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Middle and high school teachers who participate in the Maine Physical Sciences 

Partnership (MainePSP) noted persistent problems in their classrooms, including low 

levels of student engagement and gaps in how students use evidence. To address these 

problems, this study was designed in collaboration with MainePSP teachers in a design-

based implementation research process as teachers aimed to better connect classroom 

discussion and written argumentation. Though scientific writing makes use of 

argumentation to support ideas, it is often the sharing of ideas that makes an argument 

stronger.  

Two teachers collected data from their seventh and ninth grade Earth Science 

classrooms at schools in central Maine. Written responses were collected as students 

answered two questions from their respective curricula. For the first question, students 

provided their answers without discussing the question beforehand. This question 

provided a baseline of ability to measure gains made on the second question. For the 



   

 

second question, classrooms were assigned to one of three discussion protocols—no 

discussion, discussion without Talk Science, and discussion with Talk Science. Talk 

Science is a discussion method designed to facilitate productive classroom discussion by 

emphasizing evidence and reasoning.  

For both questions, students were instructed to write their answer using the Claim, 

Evidence, Reasoning (CER) framework that was already being used in both of the 

participating classrooms. This style of argumentation allows the students to make a claim 

and support it using two pieces of evidence. Then, reasoning is used to connect the 

evidence to the claim. The written responses were analyzed using a project-specific CER 

and Content rubric that was also designed in collaboration with high school teachers. 

Analyses suggest ninth graders improve their scores on evidence, reasoning, and 

content when encouraged to have a Talk Science discussion. These gains are most likely 

due to the emphasis that Talk Science places on sharing evidence and reasoning, which 

supports content knowledge. Seventh graders showed the most improvement on their 

claim when encouraged to have a Talk Science discussion. Audio data from the 

discussions reveal some factors responsible for this difference. While, the ninth grade 

teacher prompted students to support their statements by sharing evidence and reasoning, 

the seventh grade teacher focused prompted students to ‘add on’ to others’ statements.  

In addition, all of the students were asked to reflect on their classroom discussion 

and the results were strongly positive. Most students valued the discussions either for 

obtaining information directly related to answering the question or for gaining further 

explanation of ideas taught in class. 



   

 

 The results of this study will be used to influence classroom instruction and 

professional development within the MainePSP. Because the use of CER and content 

knowledge were shown to improve, other teachers may be more likely to include 

discussions with Talk Science and written CER argumentation in their classrooms. 

Furthermore, though teachers often report that classroom discussions take too much time 

or do not seem to engage students, it is apparent here that students do value classroom 

discussion.  
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CHAPTER 1 

INTRODUCTION 

In 2013, teachers of the Maine Physical Sciences Partnership (MainePSP) 

working with the University of Maine’s Center for Research in STEM Education (RiSE 

Center), identified two problems encountered in their classrooms: 1) lack of deeper 

student engagement and 2) students’ poor use of evidence. The second problem is closely 

related to argumentation, which is also a process for addressing the first problem. To 

address these areas, teachers sought to incorporate active discussion, which has been 

found to require student engagement (Duschl et al., 2007) and can incorporate evidence-

based argumentation (Shemwell & Furtak, 2010). This study explores the impact of 

classroom discussion, particularly productive talk discussion, on students’ written 

argumentation, including their use of evidence. 

Design-Based Implementation Research 

Within the MainePSP, researchers and teachers collaborated in a design-based 

implementation research (DBIR) process to study discussion and argumentation. Design-

based implementation research requires that teachers and researchers work together to 

better address the needs of both parties (Penuel et al., 2011). Researchers have 

demonstrated that teacher involvement in the design process greatly increases the 

likelihood of successful implementation in the classroom (Penuel et al., 2011). Penuel et 

al. (2011) designed DBIR to be applicable in multiple contexts, including across subjects 

and administrative scales. However, the researchers state that everyone involved must be 

“ready for change” for the process to be successful (Penuel et al., 2011, p. 334).  
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Scientific Argumentation 

Scientific argumentation is present in a number of national standards, including 

Benchmarks for Scientific Literacy (American Association for the Advancement of 

Science, 1993), National Science Education Standards (National Research Council, 

1996), and Next Generation Science Standards (NGSS Lead States, 2013). Inquiry and 

the National Science Education Standards (National Research Council, 2000), an 

additional report from the National Research Council, identified five characteristics of 

classroom inquiry, of which four are closely related to argumentation (McNeill & 

Krajcik, 2012). To enhance public understanding of science and, thus, to improve 

scientific literacy, schools must prioritize argumentation and the associated skills (Driver 

et al., 2000). Unfortunately, argumentation is difficult for many people and, often, that is 

because it is not taught well in classrooms (Reznitskaya et al., 2001). 

Osborne et al. (2004) demonstrated that the use of language and scientific 

methods made students more scientifically literate. Importantly, students’ written 

arguments have been shown to be stronger when they are encouraged to have discussions 

using argumentation (McNeill, 2011). Moreover, scientific writing has been shown to 

increase retention and increase conceptual learning (Rivard & Straw, 2000; Hand et al., 

2004).  

Students are more likely to express their ideas and share their thinking in writing 

than during classroom discussion (Furtak & Ruiz-Primo, 2008). However, research has 

shown that the ability to communicate through talking typically precedes students’ 

abilities to communicate through writing (Berland & McNeill, 2010). Though Knight and 

McNeill (2012) claimed the opposite was true in their study, they offer a number of 
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reasons to explain why students’ written arguments were more sophisticated than their 

oral arguments. Furthermore, Berland and McNeill (2010) found that students’ abilities 

may not be truly represented by their written work and, additionally, written assignments 

may not push students’ thinking.  

Discussions in Classroom Learning 

Newton et al. (1999) discussed the sociolinguistic aspect of learning one’s 

community norms. This requires that students, as well as nonstudents, participate in both 

talking and writing (Driver et al., 1994). Schools have been recommended as the best 

place to learn how to participate in discussion because of the variety of subjects and types 

of discussion present (Resnick et al., 2010). Recently, science education has expanded the 

focus to learning community practices in addition to problem solving, concept learning, 

and science process skills (Erduran et al., 2004).  

 Newton et al. (1999) suggest that a social constructivist approach should be taken 

when discussing science education. This theory supports including more discussion and 

group work (Newton et al., 1999), which is consistent with Vygotsky’s (1978) work on 

social learning. The discussion framework used in this study, Accountable Talk, was 

developed from a Vygotskian perspective to encourage student interaction (Michaels et 

al., 2008; Resnick et al., 2010).  

In a classroom setting, collaborative reasoning discussions have been shown to 

increase students’ use of appropriate arguments, counter-arguments, rebuttals, formal 

argument devices, and text information in a way that leads to a deeper learning about the 

role of argumentation (Reznitskaya et al., 2001). Furthermore, Kuhn et al. (1997) used a 

number of case studies to demonstrate that repeated discussion increases the quality of 
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reasoning about a topic. The sharing of ideas has been shown to “[improve] the quality of 

the student experience, the depth of student thinking, and their learning of science itself.” 

(Osborne, 2010, p. 466). There is also evidence that, with proper training, students can 

internalize these collaborative skills and transfer them from the classroom to civic life 

(Erduran & Jiménez-Aleixandre, 2008; Michaels et al., 2008). 

Research Frameworks 

Argumentation 

Argumentation is a process of building arguments that provides students with the 

opportunity to participate in a standard scientific practice (Berland & McNeill, 2010; 

Driver et al., 2000). Science, as a discipline, typically progresses through resolved 

disagreements rather than initial agreement; thus, it is necessary that students learn skills 

in argumentation (Erduran et al., 2004). Duschl and Osborne (2002, p. 41) described 

argumentation as “the process of constructing an argument” and an argument as “a 

referent to the content of argument,” while McNeill et al. (2006, p.158) defined 

argumentation as a “scientific explanation.”  

Though argumentation is not the only form of scientific communication, it is 

recommended that argumentation be prominent in science classrooms because it plays a 

central role in the science community (Berland & McNeill, 2010; Duschl & Osborne, 

2002). Yet, although argumentation is critical to science, often it is not included in 

science education (Newton et al., 1999; Osborne, 2010). Argumentation is a concept that 

is best learned when taught over an extended period of time because most people struggle 

with forming arguments and need practice to improve (Berland & McNeill, 2010; Kuhn, 
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1991; Osborne et al., 2004). A number of frameworks have been developed to guide 

argumentation, but most are built upon Toulmin’s Argument Pattern. 

Toulmin’s Argument Pattern. Toulmin’s Argument Pattern (TAP) consists of five 

parts: claims, data, warrants, backings, and rebuttals (Toulmin, 1958; Erduran et al., 

2004; Fig. 1).  

 

 

Figure 1. Toulmin's Argument Pattern of claims, data, warrants, backings, and rebuttals. 

Adapted from Erduran et al. (2004). 

 

Toulmin ignored the truth-seeking aspects of an argument and emphasized the 

components that make a strong argument, such as warrants and backings (Duschl & 

Osborne, 2002). TAP has been used to analyze student work in a wide range of subjects 

and has been used as both a formative and summative assessment (Erduran et al., 2004). 

It has been primarily researched in small group discussions during science lessons, but 

this research has encountered difficulties (Erduran et al., 2004). For instance, researchers 

often have a hard time differentiating the parts of a TAP argument (Erduran et al., 2004).  

Moreover, the TAP framework is often difficult for scientists to interpret (van 

Eemeren et al., 1996) and for middle schoolers to follow (McNeill et al., 2006). Thus, a 

number of additional frameworks have been put forth, but often are built upon Toulmin’s 
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Argument Pattern. The study presented here is most interested in the Claim, Evidence, 

Reasoning framework presented by McNeill et al. (2006). 

Claim, Evidence, Reasoning. McNeill et al. (2006, p.158; Fig. 2) define argumentation, 

or “scientific explanation,” as being composed of three parts: 1) claim—“an assertion or 

conclusion that answers the original question;” 2) evidence—“scientific data that 

supports the claim;” and 3) reasoning—“a justification that shows why the data count as 

evidence to support the claim.” A fourth component, the rebuttal, is considered a more 

advanced piece of argumentation. The rebuttal should be added after mastery of claim, 

evidence, and reasoning (McNeill & Krajcik, 2012), so, for that reason, it is not 

considered in this study. 

 

 

Figure 2. Claim, Evidence, Reasoning framework of claim, evidence, reasoning, and 

rebuttal. Adapted from McNeill and Krajcik (2012). 

 

The Claim, Evidence, Reasoning (CER) framework was developed with 

consideration for national guidelines and to be a more accessible version of Toulmin’s 

Argument Pattern (McNeill & Krajcik, 2012), such that the claim is equivalent to TAP’s 
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claim, the evidence is equivalent to TAP’s data, and the reasoning comprises TAP’s 

warrant and backing. For students first developing skills in argumentation, an ideal 

argument consists of a claim, two pieces of evidence, and reasoning and these parts may 

be present within the same sentence or they may be distributed throughout a piece of 

writing (McNeill et al., 2006). The claim is expected first because it is meant as the 

answer to a question while the evidence and reasoning provide the support (McNeill & 

Krajcik, 2012). 

Though research on students’ understanding of argumentation is fairly new, it is 

known that students must be instructed on the proper language (claim, evidence, and 

reasoning) before they can be expected to construct their own argument (Osborne, 2010). 

The claim is believed to be the easiest part of the argument for students (McNeill & 

Krajcik, 2012), but Sadler (2004) demonstrated that students can struggle with both 

articulating and defending claims. When asked to write a complete CER argument, 

students are most challenged by the reasoning aspect (McNeill et al., 2006; McNeill & 

Krajcik, 2012).  

Discussion 

In a science classroom, discussion should play a critical role in the learning of 

scientific knowledge and practices (Knight & McNeill, 2012) because there is the 

potential benefit of immediate feedback from a teacher or peers (Pimentel & McNeill, 

2013). Based on current literature, Pimentel and McNeill (2013) provide three reasons for 

improving science discussion: 1) increasing content understanding; 2) teaching scientific 

practices; and 3) changing perceptions of science. Despite this, discussions are not a 

frequent occurrence in science classrooms (Newton, et al., 1999). 
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Teachers often have little to no experience with scientific communication (Duschl 

& Osborne, 2002; Newton et al., 1999) and often lack the pedagogical skills and 

confidence to successfully manage classroom discussions (Newton et al., 1999; Driver et 

al., 2000). Therefore, though teachers often recognize that better discussions will increase 

learning, they find it challenging to shift away from more traditional methods of 

instruction, such as call-and-response (Knight & McNeill, 2012; Pimentel & McNeill, 

2013; Osborne et al., 2004; Newton et al., 1999). 

Teachers provide three primary reasons for not using whole class discussions: 1) 

students’ lack of knowledge, experience, and/or motivation; 2) lack of ability to engage a 

classroom of students; and 3) time constraints to cover all content (Pimentel & McNeill, 

2013). This avoidance of whole class discussions only perpetuates the problems because 

students need to be provided with practice time to develop their skills and increase their 

engagement and content knowledge (Duschl et al., 2007).  

Group discussions have been shown to increase learning if students are provided 

with the proper support, such as norms of social interactions, exemplars, defined 

outcomes, and informative materials (Osborne, 2010). Younger grades need 

progressively more support than the older grades (McNeill, 2011). While elementary 

students find it difficult to just make a claim, middle school students are able to make a 

claim, but require more support to justify those claims (McNeill, 2011). Though these 

supports are necessary, it has been shown that fading scaffolding is more productive than 

continuous scaffolding (McNeill et al., 2006). Discussion can provide this scaffolding by 

encouraging students to share their ideas. The study presented here is most interested in 



  9 

 

the impact that Talk Science discussions have on written work in comparison to no 

discussion or a more traditional, call-and-response type of discussion. 

Traditional Discussion. In this study, “traditional discussion” resembles a call-and-

response style of classroom management. This is a teacher-centered classroom that does 

not encourage students to develop reasoning skills by doing science, but is usually 

focused on recall rather than evaluation and synthesis (Duschl & Osborne, 2002). In this 

common situation, the students respond with short statements and do not include 

justifications or collaborate with their peers (McNeill & Krajcik, 2012; Pimentel & 

McNeill, 2013). Because of the prevalence of call-and-response instruction, students are 

given the impression that science consists of completely agreed upon facts that are 

unchanging (Newton et al., 1999). 

Talk Science. The method of discussion that is of interest in this study, Talk Science, 

was designed by researchers at TERC, an education research institution, to stimulate 

productive talk in the classroom using Accountable Talk as a framework (Michaels et al., 

2008; Resnick et al., 2010). Accountable Talk was developed from a Vygotskian 

approach that emphasizes “the importance of social interaction in the development of 

individual mental processes” (Michaels et al., 2008, p. 285). In an Accountable Talk 

discussion, participants are held accountable to their learning community, the standards 

of reasoning, and knowledge (Michaels et al., 2008; Resnick et al., 2010). Resnick et al. 

(2010) presented six talk moves to encourage an Accountable Talk discussion. 

Building upon Accountable Talk, Talk Science adds three more talk moves for a 

total of nine talk move that address four goals of a productive discussion: 1) “share, 

expand, and clarify their own thoughts;” 2) “listen carefully to one another;” 3) “deepen 
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their reasoning;” and 4) “think with others” (Michaels & O’Connor, 2012, p. 9). Talk 

Science is designed to emphasize evidence and reasoning, which may require the 

consideration of incorrect or incomplete ideas (Michaels et al., 2008) and can be difficult 

for teachers (Pimentel & McNeill, 2013). At the start of this project, Talk Science had 

been successfully implemented in the Maine Elementary Sciences Partnership 

(MaineESP) K-5 classrooms and was just being introduced in MainePSP 6-9 classrooms. 

As with any type of productive talk, Talk Science can be challenging to 

implement in a classroom because the norms of discussion, such as listening attentively 

and responding respectfully, are differentially available to students in their lives outside 

of school (Michaels et al., 2008). The students for whom discussion norms are readily 

available may be more fluent in this manner of discourse, which may create an 

unbalanced discussion dominated by a few students (Michaels et al., 2008).  

When a classroom uses Talk Science, it is characteristic of Duschl and Osborne’s 

(2002) classroom focused on evaluation and synthesis rather than recall. This classroom 

is typically more student-centered and includes more peer discussion (Duschl & Osborne, 

2002). Often, teachers pose open-ended questions and allow their students to interact as 

they share ideas (McNeill & Krajcik, 2012). This discussion style has been shown to 

increase academic achievement for diverse groups of students (Michaels et al., 2008).  

Instructional Resources 

In 2010, the RiSE Center established the MainePSP to partner with middle and 

high school teachers across the state of Maine to improve science education as a 

community. The MainePSP teachers share instructional resources for sixth, eighth, and 
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ninth grade science. This research was completed in classrooms using two of these shared 

sets of instructional resources. 

MainePSP Global Climate Change Instructional Resources 

Ninth grade classrooms use the MainePSP Global Climate Change Instructional 

Resources (GCCIR), which was adapted from the EarthComm: Project-Based Space and 

Earth System Science program developed through a collaborative process led by the 

American Geological Institute (Benbow et al., 2012). Over the course of one school year, 

students in the MainePSP learn from five modules, including Astronomy; Earth Systems 

Evolution; Plate Tectonics; Winds, Oceans, Weather and Climate; and Natural Resources 

and Climate Change (Maine Physical Sciences Partnership, n.d.). Each module is divided 

into a number of sections. Ninth grade teachers developed GeoLogs, or worksheet 

packets, that correspond with each section. The GCCIR are designed to use guided 

inquiry learning in a way that is meaningful to students.  

SEPUP Instructional Resources 

Within the MainePSP, sixth and seventh grade classrooms use the Issues & Earth Science 

program from the Science Education for Public Understanding Project (SEPUP) of the 

Lawrence Hall of Science, University of California Berkeley (Regents of the University 

of California, 2012; Maine Physical Sciences Partnership, n.d.). Lessons, called activities 

by SEPUP, are clustered into seven units, including Studying Soils Scientifically, Rocks 

and Minerals, Erosion and Deposition, Plate Tectonics, Weather and Atmosphere, The 

Earth in Space, and Exploring Space. SEPUP is designed to provide guided inquiry 

learning and includes relevant social issues, such as urban development and nuclear 

waste storage. 
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Establishing Norms 

 Within any curriculum, successful implementation of new instructional methods 

requires the construction of a classroom culture that includes scientific argumentation, 

patterns of teacher and student talk, and certain types of teacher questions, such as open-

ended ones (McNeill & Krajcik, 2012). Importantly, students must be allowed time to 

practice scientific skills, including argumentation, if they are to be expected to master 

those skills and, as such, these skills must be established as norms in the classroom 

(Driver et al., 2000; McNeill & Krajcik, 2012). Students must be taught how to 

participate in scientific discourse (Lemke, 1990). At the same time, students must be 

taught how not to behave when participating in a discussion (Duschl & Osborne, 2002). 

It is critical that teachers establish norms in their classrooms to provide 

expectations, as well as examples, for students to use as guidelines (McNeill, 2009; 

McNeill & Krajcik, 2012). Teachers’ behaviors, both positive and negative, directly 

influence students’ engagement in classroom discussion; however, teachers may not 

realize the constraints that these behaviors place on students (Pimentel & McNeill, 2013; 

Simon et al., 2006). Teachers should advance through a process that includes “focus[ing] 

on the importance of talking and listening to others, conveying the meaning of argument 

through modelling and exemplification, positioning oneself within an argument and 

justifying that position using evidence, constructing and evaluating arguments, exercising 

counter-argument and debate, and reflecting upon the nature of argumentation” (Simon et 

al., 2006, p. 255). 
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Study Goals 

Research Questions 

 The MainePSP teachers were concerned about student engagement and students’ 

ability to work with evidence. Additionally, Erduran et al. (2004) suggested that future 

work investigate how student engagement in classroom argumentation improves their 

learning. Thus, the study presented here is primarily interested in determining if, how 

much, and in what ways discussion impacts students’ written arguments. Specifically, 

how does a productive talk discussion, such as Talk Science, influence students’ 

construction of an argument using a structure, such as the Claim, Evidence, Reasoning 

framework? 

Impacts 

The results of this study can potentially be used to influence classroom instruction 

and teacher professional development within and outside of the MainePSP. It has been 

documented that few teachers will implement new methods in their classrooms without 

evidence of a positive outcome (Duschl & Osborne, 2002; Newton et al., 1999). In 

addition, teaching methods greatly influence students’ abilities to reason (Erduran et al., 

2004) and there is evidence that properly used talk-based pedagogy is likely the best 

option for successful classroom instruction (Resnick et al., 2010). Therefore, teachers 

must be prepared and provided with support (Newton et al., 1999) if students are 

expected to learn the language of discourse and successfully participate in both 

discussing and writing about science (Driver et al., 1994). 
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CHAPTER 2 

METHODS 

 Data were collected from one high school classroom and two middle school 

classrooms during the fall of 2015. In each study iteration, students were asked to provide 

written answers to two questions, which will be referred to as Questions 1 and 2, 

following normal classroom instruction. Question 1 was answered without discussion 

beforehand. Prior to answering Question 2, classrooms were assigned to one of three 

discussion protocols. The written answers were scored by three people using a study-

specific rubric and analyzed to determine the impact made by the three discussion 

protocols. 

Participants 

Each participating teacher was involved with the MainePSP through the Maine 

RiSE Center. Each teacher who participated in data collection was required to have at 

least three sections of the same course. All of the students in this study were enrolled in 

an Earth Science class in a public school, either middle school or high school, in Maine. 

Graduate students who assisted with data analysis were enrolled in the Master of Science 

in Teaching (MST) program through the RiSE Center. 

High School 

Data were collected from one high school teacher’s Earth Science classes in this 

iteration of the study. A total of 33 ninth grade students provided at least one written 

response. Twenty-seven students answered Question 1, and 28 students answered 

Question 2; however, only 22 students answered both questions and, thus, produced 
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paired data. When discussing the high school data, the teacher will be referred to by a 

pseudonym, Ms. Allen. 

Middle School 

Data were collected from two middle school teachers’ Earth Science classes in 

this iteration of the study. In all, 71 sixth graders and 62 seventh graders provided written 

responses. Because of an error with data collection in the sixth grade classroom, the sixth 

grade data will not be included in the analyses. Of the 62 seventh graders, 52 answered 

Question 1 and 58 answered Question 2; however, only 48 students answered both 

questions and, thus, produced paired data. When discussing the middle school data, the 

seventh grade teacher will be referred to by a pseudonym, Ms. Johnson. 

Questions 

High School 

The ninth grade teacher was active in the MainePSP and was actively using the 

MainePSP GCCIR curriculum. For this research, two questions were chosen from the 

‘Think About It Again’ questions provided at the end of each GeoLog for Module 1: 

Astronomy (Table 1). Question 1 came from GeoLog 1.1-3: “What do the movements of 

stars and galaxies tell astronomers about how the universe formed?” (Appendix A). 

Question 2 came from GeoLog 1.7: “How do scientists use electromagnetic radiation to 

obtain evidence about the behavior of our universe?” (Appendix B). Students were 

provided answer sheets with instructions for writing with the CER framework (Appendix 

C). 
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Middle School 

The seventh grade teacher was active in the MainePSP and was using the SEPUP 

Issues & Earth Science program. Questions for the seventh grade study were selected 

from the ‘Analysis’ sections within Unit C: Erosion and Deposition of this set of 

instructional resources (Table 1). Question 1 came from Activity 26: Boomtown’s 

Topography: “Do the maps indicate possible problems for building at any of the possible 

locations—Delta Marsh, Green Hill, and Seaside Cliff?” (Appendix D). Question 2 came 

from Activity 29: Weathering, Erosion, and Deposition: “At which of the three building 

sites—Delta Marsh, Green Hill, and Seaside Cliff—would you expect erosion and 

deposition to have the most effect on the land?” (Appendix E). Students were provided 

answer sheets with instructions for writing with the CER framework (Appendix F). 
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Table 1. Study questions selected for high school and middle school students. 

Study Identifier Question 
H

ig
h
 S

ch
o
o
l 

 
1 What do the movements of stars and galaxies tell astronomers 

about how the universe formed? 

2 How do scientists use electromagnetic radiation to obtain evidence 

about the behavior of our universe? 

 Prompt What is electromagnetic radiation and how is it used by scientists? 

M
id

d
le

 S
ch

o
o
l 

 

1 Do the maps indicate possible problems for building at any of the 

possible locations—Delta Marsh, Green Hill, and Seaside Cliff? 

2 At which of the three building sites—Delta Marsh, Green Hill, and 

Seaside Cliff—would you expect erosion and deposition to have 

the most effect on the land? 

  Prompt How do erosion and deposition affect the landscape? 

 

Implementation of Discussion 

Participants answered the first questions (Question 1) without any preceding 

discussions (‘No Discussion’). This established a baseline of the students’ abilities to 

form written arguments. Three whole-class discussion protocols were implemented for 

the second questions (Question 2) and each teacher was allowed to select which of their 

three classes (differentiated as A, B, and C) followed each of the three protocols. Classes 

were assigned to ‘No Discussion,’ ‘Discussion without Talk Science,’ and ‘Discussion 

with Talk Science’ (Table 2). The classes that used Talk Science were provided with a 
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handout that was adapted from the Talk Science Checklist (Appendix G). In the high 

school classroom, a MainePSP Teaching Partner was present and served as an assistant in 

the class that had the discussion with Talk Science; however, he did not play a large role 

in the discussion and spoke minimally. 

Table 2. Discussion protocol assignments for each class. All three classes (A, B, and C) 

belong to the same teacher. The same protocol design was used for both high school and 

middle school. 

  Question 1 Question 2 

C
la

ss
 

A No Discussion No Discussion 

B No Discussion Discussion without Talk Science 

C No Discussion Discussion with Talk Science 

 

When asked to discuss, students in Classes B and C did not discuss Question 2, 

but were prompted with a related question written by teachers and researchers to elicit 

rich discussions. For high school students, Question 2 was prompted with: “What is 

electromagnetic radiation and how is it used by scientists?” and, for middle school 

students, Question 2 was prompted with: “How do erosion and deposition affect the 

landscape?” Because a related prompt question was used, students were forced to draw 

upon their discussion and think critically about the question they answered in writing 

rather than simply writing what was discussed previously.  
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Data Collected 

 Three forms of data were collected: 1) rubric scores for students’ written 

responses; 2) students’ discussion reflections; and 3) audio recordings of classroom 

discussions. 

Rubric Scores 

A scoring rubric was designed to standardize the scoring of students’ responses 

using the CER rubric provided by McNeill and Krajcik (2012) as a template. Many drafts 

of the rubric were prepared over the course of the study and they were routinely edited by 

RiSE Center staff, MST students, and MainePSP teachers. In the end, the rubric included 

four scores (1-4) for four categories: 1) quality of claim; 2) use of evidence; 3) quality of 

reasoning; and 4) accuracy of content (Fig. 3). The first three encompass the CER 

framework. A score for content allowed for the separation of student learning and student 

ability to construct a written argument using CER, although these are closely connected 

for many students.



 

   

 

2
0
 

 1 2 3 4 

 Does Not Meet Expectations Partially Meets Expectations Meets Expectations Exceeds Expectations 

C
o

n
te

n
t 

Does not make a claim or claim is 

unrelated to the question 

Claim restates the question, 

provides no new information, or 

provides incorrect information 

Claim answers the question and is 

correct, but does not stand alone 

Claim answers the question, is 

correct, and stands alone; includes a 

qualitative or quantitative context 

E
v

id
en

ce
 

Does not provide evidence or 

evidence does not support the claim 

1 piece of evidence or fact that 

supports the claim, but no data is 

provided 

2 pieces of evidence or facts that 

support the claim and may include 1 

piece of data  

2 pieces of evidence or facts that 

support the claim and includes data  

R
ea

so
n

in
g

 

Does not provide reasoning or  

reasoning is unrelated to question, 

claim, or evidence 

Refers to the claim and evidence, 

but is missing details or scientific 

principles or may restate claim 

Links the claim and evidence using 

scientific principles 

Links the claim and evidence using 

scientific principles and provides a 

deeper understanding and/or 

addresses greater impacts 

C
o

n
te

n
t 

Does not demonstrate an 

understanding of the lesson and 

may include false or irrelevant 

information 

Demonstrates a general 

understanding of the lesson, but 

does not incorporate specific data or 

facts 

Demonstrates a good understanding 

of the lesson and incorporates some 

data or facts, but is missing 

relationships 

Demonstrates a strong 

understanding of lesson and 

incorporates specific data and facts 

to construct relationships 

 

Figure 3. Rubric designed for this research to score students’ written responses. Adapted from McNeill and Krajcik (2012). 
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All scoring of student responses was done using a blind method, so that scorers 

did not know which students had which discussion protocols. Student responses were 

scored by the author and two other MST students from the RiSE Center to ensure inter-

rater reliability. Because of the complexity of the responses, it was necessary for each of 

the three scorers to score each response. The scores were discussed until a consensus was 

reached. With both the high school and the middle school data, the three scorers reached 

100% agreement. For scoring purposes, some assumptions had to be made: 

 The first sentence was accepted as the claim; though, exceptions were allowed if 

all scorers agreed. Only one exception was made for a seventh grade response 

where the last sentence was clearly written as a claim. This exception was agreed 

upon by the three scorers. 

 Based on discussions with ninth grade teachers, the word ‘data’ does not refer to 

the same thing as the word ‘evidence.’ In their classrooms, evidence is any and all 

support of a claim, while data are quantitative measurements. Therefore, all data 

could be used as evidence, but not all evidence could be data. 

 It is impossible to have reasoning without including evidence. Thus, any 

responses that did not include satisfactory evidence could not be given a high 

reasoning score. 

 Responses written as lists, either with bullet points or numbers, were not included 

because argumentation involves using language to connect ideas and a list does 

not accomplish this. Eight middle school students were excluded from the study 

because of this, which brought the number of paired responses to 40. However, 
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responses that made use of headings to indicate the parts of their argument (i.e. 

claim, evidence, and reasoning) were included.  

 Mathematical symbols and drawings were not accepted as written work because, 

as with lists, symbols and drawings do not clearly convey the language necessary 

for argumentation. However, arrows indicating increasing, decreasing, or 

movement were accepted because many teachers reported using arrows in this 

way during instruction. 

Only students who answered both questions were included in the analysis. The 

distribution of scores was considered independently for each of the four parts of the 

rubric. A gains score was determined for each of the four parts of the rubric. For each, the 

score for Question 1 was subtracted from the score for Question 2 to produce a 

quantifiable gain. Gains were categorized as ‘positive,’ ‘neutral,’ or ‘negative’ to account 

for the categorical scoring procedure. Within each rubric part, gains scores were sorted 

into their original discussion protocol groupings to better demonstrate which class made 

the most improvement between Question 1 and Question 2. 

Discussion Reflections 

Following the second questions, students were asked to reflect on the usefulness 

of discussion. Students who did not have a discussion were asked “How would a 

discussion have helped you write your answer?” (Appendix H) and students who did 

have a discussion, either with or without Talk Science, were asked “How did your 

discussion help you write your answer?” (Appendix H). 

The reflections were divided into four categories: 1) not reflective; 2) negative; 3) 

positive, appreciates answer; and 4) positive, appreciates explanation (Fig. 4). Though the 
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latter two categories were both positive, the reflections can be easily divided. The third 

category included students who valued gaining information that could be used to write an 

answer. The fourth category included students who valued gaining a better understanding 

of the material, which then helped them write an answer. Some reflections provided 

content examples and those were given an asterisk (*) after the numerical score. 

Reflections that only included content were scored as ‘not reflective,’ but were asterisked 

for providing an example.  

For scoring purposes, the scores were considered additive, so that, when a student 

emphasized ideas from two or more categories, the higher score was assigned. Discussion 

reflections were also scored by the author and the same two MST students who assisted 

with the rubric scoring of the written responses. The scores were discussed until a 

consensus was reached. With both the high school data and the middle school data, the 

three scorers reached 100% agreement.



 

   

 

2
4
 

Score Definition  Example 

1 Not reflective Provides unclear information about the 

usefulness of a discussion. 

Because our whole class discussed it and we recorded 

it so you can look back at the recording. 

2 Negative Does not value a discussion when 

writing a response. 

people are dumb so it didnt help me. It was just a 

distracton and a waste of time. 

3 Positive,  

appreciates answer 

Values a discussion and appreciates 

more information to use. 

I heard a lot of opinions to write down. Most were the 

same, giving me the correct answer. 

4 Positive,  

appreciates explanation 

Values a discussion and appreciates 

greater understanding of content. 

(It) helped me understand things more. When everyone 

was involved. It also helped explain things easier. 

* Provides an example Provides content from the discussion, 

may score 1-4 above. 

We talked about the doppler effect and how the 

universe is expanding. 

Figure 4. Rubric for scoring discussion reflections with definitions and examples. Students who provided a content example have an 

asterisk (*) after their numerical score of 1-4. Examples from high school students are indicated with italics. 
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Audio Recording 

Each discussion was audio-recorded using either handheld recorders or cell 

phones. Each discussion was recorded by multiple devices to ensure adequate coverage. 

The discussions were transcribed using Express Scribe Transcription Software (NCH 

Software, 2016). Classroom discussions centered on classroom management were deleted 

from the transcription, though the breaks were indicated. Pseudonyms were provided for 

the teachers and a number was provided for each student. When a student could be 

identified as a previous speaker, his or her number was maintained. However, often this 

distinction was not possible; thus, in many cases multiple numbers might refer to the 

same student. Transcription codes are provided in Table 3. 

 

Table 3. Codes used in transcriptions of audio recordings. 

Code Definition 

/// Indicates that the speaker trailed off without completing his or her thought. 

/ Indicates that the speech was truncated, usually because the speaker was 

interrupted. 

(…) Indicates that a section of speech is either inaudible or unintelligible. 

… Indicates a pause in speech. 

 

The transcriptions were analyzed for frequency of teacher statements that 

included talk moves and frequency of student-student discussion. Frequency of talk 

moves was determined by calculating a percentage by counting the number of moves and 

the total number of times the teacher spoke. Student-student discussion was defined as an 
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interaction between students that contributed positively to the discussion. This did not 

include off-task comments (e.g. “I thought we had one quiz.”) or agreeing/disagreeing 

comments (e.g. “That’s what I was going to say.”). 

Teacher Perspective 

 Following data collection, the participating teachers were sent a brief 

questionnaire to gain their perspectives on the research project (Appendix I). This 

questionnaire consisted of eight open-ended questions that were written by the research 

team. This was emailed with a copy of the scoring rubric and both teachers responded 

with their feedback. 
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CHAPTER 3 

RESULTS 

 

 Three types of data were collected in this study: 1) written responses to questions; 

2) written reflections about the discussion; and 3) audio recordings of the discussion. The 

results of each are reported from the high school classroom and then middle school 

classroom.  

Rubric Scores 

High School 

 In the high school section of this study, 22 students answered both questions and 

their scores are reported here. The ‘No Discussion’ class had four students, the 

‘Discussion without Talk Science’ class had seven students, and the ‘Discussion with 

Talk Science’ class had 11 students. Because of the small number of students in each 

class, any conclusions are tentative. 

Claim. Across classes and questions, the greatest number of students received a score of 

‘3’ for their claim (Fig. 5A). A number of students received a ‘1’ or ‘2’ and only four 

students received a ‘4’ for their claim.  

In the ‘No Discussion’ class, two of the four students (50%) increased their scores 

(Fig. 5B). Students in the ‘Discussion without Talk Science’ class showed the greatest 

improvement in their claim scores on Question 2. In this class, four of the seven students 

(57%) increased their claim scores. In the ‘Discussion with Talk Science’ class, only two 

of the 11 students (18%) increased their scores. 
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Figure 5. Claim scores received by high school students. A, Distribution of scores. B, 

Score gains between Question 1 and Question 2. 
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Evidence. Across classes and questions, the greatest number of students received a score 

of ‘1’ for their use of evidence (Fig. 6A). A number of students received a ‘2’ and only 

two students received a ‘3.’ No students received a ‘4’ for their use of evidence.   

In the ‘No Discussion’ and the ‘Discussion without Talk Science’ classes, no 

students increased their evidence scores, but most remained neutral (75% and 71%, 

respectively) (Fig. 6B). Students in the ‘Discussion with Talk Science’ class showed the 

greatest improvement in their evidence scores on Question 2. In this class, six of the 11 

students (55%) increased their evidence scores.  
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Figure 6. Evidence scores received by high school students. A, Distribution of scores. B, 

Score gains between Question 1 and Question 2. 
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Reasoning. Across classes and questions, the greatest number of students received a 

score of ‘1’ for their use of reasoning (Fig. 7A). A number of students received a ‘2’ and 

only four students received a ‘3.’ No students received a ‘4’ for their use of reasoning. 

In the ‘No Discussion’ and the ‘Discussion without Talk Science’ classes, no 

students increased their reasoning scores, but most remained neutral (75% and 71%, 

respectively) (Fig.7B). Students in the ‘Discussion with Talk Science’ class showed the 

greatest improvement in their reasoning scores on Question 2. In this class, five of the 11 

students (45%) increased their reasoning scores and the other six students remained 

neutral.  
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Figure 7. Reasoning scores received by high school students. A, Distribution of scores. B, 

Score gains between Question 1 and Question 2. 
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Content. Across classes and questions, the greatest number of students received a score 

of ‘2’ for their content knowledge (Fig. 8A). A number of students received a ‘1’ or ‘3,’ 

but no students received a ‘4’ for content. 

In the ‘No Discussion’ class, two of the four students (50%) increased their scores 

(Fig. 8B). In the ‘Discussion without Talk Science’ class, only three of the seven students 

(43%) increased their scores. Students in the ‘Discussion with Talk Science’ class 

showed the greatest improvement in their content scores on Question 2. In this class, 

seven of the 11 students (64%) increased their content scores and the other three students 

remained neutral.  
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Figure 8. Content scores received by high school students. A, Distribution of scores. B, 

Score gains between Question 1 and Question 2. 
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Middle School 

In the middle school section of this study, 40 seventh graders answered both 

questions and their scores are reported here. The ‘No Discussion’ class had 15 students, 

the ‘Discussion without Talk Science’ class had 10 students, and the ‘Discussion with 

Talk Science’ class had 15 students. Again, because of the small number of students in 

each class, any conclusions are tentative. 

Claim. Across classes and questions, the greatest number of students received a score of 

‘3’ for their claim (Fig. 9A). Among the other students, more students received a ‘4’ than 

received the lower scores of ‘1’ or ‘2.’ 

Students in the ‘No Discussion’ class showed the greatest improvement in their 

claim scores on Question 2 (Fig. 9B). In this class, nine of the 15 students (60%) 

increased their claim scores. In the ‘Discussion without Talk Science’ class, only one 

student (10%) increased his or her score. In the ‘Discussion with Talk Science’ class, 

seven of the 15 students (47%) increased their scores. In the two classes that had a 

discussion, more students remained neutral than decreased their score. 
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Figure 9. Claim scores received by middle school students. A, Distribution of scores. B, 

Score gains between Question 1 and Question 2. 
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Evidence. Across classes and questions, the greatest number of students received a score 

of ‘1’ for their use of evidence (Fig. 10A). A number of students received a ‘2’ and only 

two students received a ‘3.’ No students received a ‘4’ for their use of evidence.   

Each of the three classes had two students who increased their evidence scores on 

Question 2 (‘No Discussion’ = 13%, ‘Discussion without Talk Science’ = 20%, and 

‘Discussion with Talk Science’ = 13%) (Fig. 10B). In the ‘No Discussion’ and the 

‘Discussion with Talk Science’ classes, most students (73% and 60%, respectively) 

remained neutral, while half of the students (50%) in the ‘Discussion without Talk 

Science’ class decreased their evidence scores. 
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Figure 10. Evidence scores received by middle school students. A, Distribution of scores. 

B, Score gains between Question 1 and Question 2. 
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Reasoning. Across classes and questions, the greatest number of students received a 

score of ‘1’ for their use of reasoning (Fig. 11A). A number of students received a ‘2’ and 

fewer students received a ‘3’ for their use of reasoning. Only two students received a ‘4’ 

for their use of reasoning, though these scores were received for Question 1 when none of 

the classes had a discussion. 

In the ‘No Discussion’ class, only one student increased his or her reasoning 

scores (7%) (Fig. 11B). Students in both classes that had a discussion showed the greatest 

improvement in their reasoning scores on Question 2. In the ‘Discussion without Talk 

Science’ class, two of the 10 students (20%) increased their reasoning scores and, in the 

‘Discussion with Talk Science’ class, three of the 15 students (20%) increased their 

reasoning scores. The majority of students in all three classes had neither a positive nor a 

negative gain, but their scores remained neutral. 
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Figure 11. Reasoning scores received by middle school students. A, Distribution of 

scores. B, Score gains between Question 1 and Question 2. 
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Content. Across classes and questions, the greatest number of students received a score 

of ‘1’ for their content knowledge (Fig. 12A). Slightly fewer students received a ‘2’ and a 

small number of students received a ‘3’ for their content knowledge. Only two students in 

the ‘Discussion with Talk Science’ class received a ‘4’ for content, but both were earned 

for Question 1 when there was no discussion. 

Students in the ‘No Discussion’ class showed the greatest improvement in their 

content scores on Question 2 (Fig. 12B). In this class, seven of the 15 students (47%) 

increased their content scores and the other eight students remained neutral. In the 

‘Discussion without Talk Science’ class, three of the 10 students (30%) increased their 

scores. In the ‘Discussion with Talk Science’ class, five of the 15 students (33%) 

increased their scores. 
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Figure 12. Content scores received by middle school students. A, Distribution of scores. 

B, Score gains between Question 1 and Question 2. 
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Discussion Reflections 

 Discussion reflections were written after students answered Question 2. The 

reflections reported here include those written by students who may not have answered 

Question 1 and, thus, are not included in the rubric scores presented previously. 

High School  

 Discussion reflections were written by 25 high school students. Of these students, 

22 students answered both Question 1 and Question 2 while three students only answered 

Question 2. 

No Discussion. After answering Question 2, six of seven students in the ‘No Discussion’ 

class submitted discussion reflections (Fig. 13). One student did not provide a clear 

reflection and one student wrote a negative response. The other four students wrote 

positive reflections with two appreciating the answer and two appreciating the 

explanation. 

Discussion without Talk Science. After answering Question 2, seven of eight students in 

the ‘Discussion without Talk Science’ class submitted discussion reflections (Fig. 13). 

Two students did not provide clear reflections, but no students wrote negative responses. 

The other five students wrote positive reflections with three appreciating the answer and 

two appreciating the explanation. 

Discussion with Talk Science. After answering Question 2, 12 of 13 students in the 

‘Discussion with Talk Science’ class submitted discussion reflections (Fig. 13). No 

students provided unclear reflections, but two students provided negative responses. The 
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other 10 students wrote positive reflections with four appreciating the answer and six 

appreciating the explanation. 

Middle School  

 Discussion reflections were written by 57 seventh grade students. Of these 

students, 40 students answered both Question 1 and Question 2 while one student only 

answered Question 1 and 16 students only answered Question 2. 

No Discussion. After answering Question 2, all 19 students in the ‘No Discussion’ class 

submitted discussion reflections (Fig. 13). No students provided unclear reflections, but 

one student provided a negative response. The other 18 students wrote positive 

reflections with seven appreciating the answer and 11 appreciating the explanation. 

Discussion without Talk Science. After answering Question 2, 19 of 20 students in the 

‘Discussion without Talk Science’ class submitted discussion reflections (Fig. 13). Two 

students did not provide clear reflections and three students wrote negative responses. 

The other 14 students wrote positive reflections with seven appreciating the answer and 

seven appreciating the explanation. 

Discussion with Talk Science. After answering Question 2, all 19 students in the 

‘Discussion with Talk Science’ class submitted discussion reflections (Fig. 13). Five 

students did not provide clear reflections and three students wrote negative responses. 

The other 11 students wrote positive reflections with three appreciating the answer and 

eight appreciating the explanation. 
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Figure 13. Discussion reflections scores. A, High school students. B, Middle school 

students. 
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Audio Recording 

Discussion without Talk Science. In high school, the ‘Discussion without Talk Science’ 

class talked for 4:50 minutes. The teacher, Ms. Allen, spoke 26 times and used talk 

moves four of those times for a frequency of 15.4%. Two of these moves were from Goal 

1 and two were from Goal 2 (Fig. 14). There was no student-student discussion. 

In middle school, the ‘Discussion without Talk Science’ class talked for 3:17 

minutes. The teacher, Ms. Johnson, spoke 15 times and used talk moves zero of those 

times for a frequency of 0.0% (Fig. 14). There was one instance of student-student 

discussion. 

Discussion with Talk Science. In high school, the ‘Discussion with Talk Science’ class 

talked for 17:08 minutes. The teacher, Ms. Allen, spoke 76 times and used talk moves 18 

of those times for a frequency of 23.7%. Of the 18 talk moves, six were from Goal 1, 

three were from Goal 2, three were from Goal 3, and seven were from Goal 4 (Fig. 14). 

The teaching partner spoke eight times and did not use talk moves. There was no student-

student discussion; though, they did frequently provide answers simultaneously and talk 

over one another. 

 In middle school, the ‘Discussion with Talk Science’ class talked for 6:05 

minutes. The teacher, Ms. Johnson, spoke 26 times and used talk moves nine of those 

times for a frequency of 34.6%. Of the nine talk moves, one was from Goal 1 and eight 

were from Goal 4 (Fig. 14). There were two instances of students using talk moves to 

further the discussion and two instances of student-student discussion. 
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Figure 14. Teacher use of talk moves during classes with discussions. The goals are 

provided in Appendix G.
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CHAPTER 4 

DISCUSSION 

 Three aspects of this research are worthy of further discussion: 1) the findings that 

came from the data; 2) the research process from the perspective of researchers and 

teachers; and 3) possible impacts, including potential opportunities for future research. 

Student Work 

Student Responses to Questions 

High School. In the ninth grade class that discussed with Talk Science, students showed 

improvement on evidence, reasoning, and content, which are the parts that Talk Science 

discussions are designed to emphasize (Michaels et al., 2008). In contrast, traditional call-

and-response discussions often emphasize the claim, which is the only part that improved 

in the class that discussed without Talk Science. These call-and-response discussions do 

not push students beyond the claim to consider evidence and reasoning (Duschl & 

Osborne, 2002).  

Student A11 participated in the discussion with Talk Science and is a typical 

example of a positive gain (Fig. 15). His or her score remained neutral for the claim, but 

improved for the other three categories—evidence, reasoning, and content. This student 

received a score of 3 for content because, even though he or she switched the movement 

associated with red and blue shifts, he or she explained the relationship between color, 

wavelength, and energy. Student A05 participated in the discussion with Talk Science 

and is a typical example of a negative gain (Fig. 16). His or her score remained neutral 

for the reasoning and content, but decreased for the other two categories—claim and 

evidence. 
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Figure 15. Responses written by high school student A11 that demonstrate positive gains. This student was in the ‘Discussion with 

Talk Science’ class. For Question 1, this student received the following scores: 3 (Claim), 1 (Evidence), 1 (Reasoning), and 1 

(Content). For Question 2, this student received the following scores: 3 (Claim), 2 (Evidence), 3 (Reasoning), and 3 (Content).  

1. What do the movements of stars and galaxies tell astronomers about how the universe formed? 

  

 

That the universe is expanding/evidence is that when the space shuttle 

goes far the wave lengh spread apart and that means when we se red 

wave lengths the univerce is getting larger. 

2. How do scientists use electromagnetic radiation to obtain evidence about the behavior of our universe? 

  They use it to show the universe is expanding. They do this by using 

radiation and the measure of the wave lengths. The wave lengths can 

tell scientist the amount of energy in the waves and the amount of 

energy shows color. The Doppler effect shows us that if we see red the 

wave legths are farther apart/coming towards us. blue shows us short 

wave lengths and that its expanding. 

 



  

 

 

5
0
 

Figure 16. Responses written by high school student A05 that demonstrate negative gains. This student was in the ‘Discussion with 

Talk Science’ class. For Question 1, this student received the following scores: 3 (Claim), 2 (Evidence), 1 (Reasoning), and 2 

(Content). For Question 2, this student received the following scores: 1 (Claim), 1 (Evidence), 1 (Reasoning), and 2 (Content). 

  

 

1. What do the movements of stars and galaxies tell astronomers about how the universe formed?  

 Big bang happened so the universe is constantly expanding. Because 

of the Doppler effect, red and blue waves. When an object moves it 

expands. 

2. How do scientists use electromagnetic radiation to obtain evidence about the behavior of our universe? 

 Use spectrometer. Use doppler effect on seeing stars. Seeing blue a red 

waves for short and far. So this helps with the identification with 

wavelengths.  
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Middle School. Overall, middle school classrooms do not demonstrate the same pattern 

of improvement as the high school students. There were some examples, however, so this 

could potentially be a result of the questions selected. It appeared to be easier for students 

to make a satisfactory claim for Question 2; though, this did not seem to be the case for 

evidence, reasoning, or content. If the question was indeed easier, this could cause 

unintentionally higher scores on Question 2 and skew the data.  

Student J57 participated in the discussion with Talk Science and is a typical 

example of a positive gain (Fig. 17). His or her score decreased for the claim, but 

improved for the other three categories—evidence, reasoning, and content. Student J12 

participated in the discussion with Talk Science and is a typical example of a negative 

gain (Fig. 18). His or her score remained neutral for the claim and reasoning, but 

decreased for the other two categories—evidence and content. 
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Figure 17. Responses written by middle school student J57 that demonstrate positive gains. This student was in the ‘Discussion with 

Talk Science’ class. For Question 1, this student received the following scores: 4 (Claim), 1 (Evidence), 1 (Reasoning), and 2 

(Content). For Question 2, this student received the following scores: 3 (Claim), 2 (Evidence), 2 (Reasoning), and 3 (Content). 

1. Do the maps indicate possible problems for building at any of the possible locations? 

 Yes, the Seaside Cliff is not a good place because the bay gets closer 

every 20 years or so, which means that in 40-80 years the bay will make 

the cliff too soft to support a building. The green hill keeps expanding 

it’s like a mud pile, it starts off tall but spreads out over time. The Delta 

marsh expands, but not as steep as the green hill. 

  

2. At which of the three building sites would you expect erosion and deposition to have the most effect on the land? 

 
I believe that the cliff will be affected the most. for evidence the cliff can 

get hit with water and erode, this will make the land very unstable. My 

reasoning is that building a house, it may be fine, but then BAM!, the 

cliff shifts and your house falls off, into the bay. FAIL! 
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Figure 18. Responses written by middle school student J12 that demonstrate negative gains. This student was in the ‘Discussion 

without Talk Science’ class. For Question 1, this student received the following scores: 4 (Claim), 2 (Evidence), 1 (Reasoning), and 3 

(Content). For Question 2, this student received the following scores: 4 (Claim), 1 (Evidence), 1 (Reasoning), and 2 (Content). 

1. Do the maps indicate possible problems for building at any of the possible locations? 

 Yes, because we don’t know the stability of the buildings and the river 

may get larger and if the building (s) are to close they could flood and 

the problem that is most likely to occur is not knowing the location 

which the building (s) are going to (…) depends also on the stability. 

Which could cause an issue. Because, the river does seem to get a little 

larger over the years. 

2. At which of the three building sites would you expect erosion and deposition to have the most effect on the land? 

 SeaSide Cliff because the waves of the sea will more than likley to 

break down the sediment from the cliff. And because of how it breaks it 

down it will more likley cause Erosion and/or Deposition because the 

sediment of the cliff may break into big peicies. 
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Student Reflections about Discussion 

 Students were overwhelmingly positive when asked to reflect on the usefulness of 

a discussion. This was the case in both middle and high school and classes using any of 

the three discussion protocols. In high school classes, a higher percentage of students 

who had a discussion with Talk Science were positive (83.3%) than those who had a 

discussion without Talk Science (71.4%) and those who did not have a discussion 

(66.7%). Interestingly, this pattern was reversed in the middle school classes with the 

highest percentage of positive reflections coming from students who did not have a 

discussion (94.7%) and lower percentages of positive reflections from students who had a 

discussion without Talk Science (73.7%) or a discussion with Talk Science (57.9%).  

  Of the classes that had discussions, students who discussed with Talk Science 

were more likely to write reflections that suggested they appreciated the explanation 

more than the answer. For example, high school student A11, who was discussed above, 

seemed to value the discussion for helping him or her to “put together everything [he or 

she] learned” and even provided an example of learned content (Fig. 19). In two cases, 

students who discussed with Talk Science wrote negative reflections, such as that 

provided by A05 (Fig. 19), whose answers were also discussed above. Student A05’s 

negative reflection corresponds with his or her negative gains for the written responses. 

Both middle school students discussed above—J57 and J12—earned scores of 4 

for their reflections (Fig. 20). These students valued their discussion similarly even 

though only J57 made positive gains on his or her written work while J12 had negative 

gains. Both students were in the class that had a discussion with Talk Science, so it is 

possible that J12’s negative gains come from difficulty with the CER framework.
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Figure 19. Reflections written by high school students A11 and A05. Both of these students were in the ‘Discussion with Talk 

Science’ class. For the reflection, A11 received a score of 4* and A05 received a score of 2. 

 

 

 How did your discussion help you write your answer?  

A11 

 

 

 

 

 

2 

 It helped me explain things better. It also helped me understand it 

better. The discussion helped me put together everything I learned and 

relate it to each other. For example like how the doppler effect relates to 

electromagnetic radiation. 

A05  Didn’t really help, because we were all unfocused, and talked all at 

once. 
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Figure 20. Reflections written by high school students J57 and J12. Both of these students were in the ‘Discussion with Talk Science’ 

class. For the reflection, both J57 and J12 received scores of 4. 

 

 

 

  

  

 

 

 How did your discussion help you write your answer?  

J57  I got many ideas that sparked my thoughts. 

J12  

 

because it tought me a little bit more about erosion and deposision and 

how the process works. Also on how it is most likley to happen and 

how it happens. 
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Discussions that use Talk Science emphasize evidence and reasoning, which 

should produce greater understanding (Michaels et al., 2008). Often, during the course of 

this study, the MainePSP teachers reported resisting incorporating discussions in their 

classrooms because of the time commitment required and their perception that students 

do not benefit from the discussions. Both of these impressions have been documented 

among teachers and reported in the literature (Pimentel & McNeill, 2013). Here, it is 

shown that students do value discussions and that it might be worth the time commitment 

to have productive classroom discussions. 

Audio Recordings of Discussion 

High School. The high school discussion without Talk Science was characterized by the 

typical call-and-response interaction between the teacher and the students (Duschl & 

Osborne, 2002) (Fig. 21). Ms. Allen asked very direct questions and each response was 

brief. There was very little critical thinking apparent in the students’ responses and there 

was no student-student interaction or building on other’s ideas. 

The high school discussion with Talk Science was more characteristic of the 

interactive discussion that was expected from Michaels et al. (2008) and Michaels and 

O’Connor (2012) (Fig. 22). Ms. Allen successfully used talk moves to encourage students 

to talk and share evidence and reasoning. Ms. Allen asked students to support their 

statements with evidence. Moreover, there was an example of student interaction when 

three students discuss wavelengths. This type of interaction among students is crucial for 

sociocultural learning (Newton et al., 1999). 
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MS. ALLEN: What comes from the sun? 

3: Radiation. 

MS. ALLEN: That's one. Radiation.  

4: Infrared. 

MS. ALLEN: Infrared. What else? 

5: Heat. 

6: Eyes. Light. 

MS. ALLEN: What kind of light? 

7: Visible light. 

8: Blinding light. 

MS. ALLEN: Ok. Visible light. So all these things that we're 

saying, what do we think they are? 

9: Electromagnetic radiation? 

MS. ALLEN: Yeah, ok, so let's talk about that a little bit 

more. So, tell me what you know about these 

electromagnetic radiation. So, we just said that it’s that 

visible light and then the waves that are outside of the visible 

spectrum. We just listed off a couple. So let's maybe talk 

about each one. So say one. 

7: Visible light. 

MS. ALLEN: What do we know about visible light? 

7: You can physically see it. I don't know. 

MS. ALLEN: Ok. What are the colors? 

7: Red, orange, yellow, green, blue, purple and indigo. 

Figure 21. Selected discussion from the high school class that discussed without Talk Science. Notice the short answers provided by 

the students and the lack of evidence and reasoning in their answers. 
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MS. ALLEN: Ok, so can someone that hasn't talked yet kind 

of bounce off of what he's saying with this red and blue 

shift? 

49: Um/// 

50: It's closer when it's red. No/// 

MS. ALLEN: What might be your evidence? 

Multiple Students: It's farther away when it's red and it's 

closer when it's blue.  

51: Wavelength///  

MS. ALLEN: Ok, Student 51 I like what you're saying. I 

agree with that, but can you give me some more evidence 

behind that? 

51: The wavelengths will be bigger wavelengths when it's 

red and smaller wavelengths when it's blue. 

52: The other way around. 

51: Or the other way around. 

53: No, she was right. 

MS. ALLEN: No. 

51: I was right. Don't laugh at me. 

52: I wasn't laughing 

MS. ALLEN: No more. Student 54, can you resay what she 

just said? 

54: When you see red, the wavelengths are further apart. 

When you see blue, the wavelengths are closer apart. 

Figure 22. Selected discussion from the high school class that discussed with Talk Science. Notice the more in-depth answers 

provided by the students and the interaction as Students 51, 52, and 53 discuss wavelengths. 
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Middle School. The middle school discussion without Talk Science also was 

characterized by the typical call-and-response interaction between the teacher and the 

students (Duschl & Osborne, 2002) (Fig. 23). As with the high school class, Ms. Johnson 

asked very direct questions and moved from one student to the next. Each student offered 

a statement, but was not asked to support it with evidence or reasoning. There was an 

attempt at student-student interaction, but the second student was reaffirming the first 

statement and did not constructively advance the conversation. 

The middle school discussion with Talk Science was more characteristic of the 

discussion that was expected from Michaels et al. (2008) and Michaels and O’Connor 

(2012) (Fig. 24). In this case, Ms. Johnson used talk moves, but did not stimulate 

interactive discussion and did not push the students to use evidence and reasoning. 

Although the students provided more thoughtful responses, they did not have a more 

productive discussion in terms of argumentation.  
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3: What was the question again? 

MS. JOHNSON: How do erosion and deposition affect our 

landscape? 

4: Well...um/// 

5: I know the answer. 

4: I know what I want to say.  

(Classroom management) 

MS. JOHNSON: Student 4, I'm sorry for interrupting. I can 

come back to you, too. 

4: Ok. 

MS. JOHNSON: Um, oh, Student 7. 

7: Erosion breaks things down, so that can cause a bunch of 

different things to happen/// 

8: Yeah, like if there was a (…) or something, it would be 

like crumble, crumble, crumble. 

MS. JOHNSON: Ok. 

7: And, deposition moves things around. 

MS. JOHNSON: Ok, thank you. 

8: Me? 

MS. JOHNSON: Yep. 

8: Erosion can damage like houses and um...like land. 

MS. JOHNSON: Thank you. 

Figure 23. Selected discussion from the middle school class that discussed without Talk Science. Notice the less thoughtful responses 

and the punctuated movement from one student to the next. 

 



 

 

 

6
2
 

MS. JOHNSON: Student 1, let's start us off. 

1: Well, like, the erosion, like, like even like, make like, it 

can take out like, places like built, like if there's like 

buildings or something, like erosion happens, it'll wipe the 

building out. And, like the deposition, could like carry it 

away and then like (...) something bigger or like could clog 

something and, yeah, that's my thought. 

MS. JOHNSON: Ok...Student 2, you can respond to what he 

has said or you can respond with a new idea. 

2: I'm going to respond with a new idea. 

MS. JOHNSON: Ok. 

2: Um, if there's like a river and like rocks at the top, the  

river would like, would like slide up against you or 

whatever, the water, it would like break particles down and 

stuff and then it could like, like the river's going this way, 

but everything could break off that way or something, like 

make a new landform. That'd be cool. 

MS. JOHNSON: Who would like to add on to what Student 2 

has said or a new idea? Student 3? So, how can you add on 

to what he said, either by saying "I agree with you, Student 

2, because///"  

3: I agree with you, Student 2, because/// 

MS. JOHNSON: And, because? 

4: Because he's awesome 

Figure 24. Selected discussion from the middle school class that discussed with Talk Science. Notice the more thoughtful answers, but 

the lack of evidence and reasoning.
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Analysis of Research Process 

Collaboration 

This study involved teachers and researchers at each step in the process as is 

suggested in DBIR (Penuel et al., 2011). A team of teachers worked to identify the 

problem of interest and the integration of Talk Science and the CER framework. A team 

of graduate students worked alongside the teachers to select the questions, design the 

rubric, and score the student work. This collaboration was beneficial because it included 

both perspectives and greatly improved the research project. For example, the reflection 

question that was asked of the ‘No Discussion’ classes was a last-minute addition by the 

ninth grade teacher and provided a comparison between those students who discussed 

before writing and those who did not. 

Question Selection 

Written responses were collected using questions selected from the existing 

curricula that were in place in the classrooms. Existing questions were selected to 

minimize classroom disruption during data collection. The high school questions were 

selected by a group of teachers and researchers. However, the middle school questions 

were selected only by researchers and these questions, particularly the second question, 

proved difficult to write using a CER framework and was equally difficult to score using 

the rubric. In this case, it was much more beneficial to have the teachers involved in this 

step of the process. In the future, it will be important to ensure that the questions are truly 

comparable. 
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Rubric Design 

The final rubric was designed through a collaborative effort between teachers and 

researchers. Initially, the researchers recommended a draft rubric that the teachers 

thought underestimated the work of the students. After many drafts, the final rubric was 

agreed upon for data scoring. A few important aspects of research design were brought 

up by teachers that the researchers would not have considered. For instance, in their 

classrooms, many high school teachers consider all data to be potential evidence, but not 

all evidence to be data, so that data are only quantitative, while evidence may be 

qualitative or quantitative.  

 In the end, though the rubric was suitable for the research, the teachers decided it 

was not appropriate for use as an assessment tool in the classroom. Some teachers had 

difficulty focusing on the structure of the written work while disregarding the content. 

They also found it challenging to look at the parts of the argument separately rather than 

‘grading’ the responses as a whole. The rubric could easily be modified to be appropriate 

for use in assessing student work and some of the teachers mentioned that they would 

consider that in the future. Even without use in the classroom, the co-design process of 

the rubric was important professional development for teachers and researchers. 

Class Selection 

In both the middle and high school classrooms, the teachers selected which of 

their classes participated in which discussion protocol. It is unknown how the seventh 

grade teacher assigned discussion protocols. In the ninth grade classroom, this meant that 

the Honors class, which was described as more talkative, received a discussion with Talk 

Science and the college prep class, which was described as quieter, did not have a 
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discussion. In this case, it is possible that there is a correlation between achievement and 

gains made between the two questions. In the future, it might be best to mix achievement 

levels for the purposes of data collection so that this is no longer a contributing factor. 

Implementation 

For any research that relies on instructional frameworks, it is important that 

students be familiar and have some experience with them prior to data collection (Driver 

et al., 2000; McNeill & Krajcik, 2012). For the study here, it was preferred that the 

teachers establish discussion and argumentation norms in their classrooms early. Because 

of the data collection timeline, this was not possible for the ninth grade class that is 

studied here. However, the use of these frameworks in a non-research manner requires 

that these norms are consistently maintained throughout the school year and that students 

are given adequate opportunities to practice developing their skills (Driver et al., 2000; 

McNeill & Krajcik, 2012). 

A large number of variables are present when research is conducted in the 

classroom. Here, each teacher collected data within his or her own classroom. To 

standardize this data collection, it might be more meaningful to use the same person 

(researcher or teacher) in each classroom. This person could define the protocols and 

maintain consistency across classrooms and grades. In addition, this person could be 

sufficiently trained to use Talk Science. Teachers who participated in this study were 

asked to self-report their Talk Science ability prior to implementation and inaccurate 

reporting could create problems with discussions and students’ work. Nevertheless, by 

using the research protocol with a variety of teachers, it was possible to consider the 

robustness of the findings across classrooms. 
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An additional middle school teacher participated in the study, but, because of a 

miscommunication, data were not collected according to the established procedure. This 

teacher had three sixth grade Earth Science classes that used the same SEPUP curriculum 

as the seventh grade classes. Unfortunately, the sixth grade teacher divided her students 

into small groups instead of conducting a whole-class discussion. She also did not use the 

prompt question, but had her students discuss the second question before writing about it. 

This shift in protocol removed the critical thinking component of argumentation. For 

these reasons, it is incredibly important to outline instructions and make expectations 

clear. 

Analysis 

For scoring, there were minimal issues with the rubric, which should be addressed 

in future iterations of this study. Primarily, by assuming that the first sentence is the 

claim, the score for claim is most likely an inaccurate representation in a number of 

cases. This assumption was sufficient for most of the scoring, but researchers later 

noticed that some responses provided evidence within the first sentence and, thus, could 

not be scored as ‘evidence.’ These sentences often included the word ‘because’ and, thus, 

the beginning of the sentence should be scored as a claim and the end of the sentence 

should be scored as evidence. This is consistent with suggestions made by McNeill and 

Krajcik (2012). 

In addition, middle school students frequently fell short of achieving the next 

higher score. Because the rubric was initially designed to score data from ninth grade 

classrooms, it may have been insufficient for scoring the work of middle school students. 

In future iterations of this study, the rubric could be adapted to be grade-specific or to 
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differentiate between middle and high school. Additionally, if the rubric was redesigned, 

actual student work could be used to validate the rubric and ensure that these students are 

more accurately scored. 

Teacher Perspective 

Classroom Instruction 

The ninth grade teacher, Ms. Allen, reported that her students are taught to use the 

Claim, Evidence, Reasoning framework through continuous practice with GeoLog 

questions. These were scored separately from the rest of the GeoLog to encourage 

students to use the format and to think more critically. Ms. Allen taught Talk Science by 

allowing the students to reference a checklist during discussions and requiring each 

student to speak at least once. At this school, students cannot be graded on participation, 

so this was not a technique used to teach discussion methods.  

The seventh grade teacher, Ms. Johnson, reported that her students were taught to 

use Claim, Evidence, Reasoning using writing frames to provide support, particularly for 

thinking about claims and evidence. Over the school year, Ms. Johnson modified the 

writing frame to allow students more flexibility with their own writing and eventually 

included reasoning. Ms. Johnson taught her students how to discuss by using feedback, 

guidance, and modeling. She did not focus on the specific talk moves, but encouraged 

students to share ideas and to offer disagreements in order to learn from each other. 

Ms. Allen used Talk Science once every 2-3 weeks in her classroom. Ms. Johnson 

attempted to use some of the moves in daily discussions, but she reported focusing on 

moves that are “just good practice.” This could explain her frequent use of the “add-on” 

move during her ‘Discussion with Talk Science.’ Importantly, this study was completed 
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at the beginning of the school year, which most likely limited the learning opportunities 

that students of both grades experienced with CER and Talk Science. 

Study Implementation 

Ms. Allen described how her ninth grade classroom looked during both 

discussion-based sections. In the ‘Discussion without Talk Science,’ the students sat in 

somewhat of a circle. The chairs were not moved from their normal positions. There were 

no students in the middle of the group, but Ms. Allen was near the front and led the 

discussion. In the ‘Discussion with Talk Science,’ the students pushed their desks 

together to form a tighter circle. Ms. Allen did not join the circle, but facilitated the 

discussion from outside of the group of students. 

Ms. Johnson maintained the same classroom layout in both of the seventh grade 

discussion-based sections. Her classroom has six large lab tables with approximately four 

students at each table. She was unable to recall if she was at the front of the classroom or 

if she was seated with the students. 

Study Review 

 Ms. Allen liked the different discussion groups, but thought that there should be 

more requirements for the teachers to increase the consistency of the study. She 

recommended having teachers practice the procedure in the classroom for three times 

before collecting data. This would have helped address problems encountered by the 

sixth grade teacher whose data had to be disregarded. Ms. Allen also had concerns about 

the questions selected for data collection because not all of the GeoLog questions are 

suited for Talk Science discussions. She did like the rubric used for scoring student 
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responses and described it as “kid friendly and [possible] to reach a 3.” Ms. Allen was 

interested in participating in future iterations of this study. 

 Ms. Johnson thought the study was interesting in that it looked at differences in 

the discussions, but she reported that it was difficult to refrain from using talk moves in 

the class that had a discussion without Talk Science. She felt that it was hard to collect 

data while also focusing on her regular responsibilities and that an assistant in the 

classroom would be beneficial in the future. Ms. Johnson did think that the rubric was 

appropriate for the grade level and that it was useful as a teacher. She would be willing to 

participate in this study again, if someone visited her classroom to collect the data or if 

there was a tool that she could use to more easily collect data.  

Impact of Research 

Classroom Instruction 

 When implementing new instructional methods, such as Claim, Evidence, 

Reasoning and Talk Science, it is imperative that teachers thoroughly introduce the 

frameworks and consistently revisit them throughout the school year (McNeill & Krajcik, 

2012). Furthermore, students’ use of these frameworks can be improved by receiving 

detailed feedback from teachers (McNeill & Krajcik, 2012). The findings presented here 

demonstrate that students can benefit from these frameworks even when they are 

unfamiliar. If students are given proper instruction and scaffolding, these frameworks 

could become normalized in the classrooms. This includes setting norms and using them 

regularly as well as providing feedback during discussions and on written work. 
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Professional Development 

The results of this study can be used to influence professional development for 

teachers and administrators in the MainePSP and, for this purpose, it is beneficial to have 

the teachers’ input throughout the process. Because teachers find it difficult to leave 

“traditional” discussion, it is important that inclusion of science discussion does not rely 

solely on curriculum changes, but also include continuous, long-term professional 

development support to change teacher behaviors in the classroom (Pimentel & McNeill, 

2013).  

Simon et al. (2006) demonstrated that teachers often have different ways of 

implementing new ideas and that these differences should be recognized when planning 

professional development. Moreover, professional development should include teachers’ 

future knowledge and their goals so that argumentation processes can be encountered 

hierarchically (Simon et al., 2006). Also, in addition to learning the discussion-

facilitating moves, teachers should learn the negative moves, such as teacher elaborations 

and interruptions, which hinder student discussion (Pimentel & McNeill, 2013). 

Future Work 

 The study reported here will be used as a catalyst for future research projects. 

Additional data were collected during the spring of 2016 from the students of two ninth 

grade teachers who are not part of the MainePSP. These teachers also teach Earth 

Science, but use a different curriculum and do not participate in the professional 

development network. In all, responses and reflections were collected from 109 students 

and will be analyzed in the near future. This additional data will allow for a comparison 

to be made between students within and outside of the MainePSP.  
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 In the future, more longitudinal data should be collected to get a more accurate 

representation of the impact that discussion can have on written work. The MaineESP has 

successfully implemented Talk Science in K-5 classrooms and, as these students progress 

through middle and high school, it would be particularly interesting to investigate their 

writing as they gain experience using the Claim, Evidence, Reasoning framework. 

 In addition, it would be beneficial to have more self- and peer-analysis done by 

both teachers and students. It would be interesting to know how teachers interpret their 

own use of Talk Science, but it also might be helpful for teachers to give one another 

feedback on their use of Talk Science in the classroom. MainePSP teachers suggested 

that it might benefit students to evaluate their own, as well as one another’s, writing using 

the CER framework. 
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APPENDIX A: MODULE 1 GEOLOG 1.1-3 
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APPENDIX B: MODULE 1 GEOLOG 1.7 
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APPENDIX C: HIGH SCHOOL ANSWER SHEETS 

 



 

108 

 

 

 



 

109 

 

 

APPENDIX D: UNIT C ACTIVITY 26 
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APPENDIX E: UNIT C ACTIVITY 29 
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APPENDIX F: MIDDLE SCHOOL ANSWER SHEETS 
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APPENDIX G: TALK SCIENCE CHECKLIST AND HANDOUT 
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Tips for a Good Discussion: 

 

 

 

Think Thoroughly

• Do you need to write down your thoughts?

• Can you explain your ideas?

• Can you give an example?

Listen Carefully

• Do you know what your classmate said?

• Can you reword what your classmate said?

Ask for More

• Why does your classmate think that?

• How did they come to that conclusion?

• What if something was different?

Develop Ideas

• Do you agree or disagree with your classmate?

• Can you explain what your classmate said?

• Can you add more information to something your classmate said?



 

122 

 

 

APPENDIX H: DISCUSSION REFLECTION SHEETS 
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APPENDIX I: TEACHER QUESTIONNAIRE 

 

 

1. How do you teach your students to use the Claim, Evidence, Reasoning 

framework? Methods, steps, etc. 

 

2. How often do you use Talk Science in your classroom?  

 

3. Do you teach your students how to use the Talk Moves to talk to each other? If 

so, how do you teach this skill? 

 

4. What did your classroom look like during the “traditional” discussion? 

Arrangement of seats, your position, etc.  

 

5. What did your classroom look like during the Talk Science discussion? 

Arrangement of seats, your position, etc. 

 

6. What were your thoughts about this study? Things you liked, would change, etc. 

 

7. Would you be interested in collecting more data in your classroom? 

 

8. Do you have any thoughts about the rubric? Grade-appropriateness, clarity, etc. 
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APPENDIX J: RUBRIC AND REFLECTION SCORES OF HIGH SCHOOL 

STUDENTS 
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A01 1 1 1 1

A04 3 1 1 2 1 1 1 1 3

A10 2 1 1 1 3 1 1 2

A16 3 1 1 2

A17 3 2 3 3 1 1 1 1 1*

A22 1 1 1 1 3 1 1 2 4

A24 1 1 1 2

A28 2 1 1 1 3

A29 1 1 1 1 2

A30 1 1 1 1 4

A06 2 1 1 1 3 1 1 2 4

A07 3 2 2 2 4 2 2 3 3

A12 2 1 1 1 3 1 1 2 1*

A13 2 1 1 2 1 1 1 1 4

A15 4 3 3 3

A25 3 2 1 2 3 1 1 2 1

A26 3 2 3 3 4 2 1 3 3

A27 3 3 2 3 3 1 1 2 3

A31 2 1 1 1

Question 1 Question 2

No 

Discussion

Discussion 

without 

Talk Science
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A23 3 2 2 2 3 2 2 3 4

A32 1 1 1 1 3

A33 2 2 3 3
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APPENDIX K: RUBRIC AND REFLECTION SCORES OF MIDDLE SCHOOL 

STUDENTS 
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