e.g., to enable lesson study during school hours) and 

administrative support (e.g., official endorsement of lesson study as valuable for student 

learning and teacher professional development). 

Lewis (2006) identifies further challenges, such as the difficulty of working 

across sites separated by large distances and the preoccupation in Canada and the US 

with short-term goals such as test scores, which hampers the long-term collaboration that 

sustainable lesson study requires (see also Lewis, Perry, & Murata, 2006). Moss, 

Messina, Morley, and Tepylo (2011) discuss the challenge of lesson study sustainability, 

noting “the particular challenge for lesson study in North America is that it requires this 

shift in mindset from discrete, year-to-year programs to an ongoing process” (p. 2).  

Lesson Study as Effective Teacher Professional Development 

Lesson study embodies many of the characteristics associated with effective 

teacher professional development presented earlier (e.g., Lewis, 2002, 2006; Choksi & 
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Fernandez, 2005; Perry & Lewis, 2009). Lesson study is classroom-based, teacher-

driven, and motivated by teacher concerns about student learning. Moreover, lesson study 

is methodical and research-based, and carefully planned observations are used to assess 

student learning and the effectiveness of the research lesson. Mathematics and science 

lesson study offers many opportunities for teachers to improve their subject matter 

knowledge and their teaching practices and knowledge of students, through collaborative 

research, hands-on inquiry, and field-testing of research lessons. Finally, lesson study can 

be ongoing and sustainable, although this is more true in Japan than it is in Canada and 

the US. Perry and Lewis (2009) emphasize that lesson study “involves teachers in active 

learning about content, is driven by data and goals, and is sustained, intensive, 

collaborative, and practice-based” (p. 366). Loucks-Horsley, Love, Stiles, Mundry, and 

Hewson (2003) present lesson study as one of 18 promising strategies for teacher 

professional learning. 

Definition of Terms 

Board 

 Refers to the Eastern Ontario school board that the study took place in. 

Collaborative Inquiry and Learning in Mathematics (CIL-M) 

 A form of teacher professional development similar in some respects to lesson 

study that takes place in many Ontario schools. In CIL-M, groups of teachers meet over 

one or two days to plan a three-part mathematics lesson, teach the lesson, and debrief.  

Hands-on Inquiry 

 Opportunities for students to investigate a science topic by manipulating 

materials. Inquiry falls on a continuum, moving from confirmation inquiry (students are 
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given a research question and a procedure by the teacher, and the results are known in 

advance), through structured inquiry (students are given a question and procedure by the 

teacher, and formulate an explanation based on the evidence they collect), guided inquiry 

(students are provided only with the research question, and design their own procedures 

to investigate that question), and open inquiry (students carry out an investigation based 

on their own questions and procedures). 

Mackenzie 

 A pseudonym for the school where the study took place. 

Research Lesson 

 The lesson that the teachers develop during the lesson study process. 

Science Subject Matter Knowledge (Science SMK)  

A deep understanding of the important concepts in a given science area. In this 

study I specifically examine three aspects of teacher science SMK: (a) being able to 

define a force, (b) being able to identify and understand the nature of forces at work in a 

given situation, and (c) identifying a lever and understanding how it functions. 

Science Pedagogical Content Knowledge (Science PCK) 

Knowledge of (a) how children learn science and which science topics they find 

difficult to learn, children’s existing science conceptions and their alternative 

conceptions, and effective science instructional strategies. In this study I examine two 

dimensions of teacher science PCK: (a) teacher knowledge of students’ understanding of 

forces and their misconceptions about forces, and (b) teacher knowledge and use of 

strategies to effectively teach about forces and science in general. 
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Pedagogical Knowledge (PK) 

 General changes in teaching approaches not connected to a specific subject area. 

Self-Efficacy 

 According to Bandura’s social cognitive theory, self-efficacy is defined as a 

“teacher’s judgment of their ability to bring about student learning or development” 

(Puchner & Taylor, 2006, p. 925). In Bandura’s theory, teacher self-efficacy has two 

distinct components, personal teaching self-efficacy (PTE) and teaching outcome 

expectancy (TOE), which are defined below in the context of science teaching. 

Personal Science Teaching Self-Efficacy (PSTE) 

 A contextual sense of PTE, regarding a teacher’s belief in his or her ability to 

plan, organize, and execute science teaching that leads toward student achievement. 

Science Teaching Outcome Expectancy (STOE) 

 A contextual sense of TOE, regarding a teacher’s belief that “students can learn 

science given external factors such as their family background, socioeconomic status 

(SES), or school conditions” (Riggs, 1988, p. 20). 

Science Teaching Efficacy Belief Instrument (STEBI) 

 A 25-item questionnaire in a 5-point Likert-response format used to measure 

teacher PSTE and STOE (Riggs & Enoch, 1990). 

Teacher Professional Development 

 Activities that develop a teacher’s skills, knowledge, expertise, effectiveness, and 

other relevant teaching characteristics. 
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Statement of the Problem 

 As discussed above, lesson study is a promising approach for teacher professional 

development because it incorporates social constructivist principles and many of the 

characteristics identified as important for effective teacher professional development. 

Lesson study has also been shown to increase teacher subject matter knowledge, 

pedagogical content knowledge, and confidence and self-efficacy in teaching science 

(e.g., Fortney, 2009; Roberts, 2010). Furthermore, lesson study has the advantages of 

being teacher-led, school-based, and focused on student learning.  

However, almost all of the research on lesson study is in mathematics and with 

US educators, and only one anecdotal study of lesson study in science with Canadian 

teachers has been found (Miller, 2010). Moreover, there are problems with existing 

studies and gaps in the research literature. These problems include methodological issues 

(e.g., lack of differentiation of elementary and middle school teachers, insufficient 

information about the instruments used to assess teacher knowledge and confidence or 

self-efficacy), lack of qualitative data, lack of clarity about which aspects of the approach 

were most beneficial for teacher change, lack of opportunities for participants to work 

directly with students, and the impracticality for teachers to take part in programs 

scheduled outside school hours. These problems will be discussed in more detail in 

Chapter 2. 

There is also a lack of research in lesson study with middle school teachers. The 

elementary years (grades 1-8) are crucial for student science achievement and attitudes 

toward science. For instance, the US National Assessment of Educational Progress results 

show that the number of students who perform “at or below Basic” level in science 
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increases between grades 4 and 8, and research shows that children’s attitudes toward 

science in the US have begun to decline when they reach middle school (Rice, 2005). 

Bordt, Broucker, Read, Harris, and Zhang (2001) found that interest in mathematics 

declined for Canadian students between grades 4 and 8 in the 1990s and anecdotal 

evidence suggests similar results for science. Finally, the science content in the Ontario 

grade 7/8 curriculum is quite challenging and there is a need for effective science 

professional development for middle school teachers, who are not generally science 

specialists. 

In summary, there is a need for studies that look at the impact of lesson study on 

the science subject matter knowledge, pedagogical content knowledge, and confidence in 

teaching science of Canadian middle school teachers. Likewise, there is a need for studies 

that document Canadian middle-school teachers’ perspectives on lesson study in the 

context of science education. 

Purpose of the Study 

 The purpose of this study is to investigate the impact of lesson study on the 

science subject matter knowledge, science pedagogical content knowledge, pedagogical 

knowledge, and confidence in teaching science of a group of Canadian middle-school 

teachers and to document the benefits and challenges that these teachers experience from 

taking part in lesson study. 

Research Questions 

(1) How does participation in a science-based lesson study project influence Canadian 

middle-school teachers with respect to their:  

a) Science subject matter knowledge,  
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b) Science pedagogical content knowledge, pedagogical knowledge, and 

c) Confidence in teaching science?  

 (2) What benefits and challenges do these teachers associate with taking part in lesson 

study? 

Significance of the Study 

 Lewis, Perry, and Murata (2006) talk about the need to “expand the descriptive 

knowledge base on lesson study” (p. 4) as there are still relatively few published reports 

on lesson study in Canada and the US, particularly in the area of science, and there are 

even fewer studies with Canadian teachers. This study will add to the lesson study 

knowledge base by being one of the few studies to look at the impact of lesson study on 

the subject matter knowledge, pedagogical content knowledge, and confidence in 

teaching science of Canadian middle-school science teachers as they participate in lesson 

study. 

This study takes advantage of the benefits seen in previous studies by being based 

on social constructivist principles emphasizing hands-on inquiry, teacher collaboration, 

and opportunities to work with students. The collection of diverse quantitative and 

qualitative data (questionnaires, teacher interviews, instruments to assess science subject 

matter knowledge and pedagogical content knowledge, teacher journals, field notes, 

recordings of group meetings and the lesson plan teachings) will provide a detailed 

record of the lesson study process, identify changes in teacher knowledge and confidence 

in teaching science, and document teacher perspectives on lesson study. This study thus 

hopes to contribute in a small way to a second critical research need identified by Lewis, 
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Perry, and Murata (2006), namely, to “explicate the mechanism by which lesson study 

results in instructional improvement” (p. 5).  

Organization of this Dissertation 

 This dissertation contains nine chapters. Chapter One (the current chapter) 

provided an introduction to the study.  

 Chapter Two presents the literature review for this study, with sections on science 

SMK, science PCK, and confidence and self-efficacy in science teaching. Here I 

introduce these constructs and how they are assessed, and then discuss how lesson study 

and other forms of collaborative professional development have been shown to improve 

middle school teachers’ SMK, PCK, and confidence and self-efficacy in teaching science.  

 Chapter Three describes the methodology of this study, including research design 

(research context, ethics and Board approval, participant recruitment, and participant 

information), quantitative and qualitative sources of data, and data analysis. 

 Chapter Four gives a detailed description of the lesson study process, including 

the three group planning meetings, the two teachings of the lesson and debriefings, 

participant initial and exit interviews, and the final group discussion. I also discuss other 

important events that took place before and after the above events.  

 In Chapters 5 to 7 I present findings related to the first research question, namely 

evidence for changes in teacher science SMK, PCK, and confidence, respectively. Three 

aspects of SMK were examined: being able to define a force, being able to identify and 

understand the nature of forces at work in various situations, and being able to identify a 

lever and understand how it functions. I examined two aspects of science PCK: teacher 

knowledge of student understanding of forces and student misconceptions about forces, 
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and teacher knowledge and use of effective strategies for teaching about forces and 

science in general. In Chapter 6 I also discuss evidence for changes in teacher PK. 

 In Chapter 8 I present the benefits and challenges that the teachers associated with 

taking part in lesson study, which responds to the second research question.  

 In Chapter 9 I examine the factors that may be responsible for changes in the 

Mackenzie teachers’ science SMK and PCK, PK, and confidence, in the context of the 

literature on lesson study and other forms of teacher collaborative professional 

development, followed by a similar discussion of the benefits and challenges identified 

for the Mackenzie teachers. This is followed by a summary of the contributions and 

limitations of this study. I end by presenting some recommendations for practice and 

suggestions for future research.  
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Chapter 2 

Literature Review 

The purpose of this literature review is to synthesize the research literature on 

middle school teacher science subject matter knowledge (SMK), science pedagogical 

content knowledge (science PCK), and confidence and self-efficacy in teaching science. 

This review will consider how teacher science SMK, science PCK, and confidence and 

self-efficacy are defined, how they are assessed, and strategies that have been used to 

improve them, including lesson study.  

The Science Subject Matter Knowledge and Pedagogical Content Knowledge of 

Middle School Teachers 

Introduction 

Science SMK and PCK are first introduced in the context of teacher knowledge 

areas, and then an examination is made of middle school teachers’ science SMK and 

PCK and approaches used to improve them.  

Teacher Knowledge 

Shulman (1986) defined three important teacher knowledge bases: subject matter 

knowledge, pedagogical content knowledge, and curricular knowledge. Subsequently, 

Grossman (1990) expanded upon Shulman’s conceptualization and proposed four types 

of teacher knowledge: general pedagogical knowledge, subject matter knowledge, 

pedagogical content knowledge, and knowledge of context. The focus of this review is on 

teacher science Subject Matter Knowledge and Pedagogical Content Knowledge, and 

each are considered in turn. 
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Middle School Teacher Science Subject Matter Knowledge 

Subject matter knowledge (SMK) consists of knowledge (facts, concepts, and 

procedures) pertaining to a discipline, how this knowledge is organized into a coherent 

structure, and beliefs about the discipline (Shulman 1986, 1987; see also the review by 

Abell, 2007). Tamir (1988) defines SMK as the “major ideas and theories of a particular 

discipline” (pg. 100). The dimension of SMK that is considered in this study centres on 

the understanding of important concepts in a given science area. 

There is considerable research that demonstrates that teachers’ science SMK is 

crucial for student achievement. For example, Perkes (1967) showed that junior high 

classes with the highest science achievement had teachers with higher marks in science 

courses and/or who had taken more such courses. Additional researchers have found that 

teachers with weak science backgrounds have a negative influence on their students’ 

conceptual understanding (e.g., Gess-Newsome & Lederman, 1995; Krall, Lott, & 

Wymer, 2009). Studies have also demonstrated a strong link between teacher science 

SMK and confidence/self-efficacy (e.g., Harlen, 1997; Ramey-Gassert, Shroyer, & 

Staver, 1996; Schoon & Boone, 1998). An inadequate science background is one of the 

key reasons given by elementary teachers themselves for not teaching science (e.g., 

Appleton, 1995; Appleton & Kindt, 1999; Ramey-Gassert & Shroyer, 1992). 

A large body of research has demonstrated that teachers at all levels (preservice, 

inservice, elementary, and secondary) hold alternative conceptions in all areas of science 

and that teachers’ alternative conceptions are similar to their students’ conceptions. These 

studies have also demonstrated that the incidence of alternative conceptions does not 

depend strongly on teachers’ science background, years of teaching experience, or 
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country of practice (e.g., Lawrenz, 1986; Birnie 1989; Kruger & Summers, 1988, 1989; 

Smith & Neale, 1989; Mant & Summers, 1993; Wandersee, Mintzes, & Novak, 1994; 

Harlen, 1997; Parker & Heywood, 1998; Brunsell & Marcks, 2004; Rice, 2005; Abell, 

2007). Studies of American middle school (grades 6-8, or sometimes 5-8) inservice 

teachers have demonstrated that they too suffer from poor SMK in many areas of science 

including physics (Lawrenz, 1986; Jones, Carter, & Rua, 1999; Jasien & Oberem, 2002; 

Krall, Christopher, & Atwood, 2009), chemistry (Lawrenz, 1986), earth science (Monet 

& Etkina, 2008), astronomy (Brunsell & Marcks, 2004), and biology (Krall, Lott, & 

Wymer, 2009).  

Assessment of teacher science subject matter knowledge. Most science 

education studies before the 1980s naively equated teacher science SMK with the number 

of science courses taken (and possibly grade point average) and concluded that teachers 

did not have enough science SMK (these studies were mainly of preservice teachers, e.g., 

Mallinson & Sturm, 1955). Two exceptions to this approach were studies conducted by 

Blanchett (1952) and Ralya and Ralya (1988), who gave true/false tests to preservice 

(Ralya & Ralya, 1988) and inservice teachers (Blanchett, 1952) and showed that both 

groups had many science alternative conceptions. 

More recent studies have typically used multiple-choice tests to assess the science 

SMK of middle school teachers (e.g., Lawrenz 1986; Jasien & Oberem, 2002; Brunsell & 

Marcks, 2004; Monet & Etkina, 2008; Krall, Lott, & Wymer, 2009; Krall, Christopher, & 

Atwood, 2009). One exception is Jones, Carter, and Rua (1999), who used concept maps 

to show that teacher science SMK was not well integrated, cohesive, or connected. Other 

approaches are also useful for the assessment of teacher science SMK. For instance, 
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individual interviews (Kruger & Summers, 1988, 1989; Harlen & Holroyd 1997; Smith & 

Neale, 1989) and classroom observations (Smith & Neale, 1989; Neale, Smith, & 

Johnson, 1990) have been used successfully with elementary teachers in the UK and US. 

Strategies to improve middle school teachers’ science subject matter 

knowledge. Several studies have shown that a variety of approaches are effective in 

improving the science SMK of preservice and inservice elementary/primary teachers in 

the UK and US, including interviews (Harlen, 1997; Kruger, 1990), inservice programs 

(Smith & Neale, 1989; Summers, 1992; Summers & Kruger, 1994; Parker & Heywood, 

2000), university courses (Jones, Carter, & Rua, 1999; Slater, Carpenter, & Safko, 1996), 

and science case studies (Daehler & Shinohara, 2001). By contrast, there are only a few 

studies that have investigated approaches to improving the science SMK of US inservice 

middle school teachers; no Canadian studies were found. There is now a discussion of 

studies which have used the following approaches to improve the science SMK of US 

elementary and middle school teachers: professional development programs, university 

courses, and lesson study.  

Professional development programs. Naizer, Bell, West, and Chambers (2003) 

report on 17 US K-8 teachers taking part in a 3-week summer institute on Newton’s laws 

and the physics of flight. The course included content instruction and hands-on activities, 

and for one week, teams of 2-3 teachers taught these activities to groups of 8-9 grade 2-6 

children. The teachers were assessed on their subject matter knowledge with a test, 

teacher journals, and open-ended course feedback. The authors found that 19 of the 22 

teachers had significant increases in their science SMK, and teacher reflections identified 

three factors as being primarily responsible for this growth: being able to teach material 
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to children immediately, the opportunity to discuss science with their peers, and being 

able to carry out inquiry investigations.  

Monet and Etkina (2008) carried out a study with 10 US middle school teachers 

who were part of a four-month inquiry-oriented professional development program in 

earth sciences. During this program the teachers took part in 11 workshops, which 

consisted of student-centered inquiry activities, teacher-centered activities, and group 

discussions. Monet and Etkina used pre-and post-tests to find gains in teacher science 

content knowledge (however, their instrument assessed both SMK and PCK, and they did 

not report separately gains in teacher SMK). Teacher journals shed further light on what 

the teachers learned, how they learned it, and what concepts remained unclear. 

Interestingly, from the evidence found while doing an activity, the teachers who had the 

highest gains in content knowledge were more likely to have learned by reasoning from 

the evidence. 

Krall, Straley, Shafer, and Osborn (2009) report on a study in which 43 grade 4-8 

teachers in rural Appalachia took part in an inquiry-based distance learning professional 

development course focused on concepts related to heat and temperature. Although the 

teachers and instructor did not meet in person, 40 of the 43 teachers met face-to-face in 

groups of 2-4 to carry out and discuss the inquiry activities. Data sources included 

teacher journals, a multiple-choice instrument to assess science SMK, and a survey 

examining teachers’ perceptions of changes in their science understanding and their 

views on the importance of the course components. These authors found significant gains 

in teacher science SMK, positive gains in understanding for 33 teachers, and significant 

improvements in understanding for six of the nine concepts addressed in the course. The 
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surveys revealed that 88% of the teachers felt that the course had improved their 

conceptual understanding of the course topics; the most valuable course components 

were: (a) opportunities to work with other teachers; (b) opportunities to take part in 

inquiry activities and investigations; and (c) science kits that teachers could use with their 

own students.  

University courses. Jones, Carter, and Rua (1999) worked with 30 US middle 

school teachers taking a constructivist-based graduate course on science methods. The 

course participants met for three hours a week over one semester around a series of three-

week modified learning cycles on light, sound, and electricity. During the course, 

teachers explored their conceptual understanding of these topics through concept 

mapping and journal writing, read articles about students’ science learning, and carried 

out inquiry activities in which they asked questions, designed experiments, and analyzed 

data. The teachers also had opportunities to work directly with their students: teachers 

interviewed students to probe their scientific conceptual understanding, and teachers 

worked in pairs to design and teach science lessons to students. For both cohorts, an 

increase in concept map hierarchies and cross-links suggests that teachers increased their 

science SMK and that this knowledge became more integrated, cohesive, and connected. 

Through interviews, teachers discovered the many alternative conceptions that their 

students held, and in turn the teachers became aware of and dissatisfied with their own 

lack of science SMK. Finally, by teaching the material, teachers were able to see how 

their improved understanding directly benefited their students. This study shows that 

social constructivist-based university courses can improve the science SMK of middle 



 

 

30 

school teachers through the use of hands-on inquiry activities, group discussions, and the 

design and teaching of lessons to students.  

Slater, Carpenter, and Safko (1996) report on 15 US elementary and 10 middle 

school teachers taking a constructivist-based astronomy survey course over 15 weeks in 

the fall of 1992. Course participants engaged in inquiry-oriented, hands-on activities and 

classroom discussions, developed conceptual models, and discussed how to teach the 

material in their own classrooms. The participants also worked in grade-level groups to 

develop classroom materials for their own classrooms. Pre- and post-course multiple-

choice tests revealed significant improvements in teacher astronomy content knowledge 

(average pre- and post- scores of 52% and 72%, respectively), but misconceptions in 

several areas still existed.  

Khourey-Bowers and Fenk (2009) studied 69 US teachers taking part in a six-

month constructivist-based graduate chemistry course. All teachers were currently 

teaching grades 4-9, with 54 teachers elementary-certified (grades 1-8) and 15 teachers 

either middle- (grades 4-8) or secondary-certified (grades 7-12). The course included in-

class discussions on constructivism and related topics, open-inquiry, guided inquiry, and 

problem-based lab experiences, and implementation of conceptual change lessons in the 

teachers’ classrooms. Khourey-Bowers and Fenk used a pre- and post-test to show that: 

there were significant gains in content knowledge for all teachers, the middle/secondary 

certified teachers had greater science SMK than elementary-certified teachers pre- and 

post-test, and the middle/secondary certified teachers did not experience statistically 

significant gains in their science SMK.  
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Lesson study in science and mathematics2. Grove (2011) reported on a lesson 

study project with four US middle-school life science teachers. This group of teachers 

reported that they had acquired a “deeper understanding of the subject matter as a 

learning outcome of the LS process” (p. 61). The collaborative nature of lesson study was 

one factor found to be responsible for this improved understanding, and a second factor 

was the strong trust that allowed the teachers to feel comfortable sharing their knowledge 

and questioning each other about the subject matter. 

Meyer (2006) found that teacher mathematics SMK deepened in two of three 

groups of US middle-school teachers taking part in mathematics lesson study, and 

presented evidence suggesting that teacher collaboration and predicting student responses 

were two factors responsible for these gains. Wright (2009) reported on lesson study 

conducted with 55 US elementary, middle, and secondary mathematics teachers, and 

found that these teachers believed that their mathematics SMK improved through 

collaboration. 

Summary. All of the above approaches were designed using social constructivist 

principles of science teaching and learning and all achieved some success in improving 

middle school teacher science SMK. From these studies, three factors are found to be 

important for teacher learning: opportunities to discuss science and collaborate with 

colleagues, being able to carry out hands-on inquiry investigations, and opportunities to 

work directly with children, through interviews and/or teaching. Despite these insights, 

these studies suffered from several limitations:  there were no teacher interviews in most 
                                                        
2 While the focus of this dissertation is on science teaching, in this literature review I will 
also discuss relevant literature on lesson study in mathematics education to identify issues 
pertaining to the science lesson study enactment described in this dissertation.  
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of the studies, which would have helped develop a deeper understanding of how teacher 

science SMK was improved; there is missing information in some studies, for instance 

about the instruments to measure science SMK (Naizer, Bell, West, & Chambers, 2003; 

Monet & Ektina, 2008) or detailed understanding about which aspects which most 

beneficial for teacher science SMK (Slater, Safko, & Carpenter, 1996; Khourey-Bowers 

& Fenk, 2009); in some studies elementary and middle school teachers were not 

differentiated (Naizer, Bell, West, & Chambers, 2003; Slater, Safko, & Carpenter, 1996); 

teachers did not always have opportunities to work directly with children; none of the 

programs were designed or led by teachers; and it is not practical for all teachers to take 

part in summer institutes or university courses. 

Middle School Teacher Science Pedagogical Content Knowledge  

As we have seen, science SMK is clearly important for science teaching. Yet 

knowledge of subject matter is not sufficient- teachers must be able to effectively teach 

the material to their students. Pedagogical content knowledge (PCK) may be succinctly 

described as the knowledge that teachers develop to help others learn. According to 

Shulman (1986), PCK is “the most useful forms of [content] representation …, the most 

powerful analogies, illustrations, examples, explanations, and demonstration – in a word, 

the ways of representing and formulating the subject that makes it comprehensible to 

others” (p 9). The science PCK literature is much less coherent than that for science 

SMK. There is no universally agreed upon definition of science PCK, and different 

researchers focus on different aspects of science PCK. Science PCK is considered in this 

study to comprise three components: knowledge of how children learn science and which 

science topics they find difficult to learn, knowledge of children’s existing science 
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conceptions, and knowledge of effective science instructional strategies (Shulman, 1986, 

1987; Grossman, 1990; Magnusson, Krajcik, & Borko, 1999). This study will specifically 

examine two components of teacher science PCK: teacher knowledge of students’ 

understanding of forces, and teacher knowledge of strategies to effectively teach about 

forces. 

Assessment of teacher science pedagogical content knowledge. Several 

methods have been used to assess the science PCK of middle school teachers. These 

methods include interview tasks (Magnusson & Krajcik, 1993; Magnusson, Borko, & 

Krajcik, 1994), open-response (Monet & Ektina, 2008) and Likert-type questionnaires 

(Akcay, 2007; Owston, Sinclair, & Wideman, 2008; Krall, Straley, Shafer, & Osborn, 

2009), observations of classroom teaching (Schneider, Krajcik, & Blumenfeld, 2005; 

Akcay 2007; Owston, Sinclair, & Wideman, 2008), and analysis of teacher journals 

(Jones, Carter, & Rua, 1999; Owston, Sinclair, & Wideman, 2008) and papers (Khourey-

Bowers & Fenk, 2009).  

Approaches to improve middle school teachers’ science pedagogical content 

knowledge. This section reviews the following approaches used to improve the science 

PCK of US and Canadian elementary and middle school teachers: professional 

development programs, university courses, and lesson study. 

Professional development programs. Magnusson and Krajcik (1993) and 

Magnusson, Borko, and Krajcik (1994) report on a program in which six experienced US 

grade 7-8 teachers developed microcomputer-based lab activities during summer 

workshops to help improve their students’ understanding of heat and temperature. In the 

fall and spring the teachers were individually interviewed and given four tasks on heat 
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and temperature in which they were asked: what conceptual understandings they thought 

their students would use for that task, what their students would predict and how they 

would reason about the phenomena, and what teaching strategies they would use to help 

their students better understand the concepts. All teachers identified one common student 

misconception and three teachers identified others. A large variation was found in teacher 

knowledge of student reasoning, for example in explanations for why students reason in a 

certain way. Most teachers did not have a good knowledge of activities that would be 

effective in distinguishing between heat and temperature. Moreover, there were often 

discrepancies between the strategies that teachers said they would use during interviews 

and those that they actually did use in their classrooms.  

Monet and Ektina (2008) carried out a study with 10 US middle school teachers 

who took part in an inquiry-oriented professional development program in earth science. 

Before and after the program, most teachers felt that the use of inquiry for teaching 

science was quite important. The teachers were given an instrument to assess their 

knowledge of students’ understanding of earth science topics, and their knowledge of 

effective instructional strategies for teaching earth science. Unfortunately, scores for 

science SMK and PCK were not reported separately, but there were significant gains in 

both considered together (40% pre-test and 69% posttest). Monet and Ektina found links 

between science SMK and PCK. First, those teachers with lower initial science SMK 

focused on improving their own science SMK, while those with higher initial science 

SMK focused on students’ understanding and instructional strategies. Second, teachers 

with high initial science SMK asked higher-level questions about science content and 

pedagogy than did those teachers with lower initial science SMK. 
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Akcay (2007) carried out an in-depth study of the use of inquiry by one US 

middle school teacher. This teacher took part, along with 30 others, in a yearlong 

constructivist and inquiry based professional development program, consisting of a three-

week summer institute, a three-day fall, ongoing meetings and discussions with program 

staff and fellow teachers, and a three-day spring course in which participants reported on 

their inquiry experiences. Akcay found that the teacher’s views about what students and 

teachers should be doing in the classroom became more constructivist in nature. 

Videotaped observations of her classroom teaching after the fall and spring courses 

suggested that she improved her knowledge of effective teaching practices and her 

knowledge of students’ understanding, and that her teaching had become more student-

centered and inquiry-focused. This is of course a very small sample of one teacher and it 

may not transfer to other contexts directly.  

In a study by Schneider, Krajcik, and Blumenfeld (2005), four US middle-school 

teachers were followed as they used reform-based curriculum materials to enact an eight-

week inquiry investigation about motion and forces with grade 8 students. Teachers had 

the opportunity to become familiar with the force and motion unit during a two-week 

summer workshop and they were given further support during monthly half-day sessions 

and weekly school visits when they were enacting the inquiry unit. The main data source 

was videotapes of the teachers’ classrooms during teaching. It was found that the 

enactments of two teachers were a good match to the intended enactment while the other 

two teachers’ enactments did not match very well. The authors conclude that reform-

based curriculum materials, together with other support (summer workshops, monthly 

and weekly meetings, and institutional support), can be an effective way for teachers to 
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learn teaching practices that better support student inquiry and collaboration. However, 

several questions remain: Why are some teachers better than others in using the 

curriculum materials to enact inquiry? Which aspects of this program were most 

important for successful enactment of inquiry? Does the level of teacher SMK matter? 

Krall, Straley, Shafer, and Osborn (2009) studied the implementation of a blended 

learning3 program with 43 grade 4-8 teachers in rural Appalachia (the instructor and 

teachers did not meet, but teachers met face-to-face). The authors used a pre- and post- 

survey to show that after the program teachers felt better prepared to design experiments 

and do hands-on activities with students, have students work in groups, make connections 

to real-world examples, and use multiple strategies to address students’ learning needs. 

However, preparedness may not equal intent and the teachers were not observed or 

interviewed to check these self-reports. 

Owston, Sinclair, and Wideman (2008) report on a one-year blended learning 

program with 65 Ontario grade 6-8 teachers that had goals of improving teacher science 

attitudes, knowledge, and classroom practice, and student science attitudes, engagement, 

and learning. The program consisted of two cycles of a one-day face-to-face session 

followed by an eight-week online session. During the face-to-face sessions, teacher teams 

carried out hands-on activities and shared their experiences in trying ideas and activities 

in their classrooms. During the online sessions, teachers downloaded teaching resources, 

took part in live chat sessions, discussed the implementation of activities in their classes, 

and posted reflective journals. From a questionnaire given at the beginning and end of the 

program it was found that teachers: became more skilled in questioning students; had 
                                                        
3 Here, “blended learning” refers to a combination of face-to-face and distance 
learning/online professional development.  
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students work in groups more often; shifted from lecturing, demonstrations, and use of 

textbooks to open-ended classes where students designed and carry out experiments; and 

made more use of everyday materials for science activities. These self-reported changes 

in practice were generally supported by interviews of school principals. Classroom 

observations pre- and post- showed mixed results, with only 8 of 13 post-lessons judged 

to be stronger then the pre- lessons (stronger lessons were those in which better 

connections were made with previous learning, deeper questions were asked of students, 

and more use was made of small-group hands-on activities and whole-class discussions).  

Blended learning programs appear to have potential for improving the science 

PCK of middle school teachers. However, gains in teacher science PCK were not 

connected with specific aspects of these programs, and one would like to know if there 

were differences in the effectiveness of the face-to-face and online components. 

University courses. Jones, Carter and Rua (1999) investigated the development of 

science PCK in two groups of US elementary and middle school teachers enrolled in a 

one-semester constructivist-based science methods graduate course focused on light, 

sound and electricity. The participants interviewed elementary and middle school 

students to explore the students’ understanding and read papers on students’ science 

conceptual development. In pairs teachers developed science lessons and observed each 

other teach those lessons to students. Teacher journals showed that interviews with 

students allowed the teachers to become aware of the misconceptions that these students 

held. The teachers also became aware that didactic teaching strategies (e.g., teaching as 

verification, note-taking, and worksheets) were not effective and their teaching became 

more constructivist—they began to probe for students’ initial conceptions and to teach for 
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understanding, which led to improved student learning. Thus these teachers improved 

their knowledge of student thinking and misconceptions and effective science 

instructional strategies. The main reason for this growth of science PCK was the 

opportunity for teachers to work directly with students. 

Khourey-Bowers and Fenk (2009) reported on 69 US grade 4-9 teachers taking a 

constructivist-based chemistry graduate course. The teachers were asked to write a paper 

on their design and implementation of a conceptual change unit for their students, and 

five of these papers were examined for teacher science PCK. Khourey-Bowers and Fenk 

found that all teachers included examples of students’ thinking and reflected on how the 

lesson went. All five teachers also showed enhanced science PCK through the elicitation 

of misconceptions and the use of bridging activities and models, hands-on activities, and 

class discussions to share ideas. It was found that those teachers with greater SMK 

showed higher levels of pedagogical content knowledge.  

Summary of non-lesson study approaches. All of these programs resulted in 

improved teacher PCK in science, specifically knowledge of how students learn and their 

areas of difficulty, knowledge of students’ existing ideas and alternative conceptions, and 

knowledge of effective science teaching strategies. The key factors leading to growth of 

teacher science PCK are social constructivist approaches (a focus on student thinking, 

hands-on inquiry, and group discussions), opportunities to work with children (through 

student interviews and teaching), and opportunities to collaborate with fellow teachers. In 

some studies (Magnusson & Krajcik, 1993; Magnusson, Borko, and Krajcik, 1994; 

Schneider, Krajcik, & Blumenfeld, 2005) teachers did not progress equally in their 

development of science PCK. One possible explanation for this finding is a link between 
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science SMK and PCK; for instance, Monet and Ektina (2008) and Khourey-Bowers and 

Fenk (2009) found that those teachers with higher initial SMK had the most improvement 

in science PCK.  

These studies are limited in several ways: no teacher interviews were done in any 

study; classroom observations were only carried out in some studies (Schneider, Krajcik, 

& Blumenfeld, 2005; Akcay, 2007; Owston, Sinclair, & Wideman, 2008); it is sometimes 

unclear which program components were most effective in improving teacher science 

pedagogical content knowledge (Schneider, Krajcik, & Blumenfeld, 2005; Akcay, 2007; 

Owston, Sinclair, & Wideman, 2008); in some programs, teachers did not have the 

opportunity to work directly with children (Magnusson & Krajcik, 1993; Magnusson, 

Borko, & Krajcik, 1994; Monet & Ektina, 2008; Krall, Straley, Shafer, & Osborn, 2009); 

it is not practical for all teachers to take part in summer institutes or university courses; 

and none of the programs were designed or led by teachers. 

Lesson study in mathematics and science. A body of research has found that 

participation in lesson study leads to improved mathematics or science PCK for North 

American preservice and inservice elementary mathematics (Cady, Hopkins, & Hodges, 

2008; Moss, 2008; Chassels and Melville, 2009; Harle, 2009; Fernandez, 2010; Moss, 

Messina, Morley, & Tepylo, 2011; Tepylo & Moss, 2011) and science (Marble, 2007; 

Fortney, 2009) teachers. Specifically, lesson study results in better teacher understanding 

of student ideas and alternative conceptions and more effective teaching strategies. This 

research also shows that lesson study involves the use of more constructivist approaches 

to mathematics and science teaching, including the use of inquiry. The opportunities 

presented by lesson study for teacher collaboration and reflection, and its focus on 
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student conceptions and learning, are identified as particularly important for changes in 

teacher professional content knowledge. However, there is a lack of research examining 

the impact of lesson study on the science PCK of inservice middle school teachers in 

Canada. 

Science Teachers’ Confidence in Teaching Science Through the Lens of Self-

Efficacy  

For the purposes of this dissertation, self-efficacy is based on Bandura’s (1977, 

1986, 1993, 1997) social cognitive theory, and is defined as a teacher’s belief in his or 

her capabilities to effect positive outcomes in the context of science teaching. In addition 

to self-efficacy, Bandura also conceptualized outcome expectancy as a person’s beliefs 

about the consequences of performing a task at the expected level of competence. In their 

development of an instrument to measure teacher efficacy, Gibson and Dembo (1984) 

identified two factors that they called personal teaching efficacy (PTE) and teaching 

efficacy (GTE), and which they related to Bandura’s (1977) self-efficacy and outcome 

expectancy, respectively. In the context of science teaching and learning, Riggs and 

Enochs (1990) conceptualized PTE and GTE as personal science teaching self-efficacy 

(PSTE) and science teaching outcome expectancy (STOE), respectively. PSTE can be 

defined as a teacher’s belief in his or her ability to plan, organize, and execute science 

teaching that leads toward positive student outcomes, while STOE refers to a teacher’s 

beliefs that if one performs such a task successfully, that this will lead to the desired 

result. In the teaching context, STOE can be defined as a teacher’s belief in his or her 

students’ ability to learn (Ashton & Webb, 1986), or it can be related to external factors 

that may constrain student learning (Gibson & Dembo, 1984). This dissertation, will use 
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Riggs and Enoch’s (1990) conceptualization of self-efficacy, appropriate for the science 

context of this study.  

According to Bandura (1997) there are four major sources of teacher self-

efficacy: mastery experiences (direct teaching experiences which are both challenging 

and successful), for example when individuals succeed in a given task their self-efficacy 

may increase, and it may lower if they fail at the task; vicarious experiences (when 

teachers watch colleagues of similar ability teach difficult ideas successfully); social and 

verbal persuasion (when teachers are given encouragement and praise), which may 

prompt the individual to attempt new strategies and/or try harder to succeed; and 

physiological and emotional states (if an individual is excited about a task their self-

efficacy increases, but if they are anxious and worried their self-efficacy may decrease). 

It has been found that mastery experiences are the most powerful of these sources 

(Bandura, 1994). 

The importance of teacher self-efficacy. Research has found that high teacher 

self-efficacy has strong positive effects on teacher instructional practices and student 

achievement (Angle & Moseley, 2009; Ashton & Webb, 1986; Allinder, 1995; Bruce, 

Esmonde, Ross, Dookie, & Beatty, 2010; Goddard, Woolfolk Hoy, & Hoy, 2000; 

Lakshmanan, Heath, Perlmutter, & Elder, 2011). Teachers with high self-efficacy are 

more likely to persist with challenging teaching goals, generally have higher expectations 

for students, usually have more positive relationships with their students, and are more 

likely to carry out student-directed teaching strategies and to experiment and take risks in 

the classroom (Puchner & Taylor, 2006; Bruce, Esmonde, Ross, Dookie, & Beatty, 2010; 

Lakshmanan, Heath, Perlmutter, & Elder, 2011). Teachers with higher self-efficacy 



 

 

42 

spend more time teaching science and developing science concepts, use more innovative 

teaching strategies, and experience more enjoyment doing science outside the classroom 

(Riggs & Jesunathadas, 1993; Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998). Bruce, 

Esmonde, Ross, Dookie, & Beatty (2010) outline how teacher persistence, higher student 

expectations, and more effective classroom management strategies lead to student 

persistence, self-regulation, and deep conceptual understanding. These in turn lead 

students to greater achievement.  

Assessment of teacher self-efficacy in science. Various methods have been used 

to measure teacher science self-efficacy including teacher journals (e.g., Naizer, Bell, 

West, & Chambers, 2003), teacher interviews and focus groups (e.g., Khourey-Bowers & 

Simonis, 2004; Lakshmanan, Heath, Perlmutter, & Elder, 2011), post-course evaluations 

(Khourey-Bowers & Simonis, 2004), and classroom observations (Roberts, 2010; 

Lakshmanan, Heath, Perlmutter, & Elder, 2011). However, teacher surveys are the most 

common way in which teacher self-efficacy has been measured (for detailed historical 

reviews, see Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998; Tschannen-Moran, & 

Woolfolk Hoy, 2001). The Gibson and Dembo (1984) instrument was based on 

Bandura’s social cognitive theory and self-efficacy construct (Bandura, 1977) and 

measured both personal teaching efficacy and outcome expectancy. Riggs and Enochs 

(1990) developed a version of the Gibson and Dembo instrument specifically to measure 

science teaching efficacy—the Science Teaching Efficacy Belief Instrument (STEBI). 

The STEBI-A (the version for inservice teachers) is a 25-item questionnaire in a 5-point 

Likert-response format that measures both personal science teaching efficacy (PSTE) and 

science teaching outcome expectancy (STOE). The STEBI is by far the most commonly 
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used instrument to measure science teacher self-efficacy and many studies have shown 

that it is a highly reliable instrument. In this study, the STEBI-A instrument is used to 

gather science self-efficacy information, which can be used to gain insight into the 

confidence of the Mackenzie teachers in conjunction with transcripts of teacher 

interviews and group meetings. 

 The focus of this study is on teachers’ confidence in teaching science through the 

lens of self-efficacy. It is clear that confidence and self-efficacy are separate but related 

concepts. Bandura (1997) discussed the differences between self-confidence and self-

efficacy, stating that confidence is a general term that is concerned only with strength of 

belief, while self-efficacy represents both “affirmation of capability and strength of that 

belief” (p. 382). Cramer, Neal, and Brodsky (2009) summarize the differences between 

self-efficacy and confidence in terms of definition, components, target, theoretical basis, 

empirical support, and utility (see their Table 1, p. 323). In the context of this study, 

teachers’ confidence in teaching science refers to teachers’ feelings about their ability to 

teach science, while teachers’ self-efficacy in teaching science refers to teachers’ beliefs 

of their capabilities to effect desired outcomes in the context of teaching science. The 

literature on self-efficacy synthesized above provides a framework for making sense of 

documented changes in the confidence in teaching science of the teachers in this study.  

Approaches to improve US and Canadian middle school teachers’ self-

efficacy and/or confidence in teaching science. This section reviews the following 

approaches used to increase the self-efficacy and/or confidence of US and Canadian 

elementary and middle school teachers in science and mathematics, including summer 
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professional development programs, university courses, longer-term professional 

development programs, and lesson study. 

Summer professional development programs. Naizer, Bell, West, and Chambers 

(2003) presented a study of 17 US K-8 teachers who took part in a three-week inquiry-

based summer institute. The teachers were given content instruction, took part in hands-

on activities, and had the opportunity to team teach the material to Grade 2-6 children. 

The teachers were given a modified version of the STEBI before and after the summer 

institute that showed that both PSTE and STOE had increased, but not significantly. 

Teacher journals indicated increased confidence in teaching science and in teaching 

through inquiry. The greatest benefits reported by teachers were the opportunities to work 

with their colleagues and to teach small groups of children.  

Swackhamer, Koellner, Basile, and Kimbrough (2009) administered an online 

survey to 88 US middle-school teachers who had taken at least one summer course in 

science or mathematics as part of a 5-year NSF-funded program. The courses were 

designed to increase teacher science and mathematics SMK and PCK and were developed 

and co-taught by science and mathematics faculty and K-12 teachers. The STEBI was 

given to assess teacher PSTE and STOE. The STOE scores were significantly higher for 

those teachers who had taken four or more courses as compared to those who had taken 

1-3 courses, however no significant differences in PSTE were found between these two 

groups. In post course surveys high-efficacy teachers reported these aspects of the 

courses to be most valuable: improved content knowledge and conceptual understanding 

through inquiry-based activities and peer interaction, student-centered learning through 

classroom activities and labs, and the technological, Internet, and curriculum resources 
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provided. PSTE may not have been significantly affected by the number of courses taken 

because these were experienced teachers with already high levels of PSTE. An important 

limitation of this study is that teacher self-efficacy was not measured before courses were 

taken. Therefore, the authors are not able to determine if and how the self-efficacy of 

individual teachers changed as a result of taking these courses.  

University courses. Slater, Carpenter, and Safko (1996) discuss a constructivist-

based astronomy course taken by 15 US elementary and 10 middle/secondary teachers in 

1992-1993. The course consisted of inquiry-oriented activities, classroom discussions, 

and exploration activities, and teachers worked in grade-level groups to develop 

classroom materials for their own teaching. A pre- and post-course survey (a non-STEBI 

5-point Likert style questionnaire) revealed significant improvements in confidence in 

teaching astronomy. Focus groups supported the survey results and showed that after the 

course the teachers had more positive attitudes toward and greater confidence in teaching 

astronomy, as well as improved instructional strategies. One limitation of this study is the 

use of a non-STEBI survey, which makes it difficult to compare with other studies.  

In a follow-up, Slater, Safko, and Carpenter (1999) surveyed 20 of the same 

teachers four years later. The teachers were given 10 items that appeared on the original 

pre- and post- survey, two of which assessed their confidence in teaching astronomy. 

There were no significant differences in teacher confidence between the four-year post-

test and the original post-test despite the lack of interaction between the teachers and 

course instructors during this time. In other words, it appears that constructivist designed 

courses can be effective in enhancing and maintaining teacher confidence over the long 

term. This is one of a very few studies that has looked at longitudinal studies of teacher 
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confidence. Slater, Safko, and Carpenter mention the possibility that only the most 

motivated (and possibly most efficacious) teachers responded to the survey, and they also 

speculate that shorter-duration professional development such as seminars or workshops 

would not achieve such long-term gains in confidence.  

Khourey-Bowers and Fenk (2009) report on 69 US grade 4-9 teachers who took a 

constructivist-based chemistry graduate course (80 contact hours over six months) taught 

by a university science educator, a chemistry professor, and two chemistry teachers. 

During the course teachers took part in inquiry and problem-based investigations and 

group discussions, reported on the implementation of a conceptual change lesson in their 

own classrooms, and created a unit plan with a week of science lessons. Significant gains 

in teacher PSTE were found after taking part in the course (note that STOE was not 

examined). Khourey-Bowers and Fenk present possible reasons for these gains in PSTE: 

many opportunities for discussion, investigation, and peer interaction; achievement of 

mastery experiences through implementing new teaching strategies with their students 

and designing lessons; and time for reflection. However, these possibilities are not 

systematically investigated to see which might be most important in increasing teacher 

self-efficacy. 

Longer-term professional development programs. Khourey-Bowers and Simonis 

(2004) assessed a yearlong inquiry-based chemistry professional development program 

carried out with four cohorts of US grade 4-9 teachers over four years. Each year, a group 

of 31-37 teachers were given 10 days of professional development consisting of 

instruction in fundamental chemistry concepts, exploration through hands-on activities, 

discussions of theories of learning, and presentation of hands-on science activities to 
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middle school students during a “Kids’ Science Day”. Sources of data included 

administration of the STEBI to all teachers at the beginning and end of the school year, 

post-course evaluations, and interviews with selected participants. The STEBI data 

showed significant gains in teacher PSTE and STOE for each of the four years (it is 

unusual for professional development to change STOE). Teacher interviews revealed that 

the most important contributor to PSTE was increased chemistry SMK and PCK through 

the use of hands-on activities (mastery experiences). Important contributors to teacher 

STOE were opportunities to watch other teachers’ model lessons (vicarious experiences) 

and collaboration, social interactions and frequent academic feedback (social persuasion). 

A limitation of this study is that the teaching in this program did not take part in the 

teachers’ classrooms: taking part in a children’s science day is much different from 

teaching one’s own students.  

Lakshmanan, Heath, Perlmutter, and Elder (2011) assessed a professional 

development program in which 107 US grade 5-8 mathematics and science teachers 

participated over three years. The teachers attended summer science content courses 

emphasizing inquiry-based teaching methods and took part in professional learning 

communities that met monthly throughout the school year. During the monthly meetings 

the teachers engaged in hands-on learning experiences, shared resources, discussed 

content knowledge and best practices, and designed instructional materials for their 

students. Data sources included surveys, classroom observations, focus groups, and 

teacher interviews. Teacher self-efficacy was measured five times during the program 

using the STEBI, and the Reformed Teaching Observational Protocol (RTOP) was used 

at four points to assess the extent to which teachers taught using constructivist, inquiry-



 

 

48 

based methods. The authors found significant and steady gains in PSTE over the five 

observations, with the greatest gains found for those teachers who started with lower 

PSTE. There were no significant changes in STOE over this time. It was found that as 

teacher PSTE and STOE increased so did RTOP scores; in other words self-efficacy and 

reform-based teaching practices go hand-in-hand (but it is not possible to say whether 

there is a causal link between them). The authors propose that the gains seen in teacher 

PSTE arose from: achievement of mastery experiences through successful application of 

knowledge and skills from the professional development program in their own 

classrooms, vicarious experiences through observing and discussing with other teachers, 

verbal and social persuasion through group collaboration and encouragement, and the 

opportunity for teachers to critically evaluate their classrooms and be actively involved in 

instructional development. Thus participation in professional learning communities can 

lead to increased teacher self-efficacy, supporting previous research linking teacher 

collaboration and self-efficacy (e.g., Bruce, Esmonde, Ross, Dookie, & Beatty, 2010; 

Sinclair, Naizer, & Ledbetter, 2011).  

These two studies of longer-term programs featured a richer array of data sources 

than the shorter-term studies (e.g., the study by Lakshmanan, Heath, Perlmutter, and 

Elder (2011) measured self-efficacy five times over three years). Both studies found 

gains in teacher PSTE and STOE and the authors carefully show how these programs 

captured three of the four important sources of self-efficacy identified by Bandura 

(1977): mastery experiences, vicarious experiences, and verbal and social persuasion. 

The program reported on by Lakshmanan, Heath, Perlmutter, and Elder (2011) is 

noteworthy because it combined summer courses and participation in professional 
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learning communities and because it was the longest-term study discussed here. These 

authors feel that the collaboration inherent in professional learning communities was the 

largest contributor to growth in teacher self-efficacy.  

Lesson study in science and mathematics. Roberts (2010) looked at the impact of 

a six-month lesson study collaboration on the self-efficacy of six US inservice middle 

and high school science teachers. She found that the planning, public lesson, and post-

lesson debriefing phases of the lesson study met most of the 16 characteristics that 

Haney, Czerniak, and Lumpe (1996) believe promote teacher self-efficacy. Roberts found 

that five teachers had higher self-efficacy after the lesson study, as measured by the 

STEBI. Teacher interviews, observations of lesson plan meetings, and classroom 

observations supported this finding, with participants reporting that lesson study was a 

positive experience, that it increased their confidence in teaching science, and that they 

had more confidence in their students’ abilities to learn science. There appear to be three 

main reasons for these increases in teacher self-efficacy. First, lesson study was perceived 

to be a “professional” form of teacher learning which allows the sharing of teacher 

knowledge in a supportive and collaborative environment. Second, lesson study was seen 

as a constructivist form of professional learning whereby teachers are active participants 

in their professional and personal growth. Third, lesson study structures and protocols 

allowed teachers to focus on making objective observations about student learning. 

Roberts notes that lesson study takes a significant amount of time and that administrative 

support is crucial for its success.  

 Jelinek and Porter (2009) report on lesson study in science done with six teams of 

US inservice teachers. Each team taught a science lesson twice, and the teachers were 
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asked to assess their confidence in teaching science before and after the study. It was 

found that 57% of the teachers felt confident to teach science at the beginning of the 

study, while 81% of the these teachers felt confident to teach science six months later at 

the end of the study. Similar increases in teacher confidence in using hands-on strategies 

for teaching science were also found. The teachers identified collaboration with peers, a 

university facilitator, new teaching resources, and planning time as important factors for 

their increased confidence. 

Several studies have found that participation in lesson study leads to increased 

confidence or self-efficacy for North American inservice mathematics teachers (Rock & 

Wilson, 2005; Puchner & Taylor, 2006; Lieberman, 2009; Sibbald, 2009; Bruce, 

Esmonde, Ross, Dookie, & Beatty, 2010). A common and important factor for this 

increase in self-efficacy is the peer collaboration inherent in lesson study. Puchner and 

Taylor (2006) found that a group of four elementary mathematics teachers increased their 

self-efficacy through implementing a lesson that very successfully engaged and 

motivated a group of students for whom they had low expectations. These teachers 

believed that their careful planning and collaboration in designing the lesson were largely 

responsible for its success, and this increased their self-efficacy. Sibbald (2009) 

developed a model linking lesson study to self-efficacy with important factors being the 

sharing of mathematics SMK and PCK by teachers in lesson study groups, the supporting 

role of the larger community of practice, and teacher reflection. 

Summary. These studies demonstrate that a range of approaches can increase 

teacher science confidence or self-efficacy (PSTE in particular; the results for STOE are 

less clear). It appears that social constructivist approaches are especially useful for 
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improving confidence or self-efficacy. In particular, teachers need opportunities to: take 

part in hands-on inquiry activities, collaborate with fellow teachers, and work directly 

with children. Khourey-Bowers and Simonis (2004) and Lakshmanan, Heath, Perlmutter, 

and Elder (2011) find that longer-term programs can meet at least three of Bandura’s 

(1977) four important sources of self-efficacy. Work by Morrison, Walker, Wakefield, 

and Solberg (1994), Chase, Germundsen, Brownstein, and Distad (2001), and Ross and 

Bruce (2007) supports the idea that professional development that incorporates teacher 

collaboration is beneficial for teacher self-efficacy. 

 However, the studies reviewed above also suffer from several limitations: many 

of these studies (Naizer, Bell, West, & Chambers, 2003; Slater, Carpenter, & Safko, 

1996; Slater, Safko, & Carpenter, 1999; Roberts, 2010) do not differentiate between 

middle school and elementary or high school teachers, making it impossible to determine 

changes in confidence or self-efficacy for middle-school teachers alone; in some studies 

it is not clear which aspects of the intervention were most important for increased teacher 

confidence or self-efficacy (Slater, Carpenter, & Safko, 1996; Khourey-Bowers & Fenk, 

2009); with the exception of the longer-term programs (Khourey-Bowers & Simonis, 

2004; Lakshmanan, Heath, Perlmutter, & Elder, 2011; Roberts, 2010), teacher interviews 

were either not done or presented, precluding a more complete understanding of the 

factors responsible for gains in confidence or self-efficacy; with the exception of the 

Roberts (2010) lesson study project, none of the programs were designed or led by 

teachers; it can be difficult for teachers to take part in professional development programs 

which take place outside the school (e.g., summer institutes or university courses); and 

none of these studies were done with Canadian middle school science teachers.  
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Lakshmanan, Heath, Perlmutter, and Elder (2011) and Roberts (2010) show that 

teacher self-efficacy can be significantly improved through participation in professional 

learning communities (PLCs). Lesson study is one example of a PLC, and provides 

opportunities for teachers to experience the four sources identified by Bandura (1977; 

1994) as most important for influencing self-efficacy: (1) teachers have the opportunity to 

achieve mastery experiences through designing and teaching lessons to their students, (2) 

teachers take part in vicarious experiences through observing and critiquing the teaching 

of their colleagues, (3) teachers have many opportunities for social and verbal persuasion 

through collaboration and interactions with group members, and (4) lesson study is a very 

collegial form of professional development that contributes to improved physiological 

and emotional states.  

My study incorporates the factors identified in previous studies that were most 

effective in increasing teacher confidence or self-efficacy: teachers had many 

opportunities to closely collaborate with their colleagues and build trust, teachers were 

able to carry out hands-on inquiry activities, and teachers were able to work with their 

own students. Finally, this study improves upon previous work in three principal ways: I 

obtained quantitative (STEBI) and qualitative (teacher interviews and classroom 

observations, recordings and notes from group meetings, and teacher reflections) data; 

this lesson study project is school-based and ran during the school year, making it easier 

to implement than other approaches; and this study is perhaps the first to examine the 

impact of lesson study on the confidence of Canadian middle school science teachers.  
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Chapter 3 

Method 

In this Chapter I present: the research design of this study; research context 

(description of the school board and school in which the research took place); participant 

recruitment; information about teacher participants; funding of the research; data sources 

and analysis; a discussion of the trustworthiness of the study; and details of the ethics 

clearance and Board approval for the study. 

Research Design 

Qualitative Research Study 

This study is a qualitative study of the learning and perspectives of six middle-

school teachers who took part in a lesson study experience. This study is based on a 

qualitative research worldview and is exploratory, interpretive, descriptive, and 

particularistic. Qualitative research recognizes the existence of multiple realities and 

assumes that “the world is not an objective thing out there but a function of personal 

interaction and perception. It is a highly subjective phenomenon in need of interpreting 

rather than measuring” (Merriam, 1988, p. 17). Under these assumptions, qualitative 

research focuses on process, meaning, and understanding. Since this study is concerned 

with meaning (i.e., teachers’ perspectives on lesson study) and process (i.e., 

documentation of the lesson study process), rather than isolating or locating specific 

causes for events, a qualitative rather than quantitative methodology is appropriate.  
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Research Design 

 A case study approach was used in this study. Creswell (2007) defines case study 

research as 

A qualitative approach in which the investigator explores a 
bounded system (a case) or multiple bounded systems 
(cases) over time, through detailed, in-depth data collection 
involving multiple sources of information (e.g., 
observations, interviews, audiovisual material, and 
documents and reports), and reports a case description and 
case-based themes. (p. 73) 

 
A case study is an appropriate research design when a researcher’s object of study is a 

clearly identifiable case with boundaries and when the aim of the research is to create an 

in-depth understanding of the case (Creswell, 2007). A case study approach is also 

appropriate when the research addresses questions that are either descriptive or 

explanatory in nature (Yin, 2012). A case study methodology is a good fit for this study 

since it seeks through the use of multiple sources of data, to provide a thick description of 

the perspectives of, and learning gained by, a particular group of teachers as they engaged 

in lesson study.  

This study has a well-defined case, which comprises the group of six Mackenzie 

teachers who took part in lesson study. Embedded within this case are subunits or 

embedded units of analysis, namely each of the six teachers in the lesson study group. 

The case is bounded by time (taking place over approximately 2.5 months in 2012), space 

(all meetings and teachings took place in the Mackenzie school), and by participants (six 

middle-school teachers). 

Stake (1995) distinguishes between an instrumental and an intrinsic case study. 

An instrumental case study is used to provide an in-depth understanding of an entity, 
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issue, or theme. On the other hand, an intrinsic case study focuses on the case itself, 

which is often unusual or unique. The case featured in this study is an instrumental case 

study, as the focus of this study is not on the case itself. This case was not chosen because 

it was exceptional. Rather, this case was chosen to provide insight into the nature of 

lesson study and how lesson study may be experienced by six typical Canadian middle-

school science teachers.  

Research Context: School Board 

This study took place in an Eastern Ontario school board (referred to as “the 

Board”). The Board was chosen because I had established relations with their 

mathematics and science curriculum team, and we held a joint $10,000 grant from the 

Faculty of Education’s Community Outreach Centre to help implement the study (see 

below). The Board has just over 40 elementary schools, and serves approximately 16,000 

students. Many of these students are from rural schools, and are predominantly 

Anglophone and Caucasian. The percentage of low-income families in the Board is about 

half the Ontario average, while the unemployment rate and percentage of families 

spending more than 30% of their income on housing are similar to the Ontario averages. 

For the 2008/2009 school year, the EQAO results for Board grade 3 and 6 students in 

reading, writing, and mathematics were generally below the Ontario averages. 

Much of the professional development for elementary teachers in the Board is 

done as part of an Ontario initiative “Collaborative Teacher Inquiry” (CTI), which has 

seven key characteristics: teacher inquiry is guided by student learning, and it is 

collaborative, reflective, iterative, reasoned, adaptive, and reciprocal. A CTI program of 

particular relevance to this study is Collaborative Inquiry and Learning in Mathematics 



 

 

56 

(CIL-M), developed by the Ontario Literacy and Numeracy Secretariat to improve the 

teaching and learning of K-6 mathematics. With CIL-M, groups of teachers meet over 

one day to develop, teach and discuss three-part mathematics lessons (activation, 

problem-solving, and consolidation). CIL-M and CTI incorporate many attributes of 

lesson study (a focus on student learning, teacher collaboration, and teacher reflection), 

but over a short one-day timescale. In contrast to CIL-M, this lesson study project was 

based around science and took place over a longer timescale.  

Research Context: School 

The school (hereafter given the pseudonym “Mackenzie”) is located in an urban 

residential setting, with approximately 250 K-8 students. Mackenzie students are 

predominantly English speaking and Caucasian, 22% of students live in lower-income 

households (the provincial average is 16.5%), and nearly 30% of the students in the 

school receive special education services. The school has a high absenteeism rate, and the 

most suspensions of any elementary school in the district. The school catchment area was 

identified by the United Way in 2010 as having a “Somewhat High Risk” Social Risk 

Index (United Way, 2010) and has the highest number of vulnerable children and Lone 

Parent Families in the district. The school receives a grant from the Ministry of Children 

and Youth Services- Poverty Reduction Plan to help provide school meals. It is clear that 

the school serves a high-need population.  
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Non-teacher Participants 

 In addition to the teacher participants who were the focus of this study, three 

individuals from administration participated in this study: (1) Peter4, the Mackenzie 

Principal; (2) Mary, the Board’s Research and Assessment Coordinator; and (3) 

Cameron, the Board’s Science and Technology Coordinator. The Principal and 

Coordinators participated in the lesson study meetings. Their contributions during these 

meetings were included in the field notes that informed the description of the lesson study 

process presented in Chapter 4. Peter, Mary, and Cameron were also interviewed at the 

conclusion of the study. Mary and Peter were interviewed twice and Cameron was 

interviewed once.  

The Principal. Peter gave consent for his school to be involved in the study, he 

was a strong supporter of the study, and he attended two of the three group meetings and 

both of the lesson teachings. At the time of the study, Peter had been Principal at 

Mackenzie for 3 years, and an administrator for 11 years. His basic teacher qualifications 

were in Junior/Intermediate/Senior, and he had additional qualifications as a Special 

Education Specialist, a Contemporary Studies Specialist, and Principals’ Qualifications 

Part I and II. He taught for 7 years, beginning in the secondary panel teaching English 

and Social Sciences, before transferring to the Elementary panel (grades 4-8) teaching 

English and Special Education. 

Board Coordinators. Mary had an undergraduate degree in Psychology and a 

B.Ed. She was an elementary teacher for 11 years, where she taught all subjects, and she 

had been Research Coordinator for five years at the time of the study. Her duties as 
                                                        
4 All names of Board coordinators and consultants, Principals, teachers, and students in 
this study are pseudonyms. 
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Coordinator included supporting: data literacy, school and board improvement planning, 

survey development and analysis, collaborative inquiry evidence gathering, and external 

research applications. Mary helped to secure approval for this project from the Board, 

and she attended the second teaching of the lesson.  

 Cameron had a college diploma and a Diploma in Technological Education, and 

he also had an Additional Qualification as an Honour Specialist in Technological 

Education. Cameron had been with the Board for 25 years and started as a teacher of 

technological education subjects. His portfolio as Science and Technology Coordinator 

includes high school science and technology, business and computers, and social sciences 

and humanities. Cameron also facilitated collaborative inquiry in science and 

technological education in Board schools. Cameron also helped to secure approval for 

this study, he attended all of the group meetings and the first teaching of the lesson, and 

he supplied the hands-on STEM kits that the teachers used for their lesson. Mary and 

Cameron were also instrumental in identifying a school to take part in the study.  

Recruitment of Participating Teachers 

Once the Board approved the study, I worked with Cameron and Mary to recruit 

teacher participants. Lesson study groups of 4-6 participants have been found to be 

optimal (Lewis, 2002; Fernandez, 2002), and I hoped to find 4-6 grade 6-8 teachers in 

one school. It was decided that Cameron and Mary would approach schools that they 

thought might be interested, focusing on those that had taken part in related professional 

development (e.g., CIL-M). Cameron and Mary approached schools in the first half of 

January 2012. By mid-January, a school (Mackenzie) had been found with six grade 6-8 
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teachers interested in taking part. Below, I give more information about the teacher 

participants. 

Information about Participating Teachers 

The following information about the six teacher participants was collected from a 

questionnaire given at the end of the first meeting (to all teachers) and from an online 

survey which was completed by three teachers (Betty, James, and Robert).  

Basic teacher information. Table 3.1 shows background information for the six 

teachers who took part in this study. All except James had a full-time contract at 

Mackenzie, and all teachers held university Bachelor degrees. Table 3.1 shows that this 

was a relatively young group of teachers, with 10 or fewer years of teaching experience. 

Four of the six teachers took some science courses during their undergraduate degrees.
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Table 3.1 

Basic Teacher Information 
Teacher Age Years of 

Teaching 
Experience 

Years at 
Present 
School 

Grade(s) 
Taught 2011-
2012 

Basic Teaching 
Qualifications 

Additional 
Qualifications 

Academic Science 
Background 

Robert 30 5 2 6/7 Primary/Junior Reading Part 1 
Special Education 

High school Biology 
and Chemistry 

Betty 33 10 2 7 Junior/Intermediate Mathematics Part 1 
Reading Specialist 

High school: 
Biology/Chemistry 
University: degree in 
Natural Science 

Sharon 28 5 4 8 Primary/Junior/ 
Intermediate 

Special Education 
Intermediate Math 

High school and 
university: 
Chemistry, Biology, 
Physics, Physical 
Geography 

Karen 25 3 4 8 Primary/Junior/ 
Intermediate 

Reading Part 1,2 High school: Physics 
University: Anatomy, 
Physiology 

James 28 5 1 8 Junior/Intermediate Special Education 
Part 1,2 
Guidance Part 1 

High school: 
Chemistry 

Helen 34 6.5 5 Primary/ 
Junior Prep 

Primary/Junior/ 
Intermediate 

Phys Ed University: Biology, 
Environmental 
Science 
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Additional teacher information. Here I provide further relevant information 

about each teacher. 

Karen: Karen had the fewest years of teaching experience, and she had not 

previously taken part in professional development in science or mathematics. Prior to the 

study, Karen reported that she occasionally used textbooks, often used worksheets and 

demonstrations, seldom conducted labs, and occasionally incorporated hands-on inquiry 

into her science teaching. Her goals for the lesson study project were: to build upon her 

science knowledge and teaching; to gain new ideas and activities, and better ways to 

teach science; to gain insight into her science teaching from her colleagues; and to 

develop experience in inquiry-based approaches to science teaching. She reflected that: 

“What I count as success at the end of this study is to have a lesson that engaged students, 

that provided a great learning experience for the students and myself. And gave me more 

tools and knowledge to become a more confident/strong science teacher.” 

Betty: Betty had the most teaching experience, and she taught the lesson the 

second time. She had been involved in several professional development initiatives in 

mathematics: (a) the Ontario Numeracy Assessment Package (ONAP); (b) a 

Differentiated Instruction initiative in Grade 7/8/9; (c) writing long-range plans for the 

Board; (d) a CIL-M participant; (e) a co-facilitator of a project with the Ontario Literacy 

and Numeracy Secretariat; and (f) a Provincial Mathematics Coach. Betty reported before 

the study that science was her least favourite subject, because of a lack of teaching 

resources and materials. She also reported that she often used textbooks and worksheets, 

seldom conducted demonstrations or labs, and occasionally used hands-on inquiry in her 

science teaching. Betty’s goals for the lesson study project were to apply her learning in 
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science teaching to other science strands, and to learn more about inquiry teaching and 

how it can apply to student engagement and learning (she felt that this would increase her 

confidence, knowledge and understanding).  

Helen: Helen had the most years of teaching experience after Betty. Although 

Helen was working as a Primary/Junior prep teacher at the time, she had previously 

taught in the intermediate division at Mackenzie, and was thus included in the study. She 

had some experience in collaborative professional development in mathematics. Helen 

reported that she often used textbooks, worksheets, and demonstrations, never conducted 

labs, and occasionally used hands-on inquiry in her science teaching. Her goals for the 

lesson study project were: to help remind her of the science curriculum, and to 

reintroduce ideas she hadn’t considered for a while; to remind herself about the value of 

teaching through “big ideas” and inquiry-based learning, which she feels is better for her 

students; to boost her confidence through “team constructing” and team-teaching, as she 

feels that “collaborative planning is always beneficial”; and to gain experience in co-

planning and co-teaching. Helen said “I have always found that my best planning comes 

to the surface when I have the opportunity to co-plan and co-teach.” 

Sharon: Sharon had a strong science background, had been teaching for 5 years, 

and was still on maternity leave when the study began (she began teaching again midway 

through the study). She also taught the lesson the first time. This speaks to her 

commitment to her professional development and to this study. She was a very confident 

teacher, and had high expectations for herself, for her students, and for her colleagues. 

Sharon had previously taken part in mathematics professional development through 

ONAP, and had some familiarity with lesson study through seeing a video and reading 
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some articles. Sharon reported that she seldom used textbooks, never used worksheets, 

often conducted demonstrations but not labs, and occasionally used hands-on inquiry in 

her science teaching. Her goals for the lesson study project were: to collaborate with her 

colleagues; to build confidence; to produce a good lesson plan; and to engage students.  

James: James was teaching Grade 8 in a Long-term Occasional position as the 

study began, and had not taken any science courses since high school. Prior to the study, 

he had not done any professional development in mathematics or science. Rather, his 

professional development had centered on Special Education and Differentiated 

Instruction, which involved working with other teachers to design plans or lessons. James 

reports that science is “somewhere near the top of my favourite subjects”, and that he 

especially enjoyed being able to carry out hands-on activities. James said that he often 

used textbooks, worksheets, and demonstrations, and occasionally conducted labs and 

used hands-on inquiry in his science teaching. His goals for the lesson study project were 

to improve his science knowledge and confidence in teaching science; to learn new and 

effective ways to teach science; and to collaborate with his colleagues. James was one of 

the more engaged teacher participants, and took on the task of editing the lesson after the 

first teaching.  

Robert: Robert had 5 years of teaching experience at the time of the study, was 

teaching Grades 6/7, and had taken no science courses since high school. Robert provided 

quiet and thoughtful leadership throughout the study. He had previously been involved in   

CIL-M in the Board. Robert reported that he often used textbooks and worksheets, 

occasionally conducted demonstrations but seldom labs, and often incorporated hands-on 

inquiry in his science classes. He reported that science was not his favourite or least 
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favourite teaching subject. His goals for taking part in lesson study were to learn more 

about lesson study as a professional development strategy; to investigate how student 

collaboration impacts their learning; to improve his science knowledge and confidence in 

teaching science; and to develop effective strategies for teaching science.  

Funding 

 I was awarded a grant of $10,000 in 2011 from the Community Outreach Centre 

in the Faculty of Education at Queen’s University to help fund this study. Some of this 

money was used to pay for my travel costs to attend meetings. However, most of the 

money was used to pay for teaching relief to allow the teacher participants to attend 

group meetings, the teachings of the lesson and debriefs, and pre- and post- interviews, 

during school hours. Teachers were given 19 hours of release over 11 weeks to attend the 

above. Without this funding, finding time for this study would have been much more 

difficult. 

Data Sources  

A wide variety of data sources were utilized so as to improve the richness of the 

data and the trustworthiness of the study. 

Teacher Reflections 

 The teachers were asked to provide a written reflection at the end of each group 

meeting and teaching of the Research Lesson. These reflections provide insight into the 

teachers’ perceptions of lesson study, as well as evidence for changes in their science 

SMK and PCK. Reflections were submitted in writing at the end of each group meeting 

(except for the first one) and each teaching of the lesson and teachers spent between 5-10 

minutes writing their reflections. Reflection questions and a summary of teacher 
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responses are presented in Chapter 4, at the end of each group meeting and teaching of 

the lesson.  

Researcher Field Notes and Reflections 

I took field notes during the group meetings, lesson teachings, and participant 

interviews in a researcher journal. In my reflections, written after the group meetings and 

lesson teachings, I summarized the key events that had taken place and highlighted 

important themes that were relevant to my research questions. These data have also been 

used to document my evolving perspectives on this lesson study project, as well as to 

provide additional insight into the perspectives of the other participants. 

Teacher Questionnaire 

At the end of the first group meeting, the teachers were given a questionnaire to 

determine their age, years of teaching experience, level of education, science background, 

additional qualifications held, grades and subjects currently being taught, information 

about any science-related professional instruction they had taken, and their current 

approach to teaching science. This questionnaire can be found in Appendix E. 

Teacher Online Survey 

Between the first and second group meetings, the teachers were asked to complete 

an online survey to provide further information about their professional development 

experience, their science teaching, their likes and dislikes about teaching science, and 

their confidence in teaching science. The survey questions are given in Appendix F. 

Teacher Interviews 

 Each teacher was interviewed twice, with initial interviews between the first and 

second group meetings, and exit interviews after the second teaching of the lesson. These 



 

 

66 

interviews were designed to: (a) assess changes in teacher science SMK and PCK from 

taking part in the study, and (b) to determine teacher perspectives about the study. The 

interviews were audio-recorded and transcribed. I also took field notes during the 

interviews. The assessment of teacher science SMK and PCK in these interviews is now 

described in more detail, followed by further information about the initial and exit 

interviews.  

Assessment of teacher science SMK and PCK. A challenge associated with 

assessment of teacher science SMK and PCK in this study is that the lesson was primarily 

technological in nature (extracting a coin from a jar) and did not directly focus on a 

science content area. However, forces, motion, and simple machines were the science 

concepts most closely related to the lesson, in particular to the hands-on inquiry activity. 

The science education research literature (Kruger, Summers, & Palacio, 1990a,b; Driver, 

Squires, Rushworth, & Wood-Robinson, 1994; Summers & Kruger, 1994; Pine, Messer, 

& St. John, 2001; Knight, 2002; Krall, Christopher, & Atwood, 2009) shows that 

common misconceptions around forces and motion (I was not able to find any research 

literature about misconceptions related to simple machines) include: believing that 

objects at equilibrium or moving at constant speed cannot have (balanced) forces acting 

on them; conversely, that if an object is moving at constant speed, there must be a net 

force acting on it; not knowing that forces come in action/reaction pairs; not realizing that 

friction is a force and that it depends on movement; and not understanding what a force 

is, and not being able to identify all of the forces in a given situation.  

 Questions were designed to assess teacher science SMK and PCK related to 

forces, motion, and simple machines, bearing in mind the common misconceptions 
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discussed above. This assessment was done in two parts. The first part was directly 

related to the lesson, and here the teachers were asked: to discuss and identify forces 

found in the coin extraction apparatus; to say whether they thought the clothes-peg in the 

apparatus was a simple machine, and if so, what kind  (I was looking for “lever”); if they 

did identify the clothes-peg as a lever, the teacher was then given a picture of a clothes-

peg and asked to label the fulcrum, load, and effort, and further questions were asked to 

probe their understanding of how levers work; and if they thought their students would 

have difficulties understanding forces and levers, and if so, what strategies they would 

use to address these difficulties. Note that the first two of these address teacher science 

SMK, while the third addresses teacher science PCK. The questions can be found in 

Appendix G. 

 The second part of the assessment was designed to further probe teacher science 

SMK and PCK around forces. This approach makes use of the “interviews-about-

instances” technique pioneered by Osborne & Gilbert (1980), and used by Kruger and 

collaborators (e.g., Kruger, Summers, & Palacio, 1990a,b). Here the teachers were shown 

pictures of three scenarios, one adapted from the Force Concept Inventory (Hestenes, 

Wells, & Swackhamer, 1992), one taken from the Assessing Teacher Learning about 

Science Teaching (ATLAST) project (Smith & Banilower, 2006), and one adapted from 

Kruger, Summers, and Palacio (1990b). The teachers were then asked open-ended 

questions about these scenarios, which can be found in Appendix H. These questions 

explore teacher knowledge around forces, their understanding of student thinking about 

the scenarios, and what teaching strategies they would use to address any student 

misconceptions. 
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Initial teacher interviews. The initial interviews were carried out on Mar 7 for 

all teachers except Sharon, who was not available that day; Sharon was interviewed after 

the third group meeting on Mar 21. The initial interviews ranged in length from 24-50 

minutes. Ideally, the first interviews would have been carried out before the study began, 

but that was not possible due to logistical reasons. Therefore, the first interviews will not 

truly reflect the science knowledge and teaching practices of the teachers pre-

intervention, but it is felt that most of the gains that teachers might make in their science 

SMK and PCK would occur during the tweaking of the lesson, the teachings of the 

lesson, and the debriefings, which were yet to come.  

 The teachers were first asked questions to assess their science SMK and PCK, as 

described above (Appendices G and H). In the time remaining, each teacher was then 

asked why they decided to take part in the study, about their science teaching, their 

experience with collaborative professional development, and their feelings about the 

study so far.  

Teacher exit interviews. Exit interviews with all teachers except Helen were 

done on April 11, whom was interviewed on April 19 after the final group meeting. 

These semi-structured interviews were between 30 to 40 minutes in length, and were 

audio-recorded and transcribed. Each teacher was first given the STEBI, and then asked 

the same questions to assess their science SMK and PCK as in the initial interviews 

(Appendices G and H). 

 All teachers were then asked a series of semi-structured questions to determine 

their perspectives on the study; for example, what they perceived to be the benefits and 

challenges of the study, how their confidence, science SMK, and science PCK had 
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changed, and to explore their roles as observers and teachers. The set of questions for 

each teacher for this part of the exit interview can be found in Appendix J. In some cases 

there was not time to ask all questions during the oral interviews, and remaining 

questions were followed up through emails to the teachers. 

Follow-up Emails to Teachers 

 Between June 2012 and May 2013, follow-up emails were sent to each teacher to 

explore issues and questions that had arisen from preliminary analysis of the study data. 

These questions are listed in Appendix K for each teacher.   

Interviews and Follow-up With the Principal 

An interview with the Principal, Peter, was carried out on April 19 2012, after the 

final group meeting; this interview lasted for approximately 50 minutes. This was a semi-

structured interview designed to explore Peter’s perspectives on the study, including what 

he felt to be the benefits and challenges of lesson study, his role in the study, and 

comparison of lesson study to other forms of teacher collaborative professional 

development. A second interview with Peter was done on December 7, 2012, 

approximately 20 minutes long. In this interview issues and questions that had arisen 

from a preliminary analysis were explored, including whether lesson study or other 

collaborative teacher professional development were continuing at Mackenzie, and any 

changes that he had noted in the teaching practices and confidence of the teachers who 

took part in the study. Both interviews were audio-recorded and transcribed, and 

researcher field notes were taken. Finally, Peter was emailed on March 22 with further 

questions. The questions from both interviews and the follow-up email can be found in 

Appendices N, O, and P, respectively.  
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Interviews and Follow-up With the Board Coordinators 

 The two Board coordinators, Cameron and Mary, were interviewed on April 24, 

2012. This interview was semi-structured, lasted for approximately 80 minutes, and 

consisted of questions designed to explore their perspectives on the study: what they felt 

to be the benefits and challenges of lesson study, how lesson study fitted with other 

teacher professional development taking place in the Board, and their roles in the study 

(see Appendix S). To further explore issues and questions arising from a preliminary 

analysis, Mary was interviewed a second time on December 7, 2012 for approximately 45 

minutes (see Appendix T for the interview questions; Cameron was not able to be 

interviewed at this time because of work action related to a provincial labour dispute). 

Both interviews were audio-recorded and transcribed. 

The Science Teaching Efficacy Belief Instrument (STEBI) 

The Science Teaching Efficacy Belief Instrument (STEBI) was used to assess the 

teachers’ science teaching self-efficacy. The STEBI is a very widely-used and reliable 

instrument based on Bandura’s social cognitive theory and self-efficacy construct 

(Bandura, 1977, 1997), and is designed to measure the personal science teaching self-

efficacy (PSTE) and science teaching outcome expectancy (STOE) for teachers (Riggs & 

Enochs, 1990; see Chapter 2 for further background about self-efficacy and the history of 

the STEBI). The STEBI-A version of the instrument, designed for inservice teachers, was 

used and consists of 25 questions in a 5-point Likert-response format; see Appendix I. 

The STEBI-A was administered at the beginning of the second group meeting (Feb 28, 

2012) and at the beginning of the teacher exit interviews (April 11 and 19, 2012).  
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Data Analysis 

 This section describes the analysis of the data pertaining to each of the four 

research questions that guided this study:  

• How does participation in a science-based lesson study project influence 

Canadian middle-school teachers with respect to their:  

o Science subject matter knowledge,  

o Science pedagogical content knowledge, and 

o Confidence in teaching science?  

• What benefits and challenges do these teachers associate with taking part in 

lesson study? 

Changes in teacher science SMK. The data that were analyzed to identify gains 

in teacher science SMK were collected during teacher initial and exit interviews. During 

these interviews, teachers were asked: (a) to define a force, (b) to identify and describe 

the forces acting on a coin in a coin extraction apparatus, (c) questions based on three 

“interviews-about-instances” scenarios (a chair at rest on the floor, a book resting on a 

table, and a box resting on a slope), and (d) to identify a clothespin as a lever; and if able 

to do so, identify the locations of the fulcrum, effort and load, and whether it mattered 

where the effort was applied. 

 These data were organized into tables to facilitate the determination of possible 

gains in teacher science SMK—see Tables 5.1-5.6. Table 5.7 provides a summary of 

changes in teacher science SMK. Teachers were considered to have gained in their 

science SMK if: (a) they were able to give a more scientific and precise definition of a 

force at the end of the study, or (b) they were able to identify more of the forces on the 
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coin, the chair, and the box at the end of the study, or (c) they understood that the book 

resting on the table does have forces acting on it at the end of the study, if they did not do 

so before, or (d) they were able to identify the clothespin as a lever at the end of the 

study, if they had not been able to do before, or if they had a better understanding of how 

a lever functions at the end of the study.  

Changes in teacher science PCK. This study examines two dimensions of 

teacher science PCK: teacher knowledge of their students’ understanding of forces, and 

teacher knowledge of strategies to effectively teach about forces. The data that were 

analyzed to identify gains in teacher science PCK were collected during teacher initial 

and exit interviews. During these interviews, teachers were asked: (a) whether they felt 

their students would have difficulty in defining a force, (b) what forces they thought their 

students would identify in the coin extraction apparatus, on a chair at rest on the floor, 

and on a box at rest on a slope, and (c) their assessment of a student’s thinking in regards 

to his/her statement “A book resting on a table doesn’t have any forces acting on it.”  

In a similar manner to the analysis of teacher science SMK, these data were 

organized into tables—see Tables 6.1, 6.2, 6.3, and 6.4. Table 6.5 gives a summary of 

changes in teacher science PCK. Teachers were considered to have gained in their 

science PCK if: (a) they believed that their students would have more difficulty defining 

a force at the end of the study, or (b) they believed that their students would be able to 

identify fewer forces at the end of the study in any of the scenarios, or (c) they presented 

a wider range of strategies for teaching about forces at the end of the study. 

 In addition to the use of these tables, transcripts of teacher interviews and 

reflections, group meetings, and lesson teachings were examined for additional evidence 
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of changes in teacher science PCK. This examination was facilitated by the use of NVivo 

10 (NVivo, 2012), a qualitative data analysis software program. All transcripts were 

imported as sources into NVivo. Themes identified from my research journal were used 

as preliminary NVivo analysis codes (or “nodes” in NVivo), and a final list of codes was 

produced after a first coding pass and a re-reading of the transcripts. The final codes were 

then used to do a final coding pass in NVivo. Coding involved the selection of relevant 

quotes from the transcripts to support each of the analysis codes. Furthermore, 

examination of the transcripts in NVivo revealed two emergent themes related to teacher 

science PCK: a greater use of three-part lessons in science teaching, and more integration 

of hands-on activities in science teaching.  

Changes in teacher PK. Changes in teacher Pedagogical Knowledge (PK) was 

an unanticipated theme that emerged in this study. PK is defined here as “knowledge of 

instructional principles, classroom management, learners and learning, and educational 

aims that are not subject-matter-specific” (Abell, 2007, p. 1120). The process of 

identifying these changes in PK is described below.  

Careful reading of my research journal, and examination of transcripts of group 

meetings, lesson teachings, and teacher interviews and reflections in NVivo, revealed 

evidence for several interesting themes suggesting that teachers had acquired pedagogical 

knowledge that was not related to teacher science PCK, but rather to teacher PK. These 

themes included: anticipation of student thinking and responses, recognition of the 

importance of observing students, more intentional teaching, and the use of student video 

data.  
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Changes in teacher confidence. The STEBI-A instrument was used to assess 

teacher self-efficacy in science teaching at the beginning and end of the study, and the 

STEBI-A scores were used to help with the interpretation of teacher-reported changes in 

confidence in teaching science. The STEBI-A instrument contains 25 questions in a 5-

point Likert-response format (where 1 is “strongly disagree” and 5 is “strongly agree”), 

with 13 questions assessing personal science teaching efficacy (PSTE: scores ranging 

from 13 to 65) and 12 assessing outcome expectancy (OE: scores ranging from 12 to 60). 

The STEBI-A was scored for each teacher at the beginning and at the end of the study. 

The STEBI-A scores are reported in Table 7.2 for each teacher. 

 Teacher-reported changes in confidence were determined from examination of 

transcripts of teacher interviews, teacher reflections, and group meetings in NVivo.  

Teacher Benefits and Challenges. Several data sources were used to identify the 

benefits and challenges participants attributed to lesson study: transcripts of teacher 

interviews, reflections, group meetings and lesson teachings, and follow-up emails. I 

carefully reviewed and coded these data sources, noting instances where teachers 

expressed benefits and challenges of participating in lesson study. In a similar fashion, 

codes were derived from NVivo for perceived benefits and challenges. Related codes 

were then clustered into broader themes. Tables 3.2 and 3.3 present these codes, broader 

themes, and illustrative quotes for each benefit and challenge. 
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Table 3.2 

Codes Related to Identified Teacher Benefits 
Initial Codes Teacher Benefit Supporting Quotes 

Greater student engagement 
Greater student collaboration 
Differences in student  
   engagement and   
   collaboration in the two  
   teachings 

Learning how to 
increase student 
engagement and 
collaboration 

“Were they engaged and are 
they now hooked for the rest 
of the unit? And I think that 
they were.” (Karen, final 
group meeting) 

Listening to and watching 
students during  
     the lesson teachings 
Learning from student  
     responses 
Learning from watching  
     student video data 

Observing students “I really enjoyed it [being an 
observer] … because often 
you’re teaching and I think 
you overlook a lot of what’s 
going on.” (Karen, exit 
interview) 

Learning new ideas and  
     teaching strategies 
Reflecting motivated by                       
    watching others teach 

Observing colleagues 
teach 

“It was awesome to see other 
teachers teaching, just to kind 
of get some ideas about 
what’s important.” (James, 
exit interview) 

Creating a stronger lesson 
Better able to anticipate  
    student responses 
Learning from colleagues 
Modeling collaboration for  
    students 

Opportunities for 
collaboration 

“You might be able to come 
up with some of these things 
on your own, but when you 
have 5 or 6 other people, it’s 
so much easier.” (Helen, 
final group meeting) 

Time to reflect 
Time to plan 

Time for reflection and 
planning 

“Time to reflect is huge.” 
(Robert, final group meeting) 

Opportunity to revise lesson 
Assessing impact of revisions  
     on student outcomes 

Teaching the same 
lesson to different 
students 

“And just kind of that trial 
and error as well, that’s a 
good spot too.” (Robert, exit 
interview) 

Improving teaching 
Focusing teaching on student  
     needs 

Making teaching more 
intentional 

“What we’ve done as a team 
is focused on exactly what 
we think the kids need.” 
(Robert, exit interview) 

More opportunities for social  
     interactions 
Rebuilding and deepening  
   relationships with colleagues 

Increasing social 
interactions and 
deepening relationships 

“Teaching can be such a 
solitary job sometimes.” 
(James, first teaching 
debrief) 
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Table 3.3  

Codes Related to Identified Teacher Challenges 
Initial Codes Teacher Challenges Supporting Quotes 

Students less engaged and  
    collaborative in second  
    teaching 
Teacher of second lesson  
    not familiar with students 

Teacher unfamiliarity with 
students being taught 

“Betty was in there without 
knowing many of the 
students, and that made it 
difficult to teach.” (James, 
exit interview) 

Amount of time needed to  
    develop the lesson 
Time teachers had to spend  
    away from their students 

Time needed for lesson 
study 

“It’s hard being out of the 
classroom so much.” (Betty, 
exit interview) 

Teacher frustration at not  
    being able to interact  
    with students 
Believing that helping  
    students would have    
    increased their success  

Teachers in the role of 
observers 

 
“I found it very difficult … 
when some of them just 
needed a push.” (Betty, 
final group meeting) 

Impact of observers and  
    videotaping on students 
Impact of observers on  
    teaching teacher 

Impact of observers and 
video recording on students 
and teachers 

“I was comfortable, and 
until Peter [the Principal] 
walked in, and then I was a 
little bit more nervous.” 
(Betty, exit interview) 

 

Trustworthiness of this Study 

 Lincoln and Guba (1985) present four criteria that can be used to establish the 

trustworthiness of a qualitative research study: (a) confirmability, which is a measure of 

how well the study’s findings are supported by the collected data, and the extent to which 

the findings may have been influenced by researcher bias; (b) credibility, which relates to 

how confident one is that the findings are credible or are based on the original data; (c) 

transferability, which is whether the findings are applicable in or transferable to other 

contexts; and (d) dependability, which is a measure of the likelihood that other 
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researchers would have reached the same conclusions. I now discuss how I have used 

techniques proposed by Lincoln and Guba (1985) to meet these four criteria.  

Confirmability: Audit trail: All raw data, transcripts, field notes, and qualitative 

data analysis codes are archived physically or electronically and accessible through my 

supervisor or myself. As well, this dissertation contains a detailed account of how this 

study was carried out, interview questions and survey instruments, and data analysis; 

Triangulation: A variety of data sources were used in this study to enhance 

confirmability and reduce researcher bias. Having multiple teacher participants also gives 

a variety of perspectives to aid in confirmability; Reflexivity: A great deal of time  was 

spent planning this study, carrying it out, on data analysis, and reflecting on the findings. 

I maintained a journal during and after the study in which I wrote down my reflections; 

my reflections about the second and third group meetings and the two teachings of the 

lesson are included in the process account in Chapter Four.  

Credibility: Prolonged engagement: Approximately 10 hours of time was spent 

with each teacher, either individually or in group meetings, over 3 months. It is felt that 

this was sufficient time to build trust and relationships with the participants and to come 

to a good understanding of the research context; Triangulation: Multiple data sources 

were used, including both qualitative and quantitative data, and multiple teacher 

participants; Peer debriefing: I have discussed this study extensively with my supervisor, 

I debriefed the first group meeting with another committee member, and I sought the 

advice of other lesson study practitioners; Member checking: All of the teacher 

participants were emailed to check interesting preliminary findings, and to clarify any 
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points of confusion. Exit interviews with each participant were also used to check 

preliminary findings.  

Transferability: It is difficult to establish transferability for this study, since the 

findings are only based on data from one setting. However, the thick description (Geertz, 

1973) given in this study will allow other researchers to carry out a similar study in other 

settings, to better determine the transferability of this study; it is hoped that this 

additional research will be done.  

Dependability: Attempts were made to evaluate and reduce inconsistencies as 

much as possible during data collection and analysis, and to plan for unexpected changes 

during the study. For instance, the research protocol established in my dissertation 

proposal and approved by my dissertation committee was followed closely during data 

collection and analysis. I also engaged in frequent discussions about the study with my 

dissertation committee and other lesson study practitioners. Ultimately, the detailed 

description of all aspects of this study in this dissertation will allow other researchers to 

make their own determinations of the dependability of this study. 

Ethics Clearance and Board Approval for the Study 

Original Ethics Submission to GREB 

An application to the General Research Ethics Board (GREB) was submitted on 

Oct 26, 2011. At this point, it was proposed to have only teachers as participants (as 

discussed below, after the study began clearance was obtained for the Principal and two 

Board coordinators). Highlighted here are measures taken in the GREB application to 

protect the confidentiality of and minimize risk to participants: 

• All participants would be given pseudonyms in transcriptions and 
publications. 
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• Participants would be free to withdraw at any time from the study without 

negative consequences. Participants who wished to withdraw would have the 
option to leave the study entirely, or to still participate in the lesson study 
group but not in my study. In the latter case, they would still be recorded 
during group meetings, but their data would not be transcribed. Participants 
who withdrew from the study would be entitled to request the removal of all 
or part of their data from the study. 

 
• Data would only be seen by my supervisory committee and myself; 

transcribed data would have pseudonyms for participants’ names; any 
publications resulting from the project would use pseudonyms; and there 
would be no mention of the names of the participants’ school(s) and school 
board, or other information which could be used to identify a participant. 
 

• Information about the participants would only be obtained from the 
participants themselves. 

 
• The confidentiality of the participants’ identities would be protected to the 

extent possible. 
 

• All electronic files would be stored on a secure, password-protected computer, 
and all data would be destroyed after five years.  
 

The following forms were included with the GREB proposal (note that these are the final 

versions of these forms, after changes were made in response to EREB and GREB 

comments, as discussed below):  

• Participant recruitment letter (Appendix A) 

• Letter of Information (Appendix B) 

• Consent Form (Appendix C) 

• Teacher questionnaire (to find out information such as years of teaching 
experience, science background, etc.—Appendix E) 
 

• Questions to assess teacher science SMK and PCK (Appendices G and H) 
 

• The Science Teaching Efficacy Belief Instrument (STEBI), used to assess 
teacher self-efficacy (Appendix I) 
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EREB Review of Proposal and Revision/Resubmission of Proposal 

The Education Research Ethics Board (EREB) identified several concerns in its 

review of my GREB proposal on Nov 11, 2011. From discussions with my supervisory 

committee, the proposal was revised and changes flagged here:  

• In order to be able to videotape students during the teaching(s) of the lesson, 
parents/guardians would be asked to sign a video consent form for their 
children; if such consent was not given, then their children would not be 
videotaped. I stated that no identifying information about students would be 
included in my dissertations or other publications based on this research. 
 

• Text was added to alleviate concerns about teachers observing and critiquing 
other teachers’ practice. 

 
The revised proposal was resubmitted to GREB on Nov 28, 2011. On Dec 4, 

2011, EREB approved the proposal and recommended that it undergo delegated 

(expedited) review by GREB.  

GREB Review of Proposal and Revision/Resubmission of Proposal 

On Dec 19, 2011 GREB’s review of the proposal was received. In response to 

issues that GREB raised, these important changes to the proposal were made:  

• It was made clear that principals would not be provided with any feedback or 
commentary on the participation of teachers and students in the study. 

 
• I acknowledged the possibility that teacher participants may be identifiable 

despite my best efforts to protect their anonymity. 
 

• GREB queried whether the students should be considered participants in my 
study, and if they should thus go through a similar consent process as the 
teachers. I argued that the students should not considered participants, because 
the focus of my research is entirely on the teachers and all data used by me in 
this study would be taken from teachers and not students. 
 

A revised proposal was submitted to GREB on Jan 3, 2012, who gave their 

approval on Jan 17, 2012.  
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Subsequent Changes and Additions to Ethics 

Addition of principal and board coordinators as participants. As noted 

previously, the Principal, Peter, and the two Board Coordinators, Cameron and Mary, 

were all significantly involved in this study. It was realized that it would be very useful to 

have their thoughts and perspectives about this study, other forms of teacher professional 

development taking place in the school, and the goals of the school and Board for student 

achievement. Peter was invited to become a study participant on Feb 20, after the second 

group meeting. On Feb 26, he agreed to be a participant, and GREB approved this 

addition on Mar 13, 2012. Appendices L, M, and N are the Letter of Information, 

Consent Form, and exit interview questions for Peter. Cameron was invited to become a 

participant on Mar 19; he agreed on Mar 20, and his participation in the study was 

approved by GREB on Mar 23, 2012. Appendices Q, R, and S are the Letter of 

Information, Consent Form, and exit interview questions for Cameron. Mary was invited 

to become a participant on Apr 3, 2012; she agreed to this on the same day, and GREB 

approval was granted on Apr 16, 2012. The Letter of Information and Consent Form for 

Mary are nearly identical to those for Cameron (Appendices Q, R) and are not included 

here. Likewise, since Cameron and Mary were interviewed together initially, the exit 

interview questions were the same for both (Appendix S). A second interview was later 

done with Mary on her own (Cameron was not able to take part in this interview), and the 

questions for this interview are given in Appendix T.  

Parental cover letter, letter of information, and video consent form. Near the 

end of March, before the first teaching of the lesson (on Apr 3, 2012), I worked with 

Peter to produce the following for parents/guardians: a cover letter explaining the study 
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in plain language, and asking them to sign a Video Consent Form if they agreed to have 

their child videotaped during the teaching of the lesson (Appendix U); the GREB Letter 

of Information (Appendix V), and a Video Consent Form for them to sign (Appendix W). 

If parents/guardians did not sign and return the Video Consent Form, then their child 

would not be videotaped during the teaching of the lesson.  

Board Approval of the Study 

At the same time as GREB clearance was being sought, I worked with Mary to 

gain approval for this study from the Board. This process followed that used by the Board 

for other outside research projects: the research proposal first goes to the Board’s 

research review committee, and if the review committee approves the project, the Board 

administration gives final approval. 

 A proposal was sent to the Board’s research review committee on Dec 14, 2011, 

with the dissertation proposal, GREB application, and a two-page project summary. The 

Board proposal contained the following elements: a description of the “general 

educational or psychological problem that your study addresses”; Purpose of Study; the 

“potential utility of this project to the educational system”; a summary of the proposed 

data analysis (see below); requirements for school facilities; sampling design (i.e., teacher 

recruitment); information about data collection; how teachers would be prepared for their 

involvement in the study; parental consent would be required for students to be 

videotaped during the teaching(s) of the lesson; study timeline; how feedback would be 

sought from the teachers; expected date for submission of a final report to the Board; 

plans for dissemination of research; and a description of the research grant that had been 

awarded from the Faculty of Education’s Community Outreach Centre. 
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 On Dec 19, 2011 the committee recommended approval by the Board, with the 

additional requirement of the creation of a letter to give to parents to inform them about 

the project (Appendix U). Final approval by the Board was given on Dec 23, 2011.  
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Chapter 4 

The Lesson Study Process 

 This chapter gives a detailed overview of each stage of the lesson study project, 

including: a summary of what transpired in each group meeting, what happened between 

these meetings, and important decisions that were made at each point. The goal of this 

chapter is to allow the reader to better understand how the study progressed, with a focus 

on developments that may have influenced teacher science SMK, PCK, and confidence 

and the perceived benefits and challenges of lesson study on the study participants.  

Lesson Study Timeline 

Table 4.1 gives the overall timeline for the lesson study process: 

Table 4.1 

Lesson Study Timeline 
Event Date 

Duration 
Comments 

First Group Meeting 
 

Feb 7, 2012 
3 hours 
 

 

Second Group Meeting 
 

Feb 28, 2012 
2.5 hours 
 

 

Initial Teacher Interviews Mar 7, 2012 
Mar 21, 2012 (Sharon) 
24-50 minutes 
 

Sharon’s interview was 
completed after the third group 
meeting 
 

Third Group Meeting 
 

Mar 21, 2012 
2.5 hours 
 

 

First Teaching of Lesson 
and Debrief 
 

April 3, 2012 
30 minutes preparation 
1.25 hours teaching 
2.5 hours debrief 

Debrief followed immediately 
after the teaching of the lesson 
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Second Teaching of Lesson 
and Debrief 
 

April 10, 2012 
20 minutes preparation 
1.25 hours teaching 
45 minutes debrief 
 

Debrief followed immediately 
after the teaching of the lesson 

Exit Teacher Interviews 
 

April 11, 2012 
30-45 minutes 
 

All teachers were interviewed 

Exit Interview with 
Principal 
 

April 19, 2012 
50 minutes 

Peter was interviewed after the 
final group meeting 
 

Final Group Meeting 
 
 

April 19, 2012 
1.5 hours 
 

 

Exit Interview with Board 
Coordinators 
 

April 24, 2012 
1.5 hours 

Both Cameron and Mary were 
interviewed 

Follow-up interview with 
Principal 
 

Dec 7, 2012 
20 minutes 

 

Follow-up Interview with 
Board Coordinators 

Dec 7, 2012 
45 minutes 

Only Mary was interviewed 

 

Prior to the First Group Meeting 

 Mary, Peter and I arranged for the first group meeting (which would include the 

teachers, principal, vice-principal, and two Board coordinators) to take place on the 

afternoon of Feb. 7, 2012. We agreed on the meeting agenda. Given that I was new to 

lesson study, I consulted with my committee and the Board coordinators to ensure that 

the first meeting would be successful. I was advised not to send the teachers anything 

before the meeting, but to wait until we had met in person, and to emphasize that lesson 

study involves critiquing the lesson rather than the person implementing the lesson. A 

lesson study researcher at OISE suggested that I emphasize that the process is about the 

teachers, and that my role is to support this process.  
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First Group Meeting 

 The first meeting took place from 12:30 to 3:30 pm on Feb. 7, 2012, with all six 

teachers, the principal, vice-principal, and two Board coordinators present. At this point, 

the teachers were interested in taking part in the study but had not signed consent forms. 

As discussed above, the principal and Board coordinators became study participants at a 

later point. The agenda was as follows:  

• Lunch (to allow for informal conversation prior to the meeting) 

• Formal introductions and welcome 
 

• Overview of lesson study, the research project, and the data collection with 
opportunity for questions and discussion 
 

• Distribution and discussion of Letter of Information and Consent Form 
 

• Scheduling of further meetings to conduct the lesson study 
 

• Brainstorming a specific topic to work on 

A more detailed narrative of the first meeting is now provided, focusing on the 

important points and decisions that were made during the meeting. This meeting was not 

audio-recorded until the teachers had signed consent forms; until that point, the 

discussion is based on researcher field notes. 

After lunch, introductions were made and participants welcomed. I gave a 

PowerPoint presentation to explain what lesson study is, why I believed lesson study to 

be an effective form of teacher professional development, and why teachers might want 

to take part in lesson study. These reasons include: lesson study values teaching and 

teachers, it is research-based, it focuses on student learning, lesson study groups are 

professional learning communities, and lesson study involves teacher collaboration. I 

then showed the first three segments of “How Many Seats,” a video of excerpts from a 
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lesson study cycle in mathematics from August 2002 in the San Mateo-Foster City 

School District in California (Mills College Lesson Study Group). The three segments 

showed a planning session, the first teaching of the lesson to students, and the debriefing 

that followed the teaching, and gave the teachers a better idea of what lesson study is like 

in practice. During the discussion that followed I discovered that several of the teachers 

had taken part in Collaborative Inquiry and Learning in Mathematics (CIL-M). 

I then discussed my research interests in this project, and the research questions. I 

also outlined the data that I would collect during the project, including that from teachers. 

One of the teachers, Helen, was unsure about participating in the study because although 

she had previously taught in Grade 7-8, she was a P/J prep teacher at the time. There 

were also questions about the participation of two other teachers, James and Sharon. At 

the time, James was teaching Sharon’s class while she was on maternity leave, and it was 

not clear whether James would be able to continue after Sharon returned from maternity 

leave (on March 19), and whether Sharon would take part in the study before she returned 

from maternity leave. In the end, all three teachers took part in the study in its entirety. 

I next discussed with the group my roles in the project: (a) as an educational 

researcher, to document the process and publish the findings; and (b) to support the group 

in the lesson study process. At this point, I was undecided about whether I should act as 

the group facilitator. I told the group that I wanted the teachers to take ownership of the 

project, that the project was for them, and that it should build on their knowledge of their 

students. I also made it clear that lesson study is about the lesson that the group produces, 

and not about the teacher who delivers the lesson; teachers would not be critiqued or 

evaluated in this project. Next, Letters of Information (Appendix B) and Consent Forms 
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(Appendix C) were given to the teachers. All six teachers signed the Consent Form and I 

then started audio recording the meeting.  

I then showed a slide to start the discussion about next steps. The first step was to 

decide on the research theme, which should relate to the teachers’ long-term goals for 

their students in science, but is otherwise open. These questions were posed to the group: 

What do you want students to get from your science class? What do you know about your 

students now, and what would you like to know about them? What are your concerns? 

Are there school or board priorities that you would like to address with this lesson study? 

What would you like to learn about your students, science, and your own teaching? I then 

talked about the next step of choosing a topic, again posing questions: What topics are 

difficult for or disliked by your students? What topics do you find most difficult to teach? 

In what subjects are there new curricula, frameworks, or standards that you would like to 

understand and master? The teachers were then asked to think about students in their 

classes and issues that they had encountered around teaching science, and think about a 

lesson study topic, strand, grade, concept, and expectations that best fit with their issues 

and concerns.  

When Peter discussed how he hoped that this project would align with the school 

improvement plan, and other professional development initiatives that the school was 

involved in, he suggested that the lesson could include the development of student 

learning goals, deconstructing learning goals with students, formative and descriptive 

feedback, and developing success criteria. Peter also said that the content area should be 

one that is important for student science learning needs. Peter’s suggestions about the 

content of the lesson made me feel uneasy, as I did not want the teachers to feel pressured 
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in any way—I wanted them to choose, without pressure, their goals for lesson study and 

what their lesson should look like.  

One of the teachers stated that part of the lesson should focus on hands-on 

inquiry, since she felt that her students didn’t have many opportunities for learning in this 

way. Peter then suggested that the students first engage in hands-on inquiry, and then the 

learning goal would be revealed to them at the end of the lesson. This type of “flipped” 

lesson had been done in mathematics by one of the teachers, thus the idea of using a 

similar approach in science appealed to the group. In the end, the group decided to 

construct a three-part science lesson, where the consolidation phase involved the co-

construction of the learning goal by the students. A teacher then proposed that the group 

should focus on student engagement; this did turn out to be an important goal for the 

group. Another teacher suggested that the lesson could have a cross-curricular link to 

literacy through procedural writing; this suggestion was not pursued.  

Mary then asked the group if there was a content area they had in mind for the 

lesson. A teacher suggested that Structures and Mechanisms would work well, because 

they hadn’t covered it yet that year, and that it could be a good link between grade 7 and 

8. Another teacher then proposed creating a lesson that could be taught in a grade 7 and 

grade 8 class (in the end, the lesson was only taught to grade 8 classes). Cameron 

mentioned that the Board had produced STEM kits containing hands-on materials such as 

wood, tongue depressors, and tools, as well as lesson plans for introductory, 

consolidating, and culminating activities for grades 7 and 8. The kits had already been 

used in other schools with grade 7/8 students in hands-on inquiry. The group decided to 
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look at the kits the next meeting, and they eventually decided to use one of the kit’s grade 

8 activities as the hands-on inquiry activity for their lesson.  

The group then chose to focus the lesson by only considering learning goals, and 

not success criteria. Cameron suggested that it would be valuable to allow time for 

debriefing, to find out about student thinking and learning as a result of doing inquiry; 

this prompted a discussion about how much time the lesson would take and where the 

lesson would be situated within the unit. The group felt that the lesson could be taught 

within a 110 minute slot, and that the lesson would be best placed at the beginning of the 

unit. It was also suggested that the lesson should be taught during a time when science 

would normally be taught. 

When the study logistics were discussed, the group was asked whether they 

wanted to keep journals as it would be very useful to have their personal insights on the 

study. The teachers were told that journaling could be done on paper, by email, or 

through a website. The group decided to write reflections at the end of each meeting.  The 

issue of group roles was then raised, i.e., whether the group wanted to appoint a 

facilitator or note-taker. Although one of the teachers volunteered to take notes, I was the 

only person who did take notes. However, teachers did take on the role of writing and 

revising the lesson.  

The group was then given the lesson study book by Hurd and Lewis (2011), a CD 

with articles about lesson study (Lewis, Perry, & Hurd, 2004; Tepylo & Moss, 2011; 

Harrison, 2004; an excerpt from Lewis, 2002; Lewis & Tsuchida, 1998; and Miller, 

2010), videos about lesson study (How Many Seats and Can You Lift 100 Kg?), the lesson 

plan from Can You Lift 100 Kg?, and the research proposal. I also asked what other 
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resources I could bring to the next meeting. The group asked for hands-on science 

resources and ideas for grade 7/8 science, including Structures and Mechanisms, Form 

and Function, and Mixtures. Cameron mentioned that the Grade 8 STEM kit had an 

activity that got students to build a machine out of simple materials to extract a coin from 

a jar (this is the activity that the teachers eventually decided to base their lesson around); 

it was clear that the group remained very interested in exploring the STEM kits. The 

group also decided to look at the expectations in the Grade 7/8 curriculum and to think 

about hands-on activities that could address these. Sharon suggested that the activity 

could have a connection to a real-life application, which might help to engage students.  

We ended the first meeting by talking about what would happen in the next 

meeting, planned for February 28, 2012. This would include administering the STEBI, 

deciding the lesson topic, exploring the STEM kits, and then beginning to plan the lesson 

in detail. The teachers were encouraged to contact me at any time and were thanked for 

taking part in the study. Similarly, Mary and Cameron also encouraged teachers to 

contact them with questions, and Mary indicated that Cameron would be attending 

upcoming group meetings.  

Events Between the First and Second Group Meetings 

 A number of events occurred between the first and second group meetings, and 

these are described in chronological order. 

Email from Sharon 

 On Feb 9, Sharon emailed me to share her thoughts on the first meeting. She told 

me that she was excited to be taking part in the study and that she thought lesson study 

was similar to the co-planning/co-teaching/co-learning model that the Board had been 
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using for the past few years. Sharon expressed concern about using the existing lessons 

that come with the STEM kits, as they may not be suitable for this group of teachers. She 

hoped that the lesson study would be useful both for the teachers (by providing a lesson 

that they could use again) and for my dissertation research. Sharon felt that the teachers 

in the group varied in their enthusiasm for the project, and she worried that the workload 

would be higher for some teachers than for others. I replied that we would know more 

about the STEM kits at the next meeting, that I wanted the project to benefit all of the 

teachers and for them to have control over it, and that I hoped that all teachers would be 

engaged and contributing to the project. 

Email Exchange with Cameron 

 On Feb 10, Cameron emailed me files with more information about the materials 

and lesson plans in the STEM kits, which I then emailed to the rest of the group. In my 

emails to Cameron, I expressed two concerns. First, while I was happy for the teachers to 

investigate the kits, I did not want them to feel constrained to use the kits. Second, I had 

potential concerns about the presence of Peter in future meetings: I did not want the 

teachers to feel that they were being evaluated and I did not want Peter’s focus on the 

school and Board improvement plans to drive the lesson.  

Cameron responded by saying that the teachers were not obligated to use the 

STEM kits, and that it was up to Peter (and Linda, the vice-principal) if they wished to 

continue to be part of the meetings. He further noted that administrators were welcomed 

and encouraged to take part in many of the Board initiatives in mathematics and literacy, 

that the Board improvement plan promotes professional learning communities composed 

of teachers, Coordinators, vice-principals, principals, and senior administrators, and that 
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there had been continual emphasis that teachers are not being evaluated while working 

with Coordinators or administrators in collaborative initiatives. Cameron also reminded 

me that in the first meeting I had noted that this lesson study project should fit in with the 

school and Board improvement plans. This did alleviate my concerns somewhat, 

although I was still uncertain about how the participation of Peter might affect the study, 

and I still wonder what the lesson would have looked like without the STEM kits (i.e., 

did the availability of the STEM kits constrain the lesson by providing an easy, pre-

designed activity?). 

Debriefing with Committee Member 

 On February 13, I met with Tom, one of my committee members, to debrief the 

first group meeting. I discussed with Tom whether I should be the facilitator and 

expressed my concern that doing so might hinder the teachers taking ownership of the 

study. Tom helped me to realize that I did have responsibility as the initiator of the study 

to ensure it went as well as possible, and that I was the most knowledgeable person in the 

group about lesson study. Therefore, I decided to facilitate the study.  

 Tom also helped me realize that, while I wanted the group to have a successful 

lesson study experience, I could only do so much. I would document what would go well 

and not so well, what lessons can be learned for future lesson study, and what changes 

need to be made to make lesson study successful in the Canadian context. We also talked 

about helping the teachers decide on the lesson study topic. Tom suggested initiating a 

discussion with the teachers about how they have taught these grade 7/8 units in the past, 

what they would want to do differently, and what concepts are difficult for them to teach 

and for their students to learn.  
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 Finally, we discussed tasks that I would carry out before the second group 

meeting:  

• Ask Peter for the improvement plan and compare the success criteria with 
those in the board improvement plan.  
 

• Create an online survey for the teachers, to get information that I was not able 
to get from the questionnaire I administered at the first meeting. 
 

• Develop questions to assess the teachers’ SMK and PCK and discuss with 
Peter how and when to do this assessment. 
 

• Bring a sheet with specific reflection questions to the next meeting, which 
could include asking what the group accomplished during the meeting and 
what issues needed to be explored further. 

 
Emails with Principal 

 On Feb 13 I emailed Peter: (i) to ask him for a copy of Mackenzie’s improvement 

plan; (ii) to arrange a time to do the first teacher interviews; (iii) to ask for another place 

to meet (the room where we first met was not well suited for these meetings); (iv) to ask 

whether James would continue with the study after Sharon came back from maternity 

leave and his position ended; and (v) to say that I thought that some of the teachers didn’t 

feel comfortable trying to address both learning goals and success criteria in the lesson, 

and asking Peter what his thoughts were on that issue. Peter replied that he would book a 

different room, that he wasn’t sure whether James would continue with the lesson study 

when his position at Mackenzie finished, and that it was acceptable for him if success 

criteria were not addressed in the lesson. On February 20, I emailed Peter to ask whether 

he would consider becoming a participant in this research. On Feb 26, Peter agreed to be 

a participant.  
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Email to the Group about First and Second Meetings 

 On Feb 20, I emailed the group a summary of what I believed we had agreed to 

from the first meeting. The summary included written teacher reflections at the end of 

each meeting; the meeting schedule and timeline; that I would act as facilitator; and the 

lesson study topic (Grade 7/8 Structures and Mechanisms, using STEM kits). In this 

email I included further information about the STEM kits, including Grade 7/8 activities 

that the kits could be used for. I reminded the teachers that we would need to decide on 

the lesson goals at our next meeting, and I asked them to think about the following: (a) 

what kind of lesson they would like to build using the kits; (b) what kinds of science 

learning experiences they would like their students to have; (c) the needs of their students 

in science; and (d) the areas they would like to focus on, for instance, student 

understanding, engagement, and attitudes. I also asked the teachers to think about when 

in the unit this lesson would best be taught. Finally, I asked the teachers to complete an 

online survey (see Appendix F), to provide further information about their professional 

development experience and science teaching. Three teachers completed the survey 

(Betty, James, and Robert). 

 I indicated that by the end of the second meeting, the group should have a clear 

idea of the student learning they wanted to examine and what the lesson should look like. 

I proposed the following plan for that meeting:  

• Administer the STEBI. 
 

• Discuss any issues arising from the first meeting. 

• Examine the STEM kits and decide whether and how they could be used in the 
lesson. 
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• Discuss the goals for the lesson and the questions around student learning the 
teachers wanted to address.  
 

• Begin, as a group, to plan the lesson in detail, including how the lesson would 
start and end, what the students would do, and what would be observed when the 
lesson was taught. 
 

• Decide on the number and timing of future meetings, with the goal of teaching the 
lesson(s) by the end of May at the latest. 
 

• The teachers would write a reflection at the end of the meeting (e.g., what was 
accomplished during the meeting? What are issues that arose from this meeting 
that need to be discussed further? How do the teachers feel the project is going so 
far?). 

 

Meeting with Supervisor 

 I met with my supervisor, Azza, on February 24 to discuss how the project was 

going to date. Azza encouraged me to maintain my journaling, to explore and document 

my role within the group, and to look at a dissertation by one of Derek Hodson’s students 

about power dynamics in action research. She suggested that I give the teachers the 

research questions, ask whether or not the teachers share these goals, and ask them what 

other goals they have for taking part in this project. We decided that it would be useful to 

have a discussion at the start of the second meeting about what the group wants from 

lesson study, and that I should remind the teachers that the project should benefit them. 

Azza encouraged me to explore with the teachers: (i) whether and how they want to use 

the STEM kits; (ii) what concepts in grade 7/8 Structures and Mechanisms are difficult to 

teach and for students to learn; (iii) what the key concepts in the curriculum are; (iv) how 

the teachers have taught this unit in the past; and (v) what they would like to do 

differently this time. This meeting helped me focus on my role to document the project 

and to examine the benefits and challenges of implementing lesson study. I also realized 
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that I needed to continually reflect on my role within the group and how this changed 

over time, and to be open to teachers taking a leadership role in the project. 

Second Group Meeting 

 The second group meeting took place on Feb 28, 2012, and lasted for 

approximately 2.5 hours. Participants were Cameron, all teachers, and myself. Peter was 

not present for this meeting.  

Opening Discussion 

 I started the meeting by urging teachers to complete the online survey and asking 

if there were any questions or comments about the first meeting. Betty asked whether the 

lesson would include both learning goals and success criteria, and the group decided to 

leave this question until later. When there were no further questions or comments, I 

explained that I wanted to interview the teachers that week or the following week to 

assess their SMK and PCK related to teaching Structures and Mechanisms. I also 

indicated that I would interview the teachers again at the end of the project.  

STEBI 

 Next I introduced the STEBI, and the teachers were told that it would be 

administered now and at the end of the project. The teachers were given the STEBI, 

which took approximately 6 minutes to complete. The teachers were asked after what 

they thought about the STEBI, and this initiated a rich discussion about barriers to 

science teaching. Betty and Karen pointed out that several STEBI questions talked about 

doing science experiments, and that elementary teachers often do not do experiments 

because of a lack of resources/equipment. Helen discussed how a lack of resources results 

in less confidence in science teaching, saying, “I think anyone would be more confident 
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with great resources and equipment.” Sharon and Robert said that they often have to buy 

equipment out of their own pockets if they want to do hands-on inquiry. Karen talked 

about the lack of time that is available to teach science, given the focus on literacy and 

numeracy, saying “It’s difficult to cover everything, so what ends up happening is the 

science units are these little tiny snippets of time that fit into our literacy box. So they 

aren’t really science at all.”  

Exploring the STEM Kits: Grade 7 Activity 

 Cameron had brought the grade 7 and 8 STEM kits, and he handed out copies of 

the activities for each kit. He said that the Board had decided to build kits around the 

Structures and Mechanisms strand because teachers had told them that they needed 

assistance in this subject area. He then explained how the kits were being used in schools, 

through the introductory, consolidating, and culminating activities.  

 Cameron next introduced the Grade 7 introductory activity, which uses four 

tongue depressors to design a platform that rests on three pop bottles and supports 

another bottle. He talked about how this activity links student inquiry to the technological 

design process. The group then spent about 10 minutes trying the activity. Some teachers 

were able to successfully build a platform, but other teachers were not and became 

frustrated or uncomfortable. After we finished exploring the activity, Cameron pointed 

out that it is a good way to introduce forces such as friction, compression, and tension, 

and for students to explore structures.  

 Several teachers thought that the activity could be too challenging or frustrating 

for some students, but that it would be a good introduction to the Grade 7 Structures and 

Mechanisms unit in conjunction with a review of the important science concepts. In 
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general, the group decided that they would like to base their lesson around hands-on 

inquiry; for instance, Sharon said “The goal of our lesson needs to be inquiry-based, so 

that there’s a lot of questioning going on in the classroom … Because if we don’t have a 

lesson like that, that’s inquiry based, we’re not going to get the feedback that we want.” 

There followed a discussion about whether the group wanted to do one or two lessons. 

The group decided to start with one lesson and think about doing a second if time 

permitted. The group also wanted to teach the same lesson to both grade 7 and grade 8 

students. In the end, the group developed one lesson for grade 8 Structures and 

Mechanisms, which was taught to two grade 8 classes.  

Exploring the STEM Kits: Grade 8 Activity 

 Cameron introduced the introductory activity for the Grade 8 kit, which involves 

using simple materials (wood, clothespins, string, tape, etc) to make a device to extract a 

coin from a bottle (see Figure 4.1 below). The group spent about 20 minutes exploring 

the Grade 8 activity. Several teachers were able to successfully build devices to extract 

the coin, and the group felt that the grade 8 activity would be more engaging and less 

frustrating for the students than the Grade 7 activity. As Karen said, “I think this one, 

you’re going to have kids working on it and having more endurance ... The other one I 

think is going to be like, a lot of kids are going to give up really quickly. Whereas this 

one, you can kind of keep modifying a little bit, I think it might just keep them interested 

longer.” Helen said “This one, people can be creative, and then it’s interesting to see what 

other people are doing. … So I think that’s almost a better activity just because of those 

reasons.” This discussion illustrates the importance of the teachers exploring the activities 
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themselves, which allowed them to see that the Grade 8 activity would be more engaging, 

more open-ended, and less frustrating for their students.  

 

 

 

 

 

Figure 4.1. Coin Extraction Apparatus  

The group was prompted to think about the student learning goals that this 

activity would address. The group looked at the Grade 7/8 curriculum expectations and 

identified these key concepts: investigation of a mechanical system and the way the 

components function together, input and output forces, friction, and mechanical 

efficiency. The group decided that the lesson should be taught to a grade 8 class only, for 

two reasons: (a) it would be a good review of what the students had done in Grade 7, and 

(b) if the lesson was also taught to Grade 7 students, then those students would have 

already experienced the lesson when they were in Grade 8 the following year. Finally, 

they decided to start the lesson with the Grade 8 activity and include the Grade 7 activity 

if time permitted. 

Planning the Lesson 

 When the group began to plan the lesson, James raised the idea of creating a 

three-part lesson, consisting of a minds-on engagement activity, the coin extraction 

hands-on activity, and a student co-construction of the learning goals. James proposed to 

take the learning goal directly from the curriculum: “Investigate a working system, and 
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the ways in which components of the system contribute to its desired function.” Sharon 

suggested that the lesson should contain questions to prompt students for class 

discussion. Robert asked what should be observed during the teaching of the lesson and 

suggested that observers be assigned to student groups.  

 The group agreed that the lesson would be first taught to Karen’s Grade 8 class, 

and there followed a discussion about who should teach the lesson. Two teachers said 

that it did not matter who taught the class, because “They’re not going to be acting 

normally anyway, because we’re all going to be in there.” James suggested that it would 

be better if the person who taught the lesson was not the regular classroom teacher 

“Because then you’re going to follow what the lesson is a little bit more. If you know 

your kids, you might alter it a little bit.” In other words, if the teacher did not know the 

students, they would follow the lesson script better. Another teacher said, “I might think 

that kids might respond even better in this situation to a different teacher … You teach 

your own class, they’re going to push.” As it turned out, both lesson enactments were not 

taught by the classroom teacher. The first enactment was taught by Sharon, who did 

know the students in that class quite well from teaching them in Grade 7, and the second 

enactment was taught by Betty, who did not know the students very well. After the 

second enactment, the teachers were struck by the differences between the two 

enactments in terms of student engagement, elicitation of student responses, and 

effectiveness in co-construction of the learning goals.  

Minds-on activity. The group discussed possible minds-on activities to engage 

students and introduce them to the main activity of the lesson. Cameron showed a video 

on robotic surgery at UCLA that had been used with the Grade 8 STEM kits in other 
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schools, and this would be a good minds-on activity for their lesson. However, this 

decision was partly for reasons of convenience; as one teacher said, “We don’t have a lot 

of time to go around searching for something else.” It is likely that a completely different 

minds-on activity would have been chosen if the robotic surgery video had not been 

suggested.  

 Discussion then turned to how the video would be incorporated into the lesson. 

Sharon took notes during this discussion, and later volunteered to write up the draft 

lesson produced during this meeting. The group decided that: (a) as the students watched 

the video, they would individually write down their answers to this question: What were 

the components of the system that made the surgery function?; (b) after the video, the 

students would share their answers in groups of two or three; and (c) each group would 

then share its ideas with the rest of the class, with the teacher consolidating these ideas 

and prompting for further information as needed. The teachers’ goal for this process was 

to elicit from the students the important concepts that would be explored in the 

subsequent hands-on activity. The group discussed the responses they expected from the 

students about the components of the robotic surgery system (e.g., doctors, computer, 

camera, and patient) and came up with questions that the teacher could use to prompt for 

information and ideas that had not come up yet. In particular, the group wanted to ensure 

that the concepts of input and output came up during the discussion, because these would 

be important for the hands-on activity. The group decided to have a silent “co-teacher” 

write down student responses on a flip chart, as well as a science vocabulary anchor 

chart. During the planning of the minds-on activity, one teacher made an interesting 

observation about the level of lesson detail: “I think you have to start with more detail … 
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then at least when you’re standing up there, if you have too much information, you have 

places to go. If you don’t have enough, then sometimes it’s easy to wing it, but other 

times it’s not easy to wing it.” 

Hands-on inquiry activity. Surprisingly little time was spent planning the central 

hands-on inquiry activity. The group decided to carry out the inquiry activity as follows: 

• Students would be shown the jar with a coin in plasticine at the bottom, and be 
told that their task was to retrieve the coin from the jar using simple materials. 
 

• The students would first be asked to design and sketch their apparatus. 
 

• Students would then construct a prototype of their device and test to see if it 
was successful in retrieving the coin. 
 

• If unsuccessful, the students would have the opportunity to redesign their 
device and re-test. If successful, the students would be asked if they thought 
their device could be redesigned to be more efficient. 
 

• The students would then do a more detailed sketch of their final device, with 
an emphasis on accuracy and listing their materials. 
 

• Students who finished the task before other students would be asked to try and 
put the coin back in the jar.  
 

During the hands-on activity, the students would be asked to think about three 

questions related to their devices, based on the Grade 8 Structures and Mechanisms 

curriculum: (a) identify their device as a system; (b) identify the input and output of their 

device/system; and (c) identify the components of their device/system and the purposes 

served by each component. The group decided that it would be beneficial for the students 

to share their devices with the rest of the class during the consolidation phase because: (a) 

the students would be interested to see other students’ devices, both successful and 

unsuccessful; (b) it would be useful for each group to discuss what worked and did not 
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work with their device; and (c) sharing of ideas and strategies was a common feature of 

the three-part mathematics lessons that several teachers had previously done.  

Consolidation phase: co-construction of learning goal. The teachers decided 

that incorporating success criteria into their lesson would be difficult, and that the 

inclusion of inquiry and the co-construction of learning goals was sufficient to address 

school and Board goals for student learning. Karen and Betty felt that the students would 

not be able to co-construct the learning goal (i.e., come up with the learning goal 

themselves), and that it would be better if the students were given the learning goal and 

asked to deconstruct it (i.e., identify how the lesson addressed that learning goal). Sharon 

pointed out that in mathematics students were typically asked to construct the learning 

goal. James suggested that “We could say, what do you think the learning goal was? And 

see if we can piece it together.” Sharon then asked “What’s the purpose of them 

deconstructing it? … Why do we want them to do that? … we’re not just doing it because 

we think we should do it. It needs to be purposeful for us” (emphasis added) This led the 

group to realize that the learning goal for this introductory lesson could be the learning 

goal for the entire unit, and that through constant referral the learning goal would help to 

guide and focus the unit. The group also believed that it would benefit the students to co-

construct the learning goal.  

 The group then planned the teacher’s guiding questions to help the students co-

construct the learning goal, namely “Investigate a working system and the ways in which 

components of the system contribute to its desired function” (Ontario Grade 8 

Curriculum, Understanding Structures and Mechanisms, Overall Expectation #2). The 

teachers came up with the following questions, which were included in the lesson: (a) 
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What did we do?, (b) How did you get the coin out?, (c) What did you build?, (d) What is 

that called?, (e) How did you build it?, (f) How did they all work together?, (g) What was 

the result? and (h) What was the function? Sharon agreed to finish the first draft of the 

lesson and circulate it to the group before the next meeting (see Appendix X).  

Timings of Lessons and Next Meeting 

 We then talked about when the lesson would be taught and whether the lesson 

would be taught to one or two Grade 8 classes. Based on when Karen’s class would be 

starting the Structures and Mechanisms unit, the group decided to teach the lesson in the 

morning one day in the first week of April. The group agreed to teach the lesson a second 

time, but they were unsure when to do this. Some teachers suggested teaching both 

lessons on the same day, but I questioned whether this would give enough time for 

debriefing and revision of the lesson after the first teaching. It was also pointed out that 

doing the second teaching on a different day would present less disruption to students, 

since the teachers would be back in their classrooms for the afternoon of each day. The 

group decided that it would be best if the two lessons happened during the mornings of 

consecutive days; in the end, the second teaching happened a week after the first one.  

 I told the group that sometimes external observers are brought in for lesson study 

enactments, and that these observers could be from their school (e.g., other teachers) or 

from outside the school. I then asked the teachers whether they wanted to do this, but 

there was no interest in doing so. I also asked the teachers whether they still wanted to 

teach this lesson in Grade 7 or design a new lesson for Grade 7. There was no interest in 

doing either of these.  
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 I proposed that we have our next meeting later than the following week, as 

originally planned. Doing this would allow Sharon to take part (she would then have 

returned to teaching from maternity leave), it would give her more time to finalize the 

first draft of the lesson, and the meeting would be closer to the time of the first teaching, 

so the lesson would still be fresh in the teachers’ minds. The group agreed to meet in 

three weeks (Mar 21), although this meant that the participation of James was in doubt 

(he was replacing Sharon during her maternity leave, and it was not clear if he would still 

be at Mackenzie when she returned). In the end, James was able to continue in the study. 

Teacher Reflections 

 At the end of the meeting the teachers were asked to write a reflection and were 

given a sheet with questions on both sides. On one side I put forth my goals for the lesson 

study project: (1) How does participation in lesson study affect your science knowledge?, 

(2) How does participation in lesson study affect your science teaching practices?, (3) 

How does participation in lesson study affect your confidence in teaching science?, and 

(4) What are your experiences with lesson study, and what do you see as the benefits and 

challenges associated with doing lesson study? I then asked the teachers: “What are your 

goals for doing lesson study (and do you share my goals?)?, What are you hoping to 

achieve by doing lesson study?, Why did you volunteer to take part in this study?, and 

What would count as success to you at the end of this study?” The teachers wrote that 

their goals included being able to learn more effective ways to teach science, to 

collaborate with other teachers, to be able to apply their learning in this subject area to 

other science strands, to learn more about inquiry teaching and how it can apply to 

student engagement and learning, to increase science knowledge and understanding and 
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confidence in teaching science, to develop a good lesson plan, and to learn more about 

lesson study. Regarding how success would be determined, Karen responded, “What I 

count as success at the end of this study is to have a lesson that engaged students, that 

provided a great learning experience for the students and myself, and gave me more tools 

and knowledge to become a more confident and strong science teacher.” Betty said, 

“Success will be measured by confidence, continuing on with MAC for science, and 

working together as a team.” 

On the other side of the sheet, teachers were asked to discuss what they thought 

we accomplished during this meeting, if there were any issues that needed to be explored 

further, and how they felt the project was proceeding. The teachers reported that the 

meeting had gone very well, that they were happy with the draft lesson and how much 

they had accomplished (e.g., Karen said, “I feel that we accomplished much more than I 

thought we would”), and they enjoyed the chance to work with their colleagues. All the 

teachers felt that the project was going well so far. For instance, Helen said, “I feel the 

project is on a very positive path—useful and beneficial to us and our students” while 

Robert said, “You have a group of teachers sitting around a table engaged in discourse on 

trying to find out if lesson study will engage students and get them to learn science more 

effectively.”  

Researcher Reflections 

 My reflections from the second meeting were: 

• I wondered how different the lesson would have been if the STEM kits hadn’t 
been available. Would the group have still done a hands-on inquiry activity, or 
would they have done something else entirely? Similarly, I wondered what 
engagement activity the teachers would have chosen if Cameron had not 
suggested the robotic surgery video.  
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• I was pleased with how well the meeting went and how much progress we 
made planning the lesson. I had thought the lesson would take longer to 
develop and two questions came to mind. First, how much does the quality of 
the lesson depend on the time taken to write it? Second, why was the group 
able to make such quick progress? Is it because these teachers knew each 
other well and they started the study with a high level of trust and comfort 
with each other? 
 

• It was clear that it was very useful for the teachers to try the hands-on 
activities themselves and this gave them useful insights into how their 
students might react to these activities. I made a note to ask the group to think 
about anticipating student responses, difficulties, and frustrations when the 
lesson is taught.  
 

• Some teachers, for instance Helen and Karen, were not as comfortable with 
inquiry activities as other teachers, and I made a note to ask them during their 
final interviews if their comfort with inquiry had increased as a result of 
taking part in this study. 
 

Events between the Second Group Meeting and the Third Group Meeting 

Emails with Peter 

 After the second meeting, I emailed Peter (who was not present for that meeting) 

to say that we planned to have the third group meeting on March 28 and that we proposed 

to teach the lesson to two Grade 8 classes in the first week of April. I asked Peter if it 

would be possible for James to attend the third group meeting and the lesson teachings, 

given that he would not be teaching at Mackenzie at that point. I also asked Peter when I 

could do interviews with the teachers. Peter suggested using the original group meeting 

date of March 7 to do the teacher interviews, and he reported that James was interested in 

continuing with the project.  

Email to the Group 

 On Feb. 29 I emailed the group with a summary of the second meeting, 

highlighting that the group developed a three-part lesson based around an inquiry activity 

from the Grade 8 STEM kit, and that the lesson would be taught to two grade 8 classes in 
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the first week of April. I also discussed what I thought needed to happen in the third 

meeting: (a) that the draft lesson plan produced by the group during the second meeting 

would be finalized, (b) that the lesson should be clear about what the teaching teacher 

does and says, and what the observers do when the lesson is taught, and (c) that we 

needed to talk about who would teach the lessons, the debriefing protocol, and dates for 

the final group meetings and exit interviews.  

Initial Teacher Interviews  

I carried out initial interviews with the teachers on March 7 and March 21; the 

interview questions can be found in Appendices G and H. 

Addition of Peter and Cameron as Study Participants 

 Peter became a study participant on March 13, and Cameron became a participant 

on March 23.  

Planning for the Third Group Meeting 

 On March 14 Sharon emailed the group the finalized draft lesson from the second 

group meeting (Appendix X). On March 20 I emailed the group and asked them to think 

about the following issues for the third meeting: whether we needed to activate students’ 

prior knowledge about simple machines and forces, anticipation of student responses and 

areas of difficulty and frustration, how the students would be grouped, finalizing how the 

inquiry activity would be done, what materials would be needed for the inquiry activity 

and other parts of the lesson, and revising the draft lesson to create a final version. For 

the teaching of the lesson, I suggested that we discuss whether the lesson would be video-

taped and, if so, how to organize the logistics and parental consents; who would teach the 

lessons, and whether this should be the class teacher; what the observers would be 
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looking for and what data they would record; whether the group wanted to invite outside 

observers; what the lesson study debriefing protocol should include; and whether the 

group wanted to teach the second lesson the following week instead of the following day, 

to allow more time to revise the lesson after the first teaching.  

Third Group Meeting 

 The third group meeting took place on the afternoon of March 21, 2012, and 

lasted for approximately 2.5 hours. Participants included all teachers except Betty (who 

was home with a sick child) and James (who was on holidays), Cameron, and myself; 

Peter came in about halfway through the meeting.  

Revision of the Lesson 

 The group first took a few minutes to read over the draft lesson that Sharon had 

written. Robert agreed to take notes and produce the next version of the lesson. The 

group spent most of the meeting revising the lesson, and here is a summary of the 

changes made (see Appendix Y for the second draft of the lesson): 

• Addition of specific expectation 3.3 from the curriculum: “Identify the various 
processes and components of a system (e.g., robot, front-end loader/backhoe, 
heating system, transportation system, health care system) that allow it to 
perform its function efficiently and safely” (emphasis added) 
 

• Incorporation of additional science vocabulary on forces and simple machines 
to anchor chart and prompts for class discussion after showing of video 
 

• Addition of a review of safety expectations and use of cutting tools for design 
challenge 
 

• Addition of materials needed for the design challenge: graph paper, markers, 
chart paper, and clipboards for observers 
 

• Adding questions about efficiency during the sharing of students’ designs 
 

• Adding a review of key terms and addition of new ones after the co-
construction of the learning goal. 
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Discussion about Simple Machines and Forces 

 My question about whether the teachers wanted to activate students’ ideas about 

forces and simple machines during the class discussion in the minds-on part prompted a 

wide-ranging discussion. Several teachers said that they wanted to better understand the 

concepts behind simple machines and forces in order to feel more confident and 

successful when teaching the lesson, to enable them to review the concepts with the 

students. There was then a discussion about forces, from which it was clear that most 

teachers did not have a good understanding of what a force is and the different kinds of 

forces that exist in nature. One teacher commented that, “This seems overwhelming, 

because how can we review when some don’t even know? It’s not a review, it’s a re-

teach.” Rather than review all possible forces, the group decided to focus on the forces 

that were relevant to the hands-on activity. Similarly, the group decided that the teacher 

should be ready to discuss simple machines if a student brought those up, but that the 

lesson should not explicitly address simple machines. Following this, a discussion about 

some of the teacher interview questions about forces took place, during which I explained 

reaction forces and the concept of a zero net force on an object.  

Planning the Teachings of the Lesson 

 Next, the group decided who would teach the lessons and discussed the timing of 

the teachings. Sharon volunteered for the second teaching, and Betty (who was absent) 

was suggested for the first teaching. It was later decided that it would work better for 

Sharon’s class to take part in the second teaching, thus Sharon taught the first lesson to 

Karen’s class and Betty taught the second lesson to Sharon’s class. The group decided to 

use one day for the first teaching, with the lesson taught in the morning and the 



 

 

112 

debriefing done in the afternoon. This arrangement would give sufficient time for the 

debriefing and revision of the lesson. The second teaching and debriefing would occur 

over a half-day. It was decided later that the second teaching would be done a week after 

the first teaching, to allow James to take part.  

The group then planned the timing and logistical requirements for each section of 

the lesson. This gave the group the opportunity to review and revise the lesson, and they 

made the following changes: the students would make a drawing of their apparatus and 

have this design approved by the teacher; the students would be instructed on how to use 

the tools and materials safely; the teacher would decide at the time which student designs 

would be shared with the class, and what design aspects would be highlighted; questions 

were created to help the teacher facilitate the sharing, in which students would be asked 

to talk about input and output forces, the components of their systems, and whether their 

designs were successful and how they could be improved; the teacher would use 

prompting questions and discussion to lead the students in the co-construction of the 

learning goals; and the teacher would then reveal the teachers’ learning goal and compare 

it to that generated by the students.  

Student Groupings 

 Quite a bit of time was spent planning how to group the students during the two 

teachings. The teachers first discussed grouping strategies, including grouping by ability, 

having mixed-ability groups, or grouping by compatibility or friendship. The teachers 

decided on mixed-ability groups, predicting that this would increase student collaboration 

and allow the students to see a wider range of designs. The teachers chose to have groups 

of two students, with an occasional group of three, believing that students would be more 
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engaged in smaller groups. One teacher commented, “I think partners would work best, 

because then they have to have more opportunity for hands-on, they’ll be more engaged.” 

Karen and Sharon chose the student groups for the two teachings, since they were the 

classroom teachers for the two classes and knew the students best). The groups were 

mostly same-sex, though this does not appear to have been done deliberately.  

Role of Observers 

 At one point, it was suggested that one of the teachers help the students use the 

cutting tools, and this prompted our first discussion about the role of teachers during the 

teachings of the lesson. I pointed out that it was customary in lesson study to have only 

one teacher teaching with the other teachers just observing. Peter said that in other 

collaborative inquiries there could be one or two co-teachers identified, as well as a 

“teaching assistant.” I suggested that the group could appoint a co-teacher if they liked, 

bearing in mind that lesson study does adapt and evolve to different contexts. Eventually 

the group decided to have one teacher teaching, one teaching assistant to record student 

responses during discussions, and everyone else observing and taking notes. 

We then clarified that the observers would record as much as possible of the 

discussions between students and between students and teacher. We decided that each 

observer would monitor two student groups for the entire lesson. The students would be 

told at the start of the lesson that the observers were just watching and listening and not 

teaching. We acknowledged the difficulty of teachers taking on this non-teaching role, 

and indeed this did prove to be difficult. A question arose as to whether the observers 

could ask questions of the students, e.g., ask them to clarify something, and I said that I 

would ask other lesson study researchers about this.  
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I asked the teachers what they wished to observe about student learning, and their 

responses included prior knowledge, building science vocabulary, co-constructing the 

learning goal, and design and inquiry skills (specifically, problem-solving, persisting with 

the task, planning, and use of reasoning skills).  

Videotaping of the Lesson 

 The group felt it would be valuable to videotape students during the teachings of 

the lesson and to examine the videotape during the debriefings. I asked the teachers for 

their consent to be videotaped, explaining that the video itself would not be published and 

would not be shown to students. Further, I would only publish discussion about the video, 

with all teacher and student names changed to pseudonyms. The teachers who were 

present agreed to this and they signed video consent forms (Appendix D). 

 We then discussed whether we needed to obtain explicit consent from students 

and their parents/guardians for videotaping, because it is often difficult to get consent 

forms returned from parents/guardians. Peter suggested the possibility of “implicit 

consent” where parents/guardians notified the school if they did not want their child to be 

videotaped; otherwise, it was assumed that consent was implicitly given. Peter also 

suggested that I prepare a simplified cover letter for parents/guardians, and I said that I 

would look into these issues after the meeting. Peter and Cameron said that they would 

find a video camera and people to do the videotaping.  

Outside Observers 

 The group was asked again if they wanted to have outside observers present when 

the lesson was taught, but the group felt that it would be too disruptive for the students to 

have any more observers. 
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Lesson Study Debriefing  

 The typical lesson study debriefing protocol was outlined: teaching teacher talks 

first, followed by the rest of the teachers, then any other observers, followed by a group 

discussion. The debriefing session would include watching the student video and possibly 

revising the lesson for the second teaching.  

Finishing up and Future Meetings 

 It was agreed that Robert would finish the new version of the lesson based on this 

meeting and circulate it to the group. The first and second teachings of the lesson were 

scheduled for April 3 and 10. I told the group that I hoped to have a final meeting to 

discuss the lesson study project, as I thought that this would be valuable for all 

participants. Peter supported having this meeting and noted that there would not be much 

time for debriefing after the second teaching. However, some teachers were not sure if a 

final meeting was necessary; we decided to revisit this after the second teaching.  

Teacher Reflections 

 I asked the teachers to let me know how they thought today’s meeting had gone, 

and I suggested the following questions to guide their reflections: What did we 

accomplish in today’s meeting?, What are some issues that arose today that we need to 

explore further?, How do you feel the project is going overall?, and How do you feel 

about the upcoming teaching of the lesson? 

 The teacher reflections were quite positive as the following statements illustrate: 

“Today was beneficial in setting the stage for our lesson study project, establishing roles 

and timelines” (Sharon); “Good planning session. Going through the lesson step by step 

was beneficial in understanding what we’re doing” (Helen); and “[It] felt good to sit 



 

 

116 

around the table to really try to polish the lesson plan. It will definitely keep the lesson 

more focused” (Robert). All teachers thought that the project was going well so far and 

they were looking forward to the first teaching and debriefing. Sharon commented, “My 

only concern was being out of class too much.” 

Researcher Reflections 

 I identified several interesting themes in this meeting: 

• My roles in the study: I played important roles in this study as researcher and 
facilitator, but it was not always easy to balance my desire to keep the project 
focused and on-track against the need to give the group the time and space 
they needed to take ownership of the study and to have the social interactions 
that were clearly important to them. I explored my roles in the study further 
during the teacher exit interviews. 
 

• Teacher science SMK/PCK: The discussion about forces made me realize that 
the teachers did not generally have a good understanding of forces and simple 
machines or a good understanding of their students’ prior knowledge about 
these topics. However, based on the questions that they asked me, it was clear 
that the teachers wanted to improve their knowledge of these topics. They 
believed that improved understanding would help them to better meet their 
students’ learning needs. 
 

• Evolution of lesson study: Having a “teaching assistant” is a departure from 
most accounts of lesson study but it was a better fit with the school and 
Board’s existing teacher professional development (e.g., CIL-M). Three 
questions arise: What are the core elements of lesson study that must be 
adhered to in any context?, What aspects of lesson study can be adapted to a 
specific context?, and How flexible can lesson study be?  
 

• Challenges of lesson study: I realized that one of the challenges for this group 
was being away from their classes too much. For instance, Sharon was upset 
about the behavior of her class when she was not there. This was one factor in 
the group’s initial reluctance to have a final group meeting.  
 

Events Between the Third Group Meeting and the First Teaching of the Lesson 

Consent for Student Videotaping 

 After discussions with my supervisor and the Faculty of Education’s EREB chair, 

it was clear that consent of some form from students and their parents/guardians for 
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videotaping would be required. Obtaining implicit consent was an option but this would 

have required a change of ethics, and there was insufficient time for this before the first 

teaching on April 3. Knowing that the video would only be viewed by the lesson study 

group and not by students, I modified the original video consent form approved by GREB 

retaining only the purpose of “Publication in a Thesis or Journal” (Appendix W). Peter 

and I created a cover letter for parents and guardians to informally explain the project 

(Appendix U). The cover letter, Letter of Information (Appendix V), and modified Video 

Consent Form were sent home to parents on March 26. Despite our concerns, only three 

students in the two classes did not return a signed consent form.  

Email to the Group 

 On March 23 I emailed my summary of the third meeting to the group, and 

highlighted: (a) details about the teachings of the lesson and debriefings (when the 

lessons would be taught, who would be teaching, and student groupings), (b) that we 

would be videotaping the lessons, (c) that Robert would circulate a new version of the 

lesson, and (d) what observers should look for and record and what they should not do.  

Second and Third Versions of Lesson Plan 

 On March 26 Robert circulated a revised version of the lesson to the group that 

incorporated some of the changes made during the third meeting (Appendix Y). On 

March 29, I emailed the group to suggest further changes based on our discussions: (a) 

adding information about the timings of the lesson components and student groupings, 

(b) having the teacher give a short summary about forces and simple machines to activate 

students’ prior knowledge, (c) reminding the group that we needed to have all materials 

in place before the first teaching, and (d) adding information about the role of observers. 
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James volunteered to revise the lesson and he circulated a new version on March 30 

(Appendix Z) that incorporated most of my above suggestions; this third version of the 

lesson was the one used for the first teaching.  

Advice from other Lesson Study Researchers about the Role of Observers 

 On March 29 and 30 I talked with two mathematics lesson study researchers 

about the role of observers. One of these researchers said that in some cases observers 

might talk to students at the end of the lesson but normally there is no interaction between 

observers and students: “Part of lesson study is to see how the lesson functions- when 

there is a lot of interaction with observers, the group can no longer assess whether the 

lesson is helpful for students or not.” The other researcher said that the planning group 

usually creates a guide with specific things that the observers should look for, and that 

different observers might look for different things when the lesson is taught.  

First Teaching of the Lesson (April 3, 2012) 

 Participants for the first teaching and debrief were all of the teachers, Peter, 

Cameron, myself, Linda (vice-principal), and Alice (another Mackenzie teacher, not part 

of the lesson study group). Linda and Alice used hand-held cameras to videotape students 

during the lesson.  

Preparations Before the Teaching 

 The teachers met at 9:00 am to prepare to teach the lesson at 9:30; however, we 

didn’t enter the classroom until 9:50. It had been decided that Sharon would teach the 

lesson to Karen’s Grade 8 class. Karen set up a stationary video camera in the back of her 

classroom to capture Sharon and the class and sent two students without video consent 

forms to another classroom. The group gathered the materials they would need for the 
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lesson. At this time Sharon was carefully reading and discussing the lesson. She said, 

“I’m not worried about teaching the lesson to the class, I’m more worried about what 

they [the students] say.” I reminded Sharon to tell the students about the observers, and I 

told the group that I had been advised that the observers should not talk with the students.  

 The group decided that Alice and Linda should videotape a few groups with a 

range of abilities to reveal student learning, collaboration, and engagement. It was also 

decided that Helen would be the “teaching assistant” and that she was only to write on the 

board or anchor chart. Peter left to get observation forms, Karen left to organize the 

student groups in her class, and Sharon continued to review the lesson with the other 

teachers. Sharon and Helen talked about Helen’s role as teaching assistant and what she 

would write down from the class discussions. Next, the group discussed the design 

challenge and decided that the students needed to have their design sketch approved 

before they could get materials and construct a prototype. During the consolidation phase 

Sharon would have two or three groups share their designs, highlighting those that best 

encapsulated the learning goal. Finally, Sharon discussed how she would use prompting 

questions to help the students co-construct the learning goal and she anticipated the 

simplified language that the students would use to create their version of the learning 

goal.  

In the Classroom 

 The group entered Karen’s Grade 8 classroom at 9:50am, where the students were 

in groups of two or three. Sharon greeted the class and explained that the observers were 

present to take notes and that the students should not talk to them. In response to a 
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question from a student, Sharon said, “Because it’s for us as teachers, so we can best 

improve our teaching practices ... So it’s actually helping us be better teachers.”  

 Sharon told the students that they were starting a new unit on structures and 

mechanisms and that they would watch a robotic surgery video as an example of a 

mechanical system. While watching the video, the students were asked to write their 

responses to: What were the components of the system that made the surgery function? 

Afterward, the students discussed the question in their groups for a few minutes with 

Sharon circulating through the classroom. Following this, Sharon initiated a whole-class 

discussion that lasted about five minutes, and Helen wrote down student responses. 

During this discussion Sharon and the students talked about input/output, forces, systems 

and their components, and mechanical advantage.  

 Next, Sharon explained the coin retrieval design challenge (i.e., that the students 

had to design and build a system to extract a coin from a jar), discussed the materials 

available, and told the students that they needed to make a sketch first and have it 

approved by her. Robert was assigned to look after materials and operate the cutting 

tools. The students spent 25 minutes designing, building, and testing their systems. 

During this time, Sharon circulated and talked to students and answered their questions. 

Linda and Alice videotaped students as they worked, and the rest of the group observed 

students and recorded data. At least five groups were successful in retrieving the coin and 

Sharon told some of these groups that she would ask them to share their systems. Sharon 

also asked a few successful groups if they could make their systems more efficient.   

 After the design challenge Sharon asked two groups to describe their systems in 

terms of the science vocabulary from the earlier discussion, to explain the design of their 
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systems, and to demonstrate their systems to the rest of the class. Sharon asked the class 

to consider which system was more efficient and why. Sharon asked the students in the 

two groups about input and output forces, the components of the systems, and whether 

their designs were successful and if they could have been improved.  

 Finally, Sharon led the class in the co-construction of the learning goal. After a 

discussion that lasted about five minutes and which involved several students, the 

students came up with “How components function to make a system do different tasks.” 

Sharon then shared the teacher-generated learning goal with the students: “Students will 

investigate a working system as ways in which components of the system contribute to its 

desired function.” The class agreed that the two statements were similar and the class 

refined the student-generated learning goal to “Learning how components work together 

to function in a system to complete different tasks.” The teachers collected the student 

devices and the class was dismissed. Even at this point, several students continued to 

work on their devices.  

Debriefing the First Teaching 

 The debriefing session lasted approximately 2.5 hours, with 30 minutes before 

lunch and two hours after. Sharon and Peter first noted that several students had asked for 

more time after the class was over, which showed that they had been quite engaged by 

the lesson. Helen, James and Betty pointed out that having construction materials on the 

students’ desks at the beginning of the lesson would have helped those students who were 

not visual learners; this change was made to the lesson for the second teaching.  

 Following normal lesson study protocol, Sharon (the teaching teacher) gave her 

reflections about the lesson first. For Sharon the positives of the lesson were: (a) the 
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video, class discussion and vocabulary building, (b) being able to walk around the 

classroom and talk to students, (c) the success of the co-construction of the learning goal, 

and (d) that students were still engaged even when the class had finished. Sharon 

identified two challenges: (i) not having time to share more student devices, and (ii) some 

students were quieter than normal, which meant that the consolidation discussion was not 

as rich as it might have been; this was likely because of the videotaping and the presence 

of additional adults. Sharon agreed that it would have been beneficial for some students 

to have had materials at the start of the lesson. Overall Sharon was very happy with how 

the lesson had gone, saying, “Because it just goes to show that we did a good job as 

teachers to make sure that they had the understanding in order to know what we were 

teaching.” 

 Peter also thought that the lesson had gone very well. He found it very interesting 

to observe the dynamics of different student groups and to see how some were confident 

and successful while others became frustrated. Peter agreed that the videotaping and 

presence of additional adults had inhibited some students. He found his role as observer 

challenging, in particular not being able to encourage some groups. 

 This was followed by an open discussion. The group was very happy overall with 

how the lesson had been enacted, in particular with the co-construction of the learning 

goal, student engagement, and student learning of systems and forces. The group decided 

to give the students materials earlier in the next lesson and have them do a rough design 

sketch, followed by a more precise and labeled drawing of successful designs. Peter and 

several of the teachers appreciated the opportunity to observe the students working but 

also expressed frustration at not being able to help students. Peter also discussed how the 
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lesson study project was a good fit with the school and Board focus on “precision 

teaching”; as he described it, “thinking about how do we improve, what do we need to 

improve or do differently for our students to get it, and to achieve success.”  

 Motivated by his observations of two groups, James suggested that the students 

should be in groups of three rather than two, but there was no consensus from the group 

about this. There followed a discussion about the impact of videotaping on the students 

and about measures that could be taken to minimize this impact for the second teaching 

(e.g., explaining to the students why observers were present, and being less intrusive with 

videotaping). Robert talked about the student collaboration that he had observed. 

 After lunch the group spent about 45 minutes watching and discussing several 

video clips of students planning, building/testing, and sharing their devices. The group 

found that the video was a powerful way to show student thinking and learning, the 

diversity of student designs, student engagement/disengagement, and student 

collaboration. They also felt that the video clips would be a good way to show students 

what they had learned, what engagement looks like, and how to collaborate and 

communicate effectively. The video showed differences in the way that boys and girls 

approached the design challenge and in their engagement. For instance, the girls were 

more organized and detailed in their planning, while the boys were more creative and less 

cautious. Based on these findings, the group decided to have mixed groups for the second 

teaching of the lesson, to exploit the different strengths of boys and girls.  

 I then asked the group what their goals were for the lesson, if those goals had 

been met, and what key student learning had taken place. The group felt that the three-

part lesson format allowed the students to successfully co-construct the learning goal. 
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The group was also pleased with the student collaboration they had seen, and James 

thought that the presence of external observers was a key factor in enabling that 

collaboration. In terms of student learning, the group felt that students had learned how 

components work together to form a system, that they would be able to transfer this 

understanding of systems to other contexts, that they had successfully co-constructed the 

learning goal, and that they had learned how to better collaborate and take initiative.  

 Next, I asked the group how they had felt about their roles as observers. Several 

teachers commented that they had found it difficult not to talk with the students and to 

help them during the design challenge. James noted that he found it beneficial to observe 

Sharon teaching. 

 The group then discussed what they had achieved from this project. Sharon said 

she had learned about “the power of building really good lessons”, Karen was pleased to 

have had a strong start to the Structures and Mechanisms unit, and James enjoyed being 

able to “work with other people, and hear what other people are doing.”  

 I initiated a discussion about the importance of group relationships in this project. 

Sharon believed that it would have been intimidating to teach the lesson with unfamiliar 

colleagues present and that this would have detracted from her focus on student learning. 

Helen said that the project would have taken longer if the group had not known each 

other well. Several teachers commented that having outside teachers present during the 

lesson would have negatively affected the students. It was clear from this discussion that 

group relationships are important in collaborative professional development and that 

working with trusted colleagues was crucial for the success of this collaboration.  



 

 

125 

 In response to a comment I had made about the importance of successful 

experiences such as this in building self-efficacy, Peter argued that collaborative inquiry 

leads to precision teaching, which in turn leads to student success, which finally results in 

increased teacher self-efficacy. Sharon and Helen commented that they had benefited 

from participation in past professional learning communities (PLCs), which had produced 

good teacher collaboration and strong lessons. Peter discussed the evolution from PLCs 

and PLTs (professional learning teams) to collaborative inquiry, and how lesson study 

could profitably be embedded within a PLC/PLT structure.  

 Next, the group revised the lesson for the second teaching, with James taking 

charge of editing the lesson. The changes included presenting a better explanation for the 

presence of observers and the purpose of videotaping, giving materials to the students at 

the start of the design challenge, and asking students to make a quick sketch before 

building and a labeled drawing of successful designs; the revised lesson can be found in 

Appendix AA. After further discussion, the group decided to have some same-sex groups 

and some mixed groups so that they could compare these; most groups would have two 

students and a few would have three. The teachers formed these groups based on their 

knowledge of the strengths of each student and which students they thought would work 

well together. The group also decided that more groups should be asked to present their 

designs in the second teaching, including some designs that did not work. Finally, the 

group decided that it would be less intimidating for the students and more instructive for 

the teachers to videotape student work and not student faces.  

 Each teacher was assigned a role for the second teaching and it was decided to 

start the lesson at 9:30 am (compared to 9:50 am for the first teaching). We finally 
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arranged times for the teacher exit interviews and decided to book a half-day for a final 

group meeting to reflect on the project.  

Teacher Reflections 

 Before leaving, the teachers wrote a reflection about the first teaching of the 

lesson. The teachers commented on:  

• Student engagement: “I think it is important to remember to focus on student 
engagement: it was great to see in this lesson how hooked the students were!” 
(James) “All students were engaged … Their engagement was evident through 
their persistence and enthusiasm” (Karen) 
 

• Collaboration with peers: “I really enjoyed working as a team where we all 
own the lesson! Students definitely benefited from this” (Betty) 
 

• Observing a colleague teaching: “Was great to watch someone else teach and 
be able to be free to see the kids reactions” (Helen) 
 

• Observing students: “Being an observer allows us to be more aware of our 
impact, in terms of how much we influence our students with our prompting 
and questioning” (Helen)  
 

• Debriefing discussion: “The discussion afterward was tremendously 
important. [They] helped me to see exactly what the students were learning 
and how they were processing the information being presented” (Betty) 
 

• Teacher professional development: “Lesson study has been a valuable tool for 
accountability to our professional learning and goal of student engagement” 
(Sharon) 
 

• A successful experience: “It was a great experience because we got to see how 
successful our planning was” (Robert) 

 
Researcher Reflections 

 I identified the following themes: 

• Teacher leadership: Sharon showed leadership by volunteering to teach the 
first lesson, while James showed leadership in editing the lesson plan. 
 

• My Role in the study: I felt uneasy about my role as facilitator, specifically in 
trying to balance my desire for the teachers to take ownership of the 
debriefing with the need for me to make decisions to keep the project moving. 
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• Benefits and challenges of videotaping students: I had not anticipated how 

useful the videotaping would be to provide evidence of student learning, 
engagement, and collaboration. The video data were also very helpful in 
choosing the groupings for the second teaching. At the same time, it was clear 
that videotaping did have an adverse affect on some students.  
 

• Role of the principal: Peter played an important role in discussing how lesson 
study fits in with the larger context of teacher professional development 
through collaborative inquiry in the school and board. This reminded me of 
the importance of administrator support for projects like this. 
 

• Teachers as observers: Several teachers commented that they found it very 
useful to observe the students at work and to watch Sharon teach. However, 
some teachers were frustrated at not being able to help students during the 
lesson. I also wondered how Sharon felt about having her colleagues observe 
her. I would explore these issues further in the teacher exit interviews.  

 
After the Debriefing 

Later that day, James circulated the revised lesson by email to the group. I sent a 

short email to inform the group that Mary would be attending the second teaching in 

Cameron’s place and that the second teaching would proceed in a similar fashion to the 

first (aside from the changes noted above).  

Second Teaching of the Lesson (April 10, 2012) 

 Participants for the second teaching included all of the teachers except Helen, 

Terry, Mary, Peter, Linda, and Bill (a Board consultant, but not a participant in this 

study). Linda and Bill videotaped students, Betty taught the lesson to Sharon’s class, and 

James was the teaching assistant.  

Preparation Before the Teaching 

 I arrived at 8:50 am and started recording at 9:12 am. When I arrived James, 

Robert, and Betty were present; Sharon and Karen arrived at 9:15am. James and Betty 

took materials to Sharon’s classroom while Sharon arranged the student groups. Using 
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Sharon’s knowledge of her students, the teachers decided which student groups they 

would observe. Sharon left to get her class ready while the rest of the group discussed the 

lesson. The group reminded Linda and Bill to focus on student work and not student 

faces, followed by assignment of teacher roles during the lesson. Betty confirmed with 

the group how the lesson would unfold, including the changes made after the first 

teaching. After the national anthem played, we left for the classroom. 

In the Classroom 

 We entered the classroom at 9:40 am. There were three groups of three students 

and five groups of two students (two of these were mixed). Betty explained why the 

observers were present and then introduced the lesson as the beginning of a new unit. 

Next she introduced the video and asked the students to think about the components of 

the system as they watched the video. Afterward, the students discussed the video with 

their groups, followed by a whole-class discussion. Bill and Linda started videotaping 

students during the group discussions. Five students shared their thoughts during the 

whole-class discussion, with two students dominating. Components of the system, input, 

and output were discussed but forces, mechanical advantage, and efficiency were not.  

 Next, Betty presented the design challenge while the other teachers put materials 

on the students’ desks. Betty told the students to make a quick sketch of their proposed 

device and not to build their devices until she had approved their plans. Some groups 

were engaged with the task while others were not. As Bill videotaped he asked several 

groups to explain their thinking, and Karen and Sharon also talked to students. About half 

of the groups were successful in extracting the coin and a few groups were able to put the 
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coin back in the jar. Betty asked successful groups to do detailed, labeled drawings of 

their devices. Students were given approximately 40 minutes for the design challenge.  

Afterward, Betty asked three groups to share their devices with the rest of the 

class; the first was a mixed group of two, the second a mixed group of three, and the third 

a group of three boys. All three groups had been successful in retrieving the coin. Betty 

asked the first two groups to describe their system’s components and input/output and she 

asked the third group how they could have made their device more efficient.  

 Finally, Betty led the class in the co-construction of the learning goal. She called 

on three students for the co-construction, which was fewer than for the first teaching. 

Although these students made good progress, there was not enough time to finalize the 

student-generated learning goal, and the agreement with the teachers’ learning goal was 

not as close as it was for the first teaching. The lesson lasted approximately 80 minutes. 

Debriefing the Second Teaching 

 The debriefing session took place immediately after the teaching of the lesson and 

lasted for about 45 minutes. Betty, as the teacher of the lesson, spoke first and this was 

followed by an open discussion. About two-thirds of the way through, the group watched 

some of the student videos. Based on observations made during the teaching of the lesson 

and from the video data, several themes emerged:   

Betty not knowing the students: Betty said, “I don’t know Sharon’s class, it was 

very intimidating not knowing those kids”; she felt disadvantaged as a result. Betty noted 

that only three students participated during the class discussions and she did not know 

who to call on. Betty commented, “I think that knowing your class definitely there’s a lot 

of advantages. Being able to predict those possible answers.” At the end Betty said, “If it 
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had been my class, I think it would have gone completely different. Because you know 

your kids.” 

Students having materials available earlier: Some teachers felt this was 

overwhelming for some students while other teachers felt that some students had 

benefited from this change. 

Student engagement: Some groups appeared to be quite engaged during the lesson 

but others were not. It was noted that only a few students took part in the class 

discussions and it was felt that these students might have discouraged others from 

participating. James noted, “They were on such a brink of getting this, especially the 

input/output stuff. And then like you said, someone spoke up and kind of took the 

conversation a completely different direction.” Sharon said, “I don’t think this class was 

that engaged … They weren’t as hooked at the start as her [Karen’s] class was. So [that] 

affected the rest of the lesson.” However, the group did feel that overall the students were 

engaged in the design challenge; Peter noted, “So that for sure, many of the groups were 

engaged that way, feeling that sense of pride having accomplished it.” Bill commented, 

“They were on-task. We were hovering, we were questioning, they answered the 

questions and continued on, right? So, you know, we’re looking at engagement and on-

task behaviour, they demonstrated it.” 

Student groups and collaboration: In some of the groups of three, two students 

ignored the third. There was considerable variation in the level of collaboration amongst 

the groups and it appeared that students in pairs collaborated more than students in 

groups of three. As Sharon commented, “And George and Ira too, they were back and 

forth, like collaborating really well. I mean, there were some groups that did collaborate 
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excellent[ly], and then there were others that just did their own thing.” Overall, the group 

felt that mixed-sex groups were not an issue but two-person groups were more successful 

than three-person groups. 

Differences between the two teachings: The teachers noted that while there were 

similar designs in both classes, there were also quite different designs. The teachers also 

believed that the students in Sharon’s class were not as engaged as those in Karen’s. 

Possible reasons for this difference in engagement include Betty not knowing Sharon’s 

students, students being uncomfortable about being videotaped in Sharon’s class, the 

second teaching occurring after a four-day weekend, Betty spending less time on the 

consolidation phase, and having different students and learning styles in each class.  

Teacher Reflections 

 Teachers identified the following themes in their reflections:   

• Betty: “I feel today’s lesson was completely different. I felt like I was 
disadvantaged not knowing the students and how they process information. … 
I feel the pairings had a lot to do with it; perhaps the seating arrangement with 
groups of three eliminated one person.” 
 

• Sharon: “Student collaboration looked different and student grouping 
impacted the level of involvement.” 
   

• Karen: “Today’s lesson went well. Overall, I feel the students weren’t as 
engaged as the previous class.”  
 

• Robert:  “I am thinking that grouping this time around was less productive.” 
 

• James: “I think that the most important thing to take away from this is the 
importance of understanding group dynamics. We went through the same 
lesson with two very different outcomes. … Outwardly it looked like students 
were less engaged, although in the end students were still excited about the 
activity and wanted to be successful.”  
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Researcher Reflections 

 I identified the following themes and questions from the second teaching of the 

lesson:  

• Reproducibility of lesson study: Three things were different between the first 
and second teaching: the student groupings (more groups of three, and mixed 
groups); the teacher (who didn’t know the students); and the class/students. 
Two questions follow from this: How important were each of these factors?, 
and How can lessons be improved to make them more “robust” to these 
factors?  
 

• Who teaches the lesson? Would it have been better to have the students’ 
classroom teacher teach the lesson?  
 

• Student groups: What is the best way to group the students? With groups of 
two it is less likely for a student to be left out, but with groups of three there 
can be a richer discussion and more points of view expressed. What 
differences arise between mixed and single-sex groups?  
 

• Teachers as observers: Sharon, Karen, and Bill talked to students, which is 
against lesson study protocol. This illustrates the challenge of having teachers 
in an unfamiliar role as observers; it can be very difficult for teachers not to 
interact with students. Two questions arise: Should observers ever talk to 
students?, and If observers talk to students, what effect does this have on the 
students and on the teachers/observers? 
 

• Student engagement and collaboration, and success of the lesson: Overall, the 
teachers felt that this class was less engaged and collaborative than the first 
one but evidence was seen of engagement and collaboration in some groups. 
Several questions follow from these observations: What factors are important 
for student engagement and collaboration?, Why might this class have been 
less engaged and collaborative than the first one?, How do we know students 
are engaged?, How important were student engagement and collaboration in 
terms of the success of this lesson, and were these goals of the teachers?, How 
do we assess the effectiveness of a lesson?, and What do we mean by 
“success”? 
 

• Student videotaping: I note again that it was very useful for the teachers to see 
the student videos.  
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Teacher Exit Interviews 

 I carried out exit interviews with the teachers on April 11 and 19. The interview 

questions can be found in Appendices G, H, and J. 

Final Group Meeting 

 This meeting took place on the morning of April 19, 2012 and lasted for 

approximately 90 minutes. Participants were all of the teachers, Cameron, and myself; 

Peter was not present. This was our final group meeting during which we reflected on the 

study.  

 We started by comparing the two teachings. The group felt that while the design 

challenge had been very successful in both teachings, the video engagement activity and 

consolidation phase had not been as successful in the second teaching. As well, students 

in the second class were less engaged and collaborative. The group discussed possible 

reasons for these differences. For instance, perhaps a few students had dominated 

discussions during the second teaching and discouraged other students from participating. 

Several teachers commented on the importance of knowing the students and noted that 

Betty did not know the students in Sharon’s class very well. Betty said that she felt 

nervous not knowing the students and rushed for time while Sharon was concerned that 

her students had not understood the lesson. Betty pointed out that some groups had 

worked well together but others had not. James suggested that groups of two would have 

worked better than groups of three and that teachers “have to think about the actual 

students in the classroom”. Cameron pointed out that every class is different and that it 

was not Betty’s fault that the second teaching was not as successful as the first.  
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 I asked the teachers whether they thought the lessons were successful, what 

success meant to them, and what they hoped the students had learned from the lessons. 

The teachers responded that success included student engagement, collaboration, and 

persistence; problem-solving in the design challenge; students understanding the science 

vocabulary and what a system is; whether students were “hooked” for the rest of the unit; 

and whether students could construct the learning goal. The group felt overall that both 

lessons had been successful but that the first class had been more successful than the 

second in terms of the above measures of success. The teachers returned to the need to 

consider whom a lesson is taught to. As James put it, “Here, we made the lesson here, we 

tried to tweak it as much as we could, but we never took the time to mould it to the class 

that we were teaching.” I later asked the teachers if they would use this lesson again and 

if they would make any changes to it. The teachers said that they would not make any 

significant changes to the lesson; Robert said, “We spent all that time so the content 

would be spot-on, right? So why change the content, you just tailor/mould it to the kids, 

whether it’s groupings or materials, set it out first, whatever.” 

 Sharon noted that she had felt personally successful teaching the first lesson and 

asked if other teachers now wished that they had taught the lesson. Most teachers did not 

have a desire at the time to teach the lesson but James expressed an interest to teach a 

lesson in the future. Betty said she would have been much more comfortable teaching a 

lesson in math, and this launched a discussion on the importance of subject matter 

knowledge and familiarity with the curriculum for confidence and effectiveness in 

teaching science (or any subject).  
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 I asked whether taking part in lesson study had changed the group’s teaching 

practices. Several teachers said that they would like to teach more three-part science 

lessons incorporating hands-on inquiry but were challenged by a lack of time and 

resources and the Board’s focus on literacy.  

 Sharon commented that she would like more time to plan with grade partners, 

which initiated a discussion by Robert, Helen, Karen, and Betty about PLCs/PLTs that 

they had previously taken part in. In these PLCs/PLTs the teachers met one day a month 

to plan a lesson or unit of work for the following month. At the next meeting they would 

debrief the previous month’s teaching using student work. These PLCs/PLTs had stopped 

running several years ago because of a lack of funding.  

 Next, there was a discussion about whether and how this lesson study project 

would have been different with a more experienced teaching staff. Helen said that when 

she first started teaching at Mackenzie older teachers were generally not interested in 

professional development opportunities such as this. In contrast, Sharon suggested that 

older teachers have more experience and might be more able to compare lesson study 

with other professional development that they had taken part in. I said that I thought it 

would be interesting to do lesson study with different groups of teachers, including those 

with more teaching experience. 

 I asked the teachers how they had become involved in this project and if they had 

truly volunteered. The teachers responded that they had been strongly encouraged by 

Peter to take part in the project and that they had all been happy to do so. Helen said, “I 

was excited about it, because opportunities like this I find are usually beneficial.” 

Cameron commented that he and Mary had been very pleased to find six teachers in one 
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school to take part and he recognized the key role that Peter had played in making the 

project happen. Later Cameron noted that this project was the largest science initiative in 

the Board, prompting Sharon to say that she was proud to have taken part in this project: 

“This is a more difficult school to teach at, but it’s encouraging for you to say that we’ve 

done something great.”   

 In response to a question from Cameron, the teachers said that they had few 

opportunities to take part in collaborative inquiry apart from this project. As one teacher 

said, “It doesn’t happen. This is our only thing for the whole year.” Cameron asked if 

there was interest in taking part in lesson study or similar opportunities in the future and 

all teachers answered affirmatively.  

 We next returned to our earlier discussion about the comparison between lesson 

study and similar professional development, in particular CIL-M. Robert, who had taken 

part in CIL-M, noted that CIL-M happened over shorter timescales (typically 1.5 days to 

plan, teach, and debrief a mathematics lesson) and that the pace was much slower in 

lesson study; he commented, “Slower is a good thing for this, I think anyway, because we 

have time to hash it all out. It’s not, get in, get done, and go back.” Robert also noted that 

lesson study had afforded much more time for reflection. Betty and Robert noted that 

lesson study is less structured than CIL-M, and they felt that because Peter had been less 

involved they had more choice about the lesson study topic.  

 I asked the teachers what they saw as the benefits of taking part in lesson study. 

The teachers responded that lesson study gave them opportunities to work with 

colleagues and to get to know them better; to share ideas with colleagues, which makes 

lesson planning easier and faster; and time to plan and reflect. The teachers also reflected 
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on the importance of group relationships and trust, which allow teachers to critique each 

other. Sharon said that she would have liked the group to develop more than one lesson, 

perhaps three or four hands-on, three-part lessons in the same unit that could then be 

published and shared with other teachers. Other teachers agreed with Sharon and I said 

that lesson study groups can produce multiple lessons or even a unit of work. I also 

reminded the group that when we had discussed this idea earlier the teachers had wanted 

to develop only one lesson.  

 We then discussed changes that would have improved this lesson study project 

and things that could be done differently for future projects. The teachers had the 

following suggestions: plan more lessons, be more organized with timing and delegation 

of responsibilities, perhaps teach the lesson(s) later in the day, have a more condensed 

schedule and take less time overall, and have the classroom teacher teach the lesson(s). 

 Next, I asked the teachers about their experiences as observers/researchers. 

Several teachers commented that they had found it difficult not to interact with students. 

For instance, Betty said, “I found it very difficult. … when some of them just needed a 

push … and I sat there with my mouth shut, and honestly I think that was the longest I’ve 

ever been quiet in a classroom in my life.” The teachers enjoyed being able to see what 

the students were doing and talking about, both during the lesson and later when they 

watched the video data. The teachers felt that video was useful in three ways: (a) to see 

students learning and working together, (b) to illustrate good work practices to students, 

and (c) for teachers to see and improve their teaching. No teacher reported any 

difficulties with seeing their colleagues teach or being watched by their colleagues.  
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 I ended the meeting by discussing what I would be doing next with the data 

(transcribing, coding, analyzing, writing), and said that I would be presenting preliminary 

results from the project at upcoming conferences and that I hoped to member-check 

findings with the group. I thanked the teachers for participating in this project and for the 

time they had given me. Robert said that he would very much like to continue doing 

lesson study, “Because we’ve spent a lot of time on this, it’s almost crummy to just leave 

it here, as it is. It’d be cool to see it keep going.” Cameron agreed that this would be good 

and reminded the teachers that the STEM kits would still be available for their use. 

Cameron also suggested that the teachers let Peter know how they felt about lesson study 

and to encourage him to support similar projects in the future.  

Exit Interview with Principal 

 I interviewed Peter on the afternoon of April 19, 2012 after the final group 

meeting. The interview questions can be found in Appendix N. 

Exit Interview with Board Coordinators 

 I interviewed Cameron and Mary at the Board office on the morning of April 24, 

2012. These interview questions can be found in Appendix S. 

Follow-up with Teachers 

 After analyzing the group meetings and teacher interviews, I identified several 

issues that I wished to explore further with each teacher. Accordingly, I emailed 

supplemental questions to each teacher between June 2012 and May 2013; these 

questions are listed in Appendix K. 
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Follow-up with Peter 

 I further explored several issues with Peter through a second interview on Dec 7, 

2012 and supplemental email questions sent in March 2013. These interview and email 

questions are listed in Appendices O and P. 

Follow-up with Mary 

 I followed up some issues with Mary through a second interview in December 

2012 (Cameron was not able to take part in this interview because of work action issues). 

Questions from this interview are listed in Appendix T. 
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Chapter 5 

Changes in Teacher Science Subject Matter Knowledge 

 The purpose of this and the following two chapters is to document changes that 

the Mackenzie teachers experienced in their science Subject Matter Knowledge (SMK), 

science Pedagogical Content Knowledge (PCK) and Pedagogical Knowledge (PK), and 

confidence in teaching science as a result of taking part in lesson study. This chapter will 

discuss changes in teacher science SMK.  

Changes in Teacher Science SMK 

SMK consists of knowledge pertaining to a discipline, how this knowledge is 

organized into a coherent structure, and beliefs about the discipline (Shulman 1986, 

1987). This study focused on one aspect of science SMK – teacher understanding of 

fundamental concepts relating to forces and simple machines. More specifically, the 

following aspects of teacher science SMK are examined here: (a) being able to define a 

force, (b) being able to identify and understand the forces in a given situation, and (c) 

being able to identify a lever and understand how it functions. The sections below present 

the probes that were used to assess changes in these three areas, and any gains in teacher 

science SMK that were found.  

Teachers’ Definitions of Force 

 Teachers were asked to give a definition of force in their initial and exit 

interviews. From Table 5.1, it can be seen that the most common definitions of force pre- 
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and post- were a “push or a pull” or something that acts on an object, and that all teachers 

had similar pre- and post- definitions of force. Sharon and Robert demonstrate an 

improved understanding of forces at the end of the study, when they stated that forces can 

act on both stationary and moving objects. 
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Table 5.1 

Teacher Force Definitions 
Teacher Initial Interview Final Interview Change 

Karen “A force is an external or internal, it’s not 
even a, a pressure, pressing down on 
something?” 
“The weight of my body right now is a 
force that’s acting on the chair. So I guess 
a force is something that’s acting on 
something.” 
 

“A force is a push or a pull that acts 
on an object.” 

Pre- and Post- definitions are 
similar 

Betty “A force is something that acts on 
something else.” 
“Putting my finger down on the table 
would be a force” 
“It [a force] can turn it, it can open it, it 
can bend it, like compression and tension. 
Has an effect on something else.” 
 

“Forces are anything that has an 
effect on something else. It can be 
external, internal, it can be input, 
output forces. Anything that causes 
something else to change.” 

Pre- and Post- definitions are 
similar 
Pre-: examples of forces are 
given 

Helen “Like a push or a pull on an object, 
something that happens to an object.” 
 

“Like a push or a pull on an object.” Pre- and Post- definitions are 
very similar 

Sharon “A force is a push or a pull … A force is 
an action, it’s a movement, it has to do 
with energy and the amount of force 
required to move, push or pull an object.” 

“A force is a push or pull. It is 
something that is applied to an 
object, whether the object is moving 
at constant speed or not moving at 

Pre- and Post-: definitions are 
similar.  
Post-: Sharon recognizes that 
forces can be operating on 
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all, or it’s increasing in speed or 
decreasing, is a force applied to an 
object. Sometimes it can be related to 
energy, the amount of energy used in 
terms of, like there’s some relation of 
energy and force … if we look at 
calculating the amount of energy 
used in order to apply a certain force 
to do something. “ 
 

stationary or moving objects.  
Pre- and Post-: Sharon has an 
incomplete understanding of 
the relation between force 
and energy. 

James “It’s something acting on an object. So it 
could be gravity as a force, or any other 
power, like tension and all that stuff. As a 
general term, I’d define it as something 
acting on an object.” 
“It can be pushing, pulling, squeezing.” 
“It can move it, there’s obviously some 
objects are made to have a force hold 
them together. Other forces can tear them 
apart. They can move objects …” 
 

“Some sort of power acting an 
object. Could be friction or gravity.” 

Pre- and Post- definitions are 
similar. 
Pre-: examples of forces are 
given  

Robert “I would say it’s something that allows us 
to do work.” 
[examples of forces in everyday life]: 
“Compression, friction … push, pull” 

“Something acting on something else 
to get it to do something, to get it to 
move. Not necessarily to move, it 
could stand still too.” 

Pre- and Post- definitions are 
similar 
Pre-: examples of forces are 
given.  
Post-: Robert realizes that 
forces can act on both moving 
and stationary objects.  
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Identification and Understanding of Forces Acting on Objects 

In the initial and exit interviews, teachers were shown a coin extraction apparatus 

similar to that used in the inquiry phase of the lesson and asked to identify and describe 

the forces acting on the coin at various positions (when the coin is sitting in the bottom of 

the jar, when it is first squeezed by the clothespin, and when it is being lifted out of the 

jar; see Appendix G and Table 5.2). To assess understanding of the forces acting on 

objects at rest, teachers were asked questions based on three “interviews-about-instances” 

scenarios: #1: a chair at rest on the floor (Table 5.3); #2: a book resting on a table (Table 

5.4), and #3: a box resting on a slope (Table 5.5); see Appendix H for further details. 

Referring to Table 5.2, there is no clear indication of improved teacher 

understanding of the forces in the coin extraction apparatus. Two teachers (Betty and 

Sharon) identified more forces post- than pre-, two teachers (Karen and Helen) identified 

fewer forces post- than pre-, and two teachers (James and Robert) identified the same 

forces pre- and post-. Karen and Sharon identified the normal force post- but not pre-, 

and Betty identified the force of friction post- but not pre-. 

Table 5.3 summarizes the teachers’ ability to identify the forces acting on a chair 

at rest on the floor. Two teachers (Karen and Sharon) correctly identified both forces 

(gravity and the normal force) acting on the chair pre-, while four teachers (Karen, Betty, 

Helen, and Sharon) were able to do so post. James and Robert did not identify the normal 

force pre- or post-. Betty and Helen showed improved understanding by correctly 

identifying both forces post. 
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Similarly, Table 5.5 summarizes the teachers’ ability to identify the forces acting 

on a box at rest on a slope. It can be seen that three teachers (Karen, Betty, and Helen) 

were able to identify more forces acting on the box post- (these teachers all identified a 

normal force post- but not pre-, and Karen and Betty identified friction post- but not pre), 

while the other three teachers identified the same forces pre- and post-. One teacher 

(Sharon, who was the only teacher to correctly identify all forces acting on the box pre- 

and post-) identified the normal force pre-, while four teachers (Karen, Betty, Helen, and 

Sharon) identified the normal force post-. 

Table 5.4 presents teachers’ responses to a question asking them to assess a 

student’s thinking about forces and motion based on a statement made by that student (“A 

book resting on a table doesn’t have any forces acting on it.”). While this scenario is 

primarily designed to assess teacher science PCK (their knowledge of their students’ 

understanding of forces and motion), it can also be used to assess teacher science SMK 

since the teacher must first realize that the student’s statement is incorrect (i.e., that the 

book does in fact have forces acting on it). Table 5.4 indicates that, at the beginning of 

the study, five teachers (Karen, Betty, Sharon, James, and Robert) understood that an 

object at rest does have forces acting on it. At the end of the study, there were also five 

teachers (Karen, Betty, Helen, Sharon, and James) who understood this concept. 
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Table 5.2 

Forces Acting on Coin in Coin Extraction Apparatus 
Teacher Forces on coin when sitting 

at bottom of jar 
Forces on coin when 
squeezed by clothespin 

Forces on coin when it is 
lifted out of jar 

Change 

 Initial 
Interview 

Exit 
Interview 

Initial 
Interview 

Exit 
Interview 

Initial 
Interview 

Exit 
Interview 

 

Karen Wood 
holding up 
coin, tape on 
either side 
of coin, 
gravity 
down 

Clay 
inwards, jar 
upwards, 
gravity 
down 

Clothespin 
squeezing 
inward, 
weight of 
coin, hands 
pressing on 
coin, weight 
of apparatus 
on coin 
 

Clothespin 
inward 

Force of 
hand up, 
clothespin 
horizontal, 
gravity 
down, hand 
lifting coin 
vertically 

Person 
lifting coin 
upward, no 
upward 
force from 
jar, no force 
from clay 

No evidence for 
improvement: not 
as many forces 
identified in exit 
interview; upward 
(normal) force 
identified in exit 
interview 

Betty Gravity, 
paperclip 
and tape 
helping it to 
stay up 

Gravity, clay 
holding it up 

Elastic 
compresses 
wood, 
paperclip, 
and 
clothespin 

Friction, 
input force 

Hands and 
arms moving 
it up, wood 
holding it 

Input 
causing coin 
to be moved 
up, friction 
on coin so it 
doesn’t slip 
 

Improvement: 
force of friction 
identified in exit 
interview; thinking 
about forces more 
precise in exit 
interview 
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Helen Held up by 
paperclip, 
gravity 
down 

Gravity, and 
clay holding 
it up 

Gravity, 
paperclip, 
clothespin 
pushing on 
either side 
 

Force of 
push from 
either side of 
clothespin 

Same forces 
as before, 
plus person 
pulling up 
coin  

Person 
pulling up 
coin 

No evidence for 
improvement: not 
as many forces 
identified in exit 
interview 

Sharon Force from 
plasticine 
holding it in 
place, 
gravity 
down 

Reaction 
force from 
edges and 
bottom of 
plasticene 
holding it in 
place, 
gravity 
down, 
friction 
holding coin 
in plasticine 
 

Gravity 
down, 
friction 
between coin 
and 
paperclip, 
compression 
from 
clothespin 
 

Force 
applied by 
person, 
compression 
from 
clothespin, 
friction 
between 
clothespin 
and 
paperclip, 
gravity down 
 

Gravity, 
compression, 
“kinetic 
energy” of 
coin moving 
 
 

Was not 
asked 

Improvement: 
normal force 
identified in exit 
interview 

James Gravity 
down, 
friction 
holding coin 
on wood 

Gravity 
down, 
friction 
between 
plasticine 
and coin to 
hold it up 

Squeezing 
force, tension 
of paperclip, 
friction of 
paperclip 
holding it 
down 

Friction 
between 
clothespin 
and coin, 
gravity, 
compression 
on coin 
 

Same forces, 
plus force of 
person lifting 
coin 
 

Same 
forces, plus 
force of 
person 
lifting 
against 
gravity 
 
 

No evidence for 
improvement; 
force of friction 
identified in both 
interviews 
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Robert Gravity 
pulling 
down, 
friction 
holding coin 
in, tension in 
paperclip 
that “helps 
the friction”, 
compression  

Gravity 
pushing 
down, 
compression 
between 
coin and 
plasticine, 
friction 
holding it up 

Tension “up 
here”, 
friction in 
squeezing, 
compression, 
gravity 
(“always 
working”) 

Compression 
and friction 
on coin, 
gravity 
 

 “You’ve got 
pull because 
you’re 
pulling it 
up”, friction 
horizontally, 
tension, 
compression 
horizontal, 
gravity 
vertically 

Gravity 
pulling 
down, 
compression 
and friction 
on coin  

No evidence for 
improvement; 
force of friction 
identified in both 
interviews 

 

Table 5.3 

Interviews-About-Instances Scenario #1: Chair at Rest on Floor                                     
Teacher Initial Interview Exit Interview Change 

Karen 3, correct 3, correct No evidence for improvement: 
correct both times 
 

Betty 1, incorrect (she did say 
“there’s probably A & B”) 

3, correct (but she was 
unsure about the upward 
force) 

Improvement 

Helen 1, incorrect 3, correct Improvement 

Sharon 3, correct 3, correct No evidence for improvement: 
correct both times 



 

 

 

149 

James 1, incorrect 1, incorrect No evidence for improvement: 
incorrect both times 

Robert 1, incorrect 1, incorrect No evidence for improvement: 
incorrect both times 

                     
Table 5.4 

Interviews-About-Instances Scenario #2: Book Resting on Table 
Teacher Initial Interview Exit Interview Change 
Karen B, incorrect B, incorrect No evidence for improvement: incorrect 

both times. She does recognize that the 
student’s thinking is incorrect, but she 
incorrectly chooses B both times. 
 

Betty D, correct D, correct No evidence for improvement: correct 
both times 
 

Helen A, incorrect D, correct Improvement 
 

Sharon D, correct D, correct No evidence for improvement: correct 
both times 
 

James D, correct D, correct No evidence for improvement: correct 
both times 
 

Robert D, correct Could not No evidence for improvement: incorrect 
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decide between 
B and D. 

in exit interview 

 

Table 5.5 

Interviews-About-Instances Scenario #3: Box Resting on Slope 
Teacher Initial Interview Exit Interview Change 

Karen • Gravity/down, “friction 
underneath” (no direction 
given) 

• not sure, but says yes 

• Gravity/down, upward force 
from plane, friction upward 
along plane 

• Did not ask 
 

Improvement: more forces 
identified in exit interview; 
though force from plane not in 
right direction 
 

Betty • Gravity/down (“I don’t know if 
there’s friction acting on it, 
stopping it from moving? I 
don’t think friction’s a force”) 

• “might be zero net force 
because it’s not moving, but 
that’s probably a misconception 
.. I think there is a net force, not 
sure why.” 

 

• Gravity/down, upward force 
from plane, friction upward 
along plane 

• not clear—her answer is 
confused  

Improvement: more forces 
identified in exit interview 

Helen • Gravity/down, “I don’t think 
there are any other forces acting 
on it” 

• Gravity/down, force from 
plane/upward 

• “I’m going to say that there 

Improvement: more forces 
identified in exit interview; force 
from the plane not in right 



 

 

 

151 

• does not know maybe is, but I have no idea 
what it is.” 

direction.  
 
 
 

Sharon • Gravity/down, friction upward 
along plane, plane/normal 

• is unsure 
 

• Same as for initial interview 
• Did not ask 

No evidence for improvement: all 
forces identified correctly in both 
interviews 

James • Gravity/down, friction along 
the plane (direction not given) 

• correctly identifies that net 
force is zero because box is not 
moving 

 

• Gravity/down, friction/upward 
• correctly identifies that net force 

is zero because box is not 
moving 

No evidence for improvement: 
similar understanding in both 
interviews; normal force not 
identified in either interview, 
direction of friction is not given or 
is incorrect.  
 

Robert • Gravity/down, friction down 
slope 

• Did not ask 

• Gravity down, friction (direction 
unclear) 

• Did not ask 

No evidence for improvement: 
similar understanding in both 
interviews; normal force not 
identified in either interview, 
direction of friction not given or is 
incorrect.  
 

 

Note. The first entry for each cell gives the forces identified by the teacher for a box resting on a slope, and the second entry gives the 
teacher’s definition of “net force”.
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Identification of a Lever and Understanding of its Function 

 Teachers were asked in their initial and exit interviews if they were able to 

identify a clothespin as a lever. If they were able to do so, they were then asked to 

identify the locations of the fulcrum, effort and load, and whether it mattered where the 

effort was applied (see Appendix G). 

Table 5.6 shows that only three teachers (Betty, Helen, and Robert) identified the 

clothespin as a lever initially, while five teachers did so in their exit interviews (Betty had 

identified the clothespin as a lever initially, but was not able to do so in her exit 

interview). All five of these teachers were also able to identify the location of the 

fulcrum, and all five understood that it mattered where the effort was applied; three of the 

five teachers (Helen, Sharon, and James) were able to correctly identify the locations of 

the effort and load.  
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Table 5.6 

Identifying a Clothespin as a Simple Machine (lever) 
Teacher Initial Interview Exit Interview Change 

Karen Did not identify as a lever Identified as a lever. Fulcrum identified 
correctly, but effort and load switched 
(though she did know where force is 
applied). Indicated that it matters where 
effort is applied.  
 

Improvement: correct 
understanding in final 
interview 

Betty Identified as a lever. Fulcrum, load, 
effort identified correctly. Indicated that 
it matters where effort is applied. 
 

Did not identify as a lever (she did say “I 
don’t remember. Not a lever.”) 

No evidence for improvement: 
Better understanding in initial 
interview 

Helen Identified as a lever. Fulcrum, effort, 
and load identified correctly 
 

Identified as a lever. Fulcrum, effort, and 
load identified correctly. Indicated that it 
matters where effort is applied. 
 
 

Some improvement 

Sharon Did not identify as a lever. Identified as a lever. Fulcrum, effort, and 
load identified correctly. Indicated that it 
matters where effort is applied.  
 

Improvement: correct 
understanding in final 
interview. 

James Did not identify as a lever. Identified as a lever. Fulcrum, effort, and 
load identified correctly. Indicated that it 

Improvement: correct 
understanding in final 
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matters where effort is applied. interview. 
Robert Identified as a lever. Fulcrum identified 

correctly, but effort and load switched. 
Indicated that effort depends on where it 
is applied. 

Identified as a lever. Fulcrum identified 
correctly, but some confusion about effort 
and load (talks about compression as the 
“input force”, and squeezing of the spring 
as the “output force”). Indicated that it 
matters where effort is applied.  
 

No evidence for improvement: 
Identified as lever in both 
interviews, but some 
problems with effort and load 
in both interviews.  
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Summary of Changes in Teacher Science SMK  

This study looked for changes in the following aspects of teachers’ science SMK 

in relation to forces and simple machines: (a) being able to define a force, (b) being able 

to identify and understand the nature of force in various situations, and (c) being able to 

identify a lever and understand how it functions. In regards to (a), no significant changes 

were seen in teachers’ definitions of force. In regards to (b), there is evidence that 

teachers were better able to identify and understand the forces acting on objects at rest at 

the end of the study. Specifically, four teachers correctly identified both forces acting on 

a chair at rest at the end of the study, while only two teachers were able to do so at the 

beginning. Three teachers identified more forces acting on a box on a slope at the end of 

the study compared to at the beginning. The force that at least half of the teachers were 

able to identify by the end of the study was the normal force (this force was not 

recognized by these teachers at the beginning of the study). In regards to (c), three 

teachers who were not able to identify a clothespin as a lever before the study were able 

to do so at the end of the study.  

Table 5.7 gives an overall summary of the changes in the teachers’ identification 

and understanding of forces in the coin extraction apparatus and in the interviews-about-

instances scenarios, and in their identification of a clothespin as a lever and the 

functioning of a lever. Relevant comments from teacher exit interviews are given in the 

last column of this table. As indicated in Table 5.7, two teachers improved their science 

SMK in a majority of the five scenarios assessing teacher science SMK in forces and 
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simple machines. Helen showed improved science SMK in four of the five scenarios, and 

Betty showed improvement in three scenarios. 
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Table 5.7 

Summary of Changes in Teachers’ Identification and Understanding of Forces Acting on Objects, and Identification of a Clothespin 
as a Simple Machine (lever). 
Teacher Coin Extraction 

Apparatus 
(Table 5.2) 

Interviews 
About 
Instances 
Scenario 1 
(Table 5.3) 

Interviews 
About 
Instances 
Scenario 2 
(Table 5.4) 

Interviews 
About 
Instances 
Scenario 3 
(Table 5.5) 

Identifying a 
Clothespin as a  
Simple 
Machine (lever) 
(Table 5.6) 

Self-Reports from Exit 
Interviews 

Karen  No evidence for 
improvement:      
fewer forces 
identified Post- 
normal force 
identified 
 

No evidence 
for 
improvement: 
correct both 
times 

No evidence 
for 
improvement: 
incorrect both 
times 

Improvement: 
more forces 
identified Post- 

Improvement: 
correct 
understanding 
Post- 

“This whole unit, I didn’t even 
know the definition of a force. 
Friction, all that was kind of 
review, so I’d kind of forgotten 
all of that.” 
 

Betty Improvement: 
thinking about 
forces more 
precise in Post- 
frictional force 
identified 

Improvement: 
incorrect in 
Pre-, correct 
in Post- 

No evidence 
for 
improvement: 
correct both 
times 

Improvement: 
more forces 
identified Post- 

No evidence for 
improvement:      
better 
understanding 
Pre- 
 

“I do think I’ve learned a lot 
about input and output forces 
and what makes up a simple 
machine, and the function of it. 
I definitely understand that 
now.” 
“ I now know more about 
forces, and I’m hopefully 
going to apply that to the grade 
7 curriculum for the next unit.” 
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Helen No evidence for 

improvement: 
fewer forces 
identified Post-  

Improvement: 
incorrect in 
Pre-, correct 
in Post- 

Improvement: 
incorrect in 
Pre-, correct in 
Post- 
 

Improvement: 
more forces 
identified Post- 

Improvement: 
better 
understanding 
Post- 

 

Sharon 
 

Improvement: 
normal and 
frictional forces 
identified Post- 

No evidence 
for 
improvement: 
correct both 
times 

No evidence 
for 
improvement: 
correct both 
times 

No evidence 
for 
improvement:   
all forces 
identified 
correctly in 
both 
 

Improvement: 
correct 
understanding 
Post- 

[when asked if she had learned 
science content during this 
study] “Personally myself, no. 
It was a good review though.” 
 

James No evidence for 
improvement: 
frictional force 
identified Pre- 
and Post- 
 

No evidence 
for 
improvement: 
incorrect both 
times 

No evidence 
for 
improvement: 
correct both 
times 

No evidence 
for 
improvement: 
similar 
understanding 
in both 
 

Improvement: 
correct 
understanding 
Post- 

“It [the study] solidified some 
ideas about input and output, 
and forces and everything. I 
think it was definitely good.” 

Robert No evidence for 
improvement: 
frictional force 
identified Pre- 
and Post- 
 

No evidence 
for 
improvement: 
incorrect both 
times 

No evidence 
for 
improvement: 
correct in Pre-, 
could not 
decide in Post- 

No evidence 
for 
improvement: 
similar 
understanding 
in both 

No evidence for 
improvement:  

“[The study] Definitely 
refreshed, dusted the old brain 
off … Yeah, and I was like, 
really a screw is a machine? 
So, some of that stuff was new, 
definitely.” 
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Chapter 6 

Changes in Teacher Science Pedagogical Content Knowledge and 

Pedagogical Knowledge 

Science Pedagogical Content Knowledge (PCK) includes teachers’ knowledge of 

how children learn science and which science topics they find difficult to learn, 

knowledge of children’s existing science knowledge, and knowledge of effective science 

instructional strategies, for specific science content areas.  

In this study, two specific dimensions of teacher science PCK were examined: (a) 

teacher knowledge of students’ understanding of forces, and (b) teacher knowledge of 

strategies to effectively teach about forces. To identify possible changes in these two 

dimensions of teacher science PCK, teacher responses to questions relating to four 

scenarios from their initial and exit interviews (see Appendices G and H) were analyzed. 

This analysis revealed no significant changes in teacher science PCK related to these two 

dimensions, with the exception of one teacher (Betty).  

However, analysis of teacher interviews and group meetings also revealed 

changes in teacher Pedagogical Knowledge (PK). PK is defined by Abell (2007) as 

including “knowledge of instructional principles, classroom management, learners and 

learning, and educational aims that are not subject-matter-specific” (p. 1120). 
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Changes in Teacher Science PCK  

Tables 6.1 to 6.4 provide data related to the two dimensions of teacher science 

PCK defined above. These tables summarize the teachers’ responses to the following 

questions asked during the initial and exit interviews: (1) Do you believe that your 

students would have difficulty in defining a force? What forces do you believe your 

students would identify in the coin extraction apparatus?; (2) What forces do you believe 

that your students would identify acting on a chair at rest on the floor (interviews-about-

instances scenario #1)?; (3) What is your assessment of a student’s thinking in regards to 

his/her statement “A book resting on a table doesn’t have any forces acting on it” 

(interviews-about-instances scenario #2)?; and (4) What forces do you believe that your 

students would identify acting on a box at rest on a slope (interviews-about-instances 

scenario #3)?  

Table 6.5 provides an overall summary of changes in teacher science PCK based 

on Tables 6.1 to 6.4. Table 6.5 contains three distinct categories: 

1.  “Students’ Force Definitions” refers to the teachers’ beliefs about whether their 

students would be able to define a force. The science education research literature 

shows that many students do not understand what a force is, they confuse force 

with other concepts such as energy, and they have considerable trouble difficulty 

defining force (e.g., Halloun & Hestenes, 1985; Driver, Squires, Rushworth, & 

Wood-Robinson 1994; Knight, 2002). Because of this, when teachers expressed 

the awareness that their students would likely experience difficulty defining a 
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force at the end of the study, this was interpreted as an “Improvement” or a gain 

in this aspect of their science PCK.  

2. “Students Identifying Forces” refers to how many forces a teacher believes their 

students would be able to identify. Science education research shows that students 

have trouble identifying passive forces such as the normal force and other forces 

such as friction (e.g., Halloun & Hestenes, 1985; Driver, Squires, Rushworth, & 

Wood-Robinson, 1994). Because of this, “improvement” in this aspect of teacher 

PCK signifies that the teacher, at the end of the study, recognized that their 

students would not be able to identify many forces. 

3. “Science Teaching Strategies” refers to the range of science teaching strategies 

presented by the teachers. “Improvement” in this context signifies that the teacher 

presented a wider range of teaching strategies at the end of the study. 
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Table 6.1  

Teacher Beliefs About Their Students’ Understanding of the Definition of a Force, the Forces Acting on the Coin in the Coin 
Extraction Apparatus, and Strategies Used to Address Student Difficulties and Misconceptions 
Teacher Initial Interview Exit Interview Change  

 
Karen [d] Students would not have good 

definition 
[f] Gravity and squeezing 
[s] Socratic questioning, hands-on 
inquiry with simple materials 

 

[d] Most students would know what a 
force is 
[f] Gravity and forces exerted by clay on 
coin 
[s] “keep questioning, questioning, 
questioning” 
 

[d] After: more students 
can define a force 
[f] Similar forces 
identified 
[s] After: smaller range 
of teaching strategies 

Betty [d] Force is a push 
[f] Gravity 
[s] Hands-on inquiry 
“I think my students would learn best 
by doing an experiment, and then 
learning about it.” 

 

[d] Students would struggle with 
defining a force 
[f] Students would struggle with 
identifying forces 
[s] Use real-life examples (e.g., a clothes 
peg), do experiments, use images and 
diagrams, give students opportunities to 
discuss together 
“Yesterday in the inquiry, you know 
talking about forces, and they weren’t 
able to.” 

      “If they can see it, if they can try it, they    

[d] After: students 
would have trouble 
defining a force 
[f] After: students 
identify fewer forces 
[s] After: richer set of 
teaching strategies 
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      learn. It seems to be embedded in their   
      memory.” 
 

Helen [d] Students would not be able to 
identify a force 
[f] She does not know what forces 
students would identify 
[s] Help students make connections 
between forces and objects in everyday 
life, have students explore forces 
through inquiry with simple materials 
“I would know better once I could look 
at it all and review it. Then … I know 
where my students are going. But if I 
haven’t thought about it yet, I have no 
idea where they’re going yet.” 
“Everyone’s going to benefit from 
having the hands-on, but kids are going 
to need to hands-on.” 

 

[d] Reported ~10% of her students 
would be able to correctly define a force 
[f] gravity and possibly push/pull 
[s] have students learn about forces 
through exploring objects in everyday 
life 

 

[d] After: some students 
would be able to define 
a force 
[f] After: she has better 
idea of forces her 
students would be able 
to identify 
[s] Similar teaching 
strategies  

Sharon [d] Force is a push or a pull, and that 
forces are associated with movement 
[f] Gravity, friction 
[s] Have students reflect on prior 
learning and give them background 
knowledge, engage students with a 

[d] Did not answer 
[f] Gravity (all students), friction (some 
students) 
[s] Review and consolidate students’ 
existing science vocabulary, engage 
students with a minds-on activity, add 

[d] Cannot determine 
[f] Same forces 
identified, but not all 
students would identify 
friction 
[s] After: more restricted 
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video or demonstration, help students 
make connections between forces and 
everyday objects, hands-on inquiry 

 

new science vocabulary 
“In the other grade 8 class, when I did 
that teaching, they all knew about 
gravity acting as a force in the 
downward direction. Some of them knew 
about the frictional force to keep it in 
place.” 
 

set of teaching strategies 

James [d] Force is a push or a pull 
[f] Gravity 
[s] Define science vocabulary, hands-
on activities and demonstrations 
“If I’m having difficulty with it, they’re 
having difficulty with it too.” 
“I like to do a lot of hands-on activities 
or demonstrations that show how these 
forces would actually affect objects … 
personally I’m a hands-on learner, so I 
learn by doing it, so I guess that’s why 
I’m a little more focused there.” 

 

[d] Students would not be able to give a 
precise definition of force without 
review 
[f] Gravity 
[s] Define science vocabulary 

[d] After: students 
would have trouble 
defining a force 
[f] Same forces 
identified 
[s] After: more restricted 
set of teaching strategies 

Robert [d] “A force is something that you 
apply to a simple machine” 
[f] Gravity, compression 
[s] Hands-on inquiry 

[d] “A force is something you apply to 
something else to allow it to work.” 
[f] Compression 
[s] Investigation (e.g., with model 
airplanes and helicopters in the Grade 6 

[d] Similar student force 
definition 
[f] After: students 
identify fewer forces 
[s] Similar teaching 
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“So certainly through the use of 
manipulatives, investigating and 
teacher-directed investigations, not 
quite inquiry, not quite “here you go, 
have at her, see what happens”.” 

 

flight unit) strategies 

 
Note. The first entry for each cell [d] is whether the teachers thought their students would have difficulty in defining a force; the 
second entry [f] refers to what forces the teachers thought their students would be able to identify in the coin extraction apparatus; the 
third entry [s] presents teaching strategies the teachers would use to address student difficulties or misconceptions in defining and 
identifying forces; and the fourth entry (if present) is relevant quotes from each teacher. 
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Table 6.2 

Interviews-About-Instances Scenario #1: A Chair at Rest on the Floor 
Teacher Initial Interview Exit Interview Change  

 
Karen • A only 

• Not asked 
• A only 
• did not ask 

 

No change 

Betty • A only 
• Not asked 

 

• Neither A nor B (most students); A only 
(some students) 

• demonstration or diagram showing forces 
• “But I don’t even know for sure if there’s 

an upward force exerted by the floor.” 
 

Some change 

Helen • A only 
• Not asked 
• “Probably because 

they’d be thinking the 
same thing I would … 
but I don’t know if the 
floor being there is a 
force.” 
 

• A only 
• discuss the upward force of air pressure 

acting on a plane 
• “They know how gravity works a little 

bit better … So, just because the floor’s 
not moving, I don’t think they would 
think of that as an upward force.” 

No change 

Sharon • Not asked 
• Not asked 

• A only 
• discuss forces acting on chairs in 

Cannot 
determine 
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Goldilocks and the Three Bears 
• students “have the misconception that a 

force has to cause something to move.” 
 

James • A only 
• Not asked 

• A only 
• Not asked 

 

No change 

Robert • A only 
• Not asked 

• A only 
• Not asked 

 

No change 

 

Note. The first entry for each cell is what the teacher thought their students would answer (A is the downward force of gravity, and B 
is the upward force exerted by the floor; the correct answer is A and B), the second entry presents their strategies for addressing 
student misconceptions about forces on objects at rest (if asked), and the third entry (if present) is relevant quotes from that teacher. 
The fourth column shows the change in teacher thinking about student responses.  
 

Table 6.3   

Interviews-About-Instances Scenario #2: A Book Resting on a Table 
Teacher Initial Interview Exit Interview Change 

 
Karen • B, incorrect 

• Not asked 
• “I think that they know that you 

can still put force on something, 

• B, incorrect 
• Not asked 
 

• No evidence of improvement: 
incorrect both times. She 
recognizes that the student’s 
thinking is incorrect, but she 



 

 

 

168 

and it doesn’t necessarily have to 
move.” 
“I don’t really understand this 
one.” 
 

incorrectly chooses B both 
times. 

• Cannot determine 

Betty • D, correct 
• Discuss with students what force 

holds a person to the ground 
• “I’d probably google it, because 

we don’t have textbooks.” 
 
 

• D, correct 
• Explain that gravity always 

acts on stationary objects, and 
that both moving and 
stationary objects can have 
forces acting on them 

 

• No evidence of improvement: 
correctly identifies student 
misconception both times 

• More sophisticated approach 
to address misconception in 
exit interview 

Helen • A, incorrect 
• Not asked 
• “It’s difficult, because I’m 

struggling with what I actually 
know, and what I think a kid 
knows … I can’t predict what my 
students are thinking until I have 
a handle on what the information 
is. So I’m guessing on the answer, 
so I can’t guess what the kids are 
going to guess without me.” 
 

• D, correct 
• “I would google experiments 

… and try and find something 
that shows that they don’t 
have to be moving.” 

• “So a force has to be 
something that creates a 
movement of some sort.” 
 

• Improvement: misconception 
correctly identified in exit 
interview 

• Cannot determine 
 

Sharon • D, correct 
• Not asked 

 

• D, correct 
• Using a collision between 

two cars to show that 

• No evidence of improvement: 
correct both times 

• Cannot determine 
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stationary objects can still 
have forces acting on them. 
 

James • D, correct 
• Drop an object to show that 

gravity is always operating 
 

• D, correct 
• Drop an object to show that 

gravity is always operating 

• No evidence of improvement: 
correct both times 

• No evidence of improvement 

Robert • D, correct 
• Dropping an object and talking 

about how gravity is always 
acting on it 

• Could not decide between B 
and D. 

• Dropping an object and 
talking about how gravity is 
always acting on it 
 

• No evidence of improvement: 
no clear choice of correct 
answer in exit interview 

• No evidence of improvement 

 

Note. The first entry for each cell is the teacher’s assessment of the student’s thinking, the second entry is the strategies that the 
teacher would use to help address any perceived student misconception, and the third entry (if present) is relevant quotes from that 
teacher. The first entry in each cell in the fourth column gives the change in teacher responses to the question, and the second entry 
gives changes in teaching strategies.  
 
Table 6.4 
 
Interviews-About-Instances Scenario #3: A Box Resting on a Slope 
Teacher Initial Interview Exit Interview Change 

Karen • gravity 
• learn material herself; give students 

• gravity, friction 
• question students about forces 

• More forces 
identified 
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background/review about forces; 
question students about forces; hands-on 
investigation with objects on a slope 
 

• Teaching 
strategies less 
rich after 

Betty • gravity 
• learn material herself; make connections 

to real-life examples 
 

• gravity 
• make connections to students’ every-

day experiences 

• No change 
• Similar 

Helen • gravity 
• not asked 
• “I’m going to assume that they would 

answer what I’m answering” 

• gravity 
• Google search 
• “I think they would think there is 

something going on with the fact 
that’s a slope, not just flat.” 
 

• No change 
• Cannot 

determine 

Sharon • gravity, friction 
• question students; use real-life examples 
• “I might have to probe their thinking and 

question them, to get them to think about 
[this] really.” 
 

• gravity, friction 
• tell students about normal forces 
• “Because obviously there’s something 

that’s causing the box not to move.” 

• No change 
• Teaching 

strategies less 
rich after 

James • gravity, friction 
• use drawings and physical demonstration 

(box on an inclined plane) 

• gravity 
• questions and hands-on investigations 
• “I think it would take some 

questioning, to say, okay, if you have 
gravity pushing down, why isn’t the 
box going down the slope? And I 
don’t know that they would make the 

• Fewer forces 
identified 

• Similar 
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jump and say there’s some friction … 
Friction’s a tougher one I think.” 
“Again, trying all those hands-on 
things so that they can feel it, they can 
see it, and hopefully they can get to 
understand it.” 
 

Robert • gravity, possibly friction after 
questioning 

• hands-on investigations (pull objects 
across the floor) 

• “They’d get friction out of that [teacher 
questioning] because if you were to say, 
what happens when I start tilting the box 
even higher than it is, and they kind of 
figure out that eventually it’ll slide down 
and overcome the force of friction.” 

• gravity 
• hands-on investigation of box on 

inclined plane 
• “And then they might say another 

force would be sliding, because they 
would think through and say that the 
box is going to slide, if the box is 
heavy enough to overcome the force 
of friction. But I don’t think they 
would come up with that at all.” 
 

• Fewer forces 
identified 

• Similar, but 
strategy more 
clearly defined 
in exit 
interview 

 
Note. The first entry for each cell presents the forces that the teacher thought a typical student would identify, the second entry is the 
strategies that the teacher would use to help students identify the forces acting on the box, and the third entry (if present) is relevant 
quotes from that teacher. 
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Table 6.5 

Summary of Teachers’ Changes in Science PCK from Tables 6.1 to 6.4 
Teacher Students’  Force 

Definitions 
Students Identifying Forces Science Teaching Strategies 

 (Table 6.1) Coin Apparatus 
(Table 6.1) 

Chair at Rest 
(Table 6.2) 

Box on a Slope 
(Table 6.4) 

Coin Apparatus 
(Table 6.1) 

Book on Table 
(Table 6.3) 

Box on Slope 
(Table 6.4) 

Karen No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

? No evidence for 
improvement 

Betty Improvement Improvement Improvement No evidence for 
improvement 

Improvement Improvement No evidence for 
improvement 

Helen No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

? ? 

Sharon ? Improvement ? No evidence for 
improvement 

No evidence for 
improvement 

? No evidence for 
improvement 

James Improvement No evidence for 
improvement 

No evidence for 
improvement 

Improvement No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

Robert No evidence for 
improvement 

Improvement No evidence for 
improvement 

Improvement No evidence for 
improvement 

No evidence for 
improvement 

No evidence for 
improvement 

 

Note. “Improvement” indicates an improvement in teacher science PCK, “No evidence for improvement” indicates that there is 
insufficient evidence for improvement in teacher science PCK, and “?” indicates that a determination of a change in teacher science 
PCK could not be made. “Students’ Force Definitions” refers to teachers’ beliefs about whether their students would be able to define 
a force: “Improvement” indicates that a teacher believes after the study that their students would be less able to define a force than 
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before. “Students Identifying Forces” refers to how many forces a teacher believes their students would be able to identify: 
“Improvement” indicates that the teacher believes after the study that their students would be able to identify fewer forces than before. 
“Science Teaching Strategies” refers to the range of science teaching strategies presented by the teachers: “Improvement” indicates 
that the teacher presented a wider range of teaching strategies after the study than before.   
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Teachers’ knowledge of students’ understanding of forces. From Table 6.1 it 

can be seen that there were no consistent changes in teachers’ beliefs in their students’ 

ability to define a force. Two teachers initially thought that their students would not be 

able to define a force but at the end of the study thought that they would in fact be able to 

(or some students would be able to), two teachers initially thought that their students 

would be able to define a force but at the end of the study thought that they would not be 

able to, and one teacher gave a similar student definition of force in both interviews. I 

argue that the teachers exhibited improved science PCK when they moved from believing 

that their students would be able to easily define a force toward believing that their 

students would have difficulty defining a force. This latter belief is more consistent with 

the science education research literature that documents the difficulties many students 

have with defining force (e.g., Halloun & Hestenes, 1985; Driver, Squires, Rushworth, & 

Wood-Robinson 1994). 

Interviews-about-instances scenario #2 probes teacher understanding of the 

common student misconception that objects at rest do not have forces acting on them. 

Table 6.3 indicates there was little difference between the teachers’ responses before and 

after the study. Four teachers gave the same answer before and after, one teacher showed 

improved understanding, and one teacher a poorer understanding. In other words, nearly 

all of the teachers realized before and after the study that the student had a misconception 

and they understood how this misconception arose.  
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With respect to teachers’ beliefs about the number of forces that their students 

would be able to identify in various situations, Tables 6.1, 6.2, and 6.4 reveal the 

following: (a) For the coin extraction apparatus (Table 6.1), three teachers believed that 

their students would identify the same forces acting on the coin before and after the 

study, two teachers believed that their students would identify fewer forces after the 

study, and one teacher believed that her students would identify more forces after the 

study; (b) For a chair at rest on a floor, four teachers believed that their students would 

identify the same forces acting on the chair before and after the study, and one teacher 

believed that her students would identify fewer forces after the study (it was not possible 

to determine a change for one of the teachers); (c) for a box at rest on a slope, three 

teachers believed that their students would identify the same forces acting on the box 

before and after the study, two teachers believed that their students would identify fewer 

forces after the study, and one teacher believed that her students would identify more 

forces after the study.  

Thus there were no consistent changes in the number of forces that the teachers 

believed that their students would be able to identify in the three scenarios. The 

Mackenzie teachers consistently believed before and after the study that students could 

identify the force of gravity, but after the study they were less likely to believe that 

students could identify other forces such as friction, the normal force, tension, or 

compression. For instance, James and Robert initially believed that students would be 

able to identify friction acting on a box on a slope, but they did not believe this after the 
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study (see their comments in Table 6.4). This suggests that the teachers exhibited 

improved science PCK, since the literature shows that students have trouble identifying 

passive forces such as friction and the normal force (Halloun & Hestenes, 1985; Driver, 

Squires, Rushworth, & Wood-Robinson, 1994).  

Table 6.5 summarizes changes in science PCK for each teacher. Looking at the 

first four columns of this table, it can be seen that, with the exception of Betty, the 

Mackenzie teachers did not show any significant changes in their science PCK related to 

understanding their students’ abilities to define and identify forces. In contrast, Betty 

showed improved science PCK in three of the four categories.  

Teachers’ knowledge and use of strategies to effectively teach about forces. 

Tables 6.1, 6.3, and 6.4 summarize teaching strategies that the teachers would use to 

correct student misconceptions and improve student understanding of forces, before and 

after the study. 

Regarding the ability of students to define a force and to identify the forces acting 

on the coin in the coin extraction apparatus (Table 6.1), three teachers (Karen, Sharon 

and James) presented a smaller, more restricted set of teaching strategies to help students 

define and identify forces after the study compared to before, one teacher (Betty) 

presented a richer set of such teaching strategies after, and two teachers (Helen and 

Robert) presented a similar set of such teaching strategies before and after.  

Concerning the misconception that there are no forces acting on objects at rest 

(Table 6.3), one teacher (Betty) presented a more sophisticated teaching strategy after the 
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study to address this misconception, while two teachers (James and Robert) presented 

similar teaching strategies before and after (the other three teachers were not asked about 

their strategies to address this misconception in their initial and/or exit interviews). 

When asked about teaching strategies related to helping students identify forces 

acting on a box resting on a slope (Table 6.4), two teachers (Karen and Sharon) presented 

fewer teaching strategies to help students identify these forces after the study, two 

teachers (Betty and James) presented similar such teaching strategies before and after, 

and Robert’s teaching strategy was more clearly defined after the study.   

It can be seen from the above discussion and from Table 6.5 (last three columns) 

that Betty presented a richer set of teaching strategies for two of the three scenarios 

above. Betty is thus the only teacher who showed evidence for an improvement in 

science PCK in regards to the use of effective teaching strategies to help students better 

define and identify forces and to correct students’ force misconceptions. 

It is concluded that Tables 6.1 to 6.4 show little evidence for gains in teacher 

science PCK related to knowledge of students’ understanding of forces and knowledge of 

effective strategies for teaching about forces, aside from Betty, who demonstrated 

improved science PCK in both of these dimensions.  

 However, analysis of researcher field notes, and transcripts of group meetings and 

teacher interviews, reflections, and follow-up emails has revealed evidence for additional 

gains in regards to teacher knowledge of effective science teaching strategies. 

Specifically, three teachers report that they will continue to use three-part lessons in their 
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science teaching, and four teachers will integrate hands-on inquiry more often in their 

science teaching.  

Continued use of three-part lessons in science teaching. A three-part lesson 

consists of an opening “hook”, a student-directed task or activity, and a consolidation 

phase. The use of three part lessons was identified as an important gain in teachers’ 

science PCK because it revealed that the Mackenzie teachers became sensitive to the 

importance of engaging students at the beginning of the lesson and taking the time to 

consolidate their learning at the conclusion of the lesson.  

Several teachers had been involved in designing and using three-part lessons in 

mathematics (e.g., through CIL-M), but none had previously used three-part lessons in 

their science teaching. Many of the Mackenzie teachers believed that the use of a three-

part lesson5 in this study had been very successful in engaging the students during both 

teachings of the lesson. As Sharon noted in her exit interview: “I’ve never tried … this 

framework of the minds-on, action, and consolidation for science … and now that I’ve 

done it, oh yeah.” Consequently, many of the teachers planned to continue to use three-

part lessons in their science teaching.  

In her exit interview, Karen noted that her students continued to show evidence of 

engagement after the first teaching of the lesson:  

                                                        
5 The three-part lesson here consisted of the video on robotic surgery as the ‘hook’, the 
design, building, and testing of the coin extraction apparatus as the main task or activity, 
and the student co-construction of the learning goals and comparison with the teacher-
generated learning goals as the consolidation phase. 
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So today I did science with them; it wasn’t as spectacular 
of a lesson, but they’re so engaged because of the first 
lesson that we did. So I think for sure, to start every first 
unit like that, and then they’re hooked from the get-go. 

Karen is also planning to use three-part lessons in other subjects.  

The following school year, Betty said “I have adopted the three-part lesson. We 

just did a bridge activity as our minds-on. We are going to be building an egg protector 

and then we will consolidate.” (email, Nov 2012) 

In her exit interview, Sharon said “What’s great is we took the framework of a 

three-part math, which is big in the Board everywhere, and we applied it to science … we 

could take this style and apply it to different areas of the curriculum.” During the final 

group meeting, Sharon volunteered: “I’m getting kind of tired of buying stuff to engage 

my students in their learning, and that’s what’s most frustrating for me. I want to try that 

kind of three-part learning.” The following school year she said: “I have used the three-

part framework for my lessons as modeled in our lesson study.” (email, Nov 2012) 

In his exit interview Robert said:  

But I think doing the lesson with the three different parts, 
and the initial part, the hook, I think I’m going to start 
putting a lot more emphasis on that … I really liked how at 
the end of our lesson we teased out the learning goal from 
them … and said, here’s yours, here’s what we came up 
with. 

Robert said the following school year, “Yes, I have used the three-part method in science. 

The kids had to build flying devices, we then consolidated to see what worked and what 

didn’t” (email, Feb 2013). 
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More integration of hands-on activities in science teaching. Much like the 

three-part lesson format, most of the teachers believed that the hands-on activity in the 

lesson was very important for student engagement and understanding. As a result, four 

teachers were planning to use hands-on activities more often in their science teaching. It 

is not clear how open-ended the teachers envisaged these hands-on activities to be. 

In her initial interview, Betty said, “I think if you want kids to love science and do 

well at it, and buy into it, and do better, then I think they need the hands-on as much as 

possible.“ Betty expressed similar thoughts in her exit interview: “So I think it definitely 

confirms for me that kids need to have hands-on science activities, and even if you have 

to beg, borrow or steal to get the materials, to do it. That’s the engagement.” In the final 

group meeting Betty said “I did order the STEM kits for Grade 7, we’ll try something 

similar.” Finally, in the following school year (Nov 2012) Betty noted: “I think teaching 

science through hands-on activities is very beneficial to students. So many of our courses 

are taught through literacy that they need some time to learn in a variety of ways.” 

Helen said in her exit interview:  

It’s a good reminder that the hands-on is effective, and it 
covers so much, so you don’t have to spend days fighting 
over a textbook reading when you can do one good hands-
on lesson that covers a whole bunch of stuff, and that kids 
remember. … science is really the opportunity to get hands-
on, for them to be doing stuff, and for them to be playing 
around with stuff. So it’s good to make sure that that 
happens as often as possible. 

James noted the following school year (October 2012): “The one major piece 

from our lesson study that I took away was the value of a hands-on experience at the 
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beginning of a unit. It really engaged the students not just for that lesson, but also for the 

lessons in the weeks to follow. … I have been trying to start each unit this year with a 

more hands-on activity hoping that I will “hook” more students and they will be more 

engaged in learning.” 

In his exit interview, Robert commented:  

My science has always been hands-on, depending on the 
day, depending on exactly what were doing. But it’s always 
been a hands-on thing, just because it’s easier for me to 
explain my thinking to the kids that way, or my 
understanding to the kids that way. And I think it’s easier 
for the kids to see it that way. And to be able to play with 
it, and touch it, and experience it. I think that’s a better way 
for them. 

In the next section evidence will be presented for changes in the Mackenzie 

teachers’ PK, i.e., general changes in their teaching approaches not connected to a 

specific science content area (e.g., forces).  

Evidence for Changes in Teacher Pedagogical Knowledge (PK) 

Three themes have emerged from the analysis of researcher field notes, and 

transcripts of group meetings and teacher exit interviews and follow-up emails that 

suggest changes in the teachers’ PK: (a) an increased focus on anticipation of student 

thinking and responses; (b) a greater awareness of the usefulness of student video data, 

and more use of such data in future teaching; and (c) more intentional teaching.  

Increased focus on anticipation of student thinking and responses. As 

discussed in the previous section, Betty and Robert were now more focused on 

anticipating student thinking and responses. Betty provided evidence for this increased 
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focus in her exit interview, when she discussed how she was now teaching a unit on heat 

differently. Betty said that she was:  

Trying to really focus on their thought process … what 
they’re thinking and why they’re doing the things that 
they’re doing … you want to know the [thought] process 
more than just the end result … I think that’s so key, 
knowing your students, and how they think and anticipating 
their responses. 

When asked if this focus on student thinking and responses had developed from taking 

part in this study, Betty replied: “I think that that really helps, it changes your way of 

teaching.” Robert told me after the study that “I will be teaching differently. My goal for 

next year is to plan everything to a T. Think everything through including student 

responses and what I am going to say back to those responses“ (email, June 2013). 

A greater awareness of the usefulness of student video data, and more use of 

such data in future teaching. Several teachers were now more aware of the usefulness 

of reviewing student video data, and some were planning to use student video data in 

their future teaching. The following quotes show how review of the video recordings of 

students taken during the teachings of the lessons enhanced the teachers’ ability to 

observe how students responded to the lessons, and revealed glimpses of student 

thinking, problem solving, and collaboration: 

• “That was awesome. And that was good, the video, so you can see, he’s 
illustrating, talking through his thinking, it’s so clear to see” [unknown teacher6, 
first teaching debrief] 

 

                                                        
6 “Unknown teacher” refers to a Mackenzie teacher whose identity could not be 
determined from the audio recordings. 
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• “It was nice to be able to take a look at that, and be able to sit back and see what 
the kids are doing, hear their conversations, and like watching the video … 
allowed you even more, because we were only observing one group of kids. So 
you have that group, but in the video you saw what was going on with the rest of 
it. But it’s nice to be able to do that.” [Helen, exit interview] 

 
In the final group meeting, several teachers discussed how student video data  

could be used in their future teaching. One teacher commented, “It probably would be 

good to use video, kids get used to it. You could use it, see, this is what I want. This is 

exactly what I’m looking for when I talk about …” Robert said, “I think there’d be a lot 

of light bulbs going off”, while Helen noted that, “Instead of telling them, you’re 

showing them.” In fact, two teachers reported using video data during the following 

school year. Robert said that, “I take videos of my kids to use as a coach would use game 

tape. It is a powerful tool” (email, Feb 25, 2013). Karen said that she had shared the 

video taken in the first teaching of the research lesson with her students: “I showed them 

the videos and we discussed good collaboration and what it looks like. Having had a 

chance to watch themselves made them more aware of things they did well and ways to 

collaborate better” (email, May 3, 2013). Betty and Sharon also reported that they have 

subsequently been using video in their teaching.  

 The Mackenzie teachers discussed how video data could be used to:  

1. Demonstrate and improve student collaboration: 

• “For some of them you’re just describing this concept that they might not 
really know what it looks like or understand what it’s supposed to look 
like. So that’s perfect, just saying, here’s what I mean. Here’s the 
communication I want you to practice.” [unknown teacher, first teaching 
debrief]  
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• “You know, if you started doing that [videotaping], the kids would get sort 
of used to it, and then see other groups really doing a good job of 
collaborating, and then would maybe strive to do a better job of 
communicating with each other, so that they could be the next example … 
You might actually pull that out of them, just by doing the videotaping 
more often.” [Sharon, first teaching debrief] 

 
2. Improve student learning. Video data allows teachers to revisit a lesson and 

reflect on various aspects with their students: “And then … show that little 

clip, and just say, what could we do to make that [coin extraction apparatus] 

more efficient?” [unknown teacher, first teaching debrief] 

3. Improve teaching. Sharon discussed how video of teachers teaching could be a 

vehicle for self-reflection and improvement of teaching: “And I think it’d be 

kind of nice to see it yourself, to see yourself teaching, and how you’re 

interacting, because you can catch things better.” [final group meeting] 

More intentional teaching. Sharon and Robert appeared to place more emphasis 

on intentional teaching after taking part in lesson study. As the following quotes 

illustrate, this may be a result of the time and care that the group had taken to develop 

and refine their lesson, how prepared they were for the lesson teachings, and the inclusion 

of prompting questions in all three parts of the lesson.     

In June 2012 Robert said:  

My goal for next year is to plan everything to a T. … As 
well, I plan to keep my teaching more precise. I have 
caught myself a few times this year ill prepared for a lesson 
and ended up going off on a total tangent. In Grade 6 I 
don’t have time for this. My teaching needs to be more 
precise and I think that if I sit down and plan things through 
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meticulously, my lessons will be more precise, and 
therefore more engaging.  

The following school year (November 2012), Sharon said: “I do ensure I have 

purposeful lessons that enable students to be successful … I’m finding how important the 

planned questions are to ensure your students are exploring and on-track with the 

learning goal.”  

Summary of Changes in Teacher Science PCK and Teacher PK 

 Changes in teacher science PCK (teachers’ knowledge of their students’ 

understanding of forces, and their knowledge of strategies to effectively teach about 

forces), and changes in teacher PK are now summarized. 

Changes in teacher science PCK. With one exception, the teachers did not show 

any consistent changes in the first dimension of teacher science PCK, namely teachers’ 

beliefs in their students’ ability to define a force and their beliefs about the number of 

forces they thought their students would be able to identify in four scenarios. Betty 

showed improved science PCK in three of these four scenarios.  

Based on the scenarios summarized in Tables 6.1 to 6.4, Betty was the only 

teacher to show improvement in the second dimension of teacher science PCK, that of 

knowledge of effective teaching strategies to help students better define and identify 

forces and to correct misconceptions about forces held by students. However, analysis of 

researcher field notes, and transcripts of group meetings and teacher interviews, follow-

up emails, and reflections revealed evidence for additional teacher gains in this 

dimension of teacher science PCK: (a) three teachers (Karen, Sharon, and Robert) report 
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that they will continue to use three-part lessons in their science teaching, and (b) four 

teachers (Betty, Helen, James, and Robert) report that they will integrate hands-on 

activities more often in their science teaching.  

Changes in teacher PK. Analysis of teacher interviews and group discussions 

revealed several gains in teacher PK: (a) two teachers (Betty and Robert) now place more 

emphasis on anticipation of student thinking and responses; (b) four teachers (Betty, 

Karen, Robert, and Sharon) planned to use student video data in their future teaching, to 

demonstrate student collaboration, improve student learning, and improve their teaching 

practice; and (c) two teachers (Sharon and Robert) placed greater importance on their 

teaching becoming more intentional.  
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Chapter 7 

Changes in Teacher Confidence 

 Changes in the teacher participants’ confidence in teaching science have been 

assessed through: (i) the Science Teaching Efficacy Belief Instrument (STEBI-A; Riggs 

& Enochs, 1990), a 25-item questionnaire measuring PSTE and STOE, which was 

administered to the teachers near the start of the study and at the end of the study; and (ii) 

comments made by the teachers during group meetings and individual interviews.  

Changes in Teacher Self-Efficacy from the STEBI-A 

 The STEBI-A can be found in Appendix I. Items 2, 3, 5, 6, 8, 12, 17, 18, 19, 20, 

21, 22, and 23 are designed to measure PSTE, and the remaining questions measure 

STOE. Following Riggs and Enochs (1990), the STEBI-A was scored as follows. First, 

each item was given a score as shown in Table 7.1. 

Table 7.1 

Scoring of the STEBI-A 
Response Value 

Strongly Agree 1 
Agree 2 

Undecided 3 
Disagree 4 

Strongly Disagree 5 
 

Next, items 1,2,4,5,7,9,11,12,14,15,16,18, and 22 were reverse-scored so that low and 

high scores reflect low and high self-efficacy respectively for every item (i.e., 1!5, 
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2!4, 3!3, 4!2, and 5!1 for those questions). Finally, a total score was calculated (as 

the sum for all items), and separate PSTE and STOE scores were also calculated. The 

STEBI was administered initially at the beginning of the second group meeting on Feb 

28, 2012, and subsequently during the teacher exit interviews on April 11, 2012 (April 19 

for Helen). For cases where teachers circled two adjacent answers, an average was taken 

(which explains the fractional scores). The results are shown in Table 7.2 below. 

Table 7.2 

STEBI Scores Before and After.  
Teacher PSTE 

Before 
PSTE 
After 

Change 
in 
PSTE 

STOE 
Before 

STOE 
After 

Change 
in 
STOE 

Total 
Before 

Total 
After 

Change 
in 
Total 

Karen 54 50 -4 33 35 +2 87 85 -2 

Betty 44 48 +4 41 37 -4 85 85 0 

Helen 44 48 +4 34.5 39 +4.5 78.5 87 +8.5 

Sharon 49 53 +4 42 40.5 -1.5 91 93.5 +2.5 

James 52 48 -4 41 40 -1 93 88 -5 

Robert 52 53 +1 36 36 0 88 89 +1 

 

Some interesting observations can be made from the table above, which provide 

insight into the changes in teacher confidence reported later in this chapter: 

• The teacher with the lowest initial total STEBI score (Helen) had the largest gain 

in total STEBI score and in STOE score.  
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• The teacher with the highest initial total STEBI score (James) had the largest drop 

in total STEBI score.  

• The teacher with the highest final total STEBI score (Sharon) was a teacher that 

showed a high level of leadership and commitment to the study. 

• Two of the three teachers who had the largest gains in PSTE scores were those 

who taught the lesson (Sharon and Betty). 

Changes in Teacher Confidence from Interviews and Group Meetings 

 Insights into changes in teacher confidence were found from transcripts of 

individual interviews and group meetings. Relevant findings for each teacher are 

presented below. A final summary is provided at the end of the chapter. 

Karen. Karen’s confidence in teaching the Structures and Mechanism unit was 

initially low, as shown by her response to the question, What is your confidence in terms 

of teaching science?:  

In this unit, not high at all. … I’ve never taught this unit… 
So as far as teaching, I took physed in university, so my 
confidence in teaching things that are related to like cells 
and anatomy and physiology, I’m very comfortable with. 
This type of stuff, not at all. … So my confidence in things 
that I’ve already taught is much higher this year, this unit 
not at all. [initial interview] 

Karen’s confidence in teaching science appears to derive from learning the material 

herself, which could be interpreted as a mastery experience in terms of the sources of 

self-efficacy identified by Bandura (1997). For example, when asked, What would you 

say is your overall confidence in terms of teaching science, Karen explained:  
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I’m confident in it [science] only because, like I would over 
the March break teach this stuff all to myself before 
teaching it to the kids. So that’s what makes me confident 
because I’m … as in any other teacher, if you’ve taught it 
before, you’re still going to have to review before you 
teach it. So I’m always confident in it before I teach 
something. [initial interview] 

Karen’s confidence in teaching the Structure and Mechanisms unit increased after 

taking part in lesson study. When asked, Has your confidence in teaching science 

changed from taking part in this study?, Karen replied: “In this unit, yes, because this 

was the only unit … So all of this stuff was brand new, so yes, I’m much more confident 

in teaching this unit.” This increase in confidence may have arisen as a result of vicarious 

experience, when Karen saw others teach a successful lesson. When asked if her 

confidence in teaching science in general had changed, Karen answered:  

Yeah, I think so. I don’t know, I was pretty confident 
teaching anyway before, because even if I didn’t know 
something, I’m always doing my research before I even 
teach it. So it’s not like I ever just go in and wing it, so 
even if I don’t know, I would have sat down for hours and 
taught it to myself before I do it to them. [exit interview] 

Karen felt that being able to discuss the material with her colleagues was an 

important factor for her increased confidence. For instance, when asked what she felt 

were the main factors for her increase in confidence, Karen replied:   

That I’ve brushed up, when I haven’t known something, 
I’ve looked up online, or I’ve looked in a textbook, or 
Sharon’s so bright in science I’m always shooting off 
questions to her, so I think talking to my colleagues about 
it. [exit interview] 
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This could be interpreted as an increase in Karen’s confidence through social and verbal 

persuasion. 

Betty. Betty’s confidence in teaching Structures and Mechanisms was quite low 

before taking part in lesson study, as shown by this quote from her initial interview: 

On a scale of 10, 2. Whereas if it was ecosystems, it would 
be like 8 or 9. Like there’s always room for improvement, 
but we usually start off doing ecosystems, then we move to 
heat, and structures is usually like May/June. 

Betty said that she deliberately chose to leave the Structures and Mechanisms unit until 

the end of the year, “because it’s my least knowledge in that part” (initial interview). This 

suggests that Betty was anxious about teaching Structures and Mechanisms before lesson 

study, and her low initial confidence in teaching this subject area could then be 

interpreted as resulting from a physiological state. 

 Betty’s confidence in teaching the Structures and Mechanisms unit was higher 

after the study. When asked if her confidence in teaching science had changed as a result 

of taking part in lesson study, Betty replied:  

Definitely. I now know more about forces, and I’m 
hopefully going to apply that to the grade 7 curriculum for 
[the] next unit. Yeah, I think it definitely does build teacher 
confidence. And even if you’re not the teacher teaching it, 
just being part of it does. You’re able to sit. Often, I don’t 
think teachers take time to sit there and try things … We 
don’t take the time to actually try to anticipate student 
responses. [exit interview] 

As with Karen, it is not clear if Betty’s confidence in teaching other areas of science also 

increased. 



 

 

 

192 

 The above quote suggests that teaching the lesson and being an observer helped 

Betty increase her confidence (recall that Betty observed during the first teaching of the 

lesson, and she taught the second lesson). In other words, Betty’s confidence may have 

increased as a result of her engaging in both mastery (teaching the lesson) and vicarious 

(observing the lesson being taught) experiences. This conclusion is supported by her 

response to the question, So you think being an observer and teaching were equally 

effective in increasing your confidence? “Yep, I think so.” When asked why this was the 

case, Betty responded:  

It’s two different perspectives. I mean, when we were 
looking at Sharon when she was teaching, I learned a lot 
from the students and their responses and how they thought 
of things … as an observer you got to see more about one 
group or two groups and how their thought processes 
happen … They’re both very effective. I think I probably 
learned more about student learning by being an observer 
… with Karen’s class I was able to sit with two different 
groups and follow them right from watching the video to 
the end. As a teacher you don’t get that because you have 
to circulate and make sure everyone’s on task and 
everyone’s understanding the concepts. You kind of miss 
out on their thinking, you don’t see it. … you got little 
glimpses of it [student thinking] as you’re going around, 
but to actually sit there and watch the students make their 
sketch and then try different things, you learn much more 
about the way they’re thinking. For me anyways. [exit 
interview] 

Thus as an observer, Betty found it beneficial for her confidence to have had the 

opportunity to closely observe students and gain insight into their thinking and learning. 

This finding may be consistent with Betty’s +4 change in PSTE score (Table 7.2), since 
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her observations allowed her to see evidence for student learning resulting from a lesson 

that she had helped to plan and execute.  

Helen. When asked how she liked teaching science compared to other subjects, 

Helen answered:  

It’s not my favourite. … Because I find it the most difficult 
to teach. Because it’s the one that I can’t, I don’t have 
resources readily available. When we spend time planning 
together as colleagues, we usually spend the biggest chunk 
of time on language and math. So those are the subjects that 
I have the most experience, that I have the most resources, 
that I have the most planning time with colleagues. So I 
feel the most confident teaching them. [initial interview] 

Helen’s confidence in teaching Structures and Mechanisms was not as high as for 

other science areas, e.g., environmental science, principally because of her better content 

knowledge in those areas:  

I do like teaching this unit [Structures and Mechanisms] 
because I do have some ideas I’ve done year to year. 
Probably my favourite unit would be the water systems, it’s 
a little bit environmental, it’s a little bit easier for my head 
to get around. And I’m not a huge science thinker … I have 
some courses in environmental science from university … 
So that’s more sort of what I would sort of venture towards, 
rather than the more physicsy stuff I’m not as comfortable 
with. I don’t understand, I took Grade 11 physics for about 
a day, and I got out of there as quickly as possible. I don’t 
even understand what’s going on … so my mind really has 
a difficult time with those types of concepts. It’s not the 
way I think. … And it’s very mathematical, and yes, 
definitely not my forte. [initial interview] 

 When asked if her confidence in teaching science had changed from taking part in 

lesson study, Helen replied:  
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In teaching this particular lesson, confidence in this unit 
maybe. I think that doing this on a more regular basis … it 
would have to take more than just this one lesson. Maybe a 
unit, and continually being able to plan with your 
colleagues [in] science, and being able to sit together for 
lessons and then debrief, would definitely increase more-
so, than just this [one] lesson study. [exit interview] 

When next asked, Would it be fair to say that you think this was a good start?, Helen 

responded:  

Yep, yep, good start, but in order to say … my confidence 
in teaching science has gone up by … it would have to be a 
more long-term, more consistent throughout units. Because 
this is only one unit … so it depends on, you know, if you 
have a biology background, maybe cells is going to be 
something you’re more comfortable with. Or if you have an 
environmental science background, water systems … So I 
think it would have to be throughout the curriculum in 
order to boost [confidence], for me anyway … if I could sit 
down with people, we could hash it out and go through the 
lessons, then I’d probably be much more confident in 
teaching something like optics. [exit interview] 

Finally, when asked, But you feel more confident about teaching this strand?, Helen 

answered, “Yes.” 

 These quotes clearly show that Helen’s confidence did increase in teaching 

Structures and Mechanisms, but not in teaching other science topics. In order for her 

confidence to increase in other science areas, she would require similar professional 

development in those areas and over longer periods of time. The main factor that appears 

to have been responsible for Helen’s increased confidence was collaboration, in particular 

having the opportunity to plan the lesson and debrief the lesson teachings with her 

colleagues. This could be interpreted as an increase in Helen’s confidence through social 
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and verbal persuasion. Table 7.2 shows that Helen’s PSTE (+4) and STOE (+4.5) scores 

both increased, and one speculates that collaboration may affect both PSTE and STOE. 

For instance, the collaboration here involved both Helen and her colleagues (an external 

factor), which could be interpreted as related to PSTE and STOE, respectively. 

Sharon. Sharon’s confidence was not discussed in her initial interview. However, 

Sharon appears to have had high confidence before and after participating in this study. 

For example, when Sharon was asked if her confidence in teaching science had changed 

as a result of taking part in this study, she answered, “Not really. I’ve always been 

confident in teaching science, I have a biology background, that’s my degree.” When 

asked next, This was kind of a physics area, does that have any impact?, Sharon 

responded:   

Not really, I took physics … I took all the sciences and 
math in high school, and in university. So, in terms of 
confidence, I think maybe in terms of seeing students 
engage with hands-on material, is the way I would take 
confidence. I was confident in that they understood what 
they were learning, because of having an opportunity to 
work with hands-on material. [exit interview] 

 Sharon’s confidence appears to have been augmented through teaching the lesson 

and from seeing evidence of student engagement during the lesson teachings. For 

instance, when asked, So for you, seeing a lesson put into practice, and you could see the 

student engagement, that was …?, Sharon responded, “That was it.” When next asked, 

That had aspects of confidence for you?, Sharon said, “Oh yeah.” When finally asked, 

But would you say overall, you had high confidence at the start and at the end?, Sharon 
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answered, “Yeah, if I hadn’t taught, I don’t think I would have felt the same way. I’m 

glad I taught, I’m glad I taught the lesson for sure.” This indicates that Sharon’s 

confidence increased as a result of a mastery experience, namely teaching the lesson. 

From Table 7.2, we see that Sharon experienced a +4 increase in PSTE score. It is 

possible that Sharon’s increase in PSTE score resulted from her belief that, through 

teaching the lesson, she was directly responsible for the observed student engagement 

and learning.  

James. James’s confidence was not discussed in his initial interview. As the 

quotes below demonstrate, it appears that James gained confidence in planning science 

lessons. However, it is not clear if his confidence in teaching science (i.e., in the 

classroom) changed during the course of the study. James’s increased confidence in 

planning science lessons appears to have resulted from having the opportunity to learn 

about new science resources (the STEM kits) and new ways to implement the science 

curriculum. When asked in his exit interview if his confidence in teaching science had 

changed from taking part in lesson study, James replied:   

I’ve always felt confident with science. I think it’s helped a 
little in my confidence in planning for science. For 
example, I didn’t know those STEM kits existed before, so 
it’s nice to know that there’s some resources like that out 
there. Again, it’s nice to see a new way of implementing 
some of the curriculum. 

James was asked next, So you think your confidence has increased from doing this? He 

replied, “Yep, especially in terms of the planning part.” When finally asked, How about 

in terms of the teaching part?, he explained: 
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I’ve felt okay teaching science before, and again, I didn’t 
get to teach this lesson, so I don’t know that my teaching 
side is affected by it at this point. But we’ll see the next 
time I get to teach science. [exit interview] 

James’s increased confidence in planning science may have been a result of verbal and 

social persuasion (being able to explore the STEM kits with his fellow teachers) and 

taking part in a vicarious experience (seeing the curriculum being implemented in a new 

way by other teachers). 

James experienced a drop of 4 points in his PSTE score. Given his comments 

above, it may be that this lower PSTE score was a result of him not teaching the lesson: 

compare with Sharon, who did teach the lesson and experienced an increase in PSTE.  

Robert. When asked in his initial interview how he ranked science in terms of 

courses he liked to teach, Robert replied, “Probably like #3. I really like teaching math 

and recently phys-ed has been a lot of fun too with the kids. And then I’d say science … 

I’ve always liked science, so it’s fun.” Next Robert was asked, Overall, do you feel 

confident teaching grade 7 science?, and he responded: 

I think after this year, when I’ve been through it once, yeah. 
Because we’ve gone through a few units already, and the 
units we’ve been through have been good … Especially 
with the use of all our technologies now, it’s not as 
challenging to get the kids’ eyes open to science. 

Robert made an interesting comment in his reflection after the first teaching of the 

lesson:  

It was a great feeling today walking away from that lesson. 
The kids understood the learning goal. It was a great 
experience because we got to see how successful our 
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planning was. If every teacher had a similar experience I 
think it would increase teachers’ self-efficacy. 

This indicates that Robert’s confidence (and possibly self-efficacy) had increased as a 

result of seeing evidence for student learning during a lesson that he had helped to create. 

 Robert’s exit interview provided further evidence that he had become more 

confident in teaching science after taking part in lesson study. When asked if his 

confidence in teaching science had changed as a result of taking part in this project, 

Robert replied:  

Yeah, because what we’ve done as a team is focused on 
exactly what we think the kids need. Whereas before, it was 
just going through the curriculum and saying we need to do 
all this, let’s just do it. Whereas now it’s kind of picking 
out the stuff, we’re being very precise, we’re picking out 
the stuff that we know that the kids need, and we’re doing 
that really, really well. 

When next asked, Okay, so you feel more confident now?, Robert said:  

Absolutely. And I always knew this, but a big refresher was 
getting kids to buy into it at the very beginning. That’s a 
big deal too, because as soon as they’re kind of chomping 
at the bit to do it, then it’s more intrinsic than me trying to 
push it on them. It comes more from them. And then that 
goes back to teacher engagement too. If I have a bunch of 
kids in a room that are always wanting to learn … that’s a 
lot nicer than a bunch of kids, ah, “I don’t wanna be here. 
Let’s go to the gym. Is it time yet? 

It thus appears that another reason for Robert’s increased confidence was his perception 

that the lesson had engaged students. He was asked specifically about this: So for you 

part of confidence of being a teacher is about your engagement, and also about your 

students’ engagement? Robert replied:   
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Big-time. Huge, hugely impactful. I mean I noticed that 
when I drive to school or when I drive home from school, 
sitting in the truck on the way home, oh, what a horrible 
day. Kids were just … it’s not because the kids didn’t learn 
anything, it’s because the kids seemed like they didn’t want 
to be there. And if they seem like they don’t want to be 
there, then I think it’s something wrong with my teaching, 
right? 

Robert added, “And this has helped because thinking about that hook [the first part of the 

lesson] gets them engaged right away. It’s not the way, but it’s a way.”  

Robert’s increased confidence could have been a consequence of a mastery 

experience, namely helping to create a lesson that resulted in student learning and 

engagement. 

Summary of Changes in Teacher Confidence 

1. Analysis of the STEBI results given in Table 7.2 has produced some interesting 

informal observations, which may be useful for interpreting the reported changes 

in teacher confidence:  

• The teacher with the lowest initial total STEBI score had the largest gain 
in total STEBI score, and in STOE score separately.  
 

• The teacher with the highest initial total STEBI score had the largest drop 
in total STEBI score.  
 

• The teacher with the highest final total STEBI score was a teacher that 
showed a high level of leadership and commitment to the study. 
 

• Two of the three teachers who had the largest gains in PSTE scores taught 
the lesson. 
 

2. Most teachers reported that their confidence in teaching this unit was higher after 

taking part in lesson study. At the same time, most teachers did not express more 
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confidence in teaching science overall, and any increase in confidence did not 

appear to have transferred into other science areas.  

3. Factors that may have been responsible for increased teacher confidence include: 

(a) mastery experiences: being able to teach the lesson, and seeing evidence for 

student learning and engagement from a lesson that teachers created; (b) vicarious 

experiences: observing other teachers teach a successful lesson, and seeing the 

curriculum being implemented in a new way by other teachers; and (c) verbal and 

social persuasion: planning and debriefing the lesson in collaboration with 

colleagues, and having the opportunity to explore hands-on resources with fellow 

teachers.  
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Chapter 8 

Benefits and Challenges that Teachers Associated with Lesson Study 

 In this chapter the benefits and challenges of lesson study described by the 

Mackenzie teachers are discussed. In the following chapter factors that may have been 

responsible for these benefits and challenges are presented, and connections are made 

between the findings in this study and the literature on lesson study and other forms of 

teacher collaborative professional development. 

Benefits Associated with Taking Part in Lesson Study 

 The following themes capture the benefits identified by the teachers: (a) learning 

how to increase student engagement and collaboration, (b) observing students, (c) 

observing colleagues teach, (d) opportunities for collaboration, (e) time for reflection and 

planning, (f) being able to teach the same lesson to different students, (g) making 

teaching more intentional, and (h) increasing social interactions and deepening 

relationships.  

Learning How to Increase Student Engagement and Collaboration 

Student engagement was one of the goals the teachers had for this project, as the 

following quotes illustrate: (a) “Goals: students engaged” (Sharon, first group meeting); 

(b) “I think it’s a good opportunity to come up with a good lesson plan starting point to 

engage your students” (Sharon, initial interview); (c) “To see if it [lesson study] had an 

impact on engagement, like doing hands-on experiments” (Betty, first interview); and (d) 

“As our group started focusing our topic and ideas, I was most interested in how the kids 
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would respond. My goal was to see student interest and engagement in the lesson” 

(James, exit interview). 

 Many of the teachers observed that students were highly engaged during both 

teachings of the lesson. For example, Sharon commented “I thought it was awesome, and 

I loved that, even when the lesson was over, there were students that go, we can reword it 

[the learning goal] like this to make it sound better.” In her exit interview, Karen 

remarked, “And you saw on day two when we were leaving … not very often are we 

hearing a student say ‘wait, can I just finish that before lunch?’ They never are … but that 

day it was ‘can we finish, can we finish, can we have more time after?’” 

 Many of the students in the two classes continued to be engaged as they 

progressed through the Structures and Mechanisms unit. In her exit interview, Karen 

noted, “Today I did science with them; it wasn’t as spectacular of a lesson, but they’re so 

engaged because of the first lesson that we did.” In the final group meeting, Karen added:  

Were they engaged and are they now hooked for the rest of 
the unit? And I think that they were … I’ve went back and 
I’ve taught mechanical advantage and I feel like they’re 
more hooked, because they can relate everything back to 
that. 

Similarly, Sharon said the following about her class in a follow-up email: “The students 

were most definitely engaged for the remainder of the unit.” 

 The teachers acquired strategies to increase student engagement. Lesson study 

allowed the teachers to use three-part science lessons and integrate hands-on activities 

with their students and assess their impact on student engagement. During the final group 
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meeting, Robert commented: “I want to do that [a three-part science lesson] more. I want 

to use that kind of lesson, and get that kind of engagement, to see that kind of success.” 

In her exit interview, Karen noted: “We just did it [a three-part lesson] for science, and 

they loved it, and they were hooked … I will definitely, and especially making my first 

lesson of each unit like this [as a three-part lesson].” In her exit interview, Betty 

acknowledges that providing students with hands-on activities (i.e., opportunities to work 

directly with natural phenomena/materials) increases student engagement: 

If we were able to get that grade 7 STEMS kit, I would 
definitely be doing the activities from there … Because 
I’ve seen the engagement from kids … I think that the 
engagement goes way up when they’re able to actually 
manipulate things and try things out. 

Similarly, in a follow-up email, Sharon said: 

What made the first lesson memorable and those to follow 
was that the students were given and entrusted with 
materials to do a more open-ended task that had no definite 
model/approach … when you develop authentic lessons 
that are connected and allow all types of learners to be 
successful, everyone is engaged, even the teacher! 

Increasing student collaboration was also a teacher goal for this project, as the 

following quotes illustrate. In the third group meeting, Robert noted, “I think ultimately 

we want them to talk to each other, right?” The teachers were asked in their exit 

interviews if seeing evidence for student collaboration was one of their goals. Karen 

replied, “Yes, and it was evident”, while Robert said, “One of the goals was to identify 

and record how exactly the kids collaborate. Another goal was that … we wanted the kids 

to have a chance to collaborate more, and see if it makes a difference in their learning.” 
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 In the debrief following the first teaching of the lesson, several teachers 

commented about the evidence that they had seen for student collaboration. Robert said: 

“What I did notice too was that the two guys I was working with were collaborating. We 

talked about … the difference between collaborating and cooperating, and these two were 

collaborating.” Similarly, James noted, “Like I was saying before, I think they all 

collaborated in many ways, better than they have.” Betty commented in the final group 

meeting that, “Karen, your class really worked together well, the collaboration … I 

thought, the group that I was watching, both groups worked together very well.”  

 There was also evidence for student collaboration during the second teaching of 

the lesson. At the same time, there was a general feeling that the students were less 

collaborative in the second teaching. In the second teaching debrief Sharon noted: 

The group I was with, amazing. “Oh, this doesn’t really 
work, what about try this?” They were trying back and 
forth … And Fred and Sally too, they were back and forth, 
like collaborating really well … There were some groups 
that did collaborate excellent[ly], and then there were 
others that just did their own thing. 

And James commented:  

A lot more independent workers. For example, George and 
Bill were on some levels collaborating, but when Shaun 
came in, I could tell that he was taking their ideas, but he 
was doing all the work on his own. It was more like this 
group worked together, but it wasn’t real collaboration. 

 The teachers benefited from seeing evidence for student collaboration in both 

teachings of the lesson and from seeing differences in the amount and quality of 

collaboration between the first and second teachings. Lesson study seems to have 
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provided the teachers with the opportunity to reflect upon the importance of collaboration 

and the benefits of students having a positive and authentic experience with 

collaboration. In the first teaching debrief, James remarked:  

We all know how important collaboration is … hopefully 
next time we do a collaboration activity with them, they 
remember how good it felt to work together, and be 
successful and all of that … it was good for them to have 
that experience, because now a lot of them have felt real 
collaboration, right? And almost all of them were 
successful from it. 

The teachers identified possible factors for the decreased student collaboration 

observed in the second teaching including: (a) the students were less engaged overall in 

the second teaching, which may have resulted in less collaboration; (b) in the first 

teaching the students were mainly in dyads, while in the second teaching they were 

mostly in groups of three (with two groups of two). There is evidence that some students 

were left out in some of the groups of three; and (c) the second class (Sharon’s) may have 

been more independently oriented than the first class. As Sharon commented, “I had a 

unique group of boys in that class that enjoyed working independently for the very reason 

that they would accomplish more/better quality of work when by themselves” (Sharon, 

email, May 2, 2013).  

Observing Students  

 The teachers gained insight into how students worked and their reasoning from 

observing them during the teachings of the lesson and from reviewing student video data 

in the lesson debriefings. The teacher observers were able to study groups of students 
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closely during the entire lesson. The following quotes from Karen and Betty show how 

they benefited from being observers, and how being an observer gave them a much 

different perspective on students than they get in their usual role as class teacher. Betty 

was able to directly compare teaching and observing the same lesson. 

In my class, I really enjoyed it [being an observer] … 
because often you’re teaching and I think you overlook a 
lot [of] what’s going on. Observing and actually listening to 
the conversations that go on, seeing who works well 
together, or who often doesn’t. I think being an observer 
you notice a lot more than you would if you were teaching. 
And as an observer, your job is to narrow in on one or two 
groups, so you’re literally watching from beginning to end, 
whereas as a teacher you’re always just seeing snippets of 
groups. Observing you saw literally from their planning 
phases to their results, and all of the conversations between, 
so that was kind of neat to see. [Karen, exit interview] 

It’s two different perspectives. I mean, when we were 
looking at Sharon when she was teaching, I learned a lot 
from the students and their responses and how they thought 
of things … As an observer you got to see more about one 
group or two groups and how their thought processes 
happens … I think I probably learned more about student 
learning by being an observer [than from teaching the 
lesson] … with Karen’s class I was able to sit with two 
different groups and follow them right from watching the 
video to the end. As a teacher you don’t get that because 
you have to circulate and make sure everyone’s on task and 
everyone’s understanding the concepts. You kind of miss 
out on their thinking, you don’t see it … to actually sit 
there and watch the students make their sketch and then try 
different things, you learn much more about the way 
they’re thinking. [Betty, exit interview] 

As discussed in Chapter 6, the teachers benefited from reviewing student video 

data during the debriefing sessions, and they gained insight into student thinking, 
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problem solving, and collaboration. The teachers were also excited to contemplate how 

they could use student video data in their future teaching.  

Observing Colleagues Teach 

A novel feature of lesson study is that it offers teachers an opportunity to see their 

colleagues teach. This benefited the Mackenzie teachers in two ways: learning new 

teaching strategies and as a tool for self-reflection. 

Karen and James discussed how they had learned new teaching strategies and 

ways of interacting with students: 

• “I was listening to Sharon and Betty yesterday when they were going around. 
Rather than giving out the answers to the kids as they were asking, 
questioning them, sometimes I don’t always do that. So just taking mental 
note of, oh, that was a neat way to word that, or that was a good question” 
[Karen, exit interview] 
 

• “It was awesome to see other teachers teaching, just to kind of get some ideas 
about what’s important when you’re teaching, what are some different 
strategies to get the best out of your students” [James, exit interview] 
 

• “Every teacher is different, and every teacher in front of a group of students is 
different. So it’s neat to see their personalities, and how they interacted with 
the students” [James, exit interview] 
 

Karen described how she used observations of her colleagues teaching to reflect 

on her own teaching: “I was there to watch the students, but I was also kind of watching 

Sharon and Betty, to kind of reflect, and think about what I do. Or what I would have 

done.” [exit interview] 

Sharon was able to study how her colleagues’ teaching affected student 

engagement: “I realized what I didn't and did like from them [her colleagues] teaching. I 
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was able to see the reaction of student engagement in response to teaching style and 

preparation” [email, April 17 2012] 

Opportunities for Collaboration 

 Having the opportunity to collaborate with colleagues produced many benefits for 

the teachers including being able to create a better lesson, being better able to anticipate 

student responses, learning from colleagues, and being able to model collaboration for 

students.  

Creating a better lesson: Karen and Helen believed that through collaboration 

they had been able to create a better lesson than they could have on their own:  

• “I spend a lot of time doing my lesson plans and come up with good ones, but I 
think working with colleagues and all those minds together creates better lessons. 
So the benefits of it were creating an awesome lesson … when we were creating 
the lesson, when we were trying to come up with a consolidation, we were 
creating those questions together to get them to come up with the learning goal. 
And just all of our minds together, we came up with more questions, where I 
might only have come up with a couple.”  [Karen, exit interview] 
 

•  “You might be able to come up with some of these things on your own, but when 
you have 5 or 6 other people, it’s so much easier … Well, it might take you 3 
years to come up with a really good lesson for this, where we did it in a month … 
so it just makes it happen faster.” [Helen, final group meeting] 
 
Moreover, most of the teachers felt that this was a lesson that they would use 

again, e.g., “I would use it, because I think it’s a good lesson” (Helen, final group 

meeting). The following quotes from Sharon and Robert illustrate the benefits that the 

teachers achieved from producing such a lesson:  

• “As a community, we learned a lot about the power of building really good 
lessons. Because it’s a lot of time to invest per person … But to develop strong 
lessons that can be shared and used, and excite all of your students, the time to put 
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in is so rewarding at the end. And I think that’s what from this experience for me, 
I have something to take back, that can engage my students, and that I know is 
effective. Because at the end, we got what we wanted from them, and their 
learning was there.” [Sharon, first teaching debrief]  
 

• “And to know that when you’re done, you have something that’s tried, tested and 
true, it’s polished and ready to go. You can just follow the steps, and you know 
what class it’s going to work with, you’ve done it a couple of times.” [Robert, exit 
interview] 
 
Anticipating student responses: Karen discussed how lesson study helped her 

focus more on anticipating student responses. In her initial interview, she said: “You’re 

always trying to … plan out ahead what you think they might say, and having more 

minds, you’re kind of pre-planning out what you think students will say, and how you’re 

going to answer them back”, while in her exit interview she noted: “And anticipating 

student responses, just more minds working together I think had better results.”  

Learning from colleagues: Betty, Sharon, and James commented on how they 

enjoyed learning from their colleagues as they engaged in lesson study: 

• “I think that it’s a great opportunity to be able to work as a division ... I think you 
can learn a lot. Even though I have a science degree, nothing I ever learned in 
school applies to grade 7 elementary curriculum. So being able to bounce off 
ideas with each other and being able to plan something together, and seeing it 
through to the end, is nice ... I think it’s a great opportunity for teachers to learn 
from their colleagues.” [Betty, exit interview] 

 
• “I liked that you had an opportunity to pick at people’s brains and use from their 

experiences, because everyone brings something different to the table.” [Sharon, 
exit interview] 
 

• “I liked working with other teachers, I think too often you’re doing everything on 
your own, so it’s great to see and hear some other ideas of other people, and kind 
of getting the best out of that.” [James, exit interview] 
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Modeling collaboration for students: Sharon discussed how collaborating with her 

colleagues would in turn help her to teach her students how to collaborate: 

I love working collaboratively, and I think that you learn so 
much about how to effectively teach your students to 
collaboratively work when you can collaboratively work 
with teachers. Because I think it’s hard to expect your 
students to do something if you can’t yourself do it. [exit 
interview] 

Time for Reflection and Planning 

 Several teachers were appreciative of the time that lesson study allowed them for 

planning the lesson and reflecting upon it. When asked in the final group meeting how 

lesson study had benefited them, Betty replied, “Time to reflect”, and Robert said, “Time 

to reflect is huge.” In her exit interview Karen noted, “I always reflect after a lesson, oh, 

that didn’t really go well, why? … I’ve never watched video after, or really writing it 

down. So … being forced to do it, I think we got a better result.” 

 In the final group meeting Robert commented that, “the pace is much … slower 

here. Slower is a good thing for this, I think anyway, because we have time to hash it all 

out. It’s not, get in, get done, and go back.” James commented in his exit interview that 

“Here, we took a lot of time planning out that lesson, and a lot of time looking at what we 

wanted to get out of it.” In a follow-up email Sharon wrote “What makes collaborative 

inquiry/lesson study effective is time that is allocated to plan, prepare, question, and 

revise before presenting the lesson. Teachers are never given that much time to really 

truly think and plan each lesson” (May 2, 2013).  

 



 

 

 

211 

Teaching the Same Lesson to Different Students 

 Teachers do not often have the opportunity to teach the same lesson to two 

different classes. Teaching the lesson twice presented both challenges (which will be 

discussed in the second half of this chapter) and benefits for this group of teachers. Re-

teaching allowed the teachers to see the impact of teaching the lesson with a different 

teacher and to a different group of students, and it afforded them the chance to revise the 

lesson and to assess how this affected student learning, success, and engagement. In his 

exit interview Robert noted:  

I mean, you could easily tell from the planning sessions, 
especially after the first round of teaching, when we were 
kind of nit-picking and going through it to highlight what 
worked, what didn’t work, what we’re going to change 
around. And then doing it again, coming back and doing 
the same thing again, and debriefing and figuring out okay, 
well, what did we change that we might want to change 
back? Or change again to see if it works. And just kind of 
that trial and error as well, that’s a good spot too. And to 
know that when you’re done, you have something that’s 
tried, tested and true, it’s polished and ready to go. You can 
just follow the steps, and you know what class it’s going to 
work with, you’ve done it a couple of times. 

Making Teaching More Intentional 

Collaboration helped the Mackenzie teachers shift their teaching focus from 

curriculum to student. Karen observed in the first teaching debrief that lesson study had 

improved her teaching: “We’re learning, we’re watching each other, this isn’t about what 

they do, it’s how to improve our teaching.” Robert discussed how lesson study had made 

his teaching more intentional:  
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What we’ve done as a team is focused on exactly what we 
think the kids need. Whereas before, it was just going 
through the curriculum and saying we need to do all this, 
let’s just do it. Whereas now it’s kind of picking out the 
stuff, we’re being very precise, we’re picking out the stuff 
that we know what the kids need, and we’re doing that 
really, really well … my eyes were opened to that precision 
teaching. [exit interview] 

Increasing Social Interactions and Deepening Relationships 

 Lesson study provided teachers with more opportunities to interact socially and 

helped to deepen relationships between teachers. James and Helen noted that they 

benefited from the opportunity to interact socially with their colleagues:  

Teaching can be such a solitary job sometimes, and it’s 
nice to be able to get out and work with other people, and 
hear what other people are doing, see what other people are 
doing, and now we got to put it in action there. [James, first 
teaching debrief] 

Definitely the collaboration with colleagues and being able 
to talk it out, and figure it out, and brainstorm stuff, and 
then talk about what worked and what didn’t work. Just so 
you’re not all by yourself in that, that’s by far the most 
valuable. [Helen, exit interview] 

In her exit interview, Helen further illustrated the lack of social interaction in the 

Mackenzie teachers’ normal teaching day and how lesson study provided opportunities to 

increase these interactions: 

Yeah, and sometimes you see certain people come into the 
staffroom, but there’s other people who never come in to 
the staffroom. And you don’t always necessarily get to sit 
down and talk with the people you actually teach with. 
There might be someone in primary division, but … so 
yeah, we don’t get a lot of that time, and you get off-topic 
sometimes really easily.  
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The Mackenzie teachers had been working together for several years and were 

comfortable with each other, as evidenced by comments made by the teachers during the 

project, their familiarity with each other, and their frequent social interactions outside 

school. Lesson study benefited the teachers by deepening these relationships. The 

following quote from Karen highlights the little time the Mackenzie teachers had to 

interact socially, and shows that lesson study was especially beneficial for Sharon, who 

was returning from maternity leave.  

Sharon for example, she just got back off mat leave, and 
she said to me walking down the hall, I haven’t seen you all 
day, because you’re so busy from day to day, but that gave 
us the opportunity, once a week, we’re at least sitting down 
for three hours, or that chunk of time together; where we 
don’t really get it at school. On a regular day we might be 
able to sit down for 20 minutes together at lunch, but today 
her and I haven’t even spoken. And for her, just coming off 
mat leave, I think she was able to rebuild those 
relationships again. There’s some days we literally will 
pass somebody in the hall and say hi. [exit interview] 

  
Challenges Associated with Taking Part in Lesson Study 

 The teachers also identified several challenges related to taking part in lesson 

study: (a) teacher unfamiliarity with students being taught, (b) the time needed for lesson 

study, (c) teachers in the role of observers, and (d) the impact of observers and video 

recording on students and teachers. 

Teacher Unfamiliarity with Students Being Taught 

 The Mackenzie teachers felt that the first teaching of the lesson (taught by Sharon 

to Karen’s class) had been more successful than the second teaching (taught by Betty to 
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Sharon’s class) in terms of student achievement, engagement, and collaboration. 

Comparisons of the two teachings were made frequently during the second teaching 

debrief, the final group meeting, and teacher exit interviews. For instance, Karen 

reflected after the second teaching that:  

Overall, I feel the students weren’t as engaged as the 
previous class. Most groups were successful—however, I 
felt that the engagement levels weren’t as high. I felt that 
the dynamics of the class were different … The lesson was 
successful, however students as a whole didn’t seem as 
engaged … [and] didn’t collaborate as well together. 

 
 One of the challenges identified by the Mackenzie teachers was the unfamiliarity 

of the teacher (Betty) with the students she was teaching, which they believed was the 

main reason for the differences in student achievement, engagement, and collaboration 

between the two teachings. Sharon knew most of the students in Karen’s class when she 

taught the lesson for the first time, but Betty did not know many of the students in 

Sharon’s class when she taught the lesson for the second time. Betty’s unfamiliarity with 

the students made it difficult for her to anticipate student responses and to know which 

students to call upon during the class discussions. As a result these discussions were 

dominated by a few students, which intimidated other students and led the class in a 

direction that the teachers did not find productive. 

This quote shows that Betty felt disadvantaged and intimidated not knowing the 

students she was teaching: 

I don’t know Sharon’s class, it was very intimidating not 
knowing those kids, and I knew just from the conversations 
how their thinking was a lot different, like higher level 



 

 

 

215 

thinking. And like not knowing the students, in your own 
class you kind of know who you can pick for certain 
answers, like those types of kids … I think that knowing 
your class definitely there’s a lot of advantages. [second 
teaching debrief]  

In her exit interview Betty added: “I feel like that the second lesson didn’t go as well as 

the first lesson … If I had known her kids, and known which kids I could ask … I think 

the results would have been drastically different.” 

James and Helen commented on the challenges and consequences of Betty not 

knowing Sharon’s students: 

• “[Betty] was in there without knowing many of the students, and that made it 
difficult to teach. Where I had been in there for six months … I knew who I 
could count on to give a good answer. I knew a few different strategies in the 
classroom that had worked for me in the past. [Betty] didn’t have those 
relationships, and I think that made it difficult in a class that isn’t as open to 
sharing as the first class we did this activity with.” [James, exit interview] 
 

• “It’s easy to question your own group, like there’s general questioning that 
would work with any group, but then if you’re really not getting where you 
want to get, it’s so much better to really know them, and then you can really 
dig in and you know your kids. So you know who’s likely to have the answers 
you’re looking for, and then you can just ask them, whether or not their hands 
are up or not … the kids that Sharon had, they were familiar with her, they 
were familiar with them. This was new-new.” [Helen, exit interview] 
 

Based on her previous teaching and her experience teaching the lesson for the first 

time, Sharon had interesting insights into the difficulties arising in the second teaching: 

I think knowing the students and having a really good 
rapport with them totally helped with the success of that 
lesson [the first teaching]. I knew all the kids names and I 
already taught over 75% of the students the previous year. 
That group were well trained to come up with learning 
goals and tweak them with others' inputs. The class Betty 
taught (my class) was not used to doing this type of thing 
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(as I had just come off maternity leave), and were more 
worried about the perfection of wording it just so. They 
cared more about tying in the specifics of that lesson versus 
the bigger idea. [email, May 2, 2013] 

Sharon, James, and Helen discussed how teaching needs to take into account the 

class that is being taught and the relationship between teacher and students: 

• “For my class, maybe we should have thought, okay, what style of students 
we have, do we need modifications? And how will this benefit, how will this 
cripple the students? And rather than thinking in terms of just a grade 8 class, 
think more about components and people in the class, and what makes for 
their best learning opportunities.” [Sharon, final group meeting] 
 

• “Guess that’s the thing about this lesson study thing, right? You spend so 
much time thinking about the lesson, you skip that part that all teachers do. 
We all find resources somewhere and mold it to fit our class. Here, we made 
the lesson here, we tried to tweak it as much as we could, but we never took 
the time to mold it to the class that we were teaching.” [James, final group 
meeting] 
 

• “We didn’t really take into account knowing your kids, knowing how to lead 
the questioning, knowing their background, knowing their strengths. I guess 
we sort of overlooked that.” [Helen, final group meeting] 

 
Time Needed for Lesson Study 

 The teachers identified two time-related challenges associated with taking part in 

lesson study. The first challenge was the amount of time spent developing the lesson, and 

the second was the time teachers spent away from their students. 

 Karen, Sharon and Robert felt that developing the lesson took a considerable 

amount of time, and this was time that they would not normally have to produce a lesson. 

During the first teaching debrief Sharon said, “As a community, we learned about the 

power of building really good lessons. Because it’s a lot of time to invest per person.” 
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Karen noted in her exit interview that, “It was so time consuming for one lesson … 

Because if you took that time every time to do a full lesson, that’s a lot of planning.” In a 

follow-up email (May 3, 2013) Karen commented, “It [lesson study] was more intense 

and a lot of work for one lesson compared to what I usually do.” Robert expressed similar 

concerns in his exit interview: “If we planned every lesson that we did like that, in a 

perfect world, that’d be fantastic. Unfortunately we don’t have time or resources, right?” 

 All of the teachers, with the exception of James, noted that it was challenging to 

be away from their students during group meetings and the teachings of the lesson.   

•  “That’s a major drawback [being away from her students]. Just because these 
kids need so much routine and consistency, and that kind of throws off the day 
… I think it would throw off any class, but more in particular this school, yes. 
Just because they’re a challenge. At school I think for many of them is the 
only place where there is routine and consistency, and when that’s thrown off, 
often the whole day is a gong show.” [Karen, exit interview] 

 
• !Like it’s hard being out of the classroom so much, because then you have to 

deal with the kids when you come back and their behaviour.” [Betty, exit 
interview] 

 
• “Being back from mat leave, I wanted to be in the class. There was one of the 

half days, where I’m like I need to be in there, the behaviour’s awful. So that’s 
kind of a downfall, because we have to be out of the class to do the planning.” 
[Sharon, exit interview] 

 
Teachers in the Role of Observers 

 I discussed previously that the Mackenzie teachers benefited from being able to 

carefully observe students during the teachings of the lesson. At the same time, many of 

the teachers found it challenging to be in the role of observer; recall that the lesson study 

protocol agreed upon by the group called for all observers not to interact with or help 
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students. These quotes illustrate the frustration felt by the teachers at not being able to 

help students during the lesson teachings, and their belief that students would have been 

more likely to succeed if they had intervened.  

• “Well, I had a hard time not saying anything … because you know that it 
might only take one or two little things to get them going. So I had a hard time 
not saying anything when someone was so close.” [Karen, first teaching 
debrief]  

 
• “I found it very difficult … when some of them just needed a push … and I 

sat there with my mouth shut, and honestly I think that was the longest I’ve 
ever been quiet in a classroom in my life. You know what I mean? Ever! 
Without saying something, without prompting someone, you know clarifying 
with someone. That was extremely difficult. They’re so close, and they just 
needed a comment, and they wouldn’t get it.” [Betty, final group meeting] 

 
• “It [being an observer] was challenging at times especially when you know 

the students and understand what they need to do to be successful.” [Sharon, 
email, April 17, 2012] 

 
Impact of Observers and Video Recording on Students and Teachers 

 Having cameras and extra teachers and other adults in the classroom was an 

unusual occurrence and there were some negative impacts on the students being taught. 

In the debrief of the first teaching one teacher noted that “Lucas totally, he crumbled with 

the camera, so we probably should have been more sensitive about kids like that, and 

maybe pull the camera away, because maybe if the camera was gone, he would have felt 

… “, while Sharon commented that “I think that was one drawback, was we didn’t have 

as enriching a discussion with the consolidation period because of fear in front of the 

camera, or fear about what their peers would say in that specific time.” In the debrief of 

the second teaching Betty said “Colby got flustered with the camera, kept saying sorry.”  
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 The presence of observers and video recording also affected Betty, who taught the 

second lesson: “Yeah, I was a little nervous … I’m like, I’ve never taught you [this group 

of students], I have a microphone on, three cameras, and 12 adults in the classroom” (exit 

interview). Later Betty discussed how the presence of Peter, the principal, was somewhat 

difficult for her: “I was comfortable, and until Peter walked in, and then I was a little bit 

more nervous, and I don’t know if that’s just because he’s the principal, or he’s not in 

classrooms very much unless you’re being assessed.” 

Chapter Summary 

 This chapter has identified several benefits and some challenges for the 

Mackenzie teachers as a result of taking part in lesson study. 

Benefits for the Teachers  

1. Teachers learning how to increase student engagement and collaboration. Here 

evidence was presented that students were highly engaged during and after the 

teachings of the lesson. It was then shown how the teachers benefited by being 

able to test strategies to increase student engagement (three-part lessons and 

hands-on activities) and by learning about factors that affect student collaboration. 

2. Teachers benefiting from observing their students. The teachers learned about 

student thinking, problem solving, and collaboration by observing students 

closely during the teachings of the lesson and reviewing student video data in the 

lesson debriefings.  
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3. Teachers benefiting from watching their colleagues teach. By watching Sharon 

and Betty teach the lesson, the other Mackenzie teachers learned new teaching 

strategies, were able to reflect on their own teaching, and learned more about 

student engagement. 

4. Teachers having opportunities for collaboration. The benefits of collaboration 

included the creation of a strong lesson, being better able to anticipate student 

responses, being able to learn from colleagues, having teaching become more 

intentional, and being able to model collaboration for students. 

5. Time for reflection and planning. Teachers appreciated the time that lesson study 

gave them to plan the lesson and reflect on the process, which in turn may lead to 

more intentional teaching, greater teacher confidence, and increased student 

achievement.  

6. Teaching the same lesson to different students. Teaching the same lesson in two 

different classes allowed the teachers to revise and improve the lesson, and gave 

them the opportunity to think about the factors that come into play when a lesson 

is taught.  

7. Making teaching more intentional. Through collaboration the teaching of the 

Mackenzie teachers became more intentional and student-focused. 

8. Increasing social interaction and deepening relationships. Lesson study allowed 

the Mackenzie teachers to spend more time together and deepen their 

relationships. 
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Challenges for the Mackenzie Teachers 

 The teachers also encountered several challenges in their lesson study project: 

1. Teacher unfamiliarity with students being taught. The unfamiliarity of the teacher 

with the students in the second teaching of the lesson was a challenge for the 

Mackenzie teachers, since they had observed that student achievement, 

engagement, and collaboration were not as high in the second teaching. By 

observing the same lesson taught by two different teachers to two different 

classes, the teachers realized that they needed to take into account the students 

being taught to and the relationship between these students and the teacher. 

2. Challenges associated with time. The first challenge was the time that it took to 

develop the research lesson, which would not normally be available to teachers. 

The second was the challenge of spending time away from students and getting 

them back on-track upon return to the classroom. 

3. Teachers in the role of observers. Several teachers found it challenging to be in 

the role of observer and felt frustrated at not being able to interact with or help 

students.  

4. Impact of observers and video recording. The presence of additional adults and 

video cameras was unsettling for some students. The teacher of the second lesson 

was also made nervous by the presence of the Principal in the classroom. 
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Chapter 9 

Discussion and Conclusions 

 This final chapter: discusses the factors that may have been responsible for 

changes in the participants’ science SMK and PCK, their PK, and their confidence; 

explores further the benefits and challenges that the participants experienced from taking 

part in this study; summarizes the contributions this study makes to the research in lesson 

study with Canadian middle-school science teachers; discusses the limitations of this 

study; presents recommendations for practice; and suggests directions for future research.  

Factors Responsible for Changes in Teacher Science Subject Matter Knowledge and 

Pedagogical Content Knowledge, Pedagogical Knowledge, and Confidence  

 This section examines the factors that may have been responsible for any changes 

observed in the SMK, PK, and confidence of this group of teachers. The role that lesson 

study may have played in obtaining these outcomes is explored, and the findings from 

this study are situated in the context of the literature on lesson study and other forms of 

teacher collaborative professional development in science and mathematics education. 

Changes in Teacher Science Subject Matter Knowledge 

 Overall, there were limited gains in teacher SMK found in this study. This is 

likely due to the limited duration of this study. The literature on teacher professional 

development (e.g., Wayne, Yoon, Zhu, Cronen, & Garet, 2008; Lumpe, Czerniak, Haney, 

& Beltyukova, 2012) suggests that longer-term professional development (between 30 to 

100 hours) has more impact on both teachers and students. However, there was evidence 
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for some gains in the science SMK of two teachers (Betty and Helen) that is worth 

discussing. Betty demonstrated improved science SMK in three of the five scenarios 

assessing SMK in forces and simple machines, and Helen showed improved science 

SMK in four of the five scenarios. In particular, Betty and Helen were both able to 

identify more forces acting on objects at rest after the study. Helen additionally 

understood after the study that objects at rest can have forces acting on them, and she 

demonstrated an improved understanding of the functioning of a lever. This section 

examines factors that may have played a role in achieving these gains in science SMK for 

Betty and Helen, based on teacher interviews and the research literature on teacher 

professional development in science education, including lesson study. 

It is first noted that Helen had the largest increase in total STEBI score. One of 

the reasons that Helen gave in her initial interview for her low confidence in teaching 

science was her lack of science content knowledge, particularly in the area of physics 

(see Chapter 7). There may thus be a possible link between increased confidence and 

increased science SMK for Helen. It is further noted that Betty taught the second lesson, 

and this may have motivated her to improve her understanding of the science content in 

the lesson, which was related to forces and simple machines. 

The following quotes illustrate that teacher collaboration and increased planning 

time may additionally have helped to increase the science SMK of Betty and Helen:  

Do you think in general lesson study is a good way for teachers to learn content?  
 

[Yes], especially because you’re taking all those different 
… teacher strengths together, and we have all different 
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areas. And a lot of schools, they run on a rotary basis … 
whereas we don’t here, and we have to draw on all of our 
experiences, so it’s good, it forces you out of your comfort 
zone.  [Sharon, exit interview] 

So you think it’s the talking and working together [that increases science knowledge]? 
 

We spent three half-days talking about the same topics, 
talking about the lesson, and really solidifying what you 
want to do. Again, going through the curriculum, going 
through the resources, it really makes you look at the 
content. So it’s almost a side benefit of doing it … we’re 
focusing on the planning and how we’re working together 
and all this, but just by looking at it for 6 hours, 9 hours 
almost, at the same topics, you are going to pick up some 
more ideas about what you’re teaching. [James, exit 
interview] 

And is [learning science] something you think wouldn’t be as easy to do on your own?  
 

Depends on what I’m learning. If I’m learning about 
fishing, I’d rather do it on my own. If I’m learning about 
science, I’d rather have somebody help me or teach me, or 
learn with me at the same time. So science definitely, in the 
meetings. [Robert, exit interview] 

  Chapter 2 summarized two approaches for improving the science SMK of 

Canadian and US elementary and middle-school teachers, and those approaches are 

consistent with social constructivist assumptions about how people best learn: 

professional development programs (Naizer, Bell, West, & Chambers, 2003; Monet & 

Etkina, 2008; Krall, Straley, Shafer, & Osborn, 2009) and university courses (Jones, 

Carter, & Rua, 1999; Slater, Carpenter, & Safko, 1996; Khourey-Bowers & Fenk, 2009). 

These studies confirm the importance of collaboration in improving teacher science 

SMK, and they identify two additional factors: being able to engage in hands-on inquiry, 
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and opportunities to implement new teaching strategies with students. The lesson study 

enactment described in this study incorporated both of these factors.  

 Other reports of lesson study in science have also highlighted the importance of 

collaboration in teacher professional development. Grove (2011) found that the four 

teachers in his study improved their science SMK through collaboration and from sharing 

their knowledge and questions about the subject matter. It was noted previously that the 

Mackenzie teachers were quite trusting of each other, but a direct link between this trust 

and improvement in their science SMK cannot be established. Interestingly, three of the 

teachers in Grove’s study often turned to a fourth teacher who had a good understanding 

of the science content and experience as a lab scientist. I may have played a similar role 

in this study, as I answered several questions about forces during the second and third 

group meetings.  

 In summary, collaboration and time may have played a role in improving the 

science SMK of Betty and Helen. The literature on teacher professional development in 

science education and on lesson study in science education identifies other important 

influences on teacher science SMK: opportunities for teachers to take part in hands-on 

inquiry; opportunities for teachers to work directly with students; and predicting student 

responses. The lesson study approach used in this study allowed teachers to explore a 

hands-on activity (the extraction of a coin from a jar), and involved them in preparing a 

lesson that incorporated this hands-on challenge. The teachers in this study were also able 

to work directly with students, either through teaching them (if they were the teacher 
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teaching the lesson) or through observing them. Finally, it was shown earlier that 

anticipation of student responses was explicitly included as a lesson component, and that 

two teachers (one of them Betty) are now more focused on the anticipation of student 

responses.  

Changes in Teacher Science Pedagogical Content Knowledge 

 As discussed in Chapter 6, Betty was the only teacher to show improvement in 

both dimensions of teacher science pedagogical content knowledge (PCK) explored in 

this study, based on the scenarios summarized in Tables 6.1 to 6.4. However, Chapter 6 

also presented evidence for additional teacher gains in two areas connected to knowledge 

of effective science teaching strategies. These gains were discovered through analysis of 

researcher field notes, and transcripts of group meetings, and teacher interviews, 

reflections, and follow-up emails. Possible factors for these gains in science PCK, and the 

implications of these gains are now discussed. 

Use of three-part lessons in science teaching. As discussed earlier, several of 

the teachers were familiar with the use of three-part lessons for mathematics teaching, 

especially those who had taken part in Collaborative Inquiry and Learning in 

Mathematics (CIL-M). This led one of the teachers (James) to propose a three-part format 

for this group’s science and technology lesson. After the study, three of the teachers 

(Karen, Robert, and Sharon) said that they would continue to use three-part lessons in 

their science teaching. This interest in three-part science lessons was largely motivated by 

the high levels of student engagement and learning that the teachers observed during and 
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after the teachings of the lesson. It is not clear how much of this engagement can be 

attributed to the three-part nature of the lesson, given that most of the engagement 

occurred during the hands-on inquiry phase. However, Karen and Robert commented that 

they had found the student co-construction of the learning goal (the third part of the 

lesson) to be very valuable, so it does seem that at least some teachers found a three-part 

lesson to be of benefit for their science teaching.   

Integrating more hands-on activities in their science teaching. Four teachers 

(Betty, Helen, James, and Robert) also reported that they would be more likely to 

incorporate hands-on activities into their future science teaching, again motivated by high 

levels of student engagement and learning. This increased interest in hands-on activities 

aligns with social constructivist approaches to science learning, where inquiry plays a key 

role in achieving conceptual change (e.g., Hawkins, 1965; Posner, Strike, Hewson, & 

Gertzog, 1982; Duckworth, 1987; Driver & Oldham, 1986; Driver, Asoko, Leach, 

Mortimer, & Scott, 1994), and is supported by an extensive body of empirical research. 

Haury (1993) showed that inquiry-based teaching in middle school: (a) improves student 

performance; (b) helps to foster scientific literacy and understanding of how science 

works; (c) improves conceptual understanding and critical thinking; and (d) results in 

positive attitudes towards science. A review of the research literature on science inquiry 

in the US National Research Council’s Inquiry and the National Science Education 

Standards (Bransford, 1999) stated that: 

If one accepts the full sweep of content in the National 
Science Education Standards, including conceptual 
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understanding of science principles, comprehension of the 
nature of scientific inquiry, development of the abilities for 
inquiry, and a grasp of applications of science knowledge 
to societal and personal issues, this body of research clearly 
suggests that teaching through inquiry is effective. (p. 126) 

Changes in Teacher Pedagogical Knowledge 

 Evidence was presented in Chapter 6 for gains in teacher pedagogical knowledge 

(PK) in three areas, and this section will explore factors that may have been responsible 

for gains in teacher PK in one of these areas.  

Recognition of the importance of student video data, and use of such data in 

future teaching. As discussed in Chapter 6, the teachers in this study used video data of 

students taken during the teachings of the lesson to observe students and gain insight into 

their thinking and learning, problem solving, and collaboration. Based on their review of 

the video data from the first teaching of the lesson, the teachers made changes to the 

grouping of students and the way in which the inquiry activity was done for the second 

teaching.  

Videotaping of teaching enactments is commonly done in lesson study in science 

(e.g., Fortney, 2009; Grove, 2011) and mathematics (Lewis, 2000; Fernandez, 2002; 

Fernandez, Cannon & Choksi 2003; Meyer, 2006; Flynn, Hedges, & Bruce, 2009; Perry 

& Lewis, 2009; Lewis, Perry, & Hurd, 2009; Lieberman, 2009; Droese, 2010; Tepylo & 

Moss 2011; Moss, Messina, Morley, & Tepylo, 2011). However, there is seldom any 

mention of whether and how the teachers use these video data, in particular whether the 

video data are used to investigate student thinking and learning. As a typical example, 
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Droese (2010) reports on mathematics lesson study done in three schools, and mentions 

that in two of the schools video data were “sometimes used to help the teams debrief” (p. 

93). Lieberman (2009) goes into more detail and discusses how a group of middle-school 

mathematics teachers used video data to review and revise their lesson plan; she states 

that “the focus of the analyses was on the students—what they were doing and thinking. 

The goal of the analysis was for teachers to learn about how students learn the particular 

topic” (p. 87). The present study is one of a few (and the only one that has been found 

involving science lesson study) to report on the benefits of using video data to learn more 

about how students work, think, and learn. 

Videotaped lessons give teachers a rare opportunity to observe their own teaching, 

and as noted in Chapter 8 Sharon thought this would be beneficial for teaching. Similarly, 

Flynn, Hedges, & Bruce (2009) discuss how the teachers in their mathematics lesson 

study valued the opportunity to see themselves teach, and that this encouraged them to 

reflect on their teaching. Several teachers in this study commented that they were 

interested in using video data with their students to demonstrate student collaboration and 

learning; indeed, Robert reported in the following school year that he was doing this with 

his students. A similar use of video data in other reports of science and mathematics 

lesson study has not been found. 
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Changes in Teacher Confidence in Teaching Science 

 This section discusses possible reasons for the changes observed in teacher 

confidence discerned through the STEBI-A and from teacher interviews and group 

meetings.  

Science Teaching Efficacy Belief Instrument (STEBI-A). Analysis of the 

STEBI-A results, given in Table 7.2, revealed several interesting observations that may 

help to explain some of the reported changes in teacher confidence. 

The teacher with the lowest initial total STEBI score had the largest gain in total 

STEBI score. This finding is consistent with research in fields such as computer 

programming (Ramalingam & Wiedenbeck, 1998) and nursing (Gibson, 2001). Of more 

relevance here, Lakshmanan, Heath, Perlmutter, and Elder (2011) carried out a study with 

107 Grade 5-8 mathematics and science teachers and found that the teachers with the 

lowest initial PSTE score had the largest gains in PSTE score. This result may be 

attributable to a ceiling effect that prevents those with high initial self-efficacy from 

achieving large gains in self-efficacy, or to “behavioral plasticity” where low self-

efficacy individuals may be more responsive to an intervention than those with higher 

self-efficacy (Gibson, 2001; Askar & Davenport, 2009). 

The teacher with the highest final total STEBI score at the end of the study 

showed a high level of leadership and commitment throughout the study. Tschannen-

Moran, Woolfolk Hoy, and Hoy (1998), Bruce, Esmonde, Ross, Dookie, and Beatty 

(2010), and Chong and Kong (2012) discuss how teachers with high self-efficacy show 
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greater persistence in meeting teaching goals, are more likely to undertake innovative and 

challenging instructional approaches such as lesson study, are more likely to experiment 

and take risks in the classroom, have higher expectations and set higher goals for their 

students, and have greater levels of planning and organization. The teacher in this study 

with the highest overall STEBI score (Sharon) showed evidence of commitment and 

leadership throughout the study, despite having just returned from maternity leave. 

Sharon took notes and wrote the first lesson, taught the first lesson, and showed 

leadership throughout. She had high expectations of her students and is a person who 

takes charge: “When I see a need, when nothing’s being done, then obviously I’m going 

to do it” (exit interview). I see Sharon’s commitment, leadership, and dedication to taking 

part in a new professional development initiative as evidence for high self-efficacy.  

Two of the three teachers with the largest gains in PSTE scores taught the lesson. 

This finding is consistent with the well-known result that mastery experiences are the 

most powerful sources of self-efficacy (Bandura, 1997). Teaching a lesson would 

certainly be considered a mastery experience (though below I discuss how observing the 

teachings of the lesson was also quite influential on self-efficacy), and Sharon 

commented in her exit interview: “If I hadn’t taught, I don’t think I would have felt the 

same way. I’m glad I taught the lesson for sure.” 

It was noted in Chapter 7 that the changes in PSTE scores seen for Betty (+4), 

Helen (+4) and James (-4) might be consistent with the factors that they reported as being 

responsible for their changes (or lack thereof) in confidence.  
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Teacher interviews and group meetings. Analysis of transcripts from teacher 

interviews and group meetings has shed light on whether increased teacher confidence 

transferred between science areas, and factors that may have been responsible for 

increased teacher confidence. 

Transfer of confidence. Analysis of interview data revealed that most of the 

teachers appear to have higher confidence after the study. However, this increase in 

confidence appears to have been limited to the specific science topics that the lesson was 

based on, namely simple machines and structures and mechanisms. There is no evidence 

that the teachers’ confidence in science teaching overall was changed. Helen commented 

that she would require similar professional development in other science topics and units 

to feel more confident teaching the entire science curriculum, and this professional 

development would have to be ongoing and long-term to be effective. Some of the 

Mackenzie teachers were more confident teaching mathematics and some science areas 

(e.g., biology and environmental science) compared to other science areas (e.g., physics) 

because they had better SMK in those areas, more teaching resources, and more extensive 

professional development (e.g., CIL-M). This suggests that transfer of confidence may be 

difficult, but more research is needed to explore this question. 

Factors resulting in increased teacher confidence. Analysis of teacher 

interviews revealed that, outside lesson study, the Mackenzie teachers derived confidence 

in teaching science from increasing their SMK in the science areas relevant to the lesson; 

having an academic background in the subject/area (cf. Sharon, who has a strong 



 

 

 

233 

background in science (including physics) and had high confidence before and after 

lesson study); previous experience in teaching the subject; familiarity with the grade and 

students; availability of teaching resources; seeing evidence for student engagement; 

having time to plan with colleagues; and being able to see real-world connections and 

applications.  

It was additionally found that the Mackenzie teachers increased their confidence 

during this lesson study project through collaboration in planning the lesson and 

debriefing the teachings of the lesson, teaching the lesson (Betty and Sharon), closely 

observing students and seeing evidence for student engagement during the teachings of 

the lesson, and by being part of a successful professional learning experience. I now 

explore (a) the extent to which these factors are consistent with Bandura’s social 

cognitive model of self-efficacy, and (b) how these factors compare to those found in the 

research on collaborative professional development, in particular other implementations 

of lesson study.  

Bandura (1993, 1997) presented four main sources of self-efficacy which may be 

helpful for understanding the changes in participants’ confidence in teaching science 

identified in this study: (a) mastery experiences, for instance teaching experiences; these 

are believed to have the largest impact on self-efficacy; (b) vicarious experiences, where 

an individual observes somebody else modeling a skill or behavior; for example 

observing somebody else teach; (c) social or verbal persuasion, where an individual is 

given encouragement and praise; and (d) emotional arousal, for example anxiety or 
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excitement. Teaching the research lesson would certainly be a mastery experience in 

Bandura’s model, and likely helped to increase the confidence of Sharon and Betty, who 

each taught the lesson (and who both experienced an increase in PSTE scores). Some 

teachers reported that their confidence had increased as a result of observing students and 

seeing evidence for student engagement during the teachings of the lesson; this can be 

interpreted as both an emotional arousal (excitement) and a vicarious experience where 

the teachers were able to observe a successful teaching experience. It is argued that this 

can also be described as a mastery experience, since positive student outcomes resulted 

from the implementation of a lesson that they all helped to develop. Similarly, the 

increase in confidence that Robert experienced from being a part of a successful 

professional learning experience was potentially a mastery experience. Finally, the 

positive impact of collaboration on teacher confidence in this study can be interpreted as 

social/verbal persuasion, since the teachers supported and encouraged each other during 

the lesson study process.  

Chapter 2 examined three approaches to improve the confidence and self-efficacy 

of North American elementary and middle-school science teachers through professional 

development, including summer programs, longer-term programs such as Professional 

Learning Communities, and university courses (e.g., Naizer, Bell, West, & Chambers, 

2003; Khourey-Bowers & Fenk, 2009; Lakshmanan, Heath, Perlmutter, & Elder, 2011). 

It was found that the following aspects of these approaches to professional development 

were the most important in terms of increasing teacher confidence and self-efficacy in 
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science teaching: (a) opportunities to increase content knowledge through hands-on 

inquiry, (b) opportunities to collaborate with fellow teachers, (c) using a student-centered 

focus with opportunities to implement and assess new approaches in the classroom, and 

(d) time for reflection. There are several factors in this study in common with these 

aspects, namely, teacher collaboration, time for teacher reflection, and the opportunities 

teachers had to assess the impact of the lesson through observation of student learning 

and engagement.   

Turning now to lesson study, the findings in this study are consistent with the 

research conducted by Roberts (2010), who found that the six middle and high school 

teachers in her study increased their science teaching self-efficacy through three means. 

First, they perceived lesson study to be a professional form of teacher development that 

allowed them to share knowledge in a supportive and collaborative environment. A 

similar result was found for the Mackenzie teachers, who reported that collaboration 

positively influenced their confidence. Second, Roberts’ teachers were able to take part in 

professional development based on constructivist principles. The Mackenzie teachers 

were also able to engage in hands-on inquiry, share their science knowledge and teaching 

practices, and be active participants in their own learning and professional growth. Third, 

Roberts’ teachers had opportunities to reflect upon and improve their science teaching 

through systematic and objective observation of students while the lessons were being 

taught. The Mackenzie teachers likewise found that observing students and seeing 

evidence for student engagement were very influential on their confidence. 
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Jelinek and Porter (2009) found that the teachers in their lesson study project 

increased their confidence in teaching science and in the use of hands-on strategies to 

teach science through collaboration with peers, the participation of a university faculty 

member as facilitator, new teaching resources, and having time to plan. Peer 

collaboration, new teaching resources, and time to plan were also identified by the 

Mackenzie teachers as being important for increasing their confidence. 

 Sibbald (2009) developed a theory linking lesson study and self-efficacy. 

Specifically, Sibbald claimed that teacher collaboration and sharing of knowledge, 

support from the surrounding community of practice, and teacher reflection in lesson 

study increase teacher self-efficacy. In this study, teacher confidence was improved 

through the opportunity to collaborate and share science SMK and PCK. However, it is 

not clear whether and how the community of practice (e.g., other teachers in the school, 

school and Board administration, Board workshops, and Ministry of Education resources) 

and reflection affected teacher confidence.  

 As discussed above, Helen felt that her confidence would have increased further if 

she were able to take part in professional development such as lesson study over longer 

time-scales. The literature supports a feeling such as this. For instance, Lumpe, Czerniak, 

Haney, and Beltyukova (2012) discuss a large-scale teacher professional development 

project done with about 450 US K-6 teachers over one year, finding that there was a 

statistically significant increase in self-efficacy for teachers who took part in the project. 

The work of Lumpe, Czerniak, Haney, and Beltyukova (2012) also showed the value of 



 

 

 

237 

large sample sizes. The two most important factors impacting self-efficacy were found to 

be the number of times a week that science is taught and teacher gender (males had on 

average higher self-efficacy scores). Wayne, Yoon, Zhu, Cronen, and Garet (2008) found 

that between 30 and 100 hours of professional development had the greatest impact on 

teachers and students. However, it may be difficult to find the time for such intense 

professional development, and the current study suggests that gains in confidence can 

still be realized with more modest investments of time (about 20 hours over two months).   

Benefits of Lesson Study Identified by Teachers  

 This section situates the benefits identified by the Mackenzie teachers in the 

literature on teacher collaborative professional development, including lesson study. It 

also seeks to identify factors that may have been responsible for producing these benefits. 

This relates to the research question regarding the benefits and challenges perceived for 

the Mackenzie teachers as a result of taking part in lesson study. 

Learning How to Increase Student Engagement 

 The Mackenzie teachers benefited from having the opportunity to implement two 

strategies that they believed resulted in high student engagement- the use of three-part 

lessons and hands-on inquiry. Recall what Sharon said during the first teaching debrief: 

“As a community, we learned a lot about the power of building really good lessons … to 

excite all of your students.” The main goal of lesson study is the creation of a detailed 

lesson carefully designed to address a desired student outcome; in this study student 

engagement was one of the desired outcomes. Teacher observations of students during 
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the teachings of the lesson and in the debriefing sessions helped the Mackenzie teachers 

observe and reflect on student engagement. In a study by Puchner and Taylor (2006), a 

group of elementary teachers who took part in mathematics lesson study also found that 

lesson study helped them appreciate “that in-depth planning and attention to a lesson can 

bring about student engagement and learning that they had not previously felt was in their 

power” (p. 925).  

Observing Students 

 The Mackenzie teachers benefited from gaining insight into the thinking and 

learning of their students during the teachings of the lesson. Teachers do not normally 

have the opportunity to systematically observe students in the classroom, as they are too 

busy teaching the lesson. In contrast, during lesson study teachers are able to observe 

many students for an entire lesson. As Droese (2010) puts it, “Extra eyes can catch detail 

and data about individual students that one single teacher never could collect during a 

class period” (p. 108). Roberts (2010) found that lesson study helped to improve a group 

of middle-school teachers’ self-efficacy and science practices by enabling them to 

observe the impact of the research lesson on their students’ learning and to discuss these 

observations in the debriefing sessions. Roberts also discusses how objective 

observations help teachers avoid introducing their own inferences and biases. Grove 

(2011) found that the opportunity to examine student work (which includes work 

products and observations of students during the research lessons) was an important 

factor supporting the learning of four middle-school science teachers in their lesson 
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study: “All of the teachers reported that the observations and analysis of student work 

made student thinking more visible to them and provided concrete feedback on the 

strategies they employed” (p. 80). 

Observing Colleagues Teach 

 The Mackenzie teachers benefited in several ways from watching Sharon and 

Betty teach the lesson: they learned new teaching strategies and ways to question 

students, they were able to observe factors that impact student engagement, they could 

see how other teachers interacted with students, and they used their observations as a 

vehicle for reflection on their own teaching. Two of the middle-school teachers in the 

study by Grove (2011) reported that being able to see another teacher deliver the lesson 

helped them learn strategies for assessment and classroom management and see different 

ways of explaining science content to students. Teachers do not normally get many 

opportunities to watch their colleagues teach in North American schools. However, in 

lesson study these opportunities happen naturally, even though observation of teachers is 

not part of the lesson study protocol (in fact, teacher observations of fellow teachers are 

discouraged because lesson study centers around the impact of the lesson on students and 

not on how the teacher teaches the lesson).  

Opportunities for Collaboration 

 All of the Mackenzie teachers identified collaboration as the most important 

benefit of taking part in lesson study. It has already been discussed how collaboration 

was a key factor in increasing the teachers’ science SMK. Collaboration further benefited 
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the Mackenzie teachers by allowing them to create a better lesson, become better able to 

anticipate student responses, learn science teaching practices from colleagues, reflect as a 

group, interact socially, and have a better understanding of how their students can work 

collaboratively. It is important here to distinguish between (i) superficial collaboration, 

for example, the sharing of activities or teaching plans, what Little (1990) and Bruce, 

Esmonde, Ross, Dookie, and Beatty (2010) term “opportunistic contact” and (ii) the 

deeper collaboration which took place in my study and other lesson study projects which 

involve planning together and co-developing lessons, which Little (1990) calls “joint 

work.”   

 Collaboration with colleagues has been found to be an important component of 

effective teacher professional development, as I discuss in more detail in Chapter 2 (e.g., 

Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003; Darling-Hammond, 1999; 

Rhoton & McLean, 2008). According to Bruce, Esmonde, Ross, Dookie, and Beatty 

(2010, p. 1599): “Teacher collaboration is identified by some researchers and educators 

… to be one of the most important features of school culture in order to foster teacher 

learning, satisfaction and effectiveness” (see also Puchner & Taylor, 2006, p. 924; 

Lakshmanan, Heath, Perlmutter, & Elder, 2011, p. 538). 

 In summary, the findings from this study reinforce the importance of teacher 

collaboration in lesson study in building teacher knowledge and confidence, and as a key 

component of effective teacher professional development. 
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Time for Reflection and Planning 

 The Mackenzie teachers benefited from the time they had to plan the lesson and to 

debrief and reflect upon the lesson study experience. Chapter 2 considered how effective 

teacher professional development takes place over extended periods of time (e.g., 

Darling-Hammond, 1999; Rhoton & McLean, 2008). Guskey (2003) puts it well: 

“Obviously, educators need time to deepen their understanding, analyze students’ work, 

and develop new approaches to instruction” (p. 749). Bearing in mind Guskey’s caution 

that this time “must be well organized, carefully structured, and purposefully directed,” I 

believe that lesson study is an effective way of giving teachers the time they need to plan 

and reflect.  

Being able to Teach the Same Lesson to Different Students 

 Ordinarily, teachers do not teach the same lesson twice in quick succession, even 

in most collaborative professional development initiatives, such as CIL-M. However, 

lesson revision and re-teaching are commonly done in lesson study. Teaching a similar 

lesson to two different classes by two different teachers presented both opportunities and 

challenges for the Mackenzie teachers. The teachers benefited in two ways: (a) they had 

the chance to revise the lesson and to see the impact of this in the classroom, and (b) they 

gained insight into the importance of the various factors involved in teaching a lesson. 

The Mackenzie teachers learned that the relationship between teacher and student 

matters, and that teachers need to have knowledge of the students that they will be 

teaching a lesson to. 
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Those who participate in lesson study come to understand that no lesson is perfect 

and that lessons can always be improved—in other words, lesson planning is ongoing and 

iterative. Lesson study lets teachers teach a revised lesson to their students and assess the 

impact of these revisions on their students. Teaching the same (or a similar) lesson to a 

different group of students allows teachers to better determine what they need to know 

about their students to teach them effectively. Lesson study thus provides a way for 

teachers to systematically experiment with and improve their teaching in their own 

classrooms.  

Making Teaching More Intentional 

 Robert felt that his teaching had become more intentional and focused on student 

needs as a result of lesson study, and he believed his lessons would be more engaging as 

a result. One of the science teachers in the study by Roberts (2010) similarly believed that 

he was now able to plan more effectively and that his teaching had become more 

intentional due to lesson study. The issue of intentional teaching was raised by the 

Mackenzie Principal in the first teaching debrief and in a staff meeting the day before the 

first teaching, which may partly explain why Robert discussed it in his exit interview. 

Lesson study’s explicit focus is on student learning outcomes, anticipation of student 

responses, and observations of students, and these appear to be some of the factors that 

led to more intentional teaching.  
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Deepening Relationships and Group Trust 

Through lesson study, the Mackenzie teachers were able to spend much more 

time together than they normally do, and as a result teacher relationships deepened. 

Group trust helped teachers feel comfortable critiquing each other during the lesson study 

process. For instance, in the final group meeting Karen commented: “If we weren’t 

friends at all, I might have a hard time questioning you or being like ‘really, do you think 

that would work?’ … we were able to be more critical that way.” Similar results have 

been found in other reports on lesson study. Grove (2011) found that the high levels of 

trust and comfort among the teachers in his study allowed them to feel confident in 

voicing their opinions, explaining their beliefs, sharing ideas, and robustly critiquing each 

other.  

Lewis (2009) proposes that interpersonal relationships be considered a form of 

teacher learning “embodied in the relationships among teachers in a school” (p. 99). 

Fernandez, Cannon, and Chokshi (2003) found that lesson study provides a safe and 

comfortable space within which teachers can address challenging issues related to 

teaching practices and content. This study supports these findings by showing that group 

relationships and trust allowed the Mackenzie teachers to feel comfortable in critiquing 

each other, which in turn resulted in the creation of a stronger lesson. Deepened 

relationships also help to make teaching more enjoyable, allow teachers to more readily 

share ideas and knowledge, and make it more likely that teachers will work together in 

the future.  
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Challenges for Teachers Identified in this Study 

 This section examines the challenges that the Mackenzie teachers identified from 

engaging in lesson study. These challenges are discussed in relation to those identified in 

the literature on lesson study in science and mathematics education, and possible 

solutions to these challenges are suggested. 

Teacher Unfamiliarity with Students being Taught 

  A significant challenge in this study was teaching a lesson to students whom the 

teacher did not know. As discussed in Chapter 6, the teachers believed that the second 

teaching of the lesson was not as successful as the first teaching with regards to student 

learning, engagement, and collaboration. It appears that the main reason for this was the 

unfamiliarity of the teacher with the students in the second teaching, which made it 

difficult for her to anticipate student responses and led to the domination of class 

discussions by a few enthusiastic students.  

Grove (2011) found that the teachers in his lesson study group spent insufficient 

time identifying their students’ “current characteristics” (for example, their mathematics 

abilities and misconceptions) and anticipating their responses, and he believes that this 

constituted a breach of lesson study protocol that likely inhibited their learning. The 

Mackenzie teachers did discuss the anticipation of student responses, but they were not 

considering the students that the lesson would be taught to. The Mackenzie teachers only 

used their knowledge of their students to choose student groupings and which students 

would work best together. They did not discuss which students might dominate class 
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discussions and what measures they could take to ensure that more students contributed 

to the discussions. Furthermore, the teachers did not consider whether the teacher of the 

lesson should know the students the lesson was being taught to and how this knowledge 

(or lack thereof) would affect the success of the lesson.  

The teachers in this study reported that the relationship between the teacher and 

students was very important to the outcomes of the teaching enactments and for the 

lesson study in general. This highlights the need for lesson study groups to consider the 

students their research lesson will be taught to, and to anticipate the responses of those 

students. It also reinforces the importance of thinking carefully about who will teach the 

lesson and the relationship between the teacher and students. 

Challenges of Time and Money Needed for Lesson Study 

 One time-related challenge found in this study was the time spent away from 

students. Several teachers commented that it was difficult for them to be away from their 

students to take part in lesson study because it took time and energy to reestablish 

discipline and routines when they returned to their classrooms. This challenge has been 

identified in other schools. For example, Roberts (2010) notes that teachers in her study 

commented on the time it took them “to discuss work they need to make up with students 

on the days that they miss in order to take part in the public lessons” (p. 143). However, 

the challenge may have been exacerbated for the Mackenzie teachers because of the 

relatively low SES of their school and the number of their students with challenging 
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behavior; this may have made it more difficult for the Mackenzie teachers to get their 

students back on-track after spending time away from them.  

The second challenge relates to the total time spent doing lesson study. Several of 

the Mackenzie teachers commented that they spent much more time producing a lesson 

through lesson study than they would normally. For example, Karen commented, “It was 

so time consuming for one lesson” (exit interview). The difficulty of finding time for 

lesson study has been regularly cited as a significant barrier ever since lesson study first 

came to North America (Stigler & Hiebert, 1999; Hiebert & Stigler, 2000; Lewis, 2002; 

Fernandez & Choksi, 2002; Fernandez & Yoshida, 2004; Meyer, 2006; Puchner & 

Taylor, 2006; Moss, 2008; Roberts, 2010; Droese, 2010). Given that the Mackenzie 

teachers were able to take part in this lesson study during school hours, their concerns 

about the time spent on lesson study are really about whether they will be able to take 

part in lesson study in the future. Funding allows lesson study to take part during the 

school day, as was the case for this study, but there is typically little money available for 

teacher professional development in North American schools. Thus time and money are 

both potential barriers to ongoing lesson study in North America, if lesson study is to take 

place during school hours, as I believe it should. These issues are discussed further in the 

Recommendations for Practice.  

The Mackenzie teachers also benefited from the time they were given to plan, 

reflect, and debrief during lesson study (see earlier discussion, and cf. Roberts, 2010, p. 

144) and they gained more than just a good lesson—they also improved their SMK, PCK, 
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and confidence. As Lewis, Perry, and Hurd (2009) put it: “Lesson planning might be 

regarded as a vehicle to develop teachers’ knowledge, beliefs, and professional 

community” (p. 301). It may be that the challenge of finding time for lesson study is felt 

most acutely by teachers who are new to lesson study, and that this barrier diminishes 

over time as more teachers take part in lesson study and appreciate its benefits. 

Teachers in the Role of Observers 

 Several teachers found it challenging to take on the role of observer during the 

teachings of the lesson and were frustrated at not being able to talk with and help students 

during the inquiry phase of the lesson. In fact, at least two teachers (Karen and Sharon) 

did help students, while Bill (a Board consultant who was videotaping students) asked 

several groups to explain what they were doing during the second teaching.  

This challenge has also been identified in other lesson study reports. Fernandez, 

Cannon, and Chokshi (2003) nicely summarize why lesson study protocol specifies that 

observers should not interact with students:  

When observers work with students they make it difficult 
to examine the true effect of the lesson … the validity of 
the data collected during the observation is compromised 
because it is not reflective of how the lesson would have 
evolved with only one teacher doing the teaching. (p. 175) 

Fernandez et al. found that the American teachers in their study acted “like they were 

team-teaching the lesson” (p. 175), which prevented them from fully focusing on student 

outcomes and compromised the implementation of their research lesson. The interactions 

of teachers and consultants with students in this study likewise compromised the teaching 
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experiment to some degree, though probably not in a major way since the interactions 

were not extensive. More discussion needs to happen about whether it is permissible for 

lesson study observers to ask students to clarify their thinking. In some lesson study 

reports observers do not interact in any way with students, while in others observers are 

allowed to ask students for clarification.  

Impact of Observers and Video Recording on Students and Teachers 

 The presence of additional adults and cameras during the first teaching was a 

challenge because it caused some students to become flustered and ill at ease. The 

teachers felt that, as a result, these students were inhibited and the quality of the class 

discussions decreased. To help the students feel less nervous in the second teaching, the 

teachers made two changes in regard to video recording. First, they specified that the 

teacher teaching the lesson should explain to the students at the start of the lesson why 

they were being observed and video recorded. Second, they added an instruction at the 

end of the lesson: “Observers who are videotaping should focus on student work and the 

learning process, NOT on individual students.” In practice, this meant that the video 

recorder filmed students working together, and did not film individual students or 

students’ faces. These changes appeared to be successful, as the students seemed to be 

much less affected by the additional adults and video recording in the second teaching. 

This experience shows that the impact on students can be minimized and can likely 

decrease with time as students become more familiar with being observed. 
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Being observed was also challenging for Betty, who taught the second lesson. 

Betty said that she felt slightly nervous teaching in front of the Principal, as typically 

Principals observe teachers teaching for evaluation purposes. While the presence of the 

Principal did cause some discomfort for Betty and other teachers, some teachers also 

welcomed his involvement.  

 Although video recording of research lessons is commonly done in lesson study, 

mention of the impact of this recording on students has not been noted in other lesson 

study accounts, suggesting that it may not be a widespread problem. Similarly, the impact 

of video recording and observers (particularly administrators) on teachers also does not 

appear to have been discussed in other lesson study reports. This may indicate either that 

this is not usually a problem, or that administrators do not often take part in lesson study. 

In any case, the Mackenzie experience suggests that the involvement of school 

administrators in lesson study needs to be considered carefully. 

Contributions of this Study 

 A large body of research has shown that student achievement in science is 

dependent upon teacher SMK (Perkes, 1967; Gess-Newsome & Lederman, 1995; 

Goldhaber & Brewer, 2000), PCK (Waller, 2012; Kanter & Konstantopoulos, 2010; 

Johnson, Kahle, & Fargo, 2006), and self-efficacy (Ashton & Webb, 1986; Goddard, 

Woolfolk Hoy, & Hoy, 2000; Angle & Moseley, 2009; Lumpe, Czerniak, Haney, and 

Beltyukova, 2012). These findings show the strong need for professional development 
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that improves elementary and middle school teachers’ science subject matter knowledge, 

teaching practices, and confidence in teaching science. 

This study has looked in detail at a lesson study enactment with a group of six 

Grade 6-8 teachers in an Eastern Ontario school board. I have documented all stages of 

the lesson study process, examined changes in teacher SMK, PCK, and confidence that 

may have taken place as a result of taking part in lesson study, and identified the benefits 

and challenges that these teachers experienced from lesson study. This study improves 

upon previous work by collecting a rich set of data (questionnaires, teacher interviews, 

teacher journals, field notes, and recordings of group meetings and the lesson teachings) 

and by being situated in the classroom and taking place during school hours (made 

possible by generous funding for teacher release). This study is one of a very few that 

examine the use of lesson study with Canadian middle school science teachers.  

Limitations of this Study 

 In this section the limitations of the study are discussed, and some suggestions for 

future enactments of lesson study are presented. 

Short Duration of Intervention 

 This lesson study intervention took place on a relatively short timescale (about 13 

hours of group meeting time over two months), as it was constrained by the available 

funding for teacher release time and by the challenge of finding time for professional 

development at other times in the school year. Research shows that professional 

development done regularly over longer timescales (tens to hundreds of hours over 
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months to a year) has more impact on teachers and students (e.g., Wayne, Yoon, Zhu, 

Cronen, & Garet, 2008; Lumpe, Czerniak, Haney, & Beltyukova, 2012). One should not 

necessarily expect substantial changes in teacher knowledge, beliefs and teaching 

practices in one cycle of lesson study; more significant changes would likely have taken 

place if the Mackenzie teachers had taken part in multiple cycles of lesson study over a 

longer timescale. 

Lack of Teacher Pre- and Post-Observations  

 In order to ascertain if a given intervention leads to long-term changes in teaching 

practices, one needs to have an accurate assessment of these practices before and after the 

intervention. For instance, Grove (2011) observed each teacher in his study in his or her 

classroom twice before and twice after they took part in lesson study. Grove used these 

pre- and post-observations to determine whether teachers continued to use teaching 

strategies introduced during lesson study after the study was finished (a so-called 

“radioactive tracer”). It would have been useful to carry out similar pre- and post- 

classroom observations of the Mackenzie teachers. Note that several teachers were asked 

follow-up questions by email in the following school year to further investigate possible 

changes in their teaching practices.  

Researcher Impact on the Study 

 My roles as facilitator and researcher affected this study. For instance, in the third 

group meeting I answered teacher questions about the science content knowledge 

assessment questions I had asked them in the first interview; this likely influenced their 
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responses to those questions in their exit interviews. Although I tried very hard to 

minimize my influence and cede control as much as possible to the teachers (e.g., the 

teachers freely chose the curriculum area of the lesson), as facilitator I sometimes had to 

make decisions if the group was unable to.  

Difficulties in Assessing Teacher Science Subject Matter Knowledge 

 It was challenging to assess teacher science SMK in this study because the lesson 

did not focus on a particular science concept. Thus it was difficult to identify science 

concepts to assess before and after the study. Forces and simple machines were identified 

as the closest match to the lesson curriculum area, but this was not ideal as the lesson did 

not directly address these concepts. As well, because the content area of the lesson was 

not known in advance, it was not possible to assess teacher SMK at the start of the study; 

instead, this had to wait until after the second group meeting when the teachers had 

chosen the content area. Therefore the first interviews do not truly reflect the teachers’ 

content knowledge before lesson study.  

Such limitations are not unique to this study but are inherent to lesson study in 

general (and similar forms of bottom-up teacher collaborative professional development); 

as Lewis, Perry, and Hurd (2009) say: 

Lesson study is shaped by the participating teachers, so that 
researchers cannot necessarily say in advance the 
appropriate outcomes to test … although the wide latitude 
within lesson study for teachers to shape their own learning 
may be important to developing ownership of the 
improvement effort and an inquiry stance, it makes use of 
pre-specified measures difficult. (p. 300)  
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Recommendations for Practice 

 Here I present several recommendations emerging from the present study that I 

believe can facilitate future lesson study projects in North America and help lesson study 

become ongoing and sustainable. 

Lesson Study Should Take Place in School Hours 

 The external funding that was secured for this lesson study project paid for 

teacher release, which allowed teachers to attend group meetings in school hours and to 

take part in the lesson study teachings. Without this funding, it would have been much 

more difficult to schedule group meetings. For instance, several of the teacher 

participants had young children and other obligations that would have made it difficult 

for them to meet outside school hours. I believe that lesson study and other forms of 

teacher collaborative professional development will only become normalized when they 

take place during the regular school day and are not perceived as a burdensome “extra” 

by teachers.  

 If lesson study is to take place within school hours, ways must be found to 

provide teachers with the time they need to meaningfully engage in lesson study. For 

instance, funding could be sought from within the school, from the school Board, or from 

external sources to pay for occasional teachers. If insufficient funds are available to pay 

for teacher release, then time must be made available in other ways, for instance through 

common planning periods (this is difficult for smaller schools, as noted by the Mackenzie 

Principal), allowing teachers to take part in lesson study on Board professional 
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development days, or trading lesson study time against supervision and committee work 

(cf. Harle, 2009, p. 86; Saito, 2012, p. 784). This will require flexibility on the part of 

both teachers and administration, and support from school administrators and the Board 

(cf. Harle, 2009, pp. 87-88). If sufficient time is not available during the regular school 

day, then the possibility of having at least some meetings take place outside school hours 

or online should be explored. 

Gain Support of Administration 

 This project benefited considerably from the support and endorsement given by 

the Principal and Board. The Principal strongly encouraged his teaching staff to take part 

in the project, he attended most of the planning meetings and both lesson teachings, and 

he helped to schedule planning meetings and the lesson teachings. In cases where funding 

is not available to pay for teacher release in school hours, Principals can support lesson 

study by providing mutual release time for teachers. The Board was also very supportive 

of the project and granted permission to carry out research with the Mackenzie teachers. 

Two of the Board coordinators were very helpful in planning the logistics of this study. In 

particular, the Research and Assessment coordinator helped to secure Board approval for 

the study, and the Science and Technology coordinator attended all of the planning 

meetings and the first teaching and provided the STEM kits used for the lesson’s hands-

on activity. The coordinators also obtained Board funding to provide relief so that the 

Principal could attend planning meetings and the teachings of the lesson.  
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 The first recommendation is to gain support of the Principal and encourage him or 

her to be meaningfully involved in lesson study. However, while the involvement of the 

Principal in this study was largely positive, it did pose some challenges. For instance, 

some of the teacher participants were sometimes uncomfortable with the Principal’s 

presence in planning meetings and lesson teachings. Therefore, it is also recommended 

that there be an open discussion at the beginning between the Principal and teacher 

participants about how the Principal can best be involved and to reassure teachers that the 

Principal will not be assessing teacher performance during the study.  

 The second recommendation is to involve Board administrators early in the 

process and to encourage Board coordinators/consultants in particular to be involved as 

much as possible at all stages. For instance, Board consultants can help secure approval 

for lesson study projects; they can possibly provide funding, relevant teacher professional 

development, and other resources; and they can be involved in assessment of lesson study 

projects.  

It was important that this lesson study project aligned well with Board goals for 

collaborative teacher professional development and that it complemented existing 

programs such as CIL-M. If this had not been the case, the Board may not have approved 

the study. Thus it is finally recommended that lesson study researchers think carefully 

about how their projects can best fit with Board priorities and goals for teacher 

professional development and student learning.   
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Create a Collaborative and Trusting School Culture 

 I believe that the Mackenzie teachers benefited from knowing and trusting each 

other. This allowed the teachers to be comfortable critiquing each other and it also 

allowed the lesson to develop faster. When asked in the first teaching debrief how this 

study would have developed if the teachers had not known each other first, one teacher 

answered: 

I think it would take longer to get to where we were able to 
get, because we all know each other fairly well, and we’ve 
all had experience working together … Betty and I have 
done it with people that we didn’t know very well, it takes 
you longer to get to the same place I think. 

It also helped that three of the teachers had previously taken part in CIL-M, which is 

similar to lesson study in many ways.  

 The recommendation of Rock and Wilson (2005) that “attention toward creating a 

culture of learning and collaboration for teachers who engage in the process is needed” 

(p. 90) is supported here. It is believed that lesson study will be more successful if such a 

collaborative and supportive school culture has been established. Perry and Lewis (2009) 

found, in their study, that “Leaders were able to introduce new structures … upon an 

existing collaborative foundation and, in turn, these new structures supported further 

learning and professional community development” (p. 384). Both administrators and 

teachers should be involved in establishing this culture, and local school boards also need 

to be engaged in the process. One imagines how exciting it would be if the entire school 

became a learning community. However, lesson study can still be successful even if a 
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collaborative and trusting culture has not been established; indeed, participation in lesson 

study can be very effective in building collaboration and trust among participants (e.g., 

Flynn, Hedges, & Bruce, 2009; Roberts, 2010; Grove, 2011). 

Increase Familiarity with Lesson Study Protocol, Benefits, and Challenges 

 It is recommended that lesson study participants become as familiar as possible 

with lesson study protocol and the benefits and challenges of lesson study before they 

take part (cf. Roberts, 2010, p. 147). This can be done by giving participants lesson study 

handbooks, articles, and videos, and opportunities to talk with teachers who have 

previously taken part in lesson study. Lesson study participants could also attend public 

lesson study sessions if these are provided locally. Knowing and maintaining the lesson 

study protocol can help the participants achieve their desired outcomes, while knowing 

about the benefits of lesson study can encourage teacher buy-in. Knowing about the 

challenges and constraints of lesson study (e.g., the amount of time it takes) can help 

teachers decide whether they want to take part in lesson study and allow them to better 

anticipate and deal with problems that arise.  

Awareness of the Teaching Context 

 This study has illustrated the importance of the relationship between the teacher 

of the lesson and the students the lesson is taught to. It is recommended that teachers 

consider carefully who will teach the lesson and that they know as much as possible 

about the students who will be taught. 
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Use of Video Data 

 The teachers found the review of student video data to be a powerful means to 

learn about student learning, engagement, and collaboration. It is recommended that 

videotaping of lesson teachings be a standard feature of lesson study and that teachers 

take the time to review video data during lesson debriefings. At the same time, lesson 

study groups need to think carefully about how to minimize the negative impacts of 

videotaping on students and teachers. For instance, video recorders can focus on student 

work and not on student faces, and video recording students beforehand will help them to 

become more comfortable with video recording during lesson study teachings. Those 

teachers who teach the lesson need to be reassured that administrators will not be 

assessing them. 

There are other uses of videotaped lessons identified in the literature that should 

also be mentioned here. For example, Droese (2010) discusses how one of the schools in 

her study had videotaped and archived every lesson study lesson and that this archive of 

lessons was a very useful teaching resource. Lesson study videos can connect lesson 

study practitioners at different sites (Perry & Lewis, 2009) and be used to disseminate 

knowledge about lesson study and how it is best carried out (Lewis, Perry, & Murata, 

2006; Lewis, Perry, & Hurd, 2009). However, it should always be remembered that 

videos or any other record of a lesson study enactment do not capture the full richness 

and diversity of viewpoints found in live lesson study (Lewis, 2009; Murata, 2010).  
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Sharing Lesson Study Knowledge 

 If lesson study is to become more widespread in Canada, it is important that the 

educational community (teachers, administrators, school board officials, and researchers) 

learns more about lesson study and its benefits and challenges, and that the lesson study 

knowledge base increases. It is recommended that: (a) lesson study lessons and teacher 

experiences with lesson study be distributed widely through articles, reports, videos, 

conference presentations, websites, and lesson study open houses (see Choksi & 

Fernandez, 2005, p. 679), and (b) individual lesson study groups connect to form cross-

site learning communities and share ideas, best practices, and research lessons (see 

Lewis, Perry, Hurd, & O’Connell, 2006, pp. 278-279). It is further recommended that 

lesson study research be published in journals that are accessible to teachers and 

administrators, and that these research reports discuss both the strengths and challenges 

of lesson study. 

Directions for Future Research 

 Suggestions for future research into lesson study based on this study are presented 

below. 

Expansion of Lesson Study Teaching Contexts and Duration 

 Lewis, Perry, and Murata (2006) point out that expansion of the “descriptive 

knowledge base” of lesson study is a critical research need. This need continues, as there 

are still very few published studies of lesson study, especially with Canadian teachers in 

the area of science. The present study helps somewhat with this goal, but there is still a 
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long way to go. There is a pressing need to do research in science lesson study in a wider 

range of teaching contexts (different groups of teachers, schools, and boards), so that we 

can better understand the aspects of lesson study that are most important for effective 

teacher professional development (cf. Lewis, Perry, & Murata, 2006, p. 5).  

 We also need to know what factors are necessary for lesson study in Canada to 

persist over multiple cycles and become ongoing, as is the case in Japanese elementary 

schools and some US sites. What adaptations does lesson study need to make in the 

Canadian context to become sustainable? Perry and Lewis (2009, pp 383-387), Saito 

(2012, pp. 785-786), and Droese (2010, p. 101) offer some suggestions in this regard. 

 Longer studies will also allow us to see if changes in teacher knowledge, teaching 

practices, and confidence/self-efficacy are transitory or whether they persist after lesson 

study, and whether the gains realized from lesson study transfer to the classroom. This 

will require establishing a baseline of teaching practices before lesson study and follow-

up observations for extended periods of time. 

Impact of Lesson Study on Students 

 Many lesson study researchers have discussed the need to look at the impact of 

lesson study on students as well as teachers (e.g., Rock & Wilson, 2005; Meyer, 2006; 

Wright, 2009). This can be done through interviews and pre- and post-assessments of 

students’ knowledge, beliefs, and attitudes. However, this research will take more time 

and it will be more difficult to obtain institutional ethics clearance, approval of the school 

board, and consent of parents/guardians. 
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Quantitative Studies with Larger Samples of Teachers 

 Case studies such as this provide a rich set of data to qualitatively explore changes 

in teacher confidence as a result of professional development. However, there is also a 

need to carry out research in teacher professional development with larger groups of 

teachers, which will allow the use of quantitative instruments such as STEBI to look for 

statistically significant changes in teacher self-efficacy. As examples of what is possible, 

Lakshmanan, Heath, Perlmutter, and Elder (2011), and Lumpe, Czerniak, Haney, and 

Beltyukova (2012) were able to find significant changes in science teacher self-efficacy 

with larger numbers of teachers (50-450) taking part in professional development 

programs. 

Student Video Data 

 Review of student video data was a powerful way for the Mackenzie teachers to 

learn about student thinking, engagement, and collaboration. This was an important 

finding of this study, and it is noted that, with very few exceptions (e.g., Lieberman, 

2009), lesson study researchers have not discussed the use of video data. More research 

needs to be done to learn more about the benefits and challenges of using student video 

data. 

Relaxation of Lesson Study Protocol 

 The Mackenzie teachers did not fully adhere to the standard lesson study protocol, 

in particular the prohibition against observers interacting with students. The teachers in 

the study of Grove (2011) also did not follow the standard protocol, and Grove wonders 
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what impact this may have had on teacher learning. His call for more research to 

investigate the effects of not following standard lesson study protocol and to identify the 

essential features of an “ideal” lesson study protocol is echoed here. 

The Impact of Administrators 

 Several studies discuss the importance of buy-in and support from school 

administrators for successful implementations of lesson study (e.g., Lewis, 2006; Wright, 

2009; Droese, 2010; Roberts, 2010), or conversely that lack of administrative support is 

one of the challenges for lesson study (e.g., Perry & Lewis, 2009; Grove, 2011). 

However, there is a need for further research into the role of administrators in lesson 

study and their perspectives on lesson study.  

Summary 

This study of six Ontario middle-school teachers who took part in science lesson study 

over a 10-week period describes the impact of lesson study on the science subject matter 

knowledge (SMK), science pedagogical content knowledge (PCK), pedagogical 

knowledge (PK), and confidence in teaching science of these teachers, and the benefits 

and challenges that they associated with lesson study. The important findings are the 

following:  

Changes in Teacher Science SMK: 

• Overall, there were limited gains in teacher science SMK. However, there was 

evidence for some gains in the science SMK of two teachers (Betty and Helen).  
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Changes in Teacher Science PCK: 

• With one exception, there were no consistent changes reported in the teachers’ 

beliefs in their students’ ability to define a force and in the teachers’ beliefs about 

the number of forces they thought their students would be able to identify, before 

and after the study. One teacher (Betty) showed improvement in this dimension of 

teacher science PCK, in three of four scenarios explored by the teachers.  

• Only one teacher (Betty) showed improvement in the second dimension of teacher 

science PCK, namely knowledge of effective teaching strategies to help students 

better understand forces, based on the scenarios summarized in Tables 6.1 to 6.4. 

• Three teachers reported that they would to continue using three-part lessons in 

their science teaching, and four teachers reported that they would integrate hands-

on activities more often in their science teaching.  

Changes in Teacher PK: 

• Gains in teacher PK were found in three areas: more emphasis placed on 

anticipation of student thinking and responses by two teachers; more awareness of 

the usefulness of student video data, and four teachers planning to use such data 

in their future teaching; and greater emphasis placed on intentional teaching by 

two teachers.  
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Changes in Teacher Confidence in Teaching Science: 

• From teacher interviews and group meetings it was found that the confidence of 

most teachers appears to have increased in the subject area being taught 

(Structures and Mechanisms), but likely not in other science areas. 

• In this study, teacher confidence in teaching science increased through 

opportunities for collaboration, teaching the lesson (for Betty and Sharon), 

observations of student learning and engagement during lesson enactments, and 

being part of what was perceived to be a successful professional development 

experience. 

Teacher Benefits Identified in this Study:  

• Learning how to increase student engagement and collaboration. 

• Observing students. 

• Benefiting from observing colleagues teach. 

• Opportunities to collaborate. 

• Time for reflection and planning.  

• Being able to teach the same lesson to different students.  

• Increased social interactions and deepened relationships between teachers. 

Teacher Challenges Identified in this Study:  

• Teacher unfamiliarity with students being taught. 

• Time needed for lesson study. 

• Teachers in the role of observers. 
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• Impact of observers and video recording on students and teachers. 
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Appendix A 

Teacher Participant Recruitment Letter 

My name is Terry Bridges, and I am a Ph.D. candidate in the Faculty of Education at 
Queen’s University. As part of my doctoral research I am conducting a research study 
called “The Impact of Lesson Study on the Knowledge and Confidence of Middle School 
Teachers in Science Teaching”. For this study, I am hoping to recruit a group of 4-6 
grade 7-8 teachers in the XXXXX Board, who will work together over 12 weeks to 
design lessons in science and technology to teach to their students. My research will look 
at the effects of this lesson study collaboration on the participants’ science knowledge, 
teaching practices, and confidence in teaching science. This study has been granted 
clearance by the General Research Ethics Board at Queen’s University, and has also been 
approved by the XXXXX Director of Education. This email is being sent to all grade 7-8 
teachers in the XXXXX, and your email address was given to me by the XXXXX Board.  
 
I hope that you will agree to take part in this study. The study will involve half-day group 
meetings every two weeks over a period of 12 weeks, plus an initial meeting with myself. 
Participating in this study is completely voluntary, and there are no known risks 
associated with participating. In fact, based on my review of the literature, there are 
several likely benefits. First, lesson study participants often comment on how much they 
enjoy collaborating with their teacher colleagues. Second, the lesson study will involve 
hands-on inquiry, and research shows that this is a very effective way to learn science. 
Third, lesson study is motivated by student learning, and the lessons developed will 
directly benefit your students. If you agree to take part in this study, more details will be 
provided in a Letter of Information.  
 
If you are interested in taking part in this study or if you have any questions about it, 
please don’t hesitate to contact me at tjb@astro.queensu.ca or 613-453-2599. I would be 
happy to share my dissertation proposal with you, and to answer your questions. 
 
Thank you very much for considering this request. 
 
Sincerely, 
 
 
Terry Bridges 
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Appendix B 

Teacher Letter of Information 

My name is Terry Bridges, and I am a Ph.D. candidate in the Faculty of Education at 
Queen’s University. I am writing to request your participation in my doctoral research 
project “The Impact of Lesson Study on the Knowledge and Confidence of Middle 
School Teachers in Science Teaching”. The main goals of this research are to determine 
the effects of lesson study collaboration on middle school teacher science knowledge, 
teaching practices, and confidence in teaching science. You will be part of a group of 4-6 
teachers (grade 7-8) in the XXXXX Board. Together you will design a lesson on a topic 
in the Ontario Elementary Science and Technology curriculum, and one of you will teach 
the lesson to your students while the other teachers observe. The study will involve half-
day group meetings every two weeks over a period of 12 weeks, and a total time 
commitment of 30-35 hours. I will interview you before and after the study to look for 
changes in your science knowledge, teaching practices, and confidence. You will also be 
asked to keep a professional learning journal, and I will audio record group meetings and 
take notes during these meetings.  
 
This study has been granted clearance according to the recommended principles of 
Canadian ethics guidelines, and Queen's policies. 
 
I will interview you before and after the study to identify changes in your science 
knowledge, teaching practices, and confidence in teaching science, and to determine your 
perspectives on lesson study. As part of these interviews, I will ask you to complete a 
multiple-choice test to assess your science knowledge, and a questionnaire to assess your 
confidence in teaching science. Interviews will be conducted at a time and location of 
your choice and will last between one to two hours. You will also be asked to keep a 
teacher professional learning journal, which I will photocopy and examine to determine 
your perspectives on lesson study; this journal will be returned to you after the study is 
completed. I will audio record group meetings and take notes during these meetings. All 
interviews and group meetings will be audio recorded and transcribed, and the teaching 
of the lesson will be video recorded and transcribed. All electronic files will be password 
protected and stored on a secure computer; only my supervisory committee and I will 
have access to the data. None of the data will contain your name, or the identity of your 
place or work. Data will be retained for a minimum of five years, after which it will be 
destroyed. The data will be published in my Ph.D. dissertation, and possibly in 
professional journals or presented at scientific conferences. However, your 
confidentiality will be protected to the extent possible, and your name will be replaced 
with a pseudonym to protect your identity. You will be able to obtain a copy of the 
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research findings if you wish. If your data is used for secondary analysis (i.e., in a 
different study), it will contain no information that could be used to identify you.  
 
Participation in this study is completely voluntary, and there are no known physical, 
psychological, economic, or social risks associated with this study. You do not have to 
answer any questions during interviews or on questionnaires that you find objectionable 
or that make you feel uncomfortable. You are free to withdraw from this study at any 
time for whatever reason without negative consequences, by contacting Terry Bridges by 
phone or email. If you withdraw from the study, you will not attend group meetings, you 
will not take part in data collection of any form, and you may request the removal of part 
or all of your data from the study. If you are the teacher teaching the lesson, you can 
withdraw from the teaching at any point without negative consequences. Furthermore, the 
lesson observations are for research purposes only, and none of the information collected 
during the lesson or during the post-lesson debriefing will be used for assessment or 
evaluation of a teacher’s instructional practice. Your principal will not receive any 
feedback or commentary, formal or informal, about your participation in this study. You 
will not receive any compensation for your participation in this study.  
 
Any questions about study participation may be directed to Terry Bridges at 
tjb@astro.queensu.ca or 613-453-2599, or my supervisor Dr. Azza Sharkawy at 613-533-
6000 x 77429 or sharkawa@queensu.ca. Any ethical concerns about the study may be 
directed to the Chair of the General Research Ethics Board at 613-533-6081 or 
chair.GREB@queensu.ca. 
 
Again, thank you very much for agreeing to participate in this research study.  
 
Yours sincerely, 
 
 
 
Terry Bridges 
Ph.D. Candidate 
Faculty of Education 
Queen’s University 
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Appendix C 

Teacher Consent Form 

• I agree to participate in the study called “The Impact of Lesson Study on the 
Knowledge and Confidence of Middle School Teachers in Science Teaching”, 
conducted through the Faculty of Education at Queen’s University. 

• I have read and retained a copy of the Letter of Information and the purpose of the 
study is explained to my satisfaction. 

• I have had any questions answered to my satisfaction.  

• I understand that the purpose of this study is to explore the impact of lesson study 
on the science knowledge, teaching practices, and confidence in teaching science 
of middle school teachers. 

• I understand that I will participate as part of a group of grade 7-8 teachers, who 
will meet every two weeks over a period of 12 weeks to design one or more 
science lessons. One of the teachers in my group will teach the lesson to his or her 
students, while the other teachers observe. The total time commitment is 
approximately 30-35 hours.  

• I understand that I will be interviewed before and after the study to identify any 
changes in my science knowledge, teaching practices, and confidence in teaching 
science, and to determine my perspectives on lesson study. I understand that these 
interviews will include a multiple-choice test to assess my science knowledge, 
and a questionnaire to assess my confidence in teaching science.  

• I understand that I will be asked to maintain a professional learning journal, which 
will be photocopied by the researcher, and examined to determine my 
perspectives on lesson study. This journal will be returned to me afterwards. 

• I understand that all interviews and group meetings will be audio recorded and 
transcribed, and that the teaching of the lesson will be video recorded and 
transcribed. 

• I understand that I do not have to answer any questions during interviews or on 
questionnaires that I find objectionable or that make me feel uncomfortable. 

• I understand that, upon request, I may have a full description of the results of the 
study after its completion.  

• I understand that the researcher intends to publish the findings of the study. My 
name will be replaced by a pseudonym in any publications, and my identity will 
be protected to the extent possible. 



 

 

 

294 

• I understand that only the researcher and his supervisory committee will have 
access to the data. 

• I understand that all data will be retained for a minimum of five years, after which 
it will be destroyed. 

• I understand that I will not receive any compensation for participation in this 
study. 

• I understand that my confidentiality will be protected to the extent possible by 
appropriate storage and access of data, and by the removal of my name from the 
data.  

• I understand that participation in this study is voluntary, and that I am free to 
withdraw from this study at any time. I understand that I can withdraw from the 
study by contacting Terry Bridges by phone or email. I understand that if I 
withdraw from the study I may request the removal of all or part of my data 
without negative consequences, and that I will not attend any further group 
meetings or take part in any form of data collection.  

• If I am the teacher teaching the lesson, I understand that I can withdraw from the 
teaching at any time without negative consequences. Furthermore, I understand 
that the lesson observations are for research purposes only, and that none of the 
information collected during the lesson or during the post-lesson debriefing will 
be used for assessment or evaluation of a teacher’s instructional practices.  

• I understand that my principal will not be given any feedback or commentary, 
formal or informal, about my participation in this study.  

• I understand that the researcher will check his transcripts and interpretations and 
assessments of my science knowledge, teaching practices, and confidence in 
teaching knowledge with me.  

• I am aware that any questions about study participation may be directed to Terry 
Bridges at tjb@astro.queensu.ca or 613-453-2599 or his supervisor Dr. Azza 
Sharkawy at 613-533-6000 x 77429 or sharkawa@queensu.ca. I am also aware 
that any ethical concerns about the study may be directed to the Chair of the 
General Research Ethics Board at 613-533-6081 or chair.GREB@queensu.ca. 
 
This study has been granted clearance according to the recommended principles 

of Canadian ethics guidelines, and Queen's policies. 
 

Please sign one copy of this Consent Form and return to Terry Bridges. Retain the 

second copy for your records. 
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I HAVE READ AND UNDERSTOOD THIS CONSENT FORM, AND I AGREE TO 
PARTICIPATE IN THIS STUDY. 
 

Participant’s Name (Please Print): _________________________________ 

 

Participant’s Signature: _________________________________________ 

 

Date:  __________________________ 

 

 

IF YOU WOULD LIKE TO HAVE A COPY OF THE RESULTS FROM THIS STUDY, 
PLEASE GIVE YOUR CONTACT INFORMATION BELOW (NAME, AND EMAIL 
OR POSTAL ADDRESS) 
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Appendix D 

Teacher Video Consent Form 

For The Use Of Videotape Of The Session 

 

Please fill out either Section A (teachers) or Section B (students and parents/guardians) 

 
Section A (teachers) 
 
I agree to allow Terry Bridges to videotape me, and to use the videotape of our session 
for one or more of the following purposes: 
 

1) Publication in a Thesis or Journal Signature:    
  
2) Demonstration to Students Signature: 
 
3) Demonstration at a Conference Signature: 
 
 Date: 
 
I understand that my name will not be associated with the work. 

 
Section B (students and parents/guardians) 

 
I agree to allow Terry Bridges to videotape my child, and to use this videotape for one 
or more of the following purposes:  
 
1) Publication in a Thesis or Journal Signature of student: 

 
Signature of parent/guardian: 

 
2) Demonstration to Students  Signature of student: 

 
Signature of parent/guardian: 
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3) Demonstration at a Conference Signature of student: 

 
Signature of parent/guardian: 

 
  
 Date: 
 
I understand that my child’s name will not be associated with the work. 
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Appendix E 

Teacher Questionnaire 

Please answer the following demographic questions: 
 
1. What is your age? 
 
2. What levels of education have you attained? Check all that apply 
 
 College diploma   Master’s Degree 

 Bachelor’s degree   Ph.D. 
 
Please answer the following questions regarding your teaching experience: 
 
3. How many years of teaching experience do you have? 
 
4. What is your current teaching position? 
 
 Full-time Contract   Administration 
 Part-time Contract   Occasional 

 Long-term Occasional   Other (please specify) 
 
5. What grade(s) and subjects are you currently teaching?  
 
6. In what divisions are you qualified to teach? Check all that apply 
 
 Primary    Junior 
 Intermediate    Senior 
 
7. What additional qualifications do you hold?  
 
Please answer the following questions regarding your science background, 
professional development, and science teaching:  
 
8. What is your academic science background? i.e., what science courses have you taken 
in high school, college, or university?  
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9. What teacher professional development programs have you taken part in? I am 
especially interested to know about professional development involving 
science/mathematics or teacher collaboration. 
 
10. How often do you teach science each week? 
 
11. Please describe a typical science lesson.  
 
12. How often do you make use of the following for teaching science?  
 
 textbooks 
 
 worksheets  
 
 demonstrations 
 
 labs 
 
 videos 
 
 hands-on inquiry 
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Appendix F 

Teacher Online Survey Questions 

1. Please tell me your name. 

2. Please tell me about any teacher professional development (PD) that you have 
taken part in that involved science/math/technology and/or teacher collaboration. 
Please say how long the PD took, and what you did for this PD. 
 

3. Approximately how many science classes do you teach in one year? 

4. Do you teach science each week or do you teach it in blocks with other subjects? 

5. When you are teaching science, how many minutes do you teach science each 
week? 
 

6. Please describe the *last* science lesson you taught. Please include the 
curriculum area that you covered, how you started the lesson, what other things 
you did in the lesson (e.g., textbook reading, textbook problem, worksheets, 
demonstration, lab, videos, hands-on activities, etc), and how you ended the 
lesson.  
 

7. How do you like teaching science compared to other subjects? Is science your 
favourite subject, least favourite subject, or somewhere between? 
 

8. What do you like about teaching science? 

9. What don’t you like about teaching science? 

10.  Do you feel confident about teaching science? Please explain why or why not. 
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Appendix G 

Interview Questions to Assess Teacher Science SMK and PCK: Part 1 

1.  What is a force?  
 
Show teacher the apparatus of the coin in the bottom of the jar. 
 
2.  Are there forces acting on the coin: 
 a. when it is sitting in the jar? 
 b. when it is first contacted by the clothes-peg? 
 c. When it is being brought out of the jar at constant speed?  
probes: 
 -- what are the forces acting on the coin? 
 -- are there forces in the horizontal and vertical directions? 
 
3.  Are there other forces present in this situation, i.e., acting on other parts of the 
apparatus?  
 
probe: 
 -- e.g., are there forces on the clothes-peg from the coin, or forces exerted by 
fingers on lever to move clothes-peg? 
 
4.  What are the input and output forces here?  
 
Give teacher a picture of a clothes-peg. 
 
5.  Is the clothes-peg a kind of simple machine?  If so, what kind? Why do you say that? 
 
Probe:  If they say it’s a lever:  
 How does a lever work?  
 
 Where is the fulcrum, the effort, and the load? 
 
 Does it matter where you apply the force on the prong end to open  the other end? 
 
6a. Would your students have any difficulties understanding: (a) what a force is, (b) what 
are the forces present in these situations, and (c) how a clothes-peg/lever works? 
 
6b. What teaching strategies would you use to address any difficulties and 
misconceptions? 
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Appendix H 

Interview Questions to Assess Teacher Science SMK and PCK: Part 2 

1.  An empty office chair is at rest on a floor. Consider the following forces: 
 A.  a downward force of gravity 
 B.  an upward force exerted by the floor 
  
Which of the forces is/are acting on the office chair? 
 
____ 1. A only 
____ 2. B only 
____ 2. A and B 
____ 3. Neither A or B  
 
Probe: What would a typical student answer? If the teacher feels the student would 
answer incorrectly, what is the misconception that the student holds, and how would the 
teacher address this misconception?  
 
2.  During a class discussion, a student says: 
 
“A book resting on a table doesn’t have any forces acting on it.”  
 
Based on this statement, which one of the following is the best assessment of this 
student’s thinking about forces and motion?  
 
A. The student correctly thinks that a force must be transferred from one object to 
another in order for the object to move.  
 
B. The student incorrectly thinks that a force must be transferred from one object to 
another in order for the object to move.  

  
 C. The student correctly thinks that only a moving object can have a force acting on it.  
 
 D. The student incorrectly thinks that only a moving object can have a force acting on it.  

 
Probe: ask for a correct scientific description of the situation (if the teacher thinks the 
student is incorrect/has a misconception). How would the teacher address this 
misconception using best teaching practices?  
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3.  Show the teacher the following picture of a box resting on a slope.  
 
Ask the teacher if there are any forces acting on the box? If so, what are the forces, and 
what direction do they act in?  
 
Is there a net force acting on the box? Why or why not? If so, what does the net force do?  
 
If the teacher mentions friction, ask if friction is a force. 
 
What would one of your typical students answer to the above? If you think the students 
would have misconceptions about this, how would you address these misconceptions?  
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Appendix I 

Science Teacher Efficacy Belief Instrument (STEBI) 

(taken from Riggs & Enochs, 1990) 

Please indicate the degree to which you agree or disagree with each statement below by 
circling the appropriate letters to the right of each statement.  
 
           SA  =  STRONGLY AGREE 
 A = AGREE 
 UN = UNCERTAIN 
 D = DISAGREE 
 SD = STRONGLY DISAGREE 
 

 
 

1. When a student does better than usual in 
science, it is often because the teacher 
exerted a little extra effort.       

 
SA A UN D SD 

2. I am continually finding better ways to 
teach science.      

 
SA A UN D SD 

3. Even if I try very hard, I don't teach 
science as well as I do most subjects  

 
SA A UN D SD 

4. When the science grades of students 
improve, it is often due to their teacher 
having found a more effective teaching 
approach.      

 
 

SA A UN D SD 

5. I know the steps necessary to teach 
science concepts effectively  

 
SA A UN D SD 

6. I am not very effective in monitoring 
science experiments  

 
SA A UN D SD 

7. If students are underachieving in science, 
it is most likely due to ineffective science 
teaching  

 
SA A UN D SD 

8. I generally teach science ineffectively.      SA A UN D SD 
9. The inadequacy of a student's science 
background can be overcome by good 
teaching.      

 
SA A UN D SD 

10. The low achievement of some students 
in science cannot generally be blamed on 

 
SA A UN D SD 
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their teachers.      
11. When a low-achieving child progresses 
in science, it is usually due to extra attention 
given by the teacher  

 
SA A UN D SD 

12. I understand science concepts well 
enough to be effective in teaching 
science.      

 
SA A UN D SD 

13. Increased effort in science teaching 
produces little change in some students' 
achievement in science.      

 
SA A UN D SD 

14. The teacher is generally responsible for 
the achievement of students in science.      

 
SA A UN D SD 

15. Students' achievement in science is 
directly related to their teachers' 
effectiveness in teaching science. 

 
SA A UN D SD 

16. If parents comment that their child is 
showing more interest in science at school, 
it is probably due to the performance of the 
child's teacher.      

 
SA A UN D SD 

17. I find it difficult to explain to students 
why science experiments work 

 
SA A UN D SD 

18. I am typically able to answer students' 
science questions.      

 
SA A UN D SD 

19. I wonder if I have the necessary skills to 
teach science. 

 
SA A UN D SD 

20. Given a choice, I would not invite the 
principal to evaluate my science teaching.      

 
SA A UN D SD 

21. When a student has difficulty 
understanding a science concept, I am 
usually at a loss as to how to help the 
student understand it better.      

 
SA A UN D SD 

22. When teaching science, I usually 
welcome student questions.      

 
SA A UN D SD 

23. I do not know what to do to turn 
students on to science. 

         
     SA       A         UN      D      SD 

24. Even teachers with good teaching 
abilities in science cannot help some 
students learn science 

 
SA A UN D SD 

25.  Effectiveness in science teaching has 
little influence on the achievement of 
students with low motivation. 

 
SA A UN D SD 
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Appendix J 

Teacher Exit Interview Questions 

1. What did you like about taking part in this project? What do you see as the 
benefits of doing lesson study? 

 
2. How has this project been useful to you as a science teacher, and as a teacher in 

general? 
 

3. What didn’t you like? What do you see as the barriers and challenges to doing 
lesson study? 

 
4. Has your confidence in teaching science changed by doing this project? Why? 

 
5. Did you learn any science content doing this study?  

 
6. Do you think your teaching practices will change as a result of doing this study? 

 
7. Sharon, Betty: How did you feel teaching the lesson? Why did you offer to teach 

the lesson? 
 

8. James, Sharon: How has taking a leadership role affected your confidence and 
your feelings about this project?  

 
9. How does this compare with other professional development you have done? 

 
10. What did you think about my role as facilitator in this study?  

 
11. Have you seen evidence of teacher leadership during this project?  

 
12. How did you feel being an observer and not a teacher? 

 
13. How did you feel about watching one of your colleagues teach?  

 
14. Would you do lesson study again?  

 
15. Did you find the second teaching of the lesson different from the first one?  

 
16. Did the involvement of Peter and Cameron in this study affect you? If  

so, how? 
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Appendix K 

Teacher Follow-up Emails 

Karen (May 3, 2013) 

1. Were the learning goals constructed by the teachers and students in your class for 
the lesson study lesson referred to as the unit progressed? What kinds of lessons 
and activities did you do for the rest of the unit? 
 

2. Were your students more collaborative after taking part in the lesson study? 
 

3. Were your students engaged for the rest of that unit? Did they remember the first 
lesson? Were they more engaged in the unit than your students were in years 
before or after you did this lesson study?  
 

4. Was the intensity and/or timescale of lesson study an issue or challenge for you? 
 

5. What were your goals for the lesson study lesson? Was one of your goals to see 
evidence for student collaboration?  
 

6. If you take part in lesson study again, would you act as a facilitator?  
 

7. Have you used video in your classroom since our lesson study? 
 

Betty (Nov 14, 2012 and May 3, 2013) 

Nov 14, 2012 

1. As a result of taking part in lesson study, are you now teaching differently in any 
way? If so, what are you doing differently? Are you planning to teach differently 
in the next school year?  
 

2. Are you taking part in any professional development this year, for instance lesson 
study, CIL-M, or similar things? 
 

May 3, 2013 
 
1. Was the intensity and/or timescale of lesson study an issue or challenge for you?  

2. What were your goals for the lesson study lesson? Was one of your goals to see 
evidence for student collaboration?  
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3. Have you used video in your classroom since our lesson study?  

4. If you take part in lesson study again, would you act as a facilitator? 

5. Would you teach a lesson study lesson to your own class in the future?  

6. Would you teach a lesson study lesson to a class that isn't your own?  

7. In an email to me on Nov 14, you mentioned: "We have discussed the possibility 
of using some time to look at social justice and how it can be incorporated into 
our lessons. We haven't met yet, so I'm not sure what exactly the structure will 
look like." Are you still interested in doing this (this year or in the future)? Was 
this inspired by doing lesson study? I assume you haven't had a chance to do any 
PD this year.  
 

8. In the debrief after the second teaching (that you taught), you said that you had 
wanted to spend more time on the minds-on activity- why? Was this because you 
felt that it would have been better for engaging students?  
 

9. In one of the debriefs, you said that you were interested in using the STEM kits 
with your grade 7 class. Did you end up doing this? If so, what did you do, and 
how did it go? Do you feel it was successful?   
 

Helen (Feb 27/28, 2013) 
 

1. Was the intensity and/or timescale of lesson study an issue or challenge for you?   

2. What were your goals for the lesson study lesson? Was one of your goals to see 
evidence for student collaboration?      

 
3. If you take part in lesson study again, would you act as a facilitator? 

 
4. If you did lesson study again, would you consider teaching the lesson?  

5. Have you used video in your classroom since our lesson study?     

6. During the third group meeting, you reported feeling overwhelmed and that you 
didn’t want to be the one teaching the lesson. Why? Was it related to your 
understanding of the material and your confidence in teaching it?   

 
7. You weren't present for the second teaching of the lesson, and I hope you don't 

mind my asking you why you weren't there. Did you have a previous 
commitment?   
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Sharon (Nov 14, 2012 and May 2, 2013) 
 

Nov 14, 2012 
 

1. As a result of taking part in lesson study, are you now teaching differently in any 
way? If so, what are you doing differently? Are you planning to teach differently 
in the next school year?  
 

2. Are you taking part in any professional development this year, for instance lesson 
study, CIL-M, or similar things? 

 
May 2, 2013 
 

1. Were the learning goals constructed by the teachers and students in your class for 
the lesson study lesson referred to as the Structures and Mechanisms unit 
progressed? What lessons and activities did you do for the rest of the unit?  

 
2. Were your students more collaborative after taking part in the lesson study?  

3. Were your students engaged for the rest of that unit? Did they remember the first 
lesson? Were they more engaged in the unit than your students were in years 
before or after you did this lesson study?  

 
4. Do you remember how many students you called on during the class discussions 

in the first teaching of the lesson that you taught? Do you feel that the learning 
goals that your students (the ones you taught) constructed were closer to the 
teacher learning goals, than in the second teaching that Betty taught? If so, why 
do you think this was?  

 
5. Were you nervous about teaching the first lesson having just returned from 

maternity leave?  
 

6. Was the intensity and/or timescale of lesson study an issue or challenge for you? 
 

7. What were your goals for the lesson study lesson? Was one of your goals to see 
evidence for student collaboration?  

 
8. Are you doing any 3-part science lessons now (or 3-part lessons in other 

subjects)? Are you hoping to collaborate with teachers in your new school?  
 

9. If you take part in lesson study again, would you act as a facilitator?  

10.  Have you used video in your classroom since doing lesson study? 
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James (Mar 8, 2013) 
 

1. Was the intensity and/or timescale of lesson study an issue or challenge for you?   
 

2. What were your goals for the lesson study lesson? Was one of your goals to see 
evidence for student collaboration?      

 
3. If you take part in lesson study again, would you act as a facilitator?  

 
4. Would you teach a lesson study lesson to your own class, or to a class that isn't 

your own in the future?   
 

5. Have you used video in your classroom since our lesson study?     
 

6. Peter mentioned that you had proposed to do a collaborative inquiry project this 
fall, but you weren't able to because of the work action. Can you tell me a bit 
more about that? Was it your idea? What were you proposing to do? Are you still 
hoping to do it, either this year or in the future? Was this motivated by the lesson 
study project?  

 
Robert (June 25, 2012 and Feb 25, 2013) 

 
June 25, 2012 

 
1. As a result of taking part in lesson study, are you now teaching differently in any 

way? If so, what are you doing differently? Are you planning to teach differently 
in the next school year?  

 
Feb 25, 2013 
 

2. Was the intensity and/or timescale of lesson study an issue or challenge for you? 
 

3. What were your goals for the lesson study lesson? Was one of your goals to see 
evidence for student collaboration?   

 
4. Have you used video in your classroom since our lesson study? 

5. If you take part in lesson study again, would you act as a facilitator?  

6. Would you teach a lesson study lesson to your own class, or to a class that isn't 
your own in the future?  
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7. Have you ever used a 3-part lesson in science (or other subject) since lesson 
study?      
 

8. What did you like best about the lesson that you helped to produce? Was it the 
hands-on nature, 3-part format, or something else?  
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Appendix L 

Principal Letter of Information 

My name is Terry Bridges, and I am a Ph.D. candidate in the Faculty of Education at 
Queen’s University. I am writing to request your participation in my doctoral research 
project “The Impact of Lesson Study on the Knowledge and Confidence of Middle 
School Teachers in Science Teaching”. The main goals of this research are to determine 
the effects of lesson study collaboration on middle school teacher science knowledge, 
teaching practices, and confidence in teaching science. Teachers in your school are 
participating in this project, in which they are designing a lesson on a topic in the Ontario 
Elementary Science and Technology curriculum. You have taken part in these group 
meetings, and I would like to determine your views on this lesson study project in your 
role as school principal. I would do this by interviewing you after the project is over. 
 
This study has been granted clearance according to the recommended principles of 
Canadian ethics guidelines, and Queen's policies. 
 
This interview will take approximately one hour, and would be done at a time and place 
of your choosing. The interview would be audio recorded and transcribed. All electronic 
files will be password protected and stored on a secure computer; only my supervisory 
committee and I will have access to the data. None of the data will contain your name, or 
the identity of your place or work. Data will be retained for a minimum of five years, 
after which it will be destroyed. The data will be published in my Ph.D. dissertation, and 
possibly in professional journals or presented at scientific conferences. However, your 
confidentiality will be protected to the extent possible, and your name will be replaced 
with a pseudonym to protect your identity. You will be able to obtain a copy of the 
research findings if you wish. If your data is used for secondary analysis (i.e., in a 
different study), it will contain no information that could be used to identify you.  
 
Participation in this study is completely voluntary, and there are no known physical, 
psychological, economic, or social risks associated with this study. You do not have to 
answer any questions during the interview that you find objectionable or that make you 
feel uncomfortable. You are free to withdraw from this study at any time for whatever 
reason without negative consequences, by contacting Terry Bridges by phone or email. If 
you withdraw from the study, you may request the removal of part or all of your data 
from the study. You will not receive any compensation for your participation in this 
study.  
 
Any questions about study participation may be directed to Terry Bridges at 
tjb@astro.queensu.ca or 613-453-2599, or my supervisor Dr. Azza Sharkawy at 613-533-
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6000 x 77429 or sharkawa@queensu.ca. Any ethical concerns about the study may be 
directed to the Chair of the General Research Ethics Board at 613-533-6081 or 
chair.GREB@queensu.ca. 
 
Again, thank you very much for agreeing to participate in this research study.  
 
Yours sincerely, 
 
 
 
Terry Bridges 
Ph.D. Candidate 
Faculty of Education 
Queen’s University 
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Appendix M 

Principal Consent Form 

• I agree to participate in the study called “The Impact of Lesson Study on the 
Knowledge and Confidence of Middle School Teachers in Science Teaching”, 
conducted through the Faculty of Education at Queen’s University. 

• I have read and retained a copy of the Letter of Information and the purpose of the 
study is explained to my satisfaction. 

• I have had any questions answered to my satisfaction.  

• I understand that the purpose of this study is to explore the impact of lesson study 
on the science knowledge, teaching practices, and confidence in teaching science 
of middle school teachers. 

• I understand that I will be interviewed after the study to determine my views on 
this study in my role as school principal. 

• I understand that this interview will be audio recorded and transcribed. 

• I understand that I do not have to answer any questions during interviews or on 
questionnaires that I find objectionable or that make me feel uncomfortable. 

• I understand that, upon request, I may have a full description of the results of the 
study after its completion.  

• I understand that the researcher intends to publish the findings of the study. My 
name will be replaced by a pseudonym in any publications, and my identity will 
be protected to the extent possible. 

• I understand that only the researcher and his supervisory committee will have 
access to the data. 

• I understand that all data will be retained for a minimum of five years, after which 
they will be destroyed. 

• I understand that I will not receive any compensation for my participation in this 
study. 

• I understand that my confidentiality will be protected to the extent possible by 
appropriate storage and access of data, and by the removal of my name from the 
data.  

• I understand that participation in this study is voluntary, and that I am free to 
withdraw from this study at any time. I understand that I can withdraw from the 
study by contacting Terry Bridges by phone or email. I understand that if I 
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withdraw from the study I may request the removal of all or part of my data 
without negative consequences.  

• I am aware that any questions about study participation may be directed to Terry 
Bridges at tjb@astro.queensu.ca or 613-453-2599 or his supervisor Dr. Azza 
Sharkawy at 613-533-6000 x 77429 or sharkawa@queensu.ca. I am also aware 
that any ethical concerns about the study may be directed to the Chair of the 
General Research Ethics Board at 613-533-6081 or chair.GREB@queensu.ca. 
 
This study has been granted clearance according to the recommended principles 

of Canadian ethics guidelines, and Queen's policies. 
 

Please sign one copy of this Consent Form and return to Terry Bridges. Retain the 

second copy for your records. 

I HAVE READ AND UNDERSTOOD THIS CONSENT FORM, AND I AGREE TO 
PARTICIPATE IN THIS STUDY. 
 

Participant’s Name (Please Print): _________________________________ 

 

Participant’s Signature: _________________________________________ 

 

Date:  __________________________ 

 

 

IF YOU WOULD LIKE TO HAVE A COPY OF THE RESULTS FROM THIS STUDY, 
PLEASE GIVE YOUR CONTACT INFORMATION BELOW (NAME, AND EMAIL 
OR POSTAL ADDRESS) 
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Appendix N 

Principal Interview Questions: April 19, 2012 

1. What do you see as the benefits of this lesson study for yourself, the Board, and 
the teachers who took part? 
 

2. How successful do you think the two teachings of the lesson were?  

3. What do you see as the challenges of doing lesson study in your school and your 
board? 
 

4. How important is it to you that your teachers take part in collaborative PD like 
this? What can you do as Principal to help make this happen? 

 
5. Would you like to see your teachers take part in more lesson study? Would you 

encourage your teachers to work with teachers in other schools?  
 

6. Did you see evidence of teacher leadership during this project? 

7. What role did you play in this project? What did you bring to the group? Why did 
you want to participate? Do you think it’s important for administrators to take part 
in teacher professional development such as lesson study? (prompt: I think you 
brought in the bigger picture and how this lesson study fit in with the Board’s 
goals) 
 

8. How do you think that this lesson study fit in with other teacher PD that you have 
done in this school, that is being done in the Board, and with the long-term goals 
of the Board for PD?  

 
9. Did you find benefit from seeing Sharon and Betty teach the lesson? 

10. Please elaborate on your comments in the last meeting that teachers shouldn’t 
focus so much on the class/students as being different, but rather focus on the 
lesson and its enactment.  

 
11. Do you think your presence inhibited any of the teachers?  
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Appendix O 

Principal Interview Questions: Dec 7, 2012 

1. Are you doing any collaborative inquiry this year with teachers in the school? 

2. Are any of the teacher collaborative inquiry activities that you have done already 
or are planning for this year influenced by the lesson study project?  

 
3. Are there any other challenges or things that you would change about lesson 

study?  
 

4. Have you noticed anything different about the teachers who took part in the study 
last year? Have you had a chance to observe them teaching or talk with them, and 
do you know if they’re doing things differently in their teaching practice? 

 
5. Have you noticed any changes in the confidence of the teachers who took part and 

their attitudes toward sciences/technology? 
 

6. Has taking part in lesson study resulted in any changes in your work as a principal 
and administrator and in the ways that you work with your teaching staff?  

 
7. Do you think lesson study has any other influences or effects on the school that 

we haven’t talked about?  
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Appendix P 

Principal Follow-up Email Questions (Mar 22, 2013) 

1. Was the intensity and/or timescale of lesson study an issue or challenge for you or 
for any of the teachers? 

 
2. Have there been any collaborative inquiry projects since our second interview on 

Dec 7? 
 

3. Was the 3-part kindergarten science lesson done in Fall of 2012 inspired by our 
lesson study project?  

 
4. Do you feel that the lesson study project aligned well enough with the SIPSA and 

BIPSA? 
 

5. Has there been more use of video cameras in QET classrooms after lesson study? 
At some point during the study, you said you would make a movie from the 
lesson study video clips and show that to students (e.g., to demonstrate what 
collaboration looks like) Did this ever happen?  

 
6. In the debrief after the first teaching, you mentioned a researcher called Wood —

who is that, and what piece of research were you referring to? And what Michael 
Fullan research piece were you referring to in that debrief? 
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Appendix Q 

Board Coordinator Letter of Information 

My name is Terry Bridges, and I am a Ph.D. candidate in the Faculty of Education at 
Queen’s University. I am writing to request your participation in my doctoral research 
project “The Impact of Lesson Study on the Knowledge and Confidence of Middle 
School Teachers in Science Teaching”. The main goals of this research are to determine 
the effects of lesson study collaboration on middle school teacher science knowledge, 
teaching practices, and confidence in teaching science. Teachers in a school in your 
Board are participating in this project, in which they are designing a lesson on a topic in 
the Ontario Elementary Science and Technology curriculum. You have taken part in 
these group meetings, and I would like to determine your views on this lesson study 
project in your role as a Board Curriculum Coordinator. I would do this by interviewing 
you after the project is over. 
 
This study has been granted clearance according to the recommended principles of 
Canadian ethics guidelines, and Queen's policies. 
 
This interview will take approximately one hour, and would be done at a time and place 
of your choosing. The interview would be audio recorded and transcribed. All electronic 
files will be password protected and stored on a secure computer; only my supervisory 
committee and I will have access to the data. None of the data will contain your name, or 
the identity of your place or work. Data will be retained for a minimum of five years, 
after which it will be destroyed. The data will be published in my Ph.D. dissertation, and 
possibly in professional journals or presented at scientific conferences. However, your 
confidentiality will be protected to the extent possible, and your name will be replaced 
with a pseudonym to protect your identity. You will be able to obtain a copy of the 
research findings if you wish. If your data is used for secondary analysis (i.e., in a 
different study), it will contain no information that could be used to identify you.  
 
Participation in this study is completely voluntary, and there are no known physical, 
psychological, economic, or social risks associated with this study. You do not have to 
answer any questions during the interview that you find objectionable or that make you 
feel uncomfortable. You are free to withdraw from this study at any time for whatever 
reason without negative consequences, by contacting Terry Bridges by phone or email. If 
you withdraw from the study, you may request the removal of part or all of your data 
from the study. You will not receive any compensation for your participation in this 
study.  
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Any questions about study participation may be directed to Terry Bridges at 
tjb@astro.queensu.ca or 613-453-2599, or my supervisor Dr. Azza Sharkawy at 613-533-
6000 x 77429 or sharkawa@queensu.ca. Any ethical concerns about the study may be 
directed to the Chair of the General Research Ethics Board at 613-533-6081 or 
chair.GREB@queensu.ca. 
 
Again, thank you very much for agreeing to participate in this research study.  
 
Yours sincerely, 
 
 
 
Terry Bridges 
Ph.D. Candidate 
Faculty of Education 
Queen’s University 
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Appendix R 

Board Coordinator Consent Form 

• I agree to participate in the study called “The Impact of Lesson Study on the 
Knowledge and Confidence of Middle School Teachers in Science Teaching”, 
conducted through the Faculty of Education at Queen’s University. 

• I have read and retained a copy of the Letter of Information and the purpose of the 
study is explained to my satisfaction. 

• I have had any questions answered to my satisfaction.  

• I understand that the purpose of this study is to explore the impact of lesson study 
on the science knowledge, teaching practices, and confidence in teaching science 
of middle school teachers. 

• I understand that I will be interviewed after the study to determine my views on 
this study in my role as a Board Curriculum Coordinator. 

• I understand that this interview will be audio recorded and transcribed. 

• I understand that I do not have to answer any questions during interviews or on 
questionnaires that I find objectionable or that make me feel uncomfortable. 

• I understand that, upon request, I may have a full description of the results of the 
study after its completion.  

• I understand that the researcher intends to publish the findings of the study. My 
name will be replaced by a pseudonym in any publications, and my identity will 
be protected to the extent possible. 

• I understand that only the researcher and his supervisory committee will have 
access to the data. 

• I understand that all data will be retained for a minimum of five years, after which 
they will be destroyed. 

• I understand that I will not receive any compensation for my participation in this 
study. 

• I understand that my confidentiality will be protected to the extent possible by 
appropriate storage and access of data, and by the removal of my name from the 
data.  

• I understand that participation in this study is voluntary, and that I am free to 
withdraw from this study at any time. I understand that I can withdraw from the 
study by contacting Terry Bridges by phone or email. I understand that if I 
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withdraw from the study I may request the removal of all or part of my data 
without negative consequences.  

• I am aware that any questions about study participation may be directed to Terry 
Bridges at tjb@astro.queensu.ca or 613-453-2599 or his supervisor Dr. Azza 
Sharkawy at 613-533-6000 x 77429 or sharkawa@queensu.ca. I am also aware 
that any ethical concerns about the study may be directed to the Chair of the 
General Research Ethics Board at 613-533-6081 or chair.GREB@queensu.ca. 
 
This study has been granted clearance according to the recommended principles 

of Canadian ethics guidelines, and Queen's policies. 
 

Please sign one copy of this Consent Form and return to Terry Bridges. Retain the 

second copy for your records. 

I HAVE READ AND UNDERSTOOD THIS CONSENT FORM, AND I AGREE TO 
PARTICIPATE IN THIS STUDY. 
 

Participant’s Name (Please Print): _________________________________ 

 

Participant’s Signature: _________________________________________ 

 

Date:  __________________________ 

 

 

IF YOU WOULD LIKE TO HAVE A COPY OF THE RESULTS FROM THIS STUDY, 
PLEASE GIVE YOUR CONTACT INFORMATION BELOW (NAME, AND EMAIL 
OR POSTAL ADDRESS) 
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Appendix S 

Board Coordinator Exit Interview Questions (April 24, 2012) 

1. What do you see as the benefits of this lesson study project for the teachers who 
took part, the students, the teachers, and for the Board?  

 
2. How successful do you think the two teachings of the lesson were?  

 
3. Would you suggest any changes to the lesson, or to the way that lesson study is 

carried out?  
 

4. How do you think that lesson study fits in with other teacher professional 
development that is happening in the Board, and with the long-term goals of the 
Board for teacher PD? 

 
5. How important is it to you that Board teachers take part in collaborative PD such 

as lesson study?  
 

6. Would you like to see Board teachers take part in more lesson study? Would you 
like to see lesson study extended to more schools? How can you as Board 
coordinators help make this happen?  

 
7. What do you see as the challenges of doing lesson study and other similar teacher 

PD in your board? 
 

8. What role did you play in this project? Why did you want to participate? Do you 
think it’s important for coordinators to be part of lesson study groups?  

 
9. Is there anything that either of you like would like to add?  
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Appendix T 

Board Research Coordinator Interview Questions (Dec 7, 2012) 

1. Have you had a chance to work with or talk to any of the teachers or the Principal 
since we last talked? 
 

2. What did you and the Board take away from the lesson study project? 
 

3. Is the Board doing more with video capture and student learning this year? 
 

4. We’ve talked about some of the things that you took away from lesson study. Are 
there any of those things that you would like to apply to professional development 
this year or in the future? 
 

5. What kinds of teacher professional development are you hoping to do this year in 
schools, and in particular, around collaborative inquiry? 
 

6. In our first interview you wondered whether teachers were taking things away 
from their professional development and using them in their classrooms. Are 
teachers doing collaborative inquiry and taking things away? 
 

7. Do you see a long-term future for lesson study in this Board, say over the next 5-
10 years? 
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Appendix U 

Cover Letter for Parents/Guardians 

Dear Parent/Guardian: 
 
I am a Ph.D. Candidate in the Faculty of Education at Queen’s University, and I have 
been working since February with teachers in your child’s school to design a lesson in 
science and technology. My research interests are about how this “lesson study” project 
affects the science knowledge, science teaching, and confidence in teaching science of 
these teachers. My research results will be published in my Ph.D. dissertation and in 
educational research journals.  
 
This lesson will be taught to your child’s class on April XX. In addition to the teacher 
teaching the lesson, the other teachers in the group, the school Principal, and myself will 
also be present. We will be observing the students, taking notes, and possibly collecting 
student work during the lesson, to see how effective the lesson is for student learning. We 
also plan to videotape the lesson as part of our data collection, and we are hoping that you 
will give consent for your child to be videotaped. Please note that the video will not be 
published or distributed in any manner, and this includes anything said or produced by 
your child or the other students during the lesson.  
 
The video will only be viewed by myself, the participating teachers, and the school 
principal. I may include teacher comments of students observed during the teaching of 
the lesson. In this case, I will not give the names of the students or any information that 
would allow the students or their families to be identified. My study has been approved 
by the General Ethics Research Board at Queen’s University. I believe that this study 
poses no known risk to your child, and that it will benefit the participating teachers, their 
students, and that it will help to improve the teaching of science and technology. 
 
Please see the Letter of Information located on the back of this page, which goes into 
more detail about my study. Some things to note: (1) your consent to videotaping is 
completely voluntary; (2) there are no known risks associated with the videotaping; (3) if 
you do not give consent for your child to be videotaped, they will still take part in the 
lesson, but will sit in an area of the classroom which will not be videotaped; and (4) the 
video data will be securely stored.  
 
Please sign the attached Video Consent form if you agree to have your child 
videotaped during the teaching of the lesson.  
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If you have questions or concerns about your child’s participation in this study please 
contact Mary XXXXX, Research and Assessment Coordinator for XXXXX at XXX-
XXX-XXXX or XXXX@XXXXX. I would be very happy to answer any questions you 
have about my study and you may contact me by email: tjb@astro.queensu.ca, or phone: 
613-634-0307. Thank you very much for your participation in this study! 
 
Terry Bridges 
Ph.D. Candidate,  
Faculty of Education, Queen’s University, Kingston, Ontario 
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Appendix V 

Letter of Information for Parents/Guardians 

Dear Parent or Guardian:  
 
My name is Terry Bridges, and I am a Ph.D. candidate in the Faculty of Education at 
Queen’s University. Your child’s teacher is part of a group of grade 7-8 teachers in the 
XXXXX Board (XXXXX) who are working together to improve their teaching through 
collaboratively designing and teaching science lessons based on the Ontario Elementary 
Science & Technology curriculum. I will be examining the impact of this "lesson study" 
collaboration on the science knowledge, teaching practices, and confidence in teaching 
science of these teachers, and will write up the results from this study for my Ph.D. 
dissertation and for publication in educational research journals. One of the teachers in 
the group will teach the lesson to your child’s class. The other teachers in the group, and 
possibly other educational professionals, will observe and interact with the students in the 
class in order to assess the effectiveness of the lesson. The classroom will be videotaped 
during the teaching of the lesson, but the teachers are the participants in this study and 
not the students. Therefore, no data will be collected from your child or other students 
during the teaching of the lesson, and I will not be reporting anything said by your child 
or other students in my dissertation or other publications. I am including the students in 
the videotaping, because it is important for the teachers to see student responses to the 
lesson when they debrief the lesson- these responses will help them to determine the 
effectiveness of their lesson. 
 
This study has been granted clearance according to the recommended principles of 
Canadian ethics guidelines, and Queen's policies. 
 
I am writing to request that you and your child sign a consent form if you agree for your 
child to be videotaped during the teaching of the lesson. Your consent is completely 
voluntary, and there are no known physical, psychological, economic, or social risks 
associated with the videotaping. If you or your child does not give consent, your child 
will remain in the classroom and will still take part in the lesson, but they will be asked to 
sit in an area of the classroom where videotaping will not occur. The video data will be 
password protected and stored on a secure computer; only my supervisory committee and 
I will have access to these data. The data will be retained for a minimum of five years, 
after which they will be destroyed. You will be able to obtain a copy of my research 
findings if you wish. If the video data are used for secondary analysis (i.e., in a different 
study), they will contain no information that could be used to identify your child or your 
family. Your child will not receive any compensation for being videotaped. Any 
questions about this study may be directed to Terry Bridges at tjb@astro.queensu.ca or 
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613-453-2599, or my supervisor Dr. Azza Sharkawy at 613-533-6000 x 77429 or 
sharkawa@queensu.ca. Any ethical concerns about the study may be directed to the 
Chair of the General Research Ethics Board at 613-533-6081 or 
chair.GREB@queensu.ca. 
 
Yours sincerely, 
 
Terry Bridges 
Ph.D. Candidate 
Faculty of Education 
Queen’s University 
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Appendix W 

Video Consent Form for Parents/Guardians 

Consent Form 

For The Use Of Videotape Of The Session 
 

I agree to allow Terry Bridges to videotape my child, and to use this videotape for the 

following purpose:  

 

Publication in a Thesis or Journal Signature of student: 

 

 

 
Signature of parent/guardian: 

 

 

 

I understand that my child’s name will not be associated with the work. 
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Appendix X 

Research Lesson: First Draft 

February 28, 2012 

3-Part Science Lesson 
Subject: Science 
Grade: 8 
Strand: Understanding Structures and Mechanisms 
Unit: Systems in Action 
 
Overall Expectation:  
 
2. Investigate a working system and the ways in which components of the system contribute to its 
desired function 
 
Specific Expectations: 
 
2.1 Follow established safety procedures for working with apparatus, tools, and materials 
2.3 Use scientific inquiry/experimentation skills to investigate mechanical advantage in a variety 
of mechanisms and simple machines. 
2.6 Use appropriate science and technology vocabulary, including mechanical advantage, input, 
output, friction, gravity, forces, and efficiency in oral and written communication. 
 
Introduction 
 
Mechanical systems are designed to accomplish a specific task. Historically they have been as 
simple as a crane to transport material form a wharf to a boat and back again. Modern mechanical 
systems are much more complex. The modern health care system uses mechanical systems as 
simple as tweezers to as complex as robots.  
 
Minds On Activity (Part 1) 
Introduce students to modern mechanical systems by showing them the UCLA Robotics Centre 
clip found at www.ucsd.tv/search-details.aspx?showID=10609 
 
Prep: Chart paper and markers with the title, Science Vocabulary/Terminology, line paper or 
notebook for students to make notes 
 
1. Before viewing, prompt students thinking with this question, 
“What were the components of the system that made the surgery function?” 
Students are instructed to jot notes throughout the video to answer this question. 
2. Show the video 
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3. Afterwards, ask students to talk about their observations and notes that were created throughout 
the video with their groups. It is important to note the similarities in each group by highlighting 
them on your paper. 
4. Class Discussion. Sharing of the common responses. As students are responding, a teaching 
assistant is to begin creating a science vocabulary anchor chart.  
 
Expected Student Responses from the Discussion 
-Doctors are part of the system 
-Computer controls robot arms 
-Camera is part of the system 
-Patient is part of the system 
-Input: Doctor 
-Output: Surgery through robot 
 
Possible Teacher prompt to incorporate science terminology, “input” and “output”, and to realize 
that the doctor is apart of the system, 
“If the doctor is the input, what is the output? 
 
Anchor Chart: Science Vocabulary 
Input 
Output 
System 
Function 
Components 
Mechanical Advantage 
 
Action Activity (Part 2) 
 
Design Challenge 
To design and construct a mechanical system to retrieve a coin from the bottom of a jar without 
your fingers entering the jar or the device touching the sides or bottom 
 
Materials 
-STEMS kit 
-The jar within the kit and plasticine 
-A variety of found material which must include a clothes peg (may include masking tape, 
magnet, skewers, wheels, coat hanger, jinx wood, dowel). 
 
Procedure 

1. Place a coin in the plasticine slot in the bottom of the jar. 
2. Prepare a concept sketch of their design (Draw it). Be sure to emphasize accuracy and 

materials list. 
3. Construct the prototype for the device and test (Build it). 
4. Make modifications 
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If students are finished too quickly, as an extension, ask them to figure out how to put the coin 
back into the jar. 
 
Consolidation (Part 3) 
Provide opportunities for students to share their apparatus in their groups and select a few of them 
to use as class examples.  
 
Discussion Questions and Sharing Strategies (a class activity) 

1. What were the input and output forces?  
2. Was your design successful? A. If yes, describe two modifications that could improve 

your design such as replacing the coin in the jar. B. If no, suggest two modifications to 
your design that might make it work properly. 

3. Make a list of the components of your mechanical system and state their purposes in the 
overall task. 

 
Co-constructing the Learning Goal with students 

" This is the main PURPOSE for the Unit and is to be displayed for the duration of it. 
Questions to prompt what the learning goal might be 

1. What did we do?   
2. How did you get the coin out? 
3. What did you build?  
4. What is that called? 
5. Hoe did you build it? 
6. How did they all work together? 
7. What was the result? 
8. What was the function? 

 
Key Concepts: working system, components work together, specific function 
 
Learning Goal: Investigate a working system and the ways in which components of the system 
contribute to its desired function. 
 
Working System + Components Working Together = Specific Function 
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Appendix Y 

Research Lesson: Second Draft 

March 26, 2012 
 

3-Part Science Lesson 
Subject: Science 
Grade: 8 
Strand: Understanding Structures and Mechanisms 
Unit: Systems in Action 
 
Overall Expectation:  
 
2. Investigate a working system and the ways in which components of the system contribute to its 
desired function 
 
Specific Expectations: 
 
2.1 Follow established safety procedures for working with apparatus, tools, and materials 
2.3 Use scientific inquiry/experimentation skills to investigate mechanical advantage in a variety 
of mechanisms and simple machines. 
2.6 Use appropriate science and technology vocabulary, including mechanical advantage, input, 
output, friction, gravity, forces, and efficiency in oral and written communication. 
3.3 Identify the various processes and components of a system (e.g., robot, front-end 
loader/backhoe, heating system, transportation system, health care system) that allow it to 
perform its function efficiently and safely. 
 
Introduction 
Mechanical systems are designed to accomplish a specific task. Historically they have been as 
simple as a crane to transport material form a wharf to a boat and back again. Modern mechanical 
systems are much more complex. The modern health care system uses mechanical systems as 
simple as tweezers to as complex as robots.  
 
Minds On Activity (Part 1) 
Introduce students to modern mechanical systems by showing them the UCLA Robotics Centre 
clip found at www.ucsd.tv/search-details.aspx?showID=10609 
 
Prep: Chart paper and markers with the title, Science Vocabulary/Terminology, line paper or 
notebook for students to make notes 
 
1. Show the video  
2. Before viewing, prompt students thinking with this question, 
“What were the components of the system that made the surgery function?” 
Students are instructed to jot notes throughout the video to answer this question.  
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3. Afterwards, ask students to talk about their observations and notes that were created throughout 
the video with their groups. It is important to note the similarities in each group by highlighting 
them on your paper (think, pair, share). 
4. Class Discussion. Sharing of the common responses. As students are responding, a teaching 
assistant is to begin creating a science vocabulary anchor chart.  
 
Expected Student Responses from the Discussion 
-Doctors are part of the system 
-Computer controls robot arms 
-Camera is part of the system 
-Patient is part of the system 
-Input: Doctor 
-Output: Surgery through robot 
 
Possible Teacher prompt to incorporate science terminology, “forces”, “simple machine” – 
lever”, “input” and “output”, and to realize that the doctor is apart of the system, 
“If the doctor is the input, what is the output?” 
 
Anchor Chart: Science Vocabulary 
Input 
Output 
System 
Function 
Components 
Mechanical Advantage 
Simple Machine: lever, pulley, incline plane, screw, wheel and axel, wedge 
 
Action Activity (Part 2) 
 
Design Challenge 
To design and construct a mechanical system to retrieve a coin from the bottom of a jar without 
your fingers entering the jar or the device touching the sides or bottom. Review safety 
expectations and explain the use of the cutting tools and the cutting station. 
 
Materials 
-STEMS kit 
-The jar within the kit and plasticine 
-A variety of found materials, which must include a clothes peg (may include masking tape, 
magnet, skewers, wheels, jinx wood, dowel) 
- Graph paper 
- Markers 
- Chart paper 
- Clipboards for observers 
 
Procedure 

5. Place a coin in the plasticine slot in the bottom of the jar. 
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6. Prepare a concept sketch of their design (Draw it). Be sure to emphasize accuracy and 
materials list. 

7. Construct the prototype for the device and test (Build it). 
8. Make modifications 

 
If students are finished too quickly, as an extension, ask them to figure out how to put the coin 
back into the jar. 
 
Consolidation (Part 3) 
Provide opportunities for students to share their apparatus in their groups and select a few of them 
to use as class examples (share only the parts of the student apparatus that help illustrate the 
learning goals).  
 
Discussion Questions and Sharing Strategies (a class activity) 

4. What were the input and output forces?  
5. Was your design successful? A. If yes, describe two modifications that could improve 

your design such as replacing the coin in the jar. B. If no, suggest two modifications to 
your design that might make it work properly. 

6. Make a list of the components of your mechanical system and state their purposes in the 
overall task. 

7. Which group’s apparatus was most efficient? How could you have made your device 
more efficient? 

8. Was your device efficient? 
 
Co-constructing the Learning Goal with students 

" This is the main PURPOSE for the Unit and is to be displayed for the duration of it. 
Questions to prompt what the learning goal might be 

9. What did we do?   
10. How did you get the coin out? 
11. What did you build?  
12. What is that called? 
13. How did you build it? 
14. How did they all work together? 
15. What was the result? 
16. What was the function? 

 
Key Concepts: working system, components work together, specific function (review key terms 
and add new ones – efficiency) 
 
Learning Goal: Investigate a working system and the ways in which components of the system 
contribute to its desired function. Compare this learning goal to the student generated learning 
goal. 
Working System + Components Working Together = Specific Function 
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Appendix Z 

Research Lesson: Third Draft 

March 30, 2012 
 

3-Part Science Lesson 
Subject: Science 
Grade: 8 
Strand: Understanding Structures and Mechanisms 
Unit: Systems in Action 
 
Overall Expectation:  
 
2. Investigate a working system and the ways in which components of the system contribute to its 
desired function 
 
Specific Expectations: 
 
2.1 Follow established safety procedures for working with apparatus, tools, and materials 
2.3 Use scientific inquiry/experimentation skills to investigate mechanical advantage in a variety 
of mechanisms and simple machines. 
2.6 Use appropriate science and technology vocabulary, including mechanical advantage, input, 
output, friction, gravity, forces, and efficiency in oral and written communication. 
3.3 Identify the various processes and components of a system (e.g., robot, front-end 
loader/backhoe, heating system, transportation system, health care system) that allow it to 
perform its function efficiently and safely. 
 
Introduction 
Mechanical systems are designed to accomplish a specific task. Historically they have been as 
simple as a crane to transport material form a wharf to a boat and back again. Modern mechanical 
systems are much more complex. The modern health care system uses mechanical systems as 
simple as tweezers to as complex as robots.  
 
Approx.  
20 min. 
including 
video and 
discussion 

Minds On Activity (Part 1) 
Introduce students to modern mechanical systems by showing them the UCLA 
Robotics Centre clip found at www.ucsd.tv/search-details.aspx?showID=10609 
 
Prep: Chart paper and markers with the title, Science Vocabulary/Terminology, 
line paper or notebook for students to make notes 
 
1. Before viewing the video, prompt students thinking with this question, 
“What were the components of the system that made the surgery function?” 
Students are instructed to jot notes throughout the video to answer this question.  
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2. Show the video. 
3. Afterwards, ask students to talk about their observations and notes that were 
created throughout the video with their groups. It is important to note the 
similarities in each group by highlighting them on your paper (think, pair, share). 
4. Class Discussion. Sharing of the common responses. As students are 
responding, a teaching assistant is to begin creating a science vocabulary anchor 
chart.  
 
Expected Student Responses from the Discussion 
-Doctors are part of the system 
-Computer controls robot arms 
-Camera is part of the system 
-Patient is part of the system 
-Input: Doctor 
-Output: Surgery through robot 
 
Possible Teacher prompt to incorporate science terminology, “forces”, “simple 
machine” – lever”, “input” and “output”, and to realize that the doctor is apart of 
the system, 
“If the doctor is the input, what is the output?” 
 
Anchor Chart: Science Vocabulary 
Input 
Output 
Force 
System 
Function 
Components 
Mechanical Advantage 
Simple Machine: lever, pulley, incline plane, screw, wheel and axel, wedge 
 

Approx.  
30 min. 
total 
 
 
 
 
 
 
 
 
 
 
 
 

Action Activity (Part 2) 
Design Challenge 
To design and construct a mechanical system to retrieve a coin from the bottom of 
a jar without your fingers entering the jar or the device touching the sides or 
bottom. Review safety expectations and explain the use of the cutting tools and the 
cutting station. 
 
Materials 
-STEMS kit 
-The jar within the kit and plasticine 
-A variety of found materials, which must include a clothes peg (may include 
masking tape, magnet, skewers, wheels, jinx wood, dowel) 
- Graph paper 
- Markers 
- Chart paper 
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10-15 min. 
 
15-20 min. 
 

- Clipboards for observers 
 
Procedure 

1.  Place a coin in the plasticine slot in the bottom of the jar. 
2.  Prepare a concept sketch of their design (Draw it). Be sure to emphasize 
accuracy and materials list. 

       3.  Construct the prototype for the device and test (Build it). 
4.  Make modifications 

 
If students are finished too quickly, as an extension, ask them to figure out how to 
put the coin back into the jar. 

Approx. 
20-30 min. 
total 
 

Consolidation (Part 3) 
Provide opportunities for students to share their apparatus in their groups and 
select a few of them to use as class examples (share only the parts of the student 
apparatus that help illustrate the learning goals).  
 
Discussion Questions and Sharing Strategies (a class activity) 

1. What were the input and output forces?  
2. Was your design successful? A. If yes, describe two modifications that 

could improve your design such as replacing the coin in the jar. B. If no, 
suggest two modifications to your design that might make it work 
properly. 

3. Make a list of the components of your mechanical system and state their 
purposes in the overall task. 

4. Which group’s apparatus was most efficient? How could you have made 
your device more efficient? 

5. Was your device efficient? 
 
Co-constructing the Learning Goal with students 

" This is the main PURPOSE for the Unit and is to be displayed for the 
duration of it. 

Questions to prompt what the learning goal might be 
1. What did we do?   
2. How did you get the coin out? 
3. What did you build?  
4. What is that called? 
5. How did you build it? 
6. How did they all work together? 
7. What was the result? 
8. What was the function? 

 
Key Concepts: working system, components work together, specific function 
(review key terms and add new ones – efficiency) 
 
Learning Goal: Investigate a working system and the ways in which components 
of the system contribute to its desired function. (Compare this learning goal to the 
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student generated learning goal.) 
Working System + Components Working Together = Specific Function 
 

 
Role of the Observers:  During the lesson there will be a number of staff observing what is 
going on in the classroom.  The observers are present to help gain an understanding of how the 
lesson functions, and how successful the lesson is.  It is important to note that observers are 
present simply to watch, and are not to participate in the lesson delivery.  Below are some 
guidelines for the observers to follow. 
 

1. There will be roughly one observer for two pairs of students. 
2. Each observer will stay with their pairs for the duration of the lesson. 
3. Observers are to record as much as they can: observations on what students are saying to 

each other and the teacher, what the teacher says to the students, what processes students 
are using to solve the problem, emotion (excitement, frustration, etc.), student 
engagement, behaviour, etc. 

4. There should be NO interaction between the observers and the students.  Any questions 
the students have should be directed towards the classroom teacher. 
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Appendix AA 

Research Lesson: Fourth Draft 

April 3, 2012 
 

3-Part Science Lesson 
Subject: Science 
Grade: 8 
Strand: Understanding Structures and Mechanisms 
Unit: Systems in Action 
 
Overall Expectation:  
 
2. Investigate a working system and the ways in which components of the system contribute to its 
desired function 
 
Specific Expectations: 
 
2.1 Follow established safety procedures for working with apparatus, tools, and materials 
2.3 Use scientific inquiry/experimentation skills to investigate mechanical advantage in a variety 
of mechanisms and simple machines. 
2.6 Use appropriate science and technology vocabulary, including mechanical advantage, input, 
output, friction, gravity, forces, and efficiency in oral and written communication. 
3.3 Identify the various processes and components of a system (e.g., robot, front-end 
loader/backhoe, heating system, transportation system, health care system) that allow it to 
perform its function efficiently and safely. 
 
Introduction 
Mechanical systems are designed to accomplish a specific task. Historically they have been as 
simple as a crane to transport material form a wharf to a boat and back again. Modern mechanical 
systems are much more complex. The modern health care system uses mechanical systems as 
simple as tweezers to as complex as robots.  
 
*Before Beginning the lesson, it is important to tell students that the other adults are in the 
room to observe the teacher and the lesson, not the students.  We will be videotaping to 
capture student ideas and thinking, not individual students.  Hopefully this will set the 
students at ease. 
 
Approx.  
20 min. 
including 
video and 
discussion 

Minds On Activity (Part 1) 
Introduce students to modern mechanical systems by showing them the UCLA 
Robotics Centre clip found at www.ucsd.tv/search-details.aspx?showID=10609 
 
Prep: Chart paper and markers with the title, Science Vocabulary/Terminology, 
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line paper or notebook for students to make notes 
 
1. Before viewing the video, prompt students thinking with this question, 
“What were the components of the system that made the surgery function?” 
Students are instructed to jot notes throughout the video to answer this question.  
2. Show the video. 
3. Afterwards, ask students to talk about their observations and notes that were 
created throughout the video with their groups. It is important to note the 
similarities in each group by highlighting them on your paper (think, pair, share). 
4. Class Discussion. Sharing of the common responses. As students are 
responding, a teaching assistant is to begin creating a science vocabulary anchor 
chart.  
 
Expected Student Responses from the Discussion 
-Doctors are part of the system 
-Computer controls robot arms 
-Camera is part of the system 
-Patient is part of the system 
-Input: Doctor 
-Output: Surgery through robot 
 
Possible Teacher prompt to incorporate science terminology, “forces”, “simple 
machine” – lever”, “input” and “output”, and to realize that the doctor is apart of 
the system, 
“If the doctor is the input, what is the output?” 
 
Anchor Chart: Science Vocabulary 
Input 
Output 
Force 
System 
Function 
Components 
Mechanical Advantage 
Simple Machine: lever, pulley, incline plane, screw, wheel and axel, wedge 
 

Approx.  
30 min. 
total 
 
 
 
 
 
 
 

Action Activity (Part 2) 
Design Challenge 
To design and construct a mechanical system to retrieve a coin from the bottom of 
a jar without your fingers entering the jar or the device touching the sides or 
bottom. Review safety expectations and explain the use of the cutting tools and the 
cutting station. 
 
Materials 
-STEMS kit 
-The jar within the kit and plasticine 
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10-15 min. 
 
15-20 min. 
 

-A variety of found materials, which must include a clothes peg (may include 
masking tape, magnet, skewers, wheels, jinx wood, dowel) 
- Graph paper 
- Markers 
- Chart paper 
- Clipboards for observers 
 
Procedure 
(Hand out materials during explanation) 

1. Place a coin in the plasticine slot in the bottom of the jar. 
2. Prepare a basic sketch of their machine.   
3. Construct a prototype for the device and test it (Build it).  Make any 

changes necessary so that their device is as efficient as possible. 
4. Prepare a concept sketch of their design (Draw it). Be sure to emphasize 

accuracy and materials list. 
5. Continue to make modifications as necessary. 

 
If students are finished too quickly, as an extension, ask them to figure out how to 
put the coin back into the jar. 

Approx. 
20-30 min. 
total 
 

Consolidation (Part 3) 
Provide opportunities for students to share their apparatus in their groups and 
select a few of them to use as class examples (share only the parts of the student 
apparatus that help illustrate the learning goals).  
 
Discussion Questions and Sharing Strategies (a class activity) 

1. What were the input and output forces?  
2. Was your design successful? A. If yes, describe two modifications that 

could improve your design such as replacing the coin in the jar. B. If 
no, suggest two modifications to your design that might make it work 
properly. 

3. Make a list of the components of your mechanical system and state 
their purposes in the overall task. 

4. Which group’s apparatus was most efficient? How could you have 
made your device more efficient? 

5. Was your device efficient? 
 
Co-constructing the Learning Goal with students 

" This is the main PURPOSE for the Unit and is to be displayed for the 
duration of it. 

Questions to prompt what the learning goal might be 
1. What did we do?   
2. How did you get the coin out? 
3. What did you build?  
4. What is that called? 
5. How did you build it? 
6. How did they all work together? 
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7. What was the result? 
8. What was the function? 

 
Key Concepts: working system, components work together, specific function 
(review key terms and add new ones – efficiency) 
 
Learning Goal: Investigate a working system and the ways in which components 
of the system contribute to its desired function. (Compare this learning goal to the 
student generated learning goal.) 
Working System + Components Working Together = Specific Function 
 

 
 
Role of the Observers:  During the lesson there will be a number of staff observing what is 
going on in the classroom.  The observers are present to help gain an understanding of how the 
lesson functions, and how successful the lesson is.  It is important to note that observers are 
present simply to watch, and are not to participate in the lesson delivery.  Below are some 
guidelines for the observers to follow. 

1. There will be roughly one observer for two pairs of students. 
2. Each observer will stay with their pairs for the duration of the lesson. 
3. Observers are to record as much as they can: observations on what students are saying to 

each other and the teacher, what the teacher says to the students, what processes students 
are using to solve the problem, emotion (excitement, frustration, etc.), student 
engagement, behaviour, etc. 

4. There should be NO interaction between the observers and the students.  Any questions 
the students have should be directed towards the classroom teacher. 

5. Observers who are videotaping should focus on student work and the learning process, 
NOT on individual students. 

 
 
 
 

 


