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Introduction


The primary goal of the CILT seed grant research project award to Vanderbilt University (Susan Goldman and Richard Duschl, PIs) was to study the argumentation processes and products in middle school science learning environments from the perspective of assessment and its role in the development of inquiry and argumentation skills. The project examined a particular technology-based tool for making student thinking visible in an electronic communication space. The information exchanges become part of an electronic database that can be revisited, revised, reconfigured, and expanded. The database can capture the theories and explanations students provide in a form that is less transient than oral discourse. The entire community can build on as well as reflect on the thinking over time and further instructional experiences. The process by which the community’s thinking evolves can therefore be traced. At the same time, face-to-face conversations are very important learning opportunities (Duschl, Ellenbogen, & Erduran, 1999). However, their transitory nature limits the degree to which they can be reflected upon and revisited. 


This report addresses the specific question of the relationship between electronic and face-to-face interactions. Specifically, What is the relationship between the classroom instructional context and discourse as compared to the notes, discussion, and argumentation that appear in a communal database? Two complementary programs of research were brought together to address this question. One is an innovative science unit format (Project SEPIA – Science Education through Portfolio Instruction and Assessment) that emphasizes development of concept, epistemic and communication goals. The curriculum foci and the formats of instruction are designed such that formative assessment opportunities are maximized (Duschl & Gitomer, 1997). The success of the SEPIA format in promoting argumentation among students is reported in Duschl, et al. (1999). However, the coordination of students‚ knowledge claims is a complex task for teachers (Bruer, 1993; Duschl & Gitomer, 1997), and one for which instructional scaffolds would be extremely useful. 


The second program is the Schools for Thought (SFT) research project at Vanderbilt University.  SFT is a coordination of three successful educational research programs - anchored instruction (Cognition and Technology Group at Vanderbilt, 1990, 1997), community of learners (Brown & Campione, 1994) and computer supported learning environments (Scardamalia & Bereiter, 1994)  - designed to support both teachers and students purposeful learning (Secules, Cottom, Bray, Miller, and the SFT collaborative, 1997).  Within the SFT framework, the present research focused on the use of the Knowledge Forum (KF; Scardamalia & Bereiter, 1994; Scardamalia, Bereiter, & Lamon, 1994) computer software. This software is designed to (1) promote a conferencing system for students, (2) provide opportunities for individuals to contribute ideas to class discussions, (3) provide more agency to students, and (4) establish a communal database. 


The research was designed to study argumentation processes in middle school science learning environments from the perspectives of supporting inquiry and formative assessment.  Specifically, by adopting curriculum and instruction designs that facilitate and nurture students’ metacognitive reasoning in the context of making scientific arguments (e.g., SEPIA units), we hoped to more fully understand the alterations that are needed in technology-supported classroom settings to:

1. Support and guide teacher’s feedback regarding the development of students’ scientific arguments; 

2. Support and facilitate students’ appropriation and communication of concepts, evidence, rules, strategies and criteria used in developing and evaluating scientific arguments;

3. Inform researchers using technology in classrooms about how computer supported classroom interventions should adapt to processes of schooling. 

The comparison of whole class and small group face –to-face interactions with the exchanges that occurred in Knowledge Forum from the perspective of assessing student thinking was pivotal to achieving these understandings. As planned we conducted one such study in Nashville. A second was conducted subsequently in London, England. This report describes both studies and presents results from the Nashville study. We conclude the report with recommendations and implications regarding technology-based assessment of student thinking and support for using such information formatively. 

Overview of the Nashville Study

The focus of the Nashville study was to examine three discourse settings – whole class, small group and Knowledge Forum – and compare and contrast students use of evidence and argumentation in these settings.

We began with an intervention designed to introduce students to the tools Knowledge Forum provides. The Knowledge Forum (KF) environment  (Scardamalia et al., 1994) is networked computer software that provides a conferencing system and communal database for students, opportunities for individuals to contribute ideas to class discussions, and more agency to students.  Students have access to the thinking of other members of the community asynchronously in a nontransient medium, two properties that support metacognitive reasoning. Finally, KF has a mechanism that suggests different kinds of thinking to students. This is done through stems or labels for different thinking types e.g., “My theory is…” “I need to understand…” These stems and labels appear in the scaffold tool bar. In the current version of KF, the scaffold bar has been made flexible and users can customize these stems. We focused on understanding how this flexible mechanism could be used to provide instructional scaffolds for scientific argumentation and thereby guide students’ thinking. 
 

In Nashville, three interventions were implemented over the school year.  Intervention 1 focused on the rudimentary KF processes of posting a note, building on a note, using the scaffold tool bar, and making connections among notes.  The context for this tutorial was the game of 20 Questions and it was done in two parts. Part 1 of the first tutorial asked students to use criteria for identifying unknown animals by asking questions about habitat, feeding practices, birthing, and mobility.  In the “Post a Note” tool, students were directed to write “I am thinking of an animal” selected from a list.  Students were directed to post responses using the “Build on a Note” tool and to employ the science concepts and vocabulary for animal classification.

Part 2 of the first tutorial extended the animal classification task. Students were provided with a list of animals and based on what they knew about predator/prey relations, were instructed to select groups that could be housed in the same zoo paddock or pen. This task required students to use the KF collection tool and the scaffold tool bar.  

The second intervention was designed to work toward the goal of establishing argumentation discourse in the classroom, including in the KF database. Within the context of a one-week long inquiry unit, the second intervention focused on the posting and the analysis of the reasons students provided to support or refute a scientific knowledge claim. As part of a unit on the human body, four days of instruction were dedicated to the investigation “Exercise for a Healthy Heart”(EHH), a middle school instructional sequence developed by the American Heart Association.

EHH activity 1 teaches students how to take a pulse and measure a resting heart rate. Activities 2, 3, and 4 involve students carrying out step-tests under several different conditions:  slow pace vs. rapid pace and normal weight vs. added weight.  Immediately following the completion of the step test, students are instructed to take a 10 second pulse measurement.  Multiplied by 6, the 10 second pulse measurement gives an estimation of the exercising heart.  

Nashville students completed the four phases of the EHE unit plan. During either the third or fourth day of instruction, students were asked to post four separate KF notes that either agreed or disagreed with each of the following statements. They also had to give a reason that supported their position:

∑
It matters where you take a pulse.

∑
It matters how long (6, 10, or 60 sec.) you take a pulse.

∑
It matters how soon you take a pulse after stopping exercise.

∑
It matters who takes a pulse.  


The notes were analyzed by the classroom teacher and the researchers to come up with a set of 20 decisions with reasons that represented the diversity of thinking reflected among the students. These notes were given to small groups of students who were asked to sort them based on similarity of the reasons. Students were given  slips of paper (one reason per slip of paper) and were instructed to sort the individual notes into collections or piles they thought contained the same reason. Then they sorted the electronic notes in the KF environment.  Students labeled each “reason pile.” The teacher and the researchers analyzed these and selected a subset of common labels to generate KF scaffolding prompts.  


The 20 questions and EHE interventions were designed primarily to introduce the tools of KF to the students. However, both also provided baseline data for the investigation of students’ reasoning patterns.  Additionally, the two interventions provided baseline data on the process of using KF environments in conjunction with concept-based and evidence-based science lessons.


The third intervention took place during implementation of the SEPIA Unit on Vessels, a task context for learning about buoyancy and flotation. Within this unit, we compared argumentation discourse across whole class, small group and KF contexts. The goals of the SEPIA unit on buoyancy and flotation are for students  (1) to develop a reasoned design of a vessel that maximizes carry capacity, and (2) to generate a causal explanation for why a vessel remains floating when a load is added.  The structure of the unit is designed to support both teachers’ formative assessment of student learning and students’ engagement in reasoning from evidence to explanation.  During several stages of implementation of the Vessels Unit, students were instructed to post on KF responses to queries that addressed the core concepts and knowledge claims and that were designed to promote argumentation. 


In this report we provide a discussion of the implementation of the Vessels unit and the results of comparing whole class, small group and KF entries for evidence of student thinking and argumentation. 

Nashville Implementation of the Vessels Unit

Instructional Sequence

We studied the discourse of argumentation in the context of implementing the SEPIA Vessels Unit. In the Vessels Unit the problem is to design a vessel hull from a 10"x10" square sheet of aluminum foil that maximizes load carrying capacity. The problem requires the application of the physics of flotation and buoyancy to an engineering design problem and the development of a causal explanation. The student must relate design features (e.g., the height of vessel sides and surface area of the vessel bottom) to vessel performance and ultimately, to buoyant forces, buoyant pressure and water pressure.

The Vessels Unit begins with the presentation of the problem through a letter soliciting 1) designs of vessel hulls for hauling construction materials and, 2) a causal explanation for how vessels float. The class works through a series of iterative cycles in which some form of exploration is conducted, either through demonstration or investigation, often working in small groups. Students represent their understanding in some form (e.g., written, oral, graphical, or design product) and these representations become part of their class folder from which end-of-unit portfolios are constructed. Throughout the unit, the SEPIA instructional model calls for an assessment conversation. These conversations are structured discussions in which student products and reasoning are made public, recognized, and used to develop questions, challenges, elaborations, and discourses that can (1) promote conceptual growth for students and (2) provide assessment information to the teachers. Assessment conversations have three general phases: receive student ideas, recognize the diversity of ideas through discussion that is governed by a set of scientific criteria (i.e. rules of argumentation); and use the diversity of ideas and scientific criteria as a basis for leveraging and achieving consensus on knowledge claims consistent with unit goals. It is during the consensus building phase that students must grapple with contradictory and competing claims, provide and question the quality of evidence associated with various claims, and make compelling and coherent cases for their claims in a scientifically sound way. 

Table 1 shows the specific instructional sequence that occurred in the two middle school classrooms participated in the Nashville study.  In part 1, students read a letter from city planners specifying their need to build a fleet of vessels. Students were to design vessels with features that maximized each vessel’s capacity to carry a load, and identify and communicate the principles for design. The first activity was a ‘benchmark’ activity: each student was asked to draw and then write about what makes a boat float and what makes a boat sink. During a whole class discussion, the first assessment conversation, students shared their ideas, from which 11 distinct ideas were recognized. These 11 ideas were then the focus of small group discussions. In small groups of 4, students were directed to consider each of the ideas, ask questions about each idea, and determine if it was either a plausible or non-plausible reason for why a boat floats or sinks.  Following the small group discussion, students individually entered their most plausible and least plausible ideas in the KF database, along with an explanation of why they selected that particular idea. Below we analyze one of the small group sessions from this phase of the unit as well as the KF notes that were entered. 

Insert Table 1 about here.

In part 2, students engaged in several explorations and used a 10” square piece of aluminum foil to create various boat designs that they tested for load capacity. The subsequent assessment conversation asked students to determine which design features seemed to influence performance. Size of bottom, height of sides, shape, and thickness of foil (layers) were proposed as “influencing” performance. The results were recorded and stored in their class folders. One exploration in particular, Pressing Cups, allows students to explore assumptions about 1) how the downward-pulling gravity forces and upward pushing buoyant forces act on objects in water at different depths; and, 2) a mechanism for how the buoyant force can increase with depth.

In part 3, students applied the knowledge and evidence from part 2 to conduct experiments. After reviewing the evidence from part 2, students generated ways they could experimentally test the four design features (size of bottom, height of sides, shape, and thickness of foil) through controlled experimentation. Results of these experiments were recorded in investigation reports that were designed to help students realize that there is a trade-off in maximizing the volume of the vessel (i.e., either higher sides and smaller bottom surface area or lower sides and larger bottom surface area). (The ideal vessel is one that makes a compromise between the two variables such that the volume is maximized.)

Part 4 of the unit is the culmination of the inquiry process. It begins by allowing the students to construct their final vessels using the knowledge and understanding they have acquired over the course of the unit. After constructing the second set of vessels and testing them, the students prepared their reports. The whole class discussion we examine here took place prior to the students writing their reports. Following this discussion, students entered a second KF note, responding to the same “most” and “least” plausible probes as the first time. 

During implementation of the Vessels Unit, we videotaped whole class discussions and audiotaped and videotaped small group discussions. As well, we took field notes throughout the implementation of the unit (At least 2 of us were present for each class period.) The discussion presented focuses on the kind of argumentation that occurred in the classroom (small group and whole class) and its relation to the claims and justifications made in the KF environment. Each of the three contexts - small group, whole class, KF - was analyzed to determine the kind of reasoning that occurred in the three discourse environments. 

Analysis of the Classroom Discourse

The whole class and small group argumentation discourse was analyzed employing a dialectical, or informal argumentation scheme. Dialectical arguments are those that occur during dialogue or debate and involve reasoning with premises that are not evidently true. During a dialogue a proponent may carry any number of changing commitments as the burden of proof shifts during an exchange. In a dialogue context, the sources of evidence employed to shift burden of proof are more extensive than those employed in analytical, or formal, schemes (such as Toulmin’s Argument Pattern). Rescher (1976), and more recently Walton (1996), maintain that dialectical argumentation is grounded in burden of proof, presumption, and plausibility. Walton defines presumptive reasoning as that reasoning which occurs during a dialog when a course of action must be taken and all the needed evidence is not available. Such reasoning is not based solely on knowledge and probability and instead focuses on shifting presumption onto the other dialogue participants. Such a scenario of reasoning from a partial set of experiences and evidence reflects quite well what typically occurs in middle school science classrooms.


Many of Walton’s (1996) presumptive reasoning schemes can be identified in students’ dialogue: sign, position to know, expert opinion, evidence to hypothesis, correlation to cause, and cause to effect (Duschl, et al., 1999). Table 2 describes the informal argumentation schemes we derived for the purposes of the analyses reported here.

Insert Table 2 about here
Analysis of the Small Group Discourse

As mentioned above, in the benchmark activity, students drew and wrote about what makes a boat float. This was followed by an assessment conversation in which 11 distinct ideas about floating and sinking were recognized. (Part 1, see Table 1.) This constitutes a first assessment conversation because knowledge claims are made public with the goal of bringing about a reduction of ideas by either collapsing ideas together or rejecting ideas. The eleven resulting ideas were quite diverse and contained many relevant ideas that would be taken up during the course of the investigations that examine the design and explanation for maximizing the carry capacity of a model vessel hull. The 11 ideas were 1. Materials; 2. Shape; 3. Holes; 4. Density and gravity; 5. Air pressure and water pressure; 6. Placement of engine; 7. Design;  8. Weight of boat; 9. Too much cargo; 10. Engine, propeller, sails; 11. Hollow bottom. Small groups then discussed these 11 ideas for purposes of determining which were least and which most plausible.

 Here we present the analysis of one small group discussion as illustrative of the kind of reasoning in which students engaged. Of the 11 ideas, students disagreed on the plausibility of five of them and agreed on six. Only four of the ideas generated any argumentation discourse, as shown in Table 3. These were four of the five on which students disagreed. There was neither any argumentation discourse for the obvious (e.g., holes, too much cargo) nor was there argumentation discourse on the unfamiliar science concepts (e.g., density and gravity; air pressure and water pressure). We used the informal argumentation schemes shown in Table 2 to characterize the argumentation segments for the four ideas. The presumptive reasoning categories and distribution of comments are shown in Table 3. 

Insert Table 3 about here

The examples often drew on personal experiences, sometimes vicarious. For example, when talking about the plausibility of Design, one member of this group brought up the Titanic as an example. The group members then engaged in inferential reasoning about it. 
S2: “The Titanic sunk because one part of it…

S3: That’s a movie

S2: Still it was in real life

S3: It was made right.

S4: Because it hit an iceberg. If it didn’t hit an iceberg no it wouldn’t sink”

S2: Well if it was a good boat, it wouldn’t just crack.

S3: I know, but the design, it still, it wasn’t ready.”

The inferential reasoning in which the students engaged in this segment provides clear evidence of the social dynamics of argumentation. The students were reasoning in terms of cause-effect and hypothetical situations, although they did not do so in terms of scientific principles. Rather, the discussion centered on the idea that design matters – if the Titanic had been designed right, the iceberg would not have mattered. 

In general, the inferences were logical and based on prior knowledge and personal experience rather than being explicit, empirical evidence statements. For example, “If a boat was made out of sand it would sink” (l. 20, 21) is an inference used to justify Materials as important to whether a boat sinks or floats. While it could be based on empirical evidence, it is not stated in that way.  


Although we can characterize the discourse of the small group, it is difficult to tell from the small group discussion what knowledge claims each individual holds and how these are justified. The KF entries provide insight into this issue. 

Analysis of First KF entries

The student entries regarding which ideas they thought least plausible and which most plausible reasons a boat would float or sink were classified into three categories, as shown in Table 4. 

Insert Table 4 about here

A total of 41 students from both classes contributed 103 entries to the KF database during the first KF session. In this sample, Claims plus reasons (58%) dominated the entries. Claims only were provided 41% of the time. This distribution was similar across the two classes. Of the specific ideas, the dominant response for the most plausible reason a boat would sink or float was Holes (51%) and the least plausible was Placement of the engine (38%). None of the justifications were stated as empirically based claims, although there was one that reflected an elaborated causal explanation. “The reason why I think holes are most plausible is because holes cause boats to sink in less than a few hours Since the hull is hollow when there is a hole in it and the water goes in, it makes the hull heavier which then makes the boat sink.” The vast majority of the justifications were statements of the impact of water getting in a boat, e.g. “I think that holes are the most plausible because water can go through the holes and fill up the boat.” These statements provide reasons based on personal experience, observations, and examples, as illustrated by the samples provided in Table 4. Similarly, for the dominant “least plausible” idea, Placement of the engine, students reasoned from their experiences as in this entry: “…if you ever seen a fishing boat the engine is in the back or the front.” Those ideas that reflected more of the scientific concepts (density, pressure) were not given as either plausible or nonplausible reasons. Thus, the reasoning evident in the KF entries for the sample as a whole indicated presumptive reasoning based on observations and examples from personal life experiences or the assertion of claims with no justifications provided.

Pulling out just the four students who participated in the small group discussion analyzed above, we see some parallels with what the face-to-face discussion suggested. All four students chose Holes as the most plausible reason a boat would sink; two students provided reasons (“because water would come in”) and the other 2 just made the claim. Thus the lack of argumentation discourse about holes, an idea they all agreed was plausible, is reflected in the KF entries. The small group’s least plausible responses were more diverse and revealed student beliefs not evident in the face-to-face discussion. One student selected density as the least plausible “because when a boat is in the water you want (won’t) have to worry about air pressure cause you will float.” Although providing a reason that brings in a scientific concept, the logic is flawed. Two students gave Placement of the engine and provided as the reason the information that another member of the group raised in the small group discussion, (the boat) will work properly wherever it (engine) is placed.” Finally, one student reported that shape was least plausible “as long as the boat floats,” a response that seems to beg the question. 

Comparison of Small group and KF argumentation


Comparing the argumentation in the small group with that in the KF entries reveals some similarities and some differences. The KF environment requires each student to make their thinking visible in contrast to the small group conversation where there is ambiguity as to the beliefs held by individual students. Both contexts reflected an absence of science content and a reliance on personal observations and examples from everyday life in their reasoning about knowledge claims. Given that both the small group discussion and the KF activity occurred very early on in the unit and ahead of any concept development lessons, the absence of science content is not surprising (cf. Hogan, 1999). However, the existence of presumptive reasoning argumentation patterns in both the group discussion and the individual entries reinforces the claim made by Duschl et al., (1999) that middle school children do indeed possess the ability to participate in argumentation. These reasoning patterns provide a foundation to build on. Although research by Wegerif, Mercer, and Dawes (1999) shows that social interactions in small groups can have a significant positive effect on individuals’ reasoning, the challenge is how to direct or leverage the discourse to promote scientifically-based argumentation (Pea, 1993). 

Certainly it would be possible for entries in the KF environment and/or contributions during whole class discussions to directly address the absence of science content that was evident in the small group discourse and in the KF entries. This is certainly one of the intended functions of assessment conversations (Duschl & Gitomer, 1997) in the SEPIA framework and is part of other inquiry models such as that of White and Frederickson (1998). SEPIA units use demonstration and experiment activities to introduce and reinforce content as well as engage students in practices of scientific argumentation. Through assessment conversations they can then engage “the data” and knowledge claims and thus build on their presumptive reasoning so that it reflects the norms for scientific argumentation. In the next section we provide a whole class discourse that includes both demonstration and assessment conversation segments.  

Analysis of the Whole Group Discourse


 In analyzing whole class discussions in SEPIA science units, we are particularly interested in how teachers support students’ development of scientific argumentation. As with the small group discussion, it is sometimes difficult in the face-to-face context to accurately gauge how much specific individuals understand about the material. KF entries provide a window into each individual’s understanding of the principles of flotation and their grasp of scientific, evidence-based argumentation. The illustrative whole class lesson we analyze occurred at the beginning of part 4 of the Vessels Units, wherein students are to prepare the packet of material requested in the letter they had read in part 1. The lesson had 5 segments: the set induction or opening of the lesson where objectives and goals are presented to students, a teacher led demonstration (Demo 1), a teacher led assessment conversation (AC1), a second teacher led demonstration (Demo 2) and the continuation of the teacher led assessment conversation (AC2). The demonstration segments were conducted from the back of the classroom where an aquarium tank was set up. This tank filled with water and containing a cup, was the apparatus used by the students previously for the Pressing Cups activity. Like the majority of teacher led demonstrations in science classrooms, the focus or purpose was on clarifying students’ conceptual understanding. In this case, the teacher was reinforcing the law of motion that an object at rest (a state of flotation) was being acted on by equal and opposite forces (gravity and buoyancy).


In contrast, the assessment conversations were held at the front of the classroom at the overhead projector and, like all SEPIA assessment conversations, the focus was directed to examining and evaluating samples of student work selected by the teacher. The samples of work were the labeled drawings students had completed for the Pressing Cups activity. The activity directs students to place a cup, bottom down, into the tank of water and to press the cup to three depths - shallow, middle, and deep positions. A graphic representation of the cup in these three positions is provided and students are asked to draw arrows to represent the forces they feel acting on the cup, label the drawing, and write a brief statement to explain the drawing. Figure 1 gives two examples of how students might complete this activity.  

Insert Figure 1 about here

Throughout this whole class discussion, teacher  “support for reasoning” came in several forms.
 In the first segment of the lesson, the teacher summarized and reviewed the requirements specified in the letter. Each student was to complete a sketch of their best design for the boat, actually make that boat, show what the boat would look like when it was floating with a load and without a load, and write up a report of all the tests that they had done. The sketches were to be labeled so that they explained the forces that would keep the vessel afloat. In that context, one form of teacher support for reasoning came in the form of reminding students of the various activities they had done, especially mentioning their use of pennies to test the load capacity of the various boats they had designed and built from the aluminum foil. Interestingly, in discussing these items the teacher emphasized the performance of the vessels students built rather than the importance of locating evidential support for the explanation of why different vessel designs perform as they do. This is most evident in the following segments where he is going over the sketch of the vessels and the contents of the report.

T:….number 3 says that you are going to show what the boat looks like, when it is floating without a load, and when it is floating with a load. Two drawings. Two drawings will show the boat with a load, and the boat without a load. And what the difference is between the two…. Item 4: A test, a report of all the tests that you’ve done….. That report will be something like this. ‘I started with an idea that the boat should look like this. I tested it, and after testing the boat, and after talking to my friends, and after looking at their boats, and after seeing the boats up on the wall, and after talking about things in class, I decided that I should make my sides taller, or my bottom bigger, or change the shape,’ or whatever you change from boat 1 to boat 2….

Nowhere in discussing either of these items does the teacher mention the requirement of explaining why vessels float. The emphasis in the teacher’s comments is on events and consequences rather than on why various decisions were made.  It took a question from a student to refocus the teacher on explanation. During the teacher’s summary, the student interrupted and asked about the relevance of the ‘Pressing Cup’ task. She asked, “What did the cup thing have to do with the…” This question is significant because it redirected the Teacher from a performance focus to an explanation focus.

T: That’s a good question. That’s a good question. And it goes back to the idea, why would you design an airplane if you don’t know why an airplane flies. OK — why would you design a boat if you’re not sure what makes a boat float. And, uh, that’s something we’re going to talk about.  

A second form of teacher support was to reintroduce some of the flotation-relevant scientific concepts and principles. As the teacher turned from the introductory segment to the first demonstration segment (segment 2), he asked students “how you describe the relationship, or the phenomenon, what’s going on in the fish tank” in which a cup was floating. He then reintroduced Newton’s first law of motion by stressing that the cup was stationary in the tank and if an object is stationary then “All the forces that are acting on this cup are balanced.” The discussion in the context of this demonstration attempted to encourage students to think in terms of scientific principles, specifically, “how Newton would describe that cup.” After an extended teacher-led discussion, the teacher summarized the explanatory principle he wanted the students to apply in the upcoming assessment conversation segment.


T: “…every object that is at rest is balanced. The force pressing up is equal to the force pressing down. The force pressing left is equal to the force pressing right. The force pressing back is equal to the force pressing forward. Would you all agree with that?”

There is general assent to this statement but subsequent student comments during the first assessment conversation suggest that the demonstration and discussion were not terribly effective in helping students “own” the principle of balance of forces and understand its importance to explaining flotation.

The teacher began the assessment conversation by showing students the sketch another student had made of the pressing cups activity (see Figure 1) and going back to the question Laura raised.

T: “Laura started off by saying, why did you do that cup thing? …I hope when we walk out of here today, we’ll have a better understanding of why we did the cup thing and more importantly than that, I hope we have a better understanding of why things float. And in some cases why things don’t float. The cup sitting on that water has several forces that are being exerted upon it.”

 The teacher showed the first student work sample and asked the students in the class to figure out what in the diagram they agreed with and what they didn’t. He then had one of the students say what she thought the author of the drawing had been trying to say.

Her description is a literal “read” of the picture:

N: “With the first one (diagram) he pressed down a lot, and it only went down a little. …With the second one, he pressed down half-and-half, and it came up, and well when he pressed down, and then it came up a little more. And then with the last one, he pressed down a little, and it, and the arrow points that it went…I guess it went down a lot.”

The teacher gets a similar level of description from another student he asks to describe the picture. Presumably because the student comments appear not to be focused on forces being in balance, the teacher switched to the demonstration mode and returned to the principle of balanced forces that was the focus of the first demonstration segment. 

This time the teacher used a more enactive approach to supporting understanding of the principle of balanced forces by focusing on how hard they have to push against the water and what that might tell them about the force of the water. Specifically, he went to some length to try and get the students to understand that the reason it requires more force to push the cup farther down is because the further down in the tank, the greater the water pressure. This is again a rather lengthy demonstration and discussion of how to equalize forces at the conclusion of which the teacher said “That’s a way we might improve that young man’s drawing.” The students in the class did not generate the advice, although the intended goal of assessment conversations is for the students in the class to come to consensus about what they would tell the student whose work is exhibited regarding how to improve upon it.  The teacher then moved on to a second student work example from the pressing cups activity. In this one, the student had actually drawn his own hand and showed the strength of different forces with different numbers of arrows. Students more actively participated in generating suggestions for improving this second student’s drawing (See Figure 1, lower panel). However, they offered procedural improvements, e.g. “put the same number of up arrows as down arrows.” In addition, the students did not link the cups activity to vessel design and flotation, perhaps because the teacher had not provided supports that would enable them to make the linkage.  

Our more formal analysis of the demonstration and assessment conversation segments of the whole class discussion produced the data shown in Table 5. First, notice the relative amount of time devoted to demonstration versus assessment conversation as reflected in the number of lines indicated for each segment. 

Insert Table 5 about here

The structure and functions of demonstrations are by their nature less conducive to students entering into the reasoning process. Rather, they are opportunities for the teacher to model scientific experimentation and reasoning processes as concepts are introduced and discussed. They tend to be teacher-dominated discourse, conforming to Lemke’s  (1990) triadic dialog or Mehan’s (1979) I-R-E sequence, as discussed above. Indeed, of the 12 requests for information in Demo 2, 7 originate with the teacher. In contrast, the goal of assessment conversations is for the student community to provide feedback for the improvement of the drawing to explain what is occurring. This process of commenting on other student work is designed to expose or make visible students own thinking about the phenomena (conceptual thinking) and explanations of the phenomena (epistemological thinking). These conversations should be largely student dominated. At least in terms of initiations, this was the case. In AC1 and AC2 the students initiated all of the requests for information.


What is particularly interesting in the discourse from the AC segments is that the teacher’s strategies for supporting student argumentation were not different from those in evidence during the demonstration segments (e.g., summarizing and reviewing what they needed to do, reintroducing flotation-relevant concepts and principles, focusing them on their experiences during the pressing cups activity).  As a result, much of the thinking that is made visible during the whole class discussion is the teacher’s. The impact of all of the talk about balanced forces on student understanding of flotation is at best unclear in the whole class discussion. However the individual entries in KF suggest that it was minimal.
Analysis of the Second KF entries 


During the second KF session, a total of 33 students from both classes provided 66 entries. The same three categories shown in Table 4 were applied to these entries. The KF entries indicated that students thinking changed in two significant ways from the beginning to the end of the unit. First, there was a shift away from making claims only. The second entries indicated only 26% claims only. Claims plus evidence accounted for 26% of the entries. Thus the difference between the distributions for KF 1 and 2 reflects an increased tendency to justify a claim and to use evidence based on empirical observations to do so.

 
The second interesting trend was toward a greater use of ideas connected to the science concepts central to buoyancy and flotation. For example, holes declined from 50% on the first session to 32% of the most plausible claims on the second session. Claims about most plausible reasons increased for design (from 10% to 20% of the claims) and air/water pressure (from 0 to 12% of the claims). Although modest, these changes reflect important increases in the use of scientific argumentation strategies.  However, in the 66 entries, there was explicit mention of balance of forces and pressure by only three students. One of the students, who was part of the whole class discussion analyzed above, wrote the following: 


“I think this (air pressure/water pressure) is the most plausible because if the boat is still then that means all of the pressure is even. If the pressure is uneven than the boat will either float or sink like in the 1st law of motion. Newton said that any object in motion will stay in motion and any object at rest will stay at rest. The activity that made me think this was the cup activity. When we discussed the activity we talked about if the pressure is not equal all around the ship it will sink.” (AV)

This was a change from her initial “most plausible” ideas, which were engine, propeller, and sail. 


The KF data from the individuals in the small group discussed earlier also reflected some movement toward more scientific argumentation in the children’s thinking. Rather than the universal response of holes as the most plausible on the first entry, there was greater variability on the second entries. The variability was reflected within students as well as across the four. That is, two of the four students gave multiple responses for most plausible, holding on to their everyday idea about holes but also entering an additional reason that reflected a greater awareness of scientific concepts related to flotation. One student cited density and the other design. Even the one student who continued to claim that holes were the most plausible provided a more sophisticated justification that he had on the first entry:


“Because if holes are in the boat as soon as the boat hits water it’s going to start sinking. But even though the boat does not have holes it could sill sink. If a boat has holes it will start to sink slow.”

Finally, the fourth student in this group was able to justify her claims of least and most plausible using argumentation that clearly reflects greater understanding of scientific criteria for evidence.

“I think that the weight of the boat was least plausible because when I made the boat it was always the same weight. The only thing that I changed about my boat was the shape, and the way it was designed. The weight was always the same and it just held more weight because of the way it was designed.”


“I think the shape is now the most plausible because everytime that I made a boat, the way it was designed was different, and it held different amounts of weight.”

Thus, the KF entries prove extremely valuable for taking the pulse of students’ scientific thinking and argumentation approaches. This is easier to get than in the context of a whole class discussion where, as we have seen, there can sometimes be a tendency on the part of the teacher to unintentionally dominate even assessment conversations in hopes of communicating the scientific principles and concepts that underlie phenomena in the physical world. 

The London Study

The primary goal of the London study was to examine argumentation processes and products in middle school learning environments.  Like the Nashville study, the perspective was examining how assessment mediates the development of inquiry, reasoning, and argumentation skills. The London study addressed three issues:

∑
What are the differences between the argumentation pupils use in journal writing and in KF discussion formats?

∑
What inferences about pupils’ understandings of content and process can be drawn from products (journal work and KF forums) when they engage in activities about similar content?

∑
How can the scaffolding tools of KF be used in a way that moves the inquiry activities towards getting pupils to (1) effectively use evidence, (2) evaluate the use of evidence, and (3) evaluate others’ use of evidence?

The London study was designed to work though the first two interventions – 20 questions tutorial and the Exercise for a Healthy Heart curriculum unit.    The London study also extended the lessons learned from Nashville on the use of the scaffold tool bar.  In particular, more care and attention was given to focusing students on the use of reasons why and evidence for supporting argumentation claims.    The London study also examined the differences in argumentation found in student journals and on KF discussions, thereby extending the Nashville database into written genres of discourse.  One other difference was the extension and adaptation of the EHH activity to examine students understanding of the central tendencies in the data collected.

Finally, we made an important adaptation to the instructional sequence that had been used in Nashville. Pupils considered what would constitute the ‘normal heart range’ for the data they collected. Thus, in addition to students posting KF notes about the four questions (e.g., It matters how long you take a pulse) and then being asked to group and evaluate a sample of KF responses, students were also asked to generate an argument for the upper and lower boundaries for a ‘normal heart rate’.  Hence, the London study produced a set of data that complements the Nashville study and a set of data that extends the Nashville study.  

There are three archived KF databases.  The 20 questions tutorial, the Exercise for a Healthy Heart Agree/Disagree activity and the Exercise for a Healthy Heart ‘normal heart range’ KF views and notes.  In addition, there is the data source of students’ journal writing for the EHH unit. We are currently in the process of analyzing these data. 

Issues & Implications for Future Research


The current effort to develop and design more comprehensive and complex science instructional sequences raises important research questions about the role of the teacher, the agency of the students and the epistemic frames used in such environments. These are issues that are at the forefront of several similar efforts (e.g., SEPIA (Duschl & Gitomer, 1997); KIE at UC-Berkeley (e.g., Hoadley, His, & Berman, 1995; Linn, 1997) and U of Washington (Bell, 1997); COVES and BGUILE  at Northwestern U (e.g., Tabak, Smith, Sandoval, Reiser, 1996); Project-Based Learning at the U. of Michigan (Kracjik, et al., 1998) as well as efforts to design knowledge representation tools that promote the epistemic practices of science (Sandal et al, 2000, another CILT seedgrant initiative). 

The Nashville and London research studies have enabled us to see some of the more complex questions and issues that surround the use of computer-based discourse tools during science inquiry instructional sequences. Our research activities suggest a number of assertions and issues that are relevant to the enterprise. We couch our comments in terms of the KF environment but they are relevant issues for the entire class of communication environments that might be used for supporting the process of making students’ thinking visible along with providing scaffolds for that thinking. As well there are issues related to the flexibility of the electronic database of postings. 

KF promotes students reporting their ideas.  One of the main advantages of the KF environment is that individual student thinking can be made visible. Individuals can be asked to respond independently of one another. This means that the explicit knowledge claims and the forms of justifications used are available to the teacher, as well as to other students. At the same time, we and others using the KF environment or other environments with similar functionality have consistently seen greater student willingness to offer ideas.  The electronic venue seems to call forth more informative comments than students make in the context of oral whole class discussions, and in some cases even when they write out their responses and hand them in. Perhaps the electronic environment seems less test-like to them. Perhaps it is being part of a community engaged in the same activity. Perhaps it is the ability to see their own responses in relation to those of their peers. These are empirical issues that bear further investigation as we continue to explore the value of electronic environments of the KF variety.
KF archives student discourse and reasoning. A second advantage of the KF environment is that it provides a means of making student thinking visible and nontransient. It is available for inspection and reinspection by the teacher and students alike, provided that there is adequate time allotted for working with the information. Given time to do so, students can actively treat the ideas of their peers as objects of the students’ own thinking and do so over extended periods of time. KF allows the pace of argumentation to slow down and thus enables teachers and students to ‘take stock’ of the information and ideas emerging from scientific inquiries. This enhances opportunities to reconfigure thinking, a point discussed below. In turn, sharing these thoughts with peers and getting their reactions creates a scientifically oriented learning community. Employing the KF platform in conjunction with other artifacts (e.g., notebooks, journals) makes it possible to study the fate or outcome of a line of reasoning, an emphasis that runs through the London study. This sort of investigation has important implications for understanding developmental corridors for learning epistemic practices of science.
Reconfiguring thinking.  The KF environment permits students to group and regroup the ideas, trying out different explanatory frameworks and hypotheses. The physical juxtaposition of ideas that occurred in disparate notes and at different points in time could lead to new insights and hypotheses about the scientific phenomena in question. It should be noted, however, that the movement of notes by one individual causes a rearrangement of the database for all users. In other words, changes to the database cannot be done “privately,” at least without creating a copy of the database and working in the copy. This process presently requires sophistication with the software environment that is unrealistic for teachers and students. Clearly, however, for electronic environments like KF to support scientific inquiry, their designs and functionality will need to support flexible “thinking spaces” that permit users to “rearrange their thinking” so to speak. One thing such rearrangement permits is subsequent or post hoc discussions about evidence, methods of data collection, reasoning, and explanations.

KF may be adapted for electronic portfolios.  In the future it is possible that information entered into KF-like electronic environments could be copied to electronic portfolios and constitutes a learning profile for the individual. Not only would this be useful for accountability purposes but also it would begin to create a database from which we might begin to better understand developmental progressions from presumptive reasoning to formal, scientific argumentation. 

Epistemic reasoning is a co-evolution process.    Contrary to the static formats found in many other computer-supported science inquiry tools and programs, our pilot studies suggest that the ability to manipulate the metacognitive prompts (i.e., scaffold tool bar) to take advantage of the contextual or situated nature of inquiry is a powerful way to both engage and develop epistemic reasoning.  Such manipulation is a formative assessment process grounded in the same ideas that govern the design of assessment conversations – namely learners’ appropriation of criteria for evaluating the status of scientific knowledge claims.   This KF function has potential for taking a tool originally developed for promoting generic metacognitive reasoning  into a tool for promoting metacognitive reasoning in domain-specific,  science inquiry contexts.  

Teacher involvement is critical for formative assessment. The potential of environments such as KF to support formative assessment depends on the involvement of the teacher in examining, reconfiguring, and dynamically creating scaffolds to push student thinking forward. The London Study revealed that students familiar with chat room type IT environments easily adapt to using KF. However, the Nashville and London studies both revealed difficulties that exist with using the database and with retrieving portions of the database for subsequent lessons, activities, and tasks.  Additional functionalities are needed to truly support teachers’ engagement with the database and ease of use for formative assessment purposes.

An assumption made in our research about the use of computers to support inquiry learning environments is that the teacher should not be excluded or isolated from the process. Rather, the teacher should be afforded opportunities to engage in formative assessment of student thinking in the context of complex cognitive processes. The seed grant support from CILT allowed us to get beyond initial questions and ideas about how teachers might use KF to support the formative assessment process and enhance both scientific inquiry activities and argumentation discourse. 
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Table 1. Instructional Sequence

Part 1

Problem presentation

Benchmark activity 

Assessment Conversation: Whole Class

         Small group

Knowledge Forum – first entry
Read letter soliciting vessel designs

Draw a floating vessel and explain what makes a boat float.

Discussion of 11 ideas for why boat floats.

Discussion of plausibility of each of 11 ideas.

Individual students entered most plausible and least plausible ideas in the database.

Part 2

Design vessels  

Exploration of design features
Students used 10” square of aluminum foil to design vessels. 

“Pressing Cups” activity

Part 3

Design and construct experiments to 

test four design features
Students test load/cargo capacity  for different designs.

Part 4

Assessment Conversation: Whole Class

Report Preparation
Designs of two students are discussed/critiqued.

Students write prepare their packets in accord with criteria in the letter.

Table 2. Informal Argumentation Schemes

Argument Scheme
Definition
Sample Discourse

Request for Information
There is insufficient information to make a judgement. Spoken or written claims are used to infer the existence of the missing information. Otherwise, the need for the missing information is highlighted.
“Well before you can have holes, you have to design the boat and test it, so...”

4/8/99, Group 1, Lines 219-220

Example


Reference to an example to support a generalization. Often supports a personal view.
“Are you going to sit there with your row things?”

“Well, they did in Roman days.”

4/8/99, Group 1, Lines 146-148

Inference
Characterized by inferential presumptions. May include a conjecture. May include a premise that is causally linked to an observable effect. 
“OK, if the boat is just a big square, it’s going to sink.”

4/8/99, Group 1, Lines 29-30

Table 3. Presumptive Reasoning in Small Group Session

Argument Scheme  
Materials
Placement of     Engine
Design
Engine,propeller,

          sail   

Requests for Information
2
0
4
3

Example
0
0
1
0

Inferences
1
2
5
2

Total
3
2
10
5

Table 4. Categories for Classifying the Reasoning in the KF entries

Reasoning Type
 
Example for Idea “Design of the Boat” 

Claim only
The design really doesn’t matter.

Claim + reason
I think that the design is important because if you don’t build it right it will not float.

Well the design counts for different kinds of boats for different things. Tall walls and large boats are for heavy loads. Canoes most of the time hold people to float around but like a barge holds a big load its all in the design. 

Claim + evidencea 
I think it is still the design that is important because the bigger the surface are(a) the more the boat will hold. When we tested the aluminum foil boats the ones with larger bottoms held more pennies.” (Based on in-class experiment).

aNot all Claims plus evidence drew on in-class experiences. For the variable “hollow bottom”, one student drew on prior experience but stated it as an empirical claim: “I think its plausible to have an air tank in the bottom art of the boat because it will keep the boat afloat. For example, if you place a rock on water its going to sink, but if you attach pontoons (air tanks), it will float. Same thing with the boat but the air is on the bottom.”

Table 5. Analysis of the Argumentation of the Whole Class Discussion

Segment of Whole Class Discussion (lines of transcript)

Argument Scheme 
Demo 1

(274 –449)
Assessment Conversation/ 1

(505-687)
Demo 2

(688-806)
Assessment Conversation/ 2

(809-1238)

Request for Information
7
11
12
22

Example
1
0
0
0

Inference
7
6
4
21

Total
15
17
16
43
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 Figure 1. Drawings of the student work that was shown during the whole class discussion. The upper panel was the topic of the first assessment conversation and the lower of the second.

� The KF environment actually calls thinking types “scaffolds.” In this chapter we are using the term scaffolds more generally. 


� In the discussion and presentation of the whole class discourse, we focus on interesting excerpts although some of our summary and generalizing statements reflect a detailed analysis of the entire transcript for this session.  


� The introduction of scientific principles in this way is within the realm of the instructional strategies SEPIA recommends. However, the approach taken by the teacher in this particular case is probably an artifact of the particular curriculum mandates in this district.  
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