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BASED CLASSROOM DISCUSSIONS
Danielle Kristina Ross, Ph.D.

University of Pittsburgh, 2014

Teachers face many challenges as we move forward into the age of the Next Generation Science
Standards (NGSS) (Achieve, Inc., 2013). The NGSS aim to develop a population of scientifically
literate and talented students who can participate in the “innovation-driven economy” (p. 1). In
order to meet these goals, teachers must provide students with opportunities to engage in science
and engineering practices (SEPs) and learn core ideas of these disciplines.

This study followed pre-service secondary science teachers as they participated in a
secondary science teacher preparation program intended to support the development of their
pedagogical design capacity (Brown, 2009) related to planning and supporting whole-class task-
based discussions. Teacher educators in this program designed an intervention that aimed in
supporting this development. This study examined a particular dimension of PDC — specifically,
PSTs effective use of resources to plan science lessons in which students engage in a high
demand task, participate in SEPs, and discuss their work in a whole-class setting. In order
to examine the effectiveness of the intervention, | had to define PDC a priori. | measured PDC
by documenting how/whether PSTs engaged in the following instructional planning practices:
developing Learning Goals, selecting and/or designing challenging tasks, anticipating student
thinking, planning for monitoring student thinking, imagining the discussion storyline, planning

questions, and planning marking strategies.



Analyses showed a significant difference between baseline lesson plan scores and
Instructional Performance scores. These findings suggest these patterns and changes were
directly linked to the teacher preparation program. The mean increase in Instructional
Performance scores during the course of the teacher preparation year further supports the effect
of the teacher preparation coursework.

Pre-service teachers with high pedagogical design capacity continually integrated the
ambitious planning practices they learned in their coursework. In contrast, pre-service teachers
with low pedagogical design capacity appeared to appropriate the vocabulary and language they
learned in coursework, but did not integrate these practices at a high level. This study suggests
that pre-service teachers who receive intensive instruction on ambitious planning practices for
task-based discussion effectively develop the pedagogical design capacity to plan for task-based

discussion lessons.
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1.0 THE RESEARCH PROBLEM

Teachers will face many challenges as we move forward into the age of the Next Generation
Science Standards (NGSS) (Achieve, Inc., 2013). The NGSS aim to develop a population of
scientifically literate and talented students who can participate in the “innovation-driven
economy” (p. 1). In order to meet these goals, teachers must provide students with opportunities
to engage in science and engineering (SEPSs) practices (Figure 1.1) and learn core ideas of these

disciplines.

Science and Engineering Practices (SEP) for K-12 Classrooms

. Asking questions.

. Developing and using models.

. Planning and carrying out investigations.

. Analyzing and interpreting data.

. Using mathematics and computational thinking.

. Constructing explanations.

. Engaging in argument from evidence.

. Obtaining, evaluating, and communicating information.

O~NO OIS WN P

Figure 1.1: Science and Engineering Practices for K-12 Classrooms. From The Next Generation Science

Standards (Achieve, Inc., 2013)

To begin with a clear vision of what instruction that aims to meet the NGSS goals might
look like, consider the following vignette! of Mr. Gates’ classroom (from Cartier, Smith, Stein,

& Ross, 2013).

! The vignette is intended to make salient certain types of teacher-student interactions and the level and type of thinking required to teach with understanding. As
such, the vignette is an enhanced composite that highlights specific aspects of instruction.
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In Mr. Gates’ seventh-grade life science class, the early units of the course
focus on natural variation and patterns of growth in organisms. In order to study
these patterns and variation, students were gathering data on the growth of
Wisconsin Fastplant (Brassica rapa). At the end of this lesson arc, Mr. Gates
wanted his students to understand three scientific ideas:

1) Natural variation exists in any population of organisms. To identify
patterns and correlations, one needs to use mathematical tools that make it
possible to describe “typical” growth (including the spread of values that
can be considered typical). Typical growth in Fastplants is described by
range and shape. This is often the case in populations of organisms.

2) Fastplant growth is characterized by an s-shaped growth curve, where
stem length increases slowly for the first 10-12 days and then increases
quite steeply for about 7 more days. Following pollination (around Day
18), the stem growth slows considerably.

3) The growth patterns of Fastplants can be explained by considering where
the plant is “spending” its energy resources at various stages of its life
cycle and how that is advantageous (e.g., following pollination the plant
does not invest energy resources in additional flower production or stem
growth, but instead uses its energy to nurture the growth of seed pods and
seeds).

In preparation for this unit and in consideration of time, Mr. Gates planted
Fastplant seeds in containers to allow time for seed germination. He planted 6
plants in each container. On Day 10, the students received individual plant
containers. Students decided to measure “growth” of the plants every 2-3 days for
11 days, marking a piece of string to indicate the plant height and then putting the
sting on a ruler to get the height in cm. Once students had finished collecting data
on the plants, Mr. Gates wanted them to create a representation for their data that
would enable them to answer the question: How would we describe the growth
of a typical Fastplant?

Mr. Gates told his students that they could represent their data any way
they wanted. He also told them they could use their raw data (their actual
recorded values) or transform their data in some way, which would be depicted in
the representation. He emphasized that students needed to be able to explain: 1)
what values they plotted; 2) how they got those values; and 3) why their
representation helps to answer the question, “How would we describe the growth
of a typical Fastplant?” In this first discussion about the Fastplant data, he hoped
to focus primarily on learning goals 1 and 2.

As students worked on the task in their groups, Mr. Gates circulated
among the 8 groups, made note of the different approaches the students used and
asked clarifying questions. In addition, he pressed students to think about what
information they needed to create their representations, why they chose to
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represent their data the way that they did, and how they could describe typical
Fastplant growth using their representation.

Mr. Gates noted that the groups were using different approaches to
represent their data -- different formats (bar graphs, pictures, line graphs) and
measures of central tendency (e.g., mean, range). He thought that group 1 used the
most unusual approach of all, choosing to represent their data by creating pots for
each plant indicating the length of each plant in the pot at the indicated time
points. Mr. Gates noticed that although this approach provided information about
plant height, there might be some difficulty in interpreting the representation.

Although he instructed each group to hang their poster on the wall, he
quickly decided to focus the discussion on the representations produced by Group
7, Group 1, Group 8 and Group 5. He felt that this set would highlight a range of
approaches for representing the data and, he hoped, make clear that some
representations provided more insight into typical plant growth than others.

He began by asking Ryanne from Group 7 to share her group’s work with
the class. Since three of the groups had produced line graphs, this seemed like a
good place to start. Although there were four members of the group, it had been a
few days since Ryanne shared ideas during a whole class discussion and Mr.
Gates wanted this student to have an opportunity to demonstrate her
understanding.

Once Ryanne reached the front of the room, she explained that her group
measured the height of each plant and found that from day 13 to 21 the plants
grew a lot. So, she explained, they chose to represent their data in a line graph
that depicted the growth of all six of their Fastplants in a different color.

Mr. Gates then posed a question to the class asking, “What are some
things you notice about the representation Group 7 has created?” Several students
shared their ideas:

Juan: You can easily see the day of measurement and the height of the
plants.

Mr. G.: Okay, Juan, where do you see that?

Juan: The graph has axes that are labeled and there is a key so we can
tell which plant is which.

Mr. G.: Okay, so the x and y axes allow us to understand what data is
represented. Class, do we agree with that?

Trina: I do. You can also see the height of all the plants on any day they

were measured.
Mr. G.: Okay, so what does this graph tell you about the plants’ growth?

Trina: The plants get taller over time.
Mr. G.: Okay, the plants get taller over time. What else?
David: Some plants are growing faster and taller than others.

20



Tessa: The plants start out growing slowly, then they really grow a lot,
and then they sort of don’t grow much.

At this point, Mr. Gates asked the class if they could “see” what Tessa
described in the graphs. Marcela, from Group 8, volunteered, “Each of the
graphs has the same basic shape that sorta looks like an S.” Mr. Gates asked the
class whether the line graphs that Groups 2 and 3 had produced (which were
displayed for all to see) had this same general appearance. The students all
nodded in agreement. Moses, from Group 3, commented, “Yeah, no matter
whether it’s a tall plant or a short plant, it still has the same shape.” Mr. Gates
noted, “So, could we say that an s-shaped growth curve is typical for
Fastplants?” Many students again nodded their agreement. England added, “You
can really see from all the line graphs that the plants have an s-shape growth
curve over the time that we measured them.” Mr. Gates explained that it was
typical for these plants to grow slowly at the beginning of their life cycle
followed with a steep increase in growth that can be seen in these graphs.
Although the idea typical growth had not been specifically raised by the first
group, by building on what Tessa had noticed about the plants, Mr. Gates was
able to get students to consider an s-shaped growth curve as a way to describe
typical growth (p. 34-402).

Mr. Gates’ lesson reflects how a teacher might enact the vision of the NGSS -
specifically, how he might provide and support opportunities for students to engage in science
and engineering practices that mirror those in the professions (Figure 1.1). Mr. Gates’ students
had an opportunity to plan and carry out an investigation (SEP 3) as they measured the
Fastplants’ growth.  During these investigations, students collected and represented data on
plant height. As students constructed their representations, they interpreted and analyzed their
data (SEP 4) in various ways including using measures of central tendency. Mr. Gates asked the
students to construct an explanation (SEP 6) detailing how their representation answered the
central question of the investigation. When the whole class discussion began, students
communicated their group’s findings and Mr. Gates prompted students to critically examine and

evaluate the work of their classmates (SEP 8).

2 Reprinted with permission from the National Council of Teachers of Mathematics.
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In classrooms such as Mr. Gates’, where students are engaged in SEPs, teachers face the
additional challenge of designing instruction so that students are wrestling with the underlying
science ideas at a high level (Engle, 2011; Engle & Conant, 2002; Stein & Smith, 2011). To
design instruction in this way, a teacher must first identify key learning goals to focus the lesson
and then choose a task that is robust enough to support students’ thinking and learning in the
discipline. After selecting (or designing) a task, the teacher must then imagine in detail the ways
in which his/her students might engage with the task, design appropriate tools and scaffolds to
support and direct that engagement, and plan for ways to monitor students’ work during the task.

Clearly, this work of instructional design is complex. In this study, | investigated the
extent to which pre-service secondary science teachers develop the capacity to design
instructional opportunities for students through: (1) collaboratively completing a challenging task
that involves participation in one or more SEP, and (2) actively participating in a structured class
discussion in order to share ideas and develop consensus understanding of key patterns and/or
disciplinary concepts. In the sections that follow, I provide a brief summary of the research base
for the proposed study, describe the specific research questions in detail, and discuss the

potential contributions and limitations of the work.

11 BACKGROUND

1.1.1 Teachers as Instructional Designers

In order for the ambitious vision of science instruction presented by the NGSS (Achieve, Inc.,

2013) to become a reality in secondary schools, teachers must design instruction with these goals
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in mind. By using various curriculum resources (e.g. texts, online lesson plans and resources,
standards, curriculum materials, etc.), teachers can design instruction that supports students’
engagement in SEPs and their sense-making related to key disciplinary phenomena. The ability
to navigate through the vast number of these resources and to design instruction appropriate for
each group of students is the essence of what Brown (2009) terms pedagogical design capacity
(PDC).

Not surprisingly, many teachers rely on curriculum materials as they design their
instruction (Ball & Cohen, 1996; Beyer, Delgado, Davis, & Krajcik, 2009). However, many of
these curriculum materials do not provide teachers with the needed support to design and teach
lessons in which students participate in challenging tasks and have opportunities to engage in the
science and engineering practices advocated by the NGSS. Moreover, it can be problematic if
teachers interact with curriculum materials chiefly by “offloading” (Brown, 2009) responsibility
for decision-making (i.e. by following the curriculum materials as written) rather than by
critically drawing from the materials during the instructional design process. Often, the materials
used are inadequate to support student sense-making through inquiry. Thus, teachers must use
the available curriculum materials in critical and strategic ways and also draw upon other
resources in order to design instruction that supports students’ science engagement at a high
level.

This study is situated in the perspective that critical and intentional use of instructional
models and curriculum materials may play an important role in teachers’ planning of high-level
task-based discussions (Brown, 2009; Beyer & Davis, 2009; Cartier et al., 2013; Davis &
Smithey, 2009; Remillard, 2005; Zembal-Saul, 2009). More specifically, this study examined

pre-service secondary science teachers’ (PSTs’) developing PDC as they draw on various
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resources — including texts, online resources, and instructional models presented in their
pedagogy courses - to plan for and implement high-level task based discussions. In the sections
that follow, | provide background that addresses why this type of instruction is worthy of focus

with particular emphasis on the importance of science discourse in classrooms.

1.1.2 The Importance of Science Discourse in Classrooms

Students in today’s science classrooms must have opportunities to develop the practices and
skills used in science and engineering professions in order to be productive members of our
technologically advanced society (Achieve, Inc., 2013; Duschl, 2008). Discourse — or students
engaging in talk with one another around disciplinary concepts — is a key component of
classrooms where students are engaged productively in SEPs. While discourse is necessary to
achieve the NGSS goals, it is also a challenge for teachers to orchestrate (Grossman et al., 2009a;
Stein, Engle, Smith, & Hughes, 2008).

As teacher educators, our goal is to provide pre-service teachers with conceptual and
practical tools to support their learning and teaching (Grossman, Hammerness, & McDonald,
2009b), and we are particularly interested in supporting their skills related to orchestrating
productive classroom discussion. Researchers have identified many different pedagogical
strategies designed to aid teachers in supporting robust discussions and supporting students in the
types of discourse that increase deep understanding. Pedagogical frameworks, such as
Investigating and Questioning our World Through Science and Technology (IQWST) (Berland
& Reiser, 2008; McNeill, Lizotte, Krajcik, & Marx, 2006), the evaluate-alternatives model
(Sampson & Grooms, 2009), the Accountable Talk framework (Michaels, O’Connor, & Resnick,
2008), and the Five Practices model (Smith & Stein, 2011; Stein et al., 2008) provide teachers
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with strategies and techniques that support student learning through discussion. These
frameworks have several features in common. Specifically, each emphasizes the need for
teachers to (1) choose appropriate instructional content that promotes discourse, (2) guide and
support students through scaffolding, and (3) hold students accountable to classroom and
scientific norms.

Of these frameworks, teacher educators at a large urban university in the Midwest
selected the Five Practices model to support PSTs as they plan for and design science
discussions. Prior to this study, teacher educators spent three years integrating the Five Practices
model into pedagogy courses at the university, which is described in greater detail in Chapter
Three. This early design work produced evidence that the model can help teachers achieve the
goal of designing demanding tasks and supporting students’ engagement in them (Cartier et al.,

2013).

1.1.3 The Five Practices Model for Orchestrating Productive Discussions

Often, teachers struggle in planning for and implementing whole class task-based discussions
(Cartier et al., 2013; Smith & Stein, 2011; Stein et al., 2008). It is difficult for teachers to provide
opportunities for students to share their thinking while still maintaining control over the
discussion and ensuring that the desired learning goals emerge. Stein et al. (2008) explain that a
major challenge for teachers is orchestrating whole-class discussions around instructional tasks;
teachers often have difficulty utilizing the variety of student responses to particular tasks and
incorporating them into a coherent line of dialogue. In order to aid teachers in effectively using
student responses in a whole class discussion, they proposed a model that is designed to make
teaching more manageable. By supporting teachers in learning how to anticipate student
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responses, monitor student responses to tasks, select students to present their responses,
purposefully sequence the students’ responses, and connect the ideas through discussion, the
model guides teachers through the processes of preparing for and supporting whole class

discussions (Smith & Stein, 2011; Stein et al., 2008).

1.1.4 Implementing Discussions Around High-Level Tasks

In order to implement task-based discussions that support students’ learning of disciplinary core
ideas and SEPs, tasks must be high-level, or cognitively demanding (Smith & Stein, 2011,
Cartier et al., 2013). Researchers characterize instructional tasks in many ways. One way to is
to identify and describe the level of cognitive demand required of the students (Doyle, 1983;
Stein, Grover, & Henningsen, 1996). A high cognitive demand task requires students to invest a
significant amount of effort in making sense of the underlying phenomena or concepts being
studied (Doyle, 1983).

Teachers can implement high cognitive demand tasks at different points in an arc of
lessons and/or can focus on a variety of SEPs. This study focuses on three particular task types
that, when used together, provide opportunities for students to participate and engage in all eight
science and engineering practices described in the NGSS. These three task types are: (1)
experimentation, (2) data representation, analysis, and interpretation, and (3) explanation (Cartier
et al.,, 2013). Experimentation tasks are tasks in which students engage in protocol design,
critique, and/or follow a protocol to gather data. Data representation, analysis, and interpretation
tasks involve students representing data and interpreting patterns. The students in Mr. Gates’

class, described in the vignette presented earlier in this chapter, engaged in this second category
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of science tasks. Finally, during explanation tasks, as the name implies, students provide

explanations for patterns and phenomena.

1.1.5 How Teachers Learn

Traditional approaches to teacher education center on teacher learning of theoretical knowledge
divorced from the context of classroom practice. In contrast, researchers argue that teacher
learning should be situated in the context of practice (Ball, Sleep, Boerst, & Bass, 2009; Feiman-
Nemser, 2001; Putnam & Borko, 2000). Ball and Forzani (2009) argue that developing the
capacity to implement certain high-leverage practices should be the focus of teachers’
professional preparation. Focusing on a set of core, or high-leverage, practices in teacher
education allows pre-service teachers to begin to develop a set of necessary skills to successfully
support student learning through inquiry (Grossman et al., 2009b). In the secondary science
program in which this study was based, teacher educators adopted this practice-based focus in
which PSTs participated in the high-leverage practice of designing high-level tasks where
students engage in task-based science discussions.

Using the Grossman et al. (2009a) framework, teacher educators provided teachers with
opportunities to approximate carefully decomposed high-leverage practices, like orchestrating
discussions (Grossman et al., 2009b). In order to support teachers’ ability to successfully
orchestrate task-based discussions, teacher educators decomposed the Five Practices model to
highlight the planning practices necessary to support these discussions. Teacher educators then
developed or selected representations that depict the practices and support PSTs in

approximations of them.

27



1.2 THE STUDY

1.2.1 Purpose & Research Questions

Researchers have examined the implementation of the Five Practices model, particularly in
mathematics (Eskelson, 2013; Smith, Cartier, Eskelson, & Ross, 2013; Stein et al., 2008).
However, PDC in conjunction with implementation of the Five Practices was not a focus of these
studies. Additionally, few researchers have studied the development of PDC related to task-
based science discussions. Consequently, little is known about the ways in which PSTs use
curriculum materials and available resources as they plan for and implement productive whole-
class discussions and the types of scaffolds, models, and learning structures that can support
them in doing so.

This study followed PSTs as they participated in a secondary science teacher preparation
program intended to support the development of their PDC related to planning and supporting
whole-class task-based discussions. Teacher educators in this program designed an intervention
that aimed in supporting this development. As part of the teacher education program, the PSTs
engaged in the following:

0 Developed a shared vision of what disciplinary engagement looks like in
secondary classrooms.

o Compared/contrasted instructional tasks and identified opportunities for
engagement in the SEPs.

0 Learned the components of a lesson plan and wrote a lesson plan using those

components.
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o Planned, taught, and reflected on whole-class task-based discussions in their field
placements.

This study examined a particular dimension of PDC — specifically, PSTs’ effective use of
resources to plan science lessons in which students engage in a high demand task,
participate in SEPs, and discuss their work in a whole-class setting. In order to examine the
effectiveness of the intervention, I had to define PDC a priori. | measured PDC by documenting
how/whether PSTs engaged in the following instructional planning practices: developing
Learning Goals, selecting and/or designing challenging tasks, anticipating student thinking,
planning for monitoring student thinking, imagining the discussion storyline, planning questions,
and planning marking strategies. | studied how PSTs use resources during the instructional
design process and whether they connect explicitly to these planning practices during reflection
following implementation of task-based discussion lessons.

This dissertation study addressed the following research questions:

l. To what extent do PSTs draw on the Five Practices Model to support planning of
task-based discussion lessons?
Specifically —
i. To what extent do they anticipate students” work on the task?

ii. To what extent do they plan for ways to monitor students’ work during the
task?

iii. To what extent do they plan specific questions to elicit, challenge, or
extend students’ thinking?

iv. To what extent do they plan or imagine a storyline for how they want the

discussion to unfold?
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v. To what extent do they plan to make connections across students’ ideas
and connect to disciplinary ideas?
vi. To what extent do they plan for specific marking strategies to highlight
important ideas?
vii. To what extent do they purposefully select and sequence the ideas they
want to emerge during the discussion?
a. What available curriculum materials, including texts, online resources, and
standards, do PSTs use during planning of these lessons?
b. What other resources or frameworks do PSTs use to plan task-based discussion
lessons?

. To what extent does PSTs’ use of various resources and planning strategies support or
hinder their ability to create lessons in which students are engaged in a challenging
task where they participate in SEPs and engage in discussion?

II. To what extent does PSTs’ pedagogical design capacity (PDC) for task-based science
discussion lessons change over the course of their teacher preparation program? Are
patterns and changes related to specific learning opportunities or elements within the

teacher preparation program?

1.2.2 Significance

This study addressed a number of important issues under the broader umbrella of PDC. First,
few researchers have explored the development of PDC specifically related to designing high
cognitive demand tasks where students engage in discussion (Beyer, 2009; Beyer & Davis, 2009;
Eskelson, 2013; Forbes, 2009; Forbes & Davis, 2008; Smith et al., 2013). In the next chapter, |
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describe the research related to PDC and instructional design. In this study, using descriptive
methods, | drew on data from PSTs in a secondary science teacher education program. |
examined how the PSTs use the available curriculum materials, resources, and instructional
models to plan for their instruction. Specifically, | focused on the types of curriculum materials
and resources used as well as the adaptations and modifications made to those materials.
Additionally, I examined the PSTs’ use of the Five Practices model and other tools introduced
during their coursework, as they plan for and reflect on their instruction. From this study,
teacher educators can gain insight into how the Five Practice model supports the development of
PDC in PSTs. Furthermore, this study provides insights and practical suggestions regarding how
to design experiences for PSTs that support their developing PDC as science teachers. This
study offers insight into how teacher educators might design learning contexts to support PSTs’
planning for more authentic science practices.

Finally, this dissertation study contributes to the existing literature regarding the PSTs’
use and adaptation of curriculum materials (Beyer & Davis, 2009; Forbes, 2009), as well as
literature on supporting the development of teachers’ PDC (Brown, 2009; Brown & Edelson,
2003; Forbes, 2011; Forbes & Davis, 2010). In addition, this study aims to design learning
contexts for PSTs to equip them with the tools to design particular learning opportunities for
their students where discussions are the principle learning structure and identify characteristics of

successful design.

1.2.3 Limitations

This study investigated a small number (N=15) of PSTs in a single teacher education program.
All participants in this study were enrolled in a graduate teacher preparation program at a large
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urban university in the Midwestern United States that culminated in a 7-12 certification in a
content area science and Master of Arts in Teaching degree. In order to be accepted into this
program, applicants must have an undergraduate science degree with a minimum 3.0 GPA.
Thus, these PSTs may not be representative of all PSTs in the country.

Furthermore, the PSTs selected for this study were a sample of convenience. As such,
these PSTs were not a representative sample of all PSTs and the findings are not generalizable to
all PSTs or teacher education programs. However, the findings provide some evidence of the
potential influence and usefulness of an intervention of this type and could be used as a guide for
further research in teacher education. This study focused exclusively on planning practices and
capturing PDC, but did not connect PDC with instructional practice. This study measured the
instructional design capacity of PSTs, but did not address instructional efficacy or impact.

Additionally, during the 2013-2014 school year, | served as a co-instructor for the
secondary science methods courses and as a clinical field supervisor. As such, | co-planned,
instructed, and provided feedback to the PSTs on the various course assignments throughout the
year, in addition to supporting the development of the PSTs during their clinical experiences.
During the dissertation study, | served as a co-instructor for the secondary science methods
course and as principal researcher for this study. Assuming both roles, it is essential that | define
each. As instructor, | co-planned and facilitated class discussions, provided support for PSTs’
use of the Five Practices model, and provided feedback on written assignments. However, | did
not teach the all sections of the course related to lesson planning, nor did | provide feedback on
the all lesson plans and assignments PSTs complete during the course. As principal researcher, |
obtained consent at the start of the semester so that | could use the PSTs” work in my study. |

also obtained additional consent from a small sample of PSTs so that I could interview them at
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various points during study. Serving as course instructor and principal researcher might limit the
degree to which the PSTs remain open and honest in their answers, which is why the interviews

were conducted after the completion of the fall and spring terms.

1.3 OVERVIEW

In the chapters that follow, I provide justification for and detailed information about the design
of the study. In Chapter Two, | provide a thorough discussion of the research that informs this
study and the theoretical framework on which it is based. Chapter Three details the context of
the study itself, and the methods used to address the research questions. | describe the data
sources and present the methods of collecting, coding, and analyzing the data. The results of the
analyses described in Chapter Three are presented in Chapter Four. Chapter Five summarizes
the results found in Chapter Four and discusses the implications of these results and possible

explanations for them as well as provides recommendations for further study.
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2.0 LITERATURE REVIEW

In establishing the groundwork for this study, | first explore research on providing learning
opportunities for teachers through the relationship between teachers and curriculum materials
and their role as instructional designers. | then describe learning contexts for professional
practice. Third, I discuss the instructional tools and resources that support teachers’ design of
lessons that supports student engagement in the SEPs described in the NGSS (Achieve, Inc.,
2013). Finally, I provide a description of the high-level tasks and resources to help beginning
teachers learn to draw from curriculum materials and resources to enact the planned curriculum

in their classrooms.

2.1 UNDERSTANDING TEACHERS’ USE OF CURRICULUM MATERIALS

Curriculum materials and the ways in which teachers use those materials play an important role
in their professional practice. Teachers’ beliefs, knowledge, and resources impact their planning
in a variety of ways. There is a growing line of research in education that examines the ways in
which teachers use curriculum materials to engage in the work of teaching (Beyer, 2009; Beyer
& Davis, 2009; Brown & Edelson, 2003; Davis & Krajcik, 2005; Drake & Sherin, 2006; Forbes,
2009; Forbes, 2013; Forbes & Davis, 2008; Grossman & Thompson, 2008; Pint6, 2004;

Remillard, 2000; 2005). These studies detail the ways in which teachers’ beliefs and knowledge
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about teaching, student learning, and the discipline influence how teachers draw upon and use
curriculum materials to engage students in learning.

In the sections that follow, | discuss this research and outline perspectives on the teacher-
curriculum relationship. First, | define and provide detail about the term “curriculum materials.”
I, next discuss relevant research on teachers’ use of curriculum materials, specifically focused on
pre-service teachers. Next, | describe the notion of teachers as instructional designers and
pedagogical design capacity. Finally, | detail ways to support teachers as they interact with and
use curriculum materials and articulate the frameworks used in this study to support teachers’

learning.

2.1.1 Defining Curriculum Materials

Curriculum materials take a variety of forms. Researchers use the term *“curriculum materials”
to describe the resources teachers use to design lessons that support students’ learning. Those
materials include, but are not limited to, standards, lesson plans, textbooks, laboratory manuals
and guides, curriculum programs, teacher-created materials, and professional publications
(Grossman & Thompson, 2008), which Shulman (1987) describes as “tools of the trade for
teachers” (p. 8). Typically teachers draw on these materials in order to plan lessons that promote
students’ learning of canonical ideas (Remillard, 2005). In doing so, teachers create lesson plans
that are refined and revised from year to year as they reflect on student learning and the
emergence of new curriculum materials. Therefore, curriculum materials not only support
student learning but also support teachers’ learning (Ball & Cohen, 1996; Davis & Krajcik,
2005). Because researchers and educators interpret the term curriculum materials very broadly
to include all the resources a teacher might use as they design instruction, it is important to note
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that | use the term here to describe the standards, textbooks, and other resources designed for
teacher use as they design instruction that meets the goals set forth by the NGSS (Achieve, Inc.,

2013).

2.1.2 The Relationship Between Teachers and Curriculum Materials

The relationship between teachers and curriculum materials is a dynamic one in which teachers
critique, adapt, draw on, and enact curriculum materials while at the same time considering their
needs and the needs of their students. Remillard (2005) describes curriculum use as “how
individual teachers interact with, draw on, refer to, and are influenced by material resources
designed to guide instruction” (p. 212). Using the available curriculum materials as a guide,
teachers engage in a variety of design practices before, during, and after instruction. The ability
of a teacher to select a task, modify, omit, or add to existing materials is dependent upon the
quality of the curriculum materials and the teacher’s own content knowledge (Brown, 2009).
The teacher’s capacity to analyze the available materials and craft instruction can often lead to
lessons and tasks that do not meet the needs of students and/or are not robust learning
experiences built around science concepts and practices (Beyer, 2009; Beyer & Davis, 2009;
Brown, 2009; Brown & Edelson, 2003; Davis & Smithey, 2009; Forbes, 2009; Forbes & Dauvis,

2008).

2.1.2.1 Teachers’ participation with curriculum materials
Curriculum research has focused on mathematics teachers’ use of curriculum materials (Collopy,
2003; Lloyd, 1999; Remillard, 1999; 2000; Stein & Kim, 2009), and science teachers’ use of

curriculum materials, particularly elementary science teachers (Beyer & Davis, 2009; Brown,
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2002; 2009; Davis & Smithey, 2009; Forbes, 2013; Forbes & Davis, 2008; Pinto, 2004; Schwarz
et al., 2008). These studies described and examined teachers as actively participating with their
curriculum materials to design instruction (Remillard, 2000). Teachers not only use curriculum
materials, but also learn from those materials (Grossman & Thompson, 2008). Remillard (2000)
described the ways in which two fourth-grade teachers used and learned from mathematics
curriculum materials as more than just reading the textbook. She defined the teachers’
“curriculum processes” (p. 335) as learning through: “reading the text, reading students, and
reading tasks” (p.339). In reading the text, teachers move beyond simply reading the text to
interpreting and selecting particular segments of texts to read as they designed tasks. The ways
in which the teachers read and interpreted their curriculum materials influenced the selection,
design, and/or invention of mathematical tasks. Differences in these two teachers’ ideas about
mathematics teaching and learning in addition to their teaching contexts and students lead to
differences in the ways they used the same curriculum materials and designed varying tasks and
learning opportunities for their students.

Stein and Kim (2009) reiterated this notion regarding teachers’ participating with
curriculum materials. Their study described the importance of supporting teachers to consider
the abilities and knowledge of their students as they design tasks. In other words, teachers must
critically examine their curriculum materials in an effort to plan learning opportunities for their
students where they engage in deep thinking. If teachers simply follow a set of activities
provided in the materials without understanding the purpose and underlying learning goals of
those activities, they will have difficulty meeting the needs of their own students. Consequently,
it is critical for teachers to consider their students’ knowledge and preconceptions as they draw

upon their curriculum materials to design tasks that support student learning.
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Similarly, Brown (2002; 2009) examined middle school teachers’ use of an inquiry-based
science curriculum. He argued that the relationship between teachers and curriculum materials
can be described in one of three ways: offloading, adapting, and improvising (Figure 2.1). When
teachers utilized the curriculum materials as is following the tasks and activities without
consideration of context, relying heavily on the materials as written, they offload the curriculum
onto the learners. In adapting curriculum materials, or what Remillard (1999; 2000) calls
invention, teachers modified the existing materials to create a planned curriculum influenced by
their own beliefs and knowledge and those of their students. As teachers assumed more
authority in their ability, or depending on the context, they crafted instructional episodes based
loosely on the content provided in the curriculum materials, or invented their own tasks (Brown,
2002; Remillard, 1999; 2000). Brown (2009) explains that the planned curriculum may look
very different for every teacher; a novice teacher may offload instruction because he is
unfamiliar with the content, likewise, an expert teacher may offload when she utilizes materials
directly from the curriculum because they help support her students in meeting the goals of the

task.
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Figure 2.1: Relationship between teacher and curriculum resources in curriculum design (adapted from Brown &

Edelson, 2003)

As teachers design instruction with respect to content and context, their goal is to design
and plan lessons that will be implemented in their classrooms (Grossman & Thompson, 2008).
Remillard (2005) introduces a framework to describe this relationship between the teacher and
her curriculum materials (Figure 2.2). This framework details the complexity of the relationship
between teachers and curriculum materials as described above. The teacher equipped with her
content knowledge for teaching, including pedagogical content knowledge and subject matter
knowledge (Ball, Thames, & Phelps, 2008), and her own beliefs and experiences actively
participate with the curriculum itself. The curriculum, as described above, can be the variety of
representations, tasks, textbooks, and laboratory manuals available for teachers’ use.

Through this relationship, the teacher designs the planned curriculum based on particular
contextual influences. The planned curriculum reflects the teacher’s critical analysis of the
available resources with respect to context and includes the selection and design of tasks that

meets students where they are and supports the development of their conceptual understanding in
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the discipline. As the teacher implements the planned curriculum with his students, the enacted
curriculum develops. The interactions between the students, teacher, context, and planned
curriculum build a curriculum that differs from the planned curriculum. Because the teacher
cannot anticipate all student preconceptions about certain canonical ideas, or plan for all events
that might happen in any given lesson, she makes in the moment adaptations to the planned
curriculum thereby creating the enacted curriculum. The teacher can then use this enacted

curriculum as they plan for and build subsequent lessons from year to year.
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Figure 2.2: Framework describing the participatory relationship between teachers and curriculum materials (adapted

from Remillard, 2005)
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2.1.3 Teachers as Instructional Designers

The notion of teachers as instructional designers is not new. Contemporary views on the
relationship between teachers and curriculum support this notion (Brown, 2002; 2009; Brown &
Edelson, 2003; Cartier et al., 2013; Forbes, 2013; Remillard, 1999; 2002; 2005). As teachers
engage in this process of instructional design, they “purposefully use curriculum resources;
consider students’ prior knowledge, experiences, and interests; and carefully select (or design)
and sequence of learning opportunities for students” (Cartier et al., 2013, p. 127).

Remillard (2000) describes ways in which teachers engage in instructional design in part
through the reading of students, of texts, and of tasks. Reading texts, as described earlier,
involves more than just reading the textbook, it involves critical analysis of the available
curriculum materials and for teachers to select and sequence tasks and activities in appropriate
ways to support student learning (Remillard, 1999). By reading students, the teachers considered
students’ thinking, ideas, and preconceptions as they designed and enacted their instruction.
Anticipating students’ thinking and the ways in which teachers can build upon and support
student ideas is an important dimension of instructional design (Cartier et al., 2013; Smith &
Stein, 2011; Stein et al., 2008). By recognizing students’ misconceptions and understandings
about disciplinary ideas, teachers can design tasks that build on these understandings.

Similarly, reading tasks involved the same critical analysis of tasks (Remillard, 2000).
Solving, completing, and/or considering tasks and the difficulties that students may encounter as
they engage in them is another important piece of instructional design. Thinking about the task,
or thinking through the lesson, in critical ways can support teachers as they design their planned
curriculum (Smith, Bill, & Hughes, 2008). Analyzing tasks through the student lens allows

teachers to understand their value in supporting students’ learning and support teachers as they
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build upon individual tasks to create lesson arcs and curriculum units (Remillard, 2000).

2.1.3.1 Pedagogical design capacity

Instructional design involves the incorporation of all components and resources by teachers,
which enables them to design appropriate, and conceptually challenging instructional episodes
for their students. Organizing and using the available resources in ways that support student
learning involves well-developed skills of decision-making and analysis (Brown, 2009).
Researchers refer to these skills and the instructional capacity to design robust lessons as
pedagogical design capacity (PDC) (Brown, 2009; Brown & Edelson, 2003). The skill
necessary for teachers’ to develop strong PDC is not innate; it is the culmination of experiences,
decision-making abilities, and knowledge and beliefs about teaching. By carefully selecting,
designing, and sequencing lessons through careful adaptation, offloading, or improvisation,
teachers demonstrate their skill in instructional design of tasks, or PDC (Brown, 2002; 2009).

In summary, researchers highlight certain factors that influence the ways in which
teachers interact with, draw upon, and use curriculum materials in planning instruction. For
example, teacher knowledge, beliefs, and experiences in combination with the available
curriculum materials and the context influence the planned and ultimately the enacted
curriculum. These factors, while strong and available for experienced teachers to draw upon, are
difficult for beginning teachers to draw upon and/or utilize in ways that support student learning
effectively. In the next sections, | detail pre-service teachers’ participation with curriculum
materials and the ways in which teacher education and preparation programs can support pre-

service teachers’ development of their PDC.
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2.1.4 Supporting Teachers’ Pedagogical Design Capacity Development

Teachers must learn how to mobilize and assess the vast array of curriculum resources as they
learn to design lessons that support student learning (Beyer; 2009; Beyer & Davis, 2009; Brown,
2002; 2009; Forbes, 2009; Forbes & Davis, 2008; Forbes, 2013). Developing PDC can be
challenging for many pre-service teachers. To meet these challenges, PSTs use curriculum
materials in a variety of ways, often times influenced by their mentor teachers and the context in
which they teach (Beyer & Davis, 2009; Forbes, 2013; Thompson, Windschitl, & Braaten,

2013).

2.1.4.1 Pre-service teachers’ participation with curriculum materials
Researchers have described the varied ways PSTs interact with and use curriculum materials
(Ball & Feiman-Nemser, 1988; Beyer & Davis, 2009; Brown, 2002; Forbes, 2009; 2013, Forbes
& Davis, 2008; Grossman & Thompson, 2008; Ross, Lucas-Evans, Cartier, & Forman, 2013).
Often times, PSTs develop the conception that instructional design and effective teaching
involves inventing tasks and curriculum materials from scratch (Ball & Feiman-Nemser, 1998).
Ball and Feiman-Nemser (1998) suggest that the methods courses at the participating universities
did not support PSTs in understanding their role as instructional designers. Instead of mobilizing
existing resources and adapting or modifying those resources to meet students’ needs, the PSTs
created tasks and activities on their own. Consequently, these PSTs did not receive the support
necessary in their teacher preparation programs to develop their PDC.

In contrast, other studies suggest that PSTs often use curriculum materials as written
without critically analyzing their affordances and drawbacks because they do not feel they have
the authority or expertise to do so (Beyer & Davis, 2008; Grossman & Thompson, 2008). PSTs
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utilize curriculum materials in this way for many reasons that can be attributed to the
development of their PDC. One reason is they have not had the support or opportunities in their
teacher preparation to understand the value and importance of being critical of curriculum
materials (Ball & Feiman-Nemser, 1988; Grossman & Thompson, 2008). PSTs’ pedagogical
content knowledge is often not well developed (Davis, Petish, & Smithey, 2006; Shulman,
1987).

Another reason PSTs might use curriculum materials in uncritical ways is due to their
lack of robust experiences as learners, particularly elementary science teachers (Davis et al.,
2006). Consequently, teachers who lack science expertise often rely on prepared science
curriculum materials as they organize science instruction (Mikeska, Anderson, & Schwarz,
2009). With their science expertise often lacking, science teachers have difficulty selecting and
organizing tasks included in available curriculum materials. In fact, teachers often struggle
teaching fundamental science concepts even when using curriculum materials. Curriculum
materials are often the main means by which these science practices and canonical knowledge
are incorporated into lessons (Mikeska et al., 2009). Because many teachers lack robust
experiences as science learners, their expertise in science is often lacking (Davis et al., 2006).
Consequently, teachers who lack science expertise often rely on prepared science curriculum
materials as they organize science instruction (Mikeska et al., 2009). Mikeska and colleagues’
(2009) study is situated in the perspective that curriculum materials play an important role in
teachers” work (Beyer & Davis, 2009; Brown, 2009; Davis & Smithey, 2009; Remillard, 2005;
Schwarz, 2009; Zembal-Saul, 2009). Curriculum materials and the ways in which teachers
interact with those materials influence what science concepts teachers choose and how they teach

those concepts to students, ultimately contributing to students’ learning. Creating learning
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environments that build upon students’ prior knowledge and experiences and support students’
participation in SEPs is a goal for teachers as they design and select tasks (Beyer & Dauvis,
2009). With their science expertise and experience with science inquiry often lacking, beginning
teachers have difficulty selecting and organizing tasks included in available curriculum
materials.

In contrast, researchers suggest that supporting PSTs in selecting, critiquing, and adapting
of curriculum materials aids in their pedagogical content knowledge and development of
pedagogical design capacity (Beyer & Davis, 2009; Forbes, 2009; 2013; Forbes & Davis, 2008).
In an examination of how PSTs apply educative supports in analysis of curriculum materials and
the development of lesson plans, Beyer and Davis (2009) report that without proper educative
supports, the PSTs do not identify strengths and weaknesses in curriculum materials and how
those materials support students’ learning. Moreover, without adequate support in teacher
education courses and teacher preparation, PSTs may only focus on the practical and
management aspects of teaching, as opposed to supporting student thinking and learning (Behm
& Lloyd, 2009; Beyer & Davis, 2009). However, with the proper support and education, PSTs
can develop the skills needed to critique and adapt curriculum materials in ways that support
student learning and understanding of the discipline (Beyer & Davis, 2009; Davis & Smithey,
2009; Forbes & Davis, 2008). For example, when PSTs are provided with support in critically
analyzing curriculum materials for instructional tools to support student inquiry, they are better
able and equipped to design instruction and plan questions to elicit and support student thinking

(Ross et al., 2013).
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2.1.4.2 Teacher education

Supporting the development of PSTs” PDC is an ambitious challenge for teacher education. To
prepare and support PSTs, it is necessary for teacher education to provide opportunities for
teachers to engage in the practices and work of teaching and build a beginner’s repertoire
(Feiman-Nemser, 2001). Researchers argue for the organization of teacher education around a
core set of practices through which the knowledge, skills, and identity necessary for teaching can
develop (Ball & Forzani, 2009; Grossman et al., 2009a; Grossman et al., 2009b). Grossman et
al. (2009b) describe characteristics of these core, or high-leverage practices. They are practices
that: “occur with high frequency in teaching; novices can enact in classrooms across different
curricula or instructional approaches; novices can actually begin to master; allow novices to
learn more about students and about teaching; preserve the integrity and complexity of teaching;
and are research-based and have the potential to improve student achievement” (p. 277). With

support PSTs can begin to appropriate the practices that support the development of their PDC.

2.1.4.3 Teacher learning and engaging in practice

Due to the need in teacher education for better instruction in the high-leverage practices and the
development of PDC, the Grossman et al. (2009a) framework provides an opportunity for
teacher educators to help develop PSTs’ pedagogies of this practice. More specifically, in this
Grossman et al. (2009a) model for teacher learning, PSTs learn by engagement in practices that
are strategically constructed. The teacher educator structures the practice so that specific
elements of practice are foregrounded. Moreover, teacher educators can introduce PSTs to
particular tools, models, and frameworks designed to help critique and analyze curriculum

materials to plan for and implement tasks that support student learning.
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The Grossman et al. (2009a) framework enables teacher educators to decompose and
represent various practices with the PSTs engaging in iterations of approximations of those
practices with increasing levels of authenticity. By separating complex practices, such as the
critique and analysis of curriculum materials and lesson planning, into its component parts, PSTs
will feel more comfortable enacting the complex practice in their own classrooms leading to
increased use high fidelity implementation in their own classrooms (Grossman et al., 2009a;
Stein et al.,, 2008). What follows is a detailed summary of the Grossman et al (2009a)
framework for teaching practice.

Decomposition of Practice. Critiquing and adapting curriculum materials and designing
curriculum in any discipline is complex. During this process, teachers employ a variety of
moves, tools, and routines to guide students’ thinking toward understanding the core ideas of the
discipline (Leinhardt & Steele, 2005). In order for PSTs to begin to engage in any high-leverage
practice, Grossman et al. (2009b) posit that they may need varying and scaffolded opportunities
to recognize, examine, and enact components of these practices. Once the PSTs have built their
repertoire and addressed these instructional challenges, they can begin to develop and integrate
them in their teaching. When teacher educators decompose the particular practice in question,
such as selecting and designing high cognitive demand tasks as in this study, they choose
particular components essential to successful use of that practice. Once identified, the teacher
educators make particular instructional choices to make salient the characteristics for the PSTs.

Representation of Practice. Representations of practice involve the many ways that
portions of the planning and enactment of lessons or teacher moves can be used to help PSTs
unpack the nuances of said practice (Grossman et al., 2009a). Teacher educators make

instructional choices about the ways in which to represent the practice for the PSTs. These
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representations provide the PSTs with detailed insight into nuances of the practices that might
otherwise go unnoticed. Representations vary greatly, but typically, teacher educators provide
opportunities for the PSTs to view and unpack representations through written case studies,
videos, or expert observations.

Approximation of Practice. Approximations of practice provide the PSTs with
opportunities to engage in varying levels of authentic practice from less complete and authentic
to more so. Teacher educators scaffold the approximations so that PSTs with little experience
engage in less authentic experiences. Ultimately, the multiple scaffolded iterations, the PSTs
participate in multiple opportunities to practice, develop, and rehearse important skills as they
move through the approximation continuum from less authentic to more authentic (Figure 2.3)
(Grossman et al., 2009a). Giving PSTs opportunities to engage in live role-play experiences,
facilitate simulated discussions in class, analyze a written case, critique curriculum materials,
write lesson plans, and, enact discussions with students allows for learning to occur through
experience, their own and others. By making the practice public, PSTs feel more comfortable
making mistakes as they are learning in the safety of the classroom because learning from failure
helps to lessen the risk of error in the field because nervousness and uncertainty on the part of

teacher (Grossman et al., 2009a).
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Figure 2.3: The authenticity continuum in approximations of practice described by Grossman et al. (2009a)

To summarize, this section detailed the focus on practice in teacher education. By
providing PSTs with opportunities to engage in the work of teachers, they gain the confidence
and knowledge to more readily draw upon their learning experiences in the classroom. In the
next section, | detail specific tools and resources teachers educators can draw upon as they
support PSTs’ development of their PDC specifically related to the design of challenging tasks

where students engage in the SEPs, a focus of this study.
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2.2

SUPPORTING THE DEVELOPMENT OF PEDAGOGICAL DESIGN CAPACITY IN

PRE-SERVICE TEACHERS

The Next Generation Science Standards (NGSS) (Achieve, Inc., 2013) reflect much of the
research on student learning in science over the past several decades. These standards introduce
a series of science and engineering practices (SEPs) (see Figure 1.1) around which science
education across grade levels should focus. Practices such as planning and carrying out
investigations and constructing explanations and designing solutions and the others seek to
promote the engagement of students in the work of science inquiry (Stage, Asturias, Cheuk,
Daro, & Hampton, 2013).

One of the many challenges teachers, particularly pre-service teachers, face as they work
to design instruction to reflect the vision set for in the NGSS, is selecting and/or designing
curriculum and tasks that support student learning and engagement in these SEPs (Cartier et al.,
2013). Because of this challenge, PSTs rely heavily on curriculum materials for support as they
design instruction (Davis & Smithey, 2009). However, many curriculum materials provide
opportunities for students to complete a task, but often do not provide opportunities for students
to engage in the SEPs related to scientific inquiry (Davis & Krajcik, 2005). Without the proper
knowledge and tools to analyze curriculum materials productively, teachers may not recognize
strengths, and most importantly, weaknesses in those materials resulting in ineffective
adaptations in which lessons fail to support student learning and participation in the SEPs (Beyer
& Davis, 2009). Therefore, PSTs need support in learning how to critically examine and adapt
curriculum materials to design appropriate tasks for their students. Moreover, teacher educators
must be concerned with helping PSTs develop the skills and practices related to critiquing

curriculum materials and planning lessons. In other words, teacher educators must provide PSTs
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with conceptual and practical tools to support their learning (Grossman, Hammerness, &

McDonald, 2009b).

2.2.1 The Five Practices and Instructional Design

Researchers argue that providing learning environments for students where they can engage in
robust discussions about disciplinary ideas and concepts support students’ learning (Cartier et al.,
2013; Smith & Stein, 2011; Stein et al., 2008). In particular, science lessons that center on
discussion provide opportunities for students to engage in the SEPs while learning the core ideas
of the discipline (Cartier et al., 2013). However, many teachers continue to focus on teacher-
centered pedagogical practices despite the fact that the NGSS call for learning environments in
which students are actively engaged in scientific work (Duschl, 2008). Moreover, teachers often
dominate whole class discussions by leading a fact-based didactic (Lemke, 1990).

Stein et al. (2008) argue that a major challenge for mathematics teachers is orchestrating
whole-class discussions around instructional tasks. They explain that teachers often have
difficulty utilizing and incorporating the variety of student responses to particular tasks into a
coherent line of dialogue. In order to aid teachers in effectively using student responses during a
whole class discussion, they propose a model that is designed to make teaching more
manageable for teachers. By supporting teachers to focus on anticipating student responses,
monitoring student responses to tasks, selecting students to present their responses, purposefully
sequencing the students responses, and connecting the ideas through discussion, it is hoped that
teachers can more easily orchestrate a conversation that builds on student thinking and engages
students in learning. Stein et al. (2008) designed the Five Practices model for teachers to use as
they plan for and orchestrate classroom discussions. These practices aim to eliminate much of
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the improvisation that occurs during a whole class discussion and when utilized together teachers
have more time to make instructional decisions. These practices as defined by Smith and Stein
(2011) are:

(1) anticipating likely student responses to challenging mathematical tasks;

(2) monitoring students’ actual responses to the tasks (while students work on the task in

pairs or small groups);

(3) selecting particular students to present their mathematical work during the whole-

class discussion;

(4) sequencing the student responses that will be displayed in specific order; and

(5) connecting different students’ responses and connecting the responses to key

mathematical ideas (p. 8).

Cartier et al. (2013) argue, “utilizing the Five Practices model and talk moves to plan and
support instruction enables students to engage in various science practices while learning core
ideas” (p. 127). | discuss each of these practices in depth in the following sections and provide
examples of The Case of Kendra Nichols (Cartier et al., 2013) who utilizes each of the practices
during her science lesson planning and instruction.

Anticipating. The first practice involves a teacher imagining or envisioning how
students might approach a task or activity, which occurs prior to the lesson itself. Anticipating
requires that teachers assess the difficulty level of the task for students and involves considering
possible students’ strategies, both correct and incorrect, for completing the task and /or solving
the problem. Strategies might include the features or ideas that students might consider, as well
as representations, models, and/or protocols that students might produce and how these strategies

relate to the learning goals of the lesson (Cartier et al., 2013). An important component of
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anticipating requires that teachers engage in and/or complete the task themselves in order to
identify the approaches students might take. When anticipating teachers can consult various
curriculum materials and resources that might include possible misconceptions or ideas that
might emerge during classroom discussions (Smith & Stein, 2011; Stein et al., 2008).

Cartier et al. (2013) describe the importance of anticipating and provide an example of
how a science teacher anticipates students’ stumbling blocks and responses to a task. Ms.
Nichols, a middle school science teacher considers students’ understandings of molecules at this
grade level as she plans for a lesson on the behavior of water molecules. After considering her
curriculum materials and other resources, like the National Science Digital Library® literacy
maps, she determined that students might have issues with concepts of molecule spacing, the role
of heat, molecule size, and molecule movement. After considering these ideas, she created a
complete and correct representation of the behavior of water molecules in different phases,
which she planned to introduce during her discussion. By anticipating these student stumbling
blocks and important features she wanted to highlight, Ms. Nichols was better prepared to
imagine the storyline of the discussion and facilitate a class discussion that builds on student
understandings and allows them to learn key understandings of the discipline.

Monitoring. Similar to anticipating, the teacher engages in the practice of monitoring
during discussion planning, yet the actual monitoring occurs during lesson enactment (Smith &
Stein, 2011). Monitoring student responses involves attending to students’ thinking and
strategies as they work on the task. Teachers generally circulate around the classroom while

students work either individually or in small groups during monitoring. During this time, they

® For more information on the NSDL Digital Library go to http://nsdl.org/.
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carefully attend to what students do and say as they work. Teachers then determine which of
their anticipations are surfacing during the lesson and helps teachers to redirect and support

students in making progress on the task (Stein et al., 2008).

STUDENT Features Correctly Features Missing or ORDER and NOTES
GROUP Represented Incorrectly Represented
__ SPACING __ Incorrect Spacing
__HEAT __ Mo/Incorrect Heat
_ MOVEMENT __ MofIncorrect Movement
___FORCES __ Different-Size Molecules
__ TYPE &SIZE __ Other
__ Accurate Representation
__ SPACING __ Incorrect Spacing
__ HEAT __ Mo/fIncorrect Heat
_ MOVEMENT __ MofIncorrect Movement
__FORCES __ Different-Size Molecules
__ TYPE &SIZE __ Other
__ Accurate Representation
__ SPACING __Incorrect Spacing
__ HEAT __ Mo/fIncorrect Heat
_ MOVEMENT ___ MNo/Incorrect Movement
__FORCES __ Different-Size Molecules
__ TYPE &SIZE __ Other
__ Accurate Representation

Figure 2.4: Ms. Nichols' monitoring tool (Cartier et al., 2013, p. 51). Reprinted with permission from National

Council of Teachers of Mathematics

A common way for a teacher to prepare for monitoring is, before the lesson, to create a
list of anticipated student responses or ideas that will help in accomplishing the lesson goals.
Cartier et al. (2013) provide an example of the monitoring tool Ms. Nichols created as she
planned her behavior of water lesson (Figure 2.4). Using her anticipations and lesson goals as a
guide, Ms. Nichols created a table that identified the key features correct and incorrect that she
used to collect data about her students’ understandings during their work on the task. She

completed the chart as she observed students’ engagement in the task and posed strategic
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questions to students to assess and advance their thinking as they created their representations.
Ms. Nichols then used this completed monitoring tool to assist her in planning the storyline and
the questions she would ask during the class discussion.

Selecting. After a teacher has anticipated student ideas and monitored students’ work, she
must select particular students to share their work with the rest of the class in order to have
particular ideas emerge, whereby giving teacher more control over the discussion (Smith &
Stein, 2011; Stein et al., 2008). Selecting is a very crucial part of the Five Practices because it
enables a teacher to decide what ideas are important and when those ideas will emerge during the
course of the discussion. A teacher’s selection is guided by her lesson’s goals, so she selects
certain students to present because of the concepts or core ideas represented in their responses
and ideas.

Typically, a teacher selects by calling on specific students or groups of students to
present their work over the course of the discussion. Alternatively, the teacher might also ask for
volunteers, but select particular students from those who volunteer to present their ideas during
the discussion. Selecting students to share ideas enhances the quality of the discussion. Stein et
al. (2008) explain that by selecting students’ ideas the teacher can plan for the emergence of a
storyline that meets students’ needs and give them the authority to share their ideas and
contribute productively in their learning (Engle & Conant, 2002). Making plans for selecting
helps the teacher know the particular students and groups to call upon during the discussion as
well as helps to support the emergence of the important scientific ideas.

Returning to The Case of Kendra Nichols, Ms. Nichols uses her monitoring chart as a
tool to support her decision-making during the selection process. After examining the chart, she

noted which ideas were common among the students’ representations and which were less
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common. In the interest of time, she makes a conscious choice to only select certain students to
present, but plans to include all the students in the discussion (Cartier et al., 2013).

Sequencing. Teachers can also begin to develop the storyline of the discussion by
making purposeful choices about the order in which ideas are shared. Smith and Stein (2011)
explain, “The method selected must support the storyline that the teacher envisions for the lesson
so that the mathematics to be learned emerges in a clear and explicit way” (p. 49). For example,
the teacher might want to have an idea common among many students presented before those
ideas only a few students share in order to provide access and validate the work of every student
(Stein et al., 2008). Again, during planning the teacher can consider the possible ways of
sequencing anticipated responses to highlight core ideas key to the lesson. Additionally, the
teacher can incorporate unanticipated responses into her final sequence of ideas (Smith & Stein,
2011).

Sequencing is evident in Ms. Nichols” planning. On her monitoring tool (a segment of
the tool can be seen in Figure 2.5), Ms. Nichols took time to select the ideas she wanted to
emerge and purposefully selected the order of and who would present these ideas. Ms. Nichols
is careful to select students who have not presented their ideas recently to do so in this
discussion. Cartier et al. (2013) explains, “By selecting students who had not presented recently,
she was giving them the opportunity to demonstrate their competence and to gain confidence in
their abilities. Her practice of identifying one member of the group to present was also a way to

hold all members accountable for the work of the group” (p. 84).
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STUDENT | Features Correctly Features Missing or

GROUP Represented Incorrectly Represented ShLELEmRL LA
__ SPACING X_Incorrect Spacing « Size of the molecules remains the
__ HEAT X_No/Incorrect Heat same in all phases
__ MOVEMENT X_Mo/Incorrect Movement - Spacing in solid and liguid is
A __FORCES __ Different-Size Molecules inaccurate
X TYPE&SIZE __Other ) « Heat and movement of molecules
__ Accurate Representation isn't represented
__SPACING X_Incorrect Spacing « Molecules get bigger from solid to
X HEAT __No/Incorrect Heat gas instead of changing spacing of
__ MOVEMENT X_ No/Incorrect Movement molecules, “molecules take up more
B __FORCES X_Different-Size Molecules space”
__TYPE&SIZE __Other - Heat is represented
__ Accurate Representation *Used marbles, but only after
prompt
__SPACING X_Incorrect Spacing « Movement represented — “solid
__HEAT X_MNo/Incorrect Heat squiggles” / arrows represent
X MOVEMENT __ No/Incorrect Movement movement
c __FORCES __ Different-Size Molecules | . Gas molecules are farther apart
X _TYPE&SIZE __Other because you could squeeze the gas
__ Accurate Representation when the plunger went down

Figure 2.5: A portion of Ms. Nichols' monitoring tool displaying her effort to select and sequence (Cartier et al.,

2013, p. 59). Reprinted with permission from the National Council of Teachers of Mathematics

Connecting. Finally, connecting is the opportunity for the teacher to assist students as
they draw connections between their responses, those of their classmates, and the core ideas of
the lesson (Smith & Stein, 2011). Different than the traditional presentation where there are
separate presentations of how to solve a problem, connecting allows teachers to build students’
ideas on each other to develop key conceptual ideas.

Teachers help students form these connections in a variety of ways. For example, the
teacher can directly ask students to compare different representations or mark key ideas
explicitly for students so that they attend to the important idea (Cartier et al., 2013; Smith &

Stein, 2011). Returning to the Case of Kendra Nichols, it is evident that her careful planning for
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anticipating, monitoring, selecting, and sequencing enabled her to easily plan to connect the
various representations students created. For example, Ms. Nichols wanted her students to
understand that heat energy plays a role in the phase changes of water. Only one group
represented the role of heat in this process, so she purposefully planned to select this group to
present last so that they could build upon the representation created by the previous group who
discussed the role of heat. Instead of asking group B to present their entire model, Ms. Nichols
planned and asked purposeful questions that marked a key idea and moved the discussion
forward by building on the work of the previous groups (Cartier et al., 2013). Without careful
planning of anticipating, monitoring, selecting, sequencing, and connecting, it is likely that the
discussion would not have met the desired learning goals.

Stein and her colleagues (Cartier et al., 2013; Smith & Stein, 2011; Stein et al., 2008)
designed the Five Practices as a model to support teachers as they enact classroom discussions.
In fact, a lesson that centers on a class discussion where the teacher uses the Five Practices
model to plan and orchestrate the discussion enable students to engage in a variety of the SEPs
and at the same time gain conceptual understanding of core science ideas (Cartier et al., 2013).
By giving teachers time to make decisions about instruction prior to the lesson, they can more
effectively manage the discussion and any unexpected ideas that emerge. While it is possible to
use single practices divorced from the other practices, it is difficult to do so because of the
unique nature of the model. For example, Smith, Cartier, Eskelson, & Ross (2013) detail
teachers’ limited use of the Five Practices as they planned for and enacted mathematics and
science discussions. In these classrooms, teachers often failed to plan for or enact robust
discussions that support student learning because they failed to anticipate students’ sense making

and thinking about a core idea.
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2.2.2 Tasks and Activity Structures that Support Five Practices Discussions

Robust classroom discussions are crucial if a main goal of instruction is to have students learn
key ideas of the discipline, particularly science. In fact, the practice of classroom discourse is
entwined with many of the goals of the NGSS, i.e., constructing explanations, engaging in
argument from evidence, communicating information, and therefore, should be a main focus as
teachers design instruction (Figure 1.1). As teachers design these tasks and discussions, they
must choose rigorous content and design tasks that are worthy of discussion. That is, the
instructional content teachers select should be challenging and enable multiple perspectives,
representations, or points of view. Likewise, in science, teachers need to create lessons in which
students must use data, and apply the data as justification to answer complex questions. So, the
data, representations, and content must be rigorous enough to support discussion. In other
words, the instructional content should provide opportunities for students to make different
claims based on their evaluations of the evidence (Berland & McNeill, 2010). It is these
conflicting interpretations that allow for a scientific discussion around evidence in which
students try to make sense of the phenomenon and persuade others of their understandings. In
the next section, | describe the research surrounding academic tasks and tasks that support

discussion with particular focus on mathematics and science tasks.

2.2.2.1 Mathematical tasks

Researchers characterize mathematical tasks as activities designed with the sole purpose of
directing students’ attention on a specific core concept or idea (Stein et al., 1996). Stein and her
colleagues (1996) studied teachers’ selection and enactment of cognitively demanding tasks, in
order to provide students with robust learning experiences as part of the Quantitative
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Understanding: Amplifying Students Achievement and Reasoning (QUASAR) project (Stein,
Smith, Henningsen, & Silver, 2009).

As a result of the QUASAR project, Stein and her colleagues (Stein et al., 1996; Stein et
al., 2009) developed a series of analysis tools to examine the level of cognitive demand of
mathematics tasks as designed by teachers; including the Mathematical Tasks Framework, the
Task Analysis Guide, and factors associated with the maintenance or decline of cognitive
demand. The following section provides a summary of each of these analysis tools.

The Mathematical Tasks Framework. Stein et al. (1996) argue that mathematical tasks
unfold in three phases during classroom instruction. First, tasks appear in particular ways in
curriculum materials or as designed by teachers. Next, teachers set up the tasks during
instruction, and finally, in implementation. During instruction, or implementation, students
interact with and complete the task. In doing so, the way in which students’ work on the task
might differ from the original design or task set up.

In their work, Stein et al. (1996) describe that high cognitive demand tasks were the most
difficult tasks to implement well. Often times, the ways in which students work on the task or
the ways in which teachers support students work lowers the demand of the task during
implementation (Eskelson, 2013; Henningsen & Stein, 1997; Smith et al., 2013). Additionally,
Stein and Lane (1996) explain that student learning was greatest in classrooms where tasks
consistently supported student high levels of student thinking and reasoning.

The Task Analysis Guide. The Task Analysis Guide was designed by researchers to
categorize tasks with regard to their level of cognitive demand (Smith & Stein, 1998). They
posited that mathematics tasks compose four categories: memorization, procedures without

connections, procedures with connections, and doing mathematics. Smith and Stein (1998)
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characterize these tasks as follows. Memorization tasks involve students reproducing previously
learned facts or definitions and do not require a procedure to solve. Procedures without
connections tasks involve the use of a procedure in order for students to solve and require little
thinking on the students’ part to solve. Procedures with connections tasks require some degree
of cognitive effort by the student as they make connections between the procedural aspects of the
task and the mathematical ideas. Finally, doing mathematics tasks require complex thinking by
the students where they explore a variety of solutions and strategies as they complete the task.
Factors Associated with Maintenance or Decline of Cognitive Demand of
Mathematical Tasks. In their analysis of tasks, Stein et al. (1996) identified key factors in
lessons that either contributed to the maintenance or decline the level of thinking required of
students during a task (Figure 2.6). For example, high cognitive demand tasks are often more
difficult and require deep thinking on the part of the student. Because students are typically
uncomfortable with tasks of this type, teachers often lower the demands of the task by specifying
procedures for the students to follow or completing portions of a task for students (Eskelson,

2013; Henningsen & Stein, 1997; Smith et al., 2013).
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Factors Associated with Maintenance

Scaffolding of students’ thinking and
reasoning._

Students are provided with means of
monitoring their own progress.
Teacher or capable students model
high-level performance.

Sustained press for justifications,
explanations, and/or meaning through
teacher questioning, comments, and/or
feedback_

Tasks build on stuodents’ prior
knowledge.

Teacher draws frequent conceptual
connections.

Sufficient time to explore (not too
little, not too much).

Factors Associated with Decline

Problematic aspects of the task become
routinized (e.g_, students press teacher to
reduce task complexity by specifying
explicit procedures or steps to perform;
teacher "takes over” difficult pieces of the
task and performs them for the students or
tells them how to do it).

Teacher shifts emphasis from meaning,
concepts, or understanding to correctness
or completeness of the answer.

Not enough time is provided for students to
wrestle with the demanding aspects of the
task or too much time is provided and
students flounder or drift off task.
Classroom management problems prevent
sustained engagement.

Task is inappropriate for the group of
students (e.g,, lack of interest, lack of
motivation, lack of prior knowledge needed
to perform, task expectations not clear
enough to put students in the right
cognitive space, etc.).

Students not held accountable for high-
level products or processes {e.g_, although
asked to explain therr thinking, unclear or
incorrect student explanations are accepted;
students were given the impression that
their work would not "count” (ie., be used
to determine grades).

Figure 2.6: Factors associated with the maintenance or decline of cognitive demand in mathematical tasks

(Stein & Smith, 1998)

2.2.2.2 Science tasks

Similar to tasks in mathematics, a variety of tasks, when designed at a high level, can support
productive whole class discussions (Cartier et al., 2013). Here | focus on three types of science
tasks designed to support discussion and engagement in the SEPs described in the NGSS:
experimentation, data representation, analysis, and interpretation, and explanation tasks
(Appendix B). Whether students are cognitively challenged while completing these three types
of tasks relies solely on the teacher’s design. The choices the teacher makes as she draws on

curriculum materials and resources to design directly influences the cognitive level at which
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students engage in the task. Similar to mathematics tasks described above, a science task that
requires students to provide a rationale for their choices or strategies is a high cognitive demand
task (Stein et al., 1996). Where tasks that allow students to memorize and repeat and answer or
follow a specified procedure involves low cognitive demand. Cartier et al. (2013) detail
examples of low-level and high level tasks of each type. What follows is an explanation of these
task types and a comparison between low-level and high-level tasks of each type.

Experimentation tasks require students to develop or carry out a scientific protocol or
procedure. These tasks are very common in science classrooms. Typically, students follow a
detailed protocol as they proceed through the experiment, but students are seldom required to
make connections between the patterns noticed and core ideas of the lesson. In contrast, a high-
level experimentation task requires students to develop their own protocols and critique those of
their classmates with respect to a well-defined research question.

Data representation/analysis/interpretation tasks require students to represent, analyze, or
interpret data, which they collect first hand or provided by the teacher second hand. Low-level
tasks of this type fail to provide opportunities for students to create multiple representations of
data and require students to represent or interpret data in a single way. High-level data
representation tasks support students as they work to identify patterns in the data and provide
rationale for those patterns based on the data provided. In doing so, the task allows for students
to create a variety of representations and make connections between those representations and
others.

Finally, explanation tasks require students to explain and justify the patterns or support
their claims with valid evidence. Often times, explanation tasks are low-level because they

involve teachers providing direct instruction to students about core ideas and phenomena (Cartier
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et al.,, 2013; Lemke, 1990). However, increasing the cognitive demand of explanation tasks
allows students to construct their own explanations and make meaning in their own way while
meeting the goals of the lesson.

Whether these tasks are low-level or high-level depend on the teacher’s instructional
design. The materials she draws upon, the selection of tasks, and the sequence in which the
teacher implements those tasks all have an impact on student thinking and understanding (Cartier
et al., 2013; Remillard, 2005). For example, traditional science classrooms often involve the
teacher providing explanations for phenomena initially followed by students participating in a
procedural experiment that reinforces the previously learned explanation (McNeill & Pimentel,
2009). In contrast, modifying the task sequence to provide students an opportunity to engage in
experimentation and generate their own explanations and understanding of phenomena increases
the demand of the task and support student learning and understanding of the phenomena in
robust ways (Cartier et al., 2013).

Researchers argue that designing instruction in this way requires teachers to mobilize
their available resources and curriculum materials in order to create robust tasks worthy of
discussion (Forbes, 2013). By drawing on tools and resources like the Five Practices model and
the Learning Cycle, teachers can design instruction that supports students’ participation in the
SEPs and learning of core scientific ideas. In the next section, | describe research on the
Learning Cycle, its relationship to scientific inquiry practices, and how the Learning Cycle can

support design of Five Practices discussions.
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2.2.3 The Learning Cycle

Reform efforts in science education aim to develop a population of scientifically literate
individuals who can participate productively in our increasingly global society (Cazden, 2001).
While the reform of science education has been approached from many angles over the past three
decades, scholars have increasingly focused their attention on the need for students to develop
the critical scientific practices of analysis, synthesis, and critique. As a result, there is increased
importance in today’s science classrooms for students to practice and develop the reasoning
skills necessary to be productive members of a scientific classroom in which social dialogue is
critical to learning (Duschl, 2008).

To reach these goals of science education, “science for all,” learning environments must
be designed so that students engage in classroom communities of discourse and inquiry (Duschl
& Osborne, 2002). One of the main components of science discourse is the student-to-student
talk through which students analyze data, synthesize arguments, and critique the arguments of
others. To develop these communities of discourse, Eduran and Jiménez-Aleixandre (2008)
highlight the importance of allowing students to develop and justify explanations in classrooms,
thereby gaining a deep understanding of scientific concepts. By participating in learning
communities designed specifically for scientific knowledge and skill development, students
develop the critical thinking skills needed for reasoning and arguing within the classroom and in
social contexts outside the classroom. The social dialogue practiced by the students allows them
to externalize their thinking and begin to develop rational arguments while constructing their
own scientific knowledge and participating in the SEPs described in the NGSS (Achieve, Inc.,

2013).
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The Learning Cycle framework provides an organizational structure for teachers designed
to support the development of lessons that engage students in cycles of inquiry by placing the
exploration of phenomena before the development of explanations to explain those phenomena
(Bybee, 2007; Cartier et al.,, 2013; Hanuscin & Lee, 2008; Karplus & Thier, 1967). The
Learning Cycle supports student learning of science practices and guides teachers’ selection of
tasks and the connections between them. Using this framework, teachers focus on key aspects of
tasks included in many curriculum materials and design lessons supporting students’ scientific
sense making through the process of inquiry.

Teachers’ use of the Learning Cycle supports the inquiry and application model
supported by many researchers and teacher educators (Anderson, 2003; Leinhardt & Steele,
2005; Windschitl, Thompson, & Braaten, 2008). Many versions of the Learning Cycle have
been introduced over the years, but they all include the three central phases of instruction: (1)
exploration: students explore and experience science phenomena, (2) concept introduction:
students build core science ideas through their interactions with curriculum materials, students,
and the teacher, and (3) concept application: students build upon these new ideas and apply them
to new problems (Brown & Abell, 2007; Karplus & Thier, 1967). The 5E framework,
introduced by Bybee (2002), includes engage, explore, explain, elaborate (apply), and evaluate
(extend) and aligns with disciplinary practices of science (Figure 2.7). The Learning Cycle
begins with student inquiry; students explore phenomena and develop explanatory models to
account for the patterns they noticed about those phenomena. Then, students have an
opportunity to apply their new understandings to explain or make predictions about new

phenomena. In doing so, this framework places explorations of phenomena before explanations
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and connects directly to scientific practices, which often differs from the learning that occurs in

science classrooms (Bybee, 2007; Hanuscin & Lee, 2008).

LEARNING
CYCLE PHASE

PURPOSE OF TASK

EXAMPLE

Elicit students’ prior knowledge A scenario is described for
and experiences students and they brainstorm
ENGAGE Focus students’ attention on the and identify ways to get sugar
new concept to dissolve in water more
Provide motivation for the quickly
lessons that follow
Students experiment to answer
. the question, “How does
Stu_dt_ar]ts engage in han(.js-on stirring affect that rate of sugar
activities in which they: dissolving?”
EXPLORE 0 Actively explore the '
phenomenon Students c_ollect_data about rate
o0 Collect data of sugar dissolving
Students describe patterns
Students use their data to create Students develop explanations
EXPLAIN evidence-based explanations of to describe the process
the phenomenon
Students describe another way
they think they could get sugar
ELABORATE Students apply their new to dissolve faste_r and apply
(APPLY) understandings of the new understandings
phenomena Students conduct new
experiment
. Students complete exit sli
EVALUATE gljjrgemn?::vinzsesre;;rﬂjei?]t ngt?ﬁe describing thepprocess of rF])ow
(EXTEND) 9 sugar dissolving occurs.
phenomenon

Figure 2.7: Description of the 5E Learning Cycle Framework (Bybee, 2002)

The design of the Learning Cycle framework supports teachers in the selection and
design of tasks that provide opportunities for students to engage in the SEPs described in the

NGSS. Cartier et al. (2013) characterizes the Learning Cycle with respect to the SEPs in which

67



students engage (Figure 2.8). Consider, for example, the vignette of Mr. Gates’ classroom
presented in Chapter 1. By designing and sequencing the task in that way, Mr. Gates, whether
consciously or unconsciously, engaged students in aspects of a Learning Cycle lesson. Students
carried out an investigation of Fastplant growth by designing and carrying out their own
investigations, or students engaged in exploration. After analyzing the data, students constructed
an explanation to describe typical Fastplant growth, or students engaged in explanation. As such
Ms. Gates’ students engaged in the SEPs by completing a task where they engaged in a whole-
class discussion describing the patterns they noticed.

In describing Mr. Gates’ actions and moves during the lesson, the vignette details how he
embeds a Five Practices discussion into this Learning Cycle (Cartier et al., 2013). Mr. Gates
designed a high-level experimentation and data representation/analysis task. During the task, he
monitored students’ work and made careful notes regarding students’ ideas and patterns they
noticed as they work. He selected particular groups that would present their work and sequenced
each group so that an appropriate storyline of ideas would unfold. Finally, he orchestrated the

classroom discussion by connecting students’ ideas with each other and the disciplinary ideas.
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Learning Cycle stage
NG5S Science Practice
ENGAGE EXPLORE EXPLAIN AFPLY
(SP 1) Asking questions v v
{SP 2) Developing and using models ) v
(5P 3] Planning and carrying ouwt investigations v
{SP 4} Analyzing and interpreting data i )
(5P 5} Using mathematics and computational thinking v
{SP &) Constructing explanations ) v
(5P 7} Emgaging in argument from evidence ) v
(5P 8] Obtaining, evaluating, and communicating J J J
information

Figure 2.8: Opportunities for students to engage in the Next Generation Science Standards Science and Engineering
Practices throughout the Learning Cycle (Cartier et al., 2013, p. 101). Reprinted with permission of the National

Council of Teachers of Mathematics

In making decisions about what and how students should learn, teachers, like Mr. Gates,
draw on their students’ experiences and various curriculum materials and resources to create the
enacted curriculum (Figure 2.9) (Cartier et al., 2013; Remillard, 2005). By positioning a Five
Practices discussion within a phase of the Learning Cycle, students have opportunities to engage
in the SEPs while demonstrating mastery of their new knowledge. A teacher’s ability to
mobilize these resources effectively is at the heart of PDC (Brown, 2009). Providing teachers,
especially PSTs, with the tools that enable them to make good choices about the ways in which
they adapt and use their resources materials is important. Drawing on the Five Practices and the
Learning Cycle Model, can provide PSTs with the support needed to design tasks that engage
students in inquiry and SEPs and supports the PSTs in learning and noticing student thinking

through classroom discussion (Cartier et al., 2013).
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RECOMMENDED CURRICULUM SUPPORTED CURRICULUM

Standards Instructional Materials
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Five Practices framework
Learning Cycle framewaork
Knowiedge of Students

N

ENACTED CURRICULLM

Classroom Learning Opportunities

Figure 2.9: The teacher's role in designing the enacted curriculum (Cartier et al., 2013, p. 112). Reprinted with

permission of the National Council of Teachers of Mathematics

2.3 PURPOSE OF THE STUDY

A key instructional goal for the secondary science teacher preparation program, in which this
study is situated, is to support secondary science PSTs in developing approaches to instructional
planning of tasks that support students engagement in the SEPs and are consistent with the model
of inquiry-based science teaching described in research (Anderson, 2003; Duschl, 2008;
Leinhardt & Steele, 2005; Windschitl, Thompson, & Braaten, 2008). Embedded within this goal
is supporting the development of the PSTs’ pedagogical design capacity (PDC) by developing
their ability to draw upon all available resources, knowledge, materials, etc. to design instruction
for Five Practices discussions. PSTs learn how to draw from various curriculum materials and
resources to plan lessons that engage all learners. To support this development, teacher

educators at this large urban Midwestern University, draw on the Five Practices model and
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design an intervention aimed at increasing PSTs’ PDC related to use of the Five Practices model
to selection and design of tasks that engage students in the SEPs described in the NGSS
(Achieve, Inc., 2013).

An important focus of this preparation program is the selection and design of high-level
science tasks. These tasks, as described above, have the greatest impact on student learning
(Stein et al., 1996; Stein et al., 2009). Cartier et al. (2013) describe the features of a high-level
science task. First, the teacher defines the learning goals, or the understandings students will
gain from participating in the lesson. Next, the teacher designs a task that supports students’
engagement in the SEPs described in the NGSS (Achieve, Inc., 2013). Finally, students have
opportunities to create multiple artifacts as a result of the task and engage in a whole-class
discussion around those artifacts.

Providing PSTs with experiences in teacher preparation courses that highlight the
importance of utilizing their skills to create lessons that follow particular principles of practice
supports the development of their PDC (Brown, 2009; Grossman et al., 2009b). By giving the
PSTs opportunities to critically analyze curriculum materials and design lessons that engage
students in the discussions around the SEPS, they are supported in developing a robust PDC.
Without the support of the teacher educators focusing lesson planning of high-level tasks, PSTs
focus on management and other practical issues in the classroom (Beyer & Davis, 2009; Forbes
& Davis, 2008; Lloyd & Behm, 2005).

Additionally, PSTs require repeated supportive experiences in lesson planning and
enactment (Ross et al., 2013). These repeated experiences support the PSTs’ reflections on
student learning and lesson enactment and build upon that learning in subsequent lessons.

Having PSTs plan, teach, and reflect on their initial teaching experiences of these high-level
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science tasks provides important information for researchers and teacher educators alike.
However, support is required in order to further develop the PSTs capacity to design high-quality
lessons utilizing tools and frameworks. By embedding these experiences in the context of the
teacher preparation program, teacher educators provide the scaffolds necessary to support teacher
learning.

Curriculum materials play an important role for all teachers, particularly novice teachers,
by providing tools to support their planning and instruction (Forbes & Davis, 2008; Grossman &
Thompson, 2008). In particular, PSTs use curriculum materials in critical ways that suggest the
development of their pedagogical design capacity (Brown, 2009). Brown (2009) describes
PSTs’ planning to use instructional tools in each Learning Cycle phase even if the curriculum
materials did not provide instructional tools. In doing so, it is evident that the PSTs critically
examined the curriculum materials in ways that are equivalent to Brown’s (2009) notion of
adapting and improvising by creating their own tools or modifying tools provided. These
changes in the curriculum materials the PSTs made suggest that the science methods course
provides a useful framework for supporting the development of PSTs’ PDC.

By providing repeated scaffolded opportunities to engage in micro-planning practices as
described above, e.g., select or design specific tools that support student engagement in those
authentic SEPs (gathering, organizing, or representing data, identifying patterns), or sequence
tasks based on the Learning Cycle framework, the PSTs begin to notice the necessary aspects of
planning required for effective teaching. These repeated opportunities enable the PSTs to
approximate various aspects of each practice in an effort to develop their PDC (Grossman et al.,
2009b). 1 provide specific details regarding the context of the study, data sources, and data

collection and analysis in Chapter Three.
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3.0 METHODOLOGY

This descriptive study used qualitative data collection and analysis methods that were intended to
better understand the extent to which PSTs’ PDC for planning high-level tasks where students
engage in discussion developed over their preparation year. Moreover, this study sought to
describe and examine PSTs’ capacity to use and analyze curriculum materials and various
resources in order to design and plan for these tasks. Data for this study included: PST artifact
packets (Borko, Stecher, Alonzo, Moncure, & McClam, 2005) from coursework, lesson plans,
interviews, and video recordings of teacher preparation coursework. This chapter describes the
setting and the methods for this study. | begin this chapter by providing a description of the
study context. Next, | describe the possible effects of my role as a researcher, course instructor,
and field supervisor on the study itself. Then, I describe participants, the data sources, as well as
the collection and coding procedures. | conclude by detailing the data analysis procedures with
respect to each research question. What follows is a description of the Secondary Science

Teacher Preparation Program.
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3.1 CONTEXT OF THE STUDY

3.1.1 The Secondary Science Teacher Preparation Program

This research study focused primarily on the secondary science disciplinary blocks, or methods
courses, at a large Midwestern university in the United States during the 2013-2014 school year.
This post-baccalaureate program included three semesters of intensive study including a
yearlong teaching internship in a secondary school. During the fall and spring 15-week
semesters, there were three secondary science methods courses. The fall semester focused
specifically on the development of specific instructional strategies and skills related to lesson
planning and using curriculum materials and related resources to design high-level tasks where
students engage in whole class discussions. During these classes, the PSTs planned and took
turns designing tasks and implementing components of science lessons with their peers and then
engaged in critical discussions related to those instructional episodes. Throughout the fall
semester, PSTs learned and approximated the high leverage practice of planning and
orchestrating a Five Practices discussion as well as the following sub-practices and instructional
routines: developing high-level tasks, planning a lesson aligned with the NGSS, launching and
closing a lesson, using instructional representations, planning and enacting a lecture, questioning
the author, and developing lessons using the Learning Cycle. Finally, PSTs reflected on various
aspects of these practices enacted during their own teaching and classroom observations. The
goal of these experiences was to give the PSTs tools and opportunities to engage in
approximation of practices that support the development of their PDC. This dissertation study
examined PSTs’ developing PDC for planning high-level tasks where students engage in
discussion. What follows is a detailed summary of how the teacher educators used the Grossman
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Framework for Professional Preparation (Grossman et al., 2009a) to engage PSTs in the

development of their PDC for planning high-level tasks where students engage in discussion.

3.1.1.1 The Grossman framework for professional preparation

Teacher educators adopted the Grossman et al. (2009a) practice-based focus in the design of this
secondary science-teaching program in which PSTs participated in various high-leverage
practices, including designing high-level tasks where students engage in task-based science
discussions. Stein et al. (2008) suggests that their Five Practices model is a useful tool for
mathematics teachers as they orchestrate classroom discussions around inquiry-based tasks.
Building on Stein and colleagues (2008) research, the instructors of this program used the Five
Practices model as a framework for supporting PSTs as they learned to plan and enact task-based
science discussions. Using the model, I, co-planning with other instructors, designed various
role-play scenarios in which PSTs engaged in each of the sub-practices through various
approximations with increasing levels of authenticity. In the following section, | detail the Five
Practices role-play scenario.

The teacher educators divided coursework during the fall semester into sessions in which
the PSTs engaged in science as learners and practitioners through iterative cycles of
decompositions, representations, and approximations of practice (Grossman et al., 2009a). More
specifically, in addition to other practices, the PSTs observed their instructors represent the
practice of designing high-level tasks where students engage in discussions by having the PSTs
approximate components of this practice by planning lessons around high-level tasks, and
rehearsing and formally teaching instructional episodes with peers. Through varying levels of
authenticity the teacher educators guided the PSTs to examine specific planning and instructional

practices and certain teacher moves that help to support student science learning.  Once the
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PSTs had the opportunity to unpack these instructional components, they were better able to use

those practices in their own teaching (Grossman et al., 2009a).

The central focus of this study was developing PSTs” PDC specifically for designing

tasks where students engage in discussion. To support this development, role-play interventions

centered on the Five Practices model and provided an opportunity for the PSTs to engage in

iterations of simulated whole class discussions while assuming the roles of both the teacher and a

student.

Figure 3.1 details how the teacher educators used the Grossman et al. (2009a)

framework as an instructional model to engage the PSTs in these repeated scaffolded

approximations around planning for and enacting whole class discussions.

Decomposition

Representation

Approximation

Teacher Educator

Chooses components of
the practice for the PSTs
to approximate

- Select & Design Tasks

Teacher Educator

Provides opportunities
for PSTs to critically
analyze and reflect on the
practice

- Read and analyze
written case studies

Pre-Service Science Teacher

PSTs have opportunities
to practice the
instructional components

- Select & Design Tasks

Figure 3.1: Example of the application of the Grossman Framework for planning a Five Practices discussion

Decomposition. Although researchers designed the Five Practices as a tool for teachers

to use to make discussion facilitation more manageable (Stein et al., 2008), PSTs may struggle

with “seeing” how to utilize this as a planning tool.
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component pieces allowed teacher educators to support the PSTs in identifying and practicing
those components alone before complete integration. Teacher educators decomposed the Five
Practices within the context the teacher preparation classroom. By decomposing this framework
for orchestrating productive discussions into the respective components: (1) anticipating student
responses, (2) monitoring student work, (3) selecting student responses for public display, (4)
sequencing student responses, and (5) connecting student responses, | hoped the PSTs would
begin to attend to, learn, and approximate this complex practice in the safety of their own
university classroom before full integration in professional practice.

By decomposing the Five Practices, the teacher educators provided PSTs with an
opportunity to focus on certain fundamental skills, routines, and micro-practices that will help
them to prepare for and facilitate productive task-based science discussions (Grossman et al.,
2009a). Decomposition allowed the teacher educators to call attention to as well as provide
immediate feedback to students as they analyzed and reflected on the various components.
Through this feedback, the PSTs began to pay attention to particular moves and aspects of this
instructional model that help support their discussion planning and facilitation. By focusing their
attention on certain aspects of student thinking, student work, and important teacher moves, the
aspects of discussion typically viewed as improvisational by many beginning teachers seem less
so (Smith & Stein, 2011; Stein et al., 2008). Giving the PSTs a tool for planning and facilitating
a discussion helped them feel more comfortable standing to the side of the dialogue and allowing
students’ opportunities to engage with each other.

In order to support the development of the PSTs” PDC for designing tasks where students
engage in science discussions, the teacher educators selected particular micro-practices based on

past research, namely: writing specific learning goals, identifying and modifying tasks,
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anticipating student thinking, planning for monitoring, imagining the discussion storyline,
planning questions and marking student ideas, reflecting on teaching. The teacher educators
believed that the development of these micro-practices in PSTSs’ repertoire best support the
development of their identity as instructional engineers as well as their PDC for designing task-
based science discussions.

Representation. Once the teacher educators selected each micro-practice, they co-
planned ways to best represent each. The PSTs observed the expert teachers utilizing the model,
read written cases, as well as analyzed student work. Through varying levels of authenticity the
teacher educators guided the PSTs to examine specific practices or certain teacher moves that
help to support the instructional dialogue that might otherwise go unnoticed. By drawing
attention to particular details, the PSTs began to identify and learn ways in which they might
begin to build their own teaching repertoire.

Once the PSTs analyzed various micro-practices related to designing task-based science
discussions, they have a model, or representation, by which to analyze this complex practice
(Stein et al., 2008). For example, by providing PSTs with examples of student work and a case
study of how a classroom teacher implements her classroom discussion, the teacher educators
foregrounded salient aspects of anticipation, monitoring, selecting, sequencing, or connecting the
teacher may have used. Using various representations assisted the PSTs in visualizing ways in
which they can begin to use and develop their own identity as an instructional engineer
(Grossman et al., 2009a).

Approximation. By simulating and role-playing a Five Practices discussion in their
university classroom, the PST engaged in approximations of practice similar to those identified

by Grossman et al. (2009a). As they gained experience, they engaged in varying levels and
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iterations of authentic and complex discussion practices, thereby developing the knowledge and
skills necessary to begin to integrate the decomposed pieces of the Five Practices model.
Through providing PSTs with public practice and feedback, teacher educators highlighted
particular aspects of the model, like anticipating and monitoring, while other, less important,
aspects of discussion planning and facilitation were not a focus. By drawing PSTs’ attention to
these important aspects and allowing them to engage in opportunities to practice, they began to
develop their PDC for designing tasks necessary to facilitate productive, engaging science
discussions with students.

Early in the preparation program, PSTs have opportunities to approximate less authentic
practices, e.g., analyzing a written case, or engaging in the Five Practices role-play within the
context of their university classroom. As the year progresses, the PSTs approximate more
authentic practices as they gain more experience, e.g., planning lesson and designing tasks
regularly at field sites. Figure 3.2 describes the approximation opportunities in which PSTs

engaged throughout the university coursework and internship.
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Figure 3.2: Diagram of the levels of approximation in which PSTs engage during the teacher preparation program

3.1.1.2 Pedagogical Cycles of Instruction

Recall that the teacher educators at this university designed role-play scenarios that enable the

PSTs to engage in approximations (Grossman, et al., 2009a) of the selected practices previously

described. Based on Lewis, Murray, Schutz, and Scott (2010), they used a pedagogical cycle of

rehearsal, planning, and feedback that provided the PSTs with opportunities to engage in

facilitating a discussion in the classroom (Figure 3.3).
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Figure 3.3: Pedagogical cycles for orchestrating task-based science discussions adapted

from Lewis, Murray, Schutz, & Scott (2010)

During the methods courses, the PSTs engaged in multiple approximations of each micro-
practice as described above (Grossman et al., 2009a). What follows is a summary of the fall and
spring semesters including in-class work and out of class assignments pertaining to this study
(Table 3.1). The four Instructional Performances, a main data source of this project, are
highlighted in the out of class assignment section of the table. Appendix A describes in more

detail the learning opportunities and pertinent coursework sessions related to this study.
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Table 3.1: Secondary science teacher preparation courses related to task design, lesson planning, and the Five Practices model

Engage as Supportin
Fall A Model of Students in E PP g Revi f
Week Engaged Science The ngagement eview o
X in Science NGSS SEPs
1 Learning Fastplants .
Learning
Task
Examining .
Fall Introduction to Initial What_ Why D_eta|!ed Lesson Plan 1
Week . Belongs in a Planning is Lesson Plan 1 -
Lesson Planning Lesson a Revision
2 Lesson Plan? Important? c
Plans )
= =
.2 | Learning Goals & N Anticipating,
% Objegctives . Anticipating Monitoring, | Anatomy g Monit%ringg
n . Micro- . Selecting, of a < P .
Fall " (Review) . & Getting . - Selecting, Instructional
7 teaching Sequencing, Lesson a .
Weeks | © ractice: Ready to and & R Sequencing, & Performance
3-7 © What is a High P ' Monitor . O Connecting 1&2
c iy Launch Connecting Lesson | % . 4
— | Cognitive Demand Role-Play Role Pla Arcs 2 | Planning for micro-
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Leaynmg Cy_cle Formative High- Scaffolding | Cognitive
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Engaging as and Why it Revisited ple Performances 3 & 4
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Students in a IS PSTs own
i . from PSTs from
Physics Task important? Tasks PSTs
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During week one, PSTs engaged in a protocol design task as science learners, A Model of
Engaged Science Learning: The Fastplants Task. In doing so, PSTs recognized the important
aspects of a task designed with the NGSS in mind. Once the PSTs participated in this lesson,
they examined a case study in which a teacher attempted to facilitate a task-based discussion in
her classroom regarding Wisconsin Fastplants data her students collected. The teacher educators
provided the PSTs with examples of student work, and graphical data representations created to
answer the question, “What is Typical Plant Height?” The PSTs examined graphs and
considered ways to approach a discussion to answer the question. The PSTs then read and
discussed the case study. The case study highlighted many common problems that teachers
encounter when facilitating a discussion. The teacher educator foregrounded these issues and
supported the PSTs in planning how the teacher might have created opportunities for better
student engagement and a more productive discussion. Finally, the PSTs wrote their first lesson
plan (LP) drawing on these experiences.

During the remaining weeks, the PSTs had multiple opportunities to assume the role of a
student and the teacher by planning and practicing enacting high-level tasks and discussion in the
classroom. The PSTs participated in a rehearsal role-play in which they engaged as teachers
planning and facilitating a whole class discussion. We developed the elaborate scenarios related
to various science ideas (e.g. kinetic molecular theory) (see Appendix A). The materials that
supported each role-play scenario include: (a) a description of the instructional activities in
which students would participate; (b) samples of student work that have been selected or
invented such that typical alternative conceptions are represented; (c) background information
for the person playing each student’s role; and (d) tools to support teacher’s monitoring,

selecting, sequencing, and question planning. The PSTs engaged in approximations of all Five
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Practices related to discussion facilitation. Specifically, they took turns adopting the role of
student and teacher throughout the scenarios and had multiple opportunities to offer and receive
feedback on their teaching performances and decision-making throughout each scenario.

The PSTs then worked in pairs assuming the teacher role by engaging in monitoring
students’ work and asking questions aimed at surfacing student thinking. After considering the
student representations/models, they selected and sequenced the models and the order in which
they would want ideas to emerge during the discussion. Finally, they connected the ideas
together in a practice discussion. This discussion helped to foreground the steps needed to take
to plan and prepare for a discussion in order to have a productive discussion with students.

Through the experiences of engaging as a teacher and as students over several iterations
in university coursework, the PSTs began to notice important teacher moves necessary for
implementing a productive discussion. By making explicit the teacher moves during the role-
play, there were several opportunities for the PSTs to develop the skills needed in performing
this essential science practice (Achieve, Inc., 2013). Based on Kazemi, Franke, and Lampert’s
(2009) model for developing pedagogies for supporting novices to enact the ambitious
instruction, each rehearsal lasted from 10 to 20 minutes, during which time their classmates or
the instructor stopped the rehearsal to ask a question, suggest alternative lines of questioning or
reasoning, or make note of appropriate teacher decisions. The coaching and discussion between
role-plays helped to support the PSTs in developing the planning and instructional practice
necessary to facilitate a productive science discussion.

In the remaining weeks, the PSTs planned, taught, and reflected on lessons they designed
to engage students in discussions. These assignments, called Instructional Performances,

required that the PSTs create artifact packets (Borko et al., 2005). In these packets, the PSTs

84



provided their lesson plans, tasks, instructional materials, reflections, and student work. These
artifact packets were a main data source for this dissertation study as described below.
Ultimately, as the PSTs participated in their field experiences at their secondary placement sites
during the spring semester, | expected they would begin to incorporate discussions into their
lesson planning and implementation. Evidence of the development of PDC by drawing on their

curriculum materials, tools, and instructional models was evident in their planning practices.

3.2 THE ROLE OF THE RESEARCHER

During the 2013-2014 school year, | served as one of three course instructors for the three
disciplinary block methods courses. As a course instructor, | co-planned and co-taught these
classes, as well as provided feedback on certain assignments. In addition, | was the field
supervisor for two PSTs, Mark Bryant and Kady Tanner (see Table 3.2). As field supervisor, |
observed and provided feedback on the PSTs’ planning and instruction at their high school field
sites.

During this dissertation study, assuming the roles of instructor, field supervisor, and
researcher, required that I define these roles a priori. As instructor, | planned and led course
sessions, and assessed and provided feedback on written work (including assignments that were
part of my data collection). As field supervisor, | provided feedback on lesson planning and
instruction, observed lessons, and provided support in all aspects of PST learning. Furthermore,
I did not interview the two students | supervised (Mark Bryant and Kady Tanner) in order to
avoid any bias in my questioning or their responses. As researcher, | obtained consent from all

PSTs to collect part of their university assignments, lesson plans, and video record class sessions.
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In addition, | conducted interviews with the subset of PSTs. Conducting interviews with my
own students at the conclusion at the fall and spring semesters allowed me to establish a rapport
with students that otherwise would not have occurred. This rapport allowed the PSTs to discuss
their work and feelings in an open and honest way, which might not have occurred if the
interviews were conducted by another researcher (Fontana & Frey, 1994). However, for some
PSTs serving as course instructor might have limited their willingness to be as open and honest,
a possible limitation of my study. The consistency between what students said during the
interviews and what was learned from the analysis of their lesson plans provides evidence of the
probable honesty of their comments. For example, three PSTs indicated that the coursework at
the beginning of the fall semester was uninteresting and did not pertain to them.

Aside from obtaining consent at the beginning of the fall semester and setting up the
camera for recording, | did not assume the role of researcher during course sessions and field
supervisions. | felt it was important to provide the best support | could for the PSTs as they
develop their skills and teaching repertoires.  As for the subset of PSTs interviewed, these
interviews minimally impacted our relationship as student and as course instructor. In addition, |
explained to the interviewees that their responses were confidential from others and provided
them an opportunity to further reflect on their own planning and support the improvement of the

teacher preparation program at the university.

3.3 PARTICIPANTS

All of the PSTs were enrolled in a Master of Arts teacher preparation program at an urban

Midwestern university and all received undergraduate degrees in science. While all of the PSTs
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in the secondary science Master of Arts in Teaching program were enrolled in the course (N=15)
and consented to participate in the study, | selected a subset of PSTs for the interviews. Table 3.2
provides information about the participants of the study and those selected for interviews.

All the PSTs consented so that | could record video of the desired lessons that focus on
lesson planning, task design, and the Five Practices model, and use their Instructional
Performances as data sources described in Appendix A. Because | am the principal researcher
gathering data and interviewing on this project, | selected nine PSTs to interview based on the
combination of scores on the task and discussion rubrics below (Appendix C). PSTs could
receive a maximum score of 33 on both rubrics; three PSTs were selected from each group
receiving high, medium, and low scores. | identified the highest total scores on IP1 and IP2.
From those scores, | categorized the remaining students into the three scoring categories. In
selecting PSTs for interviewing in addition to utilizing the rubric scores, | selected a
representative a sample as possible from the categories taking into account PSTs’ school type

(urban/suburban), content areas, grade levels, gender, and age/race/ethnicity.
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Table 3.2: Description of study participants

Intern
Pseudonym Content Area Grade Level School Type
Mark Bryant Biology High School Suburban Public
Calvin Cary Physics High School Suburban Public
Frank Daniel Biology High School Urban Public
Nicholas David Biology High School Suburban Public
Florence Edward Biology High School Suburban Public
Kelly Hendrick Biology High School Suburban Public
Nancy Hall Biology Middle School Urban Public
Kristen Ingall Chemistry High School Urban Public
Xavier Idol Biology High School Urban Public
Bonnie Kyle Biology High School Urban Charter
Dana Nacey Biology Middle School Urban Private
Kady Tanner Chemistry High School Suburban Public
Nicole Timko Biology High School Urban Public
Mary Wilson Earth Science High School Suburban Public
Scott Xander Physics High School Urban Public

Note: Highlighted Rows Indicate PSTs Selected for Interviews.

34 DATASOURCES

I collected data from coursework, PSTs’ instructional performance artifact packets, videotapes of
university course sessions, additional lesson plans, and interviews to address the research
questions. Recall that the research questions that guide the study were as follows:
l. To what extent do PSTs draw on the Five Practices Model to support planning of
task-based discussion lessons?

Specifically —
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Vi.

Vil.

To what extent do they anticipate students’ work on the task?

To what extent do they plan for ways to monitor students’ work during the
task?

To what extent do they plan specific questions to elicit, challenge, or
extend students’ thinking?

To what extent do they plan or imagine a storyline for how they want the
discussion to unfold?

To what extent do they plan to make connections across students’ ideas
and connect to disciplinary ideas?

To what extent do they plan for specific marking strategies to highlight
important ideas?

To what extent do they purposefully select and sequence the ideas they

want to emerge during the discussion?

a. What available curriculum materials, including texts, online resources, and

standards, do PSTs use during planning of these lessons?

b. What other resources or frameworks do PSTs use to plan task-based discussion

lessons?

To what extent does PSTs’ use of various resources and planning strategies support or

hinder their ability to create lessons in which students are engaged in a challenging

task where they participate in SEPs and engage in discussion?

To what extent does PSTs’ pedagogical design capacity (PDC) for task-based science

discussion lessons change over the course of their teacher preparation program? Are
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patterns and changes related to specific learning opportunities or elements within the
teacher preparation program?

Included in the coursework were lesson plans and artifact packets produced by the PSTs
for the Instructional Performances (IP). PSTs’ created two IP artifact packets during both the fall
and spring semesters for a total of four. Each artifact packet included: task, detailed lesson plan,
instructional materials, student work, and a reflection on their planning and teaching that
addressed questions posed by the teacher educators. | also asked the PSTs to identify lesson
plans they created for during their internship placements (“In the Wild Lessons Plans”). In
addition to the lesson plans and artifact packets, | interviewed the PSTs at the end of the fall
semester and again near the end of the spring semester. Table 3.3 provides an overview of the
data sources, the frequency of collection, and which research question each data source

addresses. Figure 3.4 depicts the timeline of data collection.
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Table 3.3: Correlation of research questions and data sources

Data Sources

Frequency and
Timing of Collection

Research Question Addressed

1 2 3
b
Audiotaped 2 Interviews -
Interview End of fall semester
e Audio and near end of X X X
Recording | spring semester
e  Transcripts
Initial Lesson 1 — during fall X X
Plan semester Week 1
Instructional 4 Total -
Performance (IP) | 2 fall semester
Acrtifact Packets (Weeks 8-16) and 2
e Task spring semester
e LessonPlan | (Weeks 1-8)
o Reflection X X X
e Instructional
Materials
e Lesson
Artifacts
e  Student
Work
In the Wild 3 Total from each
Lesson Plans PST - solicited
during the final three X X X
months of the spring
semester
Video Taped All pertinent
University university course
Courses sessions X
e Video
Recording
o Field Notes
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Data Collection and Observation Timeline

Week1 Week3-7  wWeek 8-16 Week 1-4 Week 5-8 Week9-16

&'l | I\ J
= \ %
= Fall Semester Spring Semester &
. Lesson Plan Interview
.'/.-.- ---\\'.
/.-;Fall University Coursework Spring University Coursework

O Video Tape Teacher Preparation Class . Instructional Performance Artifact Packet

. PST Field TBDL Lesson Plans

Figure 3.4: Timeline of data collection

3.4.1 Lesson Plan — Baseline

During week one of the fall 2013 semester, each PST created an initial lesson plan (LP) (see
Table 3.3 and Fig. 3.4). The instructor assigned this lesson plan after the PSTs had an
opportunity to engage in science as learners and begin to unpack supporting student engagement
using the SEPs as part of their coursework. This assignment required PSTs to create a lesson
plan (see Appendix A for assignment expectations). PSTs included the curriculum materials and
other resources they used as part of their planning. The instructors did not give a template or set

requirements for this first assignment. The only parameters were the requirement that PSTs plan
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a lesson for a class discussion meeting some of the SEPs, making this particular lesson plan an

appropriate baseline plan to allow for comparison between future lesson plans.

3.4.2 Data of Teacher Preparation Coursework

Because this dissertation study sought to examine PSTs’ lesson planning practices in an effort to
describe the development of their PDC for designing high-level tasks where students engage in
discussion, | observed the teacher preparation courses focusing on lesson planning, designing
tasks, and discussion. During these observations, | recorded in-depth field notes (Emerson,
Fretz, & Shaw, 1995) and videotaped each university lesson. After analyzing the IP artifact
packets and interviewing the PSTs at the end of the fall semester, | used the patterns that
emerged from analyzing each in an effort to relate these findings to particular coursework
sessions. Once | identified those sessions, | described the lesson and instructional materials
identified (Appendix A). Using these videos and field notes helped me to identify the features of
the coursework that attributed to the PSTs’ planning. These findings support the design

refinement and further development of the secondary science teacher preparation program.

3.4.3 Instructional Performance Artifact Packets

As part of the coursework described above, the PSTs completed two instructional performances
in each semester, where they planned, taught, and reflected on a whole class discussion lesson
focused on engaging students in the SEPs. As part of the assignment, the PSTs generated artifact
packets (Borko et al., 2005). Each packet includes: lesson plan, task, artifacts of student work

from the lesson (e.g., pictures of graphical representations, student work), and a reflection on
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teaching and student learning. As part of the reflections, the PSTs answered questions related to
the resources and curriculum materials used during planning and how their planning supported
student engagement in the SEPs. These artifact packets were the main data source for this
dissertation study.  From these packets, | examined and described the PSTs’ lesson planning

practices related to designing high-level tasks where students engage in discussion.

3.4.4 Interviews

At the end of the fall and near the end of the spring semester, | interviewed the selected group of
PSTs using the protocols in Appendix E. | selected PSTs based on the combination of scores on
the HLTR and LPDR rubrics (Appendix D). | selected nine of the 15 PSTs from representative
content areas, school type, grade levels, and demographic groups within each scoring category
Low, Medium, and High. Table 3.2 identifies the PSTs selected for interviews. These
interviews provided detail pertaining to the PSTs’ use of curriculum materials and resources, and
use of instructional frameworks, like the Five Practices, lesson planning practices, and
challenges to planning and teaching these types of discussions. In addition, these interviews
enabled the PSTs to identify specific coursework sessions during each semester that influenced
or supported this type of planning. From these interviews, | identified particular university

coursework sessions to analyze further through the video as described above.
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3.5 CODING AND ANALYSIS

This section describes the coding tools and processes | used to code the data for analysis in this
study. | took a number of measures to ensure the reliability and validity of this study. In order
to establish reliability in coding this qualitative data study, a second coder coded a subset of the
data (Miles & Huberman, 1994). To ensure reliable coding of the interview transcriptions, the
second coder coded five out of 18 interviews (25%) using Brown’s (2009) “types of curriculum
use,” i.e., adapt, offload, and improvise, for task selection. In addition, | used the Grounded
Theory Model (Boyatzis, 1998) to identify themes and concepts that emerged. The primary
coder trained this secondary coder using the coding definitions and examples in Appendix E.3.
In double coding these interviews, we were able to achieve an interrater reliability 82%. Where
we disagreed, we subsequently discussed the codes and reached a consensus.

In order to ensure reliable coding of the IP artifact packets, the second coder used the
lesson plans, tasks, and reflections to code for elements of a high-level task and elements of a
lesson plan that support discussion using the Task Analysis form (Appendix B) and High Level
Task Rubric (HTLR) (Appendix D.1) and Lesson Plan for Discussion Rubric (LPDR) (Appendix
D.2). The second coder coded 15 of the 60 IP artifact packets (25%). The primary coder trained
the secondary coder regarding the appropriate coding definition rules for each analysis and the
completion of the analysis forms. Using the reliability formula described by Miles and
Huberman (1994), | calculated interrater reliability between the primary coder and the secondary
coder at 87%. We resolved all disagreements through discussion. This secondary coder was
familiar with the study and the Five Practices model, which allowed for such a high reliability

score.
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3.5.1 Interviews

As noted above, | interviewed each selected participated twice, once after the fall semester using
Interview Protocol 1 (Appendix E.1) and once after the spring semester using Interview Protocol
2 (Appendix E.2). | recorded and transcribed each participant interview for a total of 18
interviews (three participants from each scoring category). | coded the transcriptions using the
Grounded Theory Model (Boyatzis, 1998) as well as Brown (2009) types of curriculum use (Chi,
1997; Miles & Huberman, 1994). These helped me to identify themes regarding PSTS’
perceptions lesson planning, use of planning practices, and influence of coursework (see
Appendix E.3 for definition rules and example data excerpts). In order to triangulate with
findings on the HLTR and LPDR, | analyzed relevant segments of transcripts relating to the Five
Practices, whole class discussions, and relevance of coursework using the online data analysis
and management program Dedoose Version 4.12.14 (Denzin, 1978; Patton, 1999). More
specifically, | analyzed the PSTs’ use of the Five Practices, the ways in which they used their
curriculum materials and the support provided by human resources, i.e., mentors and university
supervisors. These analyses shed light on the PSTs’ understanding of particular features of
lesson planning that support student engagement in high-level tasks where students engage in
discussion.  Furthermore, the interviews provided information regarding the influence of

particular topics from coursework sessions and highlight areas that required design modification.

3.5.2 Analytic Tools

I used three main tools to complete the analysis of the baseline lesson plan and IP artifact

packets: (1) PST Task Analysis Form (PTF) (Appendix B), (2) the Elements of a High-Level
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Task Scoring Rubric (HLTR) (Appendix D.1), and (3) the Elements of a Lesson Plan that
Supports Discussion Scoring Rubric (LPDR) (Appendix D.2). What follows is a description of

these tools and how I used these tools to analyze the data related to each research question.

3.5.2.1 PST task analysis form and elements of a high-level task scoring rubric

The PST Task Analysis Form (PTF) (Appendix B) served as the initial coding form for each
lesson plan (Instructional Performance and “In the Wild”). On the form, the coder described the
lesson, task, identified the type of task (experimentation, data
analysis/representation/interpretation, explanation), and identified the potential level of cognitive
demand of the task (See Appendix B for completed example). To determine the level of
cognitive demand, the coder used the Science Task Analysis Table (STAT) derived from Cartier
et al. (2013) (Appendix C). After summarizing the lesson and the task in detail using the PTF,
the coder used the Elements of a High-Level Task Scoring Rubric (HLTR) (Appendix D.1) to
score the task as designed by the PST. The maximum score a PST could receive on this rubric
was 10. The HLTR assessed the following parameters of a high-level task that supports a
science discussion: lesson goals, potential task demand, support of student engagement NGSS
Science and Engineering Practices, support of student engagement in productive whole class

discussion, and the potential for students to create artifacts as a result of the task.

3.5.2.2 Elements of a lesson plan that supports student engagement in discussion scoring
rubric

In an effort to examine the implementation of the Five Practices model and other instructional
planning practices presented over the course of the semester, the coder used the LPDR form
(Appendix D.2) to analyze the available data. The LPDR scored each lesson plan by taking into
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account additional research into PSTs’ anticipation and lesson goals for high-level tasks (Smith
et al., 2013). Using this form, the coder focused her attention on the anticipation, monitoring,
and other planning practices supported by the Five Practices model (Smith & Stein, 2011). The
coder scored the lesson plan and provided evidence for each score. The coder then input the
scores and evidence into a matrix for further analysis. A completed example of the HLTR and

LPDR can be found in Appendix D.3.

3.5.3 Data Analysis

I used various measures and analyses of the data corpus collected in this study. This section
details the analyses used to address each research question. Table 3.4 describes how | used each

particular data source to address each research question and how | analyzed these data.
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Table 3.4: Data analysis structure used to address each research question

Data Sources Analysis
Research U\ggliiscify Lesson Plan 1 & Instructional
Question Interviews Performance Artifact Packets &
Course -
. In the Wild Lessons
Sessions
e Video e Interview e LessonPlan Interviews coded using Grounded Theory Model to analyze PSTs’ use of
e Field Transcripts e Task curriculum materials and resources, use of the 5 Practices, Learning Cycle
Notes e Lesson Artifacts and other strategies from coursework
e Additional Planning Materials Compare the scores on the HLTR and LPDR across LP1 and IPs 1-4
I e Reflection Generate a within case and cross case matrix that details the scores on
e PST Task Analysis Form each rubric over time
e High-Level Task Rubric Generate a within case and cross case matrix that details the change in use
(HLTR) of curriculum materials and other resources over time
e Lesson Plan Supporting
Discussion Rubric (LPDR)
e Interview e Lesson Plan Interviews coded using Grounded Theory Model to analyze PSTs’ use of
Transcripts e Task how planning supports or hinders PSTs’ ability to plan lessons where
e Lesson Artifacts students are engaged in SEPs
e Additional Planning Materials Compare the scores on the HLTR and LPDR across LP1 and IPs 1-4
I e Reflection Generate a within case and cross case matrix that details the scores on
e PST Task Analysis Form each rubric over time
e High-Level Task Rubric Generate a within case and cross case matrix that details the change in use
e Lesson Plan Supporting of curriculum materials and other resources over time
Discussion Rubric
e Video e Interview e High-Level Task Rubric Interviews coded using an the Grounded Theory Model to analyze PSTs’
e Field Transcripts e Lesson Plan Supporting use of curriculum materials and resources, use of the 5 Practices, Learning
Notes Discussion Rubric Cycle and other strategies from coursework

Generate a within case and cross case matrix that details the patterns that
emerge

Within-subjects repeated measures ANOVA to analyze significance of
differences in total rubric scores
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3.5.3.1 Research question |

In order to answer Research Question | — (to what extent do PSTs draw on the Five Practices
Model to support planning of task-based discussion lessons?) — | analyzed the data to answer the
sub-questions related to PSTs use of the Five Practices model, available curricular resources, and
other resources in their planning of the Instructional Performances. | analyzed the initial lesson
plan, Instructional Performances 1-4, and any In the Wild Lesson Plans. | used descriptive
statistics and qualitative analyses to provide a measure of how PSTs drew upon the various
resources on the dimensions of a high-level task and elements of a lesson plan that support
discussion. These results provided a measure of what the PSTs used with respect to particular
curriculum materials and other resources, including instructional frameworks, to plan high-level
tasks where students engage in whole class discussions when they were explicitly told to design
a task-based discussion. 1 identified similarities and differences between first LP and IPs 1-4

using within case and cross case matrices (Miles & Huberman, 1994).

3.5.3.2 Research question 11

In order to answer Research Question Il - (to what extent does PSTs’ use of various resources
and planning strategies support or hinder their ability to create lessons in which students are
engaged in a challenging task where they participate in SEPs and engage in discussion?) — |
compared the scores of the HLTR and the LPDR with the patterns that emerged during the
interviews and coding of the curriculum materials and resources. Based on the materials and
resources and the scores, | identified what, if any, planning strategies supported their planning of
tasks where students participate in discussion or hindered this planning. In doing so, | drew
conclusions related to the ways in which the PSTs planned and utilized the available resources
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and the level of lesson planned. Finally, | used descriptive statistics, e.g., totals, means, and
percentages, for each IP to make comparisons between PSTs to determine the extent to which the

level of cognitive demand of the task and detailed lesson planning changes throughout the year.

3.5.3.3 Research question 111
In order to answer Research Question Il — (to what extent does PSTs’ pedagogical design
capacity (PDC) for task-based science discussion lessons change over the course of their teacher
preparation program? Are patterns and changes related to specific learning opportunities or
elements within the teacher preparation program?) — | used total scores from the HLTR and the
LPDR (33) for LP and IPs 1-4 in order to make comparisons over the course of the program. |
conducted a within-subjects (repeated-measures) analysis of variance (ANOVA) to compare the
total HLTR/LPDR scores for each of the 15 PSTs across the five instructional performance
times. | investigated the dataset for the inferential analysis assumptions of (a) absence of
outliers, (b) normality, and (c) sphericity. Mauchly’s test indicated that the assumption of
sphericity had been violated y*(9) = 17.90, p =.038. Violations of sphericity can result in an
increased Type | error rate. SPSS offers the Greenhouse-Geisser adjustment to the F-statistics in
the ANOVA, which corrects for violations of sphericity by adjusting degrees of freedom
(Pallant, 2007). All inferences made from the ANOVA analysis were performed using the
probabilities obtained using the adjusted Greenhouse-Geisser F-statistic (¢ = 0.55).

I performed a check of boxplots for the total HLTR/LPDR scores at each of the five IP
times of (a) lesson plan (LP) scores, (b) beginning of fall intervention (IP 1) scores, (c) end of
fall intervention (IP 2) scores, (d) beginning of spring intervention (IP 3) scores, and (e) end of

spring intervention (IP 4) scores to visually inspect for outliers, and no outliers were indicated.
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The lesson plans the PSTs created at the beginning of the fall semester, for IP 1 and IP 2
(end of fall), and IP 3 and IP 4 (spring semester) represented three different time points during
their teacher preparation. Comparisons between LP and IP 1 and IP 2 represent the extent to
which the university coursework impacted the PSTs’ planning immediately following lessons
focusing on the dimensions related to the HLTR and LDPR. Additionally, comparisons between
LP1 and IP 3 and IP 4 and IPs1-4 represent the uptake and traction of the strategies presented in
the coursework by the PSTs in their planning practices.

Finally, I identified patterns with respect to which PSTs’ scores on the HLTR and LPDR
and the curriculum materials and resources identified during interviews. By comparing these
data with the video data of the coursework sessions, | created a detailed narrative of PSTs’ that
developed high levels of planning practices with respect to challenging tasks that support
discussion versus PSTs’ that developed medium and lower levels of these planning practices.
Responses to the interview questions asked during both interviews as well as data from coding

the PSTs’ lesson plans served as data for each narrative.

3.5.3.4 In the wild lesson plans

At three time points during the spring semester, | solicited lesson plans from the PSTs. These
solicitations occurred in February, March, and April. | asked PSTs to email me lesson plans of
lessons taught at their internship sites that were not for a course assignment, an “In the Wild”
lesson plan. Only three PSTs responded. Because the response rate was so low, | did not
include these scores in my analyses. 1 did; however, include a line of questioning in the final
interview protocol that addresses challenges the PSTs faced when planning and teaching these

types of lessons with the goal of learning possible reasons why the response rate was so low.
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3.6 SUMMARY

This chapter described the study context, participants, and the methodological approaches used
in this study to address my research questions. This study used a descriptive and quantitative
mixed-methods approach to investigate development of PDC for designing challenging tasks that
support student engagement in whole class discussions. This study allowed me to describe the
evolution of PSTs’ instructional practices over the course of their participation in the teacher
preparation program. | drew upon course assignments, interview transcripts, and classroom
observations collected throughout the teacher preparation year. In coding the data, | developed,
refined, and revise the coding schemes to account for emergent codes. After coding the data, |
quantified some of the codes, as appropriate, in order to make meaningful comparisons between
the data and to describe the PSTs’ lesson planning practices for task-based discussions. In
addition, | summarized the change over time of the PST planning scores for supporting science

discussions. Chapter Four presents the results of these analyses.
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40 RESULTS

This chapter reports the results of the data analyses described in Chapter Three used to answer
the research questions of this study. It is organized into three main sections. In section 4.1, |
provide detailed narratives of the PSTs’ use of the Five Practices Model. Narratives focus on
interview participants’ scores on Instructional Performance 4, which demonstrated PSTS’
learning over the course of the year. Section 4.2 describes how the PSTs use of various
resources support or hinder their ability to create lessons where students engage in discussion.
Section 4.3 describes the development of the PSTs” PDC over time and identifies which teacher
preparation course sessions had the most impact on PSTs’ learning, as identified by the PSTs.
Results show improvement of the PSTs’ lesson-planning practices for discussions over time as

well as the design of high-demand tasks.

4.1 PRE-SERVICE TEACHERS’ USE OF CURRICULAR RESOURCES AND

INSTRUCTIONAL FRAMEWORKS IN PLANNING DISCUSSIONS

4.1.1 Use of the Five Practices Model

Research Question I: To what extent do PSTs draw on the Five Practices Model to support

planning of task-based discussion lessons?
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In the first phase of the analysis for this study, | examined the ways in which PSTs drew on the
Five Practices model to support their planning of task-based discussion lessons. In doing so, |
used the HLTR and the LPDR (Appendix D) to score the PSTs’ lesson plans as described in
Chapter Three. Table 4.1 displays the PSTs’ total scores on the baseline lesson plan,
Instructional Performances 1, 2, and 3, as well as Instructional Performance 4, which occurred
after the completion of the six-month intervention. After the fall semester, | selected the PSTs
for interviews based on their scores on IP 1 and IP 2. Six PSTs scored high with scores of 45-64.
Five PSTs scored in the medium range with total scores of 23-39 and four PSTs scored low with
scores from 10-18.

Overall, the PSTs’ scores improved over time indicating that as the year progressed
students drew on the Five Practices model to a greater degree in their planning. The majority of
the PSTs remained in the same scoring category throughout the year. For example, the six PSTs
scoring high (Kristen Ingall, Kelly Hendrick, Bonnie Kyle, Kady Tanner, Mark Bryant, and
Frank Daniel) scored high consistently. However, eight of the nine PSTs scoring medium and
low improved their scores over time. Nicholas David is the only PST whose low scores did not
seem to improve with time. It is difficult to know from this data why Nicholas David’s scores
did not improve. Additional data are needed in order to examine his performance.

As, described in Chapter Three, my analysis involved examining the characteristics of a
PST demonstrating high, medium, and low PDC for planning task-based science discussion
lessons. Here, | describe the ways in which PSTs used the Five Practices Model in the planning

of their lessons.
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Total HLTR/LPDR Scores Over the Five Instructional Performance Time
Periods Grouped by Teacher

35
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Mark | Frank Kelly | Kristen | Bonnde | Kady | Calvin | MNamcy | Dana Mary Scott | Micholas |Florence| Xavier | Nicole
Bryant | Daniel |Hendrick| Ingall Kyle | Tanner | Cary Hall Macey | Wilson | Xander | David | Edward | Idol Tirnko
W Pre-Lesson | 2 B 4 2 2 1 1 4 1 7 5 4 3 2 2
4! 16 24 EN | 13 32 2 16 17 11 13 13 & g 4 &
u|p2 24 21 31 31 26 29 14 22 1% 10 14 5 10 & 13
Nipg 29 25 3 13 £ 1 20 16 16 X 2 7 17 16 16
B P4 (Post) 33 29 33 33 33 29 1% 37 16 30 26 5 1% 13 1%

Note: Grouped by scores: Mark Bryant — Kady Tanner (High), Calvin Cary — Scott Xander (Medium), Nicholas David — Nicole Timko (Low)

Figure 4.1: Bars represent the total HLTR/LPDR scores for each instructional performance time, according to individual teacher (N = 15)
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Table 4.1: Total scores (out of possible 33) of the PSTs' pre-lesson and instructional performances over the course

of the year

Instructional Performances

Pre- T?t:, IP4 Total
Intern Name Lesson IP1 IP2 (1&2) IP3 (Post) (1-4)
Kristen Ingall 2 33 31 64 33 33 130
Kelly Hendrick 4 31 31 62 33 33 128
Bonnie Kyle 2 32 26 58 33 33 124
Kady Tanner 1 22 29 51 31 29 111
Mark Bryant 2 16 29 45 29 33 107
Frank Daniel 6 24 21 45 25 29 99
Nancy Hall 4 17 22 39 16 27 82
Calvin Cary 1 16 14 30 20 19 69
Dana Nacey 1 11 18 29 16 16 61
Scott Xander 5 13 14 27 22 26 75
Mary Wilson 7 13 10 23 20 30 73
Florence Edward 3 8 10 18 17 18 53
Nicole Timko 2 6 13 19 16 19 54
Nicholas David 4 6 5 11 7 5 23
Xavier Idol 2 4 6 10 16 13 39
Mean 3.07 16.8 186 354 223 242 1173
Maximum Score 7 33 31 64 33 33 130
Minimum Score 1 4 5 9 7 5 23

Note: Total scores listed for IP 1 and IP 2, which | used as a parameter for selecting PSTs for
interviews. Each grouping of PSTs’ scoring in the High, Medium, and Low, respectively
categories are separated by dotted lines. First column numbers correspond to Figure 4.1.
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4.1.1.1 Use of the Five Practices model by PSTs demonstrating high pedagogical design
capacity
One of the goals of this study was to define and operationalize PDC for planning task-based
science discussions. In the first part of my analysis, | identified the PSTs scoring high, medium,
and low after the first semester in order to select interview participants for the year. In doing so,
| identified six PSTs that scored high on Instructional Performances 1 and 2: Kristen Ingall,
Kelly Hendrick, Bonnie Kyle, Kady Tanner, Mark Bryant, and Frank Daniel with scores ranging
from 45-64 (Table 4.1). Of these six, four (Kristen Ingall, Kelly Hendrick, Bonnie Kyle, and
Mark Bryant) also scored highest with a score of 33 on the final IP 4 and all six were among the
highest scoring PSTs throughout the year.

As one might expect, over the course of the year, certain characteristics emerged in these
PSTs’ planning. Specifically, high scoring PSTs created detailed Learning and Performance
Goals. Their tasks as designed were high demand where students create artifacts around which
the discussion is based. In their lesson plans, they anticipated students’ correct and incorrect
thinking. In addition, they created a monitoring tool and planned questions to elicit students’
thinking as well as to make connections between students’ ideas and disciplinary ideas. These
PSTs also clearly planned for selecting and sequencing students’ ideas and/or work. They also
planned for marking and charting students’ ideas during the discussion. By identifying features
of high performing PSTs on Instructional Performance 4, which occurred post-intervention, it
was possible to identify the extent to which these PSTs’ used the Five Practices Model in
planning. What follows is a detailed analysis of the interviewed PSTs and their use of the Five

Practices model in their planning.
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(a) Kristen Ingall

For Instructional Performance 4, Kristen, a chemistry intern in an urban public school, designed
“The Mole Task,” a task adapted from the school’s curriculum where students determine the
number of moles in an unknown substance. During her interview, when asked, “What
curriculum resources did you use when designing this task?” Kristen explained that she
recognized the need to adapt the task provided in the curriculum in order to make it more
appropriate for a Five Practices discussion.

My, um... the curriculum has this mole lab, right? That’s in there that they...

give us. Um with no directions. And it wasn’t formatted really well... um, and it

was just like, “Do the mole lab.” Okay. so | had that mole lab, and from... that —

I mean, | had all these lists of, how many whatevers — how many molecules in a

sugar cube, how many this or this? So | changed some of them to be more

practical, um, ‘cause | wasn’t gonna go find, like, a liver or something.
Her students answered the question, “How many moles of aluminum are in a can of soda?” She
instructed the students to record their protocol to answer the question and their conclusions. This
task was an experimentation task where students developed their own protocol and made

decisions about what data to collect and how to collect that data. Kristen planned specific

learning goals and performance goals for the lesson (Table 4.2).
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Table 4.2: Kristen Ingall's learning goals and performance goals for instructional performance 4

Learning Goals

To convert between two different units of measurement, a conversion
factor is needed. When working with moles, this conversion factor is 1
mole = 6.022 X 10%.

The molar mass of a compound is calculated by totaling the number of
grams of each element contained in one mole of the compound.

Performance Goals

Given a sample of an element or compound, students will be able to
collect the necessary data and calculate the number of moles contained in
that sample with 70% accuracy.

Given the number of moles of an element or compound, students will be
able to calculate the number or atoms contained in that sample with 85%
accuracy.

Using their knowledge of gathering data, students will be able to
determine the ordered steps in a procedure to calculate the number of
moles, atoms, or molecules in a designated sample with 80% accuracy.

Kristen anticipated students’ correct and incorrect thinking in her planning for this task in

detail. First, she anticipated the ways in which students might correctly answer questions she

planned to ask during the task and how she would support students who were struggling.

What do you need to find in order to calculate the number of moles of a
substance? | expect students to tell me that they need to have either the mass of
the substance or the number of atoms in order to calculate the number of moles. |
will push them to think about what is practical in this situation (i.e., can they
count the number of atoms?). They should realize that they need to first find the
mass of their sample before they can do any calculations about how many moles
or atoms they have. If they are having trouble coming up with an answer to my
question, I will encourage them to consult their mole conversion roadmap.

In addition, Kristen provided an example of an ideal poster she expected students to create

(Figure 4.2). Kristen clearly identified the protocol, data, analysis, and conclusions she

expected. From here, she designed a detailed monitoring tool based on organizing trends for

their artifacts with specific questions for each group to push the students’ thinking forward

(Appendix F.1).
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Figure 4.2: Kristen Ingall's anticipation of students' correct artifact for the Mole Task
While Kristen did not explicitly select or sequence in her lesson planning for this lesson,
when asked during the interview, “If you would look through your lesson plan, how did you plan

for sequencing, selecting, and connecting?” Kristen explained her rationale for not providing as

much detail for selecting and sequencing.

Um, yeah so | arranged these, um, kind of in order of strength. 1 didn’t have a
lot of groups. | had, um... had a lot of students absent, which is why | only
ended up with, what? ten students? And so | — | used all of my groups. So
selecting, | guess, not so much; but sequencing for sure. Um, and | started with
groups that had done something right, like to start off with, they had done a
couple things right and kind of progressively got to students who did more
things right.

In terms of planning for the discussion itself, Kristen planned for a variety of questions
throughout her lesson plan for “The Mole Task” and the subsequent discussion. She planned

questions to elicit students’ thinking and push students’ thinking forward in the monitoring tool
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in Appendix F.1. In planning for the discussion, she provided an outline detailing what she
would say and the particular order in which she would progress in the discussion, she wrote,
“Using the monitoring tool, keep track of the groups in the order that they will participate in the
discussion.” While her storyline for the discussion in this lesson plan was not as detailed as
previous Instructional Performances, she indicated questions she planned to ask students during
the discussion.

Also, there will be several questions that | will want to ask groups to start them
thinking about and/or discussing the phenomenon they are seeing.

e What does the atomic mass on the periodic table represent? | expect students
to tell me that the atomic mass indicates the mass of one atom of the element
(in amu) and/or one mole of the element (in grams). It is important for
students to understand the difference between these two quantities as students
are often confused by the difference between atoms and moles.

e What do you need to find in order to calculate the number of moles of a
substance? | expect students to tell me that they need to have either the mass
of the substance or the number of atoms in order to calculate the number of
moles. | will push them to think about what is practical in this situation (i.e.
can they count the number of atoms?). They should realize that they need to
first find the mass of their sample before they can do any calculations about
how many moles or atoms they have. If they are having trouble coming up
with an answer to my question, | will encourage them to consult their mole
conversion roadmap.

e How did you decide what conversion factor you needed to use when
converting into atoms? | expect students to tell me that they knew that one
mole equals 6.022 x 10%® atoms (this is the conversion factor) from class over
the past couple of days. They should then tell me that they multiplied the
number of moles of their substance by 6.022 x 10% to calculate the number of
atoms. They should also show all of their work and use the “train-track”
method. Another good check for understanding here is to make sure they
multiplied by 6.022 x 10% instead of dividing. Students tend to initially be
very confused when working with these types of calculations.

One sees from this excerpt that Kristen had a definite plan for the discussion and what ideas she
hoped to emerge, and clearly indicated with which group she wanted to begin following the order
in her monitoring tool. In addition, she clearly indicated her plans to chart and mark student

thinking by stating that she would *“chart important ideas on the blackboard with sections for
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each of the sections that should be expected on each group’s poster.” Using her anticipation
poster (Figure 4.2) as a guide, she generated her marking tool capturing students’ ideas during

the discussion.

The detail with which Kristen planned for Instructional Performance 4 and throughout the
year, as evident in her high scores (see Figure 4.1 and Table 4.1) demonstrated her high
pedagogical design capacity for planning task-based science discussions. When asked, “You
have a lot of detail in terms of planning for the Five Practices. I’m wondering what prompted
you to write your lesson plans in this way and to plan this way for the discussion.” Kristen

responded.

The day we did it in class, because my group had super planned, do you know
what | mean? We wrote like, I didn’t. This was not my idea. But one of my group
mates was like, “We should write out a whole script.” | was like, “Wow, that
sounds like a lot of work, okay.” But having written all that script it kind of
showed like the flow. I really wanted that flow to be in this discussion. I knew
that it was a Wednesday and they are always tough at my school because of
advisory days.

So, from the beginning, this, like, I — I guess I got lucky with that very first one.
Like, 1 had really intense planning, ‘cause | knew my mentor wasn’t gonna be
there, it was gonna be really stressful, and 1, like, planned the whole thing — and it
worked. So then every time | have to do one of these lessons 1 just kind of... plan
the same way, because it worked. It was one of those “if it ain’t broke, don’t fix
it”, you know? It — it relieves a lot of stress. Um, ‘cause | think otherwise this
student-led discussion this could be a little stressful. But when — when I need the
students to do a lot of talking or the students to do a lot of thinking or the students
to do a lot of something, I tend to write more. Um, ‘cause then I’m like, “Okay
well if they say this, I’m gonna say this. And they might say this, they might do
this, they might —” so the more that | kind of let control go, | write more about it.

Kristen explained a key characteristic of a PST’s planning for a Five Practices discussion.
Preparation and detailed planning most likely led to a successful class discussion lesson. At the
very least, Kristen felt prepared and believed the lesson was more successful because of her

planning. As a result, she continued to plan with similar detail throughout the year. This idea of
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the importance of success continued to emerge throughout the interviews for PSTs regardless of

Scores.

(b) Kelly Hendrick

Kelly Hendrick was another PST who planned in great detail consistently throughout the year
and demonstrated high PDC. Kelly interned teaching biology in a suburban high school using
block scheduling. She was the only PST in the cohort teaching on a semester schedule where she
had the opportunity to teach the same class twice (fall and spring). In doing so, Kelly had the
opportunity to teach her first Instructional Performance again for Instructional Performance 4.
Kelly scored a 31 out of 33 on IP 1 and a 33 out of 33 on IP 4, improving her score and planning
slightly between the two lessons, while consistently demonstrating high PDC throughout the
year.

In Kelly’s task, “The Mitosis Task,” students created a graphical representation of data in
order to answer the question, “Where do cells spend most of their time?” In order to answer this
question, students studied and analyzed images of microscope slides to generate their
representations and conclusions. Similar to Kristen, Kelly also planned specific learning goals
and performance goals (Table 4.3). This particular task Kelly created herself. When asked,
“Where did you get the idea for this task?” Kelly responded that it was something she designed
herself after consulting with her mentor and supervisor.

The idea for the task really kind of just came out of nowhere. | just had this kind

of crazy idea. | went to my mentor, | went to my supervisor, and | went to several

other people saying, is this totally nuts. How do I do this so that it makes sense for

the students and isn’t too overwhelming.

Kelly also anticipated students’ correct and incorrect thinking including the ways in

which she planned to support students’ thinking under each circumstance.
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o | anticipate that several groups will make a bar graph with each phase
given being a different bar.

This approach does work and shows the data, but it perhaps might
not be the best to answer the question.

Ask the students why they think this design best shows the answer
to the question?

What information does a bar graph provide that helps to answer the
question?

o | also anticipate groups will try making a scatterplot with the data.

This method is really hard to get across the idea of where cells are
spending their time.
If students begin with dots (not connected), will ask students about
the dots because when we connect the dots into a line a graph it
shows that there is some sort of relationship happening between
the points.
e First ask what does connecting the dots into a line mean
and then ask if they plan on connecting the dots.
e What does connecting the dots help other students in the
classroom see?
If they already have connected lines ask them why they connected
the data — is one point related to another?
It is also possible that a group may create a line of best fit for the
data, question them about how that line helps to answer the
question.
e What type of information does a line of best fit provide for
the audience?

o | hope that a group creates a pie chart and manipulates the data to create a
percent of time that cells are in each phase.

This may not occur (although | put calculators on the stations to
get them thinking about manipulating data).
If it doesn’t occur, | will guide a group to this decision (or will
stack the deck with slides that | made previously).
e Besides just using the numbers that you were given, is there
a way to alter the numbers to create a representation that
truly show the percent of time a cell spends in each phase?
e Use the word percent only with this group to get them
thinking about math.
If a group already makes a pie chart question them about how they
came up with the idea to make this chart.
e Ask them how they are calculating the sections of the pie to
make sure they would be able to explain it to the class if
called upon.
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As one can see, Kelly was very thorough in her anticipating. She discussed the type of
representations students might make as well as how she planned to support students if

misconceptions and/or questions arose.
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Table 4.3: Kelly Hendrick's learning goals and performance goals for instructional performance 4

Learning Goals

When representing data, there are multiple ways to graph the
collected data, including scatterplot, bar graph, line graph and pie
chart to answer the proposed question.

A percentage refers to parts per hundred and can be used to express
the part of a whole

The cell cycle includes interphase where DNA is replicated (S
phase), mitosis and cytokinesis. Mitosis consists of the stages,
prophase, metaphase, anaphase and telophase.

a. Important characteristics of prophase are nuclear
membrane breakdown, appearance of chromosomes
and centrioles migrate.

b. Important characteristic of metaphase is that
chromosomes align on the equatorial plane.

c. Important characteristic of anaphase is that
chromatids move to opposite ends of the cell.

d. Important characteristic of telophase is that the
chromosomes stop moving and the nuclear
membrane reforms.

In cells that divide often, like root tip cells and skin cells, the cells
spend the majority of time in the phases of mitosis.

In cells that divide less frequently, like older cells and brain cells in
adults, cells spend the majority of their time in interphase.

Performance Goals

Given a data set, students will be able to create a graphical
representation of that data.

When presented with the class options of representations, the
students will be able to correctly decide the best model to represent
the question, “Where do cells spend most of their time?”

Given a paper version of a slide containing cells in various phases,
students will be able to correctly identify which stage the cell is in
90% of the time.

With a group consensus on the best representation type, students
will be able to create a graphic representation of the data they
collected.

After group presentations, students will be able to identify the two
main patterns of where cells spend most of their time.

Given instruction by a peer, students will be able to correctly
calculate five different percentages to use in their final
representation.
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Because IP 4 was the second time Kelly taught this lesson, she had the opportunity to
revise her planning and instructional materials. She described this in her lesson plan regarding
her monitoring tool (Figure 4.3).

e | am trying a new type of monitoring tool.
e Each large box represents the lab stations that students will be at — the large
boxes are divided into two sections representing each one of the two activities.
o | will look for what type of graph they made and if they did any type
of math processes to alter their numbers.
= |f possible, jot down some important graph features for some
graphs to mention to the class.

e Graph features would include things like a title, key,
labeled axis, color-coding, etc.

e |f students don’t include any of these things, prompt
them to think about if they were reading this in their
book, does it contain all of the information they would
need to be able to understand what it was showing.

Kelly was unsatisfied with her initial monitoring tool (IP 1) and created a different tool that was
more functional and useful for her, but still addressed the features and learning goals of the
lesson. She explained during her second interview, “It was generally the same except | changed
my monitor — monitoring tool, which was, like, this one was far beyond much better than the

other one.”
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Figure 4.3: Kelly Hendrick's monitoring tool for Instructional Performance 4

Another feature of Kelly’s planning that demonstrated high PDC was her planning for
selecting and sequencing. She detailed her plans explicitly in her writing describing the order of
the anticipated representations.

e Sequencing — when possible group students with like representations together.
I will use the slide about important representation elements to mark important
things that students say.

o0 Even when there are like representations, use monitoring tool to note if
certain groups used titles or axes or keys etc. and can point those out
as important aspects.

0 Do NOT go in order with the pie chart being last.

= Perhaps, bar graph > pie chart - line graph - any other
types of representations!

= Unlike the last time, | don’t want it to be obvious that the pie
chart is the best because it’s last, so | will go in a different
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order to really elicit students’ ideas about the best
representation.

It is clear that Kelly’s anticipating aided her in selecting and sequencing the representations that
emerged during the discussion. When asked, “Why did you plan selecting and sequencing in this
way?” Kelly had a clear understanding of what planning in this detail did for her as a teacher:

Because it is an important part of getting the conversation to go where you
want to go, without realizing it is where you’ve been wanting to go. That’s
how I kind of use sequencing. So in order for the kids to think that they
are in control, | have to have some idea of where | am going to go with it.

This feature of detailed anticipating and detailed sequencing as well as the demonstrated
understanding of the usefulness of such detailed preparation was a characteristic that emerged in
all the PSTs demonstrating high PDC (see Table 4.11).

In addition, when planning for the discussion, Kelly planned questions to elicit students’
thinking, support students in making connections between each other’s ideas, as well as
questions to support students in making a connection between their ideas and the disciplinary
ideas. For example,

0 Questions to ask each group:
= Please explain how you decided to use this method and any key
features of your graph that you would like to point out.
o Transition between groups with same type of graph.
= Did you have any additional reasons why you used this type of
graph? Is there anything that is different about your graph (this
would be a point to note special graph things like title, etc.)?
o0 Transition between groups with different graphs.
= How does your graph compare to the one that was just presented.
e Could you explain why you chose to make this type of
graph?
=  Which type of representation that you saw do you think best
represents the answer to the question we are asking?
e |f they seem to be having trouble — attempt to go the
opposite direction and eliminate answers that they don’t
think represent it well and see what we are left with.
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Finally, Kelly clearly indicated when and how she would mark and chart students’ ideas.
She included a PowerPoint slide indicating how she would record the information with notes
regarding how she would complete the chart (Figure 4.4).

0 Go back to the class after each main type has presented to see what the
class thinks about the representations.

= This will be the point to record important graph information — let
students know that 1 am going to take notes on the board and that |
will give them time at the end to jot down the important
information.

= Cells in Bones and Connective Tissue of adults.

= Muscle Cells and Nervous System Cells (after birth).

= Cells lining the digestive system.

= Root Tip Cells and Living Layer of Skin Cells.

Patterns

Most of the time in Rapidly Dividing
Interphase

Figure 4.4: Kelly Hendrick's chart created to record students' ideas during discussion

(c) Bonnie Kyle
Bonnie Kyle was a biology intern teaching biology and chemistry in an urban charter school.
She consistently demonstrated high PDC for planning task-based discussion lessons throughout

the school year. Because she scored some of the highest scores on Instructional Performances 1

121



and 2, | chose to interview her. Like Kristen and Kelly, she also scored a 33 out of 33 on
Instructional Performance 4. Bonnie’s planning was consistent with that of other PSTs
demonstrating high PDC. | detail her planning for IP 4 below.

This particular task was a chemistry task Bonnie taught in one of her classes. Bonnie
acknowledged that this lesson differs from her other biology Instructional Performances and one
that she created. She explained, “Um that was one that | created on my own. It was actually
from my chemistry class. So it was a different class from all my other Five Practices.” For this,
“Characteristics of Reactions” task, students identified patterns of particular chemical reactions
based on experimental data they acquired the previous day. In her plan, the learning goals and

performance goals were specific for this particular task (Table 4.4).

Table 4.4: Bonnie Kyle's learning goals and performance goals for instructional performance 4

Types of reactions share common characteristics, qualities, and patterns.

Learning Goals Many chemical reactions can be classified as one of five different types
of reactions - single displacement, double displacement, synthesis,
decomposition, and combustion.

Given types of reactions with example equations, SWBAT develop a list
of characteristics (at least 2 per reaction type) that correctly distinguish
between types of reactions.

Performance Goals Given descriptive data with chemical equations, a list of the types of

chemical reactions, and self-identified patterns within reaction sets,
SWBAT match the equations with the correct type of reaction with 80%
accuracy.

In terms of anticipating, Bonnie clearly specified her anticipations in her lesson planning.
Some of Bonnie’s anticipations were not as detailed as Kristen’s or Kelly’s. In fact, some are
very general, only indicating what students might find easy or with what they might struggle.
Bonnie’s anticipations were; however, more detailed than the other PSTs who scored medium or

low. Bonnie’s anticipation was as follows:
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| anticipate that the identification of patterns will initially be difficult for

students; however, once they have identified 1-2 patterns, | think it will be

easier. If after about 1 minute of work time it looks like groups are
struggling, I will pull the class back together and model and example pattern.

E.g. I notice water is always a product in reaction set 5.

e Students may also struggle with polyatomic ion examples. | will remind
students that just like we did when we first looked at ions, it is helpful to treat
the polyatomic ion as a single unit that stays together.

e | expect students will find it easiest to identify patterns in synthesis and
decomposition reactions.

e | also anticipate that students with single and double replacement will
struggle identifying patterns. | will prompt them to use arrow to show how
elements are moving around. And to think about what types of elements are
usually involved (i.e. metals).

e The combustion reaction many be difficult to describe patterns, but 1 will

encourage students to look back at their observations from yesterday’s lab to

see that in this type of reaction, something was burned.

Furthermore, Bonnie’s planning for monitoring was as detailed as Kelly’s and Kristen’s.
She designed a monitoring tool (Appendix F.2) and specific questions to ask students to elicit
their thinking during their group work. In addition, she indicated that she planned “question
cards,” or hint cards, to support students as they worked in groups; a notable instructional
design strategy that helps the PST scaffold students’ work.

During monitoring, | can ask the following questions to probe for patterns and

student thinking. I have created question cards for the questions that I think I will

use most frequently.

- How are the bonds changing?

- Where are bonds broken? Where are they formed?

- How is the number of compounds or elements changing from one side of the
equation to the other (increasing, decreasing, the same)?

- What did you notice about the types of elements that are involved in this
reaction set?

- Look at your observations from yesterday to see if they can help you name the
reaction.

- Try drawing arrows to show how the reactants move around.

- What other patterns do you notice?

Bonnie also clearly demarcated in her planning where she selected, sequenced, and

connected, which indicated an awareness of the importance of including these in her planning.
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Although her selecting and sequencing was not as detailed as Kelly’s or Kristen’s, she displayed
selecting and sequencing at a higher level than other students scoring lower. She clearly had a
plan for the order in which intended to discuss students’ work.

Selecting/Sequencing/Connecting

We will discuss the reaction types in sequential order based on the way the sets
were numbered. | deliberately labeled them in this order. | anticipate that
synthesis and decomposition will be the easiest for students to understand because
the two names are words that they have heard or used in context before.
Additionally, these were some of the easier patterns to identify.

I will start by asking one group who had reaction set one to share their patterns.

After the first few patterns | will pause to ask if the rest of the class agrees with

the patterns, or if they need clarification. | hope that as the discussion progresses,

students will maintain this questioning without my direct prompt. After the first

group finishes sharing their patterns, I will ask if there are other patterns another
group wants to add.

Although, Bonnie’s planning for her discussion was not as detailed as Kristen’s or
Kelly’s, her planning did include a general outline that began in the excerpt above and
continued with questions she wanted to ask her students during the discussion.

Questions I can ask students to elicit their thinking include:

- What does that word mean in other contexts?

- How does your evidence support that choice?

- What is a way we could represent this reaction pattern using general letters

instead of specific elements?
This limited planning for connecting detail speaks to several questions asked during
interviewing discussed later, namely, a PST’s developing PDC as well as time constraints. For
instance, when asked, “How has your planning changed over the course of the year?” Bonnie’s
response indicated an awareness of value of writing lesson plans and creating plans that are
useful and unique to her own needs, but not necessarily with great detail.

More like, 1 know | need to talk about these three bullet points. The exact

phrasing, or whatever that | use, is less important than that they get these ideas.
I’ve also started to focus a lot more on looking for, like, the ideas or the
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underlying misconceptions, or underlying thought processes behind student
thinking, instead of looking for specific responses.

Finally, similar to Kristen and Kelly, Bonnie had a clear plan for marking and charting

students’ ideas and important disciplinary ideas during the discussion. In her planning, she

included a table with these important ideas (Figure 4.5).
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Figure 4.5: Bonnie Kyle's chart created to record students' ideas during the discussion

Kristen Ingall, Kelly Hendrick, and Bonnie Kyle demonstrated detailed and thorough

planning for task-based science discussion as part of their coursework. The detail with which

they anticipated, monitored, selected, sequenced, connected, and designed tasks was exemplary.

Moreover, they consistently planned in this way across all four Instructional Performances,

unique among the cohort. What follows is a summary of PSTs’ planning when scoring medium

and low on Instructional Performance 4.
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4.1.1.2 Use of the Five Practices model by PSTs with medium pedagogical design capacity

PSTs demonstrating what | defined as a medium PDC, total scores between 23 and 39 after IP 1
and IP 2, were capable of planning challenging tasks where students engage in a whole class
discussion. However, their planning was not as detailed as PSTs scoring high, which made
analyzing their planning difficult. Although many of the PSTs interviewed indicated that they
thought about certain aspects of planning a Five Practices discussion, they did not include their
thoughts in the written documents. Nancy Hall, Calvin Cary, Dana Nacey, Scott Xander, and
Mary Wilson scored between 16 and 30 on Instructional Performance 4. This group had the
most variability between Instructional Performance 1 and 4 scores (Table 4.1). However, there
were unique features in their planning by the end of the year. Specifically, their tasks as
designed were generally challenging with IP 4 tasks scoring a 10 on the HLTR. Their
anticipating was less detailed than their higher scoring cohort members and typically only
addressed correct thinking. They created a monitoring tool, but it was often only functional for
the PST and not designed with specific anticipations in mind. Generally, medium-scoring PSTs
planned minimally for selecting and sequencing. Finally, there were no plans for marking and/or
charting students’ ideas during the discussion. | selected Nancy Hall, Calvin Cary, and Scott
Xander for interviews based on the criteria described in Chapter Three. What follows is a

summary of their planning related to these common features.

(a) Nancy Hall
Nancy was a biology intern teaching in an urban middle school. Her lesson planning was more
detailed than other PSTs in the medium PDC group. For IP 4, she designed the “Genetics Task”

herself. She asked students to develop an explanation that describes how traits are inherited.
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This task scored a 10 out of 10 on the HLTR, which included specific learning and performance

goals (Table 4.5).

Table 4.5: Nancy Hall's learning and performance goals for instructional performance 4

The phenotype of an organism (what its outward traits are) is linked to
its genotype (the contents of its genome).

Learning Goals Mendelian patterns of inheritance can be explained by the manner in
which dominant and recessive versions of traits (alleles) are inherited
from parents via chromosomes.

Students will work cooperatively in small groups to create a
presentation that attempts to explain the connection between
phenotype and genotype that incorporates Mendel's ratios, Punnett
squares, and chromosomal inheritance from both parents.

Performance Goals

Nancy’s anticipations were very general. They focused on where she felt students might
struggle. She did not include possible explanations students might create, or incorrect and
correct thinking.

I think that students may be somewhat intimidated by this task, which is why I

gave them the start of a model of what | am asking for on the back of the sheet. 1|

am not sure if students will have questions at this point. 1 think that they may find

this task difficult so | anticipate a bit of push back. 1 am hoping that my

monitoring and questioning will boost students' confidence and push them in

productive directions while working. 1 also want to push them to use the
materials that they have gathered over the course of the week, because these will

help them complete the task.

Nancy’s planning for monitoring was characteristic of PSTs demonstrating medium
PDC. She included a detailed monitoring tool (Appendix F.3). However, a tool was the extent
of monitoring in her planning. She did not include questions to elicit students’ thinking as they
worked on the task. Including a detailed monitoring tool focused on features demonstrated

high PDC for planning task-based discussions, but her lack of planned questions and/or ways

to support students’ thinking was minimal. Although Nancy created a tool more detailed than
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other PSTs scoring similar or lower, she expressed difficulty utilizing the monitoring tool and
having enough time to think about creating a functional tool for herself.

And then in my monitoring tool, | sort of say which group got which reading with

Xs. It's so confusing though when I'm holding it. I'm trying to both listen to what

students are saying, which may or may not make sense to me. Like I think that —

like that's like a huge, huge part of monitoring is I find it really distracting to be

simultaneously trying to listen to what students say and trying to figure out where

I'm going to cross things off on my monitoring tool. | haven't really like felt like I

had a lot of time to put in the thought to really think like what is going to be a

monitoring tool that's really going to work.

Nancy’s comments were indicative of PSTs in this medium category. They often described
difficulty in finding a monitoring tool that they could use efficiently and effectively. Nancy
was very explicit in her selecting and sequencing, which was also unlike other PSTs scoring
similarly (Appendix G). Furthermore, she detailed the order in which she planned to have the
groups present and described the rationalization for her choices. Even though she planned in a
little more detail in her selecting and sequencing, | chose to interview Nancy because she was
the single PST teaching in an urban middle school setting.

Finally, Nancy did not indicate clear plans for marking or charting of students’ ideas.
Because her planning was very detailed compared with other PSTs scoring in this category, it is
clear that she has the potential to develop high PDC for planning task-based discussion
questions, but faced challenges. During her interview, she described that her planning was not as
detailed as in previous lessons because of time constraints.

I like hate to say this, but I feel like in some ways my planning has like backslid a

little bit. 1 mean I —in that just like I mean things are crazy a bit or whatever with

everyone graduating a little bit. If you're going to learn this through an inquiry
method, you are probably going to need more time than what | allotted.
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(b) Calvin Cary
Calvin was a physics intern in a suburban high school. Calvin’s planning was also indicative
others scoring in this medium range. For the “Kepler’s Law Task,” students answered the
question, “What is the relationship between the orbital radius (semi-major axis) and the period of
an orbiting body?” Using various data and computer programs, Calvin designed this task where
students generated representations explaining this relationship. Calvin’s learning goals and

performance goals were specific and detailed (Table 4.6).

Table 4.6: Calvin Cary's learning and performance goals for instructional performance 4

Mathematical models can often be developed by looking at trends in
data and fitting a general equation to the values.

Learning Goals The square of the period of an orbiting body is proportional to the
cube of the semi-major axis of the orbit divided by the mass of the
system.

SWBAT analyze data to determine trends and develop mathematical
models to describe them.

SWBAT determine if a mathematical model holds up against other

Performance Goals L )
empirical evidence.

SWBAT use Kepler’s third law to solve for missing orbital parameters
in a system.

Calvin’s anticipations were very general. He named some representations students might
create and how students might approach the task, but he did not provide clear detail regarding
what students’ correct thinking would be. Calvin’s anticipations differ from a PST
demonstrating high PDC because he did not include specific challenges or misconceptions his
students might have.

Once this thinking time is completed, | expect many groups to attempt to plot the
data points in a scatter plot. They can do this on the computers using the
LoggerPro software that we have available. Some students may ask for Excel,
which we may have but if we don’t, I’ll ask them what they want to use it for and
then point them to Logger Pro.

Another potential strategy students may use is to just look for general trends to
begin with. The only one they should see is that with an increase in orbital radius
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the period goes up as well. All other general trends move both up and down

which does not make much sense when thinking about how this would work. In

the end, students should find that the Period squared is proportional to the radius

cubed. Students may come to this by finding that the period is proportional to the

radius to the 1.5 power [sic].

Additionally, Calvin’s planning for monitoring was minimal. He included a statement
that indicated his plans to monitor, indicating his awareness of the practice, but failed to include
a monitoring tool or questions he planned to ask to elicit student thinking, “During the lesson, I
will be monitoring students and noting the methods they take to create their claims.” During his
interview, when asked about a monitoring tool and planning for monitoring, Calvin described
using a seating chart because it was the best functionally for him. However, he did not include
this seating chart or any other monitoring tool in his artifact packet nor did he articulate why the
tool was not included when questioned. He only said, “Um, the monitoring tools, and things to
add, stuff like that. And I really liked having kind of like a spread out — seating chart.”

Calvin’s planning for the discussion and connecting was minimal in this lesson plan.
Beyond listing topics he hoped to discuss, he failed to include specific questions he might ask
students to support them in making connections between each other’s ideas or connections to the
disciplinary ideas, or how he planned to mark and/or chart the emerging ideas of the discussion.

Once students get to the spot where they have developed the relationship, and put

their representations on the boards, we will have a small discussion about what

they have done. | expect some groups will put up their graphs of the data as well

as the equations they came up with. It is possible that some groups may have

used a sixth order polynomial to fit their data which while it would fit the solar

system, it will receive critical feedback from the class. I’ll want the students to

talk about their methods and how they went about solving for their relationship.

As a class, we should arrive at the proper relationship, which will allow us to

move on within the lesson. | will tell the class that this is where | got to at Penn

State but I couldn’t get beyond this. [10-20 mins] (this is where the class break

happens).

Topics | expect to see in the discussion are how students went about creating a
graph, how they selected which parameter(s) to look at, how they established
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trends, error analysis (maybe), and correcting potential differences between the

groups.
During the interview, | asked Calvin about his planning for the discussion. He explained that he
“thought about right or wrong” and various scenarios that might happen, but he was not explicit
about those thought processes in his planning, which was common for many PSTSs.

So, yeah. | thought about a whole bunch of stuff in there. That was different

‘cause I, I think normally I do like maybe one — like did they get it right — or did

they get it wrong, or where can you go from there. But, this one I thought about

right or wrong, and like a bunch of different scenarios that could happen —

depending on how they thought — right or wrong.

Oh, there was, um — in this one I have, | have this like five-way road map going

on. Um, so depending on — so once they get to — they have a trend they’re notice

[Clear throat] and they fit some — so, originally like they should have fit some
data trend, data line —

(c) Scott Xander
The final PST interviewed demonstrating medium PDC was a physics intern teaching in an urban
high school. His “Two Dimensional Collisions Task” asked students to answer the question,
“How conservation of momentum applies to two dimensional collisions?” Using a computer
simulation, students generated an answer to this question. Scott explained that this is a task that
he co-designed with his mentor and was not a part of the school’s curriculum.
So the task that | had them do for that was a — was a two-dimensional collision
simulation. Um, it was a PhET simulation and, um, my mentor was more
involved with that one — at least — at least with setting up the ov-, helping me set
up the overall structure and, um, seeing some of the things that we wanted to
emerge from that.
The learning goals and performance goals for this lesson are in Table 4.7. While the first

learning goal did not seem to include the necessary detail for this task, the final two were

more specific and detailed.
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Table 4.7: Scott Xander’s learning goals and performance goals for instructional performance 4

Momentum is a vector.

Momentum is conserved even when colliding object move at an angle
Learning Goals to one another.

To analyze momentum for angular directions we use vector techniques
discussed in prior units.

Students will be able to use ideas of conservation of momentum to

Performance Goals . . L .
solve problems involving collisions, explosion, etc.

Scott did not anticipate in his lesson planning and further described some issues that
occurred during the lesson because of his lack of anticipation. He explained in the excerpt
below that he did not anticipate the unnecessary challenges that students might face with the
computer simulation, and therefore did not make appropriate accommodations in his planning.
While this recognition upon reflection of when to minimize challenges like these is a key feature
of a PST demonstrating high PDC, Scott’s failure to do so initially in his planning produced a
lesson that did not go as smoothly as he planned.

Well, just — so number one, the worksheet that | had them going through —um, I

don’t know. They were — they were bored by it [laughs] and it was — and, um, a

lot — a lot of the things ended up - there were some technology problems. They

weren’t — they weren’t huge. Yeah, so scaffolding is the big thing there. And they

were so distracted by the unnecessary challenges. So | know now at least if I

were to use that simulation again, to give them.

Although Scott did not explicitly monitoring or select and sequence in his lesson, it was
clear that he and his mentor put thought into how students’ ideas should emerge. When asked
about selecting and sequencing in this lesson, Scott replies:

Um, yeah, where is — I might not — | might not — | submitted my — no, | had to

have submitted my other lesson plan. Um. Hm. Yeah, there’s — well, yeah,

either way. Um, yeah, there was a lot of sequencing. Me and my mentor teacher

laid them out on the floor and talked about which ones we wanted to go through
first.
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From Scott’s response, it was evident that he thought about or even planned using parts of the
Five Practices, but did not include it in his artifact packet.

Finally, for the discussion, Scott planned a detailed outline of the questions he planned
to elicit students’ thinking and to support them in making connections. The excerpt below is
from Scott’s discussion outline. He clearly planned to support students in making comparisons
between each other’s solutions as well as the law of conservation of momentum.

e | want us to look critically at classmates’ solutions. You should always be
thinking....does this physical situation make sense? [in terms of both
numbers and pictures]

e | want you to see if you can think of ways to not only solve this problem,
but also if you can abstract from what we see in this problem to find
general solution paths for all two dimensional problems.

e What direction do you think the cars should move in after the collision?

0 Northeast.
0 Itis good to get an intuitive understanding of what the after
situation will probably look like.
o0 Why do you guys think that the car will move to the northeast?
= Should arrive at the one car has northward momentum. The
other has eastward momentum. When they combine, their
momentum combines.
o0 Show other situations: southward and eastward moving cars. Predict
outcomes.
e We know they have some momentum in the northeast direction?
0 How northeast is it?

When asked about planning for connecting, Scott explained that because he had extra time to
plan in detail, he could clearly think about the types of questions he could ask as well as how he

wanted those ideas to emerge.

I just knew the types of things that | wanted to see come out and I just — it — it was
— it was especially easy because | had — it — the task was on Friday and then the
discussion was on Monday. So | had a full — not only just a night, but a — even a
weekend to prepare for it.
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Scott’s comment demonstrated his learning over the course of the semester. Part of the success
of Five Practices discussions in science involves planning the lesson over a multiple days. Doing
so gives the PST time to think about the discussion with the student artifacts.

Evident in the medium scoring PSTs was a large amount of variability in planning.
However, within this variability, their lesson plans all lacked sufficient detail for a reader to
recognize their use of the Five Practices model. This theme also continued in the PSTs’ planning
who demonstrated low PDC. What follows are summaries of the three PSTs selected for

interviews that scored low on Instructional Performance 4.

4.1.1.3 Use of the Five Practices model by PSTs demonstrating low pedagogical design
capacity

PSTs scoring low on Instructional Performance 4 had scores ranging from 5-19. As one might
expect, PSTs with these scores not only lacked detail in their plans, but also designed tasks that
were not high demand tasks. What follows are summaries of Florence Edward, Xavier Idol, and

Nicole Timko whom | selected as interviewees.

(a) Florence Edward
Florence was a biology intern in a suburban high school scoring 18 out of 33. In her task for
Instructional Performance 4, “The Pedigree Task,” students generated the rules for pedigrees
after examining various pedigree diagrams. Florence modified this task from curriculum used by
her mentor. When asked about her design of this task, she responded, “So | modified one of the
lessons because it wanted the students to identify the patterns based on the roles that they gave

them.” For this task, Florence had several learning goals and performance goals (Table 4.8).
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The number of goals indicated that this particular lesson last for several days, which is indicated

in her plan.
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Table 4.8: Florence Edward's learning goals and performance goals for instructional performance 4

Learning Goals

Pedigrees are diagrams that show parents and offspring in several
generations that can be used to show in which individuals certain
traits are present.

The inheritance pattern of traits can be determined by examining a
pedigree.

Autosomal Dominant traits can equally affect males and females, do
not skip generations, trait is present whenever the corresponding
gene is present, male-to-male transmission is possible.

Autosomal Recessive traits can equally affect males and females,
often skip generations, only homozygous individuals have the trait,
traits may appear in offspring that are not seen in parents, if the
parent is affected offspring that are not affected are carriers.
X-Linked Dominant traits affect all daughters of an affected male,
no male-to-male transmission; a female may or may not pass on the
gene to son or daughter.

X-Linked Recessive traits affect males more commonly than
females, all daughters of a male who is affected are heterozygous
carriers, sons of female carriers can receive the trait 50% of the time,
no male-to-male transmission, and daughters of female carriers have
a 50% chance of being carriers.

Human traits and disorders can be traced using pedigrees to
determine the inheritance and genotypes of individuals.
Mitochondria have their own DNA.

Mitochondrial disorders are always passed from mothers to all
offspring because only the female gamete provides the zygote with
organelles such as the mitochondria.

Performance Goals

Students will be able to label and read a pedigree, distinguishing
between male and female, affected and unaffected, offspring and
mating, and generations with complete accuracy given their reading
from the previous night, brief introduction in class, and pedigree
key.

SWBAT work in small groups (2 or 3) to develop rules for the
inheritance of traits within a certain inheritance pattern by examining
two pedigrees showing that inheritance pattern with complete
accuracy given two examples with inheritance pattern identified, and
eliciting questions from teacher.

SWBAT to find examples of their inheritance pattern given their text
or internet research after achieving accuracy on their rules in order to
better understand the relevance of tracing inheritance patterns in
humans.

SWBAT share their rules for inheritance of their pattern and discuss
the overlap and differences between their inheritance pattern and
others.

SWBAT interpret a new pedigree and correctly identify its
inheritance pattern by using the rules set out by themselves and other
groups.
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Florence’s anticipating was specifically related to her acknowledgement of student
frustration with the task. She did not anticipate student thinking, how students might approach
the tasks, or the pedigree rules students could generate.
Students will be up to the task of analyzing pedigrees; however developing their
own rules will be difficult and potentially frustrating. It is important that students
are aware of certain features of (autosomal/sex-linked, recessive/dominant) from
their punnett square work and recall this for this activity. Encourage students to
give a “name” to the disorder if they are struggling thinking abstractly.
Florence acknowledged in her interview that university instructors gave her feedback related to
including more detailed anticipating in her planning. However, it appeared that Florence was
content with this amount of detail in her anticipating, which eludes to her pedagogical design
capacity for planning task-based discussions.

I was frequently told to include more anticipating what | thought students might

do, how I thought the students might approach the task, and how being pushed to

include how I wanted the discussion to go.

In addition, Florence successfully created a monitoring tool in her planning (Appendix
F.4). She included examples of a completed monitoring tool in her artifact packet. Her
monitoring tool was a functional type and based on the learning goals for the lesson. In addition
to the tool, Florence planned three questions to ask students as they worked, “What do you notice
about the males and females in your pedigree? Who do you notice is passing on the trait? Are
traits being inherited from parents who are affected or not?”

Finally, Florence selected and sequenced at a basic level in the outline of her discussion
by listing the order of genetic disorders she wanted to emerge. In the following excerpt from her
lesson plan, one sees that Florence’s planned questions were minimal, and those that were

planned were low-level questions (rote memorization). She also failed to plan specific questions

that elicited students’ thinking, supported students’ connections between each other’s ideas, and
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supported students’ connections to disciplinary ideas. Her minimal planning for a storyline of
the discussion, questions, and marking/charting was characteristic of a PST demonstrating low
PDC for planning task-based discussions.

o Autosomal Dominant Pedigree (Huntington’s Disease).
= Student thinking: trait is inherited by most offspring, does not skip
generations, and affects males and females equally.
= Students consider any trait to be learnt as a disorder and do not
often make the connection that any trait can be dominant or
recessive. Because of this, it may take prodding or repeated
reference to their rules to encourage them to see that the trait is
dominant. Be sure to give examples of dominant genetic disorders
(Huntington's, Achondroplasia, etc.) to give relevance.
o X-Linked Recessive Pedigree (Hemophilia).
= Trait skips generations, affects males differently.
= Students may have trouble noticing that it is being passed from
mother to son, encourage students to look at families individually.
o Challenging pedigree (non-Mendelian).
o Mitochondrial Disorder (Leber’s hereditary optic neuropathy).
= Students will use their rules to evaluate, which apply and do not
apply to this pedigree.
= Students should notice that the inheritance is ONLY from mother
to ALL offspring.
= Ask students (if stuck) one or so of the following:
e Where else can genes exist in a cell?
e What other organelles have DNA besides the nucleus?
Recall that mitochondria and chloroplasts have DNA of their own,
why only from mothers? Because egg provides the majority of
what a zygote needs, the sperm ONLY gives its haploid set of
DNA.
Encourage students to work through each of the inheritance
patterns to rule out those possibilities, then agree that it does not
follow our rules... so what could it be?

(b) Xavier Idol
Xavier ldol was a biology intern in an urban public school. He repeatedly scored low on his
instructional performances over the course of the year (Table 4.1). His task for Instructional
Performance 4, “Natural Selection Task,” asked students to follow a protocol and answer

questions. This task, as Xavier explained was, “more or less off the top of my head,” and not a
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demanding task for students (Appendix H). This task appeared to be a traditional activity, or
“cookbook lab,” that often accompanies school curriculum. Table 4.9 details his learning goals
and performance goals for this lesson. In examining his learning goals, one notices that they
were not the overarching canonical ideas expected of a learning goal. These goals were specific
to the task/lesson itself and made no specific connection to the underlying disciplinary ideas

behind natural selection.

Table 4.9: Xavier Idol's learning goals and performance goals for instructional performance 4

As generations pass, the number of white “mice” decline while the
number of brown “mice” grow in this population.

Different environmental factors can come into play and can have a
Learning Goals great effect on the population of mice.
e These factors are sometimes completely random.

Neither the snakes nor the hawks have a particular advantage in this
simulation.

Students will be able to identify trends in the data they collect from the
mouse experiment.

Students will be able to identify different environmental factors and
Performance Goals describe the consequences of them by means of if X happens, the
brown/white population increases/decreases.

Students will be able to explain what it means if neither the snakes nor
the hawks eat more mice by describing the equal number of mice
taken in each generation.

Interestingly, Xavier did not include any anticipation in his lesson planning. However,
similar to all the PSTs’ planning for Instructional Performance 4, Xavier Idol also created a
monitoring tool (Appendix F.5). Xavier adopted this practice during the spring semester, which
coincided with improved lesson planning practices. His monitoring tool appeared to be a tool
that was functional for him. Instead of focusing on features or disciplinary ideas in a typical
monitoring tool, Xavier’s tool was designed based on student behavior and classroom

management.
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Finally, the excerpt below shows Xavier’s planning focused on what he will do and what
students will do, more linear lesson planning. He planned general questions that seem lower
level. He did not plan questions that helped students make connections between each other’s
idea or helped to support student talk.

Once the students successfully come to the idea that color has something to do
with whether hawks find the mice, | am going to try to push them to tell me why
that matters. |1 want them to explain how it just makes sense that mice that are
brown blend into the forest better than mice that are bright white. I might ask
things like:

e Why do the brown mice survive against the hawks better than the white
mice?
Why does the color matter? What difference does it make?
So if it helps them to survive, what does that mean? How does it do that?
Do the mice choose what color they are going to be?
Then how does this happen?
So if it’s inherited, what does that mean about the mouse’s parents?
What do you think happens then if this brown mouse is able to survive
better than its white friends?

e We’ve mentioned the term a few times throughout the year, but what term

applies to this concept?

e Can anyone restate the overall concept for me?
One of the big things that | want the students to see is that natural selection does
NOT have to be complicated. The idea should already make sense in their heads.
If something is better at surviving, it is going to have a better chance of reaching
sexual maturity, and therefore reproducing and passing on its genes to the next
generation. | imagine that it is going to take a lot of redirecting and bouncing of
ideas to get them to even mention the color of the mouse having to do with it
being able to survive.

During Xavier’s interviews, | wanted to capture his rationale for his planning practices. When
asked, “What other influences are there in your planning?” Xavier explained.

Yeah, okay. A lot of this stuff was things that at the time when we were doing it,
I was very not into it. | thought that a lot of it was just like kind of busy work,
that it wasn’t really beneficial. | still feel that way about some of the things, but a
lot of it after doing things for a while; | started to think back. | was like actually
that kind of does makes sense now that it ties in with this. It has just taken a lot
to actually get to that point. Because, | don't know, | always feel that like
because I’m a little bit older, a lot of the times | always think like this is not
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beneficial to me. I’'m like, I’'m 26, and | don't need to know this right now. This
doesn’t matter.

His response was uncharacteristic of other PSTs interviewed. But, his candor forces teacher
educators to examine the ways in which they present content and pedagogy and how it is

grounded in practice for future teachers.

(c) Nicole Timko

Nicole Timko was another biology intern teaching at an urban public school. She admittedly
struggled throughout the year in her planning. For Instructional Performance 4, Nicole used
“The Mitosis Task” created by Kelly Hendrick.

I used some resources from one of my colleagues. Um, it was a lesson that she

had done previously on mitosis, and | thought that it would be helpful for my

students.
Because Nicole used Kelly’s task, her learning goals and performance goals were similar (Table
4.10). With access to a detailed lesson plan and instructional materials, it was interesting to
examine the ways in which Nicole used and adapted these materials. In many ways, her
adaptations and planning demonstrated low PDC. For example, Kelly’s detailed anticipation
described previously was not evident in Nicole’s planning. Instead, she detailed misconceptions

students might have and problems students might encounter during the task.

Misconceptions:

e Chromosomes do not occur in all types of cells.

e Chromosomes are divided up at each cell division, such that when a single
body cell forms two body cells, the resulting cell contains fewer
chromosomes than the original cell.

Anticipated problems: Picture F and Picture D
o0 Picture F is an example of a cell with two nuclei. This cell is in
interphase. It is possible that the cell failed to complete cytokinesis
and has now joined back together or two cells have formed together.
0 Cells are smaller than chromosomes.
o0 Not all types of cells contain DNA molecules.
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e Picture D is an example of prophase. The circle in this picture is the nuclei
not the whole cell. In the nucleus, we can see that the DNA has been
supercoiled into chromosomes. The chromosomes are now visible.

Table 4.10: Nicole Timko's learning goals and performance goals for instructional performance 4

Learning Goals

Interphase occurs before cell division. During interphase, the cell
grows and prepares for cell division by replicating its DNA. Cells
spend most of their time in this phase.

Following interphase, the cell proceeds through the process of
cell division: Prophase, Metaphase, Anaphase, Telophase, and
Cytokinesis.

The first phase of mitosis is prophase. In prophase, the genetic
material inside of the nucleus condenses and the duplicated
chromosomes become visible. Outside the nucleus, the spindle
starts to form.

The second phase of mitosis is metaphase. During metaphase,
the centromeres of the duplicated chromosomes line up across
the center of the cell. Spindle fibers connect the centromere of
each chromosome to the two poles of the spindle.

The third phase of mitosis is anaphase. During anaphase, the
chromosomes separate and move along spindle fibers to
opposite ends of the cell.

The last phase of mitosis is telophase. During telophase,
chromosomes gather at opposite ends of the poles and a
nuclear envelope begins to reform around each cluster. The
spindle begins to break apart. A cleavage furrow begins to
form.

Performance Goals

After viewing a slide of cells, students will be able to determine the
phase of mitosis for each cell with 90% accuracy.

After gathering data, students will be able to represent first hand data
in an accurate graph.

After representing the data, students will be able to draw conclusions
about patterns demonstrated in the data to answer the question,
“Where do cells spend most of their time?”

Nicole’s plans for monitoring also differed. She planned some questions to elicit

students’ thinking during the task and to guide student thinking to what matters.

Which picture on your key looks like the cell you are looking at?
What is happening with the chromosomes in this cell? In what phase does this

happen?
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Where are the chromosomes in this picture?
What kind of graph might be used to represent this data and why?

However, Nicole did not have a monitoring tool for this task even though Kelly created a
monitoring tool in her planning. When asked, “Did you create a monitoring tool for this lesson?”
Nicole explained.

I felt like I didn’t need a monitoring tool because students were going to be
making a graphical representation, and | felt like I could see what | needed to see
from that representation. Um, but reflecting on it now, it’s something that maybe
I would have done to capture more student thinking rather than, um, their
collection of data. So, because the discussion itself kind of fell to pieces in the
end, because | think I really didn’t know who had certain ideas, and there really
was no sequence there in the end, because | didn’t know who | wanted to have
talk first, and where | wanted that to go. And so without being able to utilize
what | actually heard from students during the task, | wasn’t able to really tie
things together conceptually.

While her reflection was enlightening, this decision to not create a monitoring tool initially was
indicative of her low PDC for task-based discussion lessons. Moreover, Nicole did not select or
sequence students’ work in her planning and her planning for connecting during the discussion
was very general and not detailed. = The extent of Nicole’s planning related to selecting,
sequencing, and connecting is below.

Teacher guides discussion with the following questions:

e When students say claim without evidence, teacher asks students to “show us
where your graph explains your claim? Where do we see the evidence that

cells spend most of their time in phase?”

e Toss to other students and ask if they agree or disagree with the student’s
pattern.

e Show us on the slide which cells you marked as dividing cells (or interphase
cells).

*Teacher has the picture of the slide that the group used up on the SMART board
under the ELMO so that we can refer to it if necessary. *
Anticipated Answers:

Dividing Pattern

Non-Dividing Pattern: Most all
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Which kind of cells do you think your group had? How do you know?

V\/_hy do you think we see two patterns emerge? Discuss with your partner. (3

rSnt;Jnd)ents share out their responses and teacher charts on the SMART board. (3

'rpe:ggher guides students with questions during pair and share:

What kind of cells do you think divide often? Why? How do you know that?

What kind of cells do you think don’t divide? Why? How do you know that?

Nicole planned questions that asked students to support their answers and provide a rationale for
their thinking, but did not include a clear outline or storyline for the ideas she wanted to emerge
and when during the discussion. Moreover, she did not have many questions planned to support
students in connecting each other’s ideas. This practice was a key feature of planning often
lacking in PSTs demonstrating low PDC.

As we compare and contrast the PSTs’ planning, it is easy to see when a PST
demonstrates high PDC for planning task-based science discussions versus when a PST does not.
In the remaining sections of this chapter, | detail PSTs’ planning practices and other features that
may provide insight into how a PST develops high PDC as well as how teacher educators can
support the development of high PDC in PSTs.

In summary, analyses of the post-intervention lesson plans provide evidence of
improvement in students’ ability to plan a discussion. PSTs scoring high met many of the a
priori identified goals and expectations for planning a Five Practices discussion. Low and
Medium scoring PSTs’ scores improved over time with their planning including more use of the
Five Practices model in planning over time. Table 4.11 summarizes the use of the Five Practices

model by PSTs post-intervention. The data suggests that many PSTs can use the Five Practices

when asked to do so in the context of their university coursework. While the level of use of the
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Five Practices varied between categories, the improvement over time indicates the PSTs’

learning over repeated iterations of the assignment.

Table 4.11: Summary of characteristics of PSTs' planning practices with respect to the Five Practices post-

intervention

Use of the Five Practices Model in Planning

(Post-Intervention) LEy | befBallmn | 1l
Lists Performance Goal(s) and Specific Learning Goal(s) v v v
Experimentation, Data Analysis/Interpretation, or Explanation task at high level v
Task as designed of support of student engagement in SEPs v v v
Task as designed supports student engagement in productive whole class discussion v
Students can create multiple artifacts as a result of the task v
Anticipates students’ correct thinking v v
Anticipates students’ incorrect or incomplete thinking v
Plans for monitoring student work on the task including monitoring tool v v v
Plans questions to elicit, challenge, or extend students’ thinking v v v
Plans for a storyline for how the discussion unfolds v
Plans to make connections between students’ ideas and to disciplinary ideas v v v
Plans to select and sequence the ideas that will emerge during the discussion v
Plans marking strategies to highlight important ideas v

Note: Low, Medium, High indicates scoring category related to total scores of HLTR and LPDR.

4.1.2 Use of Curriculum Materials and Resources

Research Question — la: What available curriculum materials, including texts, online resources,

and standards, do PSTs use during planning of these lessons?

To address this research question, | examined transcripts of the PSTS’ interviews

identifying the various curriculum resources they used. A clear pattern did not emerge when

examining the curriculum resources used. The resources PSTs mentioned using when planning
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their task-based discussion lesson varied (Table 4.12). As expected, school curricula were a
major resource for the PSTs. Interestingly, five out of the six PSTs interning in an urban public
school discussed using their school’s curriculum when planning. Xavier Idol did not specifically
mention using the school’s curriculum, but he did use materials his mentor created, which most
likely was based on the school’s curriculum.

PSTs demonstrating high and medium PDC mentioned using their own experiences as
students or their own knowledge as resources when planning these types of lessons. The internet
and other web-based materials also played a large role in PSTs’ planning, as expected.
Interestingly, only three PSTs mentioned using their university instructors as a resource when
planning these lessons and all three PSTs scored in the medium or low categories. While only
one PST mentioned using state or national standards as a resource in her planning.

Interestingly, low scoring PSTs used school curricula, mentor created materials and peer
lesson plans as resources more often that high scoring PSTs. High scoring PSTs reported using
their own personal knowledge and experiences and school curriculum, but more often reported
designing tasks without resources. This difference in resource use, particularly between low and
high scoring PSTs suggests high scoring PSTs may feel more agency with the curriculum
compared with lower scoring members of the cohort.

The majority of the PSTs interviewed either adapted or improvised (created) (Brown,
2009) the curriculum resources they used when planning their Instructional Performance lessons
(Table 4.13). The majority of the time the PSTs improvised and either created their own lessons
or used a curriculum resource as a basis or idea for a completely revised lesson. The ability to
recognize the affordances and drawbacks of available curriculum materials and analyzing those

materials with a critical lens is important for all teachers and indicative of PDC. Furthermore,
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those PSTs scoring high demonstrated an ability to adapt or create high cognitive demand tasks.
Lower scoring PSTs seemed aware that their curriculum materials did not support students’
engagement in the SEPs and needed modifications, but their modifications often were as
cognitively demanding. This finding suggests that the task selected and/or designed and the
demand of that task indicates the PSTs’ PDC for designing tasks and lessons where students can

engage in productive classroom discussions.
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Table 4.12: Resources PSTs used during the planning of their task-based discussion lessons

Resources
Mentor Peer Personal

Family/  Created Lesson Knowledge/ Personal School University ~ Web-
Intern Friends Materials Plans  Experiences Texts Curriculum  Standards Instructors Based
Kristen
Ingall 1 1 1 2
Kelly
Hendrick 1 1
Bonnie
Kyle 1 1 1 1 1
Nancy
Hall 1 2 1 1
Calvin
Cary 1 1 1 1
Scott
Xander 3 1 2 1
Florence
Edward 1 1 1 1
Xavier
Idol 2 2 1 1
Nicole
Timko 3 2 2 2 1
Total 5 6 5 6 1 10 2 4 7

Note: The PSTs are listed scoring high, medium, and low, respectively. Each scoring category is separated by a dotted line.
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Table 4.13: Pre-service teachers' types of curriculum use when planning for task-based discussion lessons

Intern Adapt Improvise Offload

Kristen Ingall 2 2
Kelly Hendrick 1 3
Bonnie Kyle 1 3
Nancy Hall 3 3

Calvin Cary 3 1
Scott Xander 4

Florence Edward 1 2 1
Xavier Idol 2 2
Nicole Timko 2 2

Total 12 24 2

4.1.3 Use of Other Resources and Instructional Frameworks

Research Question — Ib: What other resources or frameworks do PSTs use to plan task-based

To address this research question, | examined the transcripts of the PSTs’ interviews in
order to identify any patterns. One of the other main instructional frameworks about which I
questioned the PSTs during the interviews was their use of the Learning Cycle during their
planning and instruction of these Instructional Performances. Not one PST acknowledged using

the Learning Cycle as part of their planning. Bonnie described the sentiment of many of the

discussion lessons?

PSTs when she explained her use of the Learning Cycle.

The second one was definitely I think an engage. Because once we got past this
lesson we didn’t talk about who discovered DNA so much, but we talked about
the structure and that’s what launches into the structure of DNA in transcription

and translation.

When prompted ad hoc, the PSTs typically “assigned” their lesson to “engage” phase of the

Learning Cycle. In using the term engage, the PSTs regularly designed task-based discussion
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lessons where students discussed their prior knowledge and experiences. These types of lessons
seemed to be where the PST felt most comfortable attempting these types of challenging lessons.

Other resources the PSTs when planning these lessons were human resources, mentors
and university supervisors. These individuals played a key role in the development of these
beginning teachers. With the complexity of planning classroom discussions using the Five
Practices Model, the support university supervisors and mentors provided was an asset or a
hindrance to the PST’s success.

During the interviews, | asked the PSTs to describe the ways in which their mentors sand
university supervisors supported their planning. Table 4.14 describes the varying types of
mentor support identified by the interviewees. Quickly examining the table, one can see that the
majority of the time mentors supported the PSTs in task design or did not provide any
support/feedback for the instructional performance planning. Kristen, Kelly, and Bonnie (High
PDC PSTs) described more overall support from their mentors at some level from planning to
task design. In general, mentor support varied. For example, Scott described co-designing a task
with his mentor teacher.

So a lot of them are just tasks that my mentor teacher has used before. We sit

down a day or few before we use them. She says these were the parts of the tasks

that I did like last year. Then we just talk about, we alter them together.

On the other hand, Nancy explained that her mentor was more hands off and allowed her to plan
lessons freely. She said, “So, he is intentionally very hands off with planning. I think he will only
come in if he senses like the ship sinking.” Both Scott and Nancy scored in the medium range
and the support of their mentor teachers might speak to his/her perceived ability of their PST.

As with mentor support, university supervisor support varied (Table 4.15). The majority

of the support from supervisors occurred during the planning phase of the lesson. Many PSTs

150



described challenges in providing lesson plans to their supervisors in advance, ultimately
hindering any planning support. Calvin humbly admitted this constraint during one of his
interviews.

So, it is not really feedback going into a lesson. That’s also kind of my fault

because | should be sending him stuff a week ahead of time, or to get feedback

and then modify. But | don't really get stuff out, maybe 2 days ahead of time if

I’m lucky and like, “Help me out we still good for this date.” His feedback

afterwards actually is extremely helpful and same with my mentor teacher. | mean

we are actually get it ran out. Normally he is like in verbal feedback. But it is a lot

of like feedback, and then I respond to that feedback for the next, or within my

next classes of practices, so then | show them what | have done.

Furthermore, all of the PSTs demonstrating high PDC described seeking support from
their supervisors in designing one or more tasks for a lesson, while no other PSTs sought out
their supervisors as a resource. While a definite reason for this finding is unclear, it is something
that further research hopes to uncover. Furthermore, two of the three interviewed PSTs
demonstrating high PDC, Kelly and Bonnie, had a graduate student supervisor familiar with the
university program. In addition, | supervised two other PSTs scoring in the high category, Mark
and Kady (Table 4.1). Although supervisor support alone might not speak to the success of

PSTs’ development of their PDC, the combination of mentor and supervisor support was a

definite influence positively or negatively.
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Table 4.14: Mentor support described by PSTs in planning instructional performances

Mentor Support

School/
Team Selecting &

Intern
Kristen Ingall
Kelly Hendrick
Bonnie Kyle
Nancy Hall
Calvin Cary
Scott Xander

Florence
Edward

Xavier Idol
Nicole Timko

Totals
Note: Numbers indicate times PSTs indicated receiving support from mentor in that category.

Table 4.15: Supervisor support described by PSTs in planning instructional performances

Supervisor Support

Intern Planning
Kristen Ingall
Kelly Hendrick
Bonnie Kyle
Nancy Hall
Calvin Cary
Scott Xander
Florence Edward
Xavier Idol
Nicole Timko

Totals
Note: Numbers indicate times PSTs indicated receiving support from supervisor in that category.
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4.2

PSTS’ PLANNING STRATEGIES AND THE AFFECT THEIR ABILITY TO DESIGN

CHALLENGING DISCUSSION LESSONS FOR STUDENTS

Research Question — 2: To what extent does PSTs’ use of various resources and planning
strategies support or hinder their ability to create lessons in which students are engaged in a
challenging task where they participate in SEPs and engage in discussion?

In order to answer research question two, | examined the PSTs’ lesson plans and
interview transcripts. Appendix | includes selected lesson plans for Instructional Performance 4
from three PSTs: Kristen Ingall, Scott Xander, and Nicole Timko, high, medium, and low
scoring teachers, respectively (Table 4.1). In these lesson plans, one sees how PSTs’ planning
clearly influenced their ability, or in some cases inability to create challenging task-based
discussion lessons. The thought and detail Kristen included in her planning, as described above,
is a strategy that supported her confidence and ability to create these challenging lessons.
Kristen explained that for her first Instructional Performance, her mentor teacher was not in class
so she prepared thoroughly for that lesson and continued to plan in that way based on that
lesson’s success.

Because | thought that the first way, like the first time I did it like, what | really

thought was really good about my lessons was my planning. That allowed me not

to fall apart. So I was like, ‘Great, okay let’s do that again.’

In addition, her mentor co-planned with her to ensure she was prepared for this lesson. Her
mentor had previous experience with the Five Practices model. Her questioning and support of
Kristen forced her to think through the task and the lesson in detail, which supported her
planning, lesson design, and development of high PDC.

But as far as, so | explained it to her [the Five Practices]. We talked together

about selecting and sequencing. That helped immensely because it was the first
time 1’d done all Five Practices. She didn’t help a lot, but she knew more about
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the students than I did. It was more like, “Are sure you want them to talk about

that, because | think they might have better kind of prior knowledge,” and things

like that.” Maybe something that |1 hadn’t noticed before, in being more of a

passive observer.

The PSTs demonstrating high PDC planned in detail and created a variety of instructional
materials and scaffolds to support their students’ learning. PSTs demonstrating medium or low
PDC had more variability in their lesson planning and instructional materials. Planning
strategies by medium or low scoring PSTs, therefore, had a tendency to hinder the planning and
task design. Just the act, the process of, thinking through the lesson and recording those ideas
proved to be a supportive tool for PSTs.

Although Scott’s planning was not as detailed as Kristen’s, his final Instructional
Performance 4 included the most detail than his other lesson plans. He acknowledged that this
strategy, the act of thinking through the lesson and thorough planning, supported the success of
his class discussion.

I think, like we mentioned in class, making the monitoring tool, it wasn't super

helpful for actual — actually during the discussion —but it was really helpful for

planning purposes. So, yeah, um, the big takeaway to me with the discussions is

just describing what the discussion is supposed to look like.

And I think that was part of the reason for the success. Um, I'm trying to think if

there were any other aspects of last — um, well, just — just — yeah, designing the

task. So I think — I think my tasks last semester were a little too easy.

Scott gained a level of reflection and awareness over the course of the year that is exemplified in
the above excerpt.

As one can see in Appendix 1.3, Nicole’s planning for Instructional Performance 4 lacked
the detail and thoroughness seen in PSTs’ receiving higher scores. Her planning was an

exemplar of the PSTs demonstrating low PDC. A major hindrance to PSTs’ successful planning

appeared to be time management and/or organization on behalf of the PST. Nicole honestly
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explained in one of her interviews that she often did not get support from her supervisor before
her observation.

My supervisor didn’t give me any feedback because that was my fault, because |

didn’t put up my lesson 48hours in advance, let alone 24 hours in advance. So, |

didn’t get any feedback from her in advance on this one.
In addition, Nicole seemed to have difficulty understanding the expectations of planning for
rigorous and challenging tasks, which may be a characteristic of many PSTs demonstrating low
PDC. Another characteristic of the interviewed PSTs’ demonstrating low PDC was their feeling
that they did not need to think about or include certain items or materials in their planning.
Nicole explained. This thinking appeared to be a major hindrance to PST success.

I felt like I didn’t need a monitoring tool because students were going to be

making a graphical representation, and | felt like I could see what | needed to see

from that representation.

I don't think so, I think I put, 1 will choose them randomly. So, | didn’t feel like I
needed to sequence them in any kind of specific order.

43 CHANGES IN PSTS’ PEDAGOGICAL DESIGN CAPACITY FOR TASK-BASED

DISCUSSION LESSONS OVER TIME

Research Question — I11: To what extent does PSTs’” pedagogical design capacity (PDC) for task-
based science discussion lessons change over the course of their teacher preparation program?
Are patterns and changes related to specific learning opportunities or elements within the

teacher preparation program?
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4.3.1 Quantitative Findings

The researcher performed within-groups repeated measures ANOVA to investigate differences in
mean scores over the five time points of (a) pre-lesson plan (LP) scores, (b) beginning of fall
intervention (IP 1) scores, (c) end of fall intervention (IP 2) scores, (d) beginning of spring
intervention (IP 3) scores, and (e) end of spring intervention (IP 4) scores. Results indicated a
significant within-groups main effect across all five times points Wilk’s Lambda = .098, F (4,
11) = 25.36. p <.0005. The effect size was large (5° = .753). According to Cohen (1988), effect
size guidelines are .01 = small effect, .06 = moderate effect, and .14 = large effect.

Post-hoc comparisons via Fisher’s Least Significant Difference LSD corrected marginal
means indicated that the mean total HLTR/LPDR score at the LP measurement time (M = 3.07,
SD = 1.87) was significantly lower than the mean total HLTR/LPDR scores at the IP 1
measurement time (M = 16.80, SD = 9.68; p = .001), IP 2 measurement time (M = 18.60, SD =
9.11; p <.0005), IP 3 measurement time (M = 22.27, SD = 8.03, p <.0005) and IP 4 measurement
time (M = 24.20, SD = 8.68, p <.0005). Table 4.17 presents a summary of the ANOVA overall
model fit. Table 4.18 presents a summary of findings for the post-hoc analyses of the ANOVA
results. Figure 4.6 presents a graphical representation of the mean total HLTR/LPDR scores

over the five time periods.
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Table 4.16: Frequencies and percentages summarizing the number of teachers in each scoring category

LP1 Pl P2 P3 P4

Variable Scoring Range Freq % Freq % Freq % Freq % Freq %
HLTR

High (7 - 10) -— — 92 600 13 867 13 867 13 867

Medium (4 - 6) 4 267 4 261 2 133 2 133 2 133

Low (0 —3) 11 733 2 133 — — — — — —
LPDR

High (16 —23) -— — 3 200 5 1333 6 400 9 600

Medium ( 8 — 15) -— — 3 200 3 200 5 333 3 200

Low (0-T7) 15 1000 9 600 7 467 4 267 3 200
Total

High (24 —33) -— — 4 267 5 333 6 40.0 9 600

Medium (12 - -— — 6 400 6 400 8§ 533 5 333

23)

Low (0 —11) 15 1000 5 333 4 267 1 67 1 6.7

Note. Freq — Frequencies of teachers; % — Percentages of teachers; HLTR — High-level task rubric;
LPDR = Lesson plan discussion rubric; LP1 = pre-lesson plan; IP1 = instructional performance 1; 1P2
= instructional performance 2; IP3 = instructional performance 3; IP4 = instructional performance 4

(post).
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Table 4.17: Results of ANOVA findings for overall model of total HLTR/LPDR at the five time periods

Time Period M SD F p n°
Total HLTR/LPDR 42.60 <.0005 0.75
Pre-lesson (LP1) 3.07 1.87
Instructional performance 1 (IP1) 16.80 9.68
Instructional performance 2 (IP2) 18.60 9.11
Instructional performance 3 (IP3) 22.27 8.03
Instructional performance 4 (1P4) (Post) 24.20 8.68

Note. M = Mean; SD = Standard Deviation.

Table 4.18: Results of the post hoc comparisons of ANOVA model findings for the multiple time periods

Instructional Time Instructional Mean Difference
Periods (1) Time Period (J) (1r-J SE p
LP1 IP1 -13.73 2.55 .001
LP1 IP2 -15.53 2.51 <.0005
LP1 IP3 -19.20 2.19 <.0005
LP1 IP4 -21.13 2.21 <.0005
IP1 IP2 -1.80 1.32 1.000
IP1 IP3 -5.47 1.21 .005
IP1 IP4 -7.40 1.53 .003
IP2 IP3 -3.67 1.15 .065
IP2 IP4 -5.60 1.40 013
IP3 IP4 -1.93 1.07 .926

Note. SE = Standard Error; LP1 = pre-lesson plan; IP1 = instructional performance 1; IP2 = instructional performance 2; IP3 =
instructional performance 3; IP4 = instructional performance 4 (post).
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Trends in mean scores over time
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Figure 4.6: The mean total HLTR/LPDR scores at each time period. The confidence intervals are represented at

each time period

The significant difference between pre-lesson plan scores and Instructional Performance
scores suggests these patterns and changes were directly linked to the teacher preparation
program. While there is not a significant difference between the IP scores, there is a general
increase in scores over time across the cohort. This increase in scores between the IP 1 and IP 2
(fall) and IP 3 and IP 4 (spring) can be attributed to the repeated and scaffolded design of teacher
preparation. Further analysis by scoring category shows that low and medium scoring PSTs
scores increased over time (Figure 4.7). This subset of the cohort appears to benefit from the
longitudinal practice over time provided during teacher preparation. The mean increase in
Instructional Performance scores during the course of the teacher preparation year further

supports the effect of the teacher preparation coursework. During the interviews, | asked the
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PSTs to identify course sessions that supported their planning of task based discussion lessons.

What follows is a summary of these findings.

Trends in Mean Scores Over Time
35
30
25 /
20
e=gmsHigh
/ e Medium
15 / O ’ Low
10
},.a k.
;‘ Y
5
0
Pre-Lesson IP1 IP 2 IP 3 IP 4

Figure 4.7: The mean total HLTR/LPDR scores at each time period by scoring category

4.3.2 Qualitative Findings

At the end of the fall semester, | interviewed the selected PSTs. During part of the interview, |
asked what university course sessions were important and/or supportive in their learning to
design and plan challenging tasks where students engage in discussion. | provide detail

summaries of the pertinent university course sessions in Appendix A. Tables 4.19 and 4.20
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indicates the number of PSTs in each scoring category whom identified these important sessions
in Teaching & Learning 1, 2, and 3 (methods courses), respectively.

When asked to circle and discuss important class sessions, the class sessions identified in
Tables 4.19 and 4.20 PSTs were most often identified. Interestingly, during the fall semester, all
three high scoring PSTs listed all classes in Teaching and Learning 1 and 2 unanimously.
Kristen explained her rationale for the importance of the first course session, a model of engaged
learning, to her.

So definitely, when we started talking about the model of engaged science

learning, California is on the Direct Interaction Instruction, so the DIl model. So

pretty much everything I’d ever grown up with was just lectures. High school, we
do lectures, college, we do lectures.

Table 4.19: Total number of PSTs interviewed identifying important university course sessions during the fall

semester
Teaching and Learning Teaching and Learning
1 2
Classland2 | Class5 Class 1 Class 3 Class 4
e LGs & Objectives
A model of | Introducti (review) Anticipating Monitoring,
Engaged on to e Task selection and Selecting,
Learning Lesson | e« Anatomyofa Monitoring Sequencing,
(Fastplants) | Planning lesson Role Play Connecting Role
# ¢ Micro-teaching Play
PSTs practice: Launch
High 3 3 3 3 3
Medium 1 3 2 3 3
Low 0 2 1 3 3
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Table 4.20: Total number of PSTs interviewed identifying important university course sessions during the spring

semester

Teaching and Learning 3
Class 2 Class3 &6 Class 4 Class 7 Class 8
Learning Formative High- Scaffolding Maintaining
Cycle and Assessment | Demand Cognitive
Five Practices Tasks Demand
#
PSTs
High 3 3 1 2 3
Medium 3 3 1 1 2
Low 3 2 1 1 3

Kelly described the structure of the same class, where the PSTs engaged as students, as crucial in
her learning.
So the first thing that | have is kind of all the portions of the first plan, so that they
engage in science learning. Because | think that making us do it ourselves was
very helpful in realizing, this is supposed to be the outcome. | mean that spanned
over several lessons.
Finally, Bonnie agreed with her cohort members regarding the importance of the opportunity to
engage as students.
So this tangent really gets the heart what students should be doing, and why they
should be doing it. As opposed to just, well they should be doing this fact. But no,
they should be arguing, or they should be supporting their claim with evidence,
because that is important for convincing people of your position and that kind of
stuff.
Differences between the PSTs’ answers arose between the low and medium scoring PSTs and
their appreciation for Class one and two of Teaching and Learning 1 and Class one of Teaching

and Learning 2 (Tables 4.19 and 4.20). But, all PSTs identified the Five Practices role-play

sessions as important in supporting their planning of discussions. Xavier eloquently described

162



his feelings related to the role-play Five Practices classes. His comments were representative of
the PSTs also scoring low (Florence and Nicole).

It started to make a lot more sense to me like; I’m not going to go to these same

people all the time. If I want to make it easy on myself that’s what | would do, but

that’s not really helping the rest of them. So, | started selecting and sequencing a

lot more based upon that. Then that made more sense to me with the whole 5

practices thing is, that it is just something that even if you are not going to use it,

as being like a select in that sequence that you originally thought. It is the idea

that you thought about it, and that if you needed to do it, it was available to you.

If you like a have a monitoring sheet or something like that with you, like I said

that is something that didn’t come to me till much later. But if you had that like

with you, you could be just be like, “‘All right, well 1 know that your Tessa has

this. So Nate what were you thinking whenever you talked about it?’

During the second semester, the first seven weeks of Teaching and Learning 3 centered
on revisiting many of the topics and concepts from the fall semester as described in Chapter
Three. Returning to and presenting these topics in a different way, after the PSTs began teaching
every day, truly resonated with PSTs regardless of their demonstrated level of PDC. Classes
two, three, and six centered on the Learning Cycle, the Five Practices, and Formative
Assessment where the PSTs engaged once again as students before unpacking the various
teacher moves. When asked why these sessions were important, the responses were similar
amongst the PSTs. Nicole described her feelings about the value of the formative assessment
lessons.

Okay, so the first two lessons we already talked about. | felt like those were

really helpful because, I mean, | knew what formative assessment was, and |

knew how to make a monitoring tool, but I didn’t know how to use it in a way

that would make it work for me. So | felt like it had to be this thing that | had to

have, but I didn’t really see a whole lot of value in it.

Calvin summarized the thinking similar to that of the university instructors during the design of
this preparation program.

Um, so in the fall whenever we talked about the Five Practices, we talked about a
lot of the theory behind it. Like if you’re going to have Five Practices, you need a
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high cognitive demand task. And we’re like, “Okay Like that’s a neat word.
We’ve got to build these. Like let’s talk about that.” Um, then like, oh, these
engaging discussions. Like, okay, engaging discussions. What’s, what’s an
engaging discussion look like?

Like we didn’t know — we knew all of these things we needed to have and we
knew how to like design them, but what they actually like looked like being
implemented from like a very experienced teacher, like | haven’t seen yet. Um,
so, whenever —Prof. Williams came in and whenever he started talking about the
bowling alley, um, ‘cause, ‘cause | think, I think Dr. Curtis might have said that
he was coming in to talk about the Five Practices.

And whenever he started talking he didn’t talk about the practices. These alarm

bells off —were going off in my head and | was like, “What are we learning

today?” And then about a minute later whenever he started talking about like,

“Oh, I’ve got this problem,” I was like, “Oh, my goodness. He’s doing a practice

[laughter].” And from there | was like, “Okay. Just like play along, but just

absorb everything you can.” And from that moment like | was — like every

transition Brian made, and every like different movement, and like what he was
thinking or where he was in the classroom, I just tried to pay attention to ‘cause |

really wanted to see what this actually looked like — um, for someone to be doing

that.

Chapter Four addressed the three research questions using the analyses presented in
Chapter Three. It did so by comparing and contrasting the PSTs’ lesson planning at the three
levels of demonstrated PDC. Interview excerpts provided insight into the support PSTs received
from mentors and university supervisors, the resources they used in their planning, and class
sessions they felt were most important in their development as a teacher. Chapter Five explores
possible explanations for the variation in PSTs” PDC and their ability or inability to design high-
demand tasks and plan lessons that support productive whole class discussions, and highlights

the contribution this study provides to the field, and provides suggestions for future research

based on this study.

164



5.0 DISCUSSION AND CONCLUSIONS

A key instructional goal for the secondary science teacher preparation program, in which this
study is situated, is to support secondary science PSTs in developing approaches to instructional
planning of tasks that support students engagement in the SEPS and are consistent with the
model of inquiry-based science teaching described in research (Anderson, 2003; Duschl, 2008;
Leinhardt & Steele, 2005; Windschitl, Thompson, & Braaten, 2008). Embedded within this goal
is supporting the development of the PSTs’ pedagogical design capacity (PDC) by developing
their ability to draw upon all available resources, knowledge, materials, etc. to design instruction
for Five Practices discussions. PSTs learn how to draw from various curriculum materials and
resources to plan lessons that engage all learners. To support this development, teacher
educators at this large urban Midwestern University, draw on the Five Practices model and
design an intervention aimed at increasing PSTs’ PDC related to use of the Five Practices model
to selection and design of tasks that engage students in the SEPs described in the NGSS
(Achieve, Inc., 2013).

In this study, an intervention in the secondary science methods courses during the 2013-
2014 school year was studied. This intervention focused on selection and design of tasks and use
of the Five Practices model to support student engagement in the SEPs. The PSTs engaged in
the roles of student and teacher as they participated in various learning opportunities and

approximations of practice. This study investigated PSTs’ planning practices by assessing their
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selection and/or design of high-demand tasks and their use of the Five Practices model when
planning for a whole class discussion. The study also examined uptake of task and lesson design
strategies from university coursework by analyzing changes in PSTs’ planning practices over the
course of the teacher preparation program.

The findings presented in Chapter Four suggest that overall PSTs’ lesson planning for
task-based discussion lessons improves over time and that the design of the teacher preparation
program influenced this improvement. By selecting ambitious planning practices, the teacher
educators presented these contextual discourses through iterative cycles of decomposition,
representation, and approximations of practice. These contextual discourses supported the PSTs
in developing not only discussion specific pedagogical design capacity, but also necessary
critical pedagogical discourses about their role as teachers in their classrooms (Thompson et al.,
2013).

While all PSTs except for one, Nicholas David, showed improvement in their planning
practices, there was obvious variation in the levels of improvement. Furthermore, almost half of
the PSTs (six out of 15) demonstrated high-level pedagogical design capacity for designing
lessons of this type. In fact, these PSTs consistently demonstrated planning practices consistent
with high pedagogical design capacity. It might be expected that with PSTs demonstrating
improvement that some PSTs with low PDC would eventually develop planning practices of a
teacher with higher PDC. However, this was not the case as the PSTs with lower PDC did
improve in their planning and design of tasks, they did not improve significantly. In Section 5.1,
I explore possible explanations for the findings of this study. Section 5.2 defines what the
planning practices of a PST with high PDC for task-based discussions. Section 5.3 describes

possible implications of this research in the design of teacher education programs. Section 5.4
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discusses the limitations of this study and provides suggestions for future research. Finally,
Section 5.5 concludes with the contributions of this study to the body of literature related to this

topic.

5.1 EXAMINING THE FINDINGS

To answer the first research question, | investigated to what extent the PSTs used the Five
Practices model in their planning for the Instructional Performances course assignments and any
“In the Wild” lesson plans. PSTs scoring high consistently wrote detailed lesson plans while
PSTs scoring lower created plans that were much lesson detail (see Appendix | for examples).
As such, it is easy as a researcher to assess PST planning for those that provide these detailed
plans. However, for PSTs that do not provide detailed plans, it is difficult to truly capture their
thinking during planning. This finding supports previous research that suggests teachers’ written
lesson plans do not completely represent teacher thinking when planning (Hughes, 2006;
Shoenfeld, 1998). Because much of what teachers think is not represented in their written plans,
it is difficult to capture exactly how the PSTs in this study think during planning for Five
Practices discussions. Interview evidence points to supporting this fact. At various points during
interviews, the 6 PSTs’ scoring low or medium often remarked that they thought about certain
aspects of planning, but failed to thoroughly include those thoughts in their written lesson plans.
To this point, during an interview, Xavier explained:

I will say that I often forget to include my anticipation for sooner response like

I’m thinking it. I want to come up with the questions without thinking like, what

they might be answering it. But I will admit in my writing, what |1 am thinking is
never always on the paper, but sometimes I think that it’s there.

167



Further examination of the findings suggests that field placement setting does not
impact PSTs’ lesson planning practices. Three of the six high scoring PSTs, Kristen
Ingall, Bonnie Kyle, and Frank Daniel interned in an urban high school. While four of
the 9 lower scoring PSTs interned in an urban school. In addition, Frank Daniel and
Nicole Timko interned teaching biology at the same urban high school using the same
curriculum. Yet, Frank consistently scored high and Nicole consistently scored low (see
Table 4.1), indicating school setting did not affect PSTs’ planning practices.

To answer research question 1A, | examined the curriculum resources the PSTs
used during their planning practices. Recall that, the majority of PSTs adapted and/or
improvised tasks when planning for Five Practices discussions, suggesting their
awareness that many curriculum materials are not sufficient for these types of lessons.
However, the capacity to create demanding tasks varied between high and low scoring
teachers. Table 4.12 shows that low scoring PSTs, Florence Edward, Xavier Idol, and
Nicole Timko indicated during interviews that they typically used mentor-created
materials, peer lesson plans, and their school’s curriculum when designing tasks. While
high scoring PSTs indicated less reliance on their school’s curriculum. This finding
suggests that high scoring PSTs have more agency with regard to curriculum. Moreover,
high and medium scoring PSTs’ use of personal knowledge and experiences is indicative
of Dbetter-developed content knowledge for teaching (CKT) and specialized content
knowledge (SCK) (Ball, Thames, & Phelps, 2008). Ball and colleagues indicate that
CKT and SCK are important knowledge types for teaching.

In order to address research question IB, | examined the types of mentor and field

supervisor support as indicated by the PSTs during their interviews. Tables 4.14 and 4.15
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summarize these findings. High scoring PSTs sought mentor and supervisor support for
task design and planning. In contrast, low scoring PSTs did not identify mentor or
supervisor support, typically stating they did not receive support from either. Low
scoring PSTs often indicated they did not provide their lesson plans in enough time for
feedback or failed to seek out feedback from these human resources.

PSTs that sought support and feedback in their planning and design of such
lessons typically scored higher than those that did not. Coupled with the ways in which
these PSTs used the available resources, these findings suggest that high scoring PSTs
have a more self-efficacious mindset to design tasks and lessons and seek out critical
feedback for those plans. Whereas, low scoring PSTs, failed to seek out support. The
confidence high scoring PSTs had in their planning and teaching is further evident in
their search for additional feedback from university instructors. Anecdotal information
provided by one of the university instructors indicates that all six high scoring PSTs
asked her to provide feedback on their lesson planning and observe that lesson at their
field sites. The remaining nine lower scoring PSTs did not ask for additional
observations. These findings indicate the more successful students have more agency
and sought help from others more frequently. Consequently, we, as teacher educators,
need to better understand how we can help PSTs develop this mindset to seek out critical
feedback.

Further evidence of the importance of critical feedback is indicated in the
supervisor feedback. Four of the six high scoring PSTs had a university affiliated field
supervisor (as explained in Chapter 3, | supervised two of these students). These students

also received feedback from supervisors related to task design and lesson planning.
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Moreover, low scoring PSTs report not receiving the same level of support from their
field supervisors. Receiving this critical feedback from an experienced individual seems
to be key in these PSTs development. Therefore, it is important for teacher preparation
programs to provide better training for field supervisors and mentors in providing critical
feedback.

To answer research question two, | examined the PSTs’ planning strategies. As
indicated in Chapter Four, PSTs demonstrating high PDC typically used their own
personal knowledge and resources to create high demand tasks (Table 4.12). Their
planning using the Five Practices model was very detailed (see Table 4.11). These PSTs
were also purposeful in seeking mentor and supervisor support (Tables 4.14 and 4.15).
The combination of these planning practices is supportive of the PSTs’ planning and
design of these task-based discussion lessons. While low scoring PSTs often used school
curriculum and mentor created materials, indicated less agency with the curriculum.
They also indicated using peer created lessons, but the planning differed. Finally, the
support of their mentors and field supervisors was not focused on task design or planning,
but often instruction and logistical items. These types of planning practices seemed to
hinder these PSTs’ planning for these types of lessons. Future research should examine
how to develop PSTs’ agency with the curriculum and their willingness to seek out
critical feedback.

Finally, to answer research question three, the changes in PSTs’ planning
practices over time, | analyzed the PDC scores for statistical significance. Findings
indicate that there is a significant difference between the baseline lesson plans and the

instructional performances. This result suggests that PSTs are able to plan in particular
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ways when asked to do so in their teacher education courses. While there is not a
significant difference between the Instructional Performances scores, there is an overall
increase in scores (Figure 4.6). Because the cohort was small, statistical testing did not
capture individual differences between the PSTs. There is a subset of PSTs (low and
medium scoring) that appear to benefit from the longitudinal approximations of practice
provided in the teacher education program (Figure 4.7). In addition, the difference in
scores between IP 1 and 2 and IP 3 and 4 (see Figures 4.6 and 4.7) can be attributed to the
repeated approximations of practice in the teacher education program. Pilot research
indicated that repeated approximations and longitudinal practice over time is important in

PST education (Ross, Kessler, & Cartier, 2014).

5.2 DEFINING PEDAGOGICAL DESIGN CAPACITY FOR TASK-BASED

DISCUSSIONS

The main purpose of this study was to examine PSTs’ uptake of the Five Practices model and

their developing PDC for task-based discussion lessons. There are common characteristics

between all PSTs demonstrating high PDC as described in Chapter Four. These PSTs were able

to uptake the various strategies, tools, and planning routines introduced in their university

coursework and produce demanding tasks and robust lesson plans, which showed a deep

understanding of the strategies presented. These PSTs showed an ability to critically analyze not

only the available curriculum materials and resources effectively, but also incorporate knowledge

of their students, content knowledge, and pedagogical content knowledge when planning Five

Practices discussions (Figure 5.1).
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Resources

Curricualum
Materials

Figure 5.1: Visualization of a PSTs' pedagogical design capacity for designing task-based discussions

PSTs with a strong PDC for designing task-based discussion lessons also, not surprisingly,

demonstrate a strong content knowledge for teaching (Ball et al., 2008). More specifically, as

detailed in Chapter Four, these PSTs developed a strong capacity to:

Critically analyze available curriculum materials
Draw on a variety of resources in order to design tasks
Design a challenging high-demand task where students participate in one or

more SEPs
Thoroughly think through a lesson planning protocol (Smith et al., 2008)
Plan questions to elicit, extend, and evaluate students’ thinking

Integrate ambitious planning practices for Five Practice discussions

introduced in coursework
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Through the incorporation of these practices at a high level these PSTs demonstrating high PDC
for task-based discussions have assumed the role of instructional engineer and can effectively
design these challenging lessons.

Moreover, one might expect that these PSTs with high PDC would continue to plan to
teach Five Practices discussions beyond the scope of their coursework. In fact, only two PSTs
scoring high (Kelly and Mark) did so, but not only once. Kelly scored 18 out of 33 on the HLTR
and LPDR rubrics and Mark scored 4 out of 33. Only one other PST planned a Five Practices
discussion outside of her coursework (Mary) scoring a five out of 33. While the PSTs
demonstrated the ability to plan detailed task-based discussion lesson for course assignments,
they failed to continue this practice outside of their coursework (“In the Wild” Lesson Plans). It
seems that as the PSTs assume more responsibility in their internship sites and continue with
their course load, they lack the time personally or within the constraints of the curriculum to
have Five Practices discussions in their classrooms. Calvin described the time constraints he
felt:

Which when | was talking to my mentor teacher about it, he was like, “You need

to stop doing that [laughter] ‘cause like those discussions are kind of long.

You’re not getting through enough material.” And, and at first | was like, “Okay.

Like he’s right. Like I need to get through more material.” But, as | started to

think about it more, I’m kind of disagreeing with that *cause, you know, it would

be, it would be like a simple question, but the students would go back and forth

like challenging each other’s ideas for 30 minutes.

In addition to curriculum constraints, personal time constraints were an issue with many
PSTs. Nicole explained:

So first off, not having enough time to plan them, because it does take a lot of

effort to be able to anticipate and build some questions that are really going to

guide students to where you want them to be, but also within the curriculum. You

don’t necessarily have time for students to construct their knowledge, which is
ridiculous, but that’s really what it is.
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Although the PSTs did not tend to plan Five Practices discussions outside their coursework,
PSTs showed the capacity to plan these types of lessons effectively. While six PSTs
demonstrated these high level planning practices and high PDC, the remaining PSTs developed
varying levels of PDC. An important outcome of this study is to understand this variation in
PDC development in PSTs and how to support this development in teacher education. What

follows are possible implications for the design of teacher preparation programs.

5.3 IMPLICATIONS FOR PRACTICE: DESIGNING EFFECTIVE TEACHER

PREPARATION PROGRAMS

The results of this study indicate that PSTs that receive intensive instruction on ambitious
planning practices for task-based discussion can effectively develop the PDC to analyze
curriculum materials productively in order to design these lessons. Recall that the teacher
educators involved in this study used the Grossman Framework for Teaching Practice (Grossman
et al., 2009a) as an instructional design model for teacher preparation. Supporting the findings of
Grossman and her colleagues (2009a), iterative cycles of decomposition, representation, and
approximation are effective as a design model for teacher preparation.

As explained in Chapter 3, this study illustrates the need to support PSTs in developing
their PDC for developing high-quality task-based discussion lessons. Teacher educators must
provide more opportunities for the PSTs to plan, teach, and reflect on lessons of various types
and at varying levels of authenticity. As the PSTs’ ability to critically analyze and design this
type of instruction develops, their lessons will become more aligned with the science disciplinary

practices put forth by the NGSS (Achieve, Inc., 2013). Furthermore, embedding these
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experiences in the context of the approximation of various tools and routines, teacher educators
provide the scaffolds necessary to support teacher learning.

Recall that curriculum materials play an important role for all teachers, particularly PSTs,
as resources to support their planning and instruction (Forbes & Davis, 2008; Grossman &
Thompson, 2008). In particular, PSTs that use curriculum materials and resources in critical
ways suggest the development PDC (Brown, 2009). In this study, the PSTs planned tasks that
support whole class discussions even if the curriculum materials did not provide instructional
tools to do so. Through their adaptations and improvisations of their provided curriculum
materials (Table 4.13), there is evidence to suggest that PSTs are aware of the limitations of
curriculum in supporting students’ engagement in discussions and the SEPs. In doing so, it is
evident that the PSTs developed an ability to critically examine the curriculum materials and
resources in ways similar to Brown’s (2009) notion of adapting and improvising as they created
their own tools or modified tools provided. Revisions like these suggest that university
coursework that was part of this study provided the necessary support for PDC development.

Additionally, this study offers insight into how teacher educators might design learning
contexts to support PSTs’ planning for more authentic science practices. By providing repeated
scaffolded opportunities to engage in micro-planning practices as described above, e.g., select or
design specific tools that support student engagement in those authentic science practices
(gathering, organizing, or representing data, identifying patterns), orchestrate Five Practices
discussions, the PSTs begin to notice particular aspects of ambitious planning practices. These
repeated opportunities to revisit tools and routines learned in the fall semester gives the PSTs
multiple opportunities to approximate various aspects of each practice in an effort to develop

their PDC (Grossman et al., 2009b). Mapping the findings of this study onto the Grossman
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Framework (Grossman et al., 2009a) (see Figure 5.2), one sees that the repeated scaffolded
approximations of this intervention supported the PSTs’ development (see Tables 4.19 and 4.20).
Early in the school year, the PSTs experienced less authentic approximations of practice, but as
the PSTs gained more experience the approximations became more authentic. By the spring
semester, the PSTs brought their own lessons and tasks into their courses to analyze and provide
detail on their scaffolding and maintenance of cognitive demand. This revisiting of topics from
the fall semester with more authenticity resonated with the PSTs. Having the opportunity to

revisit these topics with their own materials supported them in developing their planning

practices.
- More Authentic
Maintaining '
Cognitive
Instructional » Demand &
Performances Scaffolding
Engaging —
. Iinalive 1 J
Lesson role-play
Less Authentic Planning
Assighment l Discipline
Blocks 2 &3
l (Fall 2013 -
Discipline Spring 2014)
Block 2
Discipline Weeks 3-16
Block 1
Weeks 1&2

Figure 5.2: Examples of authentic approximations of practice in the teacher preparation program

176



5.4 LIMITATIONS AND IMPLICATIONS FOR FUTURE RESEARCH

This study has some limitations, most of which shed light on future research possibilities. To
start, the sample size was small (N=15) leading to only two physics, two chemistry, one earth
science, and the remaining biology PSTs. As a result, | was unable to make causal claims related
to a PSTs’ content area. Anecdotal evidence from past research suggests that content area does
have an influence on a PST’s success in planning task-based discussion lessons (Ross et al.,
2011). Future research should aim to obtain a larger sample size allowing for more comparisons.

Second, PSTs were faced with many time constraints throughout the teacher preparation
year, particularly during the spring semester. Weather played a major factor in the PSTs’ ability
to complete their Instructional Performances in a timely manner, which often resulted in PSTs
not devoting the necessary time to plan these types of lessons. During the spring semester,
frequent snow days and delays due to snow and frigid temperatures at the school sites forced the
PSTs to fit in their assignments wherever they could. This factor might have also led to the
limited number of “In the Wild lesson Plans.” While controlling weather may not be a
possibility in future research, a more realistic aim should be to provide the PSTs with more time
to plan and teach their lessons. Unfortunately, the time constraints of the completion of this
study did not allow for flexibility.

Another limitation was interviewing. | was only able to schedule interviews at two time
points during the year. The resulting interviews regarding important coursework often was not
very specific or detailed. The PSTs often forgot exactly what happened during each course
session and had difficulty articulating precisely the coursework design that was most supportive.

Future research should aim to conduct interviews more frequently and/or conduct frequent
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surveys in order to better understand the tools and routines that were most important in
supporting the planning of task-based discussion lessons.

Another limitation is related to the nature of lesson planning which led to variations in
the PSTs’ artifact packets. By the very nature of the task, PSTs had the freedom to interpret
many of the expectations in their own way, resulting in varying products. Consequently, the
brevity of some PSTs’ explanations led to many inferences on the part of the coders and
discrepancies in coding. Many PSTs were not explicit on the choices made in their lesson plans.
For this reason, each coder interpreted some data differently. Many might argue that the task
itself should be more constrained and explicit for PSTs making interpretations of purpose and
analysis easier. However, | argue that constraining the task itself would change the nature of the
task and would not examine PSTs’ ability to critically analyze curriculum materials and
resources to plan task-based discussion lessons.

Finally, this study examined PSTs’ lesson planning practices. As a result, I cannot make
any causal claims related to instruction or lesson implementation. Because a PSTs’ PDC for
planning these discussion lessons has not previously been studied, it was a goal of this study to
understand these planning practices and make connections back to university coursework. In
doing so, the teacher educators can work to better support the development of this PDC at a high
level. However, limiting the study to planning practices does not provide a complete picture of
the PSTs” PDC. In order to understand a PSTs” PDC for task-based discussions, future research

should aim to examine the totality of teaching practice: planning, instruction, and reflection.
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5.5 CONCLUSIONS AND CONTRIBUTIONS TO CURRENT KNOWLEDGE BASE

Understanding how PSTs critique and adapt curriculum materials is critical to designing teacher
education experiences and appropriate scaffolds that promote the development of their identity as
instructional engineers. Curriculum materials are an essential component of classroom practice,
shaping teachers’ decisions about what and how to teach. However, many science curriculum
materials are of poor quality, failing to address student thinking and whole-class discussion
(Beyer & Davis, 2009; Cartier et al., 2013). Therefore, it is crucial that PSTs learn how to adapt
science curriculum materials in order to meet the needs of ambitious teaching practices
(Thompson et al., 2013). Learning how PSTs use these materials and how they can be supported
in the developing their PDC for planning task-based discussions is an important part of reform
oriented teacher preparation. Research to better understand the participatory relationship
between PSTs, the university context, and the development of their identity as instructional
engineers as well as supporting this development is essential.

This dissertation adds to the body of literature concerned with pre-service teacher
education (Beyer & Davis, 2009; Davis & Smithey, 2009; Forbes & Davis, 2008; Zembal-Saul,
2009), planning discussions using the Five Practices model (Smith & Stein, 2011; Cartier et al.,
2013; Eskelson, 2013) and the development of PSTs’ pedagogical design capacity (Brown,
2009). In particular, 1 described the extent to which PSTs take up certain ambitious planning
practices related to task-based discussions using curriculum materials as they plan a lesson for an
actual classroom. It also has important implications for the design of science teacher education
and preparation. Thus, this research helps the field conceptualize how beginning teachers analyze
curriculum materials, lesson plans, and how they can be supported in providing worthwhile

learning experiences for their students.
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APPENDIX A

DESCRIPTION OF UNIVERSITY COURSE SESSIONS PERTINENT TO THIS STUDY

DURING THE 2013-2014 SCHOOL YEAR

What follows is a detailed description of the courses and the important course sessions,
class materials, in-class tasks, and assignments for each course session pertinent to this study

during the 2013-2014 school year.

TEACHING AND LEARNING I
FALL 2013

Teaching & Learning in Secondary Science | is a 1 credit course offered in 6 two or three
hour sessions during Jumpstart, weeks 1 and 2 of the fall semester. The course is designed to
help PSTs develop a vision for what “engaged learning” might entail in a secondary classroom,
as well as the many considerations a teacher must address when preparing to support such
engagement. The course will also provide PSTs with opportunities to reflect on the history of
science education in the United States as well as the nature of scientific knowledge and practice.

What follows are summaries of the important course sessions, instructional materials, and

assignments.
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Class 1

A Model of Engaged Science Learning (Part 1)

During Class 1, after introductions, the PSTs participate in the main task of the day, A
Model of Engaged Science Learning: The Fastplants Task®. The instructors provide each group
of PSTs two plants and laboratory materials, then give the instructions, “Develop a protocol to
determine, ‘How much do Fastplants grow during their life cycle?”” PSTs use the remaining
time to develop protocols using materials of their choosing. What follows are the slides used by

the instructors for Class 1.

Course

CLASSROOM COMMUNITY

Class 1 Slides
Introductions . ..
‘Wheo are you?
Wihat will you be teaching?
Wihere will you be teaching?
Teaching Er Leaming in What is one thing that you are looking forward
. o learning this samester?
Secondary Science 1 What is one thing you are anxious or uncertain
about related vo becoming a teacher?
Auguse 2F 260E -
Today’s Agenda... i LR
Introductions ’:‘.
Learning E i e
Community '-L =
Engaging in Science it -
Learning .
Drverview of the Being explicit Rt |
about our goals & e
expectations. . .

More information about Wisconsin Fastplants available at: *
http://www.fastplants.org/index.php
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Learning Community
Norms & Expectations

What do you wart aur
learning com 1]
saund like?
feel like?
look like?
What should we all be
prepared to do in order o
support learning?

“Ilivd pevple do naol
[TES S 1h@e el

.
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ENGAGING IN SCIENCE LEARNING




DO NOW:
What do you

notice?

What are the features you
notice about your plants
|codor, height, ete.)?

Hovw are the plants in your
samples similar and
different?

Hawve one group masmibar ot
dowm a few notes for later
usa.

What do you
notice?
What are the features you

mtice about your plants
|eolor, height, ete|?

Hived are the plants in your
samples similar and
different?
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Fastplants . .. Some background information

Wisconsin Fastplants |Brassice
rapa) are a genetically
engineered variation of wild
mustard

\..:_ | ]

'\.. L

Full life cyele in =40 days

Learn more at

WEsbar MIGErWINT |y o oy ot cordse e
—

Problem #1: Measuring Growth

You are beginning a Fastplant growth
expefifmenl. You need to kivw how

& how much your Fastplants grow
owver the course of their life eycle.

What feature/s of the Fastplants do
youu wiant to messure of document?




Measurable Features of Fastplants

Halght of plant cvarall

Spresdof plant fwidhat  — How can we gather data

eidast pain) about these features 1o

e of lmaves heelip s arswer the

Vigllama {space that tha plast

faikes up) i

Hembar of birees How do Fastplants grow?

Hamisar of fiowers

Wenber of seed pods How much has a typlcal

Wemniser of seeds produced Fastplant grown at different
poinis in its ifecycle (2.g. Doy 5,
Dary 11, et ?

Tomorrow:

Sharing Measurement Protocols

Could you use this profocal exactly as it was intended
Inarrything unclaar
Ara thire gt ol the protoenl thit ssight be chalngisg 1o
parfiarmn ralabiy?

Wl this protocol get you the data you want?

{waill it help you answer the questions, How do
Fastplonts grow? Or How much hos o typloal Fostplont
grown ot various points i its Bfecyced)

For Tomorrow . ..

Next Generation Science Standards, Appendix F
(Selence & Engineeving Practices)

hitp e nextgensoience arg/next-generotion-
seigmce-standards

Cardrmes,
[Ty prem——

o Mty | Bl 11 ittt

[
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Developing a Measurement
Protocol

Which festure will you measure?

Howr will you reasure it #hﬂ"‘
o e

* Prooess W#Iﬂ
« Numbser of measurements w‘ﬂ#
- Frequency of measurements e -

Teaching & Learning in Secondary
Science 1 - Overview

Course information on Bladbomd
Syt and Poliches posted = keap a copy for raferencel
Bl btingity
asiroas Ricsrding
Gogradi
Humwuai] i i
0 kel Pk Sea Pl
mendance & Partidpation [Hid b sverall s geda)
Required Raadings
Class Matarials
Sl il Handiets
Faadrggi
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Class 2

A Model of Engaged Science Learning (Part 2)

Following up the protocol development task from Class 1, Class 2 begins with the PSTs
completing their protocols. Next, the PSTs present their work just as a secondary student would
in a Biology classroom. PSTs as audience members assume the roles of other students in the
class and critique each other’s work.

The second half of class involves a study of the Next Generation Science Standards
(Achieve, Inc., 2013). PSTs read Appendix F of the NGSS in preparation for class today.
Following a short introduction, PSTs spent time analyzing and discussing the two versions of the
Jeremy Vacation Task (Cartier et al., 2013). What follows are the Jeremy Task example
distributed in class as well as the PowerPoint Slides used to organize class and prompt discussion

that day.
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Jeremy Vacation Task Handout®

Jeremy Vacation Task
From Cartier, Smith, Stein, and Ross (2013). Five Practices for Orchestrating Productive Task-Bas:
Discussions in Science

Jeremy is planning ahead for his 2015 vacation. He has decided that he’d like to
travel to a place where he can enjoy outdoor camping, hiking. and fishing with his
Labrador retriever. Sadie. Jeremy’s tent 1s rated for temperatures above freezing
(32 °F). Sadie prefers not to be too active when the temperature is over 70°F.

Create a bar graph that shows the average monthly high and low temperatures in
cach city. Identify where and when Jeremy should go on vacation.

Amber Lake Bakersville Chesterton

Mean Low Mean High Mean Low Mean High Mean Low Mean High

Temperature | Temperature | Temperature | Temperature | Temperature | Temperatur:
°F °F °F °F °F °F
January 20 38 40 61 53 80
February 22 42 43 65 54 78
March 28 51 49 72 52 72
April 38 64 56 78 44 68
May 47 73 65 85 35 57
June 56 81 70 90 34 53
July 61 85 73 92 32 50
August 60 83 72 92 34 54
September 52 76 67 88 38 60
October 41 65 57 81 42 65
November 33 53 49 72 52 69
December 24 41 42 63 54 79

Task A

Task B

Jeremy is planning ahead for his 2013 vacation. He has decided that he’d like to
travel to a place where he can enjoy outdoor camping, hiking. and fishing with his
Labrador retriever, Sadie. Jeremy's tent is rated for temperatures above freezing
(32 °F). Sadie prefers not to be too active when the temperature is over 70°F.

Using the data provided. create a representation that will help you to show which
city Jeremy should visit and at what time of year (spring. fall. winter, or summer).
You may represent your data in any way you choose. You may represent all or some
of the data as long as you can use your representation to justify your
recommendations for Jeremy’s vacation (where to go and when to go there).

® Reprinted with permission from the National Council of Teachers of Mathematics.
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Class 2 Slides

Teaching & Learning in
Secondary Science 1

August 285, X3

Today’s Agenda...

1. Engagingin Science
Learning

:
E

:
:

Developing a Measurement
Protocol
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1 'ﬂ"ﬂ“ﬁ:,mui!’w
= Process i w W
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The Fastplant Measurement Task

ENGAGING [N SCIENCE LEARNING

Sharing Measurement Protocols

* Could you use this protocol exactly as it was Intended?
Is. anything undear?

Are there aspects of the protocol that might be
challenging to perform rellably®

* Wil this protocol get you the data you want?
(W it help you answer the quest ons, How do
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grown at warios pownds in its Nieopcke )
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Science Tasks
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Class 3

Supporting Engagement in Science Learning

In preparation for Class 3, PSTs read Chapter 1 and Chapter 3 of 5 Practices for
Orchestrating Productive Science Discussions (Cartier et al., 2013). This class consisted of a
detailed analysis and discussion of High Cognitive Demand Tasks in Science.  The tasks
instructors used follow. These tasks are Experimentation, Data
Analysis/Representation/Interpretation, and Explanation tasks described in Cartier et al. (2013),
exemplars of high cognitive demand and low cognitive demand tasks. Using these examples,
instructors led an in depth discussion around these tasks and characteristics of high cognitive
demand science tasks.

Because textbooks are so widely in science classrooms, instructors discussed with the
PSTs the importance of critical analysis of the provided curriculum. Through this analysis, it is
important for PSTs to assume the role of an instructional engineer and assume the authority to
adapt the provided materials as needed in order to make tasks that are cognitively demanding for
their students.

Instructors assigned Lesson Plan 1 for homework. The assignment distributed to the

PSTs follows the class slides.
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Example Tasks Used in Class 3 for High Cognitive Demand Analysis and Discussion °

Experimentation Task 1

Context
7T* erade Biclogy

The teacher chose this task
becanse she warted the
shodents to participate In data
collection Specifically, she
wanted them to have an
opporhonity to make and
record measurements over
time. She chose Fastplants
becanse she wamted smdemits
to leam that there is variation
in “mormal”™ prowth in a
population of plants, ot that
the peneral trend can be
described by an s-shaped
erowih curve.

[

Measunng Fastplant Growth

. (Gently tie a piece of yam around the base of each plant in your container. Ba sure

to use a different color yam for each plant

Prepare a length of measuring strins:
a Cuta24-inch sepment of white sming.
b. Using a Sharpie matker, place a mark *:-1 inch from one end of the smng,

Every two days measure the stem lensth of each plans:

a  Place the black mark on your measuming sitring against the bottom of the
plant stern Make sure the black mark is right where the plant stem
emerges ffom the soil.

b. Gently nm the string up the stem stopping af the base of the highest
flower choster.

c. Use your fingers to mark (by pinching off) the place where the stem ends.

4. Mow use a meter stick to measure the lensth of the string from the black merk to
the place where you have pinched.
5. Becord each stem length measurement (in cnd) in your dats table:
Plant Heizght (om)

Plang 1 Flamz 2 Flamt 3 Plamz 4

Green Fed Blue Tellow
Dy 4 T4 1D LR 17
Diay & 33 3.8 23 EX:
Day & 6.1 [ 43 T3

L L L

®Tasks and other materials from Cartier et al. (2013).
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Drata Representation, Analysis, & Interpretation Task 1

Context

Temperature Patterns
&' prade Earth Science

Jeremy is planming shead for his 2015 vacation. He has decided that he'd like to travel to a
place where he can enjoy outdoor camping, hiking, and fishing with his Labrador retrieves,

|
|
1
The teacher selocted | 5adie Jeremy's tent is rated for temperatmres shove freezing (32 °F). Sadie prefers not to be
this task in crder to ! too active when the temperatare is over TO°F.
zive hiz stodents an 1
opportmnity to ereate ! Crege 5 bar graph that shows the average monthly high and low femperanmes in each city.
and read bar graphs. : Tdentify where and when JTeremy should po on vacation. (Ses data for Task A Fig. 0.7).
|
1
1
Amber Lake Bakersville Chesterton
Mean Low Mean High Mean Low Mean High Mean Low Mean High
Temperature | Temperature | Temperature | Temperature | Temperature | Temperature
°F °F °F °F °F “F
January 20 38 20 &1 53 a0
February 22 42 43 65 54 T8
March 28 51 449 T2 52 T2
April 38 4 56 TE 34 GE
May 47 73 5 B5 35 57
June 56 Bl 70 g0 34 53
July &l HS 73 92 32 50
Aungust &l 83 72 92 34 L4
September 52 76 67 L] 38 Gl
October 41 G5 57 g1 42 a5
Movember 33 53 449 T2 52 a9
December 24 41 42 [E] 54 Fi]
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Data Representation, Analysis, and Interpretation Task 2

Context
% erade Biology

The teacher desipned

this task to provide
stndents with an
opportanity to make
choices about how to
transform data (e.z.
calculate the change in
mass over time) and
represent it in order to
show trends that would
erable them to answer
a specific questiom.
She embedded the sk
in the comtext of a wndt
on, respiration and thos
ghlizhted key
Leaming Croals related
t the role of water in

plamt ranzpiration.

[task by Helen

Snodgrass, ESTF
Fellow]

Environmental Factors Impacting Eate of Transpiration
Diear scientists of Prep HS,

We are writing you as fellow scientists m need of some help. At the zoo, our expertiza is
mainly in the area of animals snd we cumently have a question about our plants that we
hope you can belp with.

In different areas of the zoo, plants experience varizshble growth conditions. Some areas
are more humid or shadier than others, etc. We need to develop a plan to provide the
correct amount of water to our plants. That watering plan has to take into consideration
the rate of ranspiration of the plants under different conditions. Our grounds crew has
gathered some data about the plants over a 5-day period during which the plants received
oo water. We would like you to use this data to develop a report about how different
envirpmmental growth conditons impact rate of transpiration.

Once we receive your report, we can develop a watering plan that will enable us to keep
our zoo habitsts thriving! We need fo present this data to the Zoo Board at its mext
meeting. Please look over the data for any patterns youn see and create a graphical
representation so that we can show the board members what patterns yom have
identifisd. Also, it will be very important to have some written description of what
you found out so that our Zoo Board members will be convinced that our watering
plam iz grounded in good science.

Thank you for your help. We are looking forward to hearing from you

Dieborah Smith
Diirector of the Zoo

. Standard Mazz | Mass | Mass | Mass | Mass
Variable

. Growth @ (@ (g @ (E)
Condiion | . " fitions | Day 1 | Day? | Day3 | Day 4 | Day s
BITF
75% humidity
——— | t10howsef | 160 | 132 | 110 | 90 | op

sulight/day

10 nph winds
H-IT°F

D% £-10 hinas of

humidiry Iﬂﬂm‘m
Ihrsof | OO

. 7% bmudity | 120 | 125 | 119 | 114 | 111
SILERT | ) o winds

17.0 | 168 | 164 | 164 | 153

(=N
40mph | 75% boondio .
ind £101 16.3 126 o8 77 5.1
sunlizhtday
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are exposed during
early stages of
development. After
the studemis presented
and disenssed their

o emphasize this
new Learmmg Goal
before closing the

The Frog Problem in Bakersville Park
Yisitors to Bakersville Park have been

noticing some sitrange looking frogs in and
arcund some of the ponds!

x, £ o
Ea |

\ . Eabir
7K
Around Baker, Charles, and Emerald ponds,
they have been seaing frogs with too few or
too many legs! Mone of the deformed frogs Lakoes
have been spotted around Arlington or Dodd
ponds, thoogh. Farest
Local sclentlsts are wondering: what s B Sundy o rcky
omiising these strange deformities?
They have two hypotheses:

1. There is some kind of chemical pollution in Baker, Charles, and Emerald
ponds that Is causing the frogs to be deformed.

2. There I3 a disease-cansing organism (a bacterium or parasite) in these ponds
that |5 cauzing the deformities.

Use the data that the sclentists have collected to support or challenge one of
the hypothesas,

DATA
Concentration of Chemical Pollutants in Bakersville Park Ponds
Fﬂﬂ’fr Pollution | o tieide Pollution Level
evel
[F['m] (ppm)
Arfington 37 11
Baker 43 17
Charles a4 ]
Dodd 41 22
Emerald 28 21

ppm = parts per million

Presence of Tremadode Larvae in Frogs

number of frogs that | number of frogs that PE‘T“ME nl:;rngs
ware NOT infacted were infected Trematodes
Arlin 24 1 4
Eﬂfﬂ 16 9 36
Charles 14 11 44
Dodd 23 2 g
Emerald 15 10 40




Experimentation Task 2

Studying Fastplant Growth

We know that individual humans vary guite
a lot from one another — we are different
heights and weights; we have different skin,

hair, and eye color; the thickness of our hair
varies, etc.

Is there variation in populations of other
tvpes of organisms?

*  Would we see variation in a

population of plants?

*  What kind of variation would we
seel

*  How would we measure and
describe that variation?

Over the next few weeks vou will be investigating
variation in a population of plants called Wisconsin
Fastplants. We are going to track changes in stem

length as the plants grow.

Parts of a Fast Plant
—-— e
. R
ay Mr Ahem
htip:/ fcsstechnology.edublogs.org/ffiles/

2010/10/fast-plant-20rf8ie.jpg

Today we will decide how we are going to measure stem length in Fastplants.

SMALL GROUPS
(20 minutes]

1. Obtaina Fastplant from under the grow lights,

2. Select from the available tools:

Measuring tape Markers Lego blocks
Bamboo skewers Colored tape Pipe cleaners
String Meter stick

Scissors Ruler

3. Determine how you will use the tool/s you've chosen to measure Fastplant stem length.

4. Write our your measurement protocol in enough detail o that others will be able to use
the protocol in a reliable way [Le. everyone needs to be able to use it exactly the same

way).

Include pictures to help others understand your measurement protocol.

WHOLE CLASS
[20 minutes]

*  We will share our protocols with the class and determine whether there are any

details missing.

*  We will agree on one way of measuring our plants throughout this investigation.
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Explanation Task 2

[5tudents have Styrofoam balls, mnflatable globes, a light source, and dry erase boards with markers. They
have wdentfied the general pattern of Moon phases that are seen from Farth over the course of 2 month . . . ]

Whyy does the Moon look the way it does when viewed from Earth? (Why does it change throughout the
month?)

Use any of the tools vou have available (the globes, Styrofoam balls, hght, white boards, or even your own
bodies) to provide an explanation. Be prepared to share your explanaton with the class.

Explanation Taszk 3

Why do we see phases of the Moon from Earth? (shert answer)
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Explanation Tazk 4
Why do we see phases of the moon duning a month?

a. We see only the hif part of the moon as it moves around Earth.
b. Parts of the moon are always in shadow.

c. Eclipses of the moon ocour nightly.

d. The moon 15 smaller when 1t 15 farther from the Earth.
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Agenda

= Task Types

« Fagtures of Challenging Tagks
= Strategies to Maodify Tasks

= fssignment 1 — Lesson Plan!

What Makes Tasks Challenging?

1. Choosea of
Easks and read tng
EXPERIMENTATION examples prowided.
2. Discuss with your
DWTA REPRESENTATION, O tautores of this
BMNALYSIS AND task make it
INTERPRETATION ‘What are
thee imn
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and not
EXPLANATION | mﬂmmhh
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Teaching & Learning in Science 1
ASSIGNMENT: Lesson Plan 1

DUE: September 4, 2013 (Wednesday, 8:00 AM)
SUMBIT: Digital copy of the lesson plan on Courseweb using the assignments function.
BRING: Bring a hard copy for your own use during class. Make sure this copy is printed single-sided

Purpose

This assignment will provide you with an opportunity to write a science lesson plan. The work you
do on this assignment will be utilized in our class on instructional planning on Wednesday,
September 4th,

Please keep in mind that [ am not looking for or expecting any particular features in your lesson
plans at this point in time. However, [ am expecting your best, thoughtful work. Don't worry about
whether what you choose to do is “right” or “wrong” as those labels are not meaningful in the
context of this assignment. Simply do your best to fulfill the requirements of the task as they are
described below.

Requirements

1. Write an instructional plan for a lesson in which your students will have an opportunity to
engage in at least one scientific practice (from the Next Generation Science Standards).

2. Your lesson plan should be a minimum of 2 typed, double-spaced pages long. There is no
maximum limit for the length of the plan.

3. The main task in which students engage during the lesson should be challenging in some
ways (consider our discussion about challenging tasks during class on Thursday, August
29th),

4. You may use materials (tasks, plans, etc.) that you find on the internet, in curriculum
materials, or have obtained from others. If you use prepared materials please be sure to —

a. Re-type the material, adding or changing things as you see fit.
b. Provide a complete citation for the source.
c. Provide a copy of the original material.
5. Setthe stage for your lesson—
a. Tell me what grade level student you are planning for (you can choose).
b. Tell me whether you are planning for a 45-minute period or an 80-minute block.

6. Write up your lesson plan in whatever format you choose. You are free to use any lesson
planning template with which you are familiar or to create your own. Try to include all the
information that you'd find necessary to enable you to teach the lesson. (In other
words, with this lesson plan and the necessary materials for the task you've chosen, you
ought to be “good to go” as the lead teacher...)

Topic Selection
Your lesson must be related to one of the topics in the list below.

General Biological Science:
Making and justifying claims in Mendelian inheritance of traits
science
Earth & Space Science: Physical Science:
Moon phases Behavior of water at the molecular
level
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Class 5

Introduction to Lesson Planning

PSTs bring copies of the lesson plan 1 assignments to class. The first part of class
involves the PSTs cutting apart the different sections of their lesson plans and examining the
similarities and differences between the sections of their group members. After the group work,
there is an instructor led discussion regarding important parts of a lesson plan and what a teacher
needs to plan and prepare for when planning a high cognitive demand task, such as the Fastplants
task, they did last week. The instructors then distribute the Sample Lesson Plan (provided
below) and support the PSTs in comparing their plans with this sample plan. Finally, the last
part of class involves direct instruction around the various parts of a lesson plan, e.g., Big Idea,
Learning Goals, Objectives, etc., and the various resources the PSTs may use in writing those
parts of the lesson plan.

The assignment is a revised lesson plan 1. The PSTs are to revise their first lesson plan

based on the today’s discussion and what they learned today.
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Class 5 Slides

TEACHING & LEARMING IN SECONDARY SCIENCE 1
SEFTEMBER 4

Faull 2013

Please sit with your group!
Wars Frarx Xavhar Bonnke Nanoy
Thomas Florenca  Dana Wris. Nicole

Mane Kelly Dorma Sooti Micholas:

§i§e

* Ambitious Instructional goass demand rigoenous planning
* Ergmiey] wluderin ek ol an i
iR il faste plafnd il B almply Sitvidisg thism with
i il 10 GRiTY oL
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e Emealir s el represanl dEtR

* Dur gegpeetaiion fs that you will develop ambitious goals for
your siudenis, engaging tham in chailenging cognithve work

Why do we spend so much time
on instructional planning?

Looking at Your Lesson Plans

- Round Robin Shanng of Lesson Plans
= Ag you read your group’s lesson plans, ook for
similarities and differences betweaen them.
- Dssecting of Lesson Plans
= Cut ouit the distinct parts of your written lesson
plans.
= Put these parts into groups onto your white boards.

* Exploin them. (What information s being comveyed hese?
What purpase does this information semve?
= Mame them,
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Standards
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(2) Quiz

Reflecting on the Fasi Plant Lesson
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Sample Lesson Plan

*Provided to PSTs after lesson planning discussion during Class 5 in order to prepare for the Revised
Lesson Plan 1 Assignment.

Lesson Plan

Date: March 11, 2009 Course/Section: Biology-9 Block A Topic: Classification in Biology
Big Idea [What is the overarching Big disciplinary Idea that this lesson is drawing upon or building
toward? See Core Ideas in the NGSS or Big Ideas on the PA SAS.]

Scientists often develop tools to identify and study patterns in the natural world. A taxonomic

system is one such tool. Another is a system for classifying organisms. A third example is the periodic
table (a tool for visualizing patterns in the physical features and behaviors of atoms).

Learning Goals [What will students know at the end of this lesson?]

1. Scientists classify (or group) living things because they want to be able to describe and ask
guestions about how they are related.

2. Different ways of categorizing or grouping objects or organisms allow scientists to notice
different patterns and to answer different kinds of questions.

3. Early classification in Biology was based mostly on obvious features like body shape, size,
whether something had feathers or hair, etc.

4. Modern Biologists have more powerful tools for studying organisms now and the most effective
way of determining how living things are related is to look at the sequence of their DNA.

Objectives [What will students be able to do at the end of the lesson? What they can do should be
evidence that they know what you intended for them to learn . . . ]

1. Given a group of diverse objects, students will be able to organize them into categories that are
mutually exclusive and hierarchical.

2. Students will be able to use their classification scheme to determine the appropriate place for new
objects (e.g. a metal washer, a glass marble).

3. Working independently, students will be able explain why multiple classification schemes might
exist (e.g. because they are developed with different purposes in mind and because they are
developed by human beings).

Related Standards [What PA Standards will you touch upon in this lesson?]

S11.A.1.1 Analyze and explain the nature of science in the search for understanding the natural
world.
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Materials Needed [What materials do you need for this lesson? Include things like representational tools
(Powerpoint slides, etc.), handouts, manipulative, laboratory materials, etc. ]

For each student group:

1. One 2-gallon plastic zipper bag containing items for the sorting task
markers, crayons, pencil colors, and tubes of paint in various colors
paper of different texture, size, and color

rulers (1 wood, 1 plastic)

scissors (1 pair regular scissors, 1 pair with rounded ends)
glue or glue stick

beads and buttons (some metal, some wood, some plastic)
thread

bills and receipts

spare change

breath mints, gum, candy bars

o S@mheoo o

A large tray for containing the items once removed from the baggie.

A dry erase board, markers, and eraser

Post-it notes

Index card with a “purpose” (different groups will have different “purposes”)

akrwmn

For each student:

1. Science note sheet.
2. Exitslip

For the teacher:

1. Powerpoint slides.
2. Digital camera.

Safety Concerns [What safety issues do you and students need to be aware of during this lesson? Include
information about how/when you intend to let students know about these issues.]

The main safety issues are:

e Students may want to eat the candy, mints, etc. During the activity launch, I will make sure to
warn them that these materials are NOT HYGENIC as they have been handled by many students.
They should NOT put anything in their mouths in any science class.

o Students should take care not to poke themselves or others with the scissors. | will instruct them
to leave all objects on the tray at all times. They can move them from one area of the tray to
another, but they should remain on the tray at all times. This should also alleviate the last safety
concern . ..

e Students may drop small items like beads that could pose a slipping/tripping hazard. They will be
instructed to pick up any dropped objects immediately.

Set Up [How will you have materials set up at the beginning of the lesson?]

When students enter class, they know to take out their science notebooks and complete the Do
Now prompt from the Powerpoint. | will have the Do Now slide projected when they enter the classroom.
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I will also have the sorting materials (in 6 baggies, one per group) placed on the side table. Each
baggie will be labeled with a group number (students are already in lab groups, so they know their
numbers). The stack of trays will be on the side table near the baggies.

White boards, markers, and post-it notes are already at the group tables when students enter the
room. (These materials are always on the tables.)

Lesson Opening [How will you begin this lesson? Be specific about how you will activate
relevant prior knowledge, connect to previous lessons,
etc.]

7 minutes DO NOW

Identify something that you have
a lot of (e.g. i-pod songs, clothes,
books, etc.).

The Do Now slide will serve to open the lesson:

Once students have ~3 minutes to complete the Do
Now, | will ask for volunteers to share their responses.

Describe how you organize the
individual items in your collection
of things.

I expect students to talk about how they organize
their clothes by season or by types (pants, sweaters,
underwear, etc.); how they organize their music by artist or
genre; and how they organize their books by size or use (school-related or pleasure reading, etc.).

I will solicit and make alternative categorization suggestions where necessary to prompt
discussion.

After a few examples, | will ask, “Why do we organize things?”

| expect students to say things like “because my parents make me” and “because it makes it easier
to find stuff we need.”

I will then prompt, “We are going to complete a task today where we have to create a system to
organize a pile of stuff. We all have the same piles of stuff, but our systems will probably be different.”

Support of Lesson Activities

(1) LAUNCH [How will you launch this activity? Be specific about what you will say to students,
how you will let them know the purpose of the activity, what they are expected to do, how much time
they’ll have, etc. Be clear about how you will give them the necessary directions and materials to
participate successfully in the activity. ]

5 minutes | will tell students:

e Our first activity today is going to be a sorting task. We are doing this so we can practice the kind
of thinking that goes into developing a system to sort things—this is what scientists have to do
when they develop similar systems. Before we talk about how Biologists sort things, we’re going
to so some similar work ourselves.

o Every group is going to get a baggie of stuff and you’ll have 15 minutes to come to agreement
with your group members about how to sort it.

e To figure out how you want to sort, you will have to do two things: (1) read your index card that
has the PURPOSE written on it; and (2) make careful observations of your objects-pay attention
to what they look like, what they’re made of, what they’re used for, etc.
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e To sort your objects, move them around into piles on your tray.
e Use the post-it notes to label what the different groups mean or contain.
e You can use the white boards, too, if you want to add more information or draw a diagram.
e After 15 minutes we will have a class discussion.
Pause for questions. : 5
Instructions SAFETY ZONE
e Okay, let’s review our Safety Zone Bl is el L e ] objects on the
reminders. (1 will call on volunteers to read * Place the objects onto the tray. oy
these from the SlIdE) ; Obsen’fe th‘f] i Be careful around the
SRS sharp end of scissors.
* What are they made of?
e When I tell you to, | want the tallest student * What do they look ike? DO NOT EAT any
in your group to go to the side table and B E;e:gtl:ilacls They are not
retrieve the baggie with your group’s you've been given. g
number on it and one tray. el Pick up any dropped
¢ Begin Working as soon as your group * Label your categories with the post-it SHjFe .
receives your materials. We are starting at notes.
(time) so you will have until (time) to
complete this part of the activity.
e Okay, “go.”

Throughout the launch, I will use Slide 2 as a guide and will leave it projected during the task as a
visual reminder to students.

(2) WORK TIME [How will you support students” work and thinking during the activity? What
will you be doing and saying? What will students be doing and saying? How will you help students
connect their ideas to the specific learning goals of the lesson?]

group sort: 15 minutes
class discussion: 10 minutes
notes: 5 minutes

group sort

I will have 6 groups and three different PURPOSE cards. Therefore, there will be two
groups working on each purpose.

As students work, 1 will circulate and ask them to explain the basis of their sorting
systems. There are some features that | want to highlight:

Hierarchical ordering systems (nested categories)

If I don’t see a hierarchical system, | will push at least one group to consider this. For
example, | might see a group of students who are sorting materials for an elementary teacher.
These students might put the markers, paints, pencils, and crayons together. | might ask,
“Suppose you are teaching 7-year-olds. Would you want to store all these materials where
students could access them independently? Would some of them require more supervision than
others?” This question might prompt the students to consider that all these coloring materials
might be in a big group, but that they might separate the group further by having pencils and
crayons stored in an accessible location but having markers and paints stored in a location only
the teacher can get to. (This is similar to what | expect will arise in our Do Now conversation:
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Students might have their music organized by genre, but then within a genre they will also have
categories for individual artists and the albums of individual artists will be listed alphabetically,
etc.)

Mutually exclusive categories

If | see an item that seems like it might fit into more than one category, | will ask students
about that. For example, students might have a category for red things and a category for wooden
things. Which category would a red, wooden button go into? This is another way of helping them
develop a hierarchical system. But it is also an opportunity to make explicit the idea that
categories are only useful if they are definitive.

Categories should connect to the purpose

I do not expect to see identical sorting schemes across all 6 groups. One thing | will try to
emphasize in my questioning is the way the categories are useful to the people who will be using
them. For example, a moving company might want to know where objects are found in a house so
they know how to pack them and label the boxes; or they might want to know which items are
breakable so they know to pack them carefully. A teacher would want to keep track of materials
that are used every day vs. those that are taken out only for special activities; a craft store owner
would probably want to group materials according to their probability of being used together (e.g.
string and beads would be in a similar location). | will ask questions about the NEEDS of the
users of the sorting systems to help students realize these possible different ways of sorting.

class discussion

Sorting Living Things: Biological Classifictim

Because we have so little time (48 e S
* Biologists have a PURPOSE: To study living things!

mantES), my students knOV\{ that I will npt_ca“ * They want to notice patterns and relationships among living
on every group to share durlng every activity. things.
| keep track of student participation in my * They want to understand how and why those patterns occur.
notes, so | know which students have had few ] - . sl s
e : * Biologists have a system of sorting living things that they ca

opportunities to speak lately and which have e el
had many. | will try to take this into account s e
When dranng on eXampIes from the aCthlty = Early on, the systemaefleted fysi@l fatue (body mpe, overimg,

. . - tc).
during the class discussion. o

* Modern Biologists now have a classifictim ystem tat ishsed m
similerities and diffeences in INA .

I will begin by asking generally,
“What did your group think about when you
developed your sorting categories?”

I will solicit a few answers from the students, focusing on (or drawing out) the idea that
they thought about both the objects and the needs of the users of the sorting scheme.

Then | will ask two groups who had the same purpose but different categories to
compare/contrast their schemes. | might point out a few similarities and differences that are of
interest to me. | will ask why they think these differences occurred. I will try to highlight the idea
that people are complex and think in different ways and any time you have human beings doing
things, you can expect some messiness. But if we took time to communicate and share our ideas,
we might agree on one best way to approach the sorting.

Finally, I will highlight the differences across groups and connect this to the PURPOSE of the
USERS.

To close this part of the lesson, | will hold up an item (e.g. metal washer or glass marble) and ask
students to use their sorting system to place this item. This will serve as a quick check that
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students can use the sorting system and an opportunity to point out that when scientists discover
new things, sometimes they “fit” into their systems and sometimes the systems need to be
changed to accommodate the new organisms.

notes

I will use the Powerpoint slide to give students notes (these build on biology ideas we have
covered in the first unit on the needs of living things--- but |
am connecting these ideas about living things to
categories/classification). Students record their notes in their  Coming Up Next

science notebooks. *What are the categories in the Classification system?
*How does the Classification system help us see
Lesson Close [How will you close the lesson? How important Pattems and relationships among
will you help students know what the important “take away” i i
i were? How will let them know what is comin
ndee;??] ere? Ho you let the 0 at is coming GenT L

. *Read chapter 3, pp. 27-31.
5 minutes ; s . )
*Identify ONE organisms in each Kingdom that is NOT

mentioned in the chapter.
I will present slide 4, letting them know what we

will study tomorrow and also their homework assignment
(this is posted on the class website so | don’t hand out copies
of homework---students know to do this in their notebooks).

I will hand out copies of the exit slip and give students the remaining minutes to complete it.
Students submit their exit slips by dropping them into the marked basket on my desk as they exit the
classroom.
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Assessment [What will students do and say during the lesson (or after it) that will let you know that they

did/didn’t achieve the lesson objectives?]

Objective

When Assessed

How Assessed

Students will be able to organize
a group of diverse objects into
categories that are mutually
exclusive and hierarchical.

During the group
sorting task.

I will notice the students’ categories as | circulate
during the small group activity. | will ask questions
about the basis for their categories and the rationale
for placing certain objects into various categories. |
will be looking for students to acknowledge when
categories are not exclusive and to propose
solutions. | will be looking for students to propose
ways to “nest” or organize categories to reflect a
hierarchy.

Students will be able to use their
classification scheme to
determine the appropriate place
for new objects (e.g. a metal
washer, a glass marble).

During the whole
class discussion
following the
sorting task.

I will quickly scan the room to see where the groups
would place this new object (I will prompt them to
point). This will give me a sense of how students can
use their categories and whether they can recognize
deficiencies in them.

Students will be able explain why
multiple classification schemes
might exist (e.g. because they are
developed with different
purposes in mind and because
they are developed by human
beings).

In the exit slip.

| expect students to mention at least two of the

following:

1. Sometimes scientists find new information that
doesn’t fit with their old schemes and they need
to change them.

2. Scientists are people and they will come up with
different ways to think about problems.

3. Scientists might have different purposes for
classification systems and so there might be
more than one.
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Resources

Index cards for sorting task

Purpose:

Your classification system
needs to be used by a CRAFT
STORE OWNER to help her set up
her store shelves.

Purpose:

Your classification system needs
to be used by an ELEMENTARY
SCHOOL TEACHER to organize her

new classroom.

Purpose:

Your classification system needs
to be used by a MOVING
COMPANY to pack a family’s
belongings and unpack them in their
new house.
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Exit Slip

Name:
March 11, 2009

Think about the sorting activity we did today and connect to the following question:
Why might scientists develop more than one Classification scheme to sort living things?

Your answer should be 2-3 sentences long.
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TEACHING AND LEARNING 11
FALL 2013

Teaching & Learning in Secondary Science Il is a 4-credit course offered during weeks
3-16 of fall term (September 9 — December 13). The course is designed to help PSTs develop the
capacity to design lessons that will enable secondary science students to learn core science ideas
while engaging in disciplinary practices. The instructors focus on in-depth coverage of high-
leverage practices, including —
e selecting or designing cognitively demanding tasks
e supporting classroom discourse through various talk strategies (e.g. revoicing, tossing,
questioning, etc.)
e developing and/or selecting robust tools (e.g. representations) to support learner

engagement
e utilizing the Five Practices Model to plan for and support student engagement in task-

based discussions

PSTs have opportunities to design lessons and receive detailed feedback from course
instructors. They also have opportunities to engage in micro-teaching episodes, practicing
various teaching strategies with their peers acting as learners. Finally, PSTs collaborate with one
another to provide feedback on lesson planning, enactment, and reflection during the last part of
the term.
Class 1

This first class of Teaching and Learning Il involved three main parts: task selection,
anatomy of a lesson, and micro-teaching episode. What follows is a description of each,

including the instructional materials used during class.
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Part 1: Task Selection

In preparation for class today, the PSTs read Chapter 1 of 5 Practices for
Orchestrating Productive Science Discussions (Cartier et al., 2013). This first part of Class 1 is
a continuation of the concepts and ideas discussed surrounding high demand tasks in science in
Teaching & Learning I. The instructors provide three science tasks (see below). The PSTs
examine the tasks and determine the cognitively challenging parts, the unproductive barriers, and
how they would modify each task. The main goals of this task are: (1) to provide the PSTs with
an opportunity to engage in instructional engineering by modifying tasks; (2) to introduce the
PSTs to scaffolding, maintaining demand, and unproductive barriers to task completion. What

follows is a copy of the slides used in class as well as the example tasks.
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Task Selection Slides

Let’s Return to... Engineering Tasks
That Involve Productive Challenges

# Task selection and design are onscal to ensuring that
students have opparturities to engage in high cognithe
demand wark.

# Currioulum materials, e.g., textbocics, scence kits, online
resources, aften indude tasks that place low cognithee
demand on students.

= As instructional ssglmesrs, teachers can make
strategic cholces, or modifications, to tasks to inorease the
cognitive demand.

The Teacher’s Role as Instructional

Engineer

* Degign tasks that:
# Prowide students with cpportunities to learn key sclence
Ideas whie engaging in disciplinary practices
* Place high cognitive demand on students
# Engage students to engage in the task in multiple ways that
are productive

* Consider ways too minfmize prescriptive directions, provide
complex data, ghve students an audience, ré-sequence tosks

30 minutes! Examine 1 Task . .
In each group, then move on i ICtiONEl Engineers
timse permits.

Physks  Bunges Jump Lalssnd Practics Frobisms
Idesrilly which aspects of each tash will be challenging.

Deterenine which challenges are producthne, Le., contsibute to
~gaal™ of th &S

D birenilent: ehat milght be emproducthe “barrbers™ b
students” complethon of the tash.

Dscriba hirey i f L Moy e@ch Gk b0 abdned e
challenges.

Let's Return to... Engineering Tasks

That Involve Productive Challenges

* Leamers have limited capacity to handle cog)
demand...

# Teachers need to ...

= Analyes tako with e e i ey that thesy can
kmmrsy whick aewst of thove 2avks wil be challenging,

_— hich chligpes will bn producthos - that s, -
e thie goiak for the ke,

* IPrepars t3 apy therrin® g 1 thas b, bl
Bebils e Hhat st by ol with chalk

-m:m&dmlhtnr—tpdmﬂ-:{&-
are et d tua b bmoing] ol of the particular | )k
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Example Biology Task”

Gummy Bear Lab: Cell Transport

Today we will be investigating the transport of materials into
and out of a “cell,” which will be represented by a Gummy Bear!
We will be placing Gummy Bears in different concentrations of
salt, sugar, distilled water, and tap water solutions.

GOAL: You and your group members must accomplish the goal
of measuring the change between the gummy bear before and
after it is placed in solution — it is up to you to decide the best
way to measure this. You will then create a data chart
representing your findings.

(1) Pre-Lab Questions

What are Gummy Bears made of?

When a Gummy Bear is placed in water, where do you think the water will

go?

If there is salt or sugar in the solution of water, how might this affect where
the water goes?

Define these terms:

=]

[ SO I W

Solute
Solvent
Solution
Concentration
Osmosis
Diffusion

Fill in the blanks: Particles always move from an area of
concentration to an area of concentration.

" Task from Kristin Germinario, Knowles Science Teaching Foundation Fellow
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(2) Hypotheses (Written in an “if... then” statement). Create a hypothesis for each
scenario, and identify the CONTROL(s) in the experiment by labeling then with
CONTROL in capital letters in the chart below.

Gummy Bears in 10oml tap water:

Gummy Bears in 1ooml distilled water:

Gummy Bears in 10oml tap water with 5 grams salt

Gummy Bears in 10oml tap water with 10 grams salt

Gummy Bears in 10oml tap water with 15 grams salt

Gummy Bears in 10oml tap water with 5g sugar

Gummy Bears in 10oml tap water with 10g sugar

Gummy Bears in 10oml tap water with 15g sugar

Materials (per lab group):

* 6 beakers = stirrod
» 6 Gummy Bears = ruler
= tap water = balance
= distilled water *  measuring spoon
= salt = wax pendil
= sugar
Procedure:

1. Obtain all materials.

2. Label all beakers with solution, your names, and your period.

3. Measure your bears (use data tables; use the metric system).

4. Prepare solutions in beakers and add bears (one in each solution). Let the bears sit
overnight.

5. One or two days later, carefully remove bears and measure (use data tables).
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Data Collection:

For your data, use percent change to calculate the change in the bears for whichever
measurements you choose to use. To calculate percent change:

After — Before x 100 =X change
Before

Data Tables: Create your data tables in the space below to record your data for each
type of solution used. Make one data table for each beaker’s results.

Analysis:

|. Graphs: Determine how your group will most effectively graphically represeni
your data so that your classmates can interpret it. Create your graph on
poster paper in class.

Il. Question:

1) Did the tap water gummy bear differ from the gummy bear placed in
distilled water? What is present in tap water that may have affected
these results? Write your response below.

1. Conclusion:

In 1to 2 paragraphs, explain how this lab zllowed you to demonstrate
osmosis, and make sure to reference your results in your explanation.
Write your response below.
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Chemistry Task®

2B: The Chemical Formula

What is a chemical formula, and how is & used?

Paper, glass, plastic, melal, =kin, kkaves, atc. are all matter. Athough difterent Materials
substances are made of diferent combinations of elements, there are only 52 » Molecilar
alements on Earth from which all substances ane made. [ntad, only s elamants moded kit

make up almost everything around us. How does such incredible vansty ooms
from only a few elements? Compare edements bo lefters in the alphabet. How do - Periodic e
=0 many words come from only 26 letters? The answer for matier Is very similar,

and the chemical fommula s how we "spall” all the diferent kinds of matter with

e same fow slements.

§

Part 1: Setting up your modeal Elamant
Look at the molecular mode]l kit Asslgn black
colors io the differemt atoms, amd write —
them down In the table on the right. MMake -
sure you have at least the following fouwr: white
carbon, ocygen, nydrogen, and nitrogen. reen
One cobor in particular should be assigned yallow
to a specific element. Which one and why? blue
purple

Part 2: Making some models and “spelling” them

1. Pick any four atoms. Use the plastic
bonds to connect them. Example: | Ciagrara | H—N

2. Draw the molecule you have made in the .d}—H
diagram below: Chamical fommula

3. Use the yellow and blue boxes to work
ousl the chiemical formala for your nmnmn..
meecile. Botel

4. Write the completed formula on the line. HaNO

Cizgram | Chamical mwla | [T] wiie sterment symbsls o pellaw boxes

[] Wrke haw many of thal clemant
arglin yeur molecule in Dlue poces

.

® Task from A Natural Approach to Chemistry by Hsu, Chaniotakis, & Damelin (1998)
Reprinted with permission from LAB-AIDS, Inc.
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Part 3: Bigger molecules
1. Using sitx atoms, bulld 3 molecule with two pairs. A pair 15 two of the same atom.

Dagram | Chesical feemaila | [ wiko clement symigls in yeiow boxas

I:l Wirks howmany of that slemant
are i your mokecule in blug boxes

2. Using stx atoms, bulld 3 molecule that has three of the same type of atom

Cagram | Chemical feeras | [ g stoment symbals In yeow boxas

I:l Wirks how many of that slemant
are 0 your malkecule in blug boxes

Part 4: Reflecting on what you learned

Gl LCae
a. How many atoms in total are there In a glucose molecule? H_E |chain farm]
b. Wirite the chemical formula for glucose. H_.,flu_u_ﬁ
c. Methane has the chemical formula CHy. Draw a possible chemical “'U'E'H
diagram for 2 methane molecule. (Hint: Carbon makes four bonds :::dj:]j
with other atoms.) H_.%_n_ﬁ
d. Write a chemical formula for a molecule that has four hydrogen H

atoms, twio carbon atoms, and two oxygen atoms.

Part 5: Rules for bonding atoms

In most situations, elements tend to form a specific number of bonds when they make molecules. For

example, each carbon atom needs to make four bonds, a nitrogen atom needs to make three, and an oxygen
atom needs o make two. This Is one of the most Important ways the elements are different from each other.

They are different because they form different numbers of bonds with other elements.
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Muolecules can have single bonds. double bonds, and even triple bonds! Here are some examples of each.

A nitrogen molecule The oxygen atom in The carbon storme in an
Fias ang Irple bond a waler molec ke eltiylene mokecile make one
makes two sngle bonds double bond between them

?,H:U

N,

Let’s reassign the colors and set up the miles for bonding a few elements

Bement MNumber of bonds
black carbon 4
red axygen 2
white | hydrogen i
e chlorine 1
yellow sulfur 2
blug | ritrogen 3
purple | sodium 1
1. Butld one possible structre for each of the following malecules. Make sure you follow the niles
for how many bonds conmect each atom.
2. Draw a possible stnectural diagram for each molecule you bulld. There may be mamy passible
structures for each molecule.
3. Leave the “formula mass™ lines blank until the next step.
NH; Dlagram
Formula mass
CO, [Magram
Formula mass
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Physics Task>

Bungee Jump Lab

Setup: The bungee jumper has a string with a rubber band attached to it.
For the first jump hook the string to the force sensor. For the second ju
hook the rubber band to the force sensor. (For both jumps be sure that
someone holds the base of the stand.)

=

LabQluest Setup:
1. Turn on the LabQuest screen and click on the graph icon.
2. Tap Graph, then Graph Options
3. Set: Left: O Right: 1.5
Top: 15 Bottom: 0O (click ok)
4. Use triangle button on the right side to start the sensor for jumps.

Jump #1
1. Hook the string loop to the force sensor,

2. Release the jumper and hit the triangle button at the same time.
(Hold the base of the stand.)

3. Copy the first curve of the graph on your lab sheet.

Jump #2
1. Hook the rubber band loop to the force sensor,

2. Release the jumper and hit the triangle button at the same time.
(Hold the base of the stand.)

3. Copy the first curve of the graph on your lab sheet.

® Adapted from http://www2.vernier.com/sample_labs/PWV-07-LABQ-bungee_jump.pdf
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http://www2.vernier.com/sample_labs/PWV-07-LABQ-bungee_jump.pdf

Jump #1

Describe the shape of each graph.

Jump #1
What is the Force (max) and time (range of curve)?

Jump #2
What is the Force (max) and time (range of curve)?

Explain why the two jumps were different.
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Part 2: Anatomy of a Lesson and Micro-teaching Episode - Launch

Part 2 of Class 1 provided PSTs with an opportunity to examine representations of a
“good” and “bad” launch by analyzing videos of expert teachers. After this analysis, PSTs
learned about the different parts of a lesson: launch, activity, and close. Finally, the PSTs
participated in a role-play micro-teaching episode in which they each had the opportunity to
practice a launch in front of their peers. Following this practice, a culminating discussion

identified the characteristics of a good launch.
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Anatomy of a Lesson Slides

ANATOMY OF A LESSON

L
Fa
Reflect
] 1'E:n:tnln_5:r|ru F:lld‘t:'-lwnh&l
# Sortng Lix and Cibsectives [Aasmn]
* Choose one of thew bl
L &dr_hn--ht?rmmnwdbhi‘
# Thd yora know why you wers diing is?
® Horer ched yom coma b ko thess E-.F'
o
il
Launching a Task
Mecmtesching Experience |
|

'd ™
e T
pimmery mmlUL L

iR - Hamarr sasini siandm e dimb
k, i A
i T Ty ma b sy s o ™
ACTIVITY wmeime TITTH
'“—'i':llllu P
T Bressmessmere | |
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m ey ek (oo e b I
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Class 3

Anticipating & Getting Ready to Monitor

In preparation for Class 3, the PSTs read Chapters 2 and 3 of 5 Practices for
Orchestrating Productive Science Discussions (Cartier et al., 2013). After some direct
instruction and review of the Five Practices model, the PSTs approximate the practice of
anticipating using the Frog Task. During this time, PSTs anticipate the various ways students
might approach the task, stumbling blocks, and unproductive barriers they would want to
minimize.

Following a discussion of their anticipations on the frog task, the instructors model
representations of monitoring using the Kinetic Molecular Theory of Water Task in order to
provide the PSTs with an understanding of what it means to elicit students’ thinking through
questioning versus tutoring. The instructors then provide the PSTs with the “Orchestrating a
Discussion Guide” (see below), which they will use for the remainder of the Five Practices role-
play, which focuses on the Kinetic Molecular Theory of Water. Next, each group of PSTs acting
as students during the role play are provided with their “Student Models with Student Thinking”
in order to prepare for their student roles. Using the monitoring tool and student models
provided, the PSTs prepare for their role at teachers by planning questions they will ask the
student groups during their monitoring micro-practice episode. Finally, each pair of PSTs take
turns playing the role of teacher and monitors students using their monitoring tool and ask the
questions they planned with the goal of eliciting the student thinking behind the models (see
below) in order to prepare for the discussion during the next class. For the next class, each pair
of PSTs plans for their KMT discussion using the selecting, sequencing, and connecting guide in

their “Orchestrating a Discussion” packets.
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Class 3 Slides

ORCHESTRATING AGENDA

PRODUCTIVE e o
DISCUSSION IN A S
SCIENCE CLASSROOM i

AFTERWGON SESSION |2-4)
+  Monkoring [aed Eliciting)
TEACHING & LEARMING IN SECONDARY SCIENCE 2
SEFTEMBER 28, 2013 EVEMING SESE30N (4:30-7:00)
v PracEcisg

v Wionber dusing T KT scivity

REPRESENTATIONAL PRODUCTIVE
TOOLS CLASSROOM TALK
Very interesting set of tools that were selected: [turn & talk — 3 minutes]

- Make sure you think very hard about how students will =
actually interact with these tools and what work this does If you 1aclass e juctive talk™ was

towards your LG and objectives. taking place, what would you notice and hear?
» Remember to consider the distractions that can be
associated with some tools
Some resources to consider:

+ Phet - hitp:liohet colorado edul

Discussion is —

focused upon and directed by students’ ideas.

. Wise - explicitly connecfing to disciplinary concepts andior skills
http-liwise berkeley edutwebappipagesiteacher-tools. html

- Khan - hitp:iwsw khanacademy.orol

THE FIVE PRACTICES |*framnae THE FIVE PRACTICES

MODEL R MODEL

*SET LEARNING GOALS
1 m&r’mﬂkg_ﬂ mmamgm potantial ways
*SELECT/DESIGN TASK

« Students produce artifacts that reveal their 2. MONITOR students” thinking and work during the task
thinking and can b& magde publit

« Task places high cognitive demand on 3. SELECT axamples of student work to usg In whola cias
students

. le ng ammamﬁg interpretations, or 4. SEQUENCE the order In which you want to discuss the student
solutions are possible Work examples

» Students often work in pairs or
collaberative groups S e e ot s and support
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HOW DO THE FIVE PRACTICES FIT IN
WITH DAILY ACTIVITY STRUCTUREST

Clazsroom Activity
Structures PP
: [a P
_;*m m“'-}t_ # Pruziicrs
m / P _n' Aol 1o
L R, ety
Ty, i pri
Bl e
A rap—
B ok, -u.-.n:-.
Liract ]
[rekust =0 5 -—._._:‘
TN

5P - ANTICIPATING

Confed:

You are feaching T grads s solencs. It is sarly In the year
and you want to ues the Frog sk 1o haip ciudenis sohieve the
folkowing goake:

[T

S IR,
R
T B e i e L el L

YOUR TASK - ANTICIPATE!

» Anflolpats sbudsnic’ sngagemant wifh the probdsm—
beyond “misocnoeptions” fo a view of how students
would snpage with the wisols problem . .

* Whial are e vakoes ways you can imagine a shudent responding
to fhis task (What would hefshe represent”? Which hypothesis:
ﬁ_mwmmmmmmmm

* Wihat would students iirst nolice™

* Wihat would they Tall to pay atenfon to?

* Wit prior Enowiedpe or evperiences would senve as a lens for
them o notice hings and'or make sense of Hem?

* Wik assumpiions. would they make?

= Wial would & frusiraied or disengaged shudent doi [is fhere an
“asy wey oul” of this taski?

TABLE TALK ...

Is oreheetratad discussion (uaing the Mve praciices
moded) conslsient with sfudeni-ceniered praciice?
*  Corsider fhe i that shudenis and feachers play In s

bype of discussion.
*  Corsider the l=aming posis — he “destnaion” of e
discussion — and how the cass. anrves 5 that destinalion.
= lipe pyrerEds fhom dhe cases off Kedy Dmds and Madvan
Ees o support pour asserions.

THE FROG TASK ‘5‘«.

Which of the two hypotheses do you suppori?
What speciiic daia suppart your conciusion?

Be prepared io convince your peers of your claims.
includie same renresentalion of data i your
presentation.

SP - MONITORING

AR Exampls . .

First we need o et the
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Using pois g
THE CONTEXT ﬁ:ﬁ:ﬂﬂ F
ey SO 5P - MONITORING
e | ()
. FIEHBOWL
;ﬂmﬂ w T irstruciors wil| be shudents:
::l.::“ 1 * In this scenano. They have B - =
pafairs produred “mode] BT — piciured y;
il on the right - In response fo e | s _— P
sk - - . -
. QGE & @
L i Diankelie Wil be e imacher, ﬁ L ® o
| - Py cioss afenion ioihe way In
‘which the tescher and Fludents:
niemact In fhese teo Insiances of
“maonfioring”
. MONITORING
pp:|11.1mL-uma] I e e
MONITORING [ e et
TUToR  pemor |
ol nfi Bl th | Gl 8 B inceeasd
atida it ewcted U birgel.  Hl=Sast Burkisg @
e Lot [} [reeeny
m:-a-uwﬂ-. Petist i Buisiag biceks ' e | *
- .._'\- a
caraiceratia i Wevnn [
wwhm -'lm = a ",
Miskize Sarand = vq- ]
sy R b i - ﬂ iy |
ep—— |'®
PRACTICE!
MONITOR TOOLS AVAILABLE MONITOR & ELICIT
 orvaider Tha ks [ —rp—
whudeis produced [& - E)
Earch taachin galr will
oot (= Summary of data havs 45 mintes o e —r——
" table. il [ P ——
e gy o | | B, o your bt eprocent e
prmmangmaie (" Marbles (magnetic re o i roup 88 ot your Mo
and non magnetic) :::“ thmﬂzﬁmﬁﬂﬂuwp
* White boards and . when they ar u.."“‘"‘“"
markers Pea fivgimadind 1o Mirtip = mpmnnbd Ini your role-play sard.
ks metes 8104 | | avokt “mispenavior” — remain an
{ngkt
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NEXT WEEK

Typa up ond fem In pg. 4-T of e pecket.
» HEmants - your "dem” produrss| only fess of e modsis ws locksd
o tonighl. Cormul e prousng ks o sss which o
* You mrmndl bimisd (o ilking sbouf hess pecSiodsr modsin. You cen
“simck: tha deck” — mms Lammo= B in Claziee T of Puy Urpchioes,
Prapars in deisll io suppert the shols-class discussion.
© imion murs you ans ol “inienviesing” ireiedusl prouss - bul refher, Bl
¥au B EoEng ousstions iz e sntirs ciees et wil henos B
{irking. Ses Lamsor ® = Chaste T

= Hmvsm |
. —'-In-:li-'_l—h--ﬂ
nErakal [ precarss © ol B mpen ek o [k TR
el

W sireegly recormrrand thal you discuss your plae in Seisll wih yoe
parisesh. Fou may seen wanl o precios soms of the sumticning e
mariing you plan fo dao.
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Prepared Student Models with Examples of Student Thinking

What Group A said about their model—

Our model shows how solids are packed together and

liquids are not as packed. But the gases are spaced out
more.

We were thinking about how the gas in the plunger—the
syringe thine—was able to be compressed. We putitin
there and squeezed and the plunger went down. So we
think that's because the molecules have all this space or
air between them and when you compress them they are
moving closer together. But like a solid you can't push
them closer together because they're already as close as
possible, That's why solids keep their shape — you can't
move the molecules around.

We really weren't sure about the liguid molecules, We
couldn't compress them — or compress the liquid in the
syringe. But we think they're not stuck together likeina
solid.

Solid Liguid

0.0

Gas
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What Group B said about their model—

We showed like the melting and freezing and stuff. Soit's
melting when it goes from solid to liquid. And it's
freezing when it goes from liquid to solid. And when it
freezes you take away heat. But when add heat, like
when it goes from liquid to gas, you add heat and that is
when it boils.

And we also showed how the molecules of water take up
more space when they get hot

That's like when metal expands when it is heated. [ think
that's why you put jars under hot water when you can't
get the lids off. ‘Cuz that makes the metal in the lid

spread out or loosen up.

So when we did our experiment we said that the gas
expanded. And that's what we showed. That when you

add heat, it expands.
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What Group C said about their model—

They're always moving. We showed that they were
moving in the solid, but not a lot, that's why there are
just little squiggles. And then in the liquid they move
more and in the gas they move a lot. That's why there

are long arrows.

And that explains why the solid is hard and has a shape
but the gas is all over the place and doesn't have any real
shape. Like we saw in the experiment.

Plus we saw that you could squeeze the gas in the thing,
like when you put pressure on it, and get it to be smaller.
Like the plunger thing went down. But we couldn't do
that with the solid and the liquid. Couldn't get them to
take up less space. And that's because the gas molecules
are far apart so you can push them closer together with
the plunger.
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Gas molecules III.ﬂ'II"I.I:I.g freely

liguid water [molecules fill the glass container)

What Group D said about their model—

Okay, so at first we drew a whole different thing. We had
the solid molecules all packed together and the gas ones
spread out. And we had water in between, But then
[student name] said that didn't make sense because we
saw how the water expanded when it froze. It took up
more space.

So we figured that the molecules have to spread out and
push away from each other. That's what we showed with
the dotted lines here.

But we have no real idea about why they do that. We just
think it makes sense with what we saw.

And we showed how ice would float this way because it's
going to not be as dense as the water because there are
less molecules.

Oh, and our arrows are showing how the molecules are
moving around, They're all moving, but not the same.
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‘What Group E said about their model—

Dur model shows that the molecules in water change
how they move in each state. In the solid state, water
molecules are vibrating. In the liquid state, they are
moving a little more, but not as much as in the gas state.

This model helps us explain why gases don't have a
definite volume and take up so much space. They move
randomly and a lot. But liguids are moving only a little
bit and so they just take up the space of the container
they're in. In a solid, the molecules only move by
vibrating, Plus in the solid state they are held together
by some kind of bond or force. This is what makes the

solid stay together so stronglhy.

Our model also shows how the solid takes up more space
than the liguid. This is because the bonds actually push
the molecules apart further. This is like when vou take
two magnets and hold them near each other. If you hold
them so that the north ends are near each other, you get
repulsion. That's what is happening in the bonds here.
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Orchestrating a Discussion Guide

ORCHESTRATE A DISCUSSION USING THE “FIVE PRACTICES™
PLANNING

Scenario:
You are teaching an integrated science course to g" praders. The students have completed several leszons, all part of a unit on Kinetic Molecular Theory.

In the days leading up to this lesson, students participated in & experimental hands-on tasks:

Task

Description

Patterns They Noticed

Dos=rvation of physical
properties of zalid,
liguid, gasecus water,

Solid water retains a definite
shope and can't be compressed
usimg & syringe. Liquid waker
fNows to the bottom of the
comtainer and i not messurably
compressed in the syringe.
SEIEOUS WHLEr EsCapes
|disperses] cut of the contairer
and can be compressed when
put into & syringe [when we
push down on the plunger).

Mezsursment of mass
ard volume of vials of
water at 20°C [time 1]
mred then agnin once
the temperature was
lowrered orraised . . .
At tme Z, the wials
were at 0°C, 2.8°C. or
20MC.

The mass of the water in our 15
wials didn't chamge from Time 1
o Timee 2, but the volume off
water in the wials we placed ok
0°C imcressed about 10%. The
wolume of the water in the vials
&t 4" Cand 20°C didn™t change
measurahly.

iear bl g

Flaak e L kg U opl ) sevsr

Doservation of

be=havicr of ice in liquid
waker.

ke fioats on iquid water, but
not all the way &t the top. Fart
of the ice cubes are under the
surfsce of the water snd part of
them are above the surface.

Dos=rvation of Doiling
and comdensation [ses
Figure 1)

When hest is added to the fiask,
thie water level decreases. Smiall
drogplets of water collect in the
tubing [and we an also ses
“fog” in the tube) and then
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Figure 1: Experiment 4
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diropiets form in the test tube
that is sitting im the cup of ice.

Tabile 1: Summary of the imvestigotion Lessons
Following the investigation lessons, you summarized the patterns [using 2 table similar to the one on page 1)
with the students and then put them into groups. Tou gave them the following instructions:

Imagine that you have a pair of Mogic Science Glosses”. You put on your Magic Science Glasses ond you lock at
the glass of woter. But insteod of the woter, you see the pieces that moke up the water, the particles.

I wont you ho gut on your Wagic koience Glosses and “Took™ at the solid, lgwid, and goseous water that we've j
been expermenting with. | want you o use whot pow see ghout how these perticles are behawing ond what thay t
lowok fice to explain all those potterns that we roticed while we wore invastigating. \

Koep our potierns toble in mind as you do this tosk. ‘._

In your groups, you ore going to DRAW whet pou soo when you put your Magic Science Glasses on. Use the white

boards to do this. Pl give you 20 minutes and then we are going to share our ideos and see if we con come up & Figure 2: Magi
with one modal that exploins all of what we sow_ ﬂ p Sei -El

The students work in 5 different groups (3 students per group). Collectively, the students produce 3 different models [attached to this
handowut).

Your Planning Task:
Imagine that students drew their models and then the dass ended. You now have 2 set of student models in front of you and you're preparing for class
Moo

Your task is to prepare to support the discussion that will take place during the next lesson — the purpose of this next lesson is to develop a consensus [and
wanonical) explanation of the molecular nature and behavior of water than can account for the observed patterns.

You will do this preparation work by following the FIVE PRACTICES that we read abouwt in the 5 Practices book.

MNOTE: You will need to make wse of the specific Learning Goals and Common Misconceptions related to this lesson [see Tables 2 & 3) to do this planning work.

¥ Mistter & Moleqles curriculum. ©1538, Institute for Research an Tesching, College of Edwcation, Michigsn State University

239



TARGET LEARNING GOALS

LG 1: All modecubes are constantly in mothon.

LG Z:- States of matter are characterized by different molecular motion:
S5olid: molecules vibrate

Liguid: malecules mowve randomby with limits

Gas: molecules move randomly with no limits

LG 3: To transform solid water into liguid water {melting), you need to add heat
energy. To transform liquid water into gaseous water [boiling), you need to add
heat enengy. The opposite is also true: condensing zas to liguid requires a loss of
heat; freezing {liguid to solid] requires a loss of heat.

LG 4: When you add heat energy to 2 substance, the molecules of the substance
mowe morneffesher.

LG 5: Increassd molecular motion moves molecules farther apart {in almost all
substances).

LG 6: Water is the only substance for which the molecules of the solid are farther
apart thian the molecules of the liguid. This happens because the hydrogen bonds
in water are most stable in a rigid array that includes space between the
maodecules [bo minimize the forces due to slightly like-chargped particles repeling
one another).

Table 2: Learning Goals

COMBON STUMBLING BLOCKS

Bl: Molecules in 2 solid are mot moving at all.

BZ: The observable properties of states of matter are attributed to individual
particles. |e. . solid modecubes are rigid; liquid molecules are squishy; Bguid
modecules enpand to form Fas molecules, ete. |

B3: The molecules in liguid water are farther apart on averape than the molecules
in solid water.

Table 3: Common Misconceptions
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FLANNING 5TEP 1: You need to MOMNITOR. In other words, you need to notice which of the important ideas [both correct and incormect) are evident in each
model. You can use the mble below to record what you notice or you can use 3 monitoring tool of your own design. Please be sure that your tool cleary

captures the target LGs and potential misconceptions that are apparent in ezach model.

TABLE 4
IDEAS
STUDENT - . . - . . . N
MODEL L= or misconceptions evident in the Student Model [visually evident andfor evident through monitoring 9/25/13)
[use the LG and M numerical dE:iEn:ulinn: from Tables 2 & 3 to indicate what you've noticed in each student model]
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PLANNING STEP 2: Based on which ideas may be accessed through discussion of the different models (what you've noticed and recorded in your monitoring
tool), choose which group you will ask to present their model first, who will go next, etr. In other words, SELECT and SEQUENCE the students’ modeks in
preparation for the discussion. List the modeks (in order) that you will have the students present during the class discussion. {You do not need to use all three
models. Also, you are not limited to these models - read Lesson 5 in Chapter 7 of the Five Practices book about “stacking the deck” and consider whether you

wish to introduce any additional models during the discussion.)

Provide 2 brief rationale for why you chose the models you did and why you intend to discuss them in the order you specified.

242



PLANMING 5TEP 3: Plan specific questions '.'nu! will ask ezch group to CONMECT across models. You questions should (1) draw out the important LGs and
Misconceptions you want to talk about with each model; and {2] help students make connections from model to model and across the entire group of modeds.

Plan how you will orchestrate the disoussion such that the key LGs surface.

Be sure to refer to the examples of markingfcharting from the Five Practices book and consult the rubric [pg. 9) for specific types of questions and talk mowves
that we expect you to use during the discussion. Also consult Chapter 7, kesson 4 — plan ways to engage the whole dass in the discussion and avoid having one-

on-one interviews with presenters!

TABLE 5
QUESTIONS YOU WOULD ASK
STUDENT STUDENT IDEAS Include specific guestions about individuzl models as well a5 CHARTING /MARKING
MODEL you want to draw out & comparisen guestions. Include specific statements or guestions roticings ond connections between ideas thot you
intend to mark in some way

emphasize you plan to make in order to transition from one model to the

riext.

* NOTE: Since you are working with a partner for this task, you must BOTH particpste in all aspects of it. That means co-planning anrd co-participation in discussion. You both
need to ask questions, revoice, help to represent/chart ideas, &tc. In your planming, be as ciear a5 possible about who is going to do what during which part(s) of the lesson so

that when you enact it, it is a5 seamless a5 possible.
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STUDENT
MODEL

STUDENT IDEAS
you want to draw out &
emphasize

QUESTIONS YOU WOULD ASK
Include specific questions about individuzl models a5 well a5
comparison guestions. Indude specific statements or questions
you plan to make in order to transition from one model to the
niExt.

CHARTING /MARKING
noticings ond connections betwean ideas thot you
intend to maerk in some way
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ENACTING THE DISCUSSION
Wednesday, October 2

In dass on Wednesday, October i you will engage your dassmates—playing the role of " grade students who developed the water models contained in
this packet—in a discussion.

The discussion will occur following the collaborative group task {(we role-played this on 9/25) in which students developed their initial explanatory models. By
the time the discussion and dose are finished, students should have achieved the Learning Goals of the lesson (see Table 2).

During the discussion, your job is to surface key ideas and student thinking so that the whole dass can understand and build on them. And you must use
particular questioning and talk moves to shape the discussion such that students can build toward the target LGs.

On October 2, you will have 15 minutes to conduct your discussian.
We will videotape your performance. This is very important, a5 you will be using this information in your final reflection.

We will provide feedback on your select/sequence/connect performance using the following rubric—
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REFLECTION & CLOSE

Scenario:
You are teaching an integrated science course to g graders. The students just completed the discussion portion of the lesson in which you focus on developing
the molecular explanation for the behavior of water [this is what you did in dass on 10/2/13).

Based upon what ocourred during this lesson — what was said and what you wrote down or documented during the discussion — you must now lead a 15-
minute CLOSE.

To get ready for this close, answer the guestions that follow:

1 What information is on the board f chart paper f overhead, etc. right now (at the end of the discussion|? Sketch this as closely as possible to how it
actually looks {use the video as a reference).

2. What are the key ideas that emerged during the discussion and who was responsible for saying them?

3. Arethere any LGs from the lesson that wers NOT addressed in the discussion or not adeguately addressed? If so, which ones are they?

4. Describe how you plan to orchestrate the dose. Your close must—
®  Ensure that you have highlighted all of the main LGs from the lesson.
*  Provide instruction for any LGs not adequately addressed to this point.
*  Draw upon appropriate visual tools (either the stuff already on the board, etc. or new stuff or 2 combination).

Your description of the dose should include specific details about questions you will a5k, [and to whom you'll direct the questions), what you will *mark®
or write down, what wisuals or tools you plan to use, any instruction you plan to deliver, and how long you expect each portion of the dose to take.
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Class 4

Monitoring, Selecting, Sequencing & Connecting and Microteaching Practice - Connecting

In preparation for Class 4, the PSTs read Chapters 4 and 5 of 5 Practices for
Orchestrating Productive Science Discussions (Cartier et al., 2013). Today’s class begins with
the PSTs approximating orchestrating a whole class discussion about the KMT of water. Each
group had 16-18 minutes for discussion. Each PST gave feedback after each episode using the
“noticing and wondering tool” (see below). At the end of the session, the instructors led an
overall discussion, summarizing moves that were effective and things PSTs should be mindful of
for their next micro-teaching episode.

Following the micro-teaching, the instructors provided the PSTs an opportunity to reflect
on their teaching. Calling attention to Chapter 7, pp. 119-123, of 5 Practices for
Orchestrating Productive Science Discussions (Cartier et al., 2013) the instructors ask the PSTs
to use the ideas presenting in this chapter as a frame to analyze and reflect on their instruction.
By focusing on their planned storyline the PSTs answered the following questions: (1) what
types of talk support the emerging storyline and make it accessible to students? (2) What types
of talk makes student thinking visible? (3) What types of talk guides student thinking in
productive directions? (4) What types of talk directs student thinking to what matters?

Finally, the instructors reviewed a lesson arc and a lesson close and assigned the final
page of the “Orchestrating a Discussion Guide” where the PSTs plan a lesson close to their
enacted discussion. After this class, the instructors assigned Instructional Performance 1 and
later Instructional Performance 2. Each assignment follows the instructional materials for this

class.
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Class 4 Slides

*Orchestrating
Productive Task-Based
Discussion in Science

October 2, 2013

* Micro-teaching: Orchestrate the Discussion [cont.]
*reflaction

* conneot: to specific talk moves from Chapter 7 of Free
Praotices, pp. 113-113
* analysis

* Purposes of foousing talk (chapter 5)
* Managing the whole disoussion - social dimensions
*Closing a Lesson

*Today’s Agenda

[cont.]

*The Five Practices
Model

*SET LEARNING GOALS

*SELECT/DESIGN TASK

*Students produce artifacts that reveal their
thinking and can be ' m public

*Task places high cognitive demand on
students

*Multiple roaches, interpretations, or
ﬂﬁfﬁ are possible

*Students often work in pairs or
collaborative groups

* Five Practices overview

* an opportunity to maodel
* Cold Call | Lemav, Chapter 4)
* Mo Opt Ous [maybe) et for Proctican 1, 1008
* Call and Respanze
* Micro-teaching: Orchestrate the Discussion
* 10 minutes to confer with partner

* Each group will have ~15 minutes o conduct
discussion

# have. drjve ready to
oy the vicieo of your Teacring Sasode

*Today’s Agenda

*Five Practices
High Energy Review!!

*The Five Practices
Model

2. MOMITOR students’ thinking and work during the task

3. SELECT sxamples of student work to use in whole dlass

discussion

4. SEQUENCE the order in which you want to disouss the student
work examples

248




*Micro-Teaching
Orchestrate a Discussion

*Looking at your planning document, what parts or
thinking did you do prior to today around:
* How you would revoice students ideas
* Prompts and moves to get students to revoice ideas
* How you would mark students work, or have them mark
their cwn work
* Draw on tools or routines o support every student's
engagement in the discussion
*How did this part(s) of the lesson plan or thinking help in
your facilitation today (positive and negative)?
*what changes in your planning do you think are necessary to
better support the class discussion?

*Analyzing the Discussion

*Closing the Lesson

Fiead pp. 113-123
*To what extent did you
* Rewoice
* Prompk students to revoios
" Mark
= |Draw on Eools or routines o

pport every shudent’s
engagement in the discusdon

*To what extent would this type

of talk have helped to advance
the leaming goals of the lesson?

*Reflect

*REVIEW the videotape from this
MOming

*To what extent did you engage
in talk that

= Made student thinking vidble

= Guided student thinking in
productive directions (toward the
overall “storgline™ - coharent,
oconmected LGs)

= Directed students” attention to key
features of the target explanation

See Flve Procrices, Chapter §

* To what extent did you plan
for this talk?

* Analyzing the Discussion

F e

=315 minstes *Caphure stad iy’ sttention £ motivabe

ACTIVITY iy es)

T i, depundag  Pwpase: |

‘ Purpose:

B riudents remember “take
CLOSE e mm==in
=3 10miute  *Te pomt to whers studmbs will be going next.
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i Frorpose: ™
*To halp studenty remamber “eem

CLOSE -;'h:-maum .

= 310 vt o o ek st il b g

*Highlight main Learning Goals from the lesson

* How will you help students know what the jaiporiant fake gwan*
deag wers?

* Provide instruction regarding any Learning Goals that were not
addressed

* Draw upon appropriate visual tools (sither the stuff already on
the board, etc. or new stuff or a combination)

* Summary may be accompanied by a written task - nots taking, etc.

*Let students know what they will be doing with this new
information next

* How will you et tham know what is oming pect?

*1t's often a good 1dea to have 1-2 prepared slides that recap the
key ideas from the lesson.

*Tum in
*Reflection & Close (p. 10 of the packet)
*Read
*Teaching Models, chapters 10 & 11
*Five Practices, Chapter 6
*Bring to class

*Instructional materials for a unit you will teach in
October or November

*Laptop - with Google Chrome installed

*October 9t

*Planning for the Close

Assignment
*Waorking in the same groups.
*The students just completed the discussion portion of the
KMT task we completed today.

*PBased upon what occurred during this lesson — what was
said and what you wrote down or documented during the
discussion — you must now PLAH TO lead a 10 minute CLOSE.

*The close is your opportunity to ensure that students have
heard and understood the main LGs of the lesson.

p. 10 of your packet! |
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Noticing and Wondering Tool

WHOLE CLASS DISCUSSION
Formative Feedback

I noticed... [ wondered...

Talk that served to
make students’
thinking visible...

Talk that served to
guide students”
thinking in
productive
directions (Le.
directions
consistent with
achievement of the
LGS)...

Talk that explicitly
highlighted or called
attention to
important features
of the target
explanation ...
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I noticed...

[ wondered...

Use of specific talk
moves such as
*  Teacher
Revoiring
*  Student
Revoicing
=  Marking

The teacher taking on
the role of facilitator
[vs. interviewer) by
engaging all students
in the discussion...

Teacher's use of tools
to support student
engagement in the
lesson ...
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Instructional Performance 1 Instructional Guide

Instructional Performance #1: Lead a Discussion
Important Dates
Please attempt to complete this assignment by October 30",

If you are unable to complete all of the documentation (artifact packet) by this date, just let me know — but
do strive to have the lesson taught by October 30"

Reminders
Please schedule the lesson (with your mentor teacher) as soon as you can.

e Once you have scheduled the lesson, let your Field Supervisor know ASAP. Some Field
Supervisors have to observe 4 different students, so your scheduled lesson MUST fit within
that overall schedule.

IF YOU HAVE OBTAINED PERMISSION TO VIDEOTAPE, remember to have a video camera (you can
borrow a Flip camera from me or use your smart phone) and permission folder available for your Field

Supervisor on the day of your scheduled lesson.

o Keep a folder with students’ permission forms in it.
e Have this folder and list available for the Field Supervisor on the day of your scheduled lesson.

Your Teaching Task

You will lead a discussion in the class. The discussion should be at least 25 minutes long.

Your lesson must involve:

Students drawing upon work that they completed in a previous high cognitive demand task.

For example,

e In an earlier task (either earlier the same day or on a prior day), students drew models to explain the
patterns of the behavior of water. During the discussion portion of this lesson, the students will focus
on these models.

e In an earlier task (either earlier the same day or on a prior day), students developed protocols to
measure plant growth. During the discussion portion of this lesson, the students will focus on these
protocols.

e In an earlier task (either earlier the same day or on a prior day), students examined second-hand data

related to Moon phases and sought to identify patterns. In the discussion portion of this lesson,
students will share and develop a consensus description of the key patterns from the data.
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Students engaging in actual discussion (not simply presentation). Thus, —

e Students should know your expectations for their verbal participation as well as active, respectful
listening.

e Students should have opportunities to add to, challenge, question, etc. what others have said.

e You will need to prepare in advance for ways to get the students to engage with one another. That is,
| don’t want you to ask a question, get an answer, ask another question, etc. The students should be
talking roughly 75% of the time.

a) Some questions you may want to be prepared to ask: Does everyone agree with . . . ? Can
someone add on to that idea or say it in a different way? Can you repeat what [student]
said? Etc.

b) Be sure to use tossing and revoicing (teacher revoicing as well as student revoicing) to
support engagement in the discussion.

c) Also draw on Cold Call and other strategies to ensure that you are involving the entire class
in the thinking work and not just relying on the “presenters” and volunteers.

Use of a marking tool.

e This might be a whole class level tool (e.g. you completing a chart on the board) or an individual note-
taking tool. You may use it consistently throughout the discussion or only at the lesson close.

Preparing to Teach

Work with your mentor teacher to identify a topic / lesson where you can incorporate this discussion.
KEEP IN MIND that you will likely need two consecutive days — one day for students to complete the high
cognitive demand task and a subsequent day for them to discuss their work as a class.

Obtain copies of any materials related to this lesson (including the high cognitive demand task).
Write a Lesson Plan.

Your Lesson Plan should address all of the requirements described in the standard rubric.
Your lesson must have a Launch, Work Time (Discussion) and Close.

¢ Include sufficient detail to enable you to support the discussion, similarly to the way you planned for
the KMT discussion in our T&L in Science class.

Discuss your lesson plan with your mentor teacher and/or field supervisor and make any revisions as per
his/her suggestions. It is also a VERY GOOD IDEA to get feedback on the high cognitive demand task
and the lesson in which you intend to complete this work. So, in other words, your Field Supervisor is only
coming to see the discussion — but the previous lesson, in which students actually produced work worthy
of discussion — is vitally important, too. Your supervisor can help you shape this task so that it is more
likely to lead to productive discussion!

Upload your lesson plan to the Lesson Planning tool no later than 24 hours before you plan to teach the
lesson.
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On The Day That You Teach

Arrive at your school early and make sure everything is ready to go. It is best if you prepare materials
(slides, handouts, etc.) the day before at the latest. Have a hard copy of your lesson plan ready to hand
to your Field Supervisor when s/he arrives to view your lesson. Also provide your Field Supervisor with
the folder with video permission records (if applicable). Finally, provide the Field Supervisor with the
video camera or smart phone if you are going to record the lesson. Set aside some time in your schedule
for a post-lesson conference with your Field Supervisor.

Reflecting on Teaching
Reflection Questions

Answer these questions (typed) drawing on any evidence you have from the lesson, including
your own observations, feedback from the Mentor and Field Supervisor, and written artifacts produced by
the students.

1) Did students achieve the desired Learning Goals? To answer this question, draw from specific
evidence (things students said and/or produced, such as an exit slip). Put copies of relevant student work
in the 4™ section of your packet.

2) Comment on the Launch portion of your lesson. Did students understand the purpose of the
discussion? Did they understand what they were expected to do during the discussion (that is, how you
wanted them to participate)? Provide specific evidence to support your claim.

3a) Did students seem able to engage in the discussion (according to the rules/expectations you
provided)? What aspects of participating in the discussion seemed to challenge your students the most?
What aspects of the discussion were easiest for them?

3b) How can you help the students get better at engaging in this type of discussion?

4a) What elements of the high cognitive demand task (that they completed prior to the discussion) were
most productive in terms of eliciting productive thinking and responses from the students?

4b) What elements of the task were problematic?

4c¢) Would you change the task if you were to do this again? If so, in what ways?

5a) How comfortable were you leading the discussion? Did you feel nervous or relaxed?

5b) To what extent do you feel you succeeded at leading the discussion (promoting students’
engagement) and not stepping in and “telling?” Provide specific examples of where you felt you did a
good job and where you would have done something differently if you could go back and do it again.

6) Describe the role that planning played in your ability to conduct this lesson.

7) Describe at least 3 concrete “take away” lessons you have learned about how to lead a student-
centered discussion. In particular, talk about what you would definitely do again (related to preparing for

or implementing a discussion) or what you would definitely avoid doing. Provide a rationale for your
choices.
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Documenting Practice

You will submit the Instructional Performance Packet to your Practicum instructor in_hard copy on
October 30".

Your Packet should include the following (in order, with labeled tabs to assist in finding things):

(1) Lesson Plan

(2) Instructional Materials

Include copies of all materials you used during the discussion lesson. This includes copies of the
representations you used, any handouts or slides, etc. If you use materials obtained from other
sources (internet, your mentor), please be sure you cite the source clearly in the footer of the
document.

Also include a copy of the high cognitive demand task that students completed prior to the
discussion. Include data tables and any other materials that students used during this task.

(3) Student Work

Include copies of the work that students produced during the high cognitive demand task (the
artifacts that you used to anchor your discussion).

(4) Feedback

In this section place a copy of your Field Supervisor’'s and Mentor’s feedback.
(5) Reflection

Put a copy of the answered Reflection Questions here.

Include copies of whatever evidence is pertinent (e.g. exit slips, etc. See Reflections Questions
for clarification here).
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Instructional Performance 2 Instructional Guide

Instructional Performance #2: Lead a Discussion
Important Dates

Final packet is due on Monday, December 16"

Reminders

Please schedule the lesson (with your mentor teacher) as soon as you can.
e Once you have scheduled the lesson, let your Field Supervisor know ASAP. Some Field
Supervisors have to observe 4 different students, so your scheduled lesson MUST fit within
that overall schedule.

IF YOU HAVE OBTAINED PERMISSION TO VIDEOTAPE, remember to have a video camera (you can
borrow a Flip camera from me or use your smart phone) and permission folder available for your Field
Supervisor on the day of your scheduled lesson.
o Keep a folder with students’ permission forms in it.
e Have this folder and list available for the Field Supervisor on the day of your scheduled
lesson.

Your Teaching Task

You will lead a discussion in the class. The discussion should be at least 25 minutes long.
Your lesson must involve:

Students drawing upon work that they completed in a previous high cognitive demand task.
For example,

e In an earlier task (either earlier the same day or on a prior day), students drew models to
explain the patterns of the behavior of water. During the discussion portion of this lesson,
the students will focus on these models.

e In an earlier task (either earlier the same day or on a prior day), students developed
protocols to measure plant growth. During the discussion portion of this lesson, the
students will focus on these protocols.

e Inan earlier task (either earlier the same day or on a prior day), students examined
second-hand data related to moon phases and sought to identify patterns. In the
discussion portion of this lesson, students will share and develop a consensus
description of the key patterns from the data.

Students engaging in actual discussion (not simply presentation). Thus, —

e Students should know your expectations for their verbal participation as well as active,
respectful listening.

e Students should have opportunities to add to, challenge, question, etc. what others have
said.
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e You will need to prepare in advance for ways to get the students to engage with one
another. That is, | don’t want you to ask a question, get an answer, ask another question,
etc. The students should be talking roughly 75% of the time.

d) Some questions you may want to be prepared to ask: Does everyone agree with
.. ? Can someone add on to that idea or say it in a different way? Can you
repeat what [student] said? Etc.

e) Be sure to use tossing and revoicing (teacher revoicing as well as student
revoicing) to support engagement in the discussion.

f) Also draw on Cold Call and other strategies to ensure that you are involving the
entire class in the thinking work and not just relying on the “presenters” and
volunteers.

Use of a marking tool.
e This might be a whole class level tool (e.g. you completing a chart on the board) or an
individual note-taking tool. You may use it consistently throughout the discussion or only
at the lesson close.

Preparing to Teach

Work with your mentor teacher to identify a topic / lesson where you can incorporate this
discussion. KEEP IN MIND that you will likely need two consecutive days — one day for students to
complete the high cognitive demand task and a subsequent day for them to discuss their work as a class.

Obtain copies of any materials related to this lesson (including the high cognitive demand task).

Write a Lesson Plan.

e Your Lesson Plan should address all of the requirements described in the standard rubric.

e Your lesson must have a Launch, Work Time (Discussion) and Close.

¢ Include sufficient detail to enable you to support the discussion, similarly to the way you
planned for the KMT discussion in our T&L in Science class.

Discuss your lesson plan with your mentor teacher and/or field supervisor and make any
revisions as per his/her suggestions. It is also a VERY GOOD IDEA to get feedback on the high cognitive
demand task and the lesson in which you intend to complete this work. So, in other words, your Field
Supervisor is only coming to see the discussion — but the previous lesson, in which students actually
produced work worthy of discussion — is vitally important, too. Your supervisor can help you shape this
task so that it is more likely to lead to productive discussion!

Upload your lesson plan to the Lesson Planning tool no later than 24 hours before you plan to
teach the lesson.
On The Day That You Teach

Arrive at your school early and make sure everything is ready to go. It is best if you prepare
materials (slides, handouts, etc.) the day before at the latest.

Have a hard copy of your lesson plan ready to hand to your Field Supervisor when s/he arrives to
view your lesson.

Also provide your Field Supervisor with the folder with video permission records (if applicable).
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Finally, provide the Field Supervisor with the video camera or smart phone if you are going to
record the lesson.

Set aside some time in your schedule for a post-lesson conference with your Field Supervisor.

Reflecting on Teaching

Reflection Questions
Answer these questions (typed) drawing on any evidence you have from the lesson, including
your own observations, feedback from the Mentor and Field Supervisor, and written artifacts produced by
the students.

1) Did students achieve the desired Learning Goals? To answer this question, draw from specific
evidence (things students said and/or produced, such as an exit slip). Put copies of relevant student work
in the 4™ section of your packet.

2a) Did students seem able to engage in the discussion (according to the rules/expectations you
provided)? What aspects of participating in the discussion seemed to challenge your students the most?
What aspects of the discussion were easiest for them?

2b) How can you help the students get better at engaging in this type of discussion?

3a) What elements of the high cognitive demand task (that they completed prior to the discussion) were
most productive in terms of eliciting productive thinking and responses from the students?

3b) What elements of the task were problematic?

3c) Would you change the task if you were to do this again? If so, in what ways?

4a) How comfortable were you leading the discussion? Did you feel nervous or relaxed?

4b) To what extent do you feel you succeeded at leading the discussion (promoting students’
engagement) and not stepping in and “telling?” Provide specific examples of where you felt you did a
good job and where you would have done something differently if you could go back and do it again.

5) Describe the role that planning played in your ability to conduct this lesson.

6) Reflect on your work supporting classroom discussion throughout this semester. In what ways have
your skills as a facilitator grown? In what ways has your students’ capacity to engage in this work
developed? What are your goals for yourself and your students as you move into the new term?

Documenting Practice

You will submit the Instructional Performance Packet to your Practicum instructor in_hard copy on
December 16"

Your Packet should include the following (in order, with labeled tabs to assist in finding things):
(1) Lesson Plan

(2) Instructional Materials

Include copies of all materials you used during the discussion lesson. This includes copies of the
representations you used, any handouts or slides, etc. If you use materials obtained from other
sources (internet, your mentor), please be sure you cite the source clearly in the footer of the
document.
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Also include a copy of the high cognitive demand task that students completed prior to the
discussion. Include data tables and any other materials that students used during this task.

(3) Student Work

Include copies of the work that students produced during the high cognitive demand task (the
artifacts that you used to anchor your discussion).

(4) Feedback

In this section place a copy of your Field Supervisor's and Mentor’s feedback.
(5) Reflection

Put a copy of the answered Reflection Questions here.

Include copies of whatever evidence is pertinent (e.g. exit slips, etc. See Reflections Questions
for clarification here).
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Class 5

Learning Cycle

In preparation for Class 5, the PSTs read Chapters 6 of 5 Practices for
Orchestrating Productive Science Discussions (Cartier et al., 2013). Class 5 involved a detailed
examination of the Learning Cycle. Through direct instruction, the instructors review the
Learning Cycle. The PSTs then engage in a portion of a Moon Phase Learning Cycle. Each
group of PSTs received a different piece of data and identified as many patterns as possible
related to the moon. Following the small group work, the PSTs shared the patterns they noticed
with the class. Finally, the instructors provide examples of Learning Cycles “in action” as well
as examples in which a teacher embeds a Five Practices discussion in different phases of a
Learning Cycle depending on the teacher’s learning goals. What follows are the slides used in

class, which include the various moon phase data given to the PST groups.
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Class 5 Slides

experien
as learmers

= Many different versions al the
Learning Cycle
— 5, J=step, S-stoep, Tstep, i
— Care clements are the same: Engage,
Explore, Explain

= Ermpirical studies have shown that
the Learning Cycle is pedagogically
sound

= A Lwanza, ool (10 & iheory ol eruction: Liung

i T O B0 RRCR B £ R 5
fuirkcng il WARST Monog aa Wi |

= i Maakers & A e || ERecn of beming
oyche 5ad iraditionsl e on CormEeE e o of
corcR L by wosdenn = difleing emesang e
LT IE -7

= E. Wares & A Coals. CIRGT). Thit Loarmiog Caclc

= A Lwanza. (AT 0. Uing 198 armdng ccle m oech
Elnlagy ozacepis ol sRmsaing pamsi. Aol o
= LRS- L

Uze the data provided to
identify as many patterns as
possible related to the Moon.

Uze the white boards to record
your group’s findings.

Be prepared to share your
patterns with the group and to
shiow the whole class where
you “found” these patterns in
the data.

:

Momiing
® D Morw < Thinking shout Moon Fhawe. .
» Uil Lsen Mlannng Saba
= EfL Lararring Cycla
Eap® [T STiary)
Labmami Crpths Eol kb
= Laquamzing L Tasks
= Lo cting 1o tha Frew Prachcn
W e T DN R T e L Oyl
= Taaching Ten

Afternoon

= Analyong Imbrucbona Matenats
= Famdback on Levion Cline

= Workihep Tima: Panning a Lsaming Syl

Lreovering Siegent Ko = Srpres (Wl 1

hage Lrmiey b P B omm P

e 1 b i et

e

Y
R ———

Observing the Moon daily

262



8 Major Moon Phases
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* Begin with the big picture
— Use the Learning Cycle to map out coherent lesson arcs

— Declde where you want to invest the time for 5P
Discussion work

* Choose/Design tasks carefully
— Connect to learning goats

— Protect the cognitive dermand
= Don’t minimize demand because you are fearful that students
wan't be able to do it

Instead, plan appropriate scaffolds to crable them ta be

5L al|
— STategic grouping
— differentiated test or data
— it bots ol b
® hardodts summarizing data {ed. froem KT and ERS
Besoe)

» sivedaitions (ex Moon phase simulator]
¥ manipulables {ex Marbles)

* Support student engagement during the task
— careful time management - build in “check points”
— "back pocket” questions ar hint cards

— monitoring tool should focus on patterns in Explore ar
components of the explanation/model in Explain
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TEACHING AND LEARNING 111
SPRING 2014

Teaching & Learning in Secondary Science Il is a 3-credit course offered during the
spring semester (Jan-Apr). The course was designed to help PSTs refine their skills for
designing, implementing, and reflecting upon lessons in which adolescent students engage in
cognitively challenging tasks and participate in robust classroom discussions. The course also
focused on the role of assessment, both formative and summative, in providing teachers and
students with useful information and guidance to support the learning process. What follows is a
description of each course session on which this study focuses, instructional materials from each
session, and pertinent assignments.

At the beginning of the semester, the instructors provided the PSTs with the Instructional
Guide for Instructional Performances 3 and 4. The guide distributed is below. As you will see,
it is similar to the guides distributed during the fall semester.

Instructional Performance 3 and 4 Instructional Guide

Instructional Performances #3 and #4: Lead a Five Practices Discussion
Important Dates

Instructional Performance 3:
1. Final Artifact Packet due by 2/5/2014
2. Bring hard copy of artifact packet to class on 2/5/2014

Instructional Performance 2:
1. Final Artifact Packet due by 3/19/2014
2. Bring hard copy of artifact packet to class on 3/19/2014

Reminders

Please schedule the lesson (with your mentor teacher) as soon as you can.

e Once you have scheduled the lesson, let your Field Supervisor know ASAP. Some Field
Supervisors have to observe 4 different students, so your scheduled lesson MUST fit within
that overall schedule.

Supervisors are required to observe one (1) of these 5 Practices lessons.

You must have feedback from your supervisor or mentor accompany each artifact
packet.
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IF YOU HAVE OBTAINED PERMISSION TO VIDEOTAPE, remember to have a video camera (you can
borrow a Flip camera from me or use your smart phone) and permission folder available for your Field
Supervisor on the day of your scheduled lesson.
o Keep a folder with students’ permission forms in it.
e Have this folder and list available for the Field Supervisor on the day of your scheduled
lesson.

Your Teaching Task

You will lead a Five Practices discussion in the class. The discussion should be at least 25 minutes
long.

Your lesson must involve:

Students drawing upon work that they completed in a previous high cognitive demand task.
For example,
e In an earlier task (either earlier the same day or on a prior day), students drew models to
explain the patterns of the behavior of water. During the discussion portion of this lesson,
the students will focus on these models.

e In an earlier task (either earlier the same day or on a prior day), students developed
protocols to measure plant growth. During the discussion portion of this lesson, the
students will focus on these protocols.

¢ In an earlier task (either earlier the same day or on a prior day), students examined
second-hand data related to moon phases and sought to identify patterns. In the
discussion portion of this lesson, students will share and develop a consensus
description of the key patterns from the data.

Students engaging in actual discussion (not simply presentation). Thus, —

e Students should know your expectations for their verbal participation as well as active,
respectful listening.

e Students should have opportunities to add to, challenge, question, etc. what others have
said.

e You will need to prepare in advance for ways to get the students to engage with one
another. That is, | don’t want you to ask a question, get an answer, ask another question,
etc. The students should be talking roughly 75% of the time.

g) Some questions you may want to be prepared to ask: Does everyone agree with
.. ? Can someone add on to that idea or say it in a different way? Can you
repeat what [student] said? Etc.

h) Be sure to use tossing and revoicing (teacher revoicing as well as student
revoicing) to support engagement in the discussion.

i) Also draw on Cold Call and other strategies to ensure that you are involving the
entire class in the thinking work and not just relying on the “presenters” and
volunteers.

Use of a marking tool.
e This might be a whole class level tool (e.g. you completing a chart on the board) or an
individual note-taking tool. You may use it consistently throughout the discussion or only
at the lesson close.
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Preparing to Teach

Work with your mentor teacher to identify a topic / lesson where you can incorporate this
discussion. KEEP IN MIND that you will likely need two consecutive days — one day for students to
complete the high cognitive demand task and a subsequent day for them to discuss their work as a class.

Obtain copies of any materials related to this lesson (including the high cognitive demand task).

Write a Lesson Plan.

e Your Lesson Plan should address all of the requirements described in the standard rubric.

e Your lesson must have a Launch, Work Time (Discussion) and Close.

¢ Include sufficient detail to enable you to support the discussion, similarly to the way you
planned for the KMT discussion in our T&L in Science class.

Discuss your lesson plan with your mentor teacher and/or field supervisor and make any
revisions as per his/her suggestions. It is also a VERY GOOD IDEA to get feedback on the high cognitive
demand task and the lesson in which you intend to complete this work. So, in other words, your Field
Supervisor is only coming to see the discussion — but the previous lesson, in which students actually
produced work worthy of discussion — is vitally important, too. Your supervisor can help you shape this
task so that it is more likely to lead to productive discussion!

Upload your lesson plan to the Lesson Planning tool no later than 24 hours before you plan to
teach the lesson.

Reflecting on Teaching

Reflection Questions
Answer these questions (typed) drawing on any evidence you have from the lesson, including
your own observations, feedback from the Mentor and/or Field Supervisor, and written artifacts produced
by the students.

1) Did students achieve the desired Learning Goals? To answer this question, draw from specific
evidence (things students said and/or produced, such as an exit slip). Put copies of relevant student work
in the 4™ section of your packet and be sure to provide clear evidence of how that student work indicates
students met the goals of the lesson.

2a) Did students seem able to engage in the discussion (according to the rules/expectations you
provided)? What aspects of participating in the discussion seemed to challenge your students the most?
What aspects of the discussion were easiest for them?

2b) How can you help the students get better at engaging in this type of discussion?

3a) What elements of the high cognitive demand task (that they completed prior to the discussion) were
most productive in terms of eliciting productive thinking and responses from the students?

3b) What elements of the task were problematic?

3c) Would you change the task if you were to do this again? If so, in what ways?

4a) How comfortable were you leading the discussion? Did you feel nervous or relaxed?

4b) To what extent do you feel you succeeded at leading the discussion (promoting students’

engagement) and not stepping in and “telling?” Provide specific examples of where you felt you did a
good job and where you would have done something differently if you could go back and do it again.
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5) Describe the role that planning using the Five Practices Model played in your ability to conduct this
lesson.

6) Reflect on your work supporting classroom discussion throughout this semester. In what ways have
your skills as a facilitator grown? In what ways has your students’ capacity to engage in this work
developed? What are your goals for yourself and your students as you move into the new term?

Documenting Practice

You will submit the Instructional Performance Packet to your Seminar instructor in_hard copy on
February 5", 2014 for Lesson #3 and March 19, 2014 for Lesson # 4

Your Packet should include the following (in order, with labeled tabs to assist in finding things):

(1) Lesson Plan

(2) Instructional Materials

Include copies of all materials you used during the discussion lesson. This includes copies of the
representations you used, any handouts or slides, etc. If you use materials obtained from other
sources (internet, your mentor), please be sure you cite the source clearly in the footer of the
document.

Also include a copy of the high cognitive demand task that students completed prior to the
discussion. Include data tables and any other materials that students used during this task.

(3) Student Work

Include copies of the work that students produced during the high cognitive demand task (the
artifacts that you used to anchor your discussion).

(4) Feedback

In this section place a copy of your Field Supervisor’'s and/or Mentor’s feedback.
(5) Reflection

Put a copy of the answered Reflection Questions here.

Include copies of whatever evidence is pertinent (e.g. exit slips, etc. See Reflections Questions
for clarification here).
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Class 2

The Learning Cycle

During Class 2, PSTs revisit the Learning Cycle by engaging as students in a Physics
Learning Cycle: “The Ramp Activity.” The instructor provided a scenario to students where
they are building a ramp system to determine, “How does the length of the board affect how fast
the ball moves?” The PSTs then worked on answering this question using the provided
materials. As the PSTs work in their small groups, the instructor models monitoring for the
students. Once the PSTs completed the task, there was a short discussion regarding their

findings for the remaining minutes of the period. What follows are the slides used in class.
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Class 2 Slides

The Learning Cycle

Teaching & Learning in Secondary Science 3
Spring 2014

Past Initiatives — Remain Viable

Science and Engineering Practices
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Agenda

£4:30 p.m. - Introduction

£ 4:45 p.m. - Introduce the Learning Cycle

£ 5:00 p.m. - Engage in Learning Cycle

£ 5:30 p.r. - Break

£ 5:50 p.m. - Report Results

L 6:15 p.m. — Making Sense of the Learning Cycle

Mext Generation Science Standards

& FRuk HEAATE RO

K-12 SCIEMCE

EDILICATICH

The Second Dimension—Seven
Crosscutting Concepts

= 1. Pattems

= 2. Cause and Effect: Mechanism and Explanation
- 3. Seale, Propartion, and Quantity

= 4. Systems and System Models

= 5. Energy and Matter: Flows, Cycles, and
Conservation

= 6. Structure and Function
= 7. Stability and Change
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Disciplinary Core Ideas
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Class 3

Formative Assessment

Class 3 involved an analysis of the task and Learning Cycle presented in Class 2. During
the discussion, the PSTs unpack the necessary teacher preparation and teacher moves during the
student work time. By examining expert modeling in detail, the instructors hoped that the PSTs
would gain a better understanding of the Five Practices Model and how to plan for and enact
these types of discussions in their classrooms. In addition, this session focused on formative
assessment and the various monitoring tools the teacher can use to assess student thinking and
understanding. This class provided the PSTs with an opportunity to examine various types of
monitoring tools for formative assessment and how they might use these tools in their own

classrooms.
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Class 3 Slides

Formativ ent

TEACHIING & LEARMNING IM SECONDARY SCIENCE
3

The Ramp Activity
Initial conceptions were unreliable
“Longer boards are faster”
Experimentation allowed for interaction with Nature
Analysis revealed an alternate scenario
Length is irrelevant!
Height might matter!
Dissention and Counterclaims
Call for Backing was answered with PE=KE

The Ramp Activity

What was the teacher doing?
Perusing/Creeping/Ease Dropping/Perturhing
Asking questions to elicit student thinking

Forcing students to make obvious what they are thinking/
doing

Students tke ownership and cl‘]Iqu:themi;Hva when they
explicate their ideas
They verbalized their metacognitive state
A sudden state of awarencss about what they are doing
They often see clearly what is not correct abowt their thinking -
strange critiquing clainoyance

Agenda

Learning Cycle and SEPs

| 5 13 o awesrions
.lﬁ'ﬂﬁ-ﬂ-l-'l"‘\l'wﬂlo:ﬂﬂ!-
}!ﬁh‘ﬁm‘maduumﬁlmﬂwm
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| Sk et ang competatoraittinking. |
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fig 4.1 Opportursiem for viudern in engege n the Nexd: Genensaon Soence Stardanh practice ticheres,
g, 01 T) shermaghonrt the singes of it Lesming Tyce:

I'he Ramp Activity

* What was the teacher doing?
Making notes
Writing main ideas from each group
Student displays ofien reveals misconceptions
Show BMW Environmental Science Plotures

Student writing clues us in - an entrance to their brain
Adjusting on the Fly — Formative Teaching

Multitude of ways of answering the ramp problem

Revising the leston plan

5 Practices for Orchestrating Task-Based Discussions
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5 Practices for Orchestrating Productive
Task-Based Discussions

Anticipating - how students are likely to respond to
a task

Monitoring -what students actually do as they work
on the tasks in pairs or small groups

Selecting - particular students to present their work
during the whole-class discussion

Sequencing - the student work or products that will
be displayed in a specific order

Connecting different students’ responses and
connecting the responses to key scientific ideas

f s 2 }
Getting Real

Sequencing
The conversation can stop if a sound, well articulated
description is given
Choosing a group with the most obvious answer is often useful
They have support from other students who alss are thinking in a similar

ITRTLTET
They share the risk with their peers
Connecting
It is important to share the credit and point out what each
group contributed
But then it is important to point out the superior points that
allowed for arriving at the best scientific explanation

EEEL”?[IEEE'W?WH{”EE

Getting Real

Anticipating
Students play the school game well
They are going to think about the previous activities
They will connect what you have said to activities
Play the opposite game
Monitoring
Walking, listening, and watching what they are drawing or
writing
Making mental notes of different ways of thinking about the
problem
Selecting
Which particular students should present their work

sment for Learning

' s First - Let it Guide Instruction
Assessing Last - Too Late!
Misconceptions will remain unless uncovered
Students often play the game of school
They avoid the cognitive work
Teachers must engineer lessons that help to expose student
thinking
Teachers must have PCK
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Assessment

* Summative testing is for
ranking - not learning

- Formative Assessment is for
learning
—FA can double the learning!
—Use halfway testing
— Determine what the

performance is first and design

lessons to align to those
outcomes

[ce-cubes are added to a glass of water, What happens to
the level of the water as the ice-cubes melt?

A The level ol the water drops

B, The level of the water stays the same

C. The level of the water increises

1. You need more information to be sure

& The purposa of generators in a power plant is to transform enengy from
; electrical
l'echniques for Formative Assessment

Continuous Assessment
Red Cup, Green Cup
Small White Boards
ABCDECards

Assessing on the fly
Dialogic Discourse
Engaglng in authentle conversatbons
Unseripted
Mot Monologic
Shared epistemic authority
Aceountable Talk

A samplie of a pure solid substance is heated ata constant rate and fts
emperature recorded a5 a function of time. A graph. of the data & shown

below,. &t about what tampesature & the heat added being uzed to melt Buildine a ool
the substance? L
() 25°C
afead e Temparature (Degrees °C)
ﬂm Tension in Mixed Messages
P
I / s UseL, M, H
oo Oriy,2.3.4,5
H _/ -1
" //"’ Create Corresponding Rubric
wo Students must know expectations
.,// Justify grades
mo
!
g W00 MO0 MO0 4000 5000 SN0 000
T 1)
Copyrightt © 2011 by Educational Testing Service
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Class 4

High Demand Tasks

The instructors divided Class 4 into two parts: High Demand Tasks and Unit Plan Work
Time. Because the unit plan is not a part of this study, what follows is a description of the high
demand task analysis and discussion. As you can see from the Class 4 slides below, the PSTs
revisit the Learning Cycle by designing a task they might use in an assigned phase of the
Learning Cycle and the role formative assessment has in that phase. After a detailed discussion
related to their designed tasks, the PSTs then examine their own tasks brought in for homework.
As a group, they prepare to present and discuss that task to the class, including where it might fit
in the Learning Cycle, the features that make it cognitively demanding, modifications to increase

cognitive demand, and ways to maintain cognitive demand during instruction.
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Class 4 Slides

Teaching & Learning in Secondary Science 3

lanuary 79 (Class 4)

High Cognitive Demand Tatks

Unit Planning — Warkshop Time

Designing for the Learning Cycle

Your Task Key Resources
Summartze the LC stage you've been O Chapter 1, figure 1.8 from Fiye
aszigned. Pea

Duesir b hiovwi you weasukd go about
finding or designing Instructional tasks
that “Ht* within this stage of the LC.
1 iBe axpiictt adout key features of O Learriing Cycle slides [posted in
the tashes. January 15 fakder on coursawe b)

a

B suggest specific resources,

a

Rates from Last week's clas
Duscribe the: role of formative

asseszment during this stage of the LT O Keeley books on formative
asspssment probes

Chapter 6 from the Five Practices

Agenda

O Instructional Design In the context of the Leaming Cycle
O impartant features of challenging learning tasks in LC stages

o S’tmt;g'\e:nnd resources for selection or design of learning tasks and
form: assessment tasks opportunities

O Unit Flanning
O GOAL: shetch out the unit
O Major LGs and Objectives
O Estimate of Instructional days with major taples addressed
O Location of Leaming Cycle In overall unit
O Wark plan - who needs to do what when?

O Make sure that research about student thinking is kigh an your list of
priarities]

Your Instructional Tasks

Exarming the imencSund sk you
brought with you to das todey. Chooss 1 1o
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Class 6

Formative Assessment

In Class 6, the PSTs revisit formative assessment and discuss the discovered affordances
and drawbacks of various types they used over the past few weeks. Initially, the instructor
describes various ways to engage all learners through different types of scenarios and lesson
engagements. After discussing the importance of a good “hook” in providing access for all
learners, the instructor uses direct instruction to review formative assessment and it’s use within
the Learning Cycle and the Five Practices Model. The goal of this class was to provide a closure
to these topics so that the PSTs can begin to incorporate them into their unit plans. The slides

used to guide instruction follow.
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Class 6 Slides

1ent

Formative /

TEACHIING & LEARNING IN SECONDARY SCIENCE

3

afixfaony

Igloo Ideas

Students can formatively assess the teacher!
Content
CO s OO
Sublimation into Oz and Hz
Snowball race wi. snowhball disk
Snow becomes wanm - o degres snow
Student Surveys
Not everyone will be happy with you.

The Ramp Activily

Assessment Tool

What is your unit of analysis?

Assessment should drive the instruction that is given
Formative assessment is the continuous (ideally)
checking in with one another about the progress that
is being made

leloo Hook

Gas Laws

Diffusion

Convection, Conduction, Radiation
Thermal Properties

Phases of Matter

Cell Surface Area/Volume Problem
Homoeostasis

Respiration

Statics

Aeenda

Formative Assessment
Assessment should drive instruction

‘What kind of instruction

How much instruction

‘When that instruction is needed
Formative assessment is the continuous (ideally)
checking in with one another about the progress that is
being made
The students are being primed to leamn and are priming
the teacher for what they need
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S0 Now What?

* Onee you have data about what students know, don’t know,
or can and can not do...
Now is the time to implement instruction
If students know derivatives, there is no need to waste their
time
Either skip it or go deeper
It may be time to clean-up misconceptions
You may be able to do a couple at a time
If issues are not addressed, they often will not improve
End of the year tests depend on instruction to alter students ideas

7 Principles of Good Feedback
Helps clarify good performance
Facilitates self-assessment (reflection)
Delivers information to students about their
learning
Encourages teacher and peer dialogue around
learning
Encourages positive motivational beliefs
Provides opportunities to close the gap between
current and desired performance
Provides information to teachers that helps shape
instruction

(Micol & Macfarfane-Dick, 2o008)

Disciplinary Core Ideas
Physleal Sciences Earth and Space Sclences
S i Matter and its interactions ES5 1; Eanth's place in the universe
Mation and gability: Farces and TS5 1 Farth's systems
I_ﬂlfﬁm ESS 3 Earth amd hoream activicy

Energy AN
4 Waves and their applications in
rechnologies for information transfer

Life Sclences Engineering, Technology, and the
- i 1
From molecoles 1o organisms: Applications of Sclence
smactures and processes ET% 1: Engineering des}
Ecoeystems: Interactions, energy, and  pre - 1inky arnn:gg ::mlnntu'lnl
technology, scence, and soclery

15 4 Biological evolution: Unity and
diversity

Why Quick Quizzes

%4 sheets of paper are cheap, small, and recyclable
Provide a receipt or record of participation
students show up and then leave
Captures thinking at a particular time
Students get to move and talk to others
positive plrysical energy
Electronic versions may be better
A, B, C, D buttons that record responses
Email can work
Mativation to leam - Students are now ready to leamn
Tap into competitiveness and cooperation at the same
time
Primes for inguiry investigations
Develops Metacognition

Next Generation Science Standards

'f = .

e

4 FRAMEWORK FOR
K-12 SCIEMCE

ce and Engineering Practices
Descrifithn

Asking questions {far science) and definiag probless: (B caginecrisg)

D chispiang mied usiing unsddels

Planulng sed carrylag out lnvesiigaions

Ansdyaing and lnteryreting dats
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Comntruttiicg 4 pilasatiom (for siet) md daighing stk | i englnerrisg)

Esgaging is argumen! [mm evidence

e sinling, o ahustling, wed ok sling eformaron
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The Second Dimension—
Seven Crosscutting Concepts
1. Patterns
2. Cause and Effect: Mechanism and Explanation
3. Scale, Proportion, and Quantity
4. Systems and System Models

5. Energy and Matter: Flows, Cycles, and
Conservation

6. Structure and Function

7. Stability and Change

Essential Features of Classroom Inquiry and Their Varations.
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Assess More than Content

Science and Engineering Practices
Habits and Dispositions
As students are attempting to figure out the QQ, they are
often meeting many of the SEPs
You will also meet some cross-curricular goals
Crosscutting Concepts
Mathematics

Homework [Miscussion Last Week

Procedural
Conceptual
Meta
Flipped
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Informal Formative / ment

Maladaptive students may resist playing the
education game

Modeling is a key aspect of science
Students exposing their thoughts allows for
assessment

Student talk is valuable

5 Practices for Orchestrating Productive
Task-

ed Discussions

Anticipating - how students are likely to respond to
atask

Monitoring -what students actually do as they work
on the tasks in pairs or small groups

Selecting - particular students to present their work
during the whole-class discussion

Sequencing - the student work or products that will
be displayed in a specific order

Connecting different students’ responses and
connecting the responses to key seientific ideas

-
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sment for Learning

Assess First - Let it Guide Instruction
Assessing Last - Too Late!
Misconceptions will remain unless uncovered
Students often play the game of school
They avoid the cognitive work
Teachers must engineer lessons that help to expose student
thinking
Teachers must have PCK

Assessment

= Summative testing is for
ranking - not learning

+ Formative Assessment is for
learning
—FA can double the learning!
— Use halfway testing

— Determine what the
performance is first and design
lessons to align to those
outcomes
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Class 7
Scaffolding

In preparation for Class 7, the PSTs read “Tools for Scaffolding Students in a Complex
Learning Environment: What Have We Gained? What Have We Missed?” by Puntambekar and
Hubscher (2005). Using this reading as a guide, the PSTs examined their own practice and
identified the various types of scaffolds they have tried in their own teaching citing specific
examples from their own practice. Further discussion involved the discussion of the ways in
which these types of scaffolds impacted the cognitive demand of the task. The goal was to
highlight for the PSTs that often many scaffold lower the cognitive demand instead of maintain
the desired demand for students throughout the task. During the remainder of the class, the PSTs

worked on their unit plans. What follows are the slides used to guide instruction.
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Class 7 Slides

T&L IN SECONDARY Fe8
SCIENCE 3

SCAFFOLDING

FORMATIVE ASSESSMENT

Turn & Talk Some Take-Aways

* FA fools/fmeasures can be simple or

* Inwhat ways have complex.
ﬁ;éﬁiﬂmng * The shué:h:e of the n"ec:llsure
1 depends upon your goals:
formafive assessment - Wwant o suppor a complex iesson

inyour practice? like 5P, the measure needs fo be able fo
capture a lot.

+ i you want to find out F students are
=getfing™ a key idea from your lesson,
YOUr measure /fool can be quite simple.

* FA s a practice that you should be
employing every day.

- You smiould Ibe abie 1o justify your

rstructional choices in part lesecl on
wmt data you have gathered through
FA

* What siruggles
remaing

SCAFFOLDING

= Components:
* Shared understanding
= Ongeoing diagnosis
* Fading

Cngoing diagnesis and fading are difficult to achieve within the
complex context of a classroom.

What are some sirate-gies you have employed (or might employ)
to overcome these challenges?

1. Formative
Assessment
* Revisiting & reflecting
on key ideas
2. Scaffolding
32 EEEBR

* Reflecting on
feedback

» Getting clear about
next steps

AGENDA

Wednesday
February 19, 2014

SCAFFOLDING

« Instructional scaffolding enables a leamer to solve a
problem, camy out a task, or achieve a goal that hf
she cannot accomplish on his/her own. [Wood, et
al. 1976).

- Which of these
g T\-’pES of su ppc:rf strategies have you

= Recruiting interest atternpted?
* Reducing degrees of freedom by

simpiifying a fask How do these fypes of
- scaffolding impact

Mﬂl'rrun_ng drfchcn cognifive o nd?
= Highlighting crifical task features
+ Controlling frustration Provide specific
* Demonsirafing ideal sclution paths examples from your

pracfice.
SCAFFOLDING

1. Shared understanding of routinesfexpectations is important.
= This is especially the case when you are attempting to engage
learners in complex practices (e.g. evalualing evidence, etc.]

= Think of the Faosfplant hask — this s an example of a task that can help
fo build shared understanding.

= Ofher exampies?
2. Having a variety of tools available to funclion as scaffolds is
also important.
= The feacher can call students’ atrention fo use of DGI'I‘DUIGFTDOB

depending Upon What he/fshe perceives as the students” needs. This i
a'way fo engoge in ongoing diognosis/adjustment.

3. Plan for fading.
= Rememoer that the final goal & to enable leamers to act
independentiy.
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Class 8

Maintaining Cognitive Demand

The final class on which this study focuses, Class 8, aligns directly with Class 7. The
instructors told the PSTs to bring materials from a high demand task they have taught. These
materials included copies of the task, marking tools, and any other representational tools used.
The PSTs then discussed how they maintained the cognitive demand during this task as well as
ways in which they might alter their approach. Finally, each group of PSTs selected a
representative task to present to the class to further a discussion and provide additional examples
of scaffolding to maintain cognitive demand. The PSTs discussed the various affordances and
drawbacks of designed scaffolds and tasks. During the second half of the class, the PSTs worked
on their unit plans. What follows are the slides used to guide instruction and the presentations

made by each content group.
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Class 8 Slides

T&L IN SECONDARY

SCIENCE 3

SCAFFOLDING TO MAINTAIN HIGH COGMTIVIE
DEMAND

Y

Instructional scaffolding
enables a learner to solve
a problem, camry out a
task, or achieve a goal
that he/she cannot
accomplish on his/her
own.

[WOOD, ET AL. 19748)

Tools

Tossing
Marking
Etc.

SCAFFOLDING
HOW IT WORKS

Talk (e.g. Chapter 7)
Student revoicing
Teacher revoicing

Task features (review Chapter 1 and/or 1/29 class)

Using Scaffolding to
Maintain Cognitive
Demand During

Instruction
AGENDA
echestay * Bxamples from
February 26, 2014 prCICﬁCS

Check-In: Unit Plan

SCAFFOLDING

THE WORK IT DOES

+ Instructional scaffolding enables a learner to sclve a
problem, camy out a task, or achieve a goal that
he/she cannot accomplish on his/her own. (Wood,
et al. 1974).

= Types of support:

Encouraging and
Guiding Sfudent
Thinking [chapter 5]
Talk that

= focuses,
- qguides, and
- directs aftenfion

* Recruifing inferest

* Reducing degrees of freedom by
simplifying o task

* Maintaining direcfion

* Highlighting crifical task fealures

+ Controlling frusiration

Instructional Task
Az you describe the task, be sure fo tell us:
= What is the cognifive demand you want fo
protect?
» What are the key LGs?
= What thinking work is essenfial?
= What cogritive lcad do you want to
minimize?

Scaffolds
What is the WORK you would ke scaffolds to
do?
e.g. simpiify the task, highfight crifical
fegtfures, etc.
HOW will the scaffold achieve this work?
e.g. Through specific fypes of falk, prepared
questions, fools, efc.

JASV.L ANOA

‘Words of Wisdom
If you could incorporate 2-3 sirategies related to
maintaining cognifive demand into your
teaching practices (planning and/or instruction),
what would they be?
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YOUR TASK

Frepare a Presentafion

= Use Powerpoint sides to
share your information.

= Additional visuals
[white boards, etfc.)
can be used.

* You have 20 minutes to
present and 5 minutes
for gquestionsf
feedback.

Groups
Chem
Kady, Bonnie, Kristen
Earth & Space Science
Dana, Calvin, Mare, Scott
Biology 1
Frank, Kelly, Xavier, Hicholas
Biology 2
Hicole, Nancy, Mark,
Florence
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Biology Scaffolding Example

OurTask

Students analyze Griffith’s Transformation
Experiments with pneumonia and mice,
Nicole, Nancy, Mark, Florence observing data sets, analyzing data, and
Biol ogy comparing with other student work in group
discussion to notice trends.
Essential Thinking Work:

Maoticing pattems in data, comparison of
representations, drawing conclusions based on all work

Cognitive Demand Scaffolds
To Protect: Reduced frustration by strategically limiting
Designing graphs to represent data the data sets to specific groups of students

LG: A representation of data should effectively represent
the trends of the experiment.

Noticing effects of pneumaonia on mice

Less complex data sets to certain groups
Essential data sets selectively distributed

LG: Pneumonia is lethal to nonimmune mice Students were able to obtain more data sets as
LG: Bacterial cells are capable of transforming DNA they completed...
from dead cells into their gwn. Cue cards of questions to ensure that student
To minimize: L .
thinking is geared back towards learning

Amount of data to reduce frustration
goals

Words of Wisdom

Appropriate tasks for student ability levels
Equitable demand

Introduce scaffolding during launch

Just do it [high cognitive demand tasks]!
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Biology Scaffolding Example #2

Grﬂfl’]ﬁ ar Marbi’ES

Frang, m“’"ﬂ“i‘h:.mh

Grains of Biodiversity

Snadents each receive 2 bags with 28 grains in each.

0 Each bag had 28 grains but in different ratios

0 Stadents drew cne graim out of the bag and recorded
the “oolar” before returning it.

0 After 10 samiples, they closlated the Spedes Richmess
and Simpson Index for each bag,
0 Then the students counted all the grains in each hag

and caloulated Spedes Richness and Simpson Index
for the entire bag.

Scaffolding

0 No original plan for scafolding

0 Upan reflection, lots of scafobds oonld be wsed
0 Maimtaining directicn

0 Clarifying procedure = hreak dows of directons
0 Simplifying task

0 Using marbdes nstead of grains

0 Cognitdwe load

Biodiversity

D Students are in the middlle of a usit on Blodiversity for
an Envirenmental Sdence course

D Lab simulates limitations for fleld monitoring

D Students were supposed to compare different
strategies for calculating Biodiversity

Learning Goals

D Species Richness s a simple count of species ar
indfviduals

D Species Eveness is the distribution fo species or
imdfviduals across a landscape

D Simpson index is a measure that accounts far both
spedies rickness and eveness

D Sampling ermors @n impact data resulis.

Words of Wisdom

D 'Wark to reduce difficulties that don't pertain to your
learning goals

D Don't be afraid to 2dd scfolding on the fiy

D Be sure to reflect upon scaffolds and lessan to
Improve next Hme
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Chemistry Scaffolding Example

Each group was given 8 elements — one
from each group on the PTE

Students asked fo consider how neutral
atoms change fo form stable ions
Look specifically ot electron configuration

Shared their representafions with the class

CGenerated overall trends based on class
data

Some atoms can achieve greater stability by
gaining or losing a designated amount o
elecirons

When atoms lose electrons, they form positive
ions {cahons). When atoms gain elecirons,
they form negative ions {anions)

Hements in a given column have the same
number of valence electrons as the other
elements in that column; therefore, they will
gainflose the same number of electrons and
form ions with the same charge.

All atoms on the PTE are neutral

BUT that's not how you find them in
nature...

How could you change the electron
configuration of an element to make it
stable?

Use of models
Bohyr, eleciron configurations, Nobel gas
configurations, and/or orbital diagrams
Key feature lustrated through the model
Connect ideas fo the models

What does it mean to be “stable"?
Cciet rule

What is a valence slectron®
Cwuier energy shell
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Choices
Only 8 elements to consider (teacher given)
Type of model [only some groups)

bid nlo’r have to represent numerncally on
visug

Did not have o represent “lose 37

Did not have to develop overall "rules” as
small groups

Mot required to consider effect on overall

Number of elements
Diverse, but limited
Overall frends as class data 2 discussion

Type of model

Groups strugghng were told fo focus ona
specific model
Physical Bohr models available

Tossing and Quesfioning
Valence electrons
Amangement of electrons

Elements that are already stable (Nobel
Gaoses)

Questioning
What has to happen to be stable?
What does that change
How is that different from [other element] 2
Where are the electronse

Create and use hint cards

all possible paths

Fnd a test subject
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Physics/Earth Science Example

o 4 ob-

Task Scaffolds

L&: Tha llght recelved from a diztant ohlect ScxfMolds will remave dETIcolty of daciding how T
decreases proporilonally by a2 craata graph o reprasent ight Intans ity

Dijectine: Given tha poak metput of powar from the High-sohileving studants will e making thesr graph

Iight balb, 3WEBAT doviss 3 way o measure e ”
G hei avarags-aon leving stedents empty graph of 111
redationzhip Datwesn lght sty and dirtance Ima RA3 - st

sysiam.
Ghva low-achlaviog students empty oraph of

What's cognittvely demanding: describing tha
redxtionship batwesn distancs and Intenstty of llght R

ob-
Scaffolds

Maintain ohallenge of tash, but reweal oritical
aspect of task that it = not dependent on angle.

Different student groups will place their
photometer in different planes.

Redruiting Inkerest! = relate io solar panels!
sustainable engineering

->- - o

Words of Wisdom

Azsign ceriain aspects of sk to certain

students based on their ability levelo.

Dont concem yournelf if students get right or
wrong angeeer, bul ore thes sk and thinking in
the rght place.
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APPENDIX B

PST TASK ANALYSIS FORM

Teacher:

Grade:
Course/Subject:
Period:

Date Lesson Taught:

PART A
Description of the Lesson

PART B
TYPE OF TASK AND POTENTIAL LEVEL OF DEMAND

CURRICULUM MATERIALS
1. ldentify the Type of Science Task of this activity as it appears in the curriculum
materials.
Experimentation
Data Representation, Analysis, & Interpretation
Explanation
Other
. Memorization
rovide detail and examples to justify your explanation.

TPoo T

2. Using the STAT analysis tool, identify the level of cognitive demand in the curriculum
materials.

Type of Task Demand of Task
(High/Low)

Experimentation

Data Representation,
Analysis, & Interpretation

Explanation

Provide detail and examples to justify your answer regarding this task as it appears in the
curriculum materials.

296



PST TASK ANALYSIS FORM (Completed)

PST TASK ANALYSIS FORM

Teacher: Ms. Nicole Timko
Grade: 9

Course/Subject: Biology

Period: 7

Date Lesson Taught: Oct. 25, 2013

PART A
Description of the Lesson
Cell Membranc Model — students complete models of the ccll membrance. Big Idea — all hiving
things are composed of cells.

PARTBEB
TYPE OF TASK AND POTENTIAL LEVEL OF DEMAND

CURRICULUM MATERIALS
1. Identify the Type of Science Task of this activity as it appears in the curriculum
materials.
a. Experimentation
b. Data Representation, Analysis, & Interpretation
c. Explanation
d. Other
€. Memorization
Provide detail and examples to justify your explanation.

*This task is an explanation task because students are explaining the structure of a cell.
It is at the lowest level an explanation task. Students are explaining what they have
learned regarding the structures of the cell and how it related to their own models and
representations.

2. Using the STAT analysis tool, identify the level of cogmitive demand in the curriculum

materials.
Type of Task Demand of Task
(High/Low)

Experimentation

Data Representation,

Analysis, & Inierpretation

Explanation Low Level Explanation
Task — students are
explaining already learned
ideas about the cell and cell
model.

Provide detail and examples to justify your answer regarding this task as it appears
in the curriculum materials.

See above for description
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APPENDIX C

THE SCIENCE TASK ANALYSIS TABLE®Y

1o Adapted from Cartier, J. L., Smith, M. S., Stein, M. K., & Ross, D. K. (2013). 5 Practices for Orchestrating Productive Science Discussions. Reston,
VA: National Council of Teachers of Mathematics and Corwin Press.
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Data Representation, Analysis
& Interpretation

calculate the mean temperature)
and/or represent data {e.g. draw
a bar graph).

« answer specific questions
about the data {eg. In which city

representation types or
strategies.(i.e. multiple solutions
or strategies are not possible}).

=  provides no evidence of planning
to press for students to justify

Fastplants) and specific (e.g.
trematode infection is 4-5 times
higher in Charles, Emerald, and
Baker ponds than in other
ponds) patterns that are evident

Low High
Tasks Lesson Plan Tasks S Lesson Plan
Students— The teacher— Students — The teacher—
g « follow a highly specified * providesno evidence of planning | *« must make decisions about e« provides evidence of planning that
B procedure. to support students’ what data to collect and/or how ensures students are supported in
8 « Do notmake choices about what understanding that data to collectit understanding how their data
5 data to collect or how to collect collection is occurring in the e  compare/conirast or critique collection must help them achieve
g it service of answering a question. experimental protocols, the goal of answering a particular
5 «  Are notengaged in being critical considering issues such as question.
o, about the data collection reliability and “fit” between data
[_ﬁ procedure. gathered and the underlying
question driving the experiment.
Students— The teacher — Students— The teacher —
« follow specific instructions =  provides evidence of plans to « seekto describe general (e.g. e  provides evidence of planning to
about how to transform (e.g. accept only very specific the s-shaped growth curve of provide opportunities for students

to share and discuss a variety of
data representations.

e provides evidence of planning to
require students to provide a
rationale for the choices they have

Explanation

is the average monthly their answers using the data in the data. made related to transforming or
temperature highest?). representations. « select what data to represent representing data.
and/or how  representit s  provides evidence of planning to
« compare/contirast various require students to identify specific
representations, considering data or elements of data
issues such as the ease with representations that provide
which various patterns or evidence for the patterns/trends
relationships can be visualized. they've identified.

Students— The teacher— Students — The teacher—

« provide explanations without } *  provides evidence of planning to «  provide explanations with e provides evidence of planning to
justification or specific request discrete answers to justification. press students to provide
connection to data. questions without justification =  areengaged in developing new explanations and to justify their

«  repeat factual knowledge (e.g. What causes a solar eclipse? explanatory knowledge. assertions.
previously learned. [answer| The Moon blocking the s are critical of the explanations »  provides evidence of planning for

Sun.) offered by others, requesting opportunities for students to share

clarification and supporting
evidence when appropriate.

s draw upon a variety of
representational tools (e.g.
diagrams, tables, simulations,
etc.) to communicate with peers.

and critique one another's
explanations.

s  provides evidence of planning to
encourage students to use a variety
of tools to communicate (e.g.,
questions, reminders).
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APPENDIX D

TASK AND LESSON PLAN CODING RUBRICS

D.1 ELEMENTS OF A HIGH-LEVEL TASK SCORING RUBRIC (HLTR)
Elements of a High- No Evidence/Low Medium High
Level Task Score =10 Score=1 Score =2
Defined Lesson No Goal cxists or Lists Performance Lists Performance Goal(s)
Goal/Objective in Lists Performance Goal(s) and General | and Specific Leaming
Lesson Plan Goal(s) only Learning Goal(s) Goal(s) or only Specific
Learning Goal(s)
Demand of Task No task provided or Experimentation, Experimentation, Data
task provided is Data Analysis/Interpretation, or
insufficient to assess | Analysis/Interpretatio | Explanation task at High
n, or Explanation task | level -
at Low level or any
task at Tow level
Support of student Evidence of support | N/A Evidence of support of
engagement ¥GSS of student student engagement in SEPs
Science and engagement in SEPs
Engineering does not exist
Practices
Task as designed Evidence of task Task allows students | Task allows students to share
supports student supporting whole to provide and discuss their thinking
engagement in class discussion docs | explanations and using artifacts created as a
productive whole not ¢xist ideas without result of the task
class discussion justification or
evidence
Students create Evidence of students | Stundents can create Students can create multiple
artifacts as a result | creating artifactasa | only onc artifactas a | artifacts as a result of the task
of the task result of the task does | result of the task
not exist
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D.2

ELEMENTS OF A LESSON PLAN THAT SUPPORTS DISCUSSION SCORING

RUBRIC (LPDR)

Elements of a

Lesson Plan No Evidence Low Medium High
that Supports Score=0 Score=1 Score =2 Score =3
Discussion
Evidence of Vaguely describes Specifically describes at Specifically
anticipating correct thinking least one correct describes correct
students’ correct students may use when | strategy/idea students may ideas/thinking
thinking does not | working on the task use when working on the students may use
Anticipates exist OR describes what task. But, the strategies/ideas | when working on
Studer?ts’ students might do do describe the various the task AND
and/or notice during ideas/features/representation | there is an attempt
Correct . .
Lo the task s students produce as a result | to identify the
Thinking . .
of the task various possible
strategies or
representations
students may
produce
Evidence of Vaguely describes Specifically describes at Specifically
anticipating incorrect thinking least one incorrect way describes incorrect
students’ incorrect | students may use when | students may think about the | ways in which
or incomplete working on the task or | task or specific question students may think
thinking do not vaguely describes students might ask or about the task or
exist incomplete ideas difficulty students may have | specific questions
Anticipates students may have as they work on the task. students may ask
P , about the task OR However, the challenges and | or difficulties
Students ; - .
describes what misconceptions do not students may have
Incorrect or .
Incomplete students might NOT repre;ent an attempt to as they work on
Thinkin do and/or NOT notice | describe the many the task AND
g during the task challenges or there is an attempt
misconceptions that students | to identifying the
may have many challenges
or misconceptions
students may
encounter with the
given task
Evidence of plans | Includes plans to Includes a blank monitoring | Includes a
for monitoring do | “circulate around the tool without anticipated monitoring tool
Plans for . » - . -
S not exist room” or observe ideas/student responses with anticipated
Monitoring .
students as they work ideas/student
Student Work ;
does not provide a responses or
on the Task

monitoring tool

approaches to the
task
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Plans Questions
to Elicit,
Challenge, or

Evidence of
specific example
questions do not
exist

Provides a specific
example question to
ask students, but the
circumstances in which
the question will be

Provides several example
questions to ask students,
and includes the appropriate
circumstances in which the
question will be asked

N/A

Extend asked is not detailed,
Students’ not appropriate, or not
Thinking designed to advance
scientific thinking
Evidence of a Provides an outline of | Provides a vague script for Provides a detailed
storyline or the ideas/concepts and | how the discussion unfolds, | script including
Plans for a specific plans for | the order in which they | however ideas/scientific questions and/or
Storyline for how the will emerge concepts are missing answers teacher
How the discussion unfolds and students will
Discussion does not exist ask AND script
Unfolds follows logical
order of scientific
ideas

Plans to make
connections
between
students’ ideas
and to
disciplinary
ideas

Evidence of a
connections
between students’
ideas and to
disciplinary ideas
or specific plans
for how the
discussion unfolds
does not exist

Provides an outline of
strategies/idea, but no
clear connection
between conceptual
ideas, representations,
or students’ ideas etc.

Provides plans to address
how key ideas are
represented differently in
various representations. No
clear connection made
between conceptual ideas
and student strategies.

Provides a detailed
script or plans to
support students to
form connections
between the shared
strategies and
between the shared
strategies and
representations and
the underlying
conceptual ideas,
e.g., discussion of:
the pros and cons of
various
strategies/representat
ions, how a key idea
is represented
differently in the
various
representations and
between the shared
strategies and
representations and
the underlying
conceptual ideas, the
pros and cons of
various
strategies/representat
ions
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Purposefully
Selects and
Sequences the
Ideas that Will
Emerge During
the Discussion

Evidence of
selecting and
sequencing ideas
that will emerge
does not exist

Indicates student
ideas/approaches will
be selected during
enactment, but does
not detail sequence in
lesson plan

Provides purposeful
selecting and sequencing of
specific ideas and/or student
representations/approaches
that will emerge during the
discussion, however ideas do
not build on each other in a
meaningful way

Provides one or
more purposeful
selecting and
sequencing of
specific ideas
and/or student
representations/ap
proaches that will
emerge during the
discussion and
ideas build on
each other in a
meaningful way

Plans Marking
Strategies to
Highlight
Important
Ideas

Evidence of
marking strategies
do not exist

Vaguely describes the
important ideas that
will be marked during
the discussion or does
not provide the many
important ideas

Provides the many specific
student ideas, scientific
ideas, etc. that will be
highlighted during
discussion, but does not
provide marking
tool/table/representation that
will be created

Provides the many
specific student
ideas, scientific
ideas, etc. that will
be highlighted
during discussion
by creating a
marking
tool/table/represen
tation of ideas
AND noting those
ideas during
storyline
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D.3 COMPLETED ELEMENTS OF A HIGH-LEVEL TASK AND ELEMENTS OF A LESSON PLAN THAT

SUPPORTS DISCUSSION SCORING RUBRICS

Participant Name: Kelly Hendrick Coder Name: Danielle Ross
Lesson: DNA Structure and the Cell Cycle
Date of Lesson Plan: 10/22/13 Instructional Performance 1

High Level Task Rubric Score | 10

Lesson Plan Supporting 21
Discussion Rubric Score
Total Score 31
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Elements of a HIGH LEVEL Task Scoring Rubric
Maximum Possible Score (HLTR) =10

Elements of a No Evidence/Low Medium High A?;g::: d Provide Evidence of Rationale for
High-Level Task Score=0 Score=1 Score =2 0, 1,2) Assigned Score
Defined Lesson No Goal exists or Lists Lists Performance Goal(s) | Lists Performance Goal(s) and Specific Performance Goals and Specific
Goal/Obijective in Performance Goal(s) and General Learning Learning Goal(s) or only Specific Learning Goals are provided.
Lesson Plan only Goal(s) Learning Goal(s) 2 They are very detailed — LG “ the
cell cycle includes...”
Demand of Task No task provided or task | Experimentation, Data Experimentation, Data Students observe data and analyze
provided is insufficient Analysis/Interpretation, or | Analysis/Interpretation, or Explanation the phase of mitosis the cell is in
to assess Explanation task at Low task at High level 5 most of the time. Thereisa
level or any task at low clear question —*“ Where does the
level cell spend most of its time?” That
the students are answering.
Support of student | Evidence of support of Evidence of support of student Analyzing data and constructing
engagement NGSS | student engagement in engagement in SEPs explanations.
Science and SEPs does not exist N/A 2
Engineering
Practices
Task as designed Evidence of task Task allows students to Task allows students to share and This task could lead to a
supports student supporting whole class provide explanations and discuss their thinking using artifacts productive discussion, There is
engagement in discussion does not exist | ideas without justification | created as a result of the task 2 clear planning for what the
productive whole or evidence teacher will say and what the
class discussion students will say.
Students create Evidence of students Students can create only Students can create multiple artifacts as Students generate a representation
artifacts as a result | creating artifact as a one artifact as a result of a result of the task 5 as a result of the task depending

of the task

result of the task does
not exist

the task

on their choice - bar, line graph,
etc.
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Elements of a Lesson Plan that Supports Discussion Scoring Rubric

Maximum Score Possible (LPDR) = 23

ELBTIENHES o et Provide Evidence of
Lesson Plan | No Evidence Low Medium High Assigned Rati
: - _ _ _ ationale for
Supporting Score =0 Score=1 Score =2 Score =3 0,1, 2, Assigned Score
Discussion 3)
Anticipates Evidence of | Vaguely Specifically Specifically describes Anticipates students
Students’ anticipating | describes describes at least correct ideas/thinking correct thinking
Correct students’ correct thinking | one correct students may use when regarding the pie
Thinking correct students may strategy/idea working on the task AND chart. Pg. 5
thinking does | use when students may use there is an attempt to
not exist working on the | when working on identify the various
task OR the task. But, the possible strategies or 3
describes what | strategies/ideas do | representations students
students might | describe the various | may produce
do and/or ideas/features/repre
notice during sentations students
the task produce as a result
of the task
Anticipates Evidence of | Vaguely Specifically Specifically describes Clearly explains the
Students’ anticipating | describes describes at least incorrect ways in which possible
Incorrect or students’ incorrect one incorrect way students may think about representations and
Incomplete incorrector | thinking students may think | the task or specific what each says
Thinking incomplete students may about the task or questions students may about students’
thinking do use when specific question ask or difficulties understanding. “I
not exist working on the | students might ask | students may have as anticipate that
task or vaguely | or difficulty they work on the task 3 several groups will
describes students may have | AND there is an attempt make a bar graph
incomplete as they work on the | to identifying the many with each phase

ideas students
may have about
the task OR
describes what
students might
NOT do and/or

task. However, the
challenges and
misconceptions do
not represent an
attempt to describe
the many

challenges or
misconceptions students
may encounter with the
given task

given being a
different bar. This
approach does work
and shows the data,
but it perhaps might
not be the best
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NOT notice
during the task

challenges or
misconceptions that
students may have

answer to the
guestion. Ask the
students why they
think this design
best shows the
answer to the

question?”

Plans for Evidence of | Includes plans | Includes a blank Includes a monitoring Thereis a
Monitoring plans for to “circulate monitoring tool tool with anticipated monitoring tool with
Student Work | monitoring around the without anticipated | ideas/student responses the specific student
on the Task do not exist | room” or ideas/student or approaches to the task anticipated

observe responses approaches in the

students as they tool.

work does not

provide a

monitoring tool
Plans Evidence of | Provides a Provides several N/A There are clear
Questions to specific specific example questions guestions to elicit,
Elicit, example example to ask students, and extend, or challenge
Challenge, or | questions do | question to ask | includes the students’ thinking
Extend not exist students, but appropriate and she also
Students’ the circumstances in describes the
Thinking circumstances | which the question circumstances in

in which the will be asked which these

question will questions will be

be asked is not asked (see

detailed, not anticipating above

appropriate, or for an example).

not designed to

advance

scientific

thinking
Plans for a Evidence of | Provides an Provides a vague Provides a detailed script There is clear
Storyline for a storyline or | outline of the script for how the including questions evidence of a
How the specific plans | ideas/concepts | discussion unfolds, | and/or answers teacher storyline for the
Discussion for how the and the order in | however and students will ask discussion and it has
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Unfolds discussion which they will | ideas/scientific AND script follows a logical progression
unfolds does | emerge concepts are logical order of scientific of ideas.
not exist missing ideas
Plans to make | Evidence of | Provides an Provides plans to Provides a detailed script Clear connections
connections a connections | outline of address how key or description to support planned between the
between between strategies/idea, | ideas are students to form ideas and the
students’ ideas | students’ but no clear represented connections between the disciplinary ideas by
and to ideasand to | connection differently in shared strategies and asking what is the
disciplinary disciplinary | between various between the shared best representation,
ideas ideas or conceptual representations. No | strategies and etc.
specific plans | ideas, clear connection representations and the
for how the representations, | made between underlying conceptual
discussion or students’ conceptual ideas ideas, e.g., discussion of:
unfolds does | ideas etc. and student the pros and cons of
not exist strategies. various
strategies/representations,
how a key idea is
represented differently in
the various
representations and
between the shared
strategies and
representations and the
underlying conceptual
ideas, the pros and cons
of various strategies
[representations
Purposefully Evidence of | Indicates Provides purposeful | Provides one or more There is a clear
Selects and selecting and | student selecting and purposeful selecting and order for the
Sequences the | sequencing ideas/approach | sequencing of sequencing of specific discussion starting
Ideas that Will | ideas that es will be specific ideas ideas and/or student with line graphs and
Emerge will emerge | selected during | and/or student representations/approach ending with pie
During the does not enactment, but | representations/app | es that will emerge charts. This seems
Discussion exist does not detail | roaches that will during the discussion and to be a clear logical

sequence in
lesson plan

emerge during the
discussion,

ideas build on each other
in a meaningful way

progression of ideas.
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however ideas do
not build on each
other in a
meaningful way

Plans Marking
Strategies to
Highlight
Important
Ideas

Evidence of
marking
strategies do
not exist

Vaguely
describes the
important ideas
that will be
marked during
the discussion
or does not
provide the
many important
ideas

Provides the many
specific student
ideas, scientific
ideas, etc. that will
be highlighted
during discussion,
but does not
provide marking
tool/table/represent
ation that will be
created

Provides the many
specific student ideas,
scientific ideas, etc. that
will be highlighted
during discussion by
creating a marking
tool/table/representation
of ideas_ AND noting
those ideas during
storyline

Evidence of a clear
marking strategy is
not provided. She
does vaguely state
that she will write
down what certain
groups and students
say, but doesn’t
clearly indicate how
or what.
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APPENDIX E

INTERVIEW PROTOCOLS

E.l INTERVIEW PROTOCOL FOR INTERVIEW 1*

Time when Interview was started:
PART 1 — What should be in a lesson plan?

e For the first part of the interview, please describe the resources you used when
planning your first lesson plan.
e Ok, please tell me about the things you believe you should think about or consider
when planning a science lesson.
o Can you say more about (item that is unclear or brief)?
0 What do you mean by (term they used)?

PART 2 — The PSTs’ lesson planning practices during the first semester of the teacher
preparation program.
e Ok, now I would like to ask you some questions related to your lesson planning in
general.
e I’d like you to talk about the things that influence your planning. So I’ll start by
asking, how do you decide what to include/not include in a lesson plan?

0 What role does your textbook or curriculum play in your planning? (sub-
prompts, if needed, may include: ““How do you use your textbook or curriculum
when you plan?”’, “Does the textbook or curriculum influence your planning in
any way?, if so, in what ways?”")

0 What other resources do you use when planning lessons? (prompts, if needed,

1 Adapted from Hughes, E.K. (2006). Lesson planning as a vehicle for developing pre-service secondary teachers’
capacity to focus on students’ mathematical thinking. (Unpublished doctoral dissertation). University of Pittsburgh,
Pittsburgh, PA.
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may include: “Besides the curriculum materials, do you seek out or use other
resources when planning? Do these resources influence your planning in any
way, if so how?”)

0 What role does your mentor teacher play in your planning? (sub-prompts, if
needed, may include: “Do you discuss your lesson plans with your mentor
teacher?”, ““Have you planned lessons together?”, “What kinds of things have
you discussed with your mentor teacher, with respect to lesson planning?”’)

0 What role does your university supervisor play in your planning? (sub-
prompts, if needed, may include: “Do you discuss your lesson plans with your
university supervisor?”, “Have you planned lessons together?”, “What kinds of
things have you discussed with your university supervisor, with respect to lesson
planning?) In what ways are the lesson plans you provide for your university
supervisor similar and different from those you usually produce?

0 What other things influence your planning? Move on only after teachers have
offered as many factors as they can.(these could include such things as: time
constraints (either in the time they have to devote to planning or in the time they
have to teach something), things they are learning/doing in their teacher
education program, their beliefs about what it means to learn and do mathematics
and about students, resources available, PSSA, parents, students, etc.).

o0 Do you believe your planning has changed in any ways, over the course of
this semester? If yes, then Can you describe the ways in which your planning
has changed?

0 Are there any other ways in which you believe your planning has changed?

o0 s there anything else you would like to say about your lesson planning?

PART 3 - Talking about instructional performances the teacher has written:
(Prior to the interview, teachers were asked to bring a the instructional performances
they completed during the semester. For each IP, you will proceed through this section of

questions.)

For this part of the interview, I’d like to discuss the lesson plans that you were
asked to bring with you today. First I’d like to ask a few questions about the
lesson and then | would like for you to talk in more detail about the lesson plan
you’ve written.

0 What class/course is this lesson plans for? How many sections of the
course do you teach? Which period(s)? (be sure to get the Subject of the
course (e.g., Biology, Life Science, Conceptual Physics, etc.) & have them
explain any descriptors, such as PPS, AP, Honors, etc.)

o0 How long have you been teaching this course and section?

o0 How long have you been making lesson plans for this course and section?
(be sure to distinguish between teaching and planning)

o Earlier, you identified some things that influence your planning. 1I’d like
to ask about the role they played in planning this specific lesson. For
example,...Referring to things the teacher identified in Part 2 of the interview
that influence their planning, ask if these were factors present in planning this
lesson by using the following prompts as appropriate:
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= In what ways did you use your textbook in planning this lesson?

= Did you plan this lesson with your mentor teacher?

= Did you plan this lesson with your university supervisor?

= In what ways did you use the “Learning Cycle” in planning this
lesson?

= In what ways did you use the “Five Practices” in planning this
lesson?

= Now I’d like you to walk me through this lesson plan, providing as
much detail as possible about your thinking when you planned it?

= Probes: You should probe on anything related to the four key elements
of planning a high-level task and supporting a discussion

= Use the general probes below to offer teachers an opportunity to

provide more specificity if they are thinking about one or more of
these elements, but do not specifically prompt them on any of the
elements listed above.

e Can you say more about (lesson element that is unclear)?

e What do you mean by (term they used)?

e Can you say more about why you decided to (decision that is

interesting)?

** |f aspects of the written lesson plan are not brought up by the PST, (e.g., they have a

goal written on their lesson plan, but have not yet talked about the goal of the lesson) then ask
about them...“I noticed you have (x) in your lesson plan here, can you tell me about that?

Is there anything (else — if appropriate) that you thought about in planning the lesson
that is not included in your written lesson plan?

In looking at the list you made earlier of the things you think you should think
about when planning a lesson, 1’d like you to talk about whether or not you think
this lesson plan included all of the aspects you identified as important. Are there any
aspects that are on the list that are missing from this lesson plan?

** Provide a copy of the course timeline for the PST to examine.

After examining this course timeline, could you please identify and explain the
classes and/or topics that you feel had the greatest influence on your planning.

Give the PST a few minutes to examine the timeline. Ask PST to circle topics that had the
greatest influence on his/her planning.

Ok, great. | noticed you circled.... Could you please tell me how you feel this course
influenced your planning? Continue this line of questioning until you have addressed
all the circled items.

** |f the PST does not identify any specific topics above. You may specifically probe

using these questions. (The “Learning Cycle” and the “Five Practices” were introduced in your
coursework this semester.)

312



e What role, if any, has the “Learning Cycle” and/or “Five Practices” played in your
planning?

e Is there anything else you would like to say about your planning for this lesson or
lesson planning in general?
Ok, great. Thank you very much for participating in this interview.

Time interview ended:
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E.2

INTERVIEW PROTOCOL FOR INTERVIEW 2%?

Time when Interview was started:

PART 2 — The PSTs’ lesson planning practices during the second semester of the teacher
preparation program.
e Ok, now I would like to ask you some questions related to your lesson planning in
general.
e I’d like you to talk about the things that influence your planning. So I’ll start by
asking, how do you decide what to include/not include in a lesson plan?

(0]

What role does your textbook or curriculum play in your planning? (sub-
prompts, if needed, may include: “How do you use your textbook or curriculum
when you plan?”’, “Does the textbook or curriculum influence your planning in
any way?, if so, in what ways?”’)

What other resources do you use when planning lessons? (prompts, if needed,
may include: “Besides the curriculum materials, do you seek out or use other
resources when planning? Do these resources influence your planning in any
way, if so how?”)

What role does your mentor teacher play in your planning? (sub-prompts, if
needed, may include: “Do you discuss your lesson plans with your mentor
teacher?”, ““Have you planned lessons together?”, “What kinds of things have
you discussed with your mentor teacher, with respect to lesson planning?””)

What role does your university supervisor play in your planning? (sub-
prompts, if needed, may include: “Do you discuss your lesson plans with your
university supervisor?”, “Have you planned lessons together?”, “What kinds of
things have you discussed with your university supervisor, with respect to lesson
planning?) In what ways are the lesson plans you provide for your university
supervisor similar and different from those you usually produce?

What other things influence your planning? Move on only after teachers have
offered as many factors as they can.(these could include such things as: time
constraints (either in the time they have to devote to planning or in the time they
have to teach something), things they are learning/doing in their teacher
education program, their beliefs about what it means to learn and do mathematics
and about students, resources available, PSSA, parents, students, etc.).

Do you believe your planning has changed in any ways, over the course of

12 Adapted from Hughes, E.K. (2006). Lesson planning as a vehicle for developing pre-service secondary teachers’
capacity to focus on students’ mathematical thinking. (Unpublished doctoral dissertation). University of Pittsburgh,

Pittsburgh, PA.
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this semester? If yes, then Can you describe the ways in which your planning
has changed?

0 Are there any other ways in which you believe your planning has changed?

o s there anything else you would like to say about your lesson planning?

PART 2 — Talking about instructional performances the teacher has written:

(Prior to the interview, teachers were asked to bring a the instructional performances
they completed during the semester. For each IP, you will proceed through this section of
questions.)

e For this part of the interview, 1’d like to discuss the lesson plans that you were
asked to bring with you today. First I’d like to ask a few questions about the
lesson and then | would like for you to talk in more detail about the lesson plan
you’ve written.

0 What class/course is this lesson plans for? How many sections of the
course do you teach? Which period(s)? (be sure to get the Subject of the
course (e.g., Biology, Life Science, Conceptual Physics, etc.) & have them
explain any descriptors, such as PPS, AP, Honors, etc.)

o0 How long have you been teaching this course and section?

o0 How long have you been making lesson plans for this course and section?
(be sure to distinguish between teaching and planning)

o Earlier, you identified some things that influence your planning. 1I’d like
to ask about the role they played in planning this specific lesson. For
example,...Referring to things the teacher identified in Part 1 of the interview
that influence their planning, ask if these were factors present in planning this
lesson by using the following prompts as appropriate:

= In what ways did you use your textbook in planning this lesson?

= Did you plan this lesson with your mentor teacher?

= Did you plan this lesson with your university supervisor?

= In what ways did you use the “Learning Cycle” in planning this
lesson?

= In what ways did you use the “Five Practices” in planning this
lesson?

= Now I’d like you to walk me through this lesson plan, providing as
much detail as possible about your thinking when you planned it?

= Probes: You should probe on anything related to the four key elements
of planning a high-level task and supporting a discussion

= Use the general probes below to offer teachers an opportunity to

provide more specificity if they are thinking about one or more of
these elements, but do not specifically prompt them on any of the
elements listed above.

e Can you say more about (lesson element that is unclear)?

e What do you mean by (term they used)?

e Can you say more about why you decided to (decision that is

interesting)?
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** |f aspects of the written lesson plan are not brought up by the PST, (e.g., they have a

goal written on their lesson plan, but have not yet talked about the goal of the lesson) then ask
about them...“l noticed you have (x) in your lesson plan here, can you tell me about that?

Is there anything (else — if appropriate) that you thought about in planning the lesson
that is not included in your written lesson plan?

In looking at the list you made earlier of the things you think you should think
about when planning a lesson, 1I’d like you to talk about whether or not you think
this lesson plan included all of the aspects you identified as important. Are there any
aspects that are on the list that are missing from this lesson plan?

** Provide a copy of the course timeline for the PST to examine.

After examining this course timeline, could you please identify and explain the
classes and/or topics that you feel had the greatest influence on your planning.

Give the PST a few minutes to examine the timeline. Ask PST to circle topics that had the
greatest influence on his/her planning.

Ok, great. | noticed you circled.... Could you please tell me how you feel this course
influenced your planning? Continue this line of questioning until you have addressed
all the circled items.

** If the PST does not identify any specific topics above. You may specifically probe

using these questions. (The “Learning Cycle” and the “Five Practices” were introduced in your
coursework this semester. )

What role, if any, has the “Learning Cycle” and/or “Five Practices” played in your
planning?

Is there anything else you would like to say about your planning for this lesson or
lesson planning in general?

PART 3 - Talking about planning and implementing discussion in general:

¢ Did you teach any other discussion lessons besides the ones we discussed during
the year?
0 How did those lessons compare to these Instructional Performances?
e Describe anything that hindered your ability to plan and teach discussion lessons
like these during the year.

Anything else you would like to add or questions you would like to ask?

Ok, great. Thank you very much for participating in this interview.

Time interview ended:
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E.3

INTERVIEW CODING DEFINITION RULES

Code ‘ Definition Example Interview Excerpts
Describes how mentor
Mentor supported PST's planning
Support and/or task
selection/design
So the task that | had them do for that was a — was a two-
. dimensional collision simulation. Um, it was a PhET
Mentor supported in : . ) .
. : . simulation and, um, my mentor was more involved with
Planning planning of lesson in a . .
. that one — at least — at least with setting up the ov-,
variety of ways . .
helping me set up the overall structure and, um, seeing
some of the things that we wanted to emerge from that.
. She was the one that said we couldn’t have 4 different
Mentor supported with
. groups all scattered about the room. She had suggested
. behavioral, classroom . .
Logistics . maybe having smaller groups, and having the other
management, or logistical . .
: students on working on something, when someone came
planning
up.
So a lot of them are just tasks that my mentor teacher has
Mentor supported in used before. We sit down a day or few before we use
Task Design design or selection of task | them. She says these were the parts of the tasks that I did
for the lesson like last year. Then we just talk about, we alter them
together.
No evidence of mentor With my mentor teacher usually for Integrated Science,
None she kind of stays hands off of that one. That she is like,

support

that’s yours now.

School/Team

Other teachers or their
grade level/curriculum

But also we have PLCs. So | collaborate a lot with the
other teachers. Everyone that | teach with is kind of a 1st

Support team at school provide year, or 2nd teacher, whether that’s because of a career
planning support for PST | change or what.
Mentor supported PST in
anticipating students' PK | So she helped me anticipate kind of what students would
Anticipate and experiences, what say. | would say, “Okay, well, I think I’m going to teach
they will say/do, what it this way.”” She’s like, “Well, but what if they say this?”
they will notice, or think
We talked together about selecting and sequencing. That
Mentor support PST in helped immensely begause it was the first time I’d done
_ selecting and/or all 5 practices. She dldn’t_help a lot, but sr_]e knew more
Selecting & sequencing student about the students than | did. It was more like, “Are sure
Sequencing g g you want them to talk about that, because I think they

work/ideas in planning
for the discussion

might have better kind of prior knowledge,”” and things
like that.”” Maybe something that | hadn’t noticed before,
in being more of a passive observer.
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Mentor supports PST in
gathering or identifying

In the actual planning, not like a huge part. He gave me

Supplies . all the materials. So | should say he played a part and
necessary supplies and : .
- that he let me do it myself, kind of.
materials for the lesson
Mentor gives PST
. feedback or support So, he doesn’t give me a whole lot of feedback on my
Instruction S . . . .
regarding instruction plans, mostly on just my implementation.
post-lesson
Describes how supervisor
Supervisor supported PST's planning
Support and or task
selection/design
Supervisor supported So say, for instance, | could have set everybody up to do
Lo T with behavioral, this at a time with something projected on the Smart
g classroom management, Board, but | didn’t plan for that. That would be a type of
or logistical planning feedback she would give me.
So he was kind of able to help me see where students
would think, or um, help them, like, design a task that
Supervisor supported in would really get to the ideas of types of reactions,
Planning planning of lesson in a without just telling the student, “This is what it is, this is
variety of ways what it looks like.”” But letting them determine what it
looks like on their own, so that they could put it in their
own words.
We were talking about we spent a lot of time looking at
S — i the 4 different scenarios, curves, swings and over under
. P PP hills. We center on those because those are the classic
Task Design design or selection of task X : ,
basic examples like, you’ll always have a problem when
for the lesson . . X
you are going down a hill or over a hill, but you need to
know how to go through a curve, or just in a circle.
My supervisor didn’t give me any feedback because that
No evidence of was my fault, because | didn’t put up my lesson 48hours
None . . ) o,
supervisor support in advance, let alone 24 hours in advance. So, | didn’t
get any feedback from her in advance on this one.
Supervisor gives PST For example, one thing that he’s done that’s been very
Instruction feedback or support helpful is making me think about, what did I do right in
regarding instruction this lesson. And if | did the same thing would it go right,
post-lesson if | taught in this different classroom.

First Lesson
Resources

Resources PST used to
design task and plan first
lesson

Personal Texts

PST describes use of
personal textbooks or
texts in planning and
designing task and/or
lesson

I had also used some resources from college. So, for my
undergrad | used a textbook that | had, that talked about
product squares and about meiosis.

Personal
Knowledge and
Experiences

PST describes using
personal experiences or
knowledge in planning
and designing task and/or
lesson

I used for my resources, mostly going back through what
I remember doing; | worked as a TA in the labs for
genetics in college. We did worksheets about pedigree
analysis.
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PST describes use of
school curriculum or

I think the first resource | went to was a Conceptual

SChO.OI district materials in Physics book that was given to me actually the summer
Curriculum : A .

planning and designing before | worked with my mentor teacher.

task and/or lesson

PST describes use of

internet or web-based A lot of it was me searching online. | think | went to
Web-Based services in planning and | Teachers pay Teachers, and more kind of browsed

designing task and/or through tasks that existed.

lesson

PST describes use of

standards (PA standards, | Standards wise | went through PDE websites. | don't
Standards NGSS, NSDL, etc.) in recall at this time, how | did big ideas of learning goals

planning and designing or objectives, or if | even included them.

task and/or lesson

Resources PST used to
Resources design task and plan

lesson

PST describes use of So, the school textbook plays a lot into helping me
S school curriculum or develop my learning goals. So, that’s really where |

chool C L :
. district materials in usually go for my learning goals. Those are also based

Curriculum : N

planning and designing off my standards. | get the standards usually from my

task and/or lesson curriculum.

PST describes use of

internet or web-based So the task that | had them do for that was a — was a two-
Web-Based services in planning and | dimensional collision simulation. Um, it was a PhET

designing task and/or
lesson

simulation.

Personal Texts

PST describes use of
personal textbooks or
texts in planning and
designing task and/or
lesson

So I use all of my books. I’ve just acquired some of my
books from college, Introductory Physics.

Peer Lesson
Plans

PST describes use of
peers’ materials or lesson
plans in planning and
designing task and/or
lesson

I do talk to the other kids in class, about how they have
done things, like especially since Kelly has already done
like everything already, because she has block
scheduling, and everything.

Personal
Knowledge &
Experiences

PST describes use of
personal knowledge,
learning, or own
experiences in science in
planning and designing
task and/or lesson

So | mean this — this was something we talked about in
my physics class. So | knew that it was — and it landed
with me so | thought maybe it would land with these kids,
too.

Standards

PST describes use of
standards (PA standards,
NGSS, NSDL, etc.) in
planning and designing
task and/or lesson

Now I use the SAS website for the eligible content and
standards. They also have the voluntarily model
curriculum which I will just go to, to look for the
resources that they suggest. | have recently started using
the NSDL.
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Mentor Created
Materials

PST describes use of
materials created by
his/her mentor in
planning and designing
task and/or lesson

The textbook is pretty much, not used at all. My mentor
has created this really cool tool. She has this, at the
beginning of the year she sends all this stuff down to, like
there is like a printer in the school. This huge industrial
printer. She has these books binded, that the kids then
have all the materials that we need for the class
throughout the entire year in there.

Family/Friends

PST describes use of
family or friends in
planning and designing
task and/or lesson

I ask my girlfriend stuff all the time, so | was like, “Why
do you think? I remember this was the first time that I did
it. | asked her “Why are plants green?”” She was just like,
“I don't know.”” Same thing as like my kids would say. So
| started trying to get her to think about it.

University
Instructors

PST describes use
university instructor
support in planning and
designing task and/or
lesson

We also used, one of our professors, gave us some
suggestions on how we might do that, because | had a
very hard time deciding what those patterns were, that |
really wanted the students to see.

Five Practices

PST discusses use of the
Five Practices
Instructional Model in
planning for task-based
discussion

PST describes how

Anticipating students are likely to
respond during task
. L I will say that | often forget to include my anticipation for
:s&szzi{é?eztrzmlggg sooner response like I’m thinking it. | want to come up
Think About | does ot ox plici tlg' with the questions without thinking like, what they might
include his/%er th)i/nkin be answering it. But I will admit in my writing, what I am
in the LP g thinking is never always on the paper, but sometimes |
think that it’s there.
Szzgﬁi /e;)r;trl](;lvpi%trmg So setting forth the expectations and kind of describing to
Logistics them what it should look like and telling them they should

management or other
logistical issues

be responding to each other and that's okay.

Students Do

Describes anticipating
what students will
do/see/notice during the
lesson

| anticipate what | think students will do, and then they
do 8 million other things that | didn’t anticipate.

Students Think

Describes anticipating
what students will think
during the
task/approaches to the
task/etc. (as defined by
Cartier et al., 2013)

As far as anticipating, | think 1 have my expected table
that I thought they would draw which I, again, changed
a couple of hours before. So, I included the different
demos, and then what | wanted them to write on the
micro the nano. And then what I thought they might draw
for the symbolic.
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Identifies None

No planning of
anticipating or
identification of
anticipating in PST lesson
plan

I don't have a whole lot of that in here. | have like right
here; I guess that’s more about my thinking process
going on here. Maybe I really don't know. I guess that |
have a lot more things about what | was going to be
thinking about.

Plans to keep track of
what students actually do
as they work on the task

Monitoring in pairs or small groups

and plans questions to

elicit student thinking

during this work

. I think 1 would say that, every monitoring tool that | have
o PST discusses use of a . X

Monitoring o . .| made, like none of them have been perfect. | think

monitoring tool, or aid, in . , . T
Tool : obviously that’s something that comes with time, but not

planning lesson L o8

trying just putting it out there.

PST creates monitoring

001D I8 G O7E for_ So, what prompted me was we totally had it, we needed

them, but not a tool that is . ; - .

. . to have it. So, if you actually look my monitoring tool, it
Functional useful in terms of LGs or | .. .
is just a layout of the classroom with student numbers,

features of student and names on it

thinking as described by '

Cartier et al. (2013)

PST creates a monitoring

tool that focuses on LGs

or student A monitoring tool, and | knew the types of things |
Features ideas/approaches to a wanted to see and | knew the types of things that | did not

task... Focuses on
features PST wants
students to notice... "a 5P
monitoring tool"

want to see. So those were the ideas that | knew.

Plans Questions

PST discusses his/her
planning of questions to
elicit student thinking
during small group work

So, I have guiding questions for each dataset that | was
going to ask the students. Making sure that I got them to
really focus on the pattern that | wanted them to see.

No Tool

PST discusses his/her
planning of questions to
elicit student thinking
during small group work

For this one, | believe, let me check real quick. 1 did not
have a monitoring tool for this lesson.

Selecting

PST discusses selecting
groups/students to present
during the discussion

Think About

PST describes thinking
about selecting, but does
not explicitly include
his/her thinking in the LP

I don't like going blind into things. So | know that | would
have thought through it, but maybe not to the point of
being able to articulate well into the paper.

During Lesson

PST selects during the
lesson and does not
specifically plan it

But what | was trying to do was just in the moment like
select and sequence things and that can kind of get, you
know, within a, basically a five minute window to make a
final decision.
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PST describes explicitly

Like which groups | wanted to talk. Then they had
numbered orders, and then | put little questions to help

|dentify identifying or choo_smg me remember what | wanted. If nobody else asked this
Groups/Sts groups or students in .
. guestion, then | would say blah, to get out of that group
his/her plan .
what | wanted them to say so as far as the sequencing.
PST discusses sequencing
Sequencing groups/students during
the discussion
PST describes thinking
about anticipating, but I don't think so, I think I put, I will choose them
Think About does not explicitly randomly. So, I didn’t feel like | needed to sequence them

include his/her thinking
in the LP

in any kind of specific order.

During Lesson

PST sequences during
lesson, but no attempt
made in planning

I don't think so, I think I put; I will choose them
randomly. So, I didn’t feel like | needed to sequence them
in any kind of specific order.

PST describes explicitly

Because it is an important part of getting the
conversation to go where you want to go, without

Identify sequencing groups or realizing it is where you’ve been wanting to go. That’s
Groups/Sts students in his/her plan how | kind of use sequencing. So in order for the kids to
think that they are in control, I have to have some idea of
where | am going to go with it.
PST describes connecting
students’ ideas with one
Connecting another and connecting
their responses to the
disciplinary ideas
I tried to do something like, I know that you’re supposed
to do it whenever you’re telling a story. Like, you plan
PST plans a detailed the beginning, you plan the end, and then you have
Storyline storyline and/or scriptto | certain set points along the way that you want to hit, and
plan for the discussion you’re not sure how you’re going to get there, but you
know that eventually you want to get to Point A, Point B,
and Point C and, like, the end.
Um, but the stuff in the middle, I find that | do better if |
don’t script it. Like, | have an idea of who’s going where
PST creates an outline of | and what they need to say, and that’s usually, like, this,
Outline ideas/questions during the | like my scaffolding questions, | know who’s gonna talk
discussion and if these don’t come up I’m gonna ask these things.
Yeah I still have questions and everything like that; it’s
just less... ““say this, say this” kind of thing.
PST only discusses a list
of questions to ask during | | had a series of 5 different questions that | would ask for
Questions the discussion, but it is them. Then under each of those | had what idea may
not explicit in his/her emerge and then the misconception.
planning
T So, according to my lesson plan, I didn’t. But thinking
. PST admits th.lnklng about the weekend and like when | had the time, to kind
Think About about connecting of some

sort, but it isn't in the LP

of set up for it. Basically I knew I wanted the students to
do a lot of the talking to try to come up with this idea.
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Plans Questions

PST plans a list of
guestions to ask during
the discussion

But for the most of part it was me wanting to make sure
that | had really covered the entire scope of what the
discussion was supposed to be about. Instead of just
letting it, okay so we are talk about this, but how we talk
it and that, it doesn’t really matter. So | really wanted to
make sure that we are talking about it in a coherent
matter so that it wasn’t just a chaotic discussion. And
they were actually able to get those connections out of
what they were supposed to be reading.

Plans for
Marking/
Charting

PST clearly plans for
ideas to mark and/or chart
during the lesson

I think for this one we made a group or as a class we
made a big one. But on the PowerPoint, we did kind of a
class one of these with what we thought was as a class
the most correct representations for the micro, the nano
and the symbolic for each one.

Acknowledge
difference

PST acknowledges or
eludes to the fact that the
5P is a different type of
discussion than other
discussions or student
talk

I don’t know that | ever did a full — full five practices. A
lot of times | would do, um — or it wasn’t structured quite
as formally, where the — if the students might generate
artifacts in small groups, and then if ha — instead of
having, like, the class discussion around one or two, like
selecting and sequencing individually, I would put them
all up on the board, um, and we would kind of work as a
class to develop a single mode.

No difference

PST does not clearly
acknowledge there is a
difference between the 5P
discussions and other

discussions

PST used another type of
%tsllilrjctional framework, like the

learning cycle, 5E,
Frameworks

bloom's taxonomy, etc.

Learning Cycle

PST explains that he/she
used the learning cycle
during her planning of
this lesson

Good question. | think a little bit because I did have like
and engage, and then explore. And then explain would be
our discussion that we had about it. So, | would say,
yeah. We did focus on the learning cycle on what did
there, | would say.

The second one was definitely | think an engage. Because

PST acknowledges that once we got past this lesson we didn’t talk about who
Engage this lesson is an “engage | discovered DNA so much, but we talked about the
type” lesson structure and that’s what launches into the structure of
DNA in transcription and translation.
PST states the LC is not I would say not quite, no. | don’t think | used really the
Not Used : . . .
used during planning learning cycle for this lesson.
PST describes how
Coursework his/her coursework
vs. Daily planning differs from

daily planning
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Same

PST indicates planning
for coursework and daily
planning is the same in
terms of effort and detail

They’re the same. | think maybe I’m one of the few that in
talking my progress. Maybe I’m one of the few that does
it, but | tend to put the same amount into every lesson
plan that | do when my supervisor comes. They’re maybe
slightly more detailed. But on the whole, they’re pretty
much the same. | tend to spend a lot of time writing
lesson plans.

Less Detailed

PST indicates less detail
in coursework lesson
plans

N/A

More Detailed

PST indicates more detail
provided in coursework
lesson plans

Maybe whenever | have a like whenever I’m actually
turning something in, or whenever | have an observation
coming up, | will put in a little bit, like I will try to make
my thinking a little bit more transparent. Because you
know like, “Well | thought about that while | was writing
it.”” They are not going to know that | was thinking about
that.

PST indicates influence

Reflection of teaching the lesson and _So_, yeah, um, fche big takeaw_ay to me \_Nith the discussions
influence on - is just describing what the discussion is supposed to look
Future LPs reflecting on the lesson like.
on future IPs or LPs
Absolutely. My first one I had them like in my lesson
plans it says that | was | going to get them in to a circle,
but then | did not do that, because 4th period, | had some
PSTs focuses on misbehaviors in that class. So | opted just to keep them
logistical changing in facing forward. It was very difficult, I felt like | had to the
Logistics planning, e.g., grouping, | majority of the talking.

classroom management,
behavioral management

Then in the second one, even though there had been like
a little conflict right before the discussion started, | had
them in them in a U. They could all see each other, they
all had their planes and the data if they took any, showed
and displayed for the other students

Think About 5P

PST describes thinking
about how to incorporate
or revise discussion using
the 5 Practices

My planning changed a little bit in that | did decide how
| was going to sequence students. | thought a little bit
more about which students | wanted to talk about which
datasets.

Include in
Planning

PST clearly indicates
he/she included revisions
to 5 Practices in planning

Yes, anything that | think worked. So like all the
anticipation that | realized totally paid off because | was
able to like sequence them pretty well. First time | was
like, definitely | will do that again.

Did not include

PST indicates he/she
didn’t include evidence of

A 5 practice model where they would maybe do
something and then try to discover these principles on
their own to give us, to give me this actual, like, this new

in planning 5 Practices in planning knowledge that they’ve come to. | really haven’t done
that.
I think that I try and do a lot of anticipating. | mean I try
PST includes how and really — not ha — I mean | put that sort of extra
Anticipating students are likely to column in there for student work as — as a way to really

respond during task

explicitly make myself anticipate what students are
doing.
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PST discusses use of a
monitoring tool, or aid, or
lack of influencing

Um, but reflecting on it now, it’s something that maybe |
would have done to capture more student thinking rather
than, um, their collection of data. So, because the

discussion itself kind of fell to pieces in the end, because

senreind planning lessons or I think | really didn’t know who had certain ideas, and
planning questions to there really was no sequence there in the end, because |
elicit students thinking didn’t know who | wanted to have talk first, and where |
wanted that to go.
PST discusses selecting As far as practical things go, I think you have to be really
Selecting groups/students to present | careful. | think you need to give yourself a night to look
during the discussion at - to look at what they created.
PST discusses sequencin I have more examples of how exactly | was going to
. guencing question students, and the ways in which I was going to
Sequencing groups/students during . . .
- . sequence which students were going to talk first. So,
the discussion . . S
scaffolding the discussion in a more advanced way
PST describes connecting .
S . I have more examples of how exactly | was going to
. students’ ideas with one : . . .
Connecting guestion students, and the ways in which | was going to

another and connecting
their responses to the
disciplinary ideas

sequence which students were going to talk first. So,
scaffolding the discussion in a more advanced way.

Remove Parts

PST states that he/she has
started to remove parts of
their lesson plan they
used to include b/c of
more experience, time
constraints, etc.

Actually | think — | think I started taking some things out
— from last semester. | dunno, and I have apparently —
I’ve been told — a tendency to write really, really long
lesson [laughs] plans.

More Student
Talk

PST states that he/she
incorporate mores
student talk in lessons

So yeah, I use elements of it all the time. So just the idea
— the ideas in the discussion — | forget which chapter it is,
but just having a discussion and — and what the teacher's
role should be in a student centered discussion, that sort

of thing is something that | use.

Activity
Structures

PST states that he/she
uses various activity
structures used in
teaching

Discussion based off of, like, mitosis and meiosis. But
I... do use discussion a lot more now — not in the whole,
you know, necessarily based on activity but, um, the
think, pair, share activity structure.

Success Builds
Confidence

PST explains that
his/her/students success
in one 5 practices
lesson builds
confidence to plan
more lessons like this

Um, from the beginning, this, like, I — I guess I got lucky
with that very first one. Like, | had really intense
planning, ‘cause | knew my mentor wasn’t gonna be
there, it was gonna be really stressful, and I, like,
planned the whole thing - and — and it worked. So then
every time | have to do one of these lessons I just kind
of... plan the same way, because it worked. It was one of
those “if it ain’t broke, don’t fix it”’, you know?
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PST indicates important
coursework sessions in
Teacher Preparation

Important Program that influenced
Coursework and supported planning of
Sessions 5P discussions - PST
must circle and discuss
session as important in
order for it to be coded
Classes during Teaching
and Learning 1/JumpStart
Uit — First two weeks of the
fall semester.
Class 1 & 2 - Sessions Okay, yeah, I’m trying to think. So definitely, when we
engaging in Science As started talking about the model of engaged science
Fastplants Learners - A model of Iearning, California is on the Direct Interaction -
engaged learning - the Instruction, so the DIl model. So pretty much everything
Fastplants measurement I’d ever grown up with was just lectures. High school, we
lesson do lectures, college, we do lectures.
Yeah, and then let’s see. The introduction to lesson
planning. So that was a really enlightening day just like,
LP Intro Class 5 - Intrc_)duction_ to | what are we supposed to include in the Iesspn plan? |
Lesson Planning session | had my thoughts, and | compared them against, | looked
up other high school science lesson plans to try, and
figure out what it would be.
So for the next generation science standards and we
talked about the science and engineering practices. To
Sessions topics including | me this was really what the heart of what, especially in
NGSS the Next Generation my school that science education really needs to be
Science Standards about. Is it needs to be about these practices, and in the
principles that underlie science as a discipline, as
opposed to the specific content ideas.
Classes during Teaching
T&L 2 and Learning 2 —
remainder of fall semester
. So, then once we got to discipline block 2, learning goals
Class 1 - Sessions S . .
focusing on creatin and objectives are rgally important. Bece_\use especially
LGs & | Ny g after the very, very first lesson plan we did, | learned the
oo earning goals and : . . .
Objectives importance of selecting learning goals first before you

objectives/performance
goals

look for a task. Because that’s really what you want to
students to know.

Task Selection

Class 1 -Sessions
focusing on selecting and
designing high demand
tasks

Then after that is when you get to the task selection. It is
okay to find a task and change it. It is okay to only use
part and mix and match, but the task needs to match to
the learning goals, and not the other way around.

Anatomy of a
Lesson

Class 1 - Sessions about
components of a Lesson -
Launch, Activity/Body,
Close

Anatomy of a lesson, | think that was helpful.
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Launch

Class 1 - Microteaching
episode

When | was in high school or even in college, in the lab
warm up questions, so the whole thought to me was like
really bizarre just in general. Like why don’t we come in
and just start the lesson? | was really mystified probably
a couple of weeks as to why we needed a warm up, or
anything. But learning how to engage students in the
topic of the day | thought that was really neat. It’s still
something that sometimes | struggle with like I don’t even
remember now, oh electron configuration. They were
having a tough time. They were like, “How does this
connect to our life?”

Five Practices

Class 3 & 4 - Sessions
where students participate
in role plays of the Five
Practices model

So, I think that microteaching part was really the most
influential for me to actually see how it would play out.

S,5,&C

Class 4 - Selecting,
Sequencing, &
Connecting

So, like that didn’t click for me for much longer time, but
the selecting and sequencing, all time | would be walking
around the classroom and | would realize, there is 3, 4
students that aren’t getting it. So | want to hear from
them before | hear from the ones that do get it. It started
to make a lot more sense to me like; I’m not going to go
to these same people all the time. If | want to make it
easy on myself that’s what | would do, but that’s not
really helping the rest of them. So, | started selecting and
sequencing a lot more based upon that. Then that made
more sense to me with the whole 5 practices thing is, that
it is just something that even if you are not going to use
it, as being like a select in that sequence that you
originally thought.

A&M

Class 3 - Anticipating and
Monitoring

When we discuss the parts of 5 practices with
anticipating, monitoring, selecting, sequencing, and
connecting, like that whole mini lesson that we taught or
enacted, and acted as the student storing, really helped.
Because if | had read the book and just tried to do that
without messing up in front of the class, and really
messing up because we definitely changed our entire
approaches in the 30 minutes that other groups went,
before we went. So doing that with the class and with
guidance even though the guidance didn’t come until the
end. You know just seeing it happen, because | was
completely unfamiliar with this type of lesson planning,
and implementing this type of lesson. Also coming from
a background where from K to 12 it was entirely lecture
teacher fronted. You know with a few exception like my
freshman biology teacher, which why I’m in this program
to begin with.
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Co-Planning

Sessions where students
co-planned and provided
feedback to each other on
their planning

So, co-planning was very helpful. Seeing who | was
paired with. We have talked since and we have very
similar classrooms. | don't know if it was set up that way
whatever we were planning, or like paired together, but it
worked very well. Seeing like what her kids want to do.
What my kids | was planning on doing what | hope for
them to do and comparing the types of tasks that we

have. Because | realized that my tests were very simple
compared to what she was giving her students and then |
could push mine more.

Technological
Resources

Sessions focusing on
planning and using
technology in science
lessons

Resources, effective use of technical logical resources.
That is helpful because | think like everything that I find
in our curriculum is not good, or not great we’ll say. So
a lot of the tasks that I find, I find inspiration for on the
internet, whether it’s like teaching blogs, or I did this, or
it’s different types of activities. Those are usually what |
use for my tasks.

Assessment

Sessions on writing
assessment questions

Then last thing that | think helped was when we talked
about writing assessment items. | think that it is
important in doing these because | mean for the large
portions of students they are going to have to take a test.
So the information can be through the discussion, still
needs to be able to be assessed, but assessed in way that
like is fair to your classroom, and what you are doing.

Lesson Arcs

Sessions on Lesson Arcs
in planning

Lesson arc is important to figure out where 1’m coming
from and where | want to go from here. Because if you
just try and stick a discussion somewhere in the middle
without really having anywhere to take it to, then it
doesn’t really serve any purpose. Because you talk about
this, but why should I care about that tomorrow kind of
thing. So, lesson arcs helps me kind understand of how
all lessons kind of work together and how you can make
those connections clear to students.

Literacy

Supporting literacy
sessions

Because | wanted to do reading-based discussions, it was
really important for me to have these techniques, and
these ways of supporting their learning and supporting
their literacy. So that it makes it accessible, and can help
them improve it without scaring them off and just making
them give up, because they don't understand or they don't
have the tools. Or | didn’t provide them with the tools
they needed to be able to understand the text, and get the
information out of it.

Learning Cycle

Sessions on planning and
implementing learning
cycle lessons

The learning cycle, I mean I think that that’s a really
valuable thing to learn, because it is not always able to
be done one day.
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T&L 3

Classes during Teaching
and Learning 3 (Spring
Semester)

And whenever [the instructor] started talking , he didn’t
talk about the five practices. These alarm bells off —were
going off in my head and | was like, “What are we
learning today?”” And then about a minute later
whenever he started talking about like, “Oh, 1’ve got this
problem,”” | was like, “Oh, my goodness. He’s doing a
five practice [laughter].” And from there | was like,
“Okay. Just like play along, but just absorb everything
you can.” And from that moment like | was — like every
transition he made, and every like different movement,
and like what he was thinking or where he was in the
classroom, | just tried to pay attention to ‘cause I really
wanted to see what this actually looked like —for someone
to be doing that.

Learning Cycle
& Five

Class 2 - Sessions
focusing on engaging as
students in the Learning

I remember the instructor telling us that if you could
design, like, a lab activity, and make the kids think that
it’s real, you know, that they’re a lot more engaged with

Practices Cycle and 5 Practices it, that they’re a lot more willing to participate and help
lessons out and try to do stuff like that.
| felt like those were really helpful because, | mean, |
. knew what formative assessment was, and | knew how to
. Class 3 & 6 - Sessions on o . .
Formative f . make a monitoring tool, but I didn’t know how to use it in
ormative assessment . o
Assessment during lessons a way that would make it work for me. So I felt like it
g had to be this thing that | had to have, but I didn’t really
see a whole lot of value in it.
Class 4 - Sessions on I actually really like that one too, because that made me
High-Demand | planning and designing think a lot about the stuff like, are you giving work just to
Tasks high-demand tasks make it harder, or are you trying to take away some of
these things?
The scaffolding and | think the maintaining high
cognitive demand kind of go hand in hand with each
Class 7 - Sessions on other of what do you give students to help them along
Scaffolding scaffolding lessons and without — making the task now simple again. But I think
tasks a lot of times when we think, “Oh we’re scaffolding,”
we’re really not; we’re just making the whole thing
easier for them to actually do.
S Class 8 - Sessions on And then | also circled scaffolding. So, | thought the
Maintaining N - . \
o maintaining cognitive scaffolding lesson was very helpful because often, I’'m
Cognitive . ; . .
demand trying to find a balance between lowering the cognitive
Demand . . .
load without lowering the cognitive demand.
PST describes how he/she
IP Task created or designed IP
task(s) (see Brown, 2009
Offload PST used task as is It was pretty much as is, except for instead of having 5

regardless of source

students throwing balls around the room, I just had 2.

329




Adapt

PST revises and adapts
task in an effort to meet
needs of lesson and
students

My, um... the curriculum has this mole lab, right? that’s
in there that they... give us. Um, with no directions. And
it wasn’t formatted really well... um, and it was just like,
“Do the mole lab.” Okay. Um, so | had that mole lab,
and from... that — I mean, | had all these lists of, like,
how many whatevers — how many molecules in a sugar
cube, how many this or this? So I changed some of them
to be more practical, um, *‘cause | wasn’t gonna go find,
like, a liver or something.

Improvise

PST created new task for
the lesson

So, the first one that | ever taught was this one about
mitosis. The idea for the task really kind of just came out
of nowhere. | just had this kind of crazy idea.

PST Learning

PST identifies what
he/she has learned over
the course of the year

Well, honestly I think that [laughs] for the most part it
really helped me learn about my kids.

PST identifies challenges

I think a lot of it was a difficulty of it not being a routine

I G D UEEETITG 6715 (7 @1 that was established until later in the year.
lesson (5P)
PST describes time being

Time a constraint of planning

Constraints

and teaching a Five
Practices discussion

PST describes limited

So first off, not having enough time to plan them, because
it does take a lot of effort to be able to anticipate and

Personal ersonal time to plan build some questions that are really going to guide
P P students to where you want them to be, but also within
the curriculum.
PST describes not enough I would ]USt. say that, uh, | h-ad to pe conscious though of
. S . how much time | was spending doing it. You know, like |
Curriculum time in curriculum to

have discussions

wouldn’t want to spend a third day doing it, because you
know, if it was the one day of the normal lesson

School Norms

PST describes norms and
routines of the school
hindered students’ ability
or willingness to openly
participate in the
discussions productively

So my students aren’t used to having academic
discussion in class, and respectfully responding to one
another, and even just being quiet while somebody else is
talking. So that took us a long—still is taking us a long
time to get there.

Mentor
Flexibility

PST describes mentor's
willingness or flexibility,
or lack thereof, to allow
more discussions in
her/his classroom

Which when | was talking to my mentor teacher about it,
he was like, “You need to stop doing that [laughter]
‘cause like those discussions are kind of long. You’re not
getting through enough material.”
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APPENDIX F

EXAMPLE INSTRUCTIONAL PERFORMANCE 4 MONITORING TOOLS

F.1 KRISTEN INGALL’S MONITORING TOOL FOR INSTRUCTIONAL

PERFORMANCE 4
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Mole Lab Monitoring Tool — Period 1

Organizing Organizational Model
Grou
P Trend(s)

B T,

Scaeprla 2 f Whak is thenomber oFneles in
X Correct sections Disie. Cop 0 3'“5,0:“'? o Hf_? = i >
on poster 1“-ic. L4 :
__ Correct number m-&f—it—l':of/}
of significant SEforedite ooy,
1 figures used i H'”.,
throughout E )
_X_Allrelevant data f
is included g.Ind £
__ X Reasonable % : s

Wol g n el o ="

answer to ‘Data Tealsle K et
. I b e
question ity I

Nz n %

X _Clear procedure

Scaffolding Questions:

*  How did you calculate the mass of the salt?
L]

Do you think there is a different way that you could have labeled the calculations in “Analysis"?

Were they level scoopfuls or heaping? How could you make your descriptions clearer so that your
experiment is repeatable?

Fl'nd £ he number of' mol€s 0¢ 500 0. in a
S CooPfesl.

X Correct sections

on poster eMalerialy: -cup

____ Correct number __-5’;";?

of significant 7

*Pragedure ; iy wr ot 0 M oberal Fourd the (o5 OF the Cof Then s
figures used e foeod e mass 05'94,:!.:1‘.19 it 3ang, SUPT Ty e ;
2 throughout
_X_All relevant data
is included
_X Reasonable
answer to
question 5. 98
_X_Clear procedure « [podusion of gand (500

T Sl ol e 0435

Scaffolding Questions:

* How did you measure a scoopful?
*  What does the atomic mass on the periodic table represent?
L]

How did you decide what conversion factor to use in your calculations? 5i0; isn’t on the periodic table!
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_X_Correct sections
on poster

__ Correct number
of significant

3 figures used
throughout
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_X_Clear procedure
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Scaffolding Questions:

Does your research question reflect the data you collected?
Can you think of anything that was missing from the materials section?

* Correct sections

I S
on poster ', E\' I{C; ~ _!_ T__:-F: 1N (2
___ Correct number I Rt SRy
of significant — _|I,.-‘ 1 Ty 0 ey T /
figures used C_f; B\ U"?;—- }
throughout it Ao ema King ” s e
_X_ All relevant data HC‘ l'JQ Ui C 2 I_ ; oyl 42 Gy
i is included _'I.E.ng,rl.?:fch‘.f_f'h e, Ol e o
_X_Reasonable g ey e riea oL T
answer to VROLE
question Cof st ond +..... mm:s:;r__r_:»s;::e: ...nf.,.":':.“;.'.f".;,_
_X_ Clear procedure M han 2t 0T ; il
.__.-__;,._:r-__l_ SRR :
*not all sections ‘_':— g ! el
were labeled R T e,
r.._lJL"‘LIr_?_: Py L »\I i .-‘.. 2
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Scaffolding Questions:

Do you think there is a way to write the procedure so that it is easier to follow?
Is 1/3 of a cup the same measurement for all size cups?
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Scaffolding Questions:
L]

What does the atomic mass on the periodic table represent?
*  How did you decide what conversion factor to use in your calculations? Cy;H;,044 isn"t on the periodic

table!
* How would your answer be different if you were asked to find the number of molecules in two sugar
cubes?
dreS. Yhw an W T e v
(oce Guasb # O WL s e
e !
___ Correct sections ﬂ‘: :: [T s
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| g el
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Scaffolding Questions:

* Can you think of a way to make the procedure easier to follow?
* Do you think that a calculator should be considered a material?
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Scaffolding Questions:

*  Why did you decide to weigh the empty cup first?
=  Why couldn’t we just take the mass of the cup with water in it?

_X Correct sections
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Scaffnldlng Questions:

How much copper wire did you use in your experiment?

Do you think someone else could follow your procedure and come to the same answer?

What additional information might someone need?
Did you use any other materials to find your answer?
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F.2 BONNIE KYLE’S MONITORING TOOL FOR INSTRUCTIONAL

PERFORMANCE 4
Group 1: Group 2:
Sets: 2 (S), 3 (SR) and 4 (DR) Sets: 1 (D), 3, (SR), and 4 (DR)
Patterns: Patterns:
Bonds change Bonds change
Number of atoms Number of atoms
Types of atoms Types of atoms
Naming: Naming:
Word in other contexts Word in other contexts
Correct Correct
Incorrect Incorrect
SEP: SEP:
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Group 3:

Sets: 1 (D), 2 (S), 5 (C)

Patterns:
Bonds change
Number of atoms
Types of atoms
Naming:
Word in other contexts
Correct
Incorrect
SEP:

Group 4:

Sets: 2 (S), 3 (SR), 5 (C)

Patterns:

Bonds change

Number of atoms

Types of atoms

Naming:

Word in other contexts

Correct

Incorrect

SEP:
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F.3

PERFORMANCE 4

NANCY HALL’S MONITORING TOOL FOR INSTRUCTIONAL

Genotype vs. Phenotype

Explanation

Misconceptions

Notes

___using Punnett square/3:1 ratio?

__Different traits are

Group | ___ genotype linkedto | __ using verbal explanation caused by cross- or self-
chromosomes/DNA ____using other device to explain pollination
1 ____phenotype linked to | ___incorporating parental input (1 copy | __ Ratios askew
appearance each) ___correct explanation? __other
____using Punnett square/3:1 ratio? __Different traits are
Group | ___ genotype linkedto | __ using verbal explanation caused by cross- or self-
chromosomes/DNA ___using other device to explain pollination
2 ____phenotype linked to | ___incorporating parental input (1 copy | __ Ratios askew
appearance each) ___correct explanation? __other
____using Punnett square/3:1 ratio? __Different traits are
Group | ___ genotype linkedto | __ using verbal explanation caused by cross- or self-
chromosomes/DNA ____using other device to explain pollination
3 ____phenotype linked to | __incorporating parental input (1 copy | __ Ratios askew
appearance each) ___correct explanation? __other
__using Punnett square/3:1 ratio? __Different traits are
Group | ___ genotype linkedto | __ using verbal explanation caused by cross- or self-
chromosomes/DNA ____using other device to explain pollination
4 ____phenotype linked to | ___incorporating parental input (1 copy | __ Ratios askew
appearance each) ___correct explanation? __other
____using Punnett square/3:1 ratio? __Different traits are
Group | ___genotype linkedto | __ using verbal explanation caused by cross- or self-
chromosomes/DNA ___using other device to explain pollination
5 ____phenotype linked to | __incorporating parental input (1 copy | __ Ratios askew
appearance each) ___correct explanation? __other
__using Punnett square/3:1 ratio? __Different traits are
Group | ___genotype linkedto | __ using verbal explanation caused by cross- or self-
chromosomes/DNA ____using other device to explain pollination
6 __phenotype linked to | ___incorporating parental input (1 copy | __ Ratios askew
appearance each) ___correct explanation? __other
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F.4

FLORENCE EDWARD’S MONITORING TOOL INCLUDED IN HER

INSTURCTIONAL PERFORMANCE 4 ARTIFACT PACKET

P
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F.5 XAVIER IDOL’S MONITORING TOOL FOR INSTRUCTIONAL

PERFORMANCE 4
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APPENDIX G

NANCY HALL’S SELECTING AND SEQUENCING FOR INSTRUCTIONAL

Group 1
Presentation

PERFORMANCE 4

I selected this group's presentation first because it covers some of the basics of the task that I asked
for but it shows a misconception. Particularly, it shows an incorrect ratio of offspring in the F2
generation (66.6 % of offspring have yellow peas). | expect that this will be called out by other
students fairly quickly. They have the correct proportions verbally written; 1 green pea for every 3
yellow peas, so | will try to get them to see the difference. Charting on the board may also help to
show this relationship.

Group 3
Presentation

This presentation shows a fairly complete summary of all the data that we have seen so far,
including Mendel’s peas (though there is an absence of the ratio) and the sex
chromosome Punnett square. It is unclear if there is a misconception embedded in this
presentation about blending; I notice that the color of the "genotype" green peas is a little
lighter than the phenotype green peas and | wonder if this is because these students have a
notion of these genetic factors blending in offspring.

Group 2
Presentation

This presentation incorporates the Punnett square, but uses it in a way that reflects only the
phenotype (yellow vs. green) instead of the genotype (which would require incorporating the
notion of chromosomes and inheriting one chromosome of each pair from either parent). This
presentation has the raw material in it to really connect genotype to phenotype: it shows that
"yellow" and "green" are being inherited in a Punnett square-like fashion (which is something that
I have not shown students). These students give the parental genotypes to be "Yellow Yellow"
and "Yellow Green" though they should both be "Yellow Green." Keeping Group 3 and Group 2
presentations up together at the same time and talking about them both might help students to
make these connections as we discuss.

Synthesizing
Group 3 and
Group 2
Presentations by
stacking the deck

Keep both group 3 and group 2 presentations on the board, put up a new poster in between them.
"I think that there are some really important ideas in these presentations, and they go together
really well. | want us to all focus as a class to try and merge what is going on in these two
presentations. | want you all to grab a piece of lined paper so that we can try and get down the
essence of what is going on between these two posters." How many copies of each chromosome
do you get from each parent?
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APPENDIXH

XAVIER IDOL’S INSTRUCTIONAL PERFORMANCE 4 TASK
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Name Number

Period

The Mice of Panther Hollow

egheny County, PA

Background Information

Panther Hollow is a recreational park/trail/wooded area right in the heart of Pittsburgh’s Qakland
neighborhood. In recent years, a foreign mouse population has moved in and started to push out
the native mice and small rodent populations. This is of course a bad situation because it will
disrupt the fragile ecosystem that has been established in the habitat. These mice are much larger
than the native species and more aggressive. There are many ecologists out there that argue that
introducing more local predators will help to control this new mouse population, or even destroy
it. Others say that there are probably better methods to keep the population from rising like a
large range of traps, poisons, and population separation. What we currently know about this new
species of mouse is the majority of them are dominantly a cream color a small percentage of
these mice are brown.

Right now, it scems like the powers that be are leaning towards introducing large numbers of a
natural predator that already exists in the area. In particular, they are looking at the Red Tailed
Hawk or Eastern Milk Snake. We know that hawks hunt their prey by sight, snakes usually use
heat sensors or sense of smell/taste. Which of these two predators would you suggest? Does it
matter?

We are going to run a simulation where you and your partner will each be one of these two types
of predators.

Objective
To determine which type of predator will best rid the area of mice and see if there are any
noticeable patterns in the data collected.

Hypothesis
(This MUST be a statement describing what you think and WHY .}

Safety
Do not eat mice in excess! Do not throw mice or anything clse.

1|Page
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(This MUST be a statcment describing what you think and WHY )

Safety

Do not eat mice in excess! Do not throw mice or anything else.

Materials

Brown/black/green construction paper
White chocolate morsels (White mice)
Milk chocolate morsels (Brown mice)

Procedure

Part 1
1.

2.
3.

Part 2

10.
11.

12.
13.
14.

Obtain a sample group of “mice” — 12 white and 4 brown, and two sheets of construction
paper (the colors will be assigned to you)
Randomly assort the 16 mice on the two sheets of construction paper, the “map”
Between yourself in your partner decide who wants to be a snake and who wants to be an
owl (the hawk will go first)
The hawk will turn away from the map for 5 seconds, then quickly look back at the map
and grab the first mouse they see
a. Itis very important to NOT look at the map for very long; it should really be the
FIRST mouse that they notice
Repeat step 4 an additional five times
Repopulate the map by adding additional mice that are the same color as the ones that are
still alive
a. E.g.if you have 6 white and 6 remaining brown mice, add an additional 6 white
and 6 brown mice
Record the results in the chart in Appendix A
a. 'The number of mice of each color should be recorded AFTER repopulation
Repeat steps 4-7 an additional three times so that the data table is complete
Each time you repopulate, take an additional two mice away
a. You took six mice m generation 1, take cight from generation 2, take 10 from
generation 3, etc.

It is the snake’s turn now — repopulate the map with just 12 white and 4 brown mice
The snake needs to keep their eyes closed the entire time and randomly grab seven mice
from the board

Repopulate exactly as was done in Part 1

Record data in Appendix B

Repeat steps 11-13 three more times so that the data table 1s complete
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Analysis
1. Were either the hawks or the snakes more successful?

2. What general ideas can you draw from your simulation?

3. Was your hypothesis supported or refuted? Why do you say so?

4. Are there any trends that you noticed in your data?

5. Why do you think that is?

6. Why do you think it is not a good idea to use poisons or traps?

7. What would you tell the Panther Hollow Park Commission? What conclusion have you
reached?
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Appendix A

Brown Mice

‘White Mice

Mice Eaten

Generation 1

Generation 2

Generation 3

Generation 4

Generation 5

Figure 1: (Describe what this chart shows)

Appendix B

Brown Mice

‘White Mice

Generation 1

Generation 2

Generation 3

Generation 4

Generation 5

Figure 1: (Describe what this chart shows)
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APPENDIX |

EXAMPLE INSTRUCTIONAL PERFORMANCE 4 LESSON PLANS

KRISTEN INGALL: INSTRUCTIONAL PERFORMANCE 4 LESSON PLAN
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Mole Lab - Creating Artifacts

Grade Level: 10 | Time Length: 43 minutes | Date: 3/13/14

Big Idea:

“How much” of a chemical can be measured by the mass of the particles, numbers of particles,
or numbers of groups or particles (moles).

Leamning Goals:

* Toconvert between two different units of measurement, a conversion factor is needed.
When working with moles, this conversion factor is 1 mole = 6.022 x 10%
atoms/maolecules,

* The molar mass of a compound is calculated by totaling the number of grams of each
element contained in one mole of the compound.

Objectives:

* Given a sample of an element or compound, students will be able to collect the
necessary data and calculate the number of moles contained in that sample with 70%
accuracy.

* Given the number of moles of an element or compound, students will be able to
calculate the number of atoms contained in that sample with 85% accuracy.

* Using their knowledge of gathering data, students will be able to determine the order
steps in a procedure to calculate the number of moles, atoms, or moleculesina
designated sample with 80% accuracy.

Standards:
* CHEM.A.1.1.3: Utilize significant figures to communicate the uncertainty in a
quantitative observation.
*+ CHEM.A.1.1.4: Relate the physical properties of matter to its atomic or molecular
structure,
* CHEM.B.1.1.1: Apply the mole concept to representative particles (e.g., counting,
determining mass of atoms, ions, molecules, and/or formula units).

Materials Needed
For each student:
*  Mole Lab Handout

For the lab counter:
*  Sugar cubes s Copper wire
* Table salt (NaCl) * Baking soda (NaHCO,)
* Empty soda cans = Sand (5i0;)
* [ron nails * Vinegar (C;H,0,)
* Scoopulas * Pipettes
For each group:
* Balance * Calculator
* Poster *  Markers
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For the teacher:
* Lesson plan *  Powerpoint

Safety Concerns:

* |dentify students that have not completed their laboratory safety quiz, have not
returned their signed safety contract, and are not dressed appropriately and inform
them that they will be completing an alternate assignment.

* Ensure that each student has a laboratory apron and safety goggles and remind them to
tie back their hair and wear their PPE (personal protective equipment) at all times.

* Tell students to treat all chemicals as highly toxic and use caution when handling them.
If they do touch a chemical, walk immediately to the sink and begin washing your hands
with cold water. Have one of your lab partners alert the teacher to the situation.

* Remind students that there is no eating or drinking in the laboratory and that they
should refrain from putting their hands in their mouth to avoid ingesting dangerous
chemicals. They should wash their hands thoroughly when leaving the lab, even if they
don’t think that they touched any chemicals.

* Remind students to move slowly and carefully in the lab to ensure there are no
accidents.

Set Up:
* A copy of the lesson plan is printed and on my desk.
* The smartboard is showing the Warm-Up.
* Copies of Mole Lab Handout are printed and ready to hand out.
* The lab is set up according to the materials above. There will be seven stations with
balances.

Accommodations/Modifications:

* The student who has a learning disability has been placed in a group with a strong
leader who will help him to understand today's laboratory activity and complete the lab
handout. In addition, this student has preferential seating.

* The student with autism works quickly, but is allowed any additional time he needs to
complete the activity. He does not require preferential seating.

Lesson Opening:

Warm-Up (3 min): Pre-assessment of student knowledge

How many moles are in 324.19g of NaNO5?

Class Discussion (4 min):

Students should use what they learned during the previous lesson to complete these questions.

I am looking for students to use the correct units in their answers. | will again stress that if they
do not include the units or they include the incorrect units, the answer is incorrect. In addition,
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they will need to be able to calculate the molar mass of the compound to use in this calculation.
During the discussion, | will also remind students about the importance of significant figures as
well as its impact on the accuracy of our answers. This question is used to prepare students for
the laboratory activity today as they will need to know how to do these calculations to
successfully complete the lab.

The answer to the warm-up question is 3.8142 moles.

“Great job class! You remembered how the periodic table helps us determine the mass of one
mole of either an element or a compound. You will need to use this skill to complete today's
laboratory activity about moles. On Tuesday, we completed an activity that helped us
determine how to find the number of atoms or moles in a sample. Today we will be using what
we learned during that activity to write our own labs!"

Support of Lesson Activities:
Launch (6 min)

I will tell students:

* Ower the past week and a half, we have been learning how to do mole conversions by
using our mole roadmap. Yesterday, we practiced gathering first-hand data to calculate
how many moles and atoms are in a piece of aluminum.

* Today you will be given a similar task —you will be finding the amount of moles or atoms
in a given substance.

*  But wait, there's a catch... | am not giving you any instructions on HOW to do this! You
will need to rely on what you (or your partner) know about how grams, atoms, and
moles are related.

* During the lab, | want one person to be recording EVERY step you do! This is going to be
labeled as your procedure. You can write this down on a separate piece of lined paper
or on the back of your lab handout.

* | also need you to write down the materials you use. Don't forget to include things like
the balance or a scoopula!

* You should also have a data table of some kind that displays the data you collect.

* Each group also needs to have an analysis section where you show all of your
calculations.

* Finally, you need to have a conclusion where you share your final answer.

* By the end of the period, you need to have a poster completed that has all of these
sections displayed on it!

Any Questions?
* | will leave these instructions up on the PowerPoint during the laboratory today in case

your group forgets one of these sections.
* Al of the materials are on the back lab bench, so you will need to collect anything that
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you need to conduct your laboratory. There is already a balance and a calculator at each
lab station.

The posters and markers are in the classroom.

Remember to ask your lab partner your question before you ask me!

You will be working in pairs to complete this laboratory activity.

Please let me know what your group chooses to investigate!

Before we begin, let's go over some safety reminders! (Read these from the top of page
2).

Any Questions???7?

We are starting at (time) so you have until (time) to finish the activity and the required
sections.

Ready.... Go!

Activity Time (23 min)

As students work in the lab, | will be circulating so that | will be available to answer any
questions that they may have regarding the activity and ensure that everyone is working
SAFELY.

An example of anticipated student thinking is included at the end of this lesson plan.
Throughout the activity, there will be several questions that | will want to ask groups to
start them thinking about and/or discussing the phenomenon they are seeing.

o What does the atomic mass on the periodic table represent? | expect students
to tell me that the atomic mass indicates the mass of one atom of the element (in
amu) and/or one mole of the element (in grams). It is important for students to
understand the difference between these two quantities as students are often
confused by the difference between atoms and moles.

o What do you need to find in order to calculate the number of moles of a
substance? | expect students to tell me that they need to have either the mass of
the substance or the number of atoms in order to calculate the number of moles.
I will push them to think about what is practical in this situation (i.e. can they
count the number of atoms?). They should realize that they need to first find the
mass of their sample before they can do any calculations about how many moles
or atoms they have. If they are having trouble coming up with an answer to my
question, | will encourage them to consult their mole conversion roadmap.

o How did you decide what conversion factor you needed to use when
converting into atoms? | expect students to tell me that they knew that one mole
equals 6.022 x 107 atoms (this is the conversion factor) from class over the past
couple of days. They should then tell me that they multiplied the number of moles
of their substance by 6.022 x 10 to calculate the number of atoms. They should
also show all of their work and use the “train-track™ method. Another good check
for understanding here is to make sure they multiplied by 6.022 x 107 instead of
dividing. Students tend to initially be very confused when working with these
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types of calculations.
If students finish this activity early, | will ensure that they have all of the required sections on
their poster. If their poster is complete, | will allow students to work on the homework packet
for this week during the time remaining.

Class Discussion (0 minutes):
None today! The discussion will take place tomorrow as a 5 Practices Discussion.

Lesson Close (3 min):

Ask students to leave their posters on their tables as leave; | will collect them after the period is
over. They should also clean up their lab stations and ensure that everything is put back where
they found it.

Remind students that they should be working on their homework for this week. It is due on
TOMORROW'!

No exit slip today! Creating the posters will likely take the entire period.

Assessment:
Objective When Assessed How Assessed

Given a sample of an On the student | Students will collect data on the mass of their
element or compound, | poster and sample. They will then use this information to
students will be able to | Mole Lab calculate the number of moles or atoms
collect the necessary Handout contained in that sample using either the
data and calculate the atomic/molar mass as the conversion factor. It
number of moles is required that they show all work and label
contained in that their units. The answers should also include the
sample with 70% correct number of significant digits.
accuracy.
Given the number of On the student | Students should be able to calculate the
moles of an element or | poster and number of atoms or molecules in a substance
compound, students Mole Lab by using the “train-track” method (factor label).
will be able to calculate | Handout Students should use Avogadro's number as the
the number of atoms conversion factor. It is required that they show
contained in that all work and label their units. The answers
sample with 85% should also include the correct number of
accuracy. significant digits.
Following the day's On the student | Students should say that they need to complete
activity, students will be | poster and the following steps:
able to determine the Mole Lab 1. Determine the mass of the sample
correct order stepsina | Handout 2. Use the molar or atomic mass to
procedure to calculate calculate the number of moles
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the number of moles, 3. Use Avogadro's number to calculate the
atoms, or moleculesina number of atoms or molecules
designated sample.
Students should go into additional detail to
describe the steps used to mass the sample (i.e.
weighed the nail on a zeroed balance). Students
may not use the term “Avogadro’s number”,
but may use 6.022 x 10” instead.

Resources:
| adapted this laboratory activity from the Pittsburgh Public Schools Chemistry Curriculum for
Unit 5

Anticipated Student Thinking:

Example Poster:
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Mole Lab — 5 Practices Discussion

Grade Level: 10 | Time Length: 43 minutes | Date: 3/17/14

Big Idea:

“How much” of a chemical can be measured by the mass of the particles, numbers of particles,
or numbers of groups or particles (moles).

Learning Goals:

*  To convert between two different units of measurement, a conversion factor is needed.
When working with moles, this conversion factor is 1 mole = 6.022 x 10%
atoms/molecules.

* The molar mass of a compound is calculated by totaling the number of grams of each
element contained in one mole of the compound.

* Writing lab reports helps students to develop or sharpen skills associated with scientific
inquiry, the scientific method, scientific thinking, and scientific communication, which
are at the heart of the scientific process.

Objectives:

* Given a sample of an element or compound, students will be able to collect the
necessary data and calculate the number of moles andfor atoms contained in that
sample with 80% accuracy.

* Using their knowledge of gathering data, students will be able to determine the order of
steps in a procedure to calculate the number of moles, atoms, or molecules in a
designated sample with 80% accuracy.

* Following the class discussion, students will be able to write a lab report that contains
correct information in all of the relevant sections (question, materials, procedure, data,
analysis, and conclusion) with 70% accuracy.

Standards:
* CHEM.A.1.1.3: Utilize significant figures to communicate the uncertainty in a
quantitative observation.
* (CHEM.A.1.1.4: Relate the physical properties of matter to its atomic or molecular
structure.
* (CHEM.B.1.1.1: Apply the mole concept to representative particles (e.g., counting,
determining mass of atoms, ions, molecules, and/or formula units).

Materials Needed

For each student:
* Mole Lab Handout
For the lab counter:
*  Sugar cubes *  Copper wire
* Table salt (NaCl) = Baking soda (NaHCOs)
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* Empty soda cans = Sand (Si0;)

* lron nails * Vinegar (C;H,0;)
* Scoopulas * Pipettes
= Balance = Calculator
For each group:
= Poster =  Markers
For the teacher:
* Lesson plan * Powerpoint
Safety Concerns:

* None! Students will finish constructing their posters and will be participating in a whole-
class discussion.

Set Up:
* A copy of the lesson plan is printed and on my desk.
* The smartboard is showing the Warm-Up.
* Student posters and markers have been placed on each group's table.
* The materials listed above have been moved to the teacher’s table. All students should
be done with their measurements and these items are there only for discussion

purposes.

Accommodations/Modifications:

* The student who has a learning disability was placed in a group with a strong leader who
will assist him in composing his thoughts for the poster and participating in the
discussion. In addition, this student has preferential seating.

* The student with autism works quickly and participates in discussion well, but is allowed
any additional time he needs to complete the activity. He does not require preferential
seating.

Lesson Opening:

Thought Question: Pre-assessment of student prior knowledge (1 min)

Think back to last semester when we discussed calculations and measurements with significant
figures. Did you use significant figures in your calculations? If not, how would that change your
answer?

Class Discussion (3 min)

Students should recall that significant figures are used to indicate how well we “know” an
answer. Because many students used only a digital balance while gathering their data, they
should not have any problems related to significant figures in their measurements. However, it
is likely that many will have too many significant figures later in their calculations. The balances
in this classroom only weigh out to a tenth of a gram, so students’ answers on the posters
should only have two or three significant figures. | am using this question as a thought question
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to have students remember that they should be taking significant figures into account when
reporting their answers.

“Great job class! | know we have not talked about significant figures in a while, but they are
always important when we do measurements and calculations. Think about it this way, you
would be pretty upset if someone paid you 100 dollars instead of 143 dollars because they
rounded to a different number of significant figures! If you are having a tough time
remembering the rules for significant figures, look back in your notes. You will need to know
these rules as we continue doing laboratory experiments.”

Support of Lesson Activities:
Launch (3 min)

I will tell students:
* Last week, each group chose a question from the Mole Lab handout to answer.
* | didn't give you any instructions on how to arrive at your conclusion other than to
answer the questions!
*  However, | did ask you to have several specific sections on poster. These sections will be

posted on the PowerPoint while we finish our posters if you have forgotten what they
are.

* You have about ten minutes to wrap up your posters in your small groups before we
come back together for a whole class discussion.

Any Questions?

* The posters and markers are already on your tables, so you should be ready to get to
work!

* Remember to ask your lab partner any questions before you ask me!

*  We are starting at (time) so you have until ({time) to finish the activity and the required

sections.
* Ready.... Go!
Poster Construction (7 min)

*  During this time, | will be checking to see that all groups have each section represented
on their poster in some way. These sections are question, materials, procedure, data,
analysis, and conclusion.

* | will encourage groups who complete their posters early to consider how taking
significant figures into account would affect their answer. They may want to revise their
poster accordingly.

* After seven minutes, | will ask students to stop where they are so that we can begin the
5 Practices Discussion. Let these students know that they can finish their posters later if
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they want to.

Transition Time (3 min)

* Ok, now that everyone has had a chance to wrap up their posters, we will be sharing
your posters with the class!

*  We are going to have a whole class discussion to come to a consensus on how we could
gather data to determine the number of atoms or moles in a substance.

* In addition, we are going to be comparing our posters to determine what information is
really important to have in a lab report.

* Ok class, this discussion is going to run similar to the discussions that we have when we
answer our “Thought Questions” in the beginning of the period. One by one, groups will
share certain parts of their poster and everyone else will have the chance to ask them
questions and challenge their thinking.

* Before we get started, | want to remind everyone of ground rules before we get started.
{They are on the next PowerPoint slide.):

o Speakers:
= Stand up when it is your turn to present and hold your poster up high so
that everyone can see.
=  Remember to speak loudly!
= Explain how you represented the neutral atoms and ions on your poster.
= Alsp, explain how you decided what the charge would be on each of your
ions as well as why they would gain or lose that amount of electrons.
=  When you are finished with your presentation, call on audience members
to ask questions.
o Audience:
= Be respectful of your peers while they are presenting.
= Llisten to what the speakers are saying and take notes of any questions
you might have. You will ask these questions at the end of their
presentations.
= Don't interrupt your classmates.
= Make sure you are paying attention at all times; you never know when |
might call on you!
= As always, you receive bonus points for contributing to the discussion.

Any Questions???

* Alright let's get started! Michael's group, why don't you describe how your group went
about answering your question? Don't forget to explain your thinking!

Discussion Time {21 min)
* During this discussion, | want to make sure that it remains student-driven and that |
employ a great deal of “tossing” when questions are directed at me.
*  Make sure to cold call students if needed so that everyone is involved.
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Use the monitoring tool to keep track of what groups bring up which ideas and what
information still needs to be brought forward.

Chart important ideas on the blackboard with sections for each of the sections that
should be on each group's poster.

Throughout the discussion, there will be key scaffolding questions that | will want to ask
groups to address any misconceptions or prod their thinking deeper.

Also, there will be several questions that | will want to ask groups to start them thinking
about and/or discussing the phenomenon they are seeing.

o What does the atomic mass on the pericdic table represent? I expect students to
tell me that the atomic mass indicates the mass of one atom of the element (in
amu) and/or one male of the element (in grams). It is important for students to
understand the difference between these two quantities as students are often
confused by the difference between atoms and maoles.

o What do you need to find in order to calculate the number of moles of a
substance? | expect students to tell me that they need to have either the mass of
the substance or the number of atoms in order to calculate the number of moles.
I will push them to think about what is practical in this situation (i.e. can they
count the number of atoms?). They should realize that they need to first find the
mass of their sample before they can do any calculations about how many moles
or atoms they have. If they are having trouble coming up with an answer to my
guestion, | will encourage them to consult their mole conversion roadmap.

o How did you decide what conversion factor you needed to use when converting
into atoms? [ expect students to tell me that they knew that one mole equals
6.022 x 10 atoms (this is the conversion factor) from class over the past couple
of days. They should then tell me that they multiplied the number of moles of
their substance by 6.022 x 107 to calculate the number of atoms. They should
also show all of their work and use the “train-track™ method. Another good check
for understanding here is to make sure they multiplied by 6.022 x 107 instead of
dividing. Students tend to initially be very confused when working with these
types of calculations.

After all of the different solutions for this problem have been brought up and any
misconceptions have been addressed, | will turn student's attention to the blackboard.

1 will have compiled information from all posters presented so that we can discuss the
different sections of the lab report as well as what information should or should not go
in each of these sections.

Once the class has settled on a consensus for the information that should be contained
in each section of their lab reports, we will use it to talk through how we would
determine the number of molecules in 100 mL of isopropanol (CH;CH;CH;OH).

I will make sure to use appropriate revoicing language and include only those concepts
explicitly stated by students.

Once we have finished discussing the isopropanol investigation, students will record the
information from the blackboard into their notebooks.

As students are writing, let them know that we will be using these notes in the future to
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conduct more scientific investigations and get more practice writing lab reports! We will
be adding to this list as time goes on.

Expected List of Information to be Included in a Lab Report:

* Question
o Why are you doing this experiment?
* Materials

o What did you use?
* Procedure:
o What did you do? BE SPECIFIC!

* Data Table
o Show the data you collected
*  Analysis

o Calculations

* Conclusion
o What is the answer to your question?

Lesson Close (5 min):

Tell students that we had an awesome discussion today and that you are truly proud of how
well they did. (1 am thinking positively here!)

Reiterate that today we discussed how we would collect data to calculate the number of moles
or atoms of a substance contained in a given sample. We also came to a consensus as to what
information we should or should not include in a lab report so that we will be prepared to
organize this information in the future!

Let them know that tomorrow we will begin talking about percent composition — the amount of
one element contained in compound. In a week or so, we will be tying all of these ideas
together with a percent composition experiment!

Ask students to leave their posters on the desk when they leave today.

Let students know that there is no homework tonight, but they will be receiving homework
tomorrow on mole conversions and percent composition.

Exit Slip:
Use your calculator and show your work!
How many atoms are in 3.4 moles of carbon?
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Assessment:

procedure to calculate
the number of moles,
atoms, or molecules in a
designated sample.

Objective When Assessed How Assessed

Given a sample of an On the student | Students will collect data on the mass of their

element or compound, | poster, Mole sample. They will then use this information to

students will be able to | Lab Handout, calculate the number of moles or atoms

collect the necessary and Exit Slip contained in that sample using either the

data and calculate the atomic/molar mass as the conversion factor. It

number of moles is required that they show all work and label

and/or atoms contained their units.

in that sample with 80%

accuracy. The answer to the Exit Slip question is 2.05 x
10™ atoms.

Following the day’s On the student | Students should say that they need to complete

activity, students will be | poster and the following steps:

able to determine the Mole Lab 4. Determine the mass of the sample

correct order stepsina | Handout 5. Use the molar or atomic mass to

calculate the number of moles
6. Use Avogadro's number to calculate the
number of atoms or molecules

Students should go into additional detail to
describe the steps used to mass the sample (i.e.
weighed the nail on a zeroed balance). Students
may not use the term “Avogadro’s number”,
but may use 6.022 x 10* instead.

Following the class
discussion, students will
be able to write a lab
report that contains
correct information in
all of the relevant
sections (question,
materials, procedure,
data, analysis, and
conclusion) with 70%
accuracy.

During the class
discussion

During the class discussion and marking period,
students will create a blackboard list of all
relevant information that should be included in
these sections. As a class, they should be able to
use this list to verbally state the information
that would be included in a lab report designed
to investigate the number of molecules in
100mL of ethanol.

Resources:

| adapted this laboratory activity from the Urban Public Schools Chemistry Curriculum for Unit 5
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SCOTT XANDER: INSTRUCTIONAL PERFORMANCE 4 LESSON PLAN

Momentum
March 12, 2014
Five Practices — Two Dimensional Collisions

Big Idea

All motion can be explained using conservation of energy. conservation of momentum. and
conservation of angular momentum.

Learning Goals
1. Momentum is a vector
2. Momentum is conserved even when colliding object mowve at an angle to one another.
3. To analyze momentum for angular directions we use vector techniques discussed in prios
units.

Learning Objectives

+ Students will be able to use ideas of conservation of momentum to solve problems
involving collisions, explosion, ete.

Related Standards
* S11.A.1.1.1 :The position and velocity of an object or interacting objects can be
represented and quantified in terms of its momentum. angular momentum. kinetic energy
and potential energy.
* The total amount of momentum in a closed system is conserved
Materials Needed
For each student
* Simulation packet

For each group

* Computer
+* Blank piece of paper for final problem

For teacher
* Make answer sheet.
Set Up

* Make entry slide
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* Set out computers
Special Accommodations
Place weaker students in a pair with stronger students.
Warm Up (1 min)

* Project objective slide onto the board
o AIM: How do we solve collision problems in two dimensions
* Discuss Homework
= Complete simulation activity
* Work on two dimensional collision problem
= Discuss problem and activity

Launch (5 min)

* Today we want to take ten minutes at the beginning of class to discuss any outstanding
1ssues with last night’s homework.
* Next we are going to complete an activity in which you will simulate various collisions
using the computers from the cart.
o This activity will involve two dimensional collisions
*  Afterwards we will come back together to discuss some of the big ideas from the activity
o Ideally after the discussion you will be able to solve two dimensional motion
problems.
o If there is time after the discussion, we will have some time to work on a few two
dimensional collision problems

Work Time (30-35 min)

First ten minutes (Homework)
*  Expect students will have biggest problem with 21 or 23a.
* Show them that this situation has some more moving parts, but the general schematic for
solving the problem is still the same.
*  We are going to again need these three big physies ideas to solve two-dimensional
problems.

Introduce Activity

* In this activity you guys will be using computers to complete an investigation about two-
dimensional collisions. (pass out packet)

*  You will be working in groups of three. You will each need to complete one of the
packets that I handed out. The directions should be pretty straightforward. but if you
have any questions. ask Scoville or me.

* The main focus for this lesson is to understand how this idea of conservation of
momentum applies to two-dimensional collisions.

*  Groups

362



Group Member 1 Member 2 Member 3
A Kelly Kevin Howie
B Mohammed Nimo Rachel
C Zack Amanda Angela
D Alexis Mia Tyler

E Zoe Crystal Megan
F Skyler Avyamna James
G Dhundi Miranda Jeff

H Carly Makeda Graham
I Meredith Aaron Dre

J Alivia Summer Alicia
K Charity Serenity Mark

Next 20 minutes

* Students should engage with the simulation.

.

* Monitoring questions.
o Is this troductory problem in one or two dimensions? How do you know?
o  Which do you think happens more frequently, one or two dimensional collisions?
o What would happen if the objects stuck together mstead of bounced apart?
o What is the Ipl figure showing you?

» This 1s the magnitude of momentum

o From the magnitudes of the momentum before and after, do you see that

momentum 1s conserved?
* Why could this be?

Second period
* Place students’ problems on the ELMO.
*  Ask students what they think about each solution.
* Give groups a chance to explain what they did.
* Show students how to solve the problem.

o Have them watch me solve it then put in their notebooks
HW Problems

Summary (1 minutes)

o Tomorrow we will continue discussing how to solve two dimensional collision problems.
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Momentum
March 13%, 2014
Five Practices Discussion — Two Dimensional Collisions

Big Idea

All motion can be explained using conservation of energy, conservation of momentum, and
conservation of angular momentum.

Learning Goals
1. Momentum is a vector
Momentum 1s conserved even when colliding object move at an angle to one another.
3. To analyze momentum for angular directions we use vector techniques discussed in prior
units.

Learning Objectives

* Students will be able to use ideas of conservation of momentum to solve problems
involving collisions. explosion, ete.

Related Standards
* SI11.A.1.1.1 :The position and velocity of an object or interacting objects can be
represented and quantified in terms of its momentum, angular momentum, kinetic energy.
and potential energy.
* The total amount of momentum in a closed system is conserved
Materials Needed
For each student
*  Simulation packet

For each group

* Computer
* Blank piece of paper for final problem

For teacher

* Make answer sheet.
Set Up

*  Make entry slide
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* Make copies of simulation.
* Set out computers

Special Accommeodations

* Place weaker students in a pair with stronger students.

*  Ask students who are finished with the problem to begin thinking about how they will
relay the information that they know to their classmates.

Warm Up (1 min)

* Project objective slide onto the board
o AIM: How do we solve collision problems in two dimensions
= Quick debrief about activity yesterday
= Take ten minutes to complete what you did not complete yesterday
= Discuss activity
= Learn how to deal with two dimensional Collisions
= HW: Collisions 2D

Launch (5 min)

= First off. I wanted to let you guys know that the test is no longer Friday. We are going to
shoot for a Monday test

* Today we are going to finish the activity from yesterday involving the simulation. Take
ten minutes at the beginning of this class to finish up the rest of the activity from
yesterday. IF you have already finished the problem and feel confident in your solution,
begin thinking about how you would explain your thought process to your classmates.

o Does this solution path make sense for other situations or just this one?

*  When ten minutes is up, we will come back together to discuss two-dimensional
collisions. In this discussion we will try to synthesize a plan that will allow us to solve
two all two dimensional conservation of momentum problems.

Work Time (50 min)

First ten minutes (Homework)
* Expect students will have biggest problem with 21 or 23a.
* Show them that this situation has some more moving parts, but the general schematic for
solving the problem is still the same.
*  We are going to again need these three big physics ideas to solve two-dimensional

problems.
*  Groups
Group Member 1 Member 2 Member 3
A Kelly Kevin Howie
B Mohammed Nimo Rachel
C Zack Amanda Angela
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D Alexis Mia Tyler

E Zoe Crystal Megan
F Skyler Ayanna James
G Dhundi Miranda Jeff

H Carly Makeda Graham
I Meredith Aaron Dre

J Alivia Summer Alicia
K Charity Serenity Mark

o What is the [p| figure showing you?
= This is the magnitude of momentum
o Why is |p| not the same as pyx or py
o How do you think the computer is calculating [p| based on py and p,?
* Does this remind you of anything that we've seen before?
o What do you notice about px and py before and after the collision
o Is|p| conserved for each object?
o Is |p| conserved for the system?
= Does this violate conservation of momentum?
Discussion [30-40]
* Place students’ problems on the ELMO.
* Pose situation of 1 kg ball being hit at a 45 degree angle with a speed of 50 m/s
o Draw on the board. Label axes
o What is the momentum of this ball right after it is hit?
o What is the direction of the momentum?
= Let’s say up and to the left
o How do we want to define our coordinate system?
» Students will probably say make right positive or make direction of the ball
positive.
= Ask why they chose these.
o Let’s also call right the positive direction
o If we choose the right to be the positive direction, how much momentum does this
object have going to the right?
o How much momentum does it have upward?
= (Can anyone think of a way to calculate these quantities?
= Momentum just like forces, velocities, accelerations, etc. can be divided
into components. If it is vector, it can go in any direction, so we have to
have some way to break it down into parts that correspond to our axes.

* So now that we see momentum does not have to lie only on an axis, I want to think about
the problem at the end of the handout I gave you yesterday.

* This problem is just one type of two dimensional collision problem. But it turns out that,
just like one dimensional collision problems, two-dimensional problems only require
three bits of physics knowledge pairs with some algebra skills.

* As we run through this problem, I will be putting some of your suggested answers up on
the ELMO for your classmates to see.

366



o Iwant us to look critically at classmates’ solutions. You should always be
thinking....does this physical situation make sense? [in terms of both numbers and
pictures]

o Iwant you to see if you can think of ways to not only solve this problem, but also
if you can abstract from what we see in this problem to find general solution paths
for all two dimensional problems.

*  What direction do you think the cars should move in after the collision?

o North east.
o It is good to get an intuitive understanding of what the after situation will
probably look like.

o Why do you guys think that the car will move to the northeast?
= Should arrive at the one car has northward momentum. The other has
eastward momentum. When they combine, their momentum combines.
o Show other situations: southward and eastward moving cars. Predict outcomes
*  We know they have some momentum in the north east direction?
o How northeast is it?
o When we saw a two dimensional collision in the simulation, was there momentum
conservation?
= How did you see that momentum was conserved.
= Px, py.or [p|?
= Only px and py
o We know that the momentum in both the x and y directions must be conserved.
= How do you think we figure out the total momentum of the car system after
the collision?
= Should arrive at “the px and py have to be the same so we combine them”
o How do you think we combine them?
= Vector addition
= Head to tail
o Is |p| for either of the objects conserved?
o Is |p| for the system conserved?
* Come up with a schematic of how to solve these problems.
o  Write students steps on the board.
o Make sure they explain all thinking. [mv because momentum equals mass times
velocity]
o Be careful with words. Momentum of the system vs. momentum of an object.
* Attempt to solve a two dimensional problem with westward and southward moving

bodies.
Distvibute HW and work on it if there is time left!
Summary (1 minutes)
o Tomorrow we will continue discussing how to solve two dimensional collision problems.
As well as start our review for the test on Monday. Make sure that you complete the

problems for homework tonight so that you can follow along and participate in the
discussion tomorrow!
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1.3 NICOLE TIMKO: INSTRUCTIONAL PERFORMANCE 4 LESSON PLAN

GETTING READY
Unit: 4-Cell Growth and Division Period: 7,8,9 Date: 2/6/14 Time: 42 minutes
Preparation: Materials: Big Idea
»  Workshest/Lab Packet per group The cell is the basic unit of life. The processes that
Day of lesson: *  Whiteboards oceur at the cellular level provide the energy and

* Make copies of lab packet

v Whiteboard markers
v Erasers

Resources:
Lesson adapted from Julia Glick. Original materials

can be requested.

Safety Concerns: NONE

basic structure organisms need to survive, DNA is
the universal code for life; it enables organisms to
transmit heredity information and along with the
environment, determine an organisms
characteristics.

Overarching Questions

*  Why are cells so small?
*  How does a cell produce a new cell?

* How is biological information passed from
one generation to angther?
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Prior Enowledge:

1. Al students are able te list the
phases of mitosis in the correct
sequential order.

2. Moststudents are able to list the
key features of each phase.

3. Some students are able to identify
images of mitosis and name the
phasze displayed

Misconceptions:

*  Chromosomes do not eccur in all
types of cells.

* Chromosomes are divided up at
each cell division, such that when
a single body cell forms two body
cells, the resultng cell contains
fewer chromosomes than the
original cell.

+«  (Cells are smaller than
chromosomes

+  HNotall types of cells contain DNA
molecules

Vocabulary:
Tier 2:

Dirrision
Replication

Tier 3:
Chromosome
Prophase
Anaphase
Metaphase
[nterphase
Cytokinesis
Telophase
Chromatid
Centriale
Spindle Fiber
Chromosome
Metaphase Plate

Standards:

Keystone Standards:

Drescribe the three stages of the cell cycle: interphasze, nuclear division,
and cytekinesis. BIDB.1.1

Dﬁcnl}emea'enﬁﬂmuccu:dmmgﬂlecdlqde imterphass,
ouclear division {ie., mitesis, or meiosis), cytokinesiz. BIO. B.1.1.1

A1.2321: Ectimate or calculate to make predictions based en a circle,
line, har praph. measures of ceniral tendency, of other representations.

AlL21.1.1: Apnalyze a set of data for the existence of a pattem md
represent the pattern alzebraically and'or praphically.

Pennsylvania Academic Standards:
PA Academic Standards

11B Ad Sommarize the stages of the cell cycle. Examine how
nteractions among the different melscules in the cell cause the distinct
stapes of the cell oycle, which can also be influenced by other

NGSS Practices:

Plamning snd camying out investigations.

Analyzing and interpreting data

Using mathematics and computational thinking
Constructing explanations (for science)

Engaging in argument from evidence

Obtaining, evaloating, and communicating nformation

Monoe b

Common Core:

CC552 2 Determine the central ideas ar conclusions of a text; provide
an accurate summary of the text distinct from prior knowledee or
opinions,
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Learning Goals:

= [Interphase gcoars before cell division
Dmring interphaze, the cell gromrs amd
prepares for cell division by replicating
its DMA Cells spend most of their time
in thiz phase.

* Following interphase the cell proceeds
through the process of cell division:
Prophase MMetaphases Ansphace
Telophaze, snd Cytokinesis.

#  The first phase of mitosis is prophase. In
prophase, the zenetic material inside of the
meclens condenses and the duplicated
chromosomes become visible. Ontzide the
oclens, the spindle stants to form.

*  The second phase of mitosis is metaphase.
Curing metaphase, the centromeres of the
duplicated chromosomes line up across the
center of the cell. Spindle fbers commect the
cenmomere of each chromoesome to the two
poles of the spindle.

#  The third phase of mitosis is anaphase.
Cruring anaphase, the chromosemes separate
and move along spindle fikers to opposite
ends of the call.

s The last phase of mitesis is telophase. Dunng
telophase, chromosomes gather at opposits
ends of the poles and a maclear emvelope
hiegins fo reform around each chuster. The
spindls begins to break apart. A cleavage
firrow begins to form.




GETTING YOUR STUDENTS READY

Objective: Today you will be able to...
After viewing a slide of cells, students will be able to determine the
phase of mitosis for each cell with 0% accuracy.

After gathering data, students will be able to represent first hand data
in an accurate graph.

After representing the data, students will be able to draw conclusions
about patterns demonstrated in the data to answer the question,
“Where do cells spend most of their time?”

Purpose: We are doing this...
To determme where cells spend most of therr time, 1 cell division or
growth/preparation.

BUILDING THE SKILL
LAUNCH
ENGAGE Do Now Think: Where do you thunk cells spend most of their ttme growth (Interphase) or cell divizion (Prophase,
2 mm Metaphase, Anaphase Telophase, Cytokmesis)?
Do Now Pair: Tum to the pariner next to vou and discuss your answer (1 min)
Dizcussion Share: Students share out and teacher charts on the SMART board (1 mm)
2 mm

g

time domg

-What expenences have vou had that make vou thmk

Questions te guide smdent thinking:
-Why do you think cells spend most of thewr time m
-What evidence have we seen from our other activities that would suggest that cells spend most of their

7

y
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Introduce Task
2 mm

By the end of today, we are going to be able to answer the warm-up question: “Where do cells spend most
of thewr ime 1 growth or division?” We are gomg to do this by looking at pictures of microscope shdes of
real cells. As we know, we can't see cells without a microscope. Using your knowledge about mitosis, yvou
will determine the phase of each cell on vour shde.

Review Phazes of
Mitosis
3 mm

To review the phases of mitosis, I want vou fo match up your note cards. I will come around and check
them.

TASK

EXPLOERE

Mitosiz Phase Key

% mm

Now that we have reviewed the phases, we are goang to look at a few pictures of real cells under a
microscope. We will work together to make a key that vou can use to help vou 1dentfy the cells durmg
today s task.

Furst, I want to dentify the key features of each phase. If we were to see a cell in mterphase, what would
we expect to see? (Students respond) Okay, of that 15 what we expect to see, what prcture above shows
mterphase? Great!

Teacher conhinues to gmde students through prophase, metaphase, anaphase telophase and cvtokmesis.

Anticipated problems: Picture F and Picture D

-Picture F 15 an example of a cell with two oucler This cell 15 in mterphase. It 15 possible that the cell
faled to complete cytokimesis and has now joined back together or two cells have formed together.
-Picture D) 15 an examples of prophase. The crele m this picture 15 the nuclel not the whole cell. In the
nucleus, we can see that the DNA has been supercoiled mto chromosomes. The chromosomes are now

visthle.

Groups

We will now be moving mto our groups to start identifymg the cells. You and vour table partner will
have § minutes to 1dentify each cell as one of the 6 phases: mterphase, prophase, metaphase, anaphase,
telophase, or cvtokinesis. Use vour key to help you!
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Students Gather Students use their key to 1dentify the phase of each cell.
Data
Emm Guiding Questons to help students who are smck:
“Which prcture on vour key looks hke the cell vou are looking at?™
“What 15 happening with the chromosomes o this cell? In what phase does this happen?” (Prompt
students to use thew mitosis workshest to belp them)
“Where are the chromosomes m this picture?™
*Teacher monitors using monrtoring tool to determine which groups are determing which patterns and
whether or not these patterns are comect.
Introduce Data Now that you have gathered data, you need to represent vowr data in a graph so that other people can
EReprezentation easily read your results. Each pair will get a whiteboard and marker to draw their zraph. Try to make
Jmm vour graph as large and clear as possible because vou will be presenting it to the class.
What kind of graph might be use to represent this data and why?
Students AMake Bar | Students make bar graphs to represent thewr data on large whiteboards. Teacher remunds students that
Graph they need to work collaboratively to make their praph, making sure that both students are conmbuting to
10 min the graph.
BEEAK BETWEEN PERIODS FOR 8/9 OR END OF LESS0N FOR PERIOD 7
Finizh Graphs Students fmish thew graphs if necessary.
2 min
Finding Patterns/ From you zraph I want vou and vouwr pariner to determine 1f cells spend most of their fime growing or
Teacher Sequences | dniding. Let's remember that the growmg phase 15 inferphase and that the cell 15 in mitoss or division m
3 mm PMATC.

Take 1.5 minutes to answer the queston, “Where do cells spend most of therr time?™ based on your data
(eraph).
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Teacher take pictures of student work and sequences student work based on the results of the monstormg
tool which determmed the patterns found and the claims made/evidence provided for each group.

EXPLAIN

Introduce
Discuszion
3 mm

Now I will be calling up certain groups to present thewr findings. Unfortunately we will not have tme for
every group, but I expect everyone to pariicipate. Remember that vou can mark off the date for today s
behavior binge for “respectfully partcipating m class discussion™.

Eemember to respectfully respond use the sentence, “I agres or disagree with because...”

When you present. please explam your graph fo us and tell us where cells spend most of therr time.

Discussion Part 1
10 mim

Teacher asks specific groups to present thew finding=, as sequenced due to student thmking wai
momtormg tool

Teacher guides discussion with the following guesrions:

*  When students say claim without evidence, teacher asks students to “show us where your graph
explains your claim? Where do we see the evidence that cells spend most of ther time 1n
phasze™

*  Toss to other students and ask if they agree or disagree with the student’s pattern

*  Show us on the shide which cells vou marked as dividing cells {or interphase cells)

*Teacher has the picture of the shide that the group used up on the SMART board under the ELMO =0
that we can refer fo 1f if necessary*

Anticipated Answers:
Dividing Pattern:
Non-Drnding Pattern: Most all
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Discussion Part 1T
7 mm

Why do vou think we see two patterns emerge” Dhseuss with your partner (3 min)
Students share out their responses and teacher charts on the SMART board. (3 mn)

Teacher guides studenes with guesnions during pair and share:

What kind of cells do vou think dinide often? Why? How do you know that?
What kind of cells do vou thnk don’t divide? Why? How do you know that?
Which kind of cells do vou think vour group had” How do you know?

CLOSURE

Explain

5 mm

Teacher goes through each zhde and explains the pattern represented in each picture and which type of
cell 1t 15. Teacher gives addifional examples of types of calls.

Image 1- Skeletal mmscle cells
Image 2- Omon cells

Image 3- Koot tip cells

Image 4- Allium root tip cells
Image 5-

Image &- Skin cells

The majonty of cells spend the most of therr time 1 1nterphasze. Cells that we see rapidly dividing ocour
in parts of orgamsms that are growing quckly such as the onion root fip and the

EVALULATE

Exit Ship
7 min

Students complete exit shp

Looking Forward

2 mm

Tomorrow we will be talking about cancer. I know that this can be a sensifive topic. Many of us have
known someone who has cancer, who has survived from cancer or has passed away from cancer. If vou
are concemed that talking about cancer might make vou upset, please talk to me at the end of class today
or the bepinming of class tomomow.

Clean-Tp

2 mm

Flease help clean up by retuming whiteboards, markers, and all matenals.
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ASSESSMENT

Formative Assessments Monitorng Toel
Dhseussion
Exit Slip
Differentiation Contingency Plan

Some students will recerve lunt cards to belp them with Discussion | If we are munning out of tme, we will save the whiteboards to continue the

IL

diseussion the following day.

Some students will recerve lunt cards to belp them make a bar graph. | If we have extra time, students will have some free tme or be asked to

These cards will help them fo determine the X and Y access.

study their mitosis cards.
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