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Abstract

The purpose of this study was to examine how student peer discourse affects science inquiry 

achievement, specifically the quality and quantity of student discourse, student-teacher 

interaction, and underlying demographics. Six classes of ninth grade students were observed 

during a prelab activity in which students groups designed an experiment. Data included field 

notes on the class, semiotic and rhetorical discourse of a group, and surveys given to teachers 

and students. The results of these field observations, surveys were then correlated to identify 

significant factors affecting student achievement on the district science inquiry assessments. 

Group talk was found to have a moderately positive relationship with achievement. Correlation 

was also found for student survey results and classroom observations. Implications for practice 

are discussed, indicating a need for teachers to explicitly structure classes around group 

discourse, and to uncover student behaviors and understandings. Suggestions for broader and 

more rigorous research are also given.

Running Head: SCIENCE DISCOURSE   3



Peer Discourse and Science Achievement

 Much work has been done in the field of science education to examine good instructional 

practices. As teachers are held increasingly accountable for student achievement, it becomes 

more important to link specific classroom behaviors to student performance. This study 

examined how student discourse affects student achievement in the context of secondary science 

inquiry activities.

Research Questions

 The study included class observations of six high school classrooms, participating in the 

same science inquiry activity; the pre lab group discussion of the design of an open-ended 

experiment. In this particular urban school district, student performance on inquiry assessments, 

such as the Connecticut Academic Performance Task (CAPT), and the similar district benchmark 

assessments, has shown little or no growth over the past several years. Research points to the use 

of discourse in science inquiry as a possible means for increasing student achievement. Through 

direct observation, analysis of student demographic data, and teacher and student surveys this 

study examined some of the factors that may lead to different quantity and quality of group 

discourse, and how it affects student achievement on assessment of science inquiry skills.

 This study also examined specific student achievement data. Students are given an open-

ended inquiry lab to design and conduct, as a group, and the amount and type of student talk was 

observed. In this case, inquiry is understood to be strictly defined as the process of constructing 

and carrying out a controlled experiment, and the skills that that entails, and can be seen in the 

corresponding Connecticut State Science Frameworks (Connecticut State Department of 

Education, 2004). A district assessment will ask students to examine results and procedures from 

Running Head: SCIENCE DISCOURSE   4



a similar lab group, and answer both constructed and selected response questions, similar to the 

CAPT questions. This data will then be examined in comparison to the student group 

observations. The following research questions can be investigated: What is the relationship 

between the amount of student group talk in the designing of the inquiry lab and the subsequent 

achievement? What is the relationship between the type of group discourse and interactions and 

student achievement? What is the relationship between the group demographics and student and 

teacher on this inquiry lab and student achievement? 

Conceptual Framework

The research does not usually directly link student group talk or discourse to direct 

student performance outcomes, especially in inquiry skills as compared to science conceptual 

understanding. However, it is clear that the body of research literature points to the conclusion 

that there should be a link between discourse and achievement.

 The thinking in science education research coalesces around the ideas of constructivism; 

the idea that meaning and conceptual understanding is based on experience. The idea that this 

meaning making is a social undertaking rather than an individual one, as in the Piagetian way of 

thinking, is the concept of social constructivism. Vygotsky, in his fundamental work Thought and 

Language (1962),  put forth two main ideas that form a basis for this study (Vygotsky, 1962). The 

key point is that group discourse and the language that is used form the basis for conceptual 

understanding. He laid out the theory that not only does meaning making and conceptual 

understanding for an individual only follow from experience, it also follows from speech; that 

the understanding of a concept follows from and while talking about it. For students to truly 

understand inquiry processes, and detailed concepts such as independent and dependent 
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variables, they need to talk with each other in the context of the actual task. Vygostky even points 

out that group learning comes about only when the works, meaning, and motives of speech are 

analyzed (Vygostky, 1962,). Another key extrapolation from Vygostky’s work is that writing is 

linguistically distinct from and more demanding than speech, which has implications for 

teaching, as well as assessing science inquiry (Carlsen, 2007).  

Douglas Barnes has done extensive work on the difference between exploratory and 

presentational talk, especially in science, and has explained how the flexibility of speech in 

science makes it easy to try out new ways of arranging knowledge and changing it (Barnes, 

1992), which is a logical extension of Vygostky’s work. Clive Sutton has especially been vocal in 

the concept that scientific language is an extension of the human social interactions, pointing out 

that words used for objects and processes all started out as a figure of speech along the way 

(Sutton, 2003). According to Barnes, scientists planning investigations, framing observations, 

and interpreting outcomes adopt and adapt discourse specific to their communities (Barnes, 

2008). This reaffirms the conceptual framework that science inquiry discourse is both unique and 

necessary to student achievement. The conceptual framework can be summarized as inputs 

leading to student group work leading to student achievement as described in Figure 1. 
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Figure 1 Conceptual Framework.

Research Base

 The research on science discourse, specifically in inquiry, is well laid out and has 

provided a rich community of researchers who continue to discuss and debate their work (Yerrick 

& Roth, 2004). Lemke’s language analysis of dozens of science classrooms serves as a basis for 

many other studies (Lemke, 1990). Through an analysis of patterns in the talk, he concluded that 

learning science is learning how to talk science, including observing, discussing, analyzing, and 

reporting. He also found that social beliefs about science and learning artificially limit classroom 

dialogue in ways which make it more difficult for most students to learn the concepts and 

processes of science, especially when dominated by the narrow framework of the teacher, rather 

than the students practicing meaning making by talking science on their own (Lemke, 1990).

 Some work has been done by van Zee (2000) in examining the shifting role of teachers 

into facilitators as well and how students can learn to pose their own questions in science 

contexts and inquiry. This study examined closely how students in an inquiry discussion 
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interacted without benefit of the instructor, and examined the impact on learning as seen by the 

students. There were several communicative moves that were found to be present in this 

collaborative discourse: eliciting new information, qualifying moves, extending each other’s 

ideas, and initiating new perspectives. Gallas (1995) also did work on “science talks”, 

specifically in elementary classes, showing details of how students could be trained to regular 

talks around science concepts and how to analyze them. In this case, norms for discourse were 

developed to form a community of learners, an important instructional tool that may be a crucial 

element in raising student achievement. Hammer and van Zee later did case studies of science 

talks as a form of professional development for teachers, with some specific guidelines (Hammer 

& van Zee, 2006).

There are acknowledged difficulties in how science education research is conducted with 

an emphasis on discourse and specifically verbal data. One of the key pioneers in the field has 

laid out some of the major issues (Lemke, 2003). He points out that the key decisions to be made 

in any study of classroom groups are of selection, presentation, and recontextualization of the 

verbal data. The basis of any analysis is contextual, and there has been some work done on the 

importance of adding both non verbal interactions, such as body language, and the physical 

setting specifically for science classroom context analysis discussed, and the addition of semiotic 

discourse (body language, gestures etc). (Hogan & Fisherkeller, 2000;  K. J. Roth, et al., 2006; 

W.-M. Roth & Welzel, 2001; Russ, Scherr, Hammer, & Mikeska, 2008). Both in the TIMMS 

study and the focused study by Roth and Welzel, it was clear that gestures and body language 

helped to contribute to the group meaning making in the science setting. In some cases, the 

science equipment itself can be thought of as a “participant” in the group interactions (Buxton, 
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Carlone, & Carlone, 2005). For the purposes of this study, rudimentary procedures needed to be 

developed for both semantic content analysis, or the thematic content of the group discussions, as 

well as the rhetorical interaction analysis, or the roles and interactions of the participants. In this 

setting, the framework of inquiry was the lens, since it guides both the content and the nature of 

the science group interactions. 

 Studies have also tended to focus on the role of group processes in scientific inquiry 

studies. A study of eighth-grade students considered their sociocognitive roles during a science 

inquiry group discourse and found that the different roles placed demands on the student 

interactions (Hogan, 1999b). Interviews with students after the group work indicated how they 

each viewed their role differently in contributing to individual and group understanding and 

consensus, as did other similar studies (Hogan, 1999a). Much of the research on small-group 

interactions emphasizes understanding these community practices. Another study of a middle 

school classroom draws upon multiple data sources to examine how the groups use the materials, 

physical arrangements, and the spoken discourse to construct the process to accomplish the task 

(W.-M. Roth, McGinn, Woszczyna, & Boutonne, 1999). Kelly (2007) strongly argues that time, 

space, and materials in laboratory settings needs to be accounted for in research transcripts of 

science discourse. Through a series of studies of science inquiry groups, Wolff-Michael Roth and 

collaborators have identified specific roles that students tend to take in these discussions. 

Different roles in the groups include: leaders, helpers, active non-conformists, passive non 

conformists (W.-M. Roth, 2005; W.-M. Roth, et al., 1999). Once again, positive effects are found 

by offering students explicit guidance on the roles that they can take in classroom discussions to 
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help them monitor their own and others' thinking (Herrenkohl, Palincsar, DeWater, & Kawasaki, 

1999).

 Although this study will focus on the relationship between group interactions and student 

achievement, there is some evidence that equity issues may affect these interactions. There also 

has been some work on tying in gender, and other demographic issues such as group size 

(Alexopoulou & Driver, 1996), by examining how that contributed to the quality of interactions. 

In particular, this study identified how all male groups may use confrontation to progress through 

ideas, whereas all female groups sought to maintain consensus among members (Alexopoulou & 

Driver, 1997). 

 Since discourse provides for this construction and mediation of knowledge in a science 

inquiry setting, it is natural to mention the role that culture and language may have. Much work 

has been done on bilingual students in group settings, but the urban setting will also affect group 

interactions. African American students have a particular oral fluency that is part of their cultural 

toolkit (Seiler, 2005). Seiler discusses how some oral language of urban students can be 

perceived as off task, but are still engaged in the task. This shows the importance of time, space, 

and opportunity for this social construction of knowledge. Others look at urban discourse as well. 

Brown found that ninth grade urban students easily adapted to the culture of the classroom, but 

found the specific discourse practices of science to be difficult (Brown, 2006). Brown suggests 

that this provides more evidence for minority students’ underachievement being a product of 

linguistic differences, gender, and ethnic identity conflict and the inappropriateness of 

curriculum. Students in an urban setting may also be more attuned to the social order making it 

difficult to separate in a group discussion whether evidence or social politics is the deciding 
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factor in consensus. Working with students in a cogenerative dialogue model has been shown to 

keep students engaged (Emdin, 2008), and the use of open ended questions to prompt student 

discussion has been found to have positive effects as well (McNeill & Pimentel, 2009). 

 There have been a few studies examining links between the discourse involved in solving 

problems, hypothesis and experimental technique (Richmond & Striley, 1996) as students 

designed experiments. In this study, they examined the discourse as students were designing a 

controlled experiment, with independent and dependent variables. They focused on the thematic 

dialogue, rather than the student interactions, and found that most students found it difficult to 

apply and use the specific scientific processes without reverting to common sense definitions and 

experiences. They did find students able to move beyond simple task dialogue to more 

argumentation and discussion as roles solidified. They state that their findings illustrate that 

discourse during laboratory-based activities reveals much about how social dynamics help to 

shape the development of individuals’ conceptual understanding of scientific problems. Hogan 

and collaborators have also looked at discourse in an inquiry setting and suggested that the 

process of inquiry has its own social constructs and dialogue patterns. They found that, although 

less efficient, peer guided discussions in inquiry achieved conceptual understanding and formed 

deep meanings (Hogan, 2000; Hogan, Nastasi, & Pressley, 1999). There has been some argument 

that actual scientists’ group discussion work was more of a myth than reality, groups may be in 

the same space but individuals were just working on the same tasks (Sands, 1981). Inquiry 

science especially has an issue of the dichotomy between open dialogue and expectations when 

transferred to the school setting. Scientists encourage an interactive process, but traditional 

schools (possibly even more so in urban classrooms) value quiet, structured and orderly “follow 
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the directions” (Driver, 1985b). This may be an issue in an inquiry activity where students are 

expected to design their own experiment.

As stated, much of the research around the effects of discourse on student achievement 

has focused on conceptual understanding, or teacher/student observation, rather than formal 

assessment of inquiry skills (Newton, 2001). The work of assessment on students’ conceptual 

understanding after discourse is a direct result of the work of Driver and others on students’ 

misconceptions and internal construction of knowledge (Driver, 1985a, 1993). There, the idea of 

using science discussions is prominent as a way for teachers to understand the ideas of students 

and to use the talk as a way of making connections. Specific research studies on achievement 

show connections with talk. Mercer found 5th grade students had significantly higher scores on a 

conceptual map assessment, and that students do better when taught structures for talk (Mercer & 

Dawes, 2008). When coupled with writing down ideas after student discourse, there has been 

shown to be increased conceptual understanding as well (Rivard & Straw, 2000). One study 

showed a direct link between the quality of student group discussion and student performance on 

specific assessment items, linking the concepts each student talked about, the teacher’s formative 

feedback, and student achievement (Anderson, Zuiker, Taasoobshirazi, & Hickey, 2007). In 

terms of inquiry skills, one study found that adding a discussion phase and allowing students to 

talk about predictions in groups increased their inquiry skills (Lavoie, 1999). 

It is clear that the research points to the use of discourse as a strong vehicle for student 

understanding of science concepts and skills. Although there is limited data on specific student 

achievement measures, the social constructivism learning theory is matched well with the 

specific scientific processes and language of inquiry. Research into student discourse in the 
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science classroom shows that, especially with guidelines and training, students take upon roles 

that serve to increase the deeper understanding of the peer group. Careful analysis of student 

discourse, including non verbal data, can lead to an understanding of how they learn. It is 

possible that this is especially effective in urban settings, and in the context of designing and 

analyzing experiments. 

Methodology

Methods Introduction

This field study was designed to serve as a sampling and test for possible further deeper 

research. The key question was to determine whether there is a relationship between student 

group discourse and achievement in a specific context. As part of the regular curriculum, urban 

students are to conduct an open ended experiment, identified as an embedded task (Acid Rain). 

In this task, students are given a list of materials, and told to discuss and design a controlled 

experiment to test percolation and acidity of different materials. Each group must discuss and 

design their experiment, conduct it, then report out on it. Following the experiment, students are 

given a district wide assessment. On this assessment, students read about different groups’ 

experiments and results, and answer multiple choice and essay questions designed to evaluate 

their inquiry skills. Students were assessed on their knowledge of independent and dependent 

variables, experimental design, and data collection, measurement and analysis. They 

theoretically used these same skills in their group pre lab discussion. During this discussion, 6 

groups students were observed. Direct observational data was taken on the students talk, 

including the speakers, times, and type of discussion. An observational instrument checklist was 

designed to collect the data with emphasis on the themes (inquiry) as well as on the interactions. 
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Following the advice of research, data was also collected on the physical objects and setting, in 

the form of field memos. Data was also collected on student demographics and prior 

achievement, as well as teacher and student surveys about the use of discourse in a lab setting. 

Participants/Sampling

 As K-12 Science Supervisor for the District, part of the researchers’ role is to observe 

science instruction, and link it to student achievement, as well as provide professional 

development to teachers. Part of the professional development to teachers in the last year has 

been about student interaction, and the effectiveness of science talk in the classroom, using video 

examples. Thus, there is an expectation that the teachers will conduct the required embedded task 

lab using peer discussion groups. Because there is a supervisory component to the position, and 

there has already been stated the expectation that lessons will include discussion, it is important 

that the study focus on the role of students, rather than the role of the teacher in designing a 

lesson. Therefore, a lab lesson, Acid Rain, was selected that is standard across the district for 

ninth grade Phy/Chem students. Phy/Chem is taught in all 12 high schools in the district, in three 

different levels, Honors, College, and General. There are 2 comprehensive high schools, 8 

interdistrict magnet high schools, and 2 alternative schools. There are 84 sections of the Phy/

Chem course across the district, among 22 teachers. There were two different levels of 

participants, students who were directly observed, and students whose data is included in the 

aggregate analysis. Teachers are already required to submit calendars showing when the required 

embedded task labs, such as Acid Rain, are scheduled as part of the District CAPT Improvement 

Plan. From this calendar, six sections of Phy/Chem were selected for observation in February or 

March. This was dependent on the supervisor work schedule to a large extent, however an 
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attempt was made to select at least one class from each level. The student data for each class was 

to be examined as an aggregate in data analysis. The groups selected for observation in each 

class were also dependent on convenience, to some extent. Since observation by the supervisor is 

not unusual, every attempt was made to select a group in the same physical location in each 

class, such as the back by the counter. Observation data were only collected on this group, survey  

data was collected for each class, and achievement and demographic data was selected for the 

ninth grade across the District.

There were limitations, of course. If a class was not assigned to participate in the pre lab 

discussion, another class was selected. If a particular group in a room was not easily observed, 

then another group were immediately selected. Some effort was made ahead of time to eliminate 

classes that have a makeup that are largely different from the district as a whole; for example 

classes with a large percentage of students repeating the course were not appropriate. Teachers 

were told about the study ahead of time, and only those willing to have the students observed 

were selected. Six classes from two schools, representing all levels, and six different teachers 

were used.

Measurement/Data Collection

Table 1
Data Collection by Student Group Level

Observations of 
pre Acid Rain lab 
discourse

Survey on 
student to 
student talk in 
science 

Aggregate 
Demographic 
Data

Past Aggregate 
Achievement 
Data

Anecdotal 
Qualitative 
Data

Data on Inquiry 
Skills related to 
Acid Rain as 
part of Quarter 
Three 
Assessment
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6 Student 
Groups (2-3 
students 
each, n=17)

Group data on 
amounts and 
types of 
discourse.

Correlated by 
ID #

6 Classes/ 
Teacher 
(includes 
student  
group) 
(n=110)

Survey on 
discussion 
frequency, 
perceptions

Physical 
Setting, 
Student 
Attitude, 
Perceptions 
on Class 
Teacher 
Fidelity

Aggregate 
Correlated

Course 
(includes 
Class), n= 
1053)

Level, Ethnicity, 
Class Size,

Quarter One, 
Quarter Two 
Assessments

Aggregate 
Correlated

 Table 1 shows the levels of data collection present in the study. The observation of the 

prelab Acid Rain student discourse was collected only for the selected six student groups, with 

17 students. Following the observation, the student numbers of the students in the groups was 

recorded by the teacher, so that the data was be tracked for those students. Following the district 

assessment, a survey was given to each class observed and data about student and teacher 

perceptions of the use of discourse in science class was averaged for each class, totally 110 

students. All other student data was collected using the district wide SchoolNet system. This 

system has the ability to report out the results of the district assessments by strand, such as 

inquiry, and produce aggregate data for each class examined. As explained, class observations 

were also added as part of the data collection, using notes from researcher memos made after 

each observation. Using student id numbers, the student data on the group discussion, as well as 

the survey results, was correlated with demographic data, inquiry scores on the district 

assessment, and prior student achievement, such as prior quarterly assessments. This analysis 

section of the data system is commonly used by district supervisors to identify trends and 

examine curriculum, instruction, and assessment at a school and course level. 
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Timeline

The timeline of activities necessary to conduct the field study are summarized below.

November   Field Test Observation Instrument and Revise as needed

January  Explain Field Study to Teachers in District Meeting

Obtain Teacher Schedules for Acid Rain Task

February-March  Identify Phy/Chem Classes to visit

Conduct Observations in Phy/Chem Classes

March   Collect Student Data on observed classes from SchoolNet

April 1-6  District Quarter Three Assessment

April 6-15  Administer Student/Teacher Surveys

April 15-May 1 Conduct Data Analysis

Instruments:

 Students used the directions in the Embedded Task “Acid Rain”, produced by the 

Connecticut State Department of Education to guide their pre lab discussion. Being one of five 

embedded lab tasks that are tested on the 10th grade Connecticut Academic Performance Task, 

there should have been reliability across teachers and courses that the directions were given to 

students in the same manner. The students were given a scenario in which a town has an issue 

with acid rain affecting statues and given the following directions: “You and your lab partner will 

conduct an experiment to investigate the effect of acid rain on various building materials in order 

to make a recommendation to the town council as to the best material to use for the statue.”. 

Each group was told to design an experiment using suggested materials and to receive teacher 

approval before conducting the experiment. This task was in alignment with the goals of 
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scientific inquiry and served as an ideal task to observe group interactions in scientific inquiry as 

previously studied in the research (Hogan, 2000; Richmond & Striley, 1996).  Appendix A is the 

Teacher Directions for Acid Rain, and Appendix B is the Student Directions for Acid Rain. After 

students conducted the lab they designed as a group, they typically handed in a lab report, and 

discussed findings as a class. 

In order to simulate the Connecticut Academic Performance Test, the standardized high 

school statewide science test, students in the District were given quarterly assessments which 

mirror the style of the test. The relevant questions (10-13, 61-63) on the quarter three assessment 

are given in Appendix C. Students answered four multiple choice questions, and three open 

ended questions which relate to the experiment. In each question, they were asked to read a 

description of another group’s experiment, and to critique the experimental design, analysis, or 

conclusions. Each one of these questions is directly related to one of the inquiry skll standards 

found in the Connecticut State Science Frameworks, as demonstrated by the teacher rubric in 

Appendix D. Since the questions were written in the style of the CAPT test, and the lab task is 

designed around those inquiry skills, the questions are a good measure of students achievement 

on the science inquiry goals. Previous data analysis from SchoolNet has shown that there is a 

strong correlation (Pearson r=.78)  between the student scores on the district quarterly 

assessments and the inquiry strands on the CAPT test.  

The classroom observaton instrument was been designed to mirror the research described 

in the field of student discourse in science instruction (Lemke, 2003).  The instrument, as listed 

in Appendix E, was used to count instances of student talk in two major categories: semiotic and 

rhetorical. The semiotic category included the content of the talk or discourse , and can be 
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described as having to do with the science inquiry skills and experimental design, the science 

concepts of acid rain or chemicals, the use of lab materials, simple task completion, or non 

related talk. The rhetorical category included the style of the talk, and is aimed at identifying the 

roles students take, as described in the work of Wolff-Michael Roth and others (W.-M. Roth, 

2005; W.-M. Roth, et al., 1999). In this case, the talk was categorized as leading, questioning, 

answering, following, or off task. Each category contained a simple tally for the talk, thus each 

utterance received a tally in the semiotic and a tally in the rhetorical category. This instrument 

was been field tested once in a similar lab activity (Plastics), and found to be workable with 

practice. 

The instrument used to collect class level student and teacher data was a survey that was 

given to the classes that had groups that were observed. The surveys were used to collect 

additional qualitative data and asked both students and teachers about their perceptions of the 

value of group talk in designing and conducting a lab, as well as answering questions, and are 

attached as Appendix F and G. There were seven items, focusing on how well the groups 

worked, whether they were on task, whether there was equal participation, whether the task 

helped in the lab and the test, and how often students work together to design lab experiments. 

Although there is no direct research base for the use of these surveys, it was anticipated that the 

qualitative data collected would inform the results of observations, as well as be useful when 

analyzing correlations.

Results

Coding Map
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 There were four areas of data collection for student discourse. Following qualitative 

research convention, class observations, group observations, student survey and teacher survey 

answers have been combined, using common terminology, and supported by data analysis of 

correlations. Results support the combination of these measures in order to use in correlation 

with student achievement. In each of the four sources of data, data was reduced to indicate 

student task orientation (or off task), as well as student understanding.

Figure 2 Code Map for Student Discourse

Class Observations
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  In order to answer the research questions about the relationship between the amount of 

student group talk, the type of student discourse, as well as other factors on student achievement, 

the most significant set of data was the group observations. Six different classes were observed 

over a period of two months, conducting the acid rain pre lab task. Although the researcher had 

planned only to focus on one particular student group in each class, it became clear that 

additional data on the structure of the class was needed. Notes were taken in a standard scripting 

format in the time given before the group discussions, indicating teacher and student behavior, 

content and procedures, as well as student engagement and understanding. Although the task was 

standard, each teacher approached it differently in terms of instruction and scaffolding. For 

example, in the first class, the teacher had students practice in groups with a sample task before 

leading them towards the experimental design. After students worked in groups, they were given 

the opportunity to comment on each other’s lab designs on the board. In contrast, another class 

spent close to thirty minutes receiving a lecture on the science behind acid rain. In this class, 

students were given a short overview of the lab experiment, but were not shown the materials or 

setups, and were given a much shorter time to discuss the lab. The time students were given to 

discuss was the widest varying factor, ranging from eight minutes, to close to forty minutes. 

After each class, the researcher wrote a one –two page field study memo, summarizing 

the field notes, usually within one day. From this field study memo, each class was given a rank 

of low, medium and high in certain characteristics: class atmosphere, class engagement, teacher-

student discourse (amount), and class time given to the task, as well as a set of characteristics 

about the lab content; fidelity to lab instructions, amount of explanation on experimentation and 

concepts, and general impressions of the class peer discourse. 
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The table summarizes the assigned scores for each characteristic for each observed class (See 

Table 2).

Table 2

Class Observed Characteristics

Class Class
Atm

Class
Eng

Class
ST

Class
Time

Class
LabFid

Class
ExpLab

Class
ExpCon

Class
PeerDis

        
1a 3.0 3.0 3.0 2.0 2.0 3.0 1.0 3.0

2b 1.0 1.0 2.0 1.0 2.0 2.0 2.0 1.0

3c 3.0 3.0 3.0 2.0 2.0 2.0 3.0 3.0

4d 1.0 1.0 1.0 1.0 2.0 1.0 3.0 1.0

5e 1.0 2.0 2.0 3.0 2.0 2.0 2.0 1.0

6f 3.0 2.0 3.0 3.0 3.0 2.0 2.0 2.0

Mg 2.0 2.0 2.3 2.0 2.2 2.1 2.0 1.8

SD 1.00 .81 .74 .82 .38 .64 .70 .90
Note. an=28. bn=18. cn=9. dn=18. en=19. fn=20. gn=112. 

Using factor analysis, it became clear that these eight observed classroom characteristics 

could be combined into two distinct groups, those dealing with the mechanics of the class and 

the task, and those pertaining to student understanding. For example, the class atmosphere 

variable (SD= 1.01) has a strong correlation (Pearson r= .808) to classroom engagement, and to 

student teacher discourse (Pearson r=. 896) significant at the .01 levels. All of the first four 

factors show such significant positive correlation, and were combined into one ClassTask 

variable, while the remaining four factors were combined into a ClassUnderstanding variable, 

although only a few showed such strong positive correlations, such as Class Explanation of Lab 

to Class Peer Discourse (Pearson r=. 751). The combined observed class scores are shown (See 

Table 3). 
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Table 3

Class Observed Characteristics Summary Code

Class ClassObservedTaskScore (CT) ClassObservedUnderstandingScore 
(CU)

1a 2.75 2.25
2b 1.25 1.75
3c 2.75 2.50
4d 1.00 1.75
5e 2.00 1.75
6f 2.75 2.25
Mg 2.10 2.02
SD 0.73 0.28

Note. an=28. bn=18. cn=9. dn=18. en=19. fn=20. gn=112. 

Group Observations of Peer Discourse

 Using the instrument described in Appendix E, six groups were observed during 

the pre lab discussion. As stated, each group was given slightly different directions on what their 

task was, and the groups varied in scaffolding received from the teacher. As students talked to 

each other, tally marks were made to indicate the semiotic (content) and rhetoric (style) of talk 

they made. Notes were taken on occasion on what the students were saying, or interactions with 

materials, other groups, and the teachers. Groups varied widely in the type and amount of talk 

they engaged in. In some groups, it was clear that there was a leader, who took charge of both the 

task and the group understanding. In other groups, there were long stretches of time without any 

discussion as group members filled in a worksheet, or wrote down procedures. Brief summaries 

of the group discussion are given, with more details from the field memos in Appendix H.

Running Head: SCIENCE DISCOURSE   23



 Group 1 had significant pre discussion scaffolding from the teacher, and had practice in 

talking together. In their twenty or so minutes together, one girl was asking insightful questions 

on experimentation, while another girl worked hard on the task and focused on the materials, 

writing implements and procedures. They were joined by outside students several times. There 

was relatively even division of talk among the students.

 Group 2 had less pre lab discussion and scaffolding, and the atmosphere of the class was 

not as conducive to discourse. In general, the observed group was focused on the task. One 

student asked many questions about what the task was, but did not receive much of an answer. 

The teacher had to tell them the task was to write a problem statement and hypothesis. Even 

though the group appeared to be friendly, they were silent for much of the time. They did decide 

to focus on the type of stones by listening in on another group. One student only talked six times.

 Group 3 was very talkative. Although they did not have a large amount of time, they were 

eager to talk with each other, even making sure to check on others’ opinions before finishing the 

procedures. They were continually talking to each other, even finishing their sentences. They 

called the teacher over for help several times, mostly to confirm ideas they had already shared 

with each other. They were writing very quickly and quietly for the short amount of time they 

had.

 Group 4 came at the end of a long lecture in class, and had little direction beyond the 

Acid Rain sheet. They looked at the paper a great deal in order to figure out what to write. 

Interactions were characterized mostly by interruptions, “wait, hold, on”, and questions, mostly 

followed by “I don’t know”. At one point, nearly three minutes went by without any interaction. 
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The teacher was able to come over and help at one point, and the students started talking again. 

In their very short time together, they did not complete a procedure in time. 

 Group 5 was supposed to be three people, as the teacher assigned the groups. One student 

refused to work with the others, and only interacted with them several times. The two partners 

spent a lot of time listening to other groups, and waited for teacher help four times. When one 

wrote down the idea from another group, the other copied. Since they were intended to start the 

lab during the class, at one point they gathered materials before they had finished the rest of the 

paper. They started their procedure while still writing it down. This group also interacted with the 

observer, asking a question about the amounts of material, which was coded semiotic material 

and rhetorical questioning interaction.

 Group 6 was in a class that also had some significant pre discussion as a class before the 

group work. The observed group had three people. One was clearly focused on the task and 

started to lead. When she left to go to the bathroom for twelve minutes, another took over. One 

student was a non-native speaker, and only talked to the other in Spanish for some of the time. 

There was a large amount of waiting for the teacher to help them explain the task, and a large 

amount of questioning between the students and each other, other groups, and the teacher. At one 

point, the teacher brought over a dropper of vinegar and a stone, when students were having 

trouble with the “effects” on stones. The two girls had a procedure half written when the first girl 

returned, forcing the explanation from the teacher to be repeated, and there was some confusion 

about what the task was. When the returning girl took over, the former leader began texting 

across the room to a friend. Eventually, they all copied each other papers to come up with the 

complete experiment just as class ended.
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 As defined earlier, the observations of the student discourse were tallied according to 

predefined categories. Of course, since some groups had as low as eight minutes, and others up 

to forty minutes to conduct the group discussion, some groups were lower than others. After 

several options of analysis were explored it was decided not to adjust the tallies for time of the 

discussion, number of group members, previous class discussion, or any other factor. The key 

research question of the amount and type of talk would take this into account, however this 

variation does introduce additional limitations to the study. There was a wide range of tallies in 

each category for individual students and across groups (see Table 4). In general, each group had 

somewhat of a leader and one who focused on the task.

Table 4

Group Observed Discourse Tallies

Stud Numb 1.1 1.2 1.3 2.1 2.2 2.3 2.4 3.1 3.2 4.1 4.2 5.1 5.2 5.3 6.1 6.2 6.3
Semiotic Exp 5 3 7 2 0 0 0 2 1 1 3 3 2 1 1 1 5Semiotic

Concept 0 1 1 3 2 1 0 1 2 1 1 4 0 0 0 1 1
Semiotic

Materials 0 2 1 1 0 0 1 2 1 0 1 3 3 2 1 2 6

Semiotic

Task 1 2 6 2 0 3 2 4 5 1 2 6 3 3 2 4 4

Semiotic

Personal 1 1 1 0 4 0 1 0 0 1 0 4 2 0 0 3 1

Semiotic

Other 3 3 4 1 1 1 1 1 0 1 0 6 4 2 1 2 1
Rhetorical Lead 5 2 2 5 0 4 0 3 2 3 1 2 1 0 1 3 5Rhetorical

Question 5 1 6 5 0 2 0 5 3 1 4 4 2 1 3 5 6
Rhetorical

Answer 3 4 4 1 0 3 0 4 4 4 1 3 4 2 3 4 6

Rhetorical

Follow 0 2 5 2 0 2 1 1 1 1 1 0 1 0 4 1 1

Rhetorical

Social 1 2 2 1 6 0 3 0 1 0 1 4 3 0 0 1 0

Rhetorical

Other 1 0 1 0 0 0 0 2 2 2 2 1 0 1 2 2 3
Note. n=17.

To further reduce the data, each category was subdivided into positive, neutral, and 

negative groups. Talking about the experiment, the concepts, taking a lead, or high amounts of 

questioning were considered positive. Talking about materials, completing the task, answering, 

or following was considered neutral. Talking about off task ideas, or socializing with others was 

considered negative. Justification for this reduction can be seen in the correlations among the 
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twelve observed factors for the 17 students (See Appendix I). For example, there was a strong 

positive correlation between talking about materials and the task, significant at the .05 level 

(Pearson r=.517), and between personal talk and talk of other content in the semiotic category, 

significant at the .05 level (Pearson r=.548). In the rhetorical category, student talk could also be 

lumped into style as being either positive, with a significant correlation between leading and 

questioning (Person r=.571), neutral by answering or following another, and negative by 

socializing or other style (Pearson r=.553). This leaves each observed student with six scores, 

semiotic positive, neutral and negative, and rhetorical positive, neutral, and negative.  However, 

since the semiotic and rhetorical positive and negative scores were strongly correlated, (Pearson 

r=.646, Pearson r=.589), significant at the .01 level, the scores were further combined into a 

positive, neutral, and negative talk score for each student. The mean scores for talk for each class 

then reflect the anecdotal evidence given in the field memo (see Table 7).

Survey of observed class students and teachers

Table 5

Student Survey Results

Class 1. group 
worked well

2. kept on task 3. participate 
equally

4. helped to 
design good 

lab

5. helped to 
understand 

lab

6. helped to 
understand 

inquiry 
questions

7. we often 
work in 
groups

1a 4.25 3.82 3.54 4.29 3.96 3.61 3.82

2b 3.78 3.50 3.00 3.78 3.94 3.50 3.50

3c 4.00 3.89 4.22 4.33 4.11 3.89 4.22

4d 3.94 3.61 3.94 3.89 3.50 3.72 3.94

5e 3.42 3.42 3.05 3.47 3.95 3.53 4.05

6f 4.20 3.80 3.80 4.15 4.45 4.05 4.40

Meg 3.96 3.67 3.54 3.98 3.98 3.70 3.96

SD .832 .894 1.039 .870 .880 .879 .890
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Note. an=28. bn=18. cn=9. dn=18. en=19. fn=20. gn=112. 

 Following the prelab discussion, and after students had conducted the lab itself, students 

were asked to complete a survey questioning them on the work their groups had done during the 

prelab discussion, and whether group work helped them understand concepts. 112 students total 

took the survey, including the 17 observed students. Students answered seven questions using a 

modified scale as seen in Appendix G. Student number was used to later link them to quarterly 

assessment data. Students were not given a chance to make comments, although it appeared most 

took the survey seriously, there were even some with several erasures, as if students needed to 

change their mind (See Table 5).

Teachers were given the exact same survey as well. Teachers were also given an 

opportunity to add comments, as seen by their survey in Appendix F. For the most part, teacher 

comments reflected their survey answers, as well as the general classroom observations made by 

the researcher. Teachers did not always emphasize the working in groups as helping students 

understand labs, as evidenced by survey results (See Table 6).

Table 6

Teacher Survey Results

Teacher 1. group 
worked well

2. kept on task 3. participate 
equally

4. helped to 
design good 

lab

5. helped to 
understand 

lab

6. helped to 
understand 

inquiry 
questions

7. often work 
in groups

1 3.00 4.00 3.00 4.00 3.00 3.00 4.00

2 3.00 3.00 2.00 5.00 4.00 5.00 4.00

3 4.00 4.00 3.00 4.00 4.00 3.00 4.00

4 5.00 4.00 2.00 4.00 4.00 4.00 4.00

5 3.00 3.00 1.00 2.00 3.00 4.00 3.00

6 4.00 5.00 4.00 5.00 5.00 4.00 5.00

M 3.58 3.85 2.52 4.00 3.76 3.83 4.01
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SD .755 .700 .977 1.013 .738 .683 .593

Note. n=6.

 In both cases, survey data was further reduced, in order to follow the general coding map 

developing with the observational data. Questions 1-3 were combined into a survey task 

category, and questions 4-6 were combined into a survey understanding category. Student 

questions 1-3 all showed strong correlation, significant at the .01 level, with Pearson r scores of .

45 to .58 (See Appendix I). Student questions 4-5 also showed strong correlations, significant at 

the .01 level, with Pearson r scores of .35 to .52 . 

Teacher survey questions  did not show as strong correlations, with two factors, working 

well and participating equally, only showing a weak correlation, significant at the .05 level 

(Pearson r=.187), however questions 1-3, and 4-6 could be confidently combined, given the 

correlations. A summary chart of the class observations is given (See Table 7).

Table 7

Discourse Summary Codes by Class

Class Talk
+

Talk
0

Talk
-

Class Task Class Und SSur Task SSur Und TSur Task TSur Und

1a 3.17 2.50 1.67 2.75 2.25 3.87 3.88 3.33 3.67

2b 1.50 1.13 1.19 1.25 1.75 3.43 3.43 2.67 3.33

3c 2.38 2.75 0.75 2.75 2.50 4.04 4.15 3.67 3.67

4d 1.88 1.38 0.88 1.00 1.75 3.83 3.81 3.67 3.33

5e 1.67 2.50 2.25 2.00 1.75 3.30 3.32 2.33 2.00

6f 2.67 3.17 1.33 2.75 2.25 3.93 3.92 4.33 4.67

Mg 2.18 2.19 1.40 2.10 2.02 3.72 3.73 3.32 3.46

SD 1.30 1.10 0.91 0.73 0.28 0.76 0.76 3.33 3.67

Note. an=28. bn=18. cn=9. dn=18. en=19. fn=20. gn=112. 

Running Head: SCIENCE DISCOURSE   29



Student Achievement Data

 Each year, students in the District in each science course, grades 7-12, take a science 

course. Each course has four district wide quarterly assessments, including the PhyChem course 

appropriate to this study. Each assessment has 13 multiple-choice questions, modeled after 

Connecticut Performance Test questions, and includes several multiple choice and three open 

ended questions based on an inquiry lab task. For the students in this study, they have taken two 

previous quarterly assessments based on content in the curriculum, including topics of heat, 

chemistry, plastics, environmental chemistry, and land use. Previous inquiry lab questions 

focused on testing factors that affect heating, and factors that affect strength of different types of 

plastics. In each case, scores on these tests can be analyzed by multiple choice, open ended, 

content, and inquiry sub categories. 

Table 8

Previous Quarter Assessment Scores

Class Total MultipleChoice OpenEnded Content Inquiry

1a 0.62 0.65 0.58 0.63 0.61

2b 0.57 0.61 0.52 0.62 0.55

3c 0.64 0.68 0.58 0.67 0.62

4d 0.50 0.45 0.57 0.43 0.55

5e 0.55 0.61 0.47 0.58 0.53

6f 0.54 0.50 0.60 0.52 0.56

non-observed classesg 0.44 0.49 0.38 0.50 0.40

Mh 0.45 0.50 0.39 0.50 0.42

SD 0.19 0.17 0.28 0.18 0.24

Note. an=28. bn=18. cn=9. dn=18. en=19. fn=20. gn=1262. hn=1373 
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Students also took a third quarter assessment, based in part on the acid rain inquiry lab 

task. To aid in data analysis, student data for the quarter one and quarter two assessment were 

averaged together (See Table 8). Following the lab activity, student were given the quarter three 

assessment as described in Appendix D. Analysis was conducted for each section of the test (see 

Table 9).

1053 students in the PhyChem classes took both the quarter three assessment, as well as 

the quarter two and quarter one assessments. The inquiry scores for quarter one and quarter two 

were averaged together and compared to the inquiry scores for quarter three. Using a paired 

sample t-test to compare the means, the average inquiry score increased slightly from .448 (SD=.

233) to .497 (SD=.269) in quarter three. The difference between the two means is statistically 

significant at the .01 level (t=-7.86, df=1052), with a moderately strong relationship (Pearson r= .

658, p=.00001). 

Table 9

Quarter Three Assessment Scores

Class Total MultipleChoice OpenEnded Content Inquiry

1a 0.79 0.77 0.82 0.74 0.82

2b 0.67 0.73 0.59 0.74 0.64

3c 0.88 0.89 0.86 0.90 0.87

4d 0.57 0.48 0.71 0.44 0.65

5e 0.50 0.58 0.38 0.60 0.44

6f 0.58 0.57 0.58 0.59 0.57

non-observed classesg 0.49 0.52 0.45 0.52 0.47

Mh 0.51 0.53 0.47 0.53 0.49

SD 0.23 0.24 0.32 0.26 0.27

Note. an=28. bn=18. cn=9. dn=18. en=19. fn=20. gn=978. hn=1088 
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Although the research questions indicated a focus on demographics, the observed classes 

showed no significant difference between the inquiry scores for ethnicity, poverty, or gender as 

compared to the general population. As with the general population, there was a nearly 12% 

difference between white students and minority (Hispanic and black) students, with an 11% gap 

between females and males. Complete collected data was then aggregated by class (See Table 

10). In order to account for various underlying demographic factors, previous inquiry scores 

averaged together were assumed to include any intellectual, ethnic, or socioeconomic variations, 

and used as a control factor in analysis.

Table 10 

Complete Data, Discourse, and Assessment by class

Class
Talk
+

Talk
0

Talk
-

Class 
Task 
(CT)

Class 
Und 
(CU)

SSurv 
Task 
(ST)

SSurv 
Und 
(SU)

TSurv 
Task 
(TT)

TSurv 
Und 
(TU)

Q1/2 Inq 
Scores 
(Q1)

Q3 Inq 
Scores 
(Q3)

1a 3.17 2.50 1.67 2.75 2.25 3.87 3.88 3.33 3.67 0.61 0.82

2b 1.50 1.13 1.19 1.25 1.75 3.43 3.43 2.67 3.33 0.55 0.64

3c 2.38 2.75 0.75 2.75 2.50 4.04 4.15 3.67 3.67 0.62 0.87

4d 1.88 1.38 0.88 1.00 1.75 3.83 3.81 3.67 3.33 0.55 0.65

5e 1.67 2.50 2.25 2.00 1.75 3.30 3.32 2.33 2.00 0.53 0.44

6f 2.67 3.17 1.33 2.75 2.25 3.93 3.92 4.33 4.67 0.56 0.57

non-
observg

--- --- --- --- --- --- --- --- --- 0.40 0.47

Meanh 2.18 2.19 1.40 2.10 2.02 3.72 3.73 3.32 3.46 0.42 0.49

SD 1.30 1.10 0.91 0.73 0.28 0.76 0.76 3.33 3.67 0.24 0.27

Note. an=28. bn=18. cn=9. dn=18. en=19. fn=20. gn=978. hn=1053 
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Correlational Analysis

 The primary method of analysis in this study was to examine the correlation between the 

collected data: observation tallies, class observations, survey results, and other data with inquiry 

assessment results. The research questions all identified the quarter three inquiry scores as the 

key dependent variable, with group discussion observations, class observations, teacher, and 

student surveys, as the key independent variables. Pearson moment correlation was calculated for 

each factor for the list of students in the observational group (identified by student ID number), 

as well as the list of students in each observed class, and the entire grade, and appropriate 

analysis was conducted to identify significant relationships (See Table 11). Correlations were 

calculated for all collected and coded variables (See Appendix I).

Table 11

Correlations among discourse factors and student achievement

MeasureMeasureMeasureMeasureMeasureMeasureMeasureMeasureMeasureMeasureMeasure

Measure M SD 1 T+ 2 T0 3 T- 4 ST 5 SU 6 TT 7 TU 8 CT 9 CU 10 QI 11Q3

GroupTalka

1. TalkPos 2.18 1.30 --

2. TalkNeut 2.19 1.10 .54* --

3. TalkNeg 1.40 .91 .09 .11 --

Surveyb

4. Student Task 3.72 .76 .21 .29 -.44 --

5. StudentUnder 3.73 .76 .15 .29 -.32 .94** --

6. Teacher Task 3.32 .67 .32 .37 -.29 .31** .30** --

7. Teacher Under 3.46 .80 .30 .23 -.32 .28** .27** .89** --

Class Observed b

8. Class Task 2.10 .73 .41* .66** .11 .17 .18 .38** .43** --
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9. Class Under 2.02 .28 .40* .53* -.15 .27** .29** .62** .66** .89** --

Student Achievement

10. Q1Q2
InqScore

.416 .240 .39 .21 .12 .04 .07 .08 .10 .14 .18 --

11.Quart3
InqScore

.492 .270 .46 .24 .29 .26** .30** .18 .25** .21* .39** .66** --

Significance with Q3 
Inq scores (p 2-tailed)

.067 .362 .258 .006 .001 .067 .009 .025 .00002 .00001 --

Note. an=17. bn=110. cn=1053.
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Student talk analysis

The main research question was whether the amount and type of student discourse in the 

prelab would significantly affect students’ inquiry scores. In this case, the student talk is a 

measure that includes several factors present in the conceptual framework: conceptual 

understanding, social dynamics and roles, and the underlying ability to participate in this type of 

group discussion. It is clear from the correlation chart that discourse does affect student 

achievement, although the moderate strong correlation between positive talk (T+) and quarter 

three inquiry scores (Q3) is of slight significance (Pearson r=.455, p=.06). Using partial 

correlation analysis (See Table 12), and previous inquiry scores as the control variable, there is 

still a weak positive correlation between positive talk and quarter three inquiry, although of 

limited significance (Pearson r=.299, p=.260). There is less correlation, of far less significance, 

between the negative and neutral talk variable and quarter three inquiry achievement. Since only 

17 students were observed, there is limited further analysis that can be done. Looking at the 

underlying factors, the sub code of semiotic positive talk, which combined the number of times 

students discussed experimental design and content, shows the greatest moderate correlation and 

significance with the quarter three inquiry scores (Pearson r=.651, p=.048), especially when 
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partial correlation analysis is used to control for the factor of  previous inquiry scores (Pearson 

r=.527, p=.036). Another significant result in the underlying analysis is the moderate negative 

correlation between the amount of task talk and quarter three inquiry scores (Pearson r= -.417, 

p=.096), especially when partial correlation analysis is used to control for the factor of previous 

inquiry scores (Pearson r= -.561, p=.024). Of note is the negative correlation, although not of 

much significance, between the four categories coded as negative talk (social and personal 

semiotic and rhetorical talk, and other) and survey results, showing the students who engaged in 

that behavior are observed and self and teacher reported as of low understanding. 

 More useful is to view the two inquiry scores on a scatter plot and examine where 

the 17 observed students lie (See Figure 3). Shown are the complete inquiry scores for all 

students, with positive talk (T+) scores for the 17 observed students (represented by the size of 

the bubble plots) .
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Figure 3 Inquiry Scores Previous vs. Current with Positive Talk Scores

Although it is clear that there is a correlation between the two inquiry scores, there is no 

clear visual evidence that the more positive talk scores lie above the correlation line, which 

would be expected if positive talk affected inquiry scores at a greater rate than prior 

achievement. For these students 17 quarter three inquiry scores were reported, and analyzed in a 

one-way ANOVA, and no statistically significant difference among the means was calculated, 

since the number tested was too small (F[12,4]=1.168, p=.483) Linear regression analysis shows 

a collineraity tolerance of .849 between previous inquiry and positive talk measures, showing 

independence of the two independent variables. The neutral and negative talk scores are not as 

correlated with quarter three inquiry scores (See Figure 4).

Figure 4 Talk Scores with Quarter Three Inquiry Scores (n=17)
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Other factors

In fact, several other factors have slightly more significant correlations with quarter three 

inquiry scores, because they use 110 students as a measure, among them both student and teacher 

survey measures of task and understanding. Student understanding data is the most correlated 

(See Figure 5). In most cases, analysis to account for prior achievement (inquiry scores from 

quarter one and two) by using variance methods does not indicate any increase in the 

significance of results (See Table 12). The data for the observed classes and the entire grade are a 

relatively normal distribution (skewness of .062 and .005 respectively), so that normal 

correlation methods are acceptable. The measure of student understanding was correlated with 

quarter three inquiry scores (Pearson r= .304, p=.001 ), even after partial correlation analysis is 

used to control for the factor of previous inquiry scores (Pearson r= .277, p=.004) (See Figure 5). 
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Figure 5 Previous vs. Current Inquiry Scores with Student Survey Understanding 

Student task behavior was also mildly correlated with inquiry scores (Pearson r= .260, p=.

003 ), even after partial correlation analysis is used to control for the factor of previous inquiry 

scores (Pearson r= .238, p=.013). Underlying question answers that are moderately  linked to 

these inquiry scores include whether students thought their groups worked well, kept on task, 

and that the group helped to understand the lab. Interestingly, students’ impressions of whether 

the group lab activity helped to understand the inquiry test questions was not correlated with 

actual performance. Teacher survey data of student understanding factors showed a weak 

positive correlation with student achievement, (Pearson r=.249, p=.208), but their impression of 

whether group activity helped their students understand the inquiry questions showed a 

moderately negative correlation with student inquiry scores (Pearson r= -.393 , p= .000001). 

Table 12

Correlations between  factors and quarter three inquiry scores

 Partial Correlation
(Q12 Inq Control Factor)

Partial Correlation
(Q12 Inq Control Factor)

Partial Correlation
(Q12 Inq Control Factor)

Measure M SD

Q3Inq
Correlation

r

Q3Inq 
Significance
 (two-tailed)

p

Q3Inq
Partial 

Correlation
r

Q3 Inq 
Significance 
(two-tailed)

p df
Group Talk 
Scorea

TALK+ 2.18 1.30 .455 .067 .299 .260 14Group Talk 
Scorea

TALK(0) 2.19 1.10 .236 .362 .138 .609 14

Group Talk 
Scorea

TALK- 1.40 0.91 .290 .258 .275 .303 14
Student 
Surveyb

SSurveyTask 3.720 .757 .260** .006 .238* .013 106Student 
Surveyb

SSurveyUnder 3.729 .764 .304** .001 .277** .004 106
Teacher 
Surveyb

TSurveyTask 3.315 .671 .175 .067 .137 .158 106Teacher 
Surveyb

TSurveyUnder 3.455 .804 .249** .009 .208* .030 106
Class 
Observeb

ClassObserveTask 2.100 .729 .214* .025 .179 .063 106Class 
Observeb

ClassObservUnder 2.025 .279 .394** .0000 .354** .0002 106
Note. an=17. bn=110.
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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There was found moderately strong, but highly significant, correlation between observed 

classroom factors and the students’ quarter three inquiry scores. The observed class 

understanding measure was moderately correlated with inquiry achievement (Pearson r=.394, p 

=.00002), and remained so after controlling for previous inquiry scores (Pearson r=.354, p =.

0002). For the students in observed classes, 110 prior achievement and quarter three inquiry 

scores were reported, and also analyzed with the observed class understanding scores, in a one-

way ANOVA. For the classes with higher observed class understanding score of 2.5, the mean 

quarter three inquiry score was .865 (SD= .110). The mean inquiry scores for the lower class 

understanding scores were  .57 (SD=.22), and .71 (SD=.21). The differences among the means 

are statistically significant at the .01 level (F[2,107]=10.394, p=.00007) . Looking at the data, the 

explanation of the lab, the class atmosphere and engagement, and student teacher interaction all 

remained mildly positive correlated after prior achievement was controlled. The most significant 

underlying factor was the amount of peer discourse observed (Pearson r= .489, p=.0000001), 

remaining so after partial correlation with prior achievement as the control factor (Pearson r=.

453, p=.000001) . In both cases, classroom observed factors show a relationship with inquiry 

scores, even after the effects of prior achievement are accounted for. See Appendix J for a 

complete list of factors and graph of correlated with quarter three inquiry and partial correlations.

Since classroom observations, student survey results, and teacher survey results all show 

some positive correlation with inquiry scores, similar visual analysis can be conducted with these 

factors as well (See Figure 6). Student survey results are significant, with 110 unique data points.
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Figure 6 Student Survey with Inquiry Scores.

It is interesting to note that student understanding scores are more significantly correlated with 

student achievement than the teacher survey results (although the teachers responded for the 

class, not for individual students), showing that students have a good idea of the behaviors that 

they exhibit in class, and can identify those which will help with understanding.

Discussion

The following research questions were to be investigated in this study: What is the 

relationship between the amount of student group talk in the designing of the inquiry lab , the 

type of group discourse and the group demographics and student and teacher perceptions on this 

inquiry lab and student achievement? Data analysis has shown that there is indeed a relationship 

between student discourse and student achievement, although the underlying factors are more 

complex. As described in the work of Hogan and others (Hogan, 200, Richmond & Striley, 
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1996), students do show a connection between the thematic nature of their discourse and their 

achievement. In this study,  only 17 students were observed, and the quality of their talk was 

affected by many other factors than their knowledge or conceptual understanding. An initial 

conceptual framework had postulated internal factors, such as social roles, students’ tendency 

towards inquiry, and practice in cooperative and constructivist learning, as being the key for 

students’ efficacy in science group inquiry. Yet, in this study, several other factors were also 

present as well.

Teacher Effect

 As mentioned in the introduction to the field memos, one of the most apparent factors was 

the influence and decision the teachers’ made in affecting students ultimate achievement. This 

concept that teacher practice has a strong influence on student discourse and achievement is well 

founded in the literature (McNeill & Pimentel, 2009), and some of the same techniques that the 

observed high scaffolding teachers used have been studied previously and found to be effective 

(van Zee & Minstrell, 1997). One recent study found that teachers tried to engage in inquiry-

based discussion practices with support, but tended to fall back on traditional lecture formats, as 

found in at least two classes in this study (Alozie, Moje, & Krajcik, 2010). Much of the work 

examining student discourse focuses on the need for appropriate modeling and interaction with 

the teacher (Dawes, 2004), and even the fundamental work by Lemke characterized the need for 

the teacher to provide the questioning techniques needed by students (Lemke, 1990). Some of the 

six teachers in this study chose to provide a great deal of scaffolding for students, both in the 

content of acid rain and in reviewing steps of inquiry. Some teachers structured the group 

discussions among students to some extent, while others let students work things out on their 
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own. The measured talk from the students was influenced by the amount of time allotted by each 

teacher for the group discussion, and there were a few cases of different directions given to the 

students. The most significant of these teacher factors, according to the data analysis,  is the 

atmosphere and engagement present in the class, followed by the amount of peer discourse. The 

method for observing these teachers factors was less rigorous than the other data, yet even using 

rough coding and qualitative observations, it is clear that an experienced supervisor can identify 

effective teachers, at least for the purposes of teaching scientific inquiry. The coded class 

understanding variable showed a stronger correlation with student achievement than most other 

factors, showing that the combined overall impression of a class by an experienced observer, can 

include many of the underlying factors identified in the research questions. In fact, there were 

strong correlations between the researchers class observations and the teacher surveys, at least at 

the aggregate level (See Table 11), even though the teachers had much more experience with 

each class. The general observations of a class, even while conducting a quantitative study of a 

specific group, provide rich and detailed information about the practice and art of instruction 

(Kelly, 2007; W.-M. Roth, et al., 1999). Even though each teacher was following the same 

standards and lab, the wide variation in implementation has implications for those who write 

curriculum, and design assessments. It is true that classes with less opportunity for group 

discourse did not do as well, but much of this was due to teacher effectiveness. The classes with 

the most effective lesson around this particular task, had, in general, higher inquiry scores, and 

the structure of the class had more effect than the students discourse. As has been amply 

demonstrated in literature, teachers can provide specific structures to students for discourse, and 

can help students by having a specific format (Gallas, 1995; Mercer & Dawes, 2008). Van Zee 
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(2000, p. 130) even described her proper place in inquiry discussions occurring in her class as no 

longer a facilitator of discussions, but rather as an organizer of learning events in which students 

share the authority to make decisions about what to say and do next. In this study, there were two 

teachers who provided a pre discussion scaffolding and in general, those students had higher 

growth on inquiry scores (See Table 10). Training teachers in how to conduct inquiry lessons 

obvious next step in increasing this measure of talk. 

Student Self Awareness and Teacher Perception

 An important finding in this study is the amount to which students are self aware about 

their learning, and their roles in the classroom. Over one hundred students answered questions 

about their work on this specific lab, and how it affected their learning. In this case, their analysis 

of their own learning about working in a group to design the lab, and their behavior in the group 

was a moderate predictor of their eventual achievement. Ninth grade students may not always be 

thought of to have the meta cognitive skills to analyze their own learning, but in this case, it is 

clear that the students know the skills they need. Although the field study memos indicate that 

many students were focused on task behaviors, their surveys indicate that many of their goals 

were indeed to understand the lab and that’s what they view the role of group discourse. The 

absence of a correlation between their  thinking about how the pre lab group discussion helped 

prepare them for the inquiry test questions may not be consistent with this idea. However, for 

these students, the immediate understanding and designing of a good lab experiment may be 

more immediate as they use the group activity to negotiate their way into understanding. This 

may be tied into the concept referred to in the literature around the difference between writing 

and speaking science (Carlsen, 2007). Because they had to talk to each other about the lab in 
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order to produce something as a group, such as a well defined procedure, they value the role of 

group talk in order to achieve that goal more than a future, far off goal of writing out a scientific 

explanation. The field study memos and observations bear this idea out as well, that there is a 

distinction between verbal discourse among partners, and written responses to prompt and 

questions. Those groups that had shared responsibility for writing out the lab procedures did 

better as a group on the future writing tasks than the groups that had an unequal amount of talk 

and writing responsibilities. The conceptual framework of understanding should be modified to 

include this new idea. 

Students are also more in tune with their learning in many cases , than the teachers are. 

For the six observed classes, students had a higher correlation between their self reported 

behaviors and all measures of achievement on the quarter three test than their teachers did with 

the same questions, save the measure of equal participation in the group pre lab discussion. This 

study took place in the middle of the year, well after most teachers should have a good 

understanding of their class and their learning styles and abilities. In fact, the teachers’ 

impression of whether the pre lab discussion helped students on the inquiry questions had a 

moderate negative correlation, showing that their impressions of the usefulness of the group 

activity are less correct than that of the students. There are hidden mechanisms going on in the 

group discussions that are perhaps invisible to teachers, as described in Sutton (2003), or they 

may be focused more on task behaviors, such as participation, working well with others, 

completing the task. Students may be better able to articulate the worth of the transactions taking 

place in their discourse, but teachers need to be able to access that as well. During the class and 

group observations, the researcher was able to listen to students’ ideas and discourse, while the 
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teachers were occupied answering questions and structuring tasks and discussion. The idea that 

listening to students is the best way to gain deep understanding into their thinking is not new. It 

is the basis for much research and themes around student misconceptions, especially in science 

(Newton, 2001; Sadler, Schepps & Woll, 1989). 

Social Roles

 The role that students take in group discussions can have an impact on their learning. 

Specific to the observed students, the only slightly significant correlation within the rhetorical 

observations was a negative one, between students who exhibited strong answering talk and their 

inquiry scores as well as students exhibiting more task talk (See Appendix J). Yet, it was evident 

from observations and notes that the roles that students took in the groups had a strong effect on 

their overall learning. Both the teacher and the student surveys showed moderate positive 

correlation between groups that worked well and kept on task and those that performed higher on 

the quarter three assessment. Some groups had strong leaders who kept the group on task, while 

others had a great deal more talk about a variety of topics, but eventually came to a consensus on 

the lab design. There was no explicit observation of the kind of compromise and negotiation 

expected in this kind of task; to produce a lab procedure cooperatively. The methods used varied 

widely from group to group, and in some cases, were constrained by the teachers’ input, 

structure, and interference. However, it is clear that an important aspect of the group interaction 

was the roles students’ took. In some cases, there was outright conflict, while in other cases, just 

as learned in the research, students’ gender roles were apparent as they sought consensus 

(Alexopoulou & Driver, 1997). There were at least three groups in which students fell into the 

roles described in research; leaders, helpers, and non-conformists (W.-M. Roth, 2005). No 
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student interviews were conducted, but it would be expected that they would view their roles 

differently in acquiring the knowledge, negotiating their positions, and completing the task, just 

as in other research (Hogan, 1999a). This has been called transactive discussion, a form of 

negotiation between group members as they interpret the meaning of their logical statements 

about a topic (Russell, 2005), and this study also found that students’ use of transactive 

discussion played a role in development of reasoning abilities in science. Teachers should also 

monitor classroom discourse for the presence of this type of transactive discourse, as it affects 

achievement

Amount of Talk vs. Quality of Talk

 One main research question was to examine both the amount and the type of student 

discourse, and how it might affect student achievement. Because of the wide variation between 

the class time given to students in the pre lab discussion, the coded talk variables include both 

these factors. Time was a factor, but many groups used the time differently, and there was not as 

much a variation in amount of talk as there was in the time. There is a moderate positive 

correlation between the positive talk in the pre lab discussion and student inquiry achievement, 

even after adjusted for prior scores (See Appendix J). Other significant positive correlations as 

reported include the semiotic positive talk measure, the student and teacher survey understanding 

measures, the class observation understanding and task measures, and the general measure of 

class observation of peer discourse. Putting these together, it is clear that all the measures clearly 

point to a moderate relationship between the quality of peer discourse and understanding. 

Although this is not surprising, it points to the importance of using this method of instruction 

when needed. The groups themselves contained individual students that were strong in different 
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areas, and even included students that did not talk or refused to participate. Yet, overall, the 

results show that student to student interaction has an effect on eventual understanding. Looking 

deeper into the discussion and notes, and relating it to the assessment sub categories, the content 

of the students’ discussion seems to be the deciding factor. In fact, the semiotic positive talk 

measure is strongly correlated with the overall quarter three assessment scores, as well as 

students’ responses on open ended questions. Students who talk about the concepts, the 

experimental design, who think that their group work helps them understand the lab, all have a 

tendency to have higher achievement. 

Even without the norms for discourse pre established, and even without a specific mode 

and model to follow, the context and content of talk was an important factor. Students talked 

about variables, control groups, as well as how to set up good experiments. It is true that some 

students engaged in negative (social, off task) or neutral (following, task) talk, but some of those 

same students had high amounts of positive talk. Even the classes as whole were evaluated on 

the nature of the peer discourse as a whole, and it was found to affect achievement. The nature of 

their discussions focused on task completion and social roles, but underlying that was a 

significant scientific idea of experimental design, no matter how hidden it may have been by 

imposing structures. Students can be given guidelines (Hammer & van Zee, 2006), and  the 

modes of discussion may vary (Yerrick & Roth, 2004), but the study reinforces the idea that the 

content is the important factor and that ensures that the scientific nature of the discourse is 

unique (Barnes, 2008).  There is no doubt that the amount of time given to talk  was somewhat of 

a factor, and that the scaffolding provided by the instructor made a difference, but it was 

ultimately the quality of talk that made a difference. The ideas of inquiry that students discussed 
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were different than the perceptions of their teachers, and interviews and listening to students may  

reveal more misconceptions and underlying understanding about the nature of science (Newton, 

2001). 

Limitations

 There are some important limitations to be addressed in these findings and discussion. 

Because only six groups and six classes were observed, it is difficult to extrapolate findings of 

significance to a broader context. The students observed, whether in groups, or in the class, come 

from a variety of backgrounds and towns. Since both schools used for observations were magnet 

schools, there may be something about the nature of students whose parents actively select a 

school that increases the importance of discourse, self awareness, social roles, and teacher 

efficiacy for achievement. The strength of the study is in the use of identical lab tasks and 

assessment questions, however as explained, there was wide variation in the implementation of 

the lesson and the pre lab activity. Of course, all quantiative statistical analysis is dependent on 

the coded subjective researcher, class, student and teacher perceptions. Class observation and 

teacher survey data was only measured at the class level,  not the student level, so that the use of 

those measures as matched to individual students within those classes for analysis may hide 

outliers and underlying factors for those 110 students. The researcher’s role as supervisor of the 

science teachers observed is of note, teachers may have had the expectation that their instruction 

was or was not going to be observed formally, so that may have changed the teacher and/or 

students’ classroom behavior.

Conclusion

New Conceptual Framework
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In general, the conclusion is that student discourse does have an effect on student 

achievement in science inquiry, especially the content (semiotic) of their discourse. However the 

study has uncovered some different underlying factors than initially proposed, neccessitating a 

new conceptual framework. The factor of task behavior has been shown to have both positive 

and negative correlation with inquiry achievement, and the role students take in groups can be 

seperated from that. Whether a student is strictly focused on the task, participates in their group, 

and complies with directions have all been linked in this study. Another undeniable factor is the 

role of the teacher in both structuring the inquiry lesson, as well as in the explicit instruction in 

both inquiry and group skills. A different conceptual framework is then needed to account for all 

these factors (See Figure 7).

Figure 7 New Conceptual Framework for Student Inquiry Discourse.

Implications for Practice
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 As stated, there are several implications for practice that result from this study. Given the 

positive relationship between discourse and student achievement in science inquiry teachers need 

to provide both opportunity, instruction, structure, and scaffolding for students in group 

discourse, especially around science inquiry. If the key type of student discourse is in the 

semiotic content of their discussions, students need to be given instruction on the methods of 

discussion about science experiments, concepts, and inquiry skills. Teachers also need to teach 

social roles and group structures, and not assume that students have those skills prior to class. 

Transactional dialogue may need to be modeled and scaffolding directions provided for students 

to effectively practice the type of negotiation needed in this context. Since students’ social roles 

and task behavior also affects student acheivement, teachers can provide more explicit 

instruction, and plan lessons that guide students in this new way of thinking and behaving with 

each other. In short, the teacher and lessons matter, especially when group discourse is the mode 

of learning.

 Teachers can also learn from this study in that there may be more work needed to 

understand students’ thinking in group dialogue. Students themselves can be fairly perceptive 

about their own roles and understanding, yet teachers need to find ways to monitor group 

dialogue and use it as formative assessment information to guide instruction. Teachers should be 

either interviewing indivual students, groups as a whole, or finding some way to simply listen to 

group dialogue, without the contraints of being the instructor and answering questions. 

 The other implication clear is that students themselves need to be made aware of the role 

that group dialogue has in their understanding of scientific inquiry. Following the results of this 

study, implications will be shared with the twelve high schools, and eighty four teachers, as well 
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as with their students.  The type of structures talked about in research work best when students 

explicitly know why they are following them, and because it is clear that students have fairly 

good self perception about their group discourse, the more meta cognitive work they can do, the 

greater the lilkelhood that is will improve their achievement.

Implications for Further Research

There are several implications for further research. Although there is a wide body of 

research on student discourse, and the role of the teacher in the classroom, there is a need for 

broader and more rigorous study, especially following the method of using identical tasks and 

assessment questions as used here. Because there was an obvious teacher effect in this study, 

further research should fully document prior and current teacher behaviors and structures, and 

use coding to try and link to changed student behaviors in the group setting. Conceptual 

understanding should be measured by examining the artifacts of student work, such as the lab 

design, rather than rely on a post test. Student interviews need to be a large part of any future 

study of group discourse, since it is in those verbal explanations that a clear picture of student 

group roles, motivations, and negotiations can be uncovered, as well as conceptual 

misunderstandings. If possible, multiple groups over a longer period of time can be observed to 

identify other factors. 

 Peer discourse has been shown to have a positive relationship with student achievement. 

Factors that are present in student discourse that positively affect student achievement in science 

inquiry include self perception of group behaviors, semiotic talk content, teacher lesson design 

and scaffolding instruction, and prior achievement. Educators and researchers can use this 

information to both guide instruction and research. 
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Appendix A

Acid Rain Teacher Directions

Grades 9-10
  Curriculum-Embedded Performance Task
           Strand III: Global Interdependence

  

          Acid Rain

Laboratory Investigation
Teacher Materials
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Acid Rain

Teacher Materials

This curriculum-embedded science performance task is related to the content standards and 
expected performances for high school, as described in the Core Science Curriculum Framework, 
under Scientific Inquiry, Literacy and Numeracy, Strand III – Global Interdependence.  

Targeted Content Standard

9.8 - The use of resources by human populations may affect the quality of the environment.

Targeted Scientific Inquiry, Literacy and Numeracy Standards

D INQ. 1  Identify questions that can be answered through scientific investigation.

D INQ. 3  Formulate a testable hypothesis and demonstrate logical connections between the 
scientific concepts guiding the hypothesis and the design of the experiment.

D INQ. 4  Design and conduct appropriate types of scientific investigations to answer                 
different questions.

D INQ. 5  Identify independent and dependent variables, including those that are kept constant 
and those used as controls.

D INQ. 6  Use appropriate tools and techniques to make observations and gather data.

D INQ. 7  Assess the reliability of the data that was generated in the investigation.

D INQ. 9  Articulate conclusions and explanations based on research data, and assess results 
based on the design of an investigation.
             
Learning objective:

Students were able to identify building materials that are resistant to the effects of acid rain based 
on their data.

Listed below are the suggested materials for the laboratory exercise. You may use additional 
materials if they are available.

Materials:

containers with lids    limestone chips 
graduated cylinder    marble chips
vinegar      red sandstone chips
pH paper/meter    pea stone
safety goggles     access to a balance
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Considerations:

Teams of two students are ideal for laboratory work, but circumstances may necessitate teams of 
three students. Students will need a minimum of 90 minutes to complete this laboratory exercise 
if you expect their lab reports to be written during class time. You should allow about 60 minutes 
of instructional time for students to design and set up  their experiments. Additional instructional 
time was necessary for students to collect data for this activity  as the change in the condition of 
the building materials will take several hours. If your schedule is such that class does not meet 
every  day, then further adjustments for the activity was necessary. Allow a minimum of 30 
minutes for students to write about their results. As an alternative students can complete the lab 
report for homework. A sample scoring rubric is provided for your convenience or you may 
design your own.

Suggested materials for students to test have been listed in the laboratory  activity. You can 
change these materials based on the supplies available to you or ask the students to bring in other 
building materials to test.  

Any small container with a cover will work for this activity, including small jars or petri dishes. 
Vinegar with an approximate pH of 3 has been suggested as a substance to simulate acid rain. If 
the odor is too intense, another weak acid may be substituted at the discretion of the teacher. 
Keep in mind safety considerations and the fact that average acid rain has a pH between 4.0 and 
5.5.

The quantity  of vinegar that is introduced to the building material is not specified in the student 
instructions. You can control the maximum amount of vinegar available to a team of students (20 
ml per material tested) to conserve supplies or direct all students to use the same quantity of 
vinegar and building materials to pool data and compare results. 

Some relevant information on acid rain is available at these and many other sites:
http://www.epa.gov/highschool/air.htm
http://www.geocities.com/narilily/buildings.html
http://www.ec.gc.ca/acidrain/

The task can be integrated into a unit on environmental science in any high-school physical or 
Earth science course. The curriculum-embedded task is intended to be used as a formative 
assessment during the appropriate instructional unit. The Connecticut Academic Performance 
Test – Generation III will include some open-ended items that  will assess scientific inquiry and 
communication skills in the same context as this task.
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Curriculum-Embedded Laboratory Investigation
Scoring Rubric

Statement of Problem and Hypothesis
3 The problem and hypothesis are stated clearly and completely. Clear identification of independent 

and dependent variables.
2 The problem and hypothesis are stated adequately. Adequate identification of independent and 

dependent variables.
1 The problem and/or hypothesis are poorly stated. Poor identification of independent and 

dependent variable.
0 The statement of the problem and/or hypothesis is very limited or missing altogether. No 

identification of independent and dependent variables.

Experimental Design
3 The experimental design matches the stated problem. Variables are held constant. The procedures 

are clear, complete and replicable. A control is included when appropriate.
2 The experimental design generally matches the stated problem. Attempt at  holding variables 

constant  is made. Procedures are generally complete. Minor modifications or clarifications may 
be needed.

1 The experimental design matches the stated problem to some extent. Little attempt to hold 
variables constant. Procedures are incomplete. Major modifications or clarifications may be 
needed.

0 The experimental design does not match the stated problem, is very incomplete or missing. There 
is no attempt to hold variables constant.

Data Presentation
3 Data are well organized and presented in an appropriate manner.
2 Data are organized and presented in an appropriate manner. Minor errors or omissions may be 

present.
1 Data are poorly organized or presented in an inappropriate manner. Major omissions or errors 

may be present.
0 Data are very poorly organized or presented in an inappropriate manner or missing altogether.

Conclusions
3 Conclusions are fully supported by data and address the hypothesis. Reliability of data and 

validity of conclusions are thoroughly discussed.
2 Conclusions are generally supported by data and address the hypothesis. Minor errors in 

interpretation of results may be present. Discussion of reliability of data and validity of 
conclusions is limited.

1 Conclusions are supported by data and address the hypothesis to a limited extent. Major errors in 
interpretation of results may be present. There is little discussion of the reliability of the data or 
validity of conclusions.

0 Conclusions are not supported by data, do not address the hypothesis or are missing. There is no 
discussion of the reliability of data or validity of conclusions.

Excellent performance   10-12 points
Proficient performance   7-9 points
Marginal performance  4-6 points
Unsatisfactory performance  0-3 points
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Appendix B

Acid Rain Student Directions

Student Name:_____________    Class:_____

Acid Rain

Laboratory Investigation
Student Materials
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Acid Rain

Student Materials

Acid rain is a major environmental issue throughout Connecticut and much of the United States. 
Acid rain occurs when pollutants, such as sulfur dioxide from coal burning power plants and 
nitrogen oxides from car exhaust, combine with the moisture in the atmosphere to create sulfuric 
and nitric acids. Precipitation with a pH of 5.5 or lower is considered acid rain.

Acid rain not only affects wildlife in rivers and lakes but also does tremendous damage to 
buildings and monuments made of stone. Millions of dollars are spent annually on cleaning and 
renovating these structures because of acid rain.

Your Task

Your town council is commissioning a new statue to be displayed downtown. You and your lab 
partner will conduct an experiment to investigate the effect of acid rain on various building 
materials in order to make a recommendation to the town council as to the best material to use 
for the statue. In your experiment, vinegar will simulate acid rain.

You have been provided with the following materials and equipment. It may not be necessary to 
use all of the equipment that has been provided.  

Suggested materials:
                                                                        Proposed building materials:
    
containers with lids         limestone chips
graduated cylinder                marble chips
vinegar (simulates acid rain)               red sandstone chips
pH paper/meter                           pea stone 
safety goggles       access to a balance   
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Designing and Conducting Your Experiment

1. In  your words, state the problem you are going to investigate. Write a hypothesis using 
an “If …  then … because …” statement that describes what you expect to find and why. 
Include a clear identification of the independent and dependent variables that was studied.

2. Design an experiment to solve the problem. Your experimental design should match the 
statement of the problem and should be clearly  described so that someone else could easily 
replicate your experiment. Include a control if appropriate and state which variables need to be 
held constant.

3. Review your design with your teacher before you begin your experiment.  

4. Conduct your experiment. While conducting your experiment, take notes and organize your 
data into tables.

Safety note: Students must wear approved safety goggles and follow all safety instructions. 

When you have finished, your teacher will give you instructions for cleanup procedures, 
including proper disposal of all materials.
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 Communicating Your Findings

Working on your own, summarize your investigation in a laboratory report that includes the 
following:

• A statement of the problem you investigated. A hypothesis (“If ... then … because 
…” statement) that described what you expected to find and why. Include a clear 
identification of the independent and dependent variables.

• A description of the experiment you carried out. Your description should be clear and 
complete enough so that someone could easily replicate your experiment.

• Data from your experiment. Your data should be organized into tables, charts and/or 
graphs as appropriate.  

• Your conclusions from the experiment. Your conclusions should be fully supported by 
your data and address your hypothesis.

• Discuss the reliability of your data and any factors that contribute to a lack of 
validity of your conclusions. Also, include ways that your experiment could be 
improved if you were to do it again.
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Appendix C
Acid Rain District Student Assessment

STUDENT NAME_______________  TEACHER____________
NINTH GRADE QUARTER THREE ASSESSMENT 0910

Today you will be taking the NINTH grade QUARTER THREE assessment. 
This test is designed to test your skills and knowledge in science. It has 
questions taken from science classes, as well as about experiments. You should 
make sure to read each question carefully, including the information given at 
the beginning of each section. Examine the diagrams to help you understand 
the questions as well. Some questions may refer to diagrams or information 
from the previous page.

For the multiple choice sections, make sure to place your answers on your 
Scantron sheet.
Make sure the Scantron has your full name, neatly written.
For the open ended questions, make sure to read all the information, and 
write your answer clearly in the space provided
--------------------------------------------------------------------------------------------
1. (D24)  Which chemical substance does NOT commonly come from factories and industry to 
pollute water areas (lakes and rivers)?
A) Sodium 
B) Nitrates
C) Mercury
D) Phosphates

2. (D12) Acid rain combines with substances such as limestone in statues in a chemical reaction. 
Which is most likely true about this reaction?

A) The acid and limestone make a new substance with a pH of 2.
B) The acid and limestone make a new substance with a pH of 14.
C) The acid and limestone make a new substance with a neutral pH of 7.
D) The acid rain starts with a pH of 10 and ends with a pH of 4.

3.  (D26)Which of the following is true about recycling glass and aluminum?

a. Energy is created in the recycling process.
b. Recycled glass and aluminum always have different properties from the original 
    materials.
c. Recycling glass and aluminum reduces the amount of resources taken from the Earth.
d. It takes more energy to recycle aluminum than to extract it from the ground.
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4)  (D12) Which is NOT a possible solution or “fix” to acid rain?
A) Installing scrubbers on factory smokestacks.
B) Adding bases or buffers to lakes to neutralize acids.
C) Reduce the amount of sulfur in fossil fuels that are burned.
D) Change the height of the smokestacks so the pollution is moved elsewhere.

5. (D18)  Which is not a scientific harmful risk of using landfills to store waste?

A) Chemicals from the landfills could seep into groundwater.
B) Heavy metals from waste could enter the soil and become part of the plants and the food 
supply
C) Chemical gases, such as methane, could enter the air near the landfill
D) The site cannot be used for other uses, such as a parking lot or golf course.

6. (D22) Which of the following is directly responsible for acid rain?  
A.  steam vented from a nuclear power plant  
B.  sulfur dioxide released from a coal-fired power plant   
C.  mining of coal for a coal-fired power plant 
 D.  processing of uranium for a nuclear power plant 

7. (D22) Which of the following is NOT a consequence of acid rain?
A) Weathering of marble statues
B) Changes in pH of ponds and lakes
C) An increasing hole in the ozone layer.
D) Thinning of marine animal shells

8. (D25) Which is most likely to lead to a site being classified as a “Brownfield” site with low 
level hazardous waste?
A) An abandoned site that had a gas station and dry cleaner store.
B) A nuclear power plant waste site.
C) A farm being used to grow organic tomatoes and beets.
D) A wind turbine electric power plant.

9. (DINQ2)   Which is probably the most reliable or credible source of scientific information about 
a scientific issue, such as acid rain?

A) A presentation by a politician.
B) An article in a scientific journal with results of research.
C) A website from a college student.
D) A talk radio show.
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10-13) A group of students were investigating which soils were best to neutralize 
acid rain. They poured an acid solution through the soils with different size grains, 
and timed how long it took to percolate into a cup. They repeated each trial, and 
measured the pH of the final solution.

10)(DINQ5) Which is the best description of their independent variable in this 
experiment?
a) The pH of the final solution
b)  The amount of soil used in each trial
c)  The grain size of soil used in each trial
d) The time it took for the acid to filter through the soil

11) (DINQ7) In order to draw a valid conclusion about percolation rate, it is most 
important that the group
a) Use the same amount of acid solution each time
b) Keep the size of the cup the same each time.
c) Measure the pH of the solution before starting.
d) Use the same person to time each trial.
12) (DINQ6)What is the best reason for the group performing three trials?
a) To control variables
b) To increase reliability
c) To increase mass
d) To decrease pH

13)(DINQ8) In the second part of the experiment, the students were given a sample 
with of unknown grain size. They also tested it by pouring acid through it. What 
graph of their first part results would best help them determine the size of the 
grains of the unknown soil sample?
a) A bar graph, with soil grain size in millimeters for each trial.
b) A bar graph, with the size of the cup plotted for each trial.
c) A line graph, with time of percolation plotted vs. pH of the final solution
d) A line graph, with soil grain size in millimeters plotted vs. time of percolation.
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STUDENT NAME_______________
NINTH GRADE QUARTER THREE ASSESSMENT 09-10

Use the information on the next pages to answer the four open-ended experimentation questions. 
Answer the questions in the space provided. Make sure to write clearly and neatly, while 
answering the question fully. Remember to answer the question, then WRITE a good 
explanation. You can always add diagrams or charts if you think it will help explain your answer.

A group of students prepared a vinegar-and water solution to simulate 
acid rain. After determining the pH, they poured the solution through 
cups that contained various earth materials such as sand, potting soil, 
and crushed limestone. The students measured the amount of the 
solution that percolated, passed through, a hole in the bottom of each 
cup in a set amount of time, and they tested the pH of the drippings.

pH ScalepH ScalepH Scale

Increasingly
Basic

14

Increasingly
Basic

13

Increasingly
Basic

12Increasingly
Basic 11 Household ammonia

Increasingly
Basic

10

Increasingly
Basic

9

Increasingly
Basic

8
Neutral 7 Pure water

Increasingly
Acidic

6

Increasingly
Acidic

5Increasingly
Acidic 4

Increasingly
Acidic

3 Vinegar

Increasingly
Acidic

2

Increasingly
Acidic

1

Increasingly
Acidic

0

The results of the group’s experiment are shown in the following table.

Earth Materials pH of ‘acid rain’ before 
percolation

Amount of ‘acid rain’ 
percolated in three minutes

pH of percolated ‘acid rain’

Sand 3.0 30 mL 3.5

Potting soil 3.0 20 mL 3.5
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Crushed limestone 3.0 90 mL 5.0

All three Earth materials 3.0 50 mL 5.5

Use these results to answer the following questions:
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STUDENT NAME_______________

NINTH GRADE QUARTER THREE ASSESSMENT

61. (DINQ5)   (3 pts) What are the variables that should have been controlled or kept constant in 

the experiment? Explain why it is important to control variables in an experiment. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

__
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62. (DINQ4)(3 pts) Do you think you have enough information to replicate this group’s 
experiment? If you think you do not, tell what other information you would need?
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

________________________________________________________________
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NAME_______________

NINTH GRADE QUARTER THREE ASSESSMENT
63. (DINQ9)(3 pts) The group  concluded that sand and potting soil have the same ability to 
neutralize acidity because in each case the pH went from 3.0 to 3.5 Based on this group’s 
experiment and results, do you think the group’s conclusions is valid? Explain why or why not. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______
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Appendix D

Acid Rain District Assessment Teacher Rubric

Score and 
Description->

0 (includes blank) 1 2 3

GRADE 9 Q3 
ASSESSMENT 
KEY 0910

1 A D24

2 C D12

3 C D26

4 D D12

5 D D18

6 B D22

7 C D22

8 A D25

9 B DINQ6

10 C DINQ5

11 A DINQ7

12 B DINQ6

13 D DINQ8

GRADE 9 Q3
OPEN ENDED 
QUESTIONS 
SCORING 
RUBRIC

GRADE 9 Q3 
ASSESSMENT 
KEY 0910

1 A D24

2 C D12

3 C D26

4 D D12

5 D D18

6 B D22

7 C D22

8 A D25

9 B DINQ6

10 C DINQ5

11 A DINQ7

12 B DINQ6

13 D DINQ8

GRADE 9 Q3
OPEN ENDED 
QUESTIONS 
SCORING 
RUBRIC

Question CT State Standard

The response, 
although may be on 
topic, is an 
unsatisfactory 
answer to the 
question. It may fail 
to address the 
question, or it may 
address the question 
in a very limited 
way. There may be 
no evidence of 
elaboration, 
extension, higher-
order thinking, or 
relevant prior 
knowledge. There 
may be evidence of 
serious 
misconceptions

This response is a 
marginal answer 
to the question. 
While it may 
contain some 
elements of a 
proficient 
response, it is 
inaccurate, 
incomplete, and/or 
inappropriate. 
There is little if 
any evidence of 
elaboration, 
extension, higher-
order thinking or 
relevant prior 
knowledge. There 
may be evidence 
of significant 
misconceptions.

This response is a 
proficient answer to 
the question. It is 
generally correct, 
complete, and 
appropriate although 
minor inaccuracies 
may appear. There 
may be limited 
evidence of 
elaboration, 
extension, higher-
order thinking, and 
relevant prior 
knowledge, or there 
may be significant 
evidence of these 
traits but other flaws 
(e.g., inaccuracies, 
omissions, and 
inappropriateness) 
may be more than 
minor.

This response is an 
excellent answer to the 
question. It is correct, 
complete, and 
appropriate and 
contains elaboration, 
extension, and/or 
evidence of higher-
order thinking and 
relevant prior 
knowledge. There is no 
evidence of 
misconceptions. Minor 
errors will not 
necessarily lower the 
score.
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6161 What are 
the 
variables 
that should 
have been 
controlled 
or kept 
constant in 
the 
experimen
t? Explain 
why it is 
important 
to control 
variables 
in an 
experimen
t.

DINQ5. Identify 
independent and 
dependent variables, 
including those that are 
kept constant and those 
used as controls.
This item is intended to 
assess students’ 
understanding of the need 
to conduct controlled 
experiments when 
investigating the effect of 
one variable on another. 
A good answer would 
explain that is important 
to have only one 
difference, that is the 
cause or independent 
variable of type of 
materials, between the 
three groups. Important 
variable that need to be 
controlled are : the 
amount of acid rain 
solution poured through, 
the type or pH 
concentration of the 
initial acid rain solution, 
the amount (by mass or 
volume) of the earth 
material used, the size of 
the hole in the cup, and 
others such as the rate at 
which it was poured and  
the amount of gauze  used

States no constants 
needed, or all 
variables incorrect. 
A 0 answer may not 
identify any 
important variables, 
or list a non 
important one (size 
of collecting cup), 
and have an 
incorrect 
justification.

. A 1 answer may 
list only one 
important variable 
and not justify the 
need for 
controlling them. 
Misidentifies one 
of the variables. 
Only some 
constant 
properties 
correctly 
identified, or no 
explanation as to 
the reason for 
controlling 
variables.

A 2 answer may 
identify several 
variables, yet not 
discuss the reason for 
controlling them Lists 
some important 
properties to keep 
constant., some 
explanation of need 
for constants

Identifies both 
variables correctly, 
Lists most . A 3 answer 
identifies at least two or 
three of these variables, 
as well as explain the 
need for accuracy/
validity.. Discusses 
reason for controlling 
variables as knowing 
the cause for the effect, 
referring to making a 
valid conclusion

6262 Do you 
think you 
have 
enough 
informatio
n to 
replicate 
this 
group’s 
experimen
t? If you 
think you 
do not, tell 
what other 
informatio
n you 
would 
need?

DINQ4 Design and 
conduct appropriate types 
of scientific 
investigations to answer 
different questions.
This item is intended to 
asses students’ 
understanding of what 
constitutes a complete 
and appropriate 
experimental design. In 
this case, students do not 
have all of the 
information that they 
need to repeat the 
experiment. The 
important information 
that they need includes 
how much earth material 
was used (by mass or 
volume), how much acid 
rain solution was used, 
and perhaps others, such 
as the size of the hole in 
the cup, and others such 
as the rate at which it 
was poured and  the 
amount of gauze. 

A 0 response may 
state all information 
is given with little 
explanation.

used A 1 answer 
may list some of 
the important 
information 
provided but not 
list the other 
information 
needed, or only on 
poorly elaborated 
piece of 
information 
needed

. A 2 answer may 
discuss the need to 
keep the amounts 
constant, but not list 
it as a piece of 
information needed. 
It may list non 
important pieces of 
information, such as 
the grain size or pH 
of the materials and 
be less elaborate.

A 3 answer clearly 
identifies at least two or 
three important pieces 
of information needed.
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6363 The group 
concluded 
that sand 
and 
potting 
soil have 
the same 
ability to 
neutralize 
acidity 
because in 
each case 
the pH 
went from 
3.0 to 3.5 
Based on 
this 
group’s 
experimen
t and 
results, do 
you think 
the 
group’s 
conclusion
s is valid? 
Explain 
why or 
why not. 

DINQ9. Articulate 
conclusions and 
explanations based on 
research data, and assess 
results based on the 
design of the 
investigation.
This item assesses 
students’ ability to draw 
conclusions based upon 
data and to consider the 
validity of those 
conclusions. For this 
experiment, the groups’ 
conclusion should not be 
considered valid because 
while both the sand and 
potting soil changed the 
pH of the acid rain 
solution from 3.0 to 3.5, 
the sand allowed more 
solution to pass though in 
the given time (thus 
having more neutralizing 
ability). It is also unclear 
as to whether the group 
controlled important 
variables such as those 
described in Item 2 
(amounts of acid rain 
solution and earth 
materials). This 
experiment also only 
includes one trial, which 
casts doubt on the 
reliability of the results. 

. A 0 answer may 
indicate agreement 
with the validity of 
the conclusions.

A 1 answer may 
show some 
understanding of 
the amount of 
percolation 
amount/rate issue, 
but have 
misconceptions or 
fail to mention any 
concerns

. A 2 answer may 
mention only one or 
the other of these 
points with poor 
elaboration.

A 3 answer would 
explain the sand 
neutralizing more acid, 
and mention variable 
concerns.
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Appendix E

Group Observation Instrument

CLASS___________  SECTION ____________  DATE________

SEMIOTIC (CONTENT)SEMIOTIC (CONTENT)SEMIOTIC (CONTENT)SEMIOTIC (CONTENT)SEMIOTIC (CONTENT)SEMIOTIC (CONTENT) RHETORICAL (SOCIAL)RHETORICAL (SOCIAL)RHETORICAL (SOCIAL)RHETORICAL (SOCIAL)RHETORICAL (SOCIAL)RHETORICAL (SOCIAL)

STUDE
NT

Experime
nt

Conce
pt

Materi
al

Task Person
al

Othe
r

LeadQuestio
n

Answe
r

Follo
w

Social Other

#1

#2

#3

TOTAL

STUDE
NT

Experime
nt

Conce
pt

Materi
al

Task Person
al

Othe
r

LeadQuestio
n

Answe
r

Follo
w

Social Other

NOTES:
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Appendix F

Student Group Inquiry Survey (Teacher)

1. Earlier this month, students took place in a group lab activity "Acid 
Rain", and answered some test questions about a similar lab.
Please answer the questions about this lab activity as best you can.

Strongly 
Disagree

Disagree Neutral Agree Strongly 
Agree

The groups worked 
well together. ° ° ° ° °
Groups kept on 
task. ° ° ° ° °
Everyone in the 
groups participated 
equally.

° ° ° ° °
Talking together 
helped students 
design a good 
experiment.

° ° ° ° °

Working in the 
groups helped 
students 
understand the lab.

° ° ° ° °

Working in the 
groups helped 
students 
understand the 
test questions.

° ° ° ° °

Students often 
work in groups to 
design lab 
experiments

° ° ° ° °

2. Interview Questions: Describe how you see students talking to each 
other as they work

3. Interview Question: Describe your students' understanding of 
experimental design.

4. Interview Question: Describe how students group work influences 
their understanding of experimental design.
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Appendix G

Student Group Inquiry Survey (Student)

1. Earlier this month, you took place in a group lab activity "Acid Rain", 
and answered some test questions about a similar lab.
Please answer the questions about this lab activity as best you can.

Strongly 
Disagree

Disagree Neutral Agree Strongly 
Agree

The group worked 
well together. ° ° ° ° °
The group kept on 
task. ° ° ° ° °
Everyone in the 
group participated 
equally.

° ° ° ° °
Talking together 
helped us design a 
good experiment.

° ° ° ° °
Working in the 
group helped us 
understand the lab.

° ° ° ° °
Working in the 
group helped us 
understand the 
test questions.

° ° ° ° °

We  often work in 
groups to design 
lab experiments

° ° ° ° °
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Appendix H

Field Memo Observations

Field Study Memo Class 1 “Peer Discourse and Science Achievement”
Teacher: A School: A
Per2
Level: Honors  N=18 females, 6 males
Teacher:
 3rd year teaching, Black Female.
Observed characteristics: organized, lesson clearly planned ahead of time, good rapport with 
students
Class summary:
 Class started with a writing prompt about a hypothetical  experiment about which 
variables worked the best to cause balloon popping. Students worked quietly, then several were 
asked to write on the board. The class had some discussion (mostly student-> teacher talk) on the 
variables, and how it would affect others. Half of the class participated in this discussion in some 
way.
 Class was then given the standard Acid Rain Embedded Task experiment design as a 
handout. They were asked to come up with some problem statements about the effect of acid rain 
on the statues as a way to generate hypotheses. Once again, three students were asked to write a 
sample problem statement on the board. Instead of having a class discussion, the teacher then 
asked student to do a think/pair/share with a partner near them, pick a problem statement, and 
identify the variables and some critique. Students all participated in this task. General 
conversation in the room was about the statements on the board for about 5 minutes, followed by  
about 3 minutes of social interaction.
 The teacher asked three pairs to list variables and give some critique in the problem 
statement. Through this discussion, one student was then tasked with making a list of causes/
independent variables: amount, concentration of vinegar, application of the vinegar, size, type, 
shape, and mass of the rock, as well as time.
 The teacher also showed students the rocks and materials to be used in the lab
 Group task: Following this, the teacher assigned groups; each group was given a large 
sheet of paper and asked to write:
 A problem statement and hypothesis for their experiment and a procedure for the 
experiment.
 This lasted 23 minutes. During this time, there were about 10 groups working. As each 
group worked, the teacher moved from group to group, asking questions, and occasionally 
making sure students stayed on task. 
 THE OBSERVED GROUP: In general the observed group was “behind” the other 
groups. The three girls were also joined twice by outside visitors, “shadowing” for the day, 
which caused conversation each time to focus on social issues. They started the task right away, 
but did not start writing the procedure until nearly the end of the time. One girl asked insightful, 
experimentation questions, but one of the other girls was focused more on the task and writing, 
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for example making sure she had different color markers. Some time was spent on the writing 
task, making sure lines were neat and spelling was correct. Discussion of the experimental design 
about using the amount of vinegar did not come until the middle of the time, and the procedure 
was in large part written by one girl.
 As each group finished, they were asked to put their post paper on the board, and then 
directed to “peer edit” each other papers. The teacher asked several students to make sure they 
had made at least one comment on each paper. The observed group was the last to put their paper 
on the board.

CLASS SUMMARY (High, Medium, Low):
Rapport/Atmosphere: high
Lab Fidelity: medium
Engagement: high
Teacher-Student Discourse: High  
Scaffolding Explanation(Experiment): high  
Scaffolding Explanation (Concept): low
Peer discourse: high
Time for peer discourse: medium
----------------------------------------------------------------------------------------------------------
Field Study Memo Class 2 “Peer Discourse and Science Achievement”
Teacher: B School: A
Per2
Level: Honors  
Teacher:
 20th year teaching, Black Female.
Observed characteristics: Teacher spent a large amount of time on discipline issues, 
interaction with students was short and yes/no, factual, not much scaffolding
Class summary:
 Class started with a review of homework, not all students were engaged. Teacher yelled 
several times for students to be quiet. There was about 10 minutes of questioning, “what is an 
acid”, list some characteristics. Teacher told students about the acid rain task, (did not hand out 
written directions). She had one person brainstorm the different variables. There was some 
discussion about “do we need a control? Raise your hands”. There was 5 minutes of discussion 
about food in the classroom. The teacher assigned the groups for the task. They were given 12.5 
minutes for discussion.
 THE OBSERVED GROUP: In general the observed group was focused on the task. One 
student asked many questions about what the task was, but did not receive much of an answer. 
The teacher had to tell them the task was to write a problem statement and hypothesis. Even 
though the group appeared to be friendly, they were silent for much of the time. They did decide 
to focus on the type of stones by listening in on another group. One student only talked 6 times. 
When the class was 5 minutes from the end, the teacher asked each group to state their problem 
statement. For the selected group, she picked the girl who had not participated as much, who did 

Running Head: SCIENCE DISCOURSE   86



not know what the group had decided. One other girl read from the paper they had written. As 
class ended, the students were directed to “finish this for homework”
 CLASS SUMMARY (High, Medium, Low):
Rapport/Atmosphere: Low
Lab Fidelity: medium
Engagement: low
Teacher-Student Discourse: medium
Scaffolding Explanation(Experiment): medium
Scaffolding Explanation (Concept): medium
Peer discourse: low
Time for peer discourse: low
------------------------------------------------------------------------------------------------------------
T3Field Study Memo Class 3 “Peer Discourse and Science Achievement”
Teacher: C School: A
Per7
Level: Honors  N=11
Teacher:
 First year teaching, White Male.
Observed characteristics: Teacher was quite and calm with students, and spent a lot of time 
on their questions, students were eager to talk with him and others, but not always sure of 
themselves.

Class summary:
 Class started with description of the earlier bomb scare, teacher presented a power point 
about acid rain and its effects. Students asked many questions about the health effects, and the 
teacher was able to answer many of their questions. They were given the standardized embedded 
task sheet and were shown the rocks being used.

 THE OBSERVED GROUP: In general the observed group  (a pair) was focused on the 
task. They were continually talking to each other, even finishing their sentences. They called the 
teacher over for help several times, mostly to confirm ideas they had already shared with each 
other. They were writing very quickly and quietly. One girl specifically made sure to ask the 
other “what do you think?” and made suggestions, “what about this?” Every group in the class 
seemed to be on task and working well.
They only had 13 minutes to work, and class ended as they were still working

 CLASS SUMMARY (High, Medium, Low):
Rapport/Atmosphere: High  
Lab Fidelity: medium
Engagement: High  
Teacher-Student Discourse: High
Scaffolding Explanation(Experiment): medium
Scaffolding Explanation (Concept): High  
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Peer discourse: High  
Time for peer discourse: medium

--------------------------------------------------------------------------------------------------------------------
T4 Field Study Memo Class 4 “Peer Discourse and Science Achievement”
Teacher: D School: A
Per3
Level:  N=18
Teacher:
 Fourth year teaching, White Male.
Observed characteristics: Teacher talked very loudly, tended to forget students’ names. 
PowerPoint presentation lasted 32 minutes, did not clearly link presentation to task.
Class summary:
 The teacher had a planned PowerPoint on acid rain that was over 30 slides, and lasted 32 
minutes. Many of the students attempted to take notes on the slides, and the teacher had to wait. 
There were about 5 students not taking notes, and the teacher chose to ignore them. In general, 
there were some discipline issues, but in large part, some students were simply ignoring the 
teacher. 
The majority of the slides focused on technical aspects of acid rain, formulas, and effects. The 
teacher showed a picture of statues affected by acid rain as a way of linking to the lab 
experiment. When the teacher showed the slide detailing the groups, there was much discussion, 
perhaps this was the first time the teacher had picked the groups for the students. 
 THE OBSERVED GROUP: In general the observed group  (a pair) was focused on the 
task. They were given 7 minutes to look at the list of materials on the board, and “come up with 
an experiment” (In a previous class, students had thought that marble chips referred to a snack 
food). They looked at the paper a great deal in order to figure out what to write. Interactions were 
characterized mostly by interruptions, “wait, hold, on” and questions, mostly followed by “I 
don’t know”. At one point, nearly 3 minutes went by without any interaction. The teacher was 
able to come over and help at one point, and the students started talking again.
Class finished, and the students were directed to “finish for homework”

 CLASS SUMMARY (High, Medium, Low):
Rapport/Atmosphere: Low
Lab Fidelity: medium
Engagement: Low
Teacher-Student Discourse: Low
Scaffolding Explanation(Experiment): Low
Scaffolding Explanation (Concept): High 
Peer discourse: Low  
Time for peer discourse: Low
------------------------------------------------------------------------------------------------------------------
Field Study Memo Class 5 “Peer Discourse and Science Achievement
Teacher: T5 School: B
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Per3
Level:  N=19
Teacher:
 First year teaching, White Male (student teacher), 20th year teaching White Female
Observed characteristics: Class was chaotic at times, because of the assigned groups and lack 
of directions. Teachers had to focus a lot on the movement of students around and in and out of 
the room
Class summary:
 The student teacher started class with a PowerPoint with a small number of slides about 
acid rain. This appeared to be a review of previous concepts. There was some confusion about 
passing in homework. The students were given a sheet with very specific directions, and blanks 
to fill in. The students were asked to underline the problem statement and identify the 
independent and dependent variable. The student teacher revealed the overhead with the groups. 
Students started protesting to both teachers, but were told to move in the groups. The materials 
were pointed out in the front of the room. Most students moved to the back of the room, but did 
not all go to their assigned groups. Throughout the next 35 minutes, several students left the 
room to socialize in the hallway, and returned. The teacher spent a lot of time with several 
groups, while others were ignored. Students were yelling for both teachers to help them.
 THE OBSERVED GROUP: The observed group was supposed to be three people (black 
male, black female). The white male assigned to the group stayed at his desk, and walked over to 
the others only when told. He wrote down his own idea, and once tried to show it to the others, 
but they did not hear him. When pressed by the teacher, he stated “they wouldn’t listen to me”, 
and he only walked near them when directed by the teacher twice. The two partners spent a lot of 
time listening to other groups, and waited for teacher help four times. When one wrote down the 
idea from another group, the other copied. Since they were intended to start the lab during the 
class, at one point they gathered materials before they had finished the rest of the paper (writing 
the hypothesis, variables, procedure and data table). NOTE… at one point it was clear they 
intended to use only 5 grams of material, and asked me if that was enough (no). They started 
their procedure while still writing it down.
 CLASS SUMMARY (High, Medium, Low):
Rapport/Atmosphere: Low
Lab Fidelity: medium
Engagement: medium
Teacher-Student Discourse: medium
Scaffolding Explanation(Experiment): medium
Scaffolding Explanation (Concept): medium
Peer discourse: Low  
Time for peer discourse: high 
-----------------------------------------------------------------------------------------------------------------
T6 Field Study Memo Class 6 “Peer Discourse and Science Achievement
Teacher: J School: B
Per7
Level:  N=21
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Teacher:
 10year teaching, White Male 
Observed characteristics: Class had good rapport with teacher, but very much focused on 
teacher approval over peer discussion
Class summary:
 Teacher started with a factual question on acid rain that students wrote and handed in. 
There was also a sample experiment question about an experiment in which students had to 
identify variables. Teacher gave some notes on acid rain, and drew a picture of causes and effects 
on the board. Told a “story” about statues being affected by acid rain. Most students were 
engaged and listening for most of the time. Teacher also picked out some possible 
misconceptions about the pH scale, and was explicit about the reason for the teaching methods/
content for the class. The standardized lab handout was used, and there was a large discussion 
about passing out the papers (coffee was spilled, and there was little other talk for 5 minutes).
The teacher had one student read the paper aloud to explain the task, and showed students the 
different materials that were to be used in the lab.
 THE OBSERVED GROUP: The observed group had three people. One (black female) 
was clearly focused on the task and started to lead. When she left to go to the bathroom (for 12 
minutes), another (Hispanic female) took over. One student was a non native speaker, and only 
talked to the other in Spanish for some of the time. There was a large amount of waiting for the 
teacher to help them explain the task, and a large amount of questioning between the students 
and each other, other groups, and the teacher. At one point, the teacher brought over a dropper of 
vinegar and a stone, when students were having trouble with the “effects” on stones. The two 
girls had a procedure half written when the other girl returned, forcing the explanation from the 
teacher to be repeated, and there was some confusion about what the task was. When the 
returning girl took over, the former leader began texting across the room to a friend. Eventually, 
they all copied each other papers to come up with the complete experiment just as class ended
 CLASS SUMMARY (High, Medium, Low):
Rapport/Atmosphere: high  
Lab Fidelity: high  
Engagement: medium
Teacher-Student Discourse: high  
Scaffolding Explanation(Experiment): medium
Scaffolding Explanation (Concept): medium
Peer discourse: medium
Time for peer discourse: high 
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Measure M SD N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Talk

1 Exp 2.06 1.85 17 ---                     

2 Concept 1.18 1.13 17 .054 ---                    

3 Materials 1.29 .99 17 .127 .175 ---                   

4 Task 2.82 1.70 17 .340 .309 .517* ---               

5 Personal 1.12 1.36 17 -.028 .391 .252 .063 ---               

6 OtherSemiotic 1.94 1.60 17 .549* .213 .567* .454 .548* ---            

7 Lead 2.10 1.58 17 .270 .225 -.272 .036 -.209 .027 ---       

8 Questioning 3.00 1.94 17 .662** .257 .164 .492* -.118 .222 .567* ---   

9 Answer 2.76 1.44 17 .334 -.088 .317 .492* -.081 .347 .342 .359 ---   

10 Follow 1.29 1.40 17 .329 -.192 -.157 .284 -.346 .008 .077 .276 .253 ---   

11 Social 1.47 1.70 17 -.089 -.176 .397 -.099 -.025 -.012 -.316 -.076 -.080 -.350 ---   

12 OtherRhet 1.12 .99 17 .234 .092 -.165 .013 -.057 -.232 .191 .390 .152 .422 -.553* ---   

13 Semiotic+ 1.65 1.14 17 .129 .341 .154 -.227 .610** .262 -.061 .113 -.168 -.457 .107 .177 ---   

14 Semiotic0 2.24 1.38 17 -.360 .132 .130 -.326 .316 -.191 -.202 -.093 -.191 -.199 -.103 .389 .491* ---   

15 Semiotic- 1.50 1.31 17 .000 -.190 .194 -.252 .087 .060 -.223 .012 .050 -.238 .659** -.288 .396 .310 ---    

16 Rhetorical+ 2.71 1.71 17 .153 .383 -.020 -.008 .457 .290 .335 .377 -.043 -.066 -.454 .426 .646** .387 -.042 ---    

17 Rhetorical0 2.15 1.17 17 -.206 .121 -.176 -.002 .263 -.162 -.208 -.055 -.201 .029 -.461 .388 .357 .480 -.031 .467 ---    

18 Rhetorical- 1.29 .71 17 .057 -.147 .361 -.110 -.070 -.177 -.245 .182 .011 -.124 .812** .037 .252 .148 .589* -.246 -.282 ---    

19 Talk+ 2.18 1.30 17 .157 .402 .054 -.105 .569* .306 .194 .298 -.102 -.244 -.252 .358 .864** .471 .147 .942** .464 -.051 ---

20 Talk0 2.19 1.10 17 -.336 .147 -.012 -.206 .339 -.207 -.237 -.088 -.227 -.110 -.311 .451 .499* .884** .179 .492* .834** -.057 .543* ---

21 Talk- 1.40 .91 17 .022 -.194 .280 -.224 .036 -.026 -.256 .080 .040 -.219 .791** -.193 .384 .281 .949** -.126 -.132 .813** .086 .107 ---

Student SurvStudent SurvStudent Surv

22 worked well 3.96 .83 112 -.108 .383 -.413 .091 .356 -.014 .047 -.076 -.419 -.133 -.504* .044 .112 -.177 -.590* .302 .330 -.575* .248 .064 -.648**

23 kept on task 3.67 .89 112 .239 .043 -.351 -.208 .124 -.053 -.077 .159 -.341 .337 -.356 .427 .095 .133 -.059 .247 .377 -.127 .204 .284 -.092

24 participated equally 3.54 1.04 112 .099 .224 -.425 -.003 .124 -.238 .000 .153 -.373 .230 -.563* .519* .011 .101 -.491* .187 .519* -.312 .128 .340 -.475

25 helped exp 3.98 .87 112 -.100 .205 -.075 .095 .065 -.089 -.341 -.068 -.307 .088 -.177 .023 -.003 -.109 -.276 .062 .334 -.196 .039 .109 -.275

26 helped lab 3.98 .88 112 -.206 .063 .121 .006 .510* .238 -.051 -.042 -.235 -.204 -.317 .048 .123 .215 -.340 .403 .224 -.346 .319 .255 -.379

27 helped questions 3.70 .88 112 .374 .258 .091 -.133 .337 .229 .129 .308 -.041 .158 -.204 .530* .242 .234 -.101 .334 .038 .127 .326 .168 -.024

28 often work groups 3.96 .89 112 -.494* -.061 -.060 -.401 .130 -.264 -.524* -.389 -.595* -.161 -.026 -.074 .230 .589* .159 .156 .439 -.083 .204 .604* .082

29 SSurvTask 3.72 .76 112 .112 .228 -.455 -.063 .211 -.130 -.019 .112 -.430 .204 -.544* .420 .078 .048 -.412 .274 .483* -.359 .215 .287 -.436

30 SSurvUnder 3.73 .76 112 .107 .176 -.346 -.056 .123 -.150 -.139 .107 -.393 .262 -.438 .400 .042 .062 -.318 .199 .477 -.245 .149 .293 -.324

Teacher SurvTeacher SurvTeacher Surv

31 worked well 3.58 .76 112 .445 .032 .031 .286 -.195 .029 .059 .315 .250 .705** -.473 .785** -.101 -.039 -.465 .135 .162 -.018 .044 .062 -.342

32 kept on task 3.85 .70 112 .011 -.095 -.154 .063 -.093 -.272 -.018 .214 .061 .306 -.494* .792** .152 .237 -.222 .452 .610** -.038 .364 .474 -.174

33 partici equal 2.52 .98 112 -.183 -.023 -.211 .051 -.088 -.370 .017 .192 -.178 .117 -.393 .566* .126 .140 -.284 .483* .574* -.075 .374 .394 -.234

34 help exp 4.00 1.01 112 -.188 .093 -.075 .377 -.047 -.142 .051 .148 -.150 .193 -.151 .109 -.158 -.342 -.482 .228 .091 -.105 .080 -.167 -.388

35 helped lab 3.76 .74 112 -.131 .116 .077 .477 -.167 -.224 .085 .311 .197 .482* -.333 .550* -.305 .013 -.459 .206 .143 -.014 .002 .084 -.336

36 helped questions 3.83 .68 112 -.178 .087 .280 .482 .069 .206 .005 -.043 .335 .137 .269 -.411 -.428 -.318 -.064 -.307 -.526* .035 -.390 -.480 -.032

37 often work groups 4.01 .59 112 -.165 .000 -.104 .299 -.075 -.255 .016 .211 .000 .291 -.360 .514* -.045 -.037 -.389 .387 .393 -.072 .235 .186 -.308

38 TSurvTask 3.32 .67 112 .067 -.033 -.143 .142 -.140 -.260 .022 .272 .022 .400 -.518* .809** .079 .136 -.368 .432 .540* -.055 .319 .373 -.286

39 TSurvUnder 3.46 .80 112 -.153 .003 -.165 .204 -.084 -.293 .024 .207 -.119 .224 -.374 .515* .028 -.021 -.392 .431 .456 -.087 .296 .229 -.316

Class ObservClass ObservClass Observ

40 Catmos 2.02 1.00 112 -.162 -.044 -.290 -.256 -.084 -.420 .014 .125 -.348 -.117 -.340 .497* .300 .318 -.093 .486* .657** -.061 .452 .550* -.090

41 Cengage 2.01 .81 112 -.079 -.055 -.284 -.540* -.049 -.334 .005 .000 -.433 -.361 -.157 .237 .407 .423 .173 .318 .527* -.022 .388 .546* .116

42 CStudTeach 2.35 .74 112 -.401 -.005 -.250 -.310 -.046 -.481 .022 .046 -.408 -.366 -.148 .206 .243 .392 .068 .403 .542* -.033 .372 .535* .036

43 ClassTime 2.03 .82 112 -.234 -.128 .000 -.254 .000 -.271 -.057 .000 .201 -.154 -.127 .364 .158 .679** .413 .168 .401 .102 .180 .640** .337

44 CLabFidelity 2.18 .38 112 -.273 -.074 .019 .236 -.041 -.281 -.031 .164 .299 .240 -.319 .584* -.061 .322 -.061 .314 .416 .026 .180 .424 -.033
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45 CExplainLab 2.09 .64 112 -.368 -.117 -.262 -.450 .155 -.207 -.079 -.232 -.451 -.665** .167 -.353 .379 .144 .343 .216 .322 -.047 .309 .262 .229

46 CExplainConc 1.99 .70 112 .355 .237 .164 .288 -.286 .003 .174 .343 .148 .588* -.250 .467 -.344 -.016 -.470 -.122 -.215 .028 -.232 -.124 -.328

47 CPeerDisc 1.84 .90 112 -.066 -.018 -.339 -.394 -.078 -.356 .029 .071 -.527* -.238 -.249 .312 .369 .222 -.079 .417 .567* -.080 .436 .442 -.088

48 ClassObsTask 2.10 .73 112 -.243 -.069 -.241 -.389 -.054 -.434 -.006 .055 -.281 -.275 -.235 .396 .323 .522* .154 .404 .624** -.005 0.408* .661** .109

49 ClassObsUnd 2.02 .28 112 -.114 .038 -.280 -.270 -.158 -.455 .071 .189 -.427 -.085 -.352 .520* .245 .331 -.179 .450 .596* -.059 0.404* .525* -.152

Prior AssessPrior AssessPrior Assess

50 Q2 Total 0.48 .21 1284 .152 .126 .223 -.010 .001 .140 -.446 -.044 -.469 -.003 .021 -.065 .277 .116 -.102 .162 .079 -.022 .225 .115 -.084

51 Q2MC 0.51 .20 1284 -.095 -.012 -.028 -.176 -.147 -.148 -.488 -.210 -.526* -.075 .024 -.178 .065 .148 -.061 -.091 .045 -.104 -.033 .116 -.083

52 Q2OE% 0.44 .31 1284 .365 .233 .420 .169 .156 .401 -.262 .146 -.264 .074 .011 .074 .416 .047 -.114 .379 .092 .072 .427 .078 -.059

53 Q2Cont% 0.51 .21 1284 -.148 -.075 .008 -.314 .003 -.131 -.518* -.256 -.524* -.074 .078 -.089 .249 .381 .077 -.006 .095 .035 .102 .288 .071

54 Q2Inq% 0.46 .27 1284 .366 .265 .348 .251 -.001 .333 -.269 .148 -.301 .059 -.033 -.028 .229 -.139 -.228 .263 .046 -.065 .271 -.062 -.194

55 Q1Total% 0.44 .20 1064 -.244 .224 .478 -.091 .223 .032 -.574 -.270 -.483 -.254 -.016 .115 .244 .611* -.042 .118 .188 .057 .185 .426 .000

56 Q1MC% 0.49 .19 1064 -.190 .092 .470 .019 -.094 -.054 -.386 -.087 -.341 -.357 -.014 -.049 .114 .454 -.082 .044 .167 -.048 .079 .332 -.079

57 Q1OE 0.36 .30 1064 -.221 .284 .335 -.171 .467 .108 -.580* -.367 -.471 -.071 -.014 .241 .296 .575 .012 .153 .150 .143 .232 .386 .079

58 Q1Cont% 0.51 .21 1064 -.080 -.131 .439 .268 -.427 -.185 -.232 .197 -.117 -.113 .235 -.165 -.424 .056 -.093 -.316 -.261 .164 -.399 -.117 .018

59 Q1Inq% 0.38 .25 1064 -.234 .338 .288 -.267 .516 .149 -.524 -.432 -.487 -.225 -.161 .233 .538 .673* .008 .327 .376 -.033 .455 .564 -.011

60 AVGQ1Q2Tot 0.45 .19 1373 .129 .170 .389 -.083 .140 .174 -.538* -.039 -.489* -.138 .169 .038 .394 .291 .103 .157 .033 .230 .277 .201 .164

61 AVGQ1Q2MC 0.50 .17 1373 -.033 .042 .100 -.197 -.111 -.070 -.428 -.149 -.492* -.176 .086 -.137 .138 .178 .011 -.066 -.050 .007 .017 .085 .010

62 AVGQ1Q2OE 0.39 .28 1373 .247 .242 .549* .055 .341 .357 -.475 .080 -.332 -.057 .197 .198 .521* .310 .161 .326 .105 .375 .443 .251 .262

63 AVGQ12Cont 0.50 .18 1373 -.030 -.099 .149 -.199 -.113 -.073 -.369 -.046 -.420 -.092 .215 -.140 .123 .274 .119 -.086 -.171 .160 -.002 .081 .148

64 AVGQ1Q2Inq 0.42 .24 1373 .218 .314 .458 .048 .262 .303 -.496* -.005 -.392 -.124 .091 .148 .460 .197 .053 .284 .165 .213 .389 .212 .121

Quarter Three Quarter Three Quarter Three 

65 Q3Total% 0.51 .23 1088 .240 .137 -.216 -.469 -.097 -.130 -.015 .122 -.537* -.230 .114 .009 .484* .161 .204 .197 .070 .143 .342 .139 .202

66 Q3MC% 0.53 .24 1088 .052 .170 -.327 -.389 -.291 -.280 .262 .194 -.380 -.230 .090 -.187 .055 .064 .170 .003 -.128 -.023 .026 -.028 .114

67 Q3OE% 0.47 .32 1088 .313 .036 .004 -.319 .149 .086 -.289 -.012 -.432 -.116 .083 .204 .683** .181 .137 .298 .237 .243 .496* .240 .193

68 Q3Cont 0.53 .26 1088 -.024 .198 -.419 -.283 -.277 -.316 .310 .184 -.395 -.248 -.016 -.218 -.067 -.033 .012 -.014 -.149 -.172 -.039 -.100 -.058

69 Q3Inq% 0.49 .27 1088 .316 .051 -.015 -.417 .048 .029 -.208 .041 -.434 -.138 .153 .145 .651** .223 .249 .257 .180 .286 0.455* .236 .290
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Measure M SD N 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

Student SurvStudent SurvStudent Surv

22 worked well 3.96 .83 112 ---

23 kept on task 3.67 .89 112 .549** ---

24 participated equally 3.54 1.04 112 .445** .541** ---

25 helped exp 3.98 .87 112 .584** .502** .459** ---

26 helped lab 3.98 .88 112 .541** .370** .395** .423** ---

27 helped questions 3.70 .88 112 .277** .307** .259** .347** .517** ---

28 often work groups 3.96 .89 112 .241* .200* .226* .185 .264** .090 ---

29 SSurvTask 3.72 .76 112 .786** .842** .833** .621** .524** .341** .270** ---

30 SSurvUnder 3.73 .76 112 .638** .826** .839** .784** .484** .369** .251** .942** ---

Teacher SurvTeacher SurvTeacher Surv

31 worked well 3.58 .76 112 .070 .033 .301** .043 -.093 .132 .138 .176 .166 ---

32 kept on task 3.85 .70 112 .282** .149 .298** .247** .156 .203* .223* .299** .287** .509** ---

33 partici equal 2.52 .98 112 .317** .167 .230* .297** .210* .174 .146 .287** .282** .187* .893** ---

34 help exp 4.00 1.01 112 .235* .089 .120 .194* .101 .101 -.030 .176 .163 .235* .508** .710** ---

35 helped lab 3.76 .74 112 .100 .042 .170 .063 .146 .178 .151 .131 .117 .577** .608** .562** .698** ---

36 helped questions 3.83 .68 112 -.188* -.137 -.201* -.233* -.020 -.042 -.099 -.214* -.233* .035 -.393** -.367** .234* .418** ---

37 often work groups 4.01 .59 112 .275** .125 .212* .228* .173 .178 .120 .246** .231* .391** .850** .910** .870** .808** .004 ---

38 TSurvTask 3.32 .67 112 .278** .145 .328** .246** .122 .205* .200* .309** .299** .643** .972** .866** .610** .701** -.302** .884** ---

39 TSurvUnder 3.46 .80 112 .309** .148 .230* .274** .173 .172 .111 .277** .266** .323** .865** .962** .855** .698** -.164 .981** .889** ---

Class ObservClass ObservClass Observ

40 Catmos 2.02 1.00 112 .292** .177 .198* .310** .204* .129 .142 .267** .276** -.097 .734** .872** .354** .140 -.718** .590** .642** .715**

41 Cengage 2.01 .81 112 .161 .128 .090 .217* .126 .029 .088 .151 .174 -.406** .288** .415** -.197* -.418** -.892** .000 .149 .169

42 CStudTeach 2.35 .74 112 .200* .134 .048 .232* .257** .080 .101 .148 .162 -.475** .448** .704** .239* .023 -.539** .402** .319** .516**

43 ClassTime 2.03 .82 112 -.025 .024 -.017 -.012 .225* .086 .236* -.007 -.003 -.258** .305** .218* -.390** .026 -.281** .018 .115 .013

44 CLabFidelity 2.18 .38 112 .138 .068 .119 .090 .249** .188* .229* .132 .115 .260** .770** .710** .462** .787** .116 .783** .711** .705**

45 CExplainLab 2.09 .64 112 .144 .084 -.100 .165 .131 -.048 -.058 .040 .050 -.782** .031 .330** .000 -.490** -.544** -.002 -.123 .143

46 CExplainConc 1.99 .70 112 -.124 -.048 .167 -.103 -.102 .068 .086 .012 .018 .773** -.003 -.242* .000 .481** .353** .000 .171 -.099

47 CPeerDisc 1.84 .90 112 .268** .169 .171 .308** .122 .063 .061 .243** .260** -.220* .492** .672** .198* -.182 -.855** .325** .415** .498**

48 ClassObsTask 2.10 .73 112 .189* .138 .101 .223* .234* .097 .165 .170 .184 -.340** .533** .656** .018 -.055 -.711** .310** .376** .428**

49 ClassObsUnd 2.02 .28 112 .267** .177 .226* .308** .195* .132 .149 .271** .289** -.047 .677** .821** .319** .149 -.735** .530** .617** .663**

Prior AssessPrior AssessPrior Assess

50 Q2 Total 0.48 .21 1284 .073 .115 -.023 .187 -.096 -.153 .080 .061 .107 -.210* -.125 .055 .113 -.179 -.174 -.043 -.095 .033

51 Q2MC 0.51 .20 1284 .063 .092 -.088 .168 -.054 -.167 .184 .018 .060 -.384** -.236* -.054 -.066 -.304** -.171 -.191* -.252** -.118

52 Q2OE% 0.44 .31 1284 .052 .091 .061 .129 -.102 -.071 -.072 .083 .114 .079 .056 .156 .268** .041 -.103 .145 .125 .191*

53 Q2Cont% 0.51 .21 1284 .093 .136 -.018 .207* .006 -.138 .180 .078 .125 -.349** -.143 .031 -.034 -.268** -.234* -.123 -.165 -.043

54 Q2Inq% 0.46 .27 1284 .034 .062 -.020 .113 -.147 -.117 -.025 .027 .058 -.032 -.071 .057 .196* -.050 -.072 .035 -.008 .084

55 Q1Total% 0.44 .20 1064 .073 -.002 -.171 .030 .010 -.044 .196 -.056 -.069 -.171 .195 .329** .028 .000 -.207 .175 .143 .264*

56 Q1MC% 0.49 .19 1064 .040 -.063 -.199 -.071 .008 -.150 .043 -.106 -.145 -.376** -.070 .170 -.041 -.197 -.230* -.083 -.128 .042

57 Q1OE 0.36 .30 1064 .069 .064 -.047 .123 .007 .094 .253* .028 .051 .144 .372** .318** .086 .212 -.067 .354** .355** .356**

58 Q1Cont% 0.51 .21 1064 .007 -.094 -.174 -.070 .047 -.105 -.021 -.119 -.146 -.325** -.065 .167 .153 -.015 -.039 .043 -.103 .109

59 Q1Inq% 0.38 .25 1064 .090 .063 -.100 .088 -.020 .016 .270* .011 .013 .007 .299** .310** -.072 .011 -.241* .197 .259* .266*

60 AVGQ1Q2Tot 0.45 .19 1373 .065 .144 -.071 .112 -.040 -.081 .177 .048 .067 -.219* -.028 .089 .009 -.151 -.194* -.026 -.049 .032

61 AVGQ1Q2MC 0.50 .17 1373 .056 .087 -.132 .045 -.012 -.139 .163 -.006 -.009 -.412** -.217* -.048 -.120 -.315** -.192* -.205* -.255** -.133
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62 AVGQ1Q2OE 0.39 .28 1373 .044 .144 .036 .140 -.054 .028 .110 .090 .126 .119 .214* .212* .161 .120 -.105 .202* .223* .216*

63 AVGQ12Cont 0.50 .18 1373 .071 .097 -.074 .072 .036 -.109 .139 .030 .032 -.364** -.152 .017 -.035 -.209* -.138 -.111 -.182 -.052

64 AVGQ1Q2Inq 0.42 .24 1373 .036 .129 -.048 .106 -.093 -.035 .138 .042 .069 -.028 .082 .123 .055 -.046 -.170 .059 .078 .097

Quarter Three Quarter Three Quarter Three 

65 Q3Total% 0.51 .23 1088 .197* .256** .143 .342** -.006 .059 -.004 .237* .292** -.162 .062 .254** .206* -.157 -.368** .098 .085 .208*

66 Q3MC% 0.53 .24 1088 .072 .215* .061 .231* .011 .006 -.043 .138 .198* -.385** -.105 .156 .123 -.217* -.273** -.020 -.105 .084

67 Q3OE% 0.47 .32 1088 .259** .223* .180 .351** -.020 .092 .033 .263** .299** .092 .202* .276** .226* -.058 -.356** .181 .239* .266**

68 Q3Cont 0.53 .26 1088 .079 .159 .038 .225* .025 .018 -.079 .109 .164 -.354** -.103 .124 .090 -.150 -.189* -.022 -.108 .058

69 Q3Inq% 0.49 .27 1088 .222* .258** .172 .337** -.022 .070 .039 .260** .304** -.021 .143 .275** .229* -.129 -.393** .145 .175 .249**
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 Measure M SD N 40 41 42 43 44 45 46 47 48 49

Class Observ          

40 Catmos 2.02 1.00 112 ---      

41 Cengage 2.01 .81 112 .807** ---     

42 CStudTeach 2.35 .74 112 .896** .816** ---    

43 ClassTime 2.03 .82 112 .403** .486** .545** ---   

44 CLabFidelity 2.18 .38 112 .458** -.005 .410** .555** ---  

45 CExplainLab 2.09 .64 112 .645** .800** .808** .305** -.066 ---

46 CExplainConc 1.99 .70 112 -.471** -.584** -.631** -.280** .006 -.922** ---    

47 CPeerDisc 1.84 .90 112 .924** .907** .828** .214* .084 .751** -.531** ---   

              

48 ClassObsTask 2.10 .73 112 .911** .901** .944** .695** .417** .736** -.564** .842** ---  

49 ClassObsUnd 2.02 .28 112 .972** .816** .871** .361** .379** .571** -.320** .927** .885** ---

Prior Assess              

50 Q2 Total 0.48 .21 1284 .158 .226* .193* -.217* -.263** .270** -.139 .290** .106 .208*

51 Q2MC 0.51 .20 1284 .121 .289** .240* -.046 -.278** .362** -.247** .256** .171 .159

52 Q2OE% 0.44 .31 1284 .131 .057 .056 -.317** -.131 .049 .043 .204* -.013 .174

53 Q2Cont% 0.51 .21 1284 .205* .343** .299** -.005 -.216* .385** -.262** .323** .241* .238*

54 Q2Inq% 0.46 .27 1284 .070 .061 .047 -.319** -.217* .092 .004 .172 -.036 .118

55 Q1Total% 0.44 .20 1064 .354** .307** .375** .329** .175 .267* -.194 .307** .364** .350**

56 Q1MC% 0.49 .19 1064 .322** .384** .421** .170 -.083 .397** -.251* .384** .351** .364**

57 Q1OE 0.36 .30 1064 .193 .055 .118 .318** .354** -.020 -.026 .055 .178 .142

58 Q1Cont% 0.51 .21 1064 .216* .215* .347** .167 .043 .275* -.169 .215* .251* .249*

59 Q1Inq% 0.38 .25 1064 .308** .248* .243* .310** .197 .154 -.133 .248* .297** .280**

              

60 AVGQ1Q2Tot 0.45 .19 1373 .203* .269** .251** .031 -.092 .283** -.198* .267** .217* .220*

61 AVGQ1Q2MC 0.50 .17 1373 .147 .329** .282** .058 -.230* .389** -.280** .264** .230* .178

62 AVGQ1Q2OE 0.39 .28 1373 .174 .068 .094 -.016 .119 .021 -.004 .143 .098 .166

63 AVGQ12Cont 0.50 .18 1373 .163 .280** .288** .060 -.140 .349** -.250** .242* .224* .188*

64 AVGQ1Q2Inq 0.42 .24 1373 .169 .166 .139 -.014 -.024 .136 -.087 .200* .136 .175

Quarter Three              

65 Q3Total% 0.51 .23 1088 .378** .396** .350** -.194* -.201* .382** -.212* .510** .275** .424**

66 Q3MC% 0.53 .24 1088 .326** .418** .426** -.087 -.223* .473** -.284** .461** .313** .384**

67 Q3OE% 0.47 .32 1088 .322** .267** .181 -.241* -.124 .191* -.087 .414** .164 .344**

68 Q3Cont 0.53 .26 1088 .267** .345** .385** -.011 -.145 .392** -.223* .361** .283** .322**

69 Q3Inq% 0.49 .27 1088 .363** .344** .258** -.257** -.191* .298** -.163 .489** .214* .394**
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Measuer  M  SD  N 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68

Prior Assess

50 Q2 Total 0.48 .21 1284 ---                   

51 Q2MC 0.51 .20 1284 .828** ---                  

52 Q2OE% 0.44 .31 1284 .858** .423** ---                 

53 Q2Cont% 0.51 .21 1284 .763** .935** .377** ---                

54 Q2Inq% 0.46 .27 1284 .910** .560** .959** .427** ---               

55 Q1Total% 0.44 .20 1064 .634** .460** .619** .433** .616** ---              

56 Q1MC% 0.49 .19 1064 .468** .389** .413** .379** .418** .819** ---             

57 Q1OE 0.36 .30 1064 .584** .378** .613** .344** .603** .846** .387** ---            

58 Q1Cont% 0.51 .21 1064 .403** .334** .355** .327** .358** .734** .901** .343** ---           

59 Q1Inq% 0.38 .25 1064 .617** .422** .625** .390** .619** .916** .573** .940** .400** ---          

                       

60 AVGQ1Q2To
t 0.45 .19 1373 .927** .744** .818** .690** .855** .903** .712** .790** .629** .848** ---         

61 AVGQ1Q2M
C 0.50 .17 1373 .776** .878** .450** .828** .555** .767** .840** .452** .746** .594** .837** ---        

62 AVGQ1Q2O
E 0.39 .28 1373 .811** .422** .924** .380** .891** .816** .441** .901** .385** .874** .873** .465** ---       

63 AVGQ12Con
t 0.50 .18 1373 .716** .816** .410** .860** .451** .719** .796** .415** .830** .479** .776** .935** .424** ---      

64 AVGQ1Q2In
q 0.42 .24 1373 .862** .540** .899** .437** .927** .847** .548** .853** .418** .897** .927** .605** .961** .482** ---     

Quarter Three                       

65 Q3Total% 0.51 .23 1088 .637** .483** .599** .459** .605** .595** .430** .547** .348** .593** .644** .492** .611** .456** .630** ---    

66 Q3MC% 0.53 .24 1088 .489** .431** .403** .416** .423** .480** .379** .410** .305** .463** .489** .432** .411** .402** .444** .856** ---   

67 Q3OE% 0.47 .32 1088 .595** .385** .620** .360** .609** .533** .351** .522** .287** .546** .604** .400** .631** .369** .629** .837** .434** ---  

68 Q3Cont 0.53 .26 1088 .404** .375** .315** .370** .333** .404** .328** .336** .265** .385** .402** .370** .324** .349** .353** .758** .918** .351** ---

69 Q3Inq% 0.49 .27 1088 .643** .449** .640** .420** .639** .582** .400** .553** .325** .589** .649** .462** .649** .425** .658** .935** .655** .937** .478**

Note
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Appendix J

Correlations between factors and quarter three inquiry scores
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 Partial Correlation
(Q12 Inq Control Factor)

Partial Correlation
(Q12 Inq Control Factor)

Partial Correlation
(Q12 Inq Control Factor)

Measure M SD N Q3Inq
Correlation

Q3Inq 
Significance
 (two-tailed)

Q3Inq
Partial 

Correlation

Q3 Inq 
Significance 
(two-tailed)

df

Group TalkGroup Talk    
Semiotic Exp 2.06 1.85 17 .316 .216 .237 .376 14Semiotic

Concept 1.18 1.13 17 .051 .845 -.184 .495 14

Semiotic

Materials 1.29 0.99 17 -.015 .953 -.414 .111 14

Semiotic

Task 2.82 1.70 17 -.417 .096 -.561* .024 14

Semiotic

Personal 1.12 1.36 17 .048 .856 -.145 .593 14
Rhetorical OtherSemiotic 1.94 1.60 17 .029 .912 -.204 .449 14Rhetorical

Lead 2.10 1.58 17 -.208 .423 .133 .622 14

Rhetorical

Questioning 3.00 1.94 17 .041 .876 .055 .840 14

Rhetorical

Answer 2.76 1.44 17 -.434 .081 -.269 .313 14

Rhetorical

Follow 1.29 1.40 17 -.138 .599 -.079 .772 14

Rhetorical

Social 1.47 1.70 17 .153 .557 .124 .648 14

Rhetorical

OtherRhet 1.12 0.99 17 .145 .578 .071 .795 14
Talk Code 
Level

SEMIOTIC+ 1.65 1.14 17 .651** .005 .527* .036 14Talk Code 
Level SEMIOTIC(0) 2.24 1.38 17 .223 .390 .133 .624 14

Talk Code 
Level

SEMIOTIC- 1.50 1.31 17 .249 .335 .273 .307 14

Talk Code 
Level

RHETOR+ 2.71 1.71 17 .257 .320 .111 .683 14

Talk Code 
Level

RHETOR(0) 2.15 1.17 17 .180 .491 .102 .708 14

Talk Code 
Level

RHETOR- 1.29 0.71 17 .286 .266 .202 .454 14
        

Talk Score TALK+ 2.18 1.30 17 .455 .067 .299 .260 14Talk Score

TALK(0) 2.19 1.10 17 .236 .362 .138 .609 14

Talk Score

TALK- 1.40 0.91 17 .290 .258 .275 .303 14
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 Partial Correlation
(Q12 Inq Control Factor)

Partial Correlation
(Q12 Inq Control Factor)

Partial Correlation
(Q12 Inq Control Factor)

Measure M SD N Q3Inq
Correlation

Q3Inq 
Significance
 (two-tailed)

Q3Inq
Partial 

Correlation

Q3 Inq 
Significance 
(two-tailed)

df

Surveys         
Student 
Survey Data

worked well 3.955 .832 112 .222* .020 .218* .024 106Student 
Survey Data kept on task 3.670 .894 112 .258** .007 .191* .048 106

Student 
Survey Data

participated equally 3.536 1.039 112 .172 .072 .186 .054 106

Student 
Survey Data

helped to design lab 3.982 .870 112 .337** .0003 .316** .001 106

Student 
Survey Data

helped understand 
lab 3.982 .880 112 -.022 .818 -.005 .955 106

Student 
Survey Data

helped understand 
questions 3.696 .879 112 .070 .465 .077 .428 106

Student 
Survey Data

often work in 
groups 3.964 .890 112 .039 .683 -.050 .605 106

Student 
Survey 
Score

SSurveyTask 3.720 .757 112 .260** .006 .238* .013 106Student 
Survey 
Score SSurveyUnder 3.729 .764 112 .304** .001 .277** .004 106
Teacher 
Survey Data

worked well 3.580 .755 112 -.021 .831 -.027 .781 106Teacher 
Survey Data kept on task 3.848 .700 112 .143 .137 .102 .293 106

Teacher 
Survey Data

participated equally 2.518 .977 112 .275** .004 .230* .016 106

Teacher 
Survey Data

helped to design lab 4.000 1.013 112 .229* .016 .202* .036 106

Teacher 
Survey Data

helped understand 
lab 3.759 .738 112 -.129 .179 -.144 .138 106

Teacher 
Survey Data

helped understand 
questions 3.830 .683 112 -.393** .0000 -.366** .0001 106

Teacher 
Survey Data

often work in 
groups 4.009 .593 112 .145 .131 .108 .267 106

Teacher 
Survey 
Score

TSurveyTask 3.315 .671 112 .175 .067 .137 .158 106Teacher 
Survey 
Score TSurveyUnder 3.455 .804 112 .249** .009 .208* .030 106
Class 
Observation

Atm 2.018 1.004 112 .363** .0001 .320** .001 106Class 
Observation Eng 2.009 .811 112 .344** .0002 .316** .001 106

Class 
Observation

ST 2.348 .744 112 .258** .006 .222* .021 106

Class 
Observation

Time 2.027 .822 112 -.257** .007 -.263** .006 106

Class 
Observation

LabFid 2.179 .385 112 -.191* .046 -.212* .027 106

Class 
Observation

ExpLab 2.089 .637 112 .298** .002 .275** .004 106

Class 
Observation

ExpCon 1.991 .704 112 -.163 .090 -.145 .134 106

Class 
Observation

PeerDis 1.839 .896 112 .489** .0000 .453** .0000 106
Class 
Observ 
Summary 
Score

ClassObserveTask 2.100 .729 112 .214* .025 .179 .063 106Class 
Observ 
Summary 
Score

ClassObservUnder 2.025 .279 112 .394** .0000 .354** .0002 106

Note
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Figure J1 Correlations between factors and quarter three inquiry scores 
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Figure J2 Partial correlation of selected significant factors with inquiry score 
Note. (adjusted Pearson r controlled for prior achievement).
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