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Abstract

US teachers often view student assessment as something apart from regular teaching, serving primarily the purpose of providing grades or informing, sometimes placating, parents.  Assessment as stepchild is also apparent in teacher education where a "lecture" is given or a course allocated to pre-service teachers on "testing and assessment" propagating traditional notions of assessment, that of teacher made and summative uses of tests. This situation is changing in recognition of the importance of formative assessment (especially as a result of Black and Wiliam).  This paper reports lessons learned about formative assessment and teacher development from joint projects between both Stanford and Kings College London, and Stanford and the University of Hawaii.  Both seek ways of developing teachers' formative-assessment capabilities.  The former project focuses on teacher development of "informal" formative assessment—clinical (personal, subjective) assessment of students' understanding in the ongoing flow of classroom activities.  The latter links such activities with "formal" formative assessment where assessments are designed on a conceptual model of achievement in a domain and embedded in curricula.  In both, the primary objective of assessment is to maximize teachers’ information uptake and foster translation of that information into pedagogical action.  The goal is to bring about student understanding and conceptual change by providing immediate feedback to students and teachers focused on reducing the gap between the student’s current level of understanding and the place where it ultimately should be.

On The Integration of Formative Assessment in Teaching And Learning: with

Implications for Teacher Education

For the past 30 years, I have been asked to teach pre- and in-service teachers about testing and assessment.  Typically in pre-service programs, as is the case with the Stanford Teacher Education Program, I am given about 1½ hours to cover all of traditional and innovative testing.  As I’ve been asked back to do the presentation several times, I assume that, at least, I’m amusing.  In rare instances, I’ve been asked to do a course expanding upon the same topics but this seldom repeats itself because there isn’t enough time in preparation programs that are limited to one year.  I’m equally popular on the science education assessment circuit; a workshop here and there, in light of innovative “assessment reforms” and regressive re-reforms going on in the US. 

I am frustrated, as you can tell.  Assessment is not an add-on to teaching and learning; it can be integral.  Black and Wiliam (1998a) presented rather convincing evidence that formative assessment can cause improvement in student learning.  Yet they (1998b) also noted that such practice is rarely found in teaching.  

In this paper, I briefly define formative and summative assessment. I then focus on various formative practices and teacher enhancement techniques studied by my colleagues Mike Atkin, Carlos Ayala, Paul Black, Frank Pottinger, Maria Araceli Ruiz-Primo, Dylan Wiliam, and Don Young and I.

Formative and Summative Assessment of Learning


Briefly put, summative assessment provides a summary judgment about the learning achieved after some period of time.  Its goal is to inform external audiences primarily for certification and accountability purposes (Figure 1); nevertheless it has been used to improve teaching and learning (e.g., Wood & Schmidt, 2002).  Formative assessment, my focus, gathers and uses information about students’ knowledge and performance to close the gap between students’ current learning state and the desired state via pedagogical actions.  Formative assessment, then, informs primarily teachers and students; it has also been used in aggregate for summative purposes (e.g., Shavelson, 2003; Shavelson, Black, Wiliam & Coffey, in preparation).  
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Figure 1. Functions of formative and summative assessment.

Formative Assessment in Action


While most people are aware of summative assessment, few until recently were aware of formative assessment and the evidence of its positive, large-in-magnitude impact on student learning (e.g., Black & Wiliam, 1998).  I distinguish three kinds of formative assessment—(a) “on-the-fly,” (b) planned-for-interaction, and (c) formal and embedded in curriculum (Figure 2)—and illustrate them with examples.
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Figure 2.  Variation in formative-assessment practices.

On-the-Fly Formative Assessment.  On-the-fly formative assessment occurs when “teachable moments” unexpectedly arise in the classroom.  For example, a teacher overhears a student discussing buoyancy in a small group, saying that, as a consequence of an experiment just completed, “density is a property of a material.  No matter the mass and/or volume of that material, the property of density stays the same for that material.”  The teacher pounces on the moment, challenging the student with other materials to see if the student and her group mates can generalize the density model to other materials, testing their new conceptions by having them measure the density of a new material of various sizes/masses.  Such formative assessment and pedagogical action (“feedback”) is difficult to teach.  Identification of these moments is initially intuitive and then later based on cumulative wisdom of practice.  In addition, even if a teacher is able to identify the moment, she may not have the necessary pedagogical techniques or content knowledge to sufficiently challenge and respond to the students.

Planned-for-Interaction Formative Assessment.  In contrast to on-the-fly opportunities, planned-for-interaction formative assessment is deliberate.  Recognizing the value of information that can close students’ learning gaps, teachers no longer question students, for example, to get a correct answer or to “keep the show going,” but rather plan in advance the kinds of questions that will maximize their acquisition of information needed to close the gap.  That is, teachers come to realize in applying newly acquired formative-assessment techniques the value of good questions (and other pedagogical actions for eliciting information) and spend time planning these pedagogical moves prior to class (Black, Harrision, et al., 2002).  

Examples of planned-for-interaction formative assessment.  Consider teacher questioning, a ubiquitous classroom event.  Many teachers do not plan and conduct classroom questioning in ways that might help students learn (e.g., Black & Wiliam, 1998).  Rowe’s (1974) research showed that when teachers paused to give students an opportunity to answer a question, the level of intellectual exchange increased.  Yet teachers typically ask a question and give students about one second to answer.  As one teacher came to realize (Black, Harrison, Lee, Marshall, & Wiliam, 2002, p. 5):

Increasing waiting time after asking questions proved difficult to start with—due to my habitual desire to ‘add’ something almost immediately after asking the original question.  The pause after asking the question was sometimes ‘painful’.  It felt unnatural to have such a seemingly ‘dead’ period, but I persevered.  Given more thinking time students seemed to realize that a more thoughtful answer was required.  Now, after many months of changing my style of questioning I have noticed that most students will give an answer and an explanation (where necessary) without additional prompting.

As a second example, consider feedback on students’ work.  In our work, we’ve found feedback in the form of a brief comment (“good”), a happy face, a check, or, of course, a grade.  The Black and Wiliam review revealed that, “whilst pupils’ learning can be advanced by feedback through comments [on how to improve performance], the giving of marks—or grades—has a negative effect in that pupils ignore comments when marks are also given” (p. 8).  As one teacher put it (Black, Harrison, et al., 2002, pp. 8-9):

I was keen to try out a different way of marking books to give pupils a more constructive feedback….  I implemented a comment sheet at the back of my year 8 class’s books….  The comments have become more meaningful as the time has gone on and the books still only take me one hour to mark.

Developing teachers’ competencies in planned-for-interaction formative assessment.  The work of Paul Black and Dylan Wiliam at Kings College London and Mike Atkin at Stanford take a “personal approach” (Sato, 2003) to developing formative-assessment competence with teachers.  This approach elicits factors from teachers likely to affect their adoption of assessment practices including the nature of the curriculum, their conceptions of subject matter and learning, and established practices of their professional communities.  Teachers then build their own understandings and formative assessment practices in collaboration with one another and those responsible for the professional development.  This approach contrasts with the more common approach that brings about change through helping teachers “…learn about and implement new assessment strategies, skills, and systems” (Sato, 2003, p. 111).  Atkin took a personal development approach and Black and Wiliam took a mixture of the two approaches.  Both groups of researchers presented preliminary data suggesting resulting changes in assessment practice (e.g., Black, Harrison, et al., 2002; Sato, 2003).

Formal Embedded-in-the-Curriculum Formative Assessment. Teachers or curriculum developers may embed assessments in the ongoing curriculum to intentionally create “teachable moments.”  In simplest form, assessments might be embedded after every 3 or so lessons to make clear the progression of subgoals needed to meet the goals of the unit and thereby provide opportunities to teach to the students’ problem areas.  In its more sophisticated design, these assessments are base on a “theory of knowledge in a domain,” embedded at critical junctures, and crafted so feedback on performance to students is immediate and pedagogical actions are immediately taken to close the learning gap.

For example, my colleagues and I created a set of assessments designed to tap declarative knowledge (“knowing that”), procedural knowledge (“knowing how”) and schematic knowledge (“knowing why”) and embedded them at four natural transitions or “joints” in a 10-week unit on buoyancy.  Some assessments were repeated to create a time series (e.g., “Why do things sink or float?”) and some focused on particular concepts, procedures and models from the curriculum leading up to the joints (multiple-choice, short-answer, concept-map, performance assessment).  The assessments served to focus teaching on different aspects of learning about mass, volume, density and buoyancy.  Feedback on performance focused on problem areas revealed by the assessments. 

Similar to planned-for-interaction formative assessment, formal embedded formative assessment may not come naturally to teachers.  They need to develop the capacity to use these assessments and the teachable moments they create to improve student learning.  One possible means for improving this capacity will be presented below.  A randomized trial currently underway examines whether this strategy is effective.

Interface of Formative and Summative Assessment in Teaching

The dichotomy of formative and summative assessment appears to have had one serious consequence.  Significant tensions are created when the same person, namely the teacher, is required to fulfill both formative and summative functions. Teachers at the interface of formative and summative assessment (Figure 1) confront conflict daily as they gather information on student performance–to help students close the gap between what they know/can do and what they need to know/be able do on the one hand, and to evaluate students’ performance for the purpose of grading/certification on the other hand.  This creates considerable conflict and complexity that, due to space limitations, I have reluctantly omitted (see, for example, Atkin, Black & Coffey, 2002; Atkin & Coffey, 2001).

Enhancing Teachers’ Formal-and-Embedded-in-the-Curriculum 

Formative Assessment Practices

For the past two years, we (Ayala, Pottinger, Ruiz-Primo, Young and I) have been testing out ideas about formative assessment we embedded assessments within the first 12 physical science investigations on buoyancy in the curriculum, “Foundational Approaches in Science Teaching” (FAST) (Pottenger & Young, 1992).  In this section, I highlight some of the lessons learned about developing this type of formative assessment and describe a program designed to increase teachers’ capacity to enact this type of formative assessment.

Initial Conception of the Project


We were naïve about the obstacles to effective embedded assessments when we embarked upon this project.  We initially conceived of a project that embedded assessments within the 12 FAST investigations on buoyancy, assuming that: (a) these assessments would guide teaching practice, and (b) teachers would use information from the assessments as a basis for immediate feedback to students.  A pilot study disabused us of these assumptions, but I get ahead of the story, for there are important lessons to be related.


Theoretical Framework for Embedded Assessments.  We built assessments to embed in FAST that were based on a theoretical conception of science achievement that included declarative (knowing that), procedural (knowing how to) schematic (knowing why) and strategic (knowing when and how knowledge applies) knowledge.  This “theory” provided a lens not only for building assessments but also for analyzing the curriculum.  Our analysis of the curriculum made it apparent that, throughout the 12 hands-on investigations, students were developing declarative and procedural knowledge, but were left to construct schematic and strategic knowledge on their own.  The curriculum developers looked through our lens and immediately agreed.  Other curricula would most likely benefit from similar analysis.  


We developed embedded assessments based on our notion of achievement within the 12 investigations.  An analysis of the investigations revealed four natural “joints” or transitions in the curriculum: (1) mass and its relation to sinking and floating, holding other variables constant; (2) volume and its relation to sinking and floating, all else equal; (3) density as mass per unit volume; and (4) buoyancy as the ratio of object and medium densities.  These joints were crucial points in the development of students’ mental models explaining buoyancy, and an important time for feedback to be provided—for example, mass was an important variable in sinking and floating, but the extent to which it determined depth of sinking depended on volume, and so on.  Based on our experience, we recommend that those wishing to embed assessments perform a curricular analysis that identifies important joints (Figure 3).
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Figure 3.  Embedding Assessments in FAST.

That’s the good news.  We found out the bad news during a year long pilot study with three brave FAST science teachers.

In order to embed psychometrically reliable assessments that covered at least declarative, procedural, and schematic knowledge underlying buoyancy, we created four extensive assessment suites.  Each suite included multiple-choice (with justifications for alternative selected) and short answer questions that tapped all three types of knowledge.  We also included a substantial combination of concept maps (structure of declarative knowledge), performance assessments (procedural or schematic knowledge), “predict-observe-explain” assessments based on lab demonstrations (schematic knowledge), and/or “passports” verifying hands-on procedural skills (e.g., measuring an object’s mass).  

The assessment-building operation was a success, as our assessments were elegant.  Unfortunately, the patient—the teachers participating in the pilot study—nearly died!

The assessment suites were unwieldy for at least six reasons.  (1) The assessments took multiple class periods, too long to administer given the limited time teachers have to work within.  (2) Feedback was not necessarily immediate, although we had developed strategies for providing immediate feedback using, for example, peer grading and group or whole-class feedback.  Sometimes feedback came much later, far too late to inform students of knowledge gaps two weeks prior.  (3) Too much information was generated to readily handle and sometimes the information was in conflict with other information from the embedded assessments.  (4) Teachers did not know how to use this information to close the gap between students’ current and desired learning states; nor did we!  (5), The assessments did not provide focus on the most important aspect of the curriculum, developing an justifiable explanation of buoyancy based on empirical evidence with universal application—that is, developing scientifically acceptable knowledge of why things sink and float.  And (6) we failed to recognize that the standards of reliability in summative assessment did not directly apply to formative assessment where on-going clinical, on-the-fly, and planed-for-interaction formative information about students supplements the embedded assessments; there was no need for the number of assessments included in the suites.

We concluded that embedding “theory”-driven assessments in curricula to create teachable moments was reasonable, even desirable, and productive in analyzing the student learning goals.  We also concluded that practical constraints of time, information generated, interpretation, and focus had to be taken into consideration in building the embedded assessment suites.


Framework for Assessment Suites.  Our lead pilot-study teacher and collaborator kindly pointed out to us the problems faced by practicing teachers in using assessment suites.  She suggested that perhaps there could be only a few assessments that directly led to a single, coherent goal such as knowing why things sink and float.  She argued that FAST provided ample opportunity for teachers to observe and provide feedback to students on their declarative and procedural knowledge, so that while the assessment suite might have a little of this, developing schematic knowledge or an accurate mental model of why things sink and float should be the focus of the assessment suite.


Moreover, we learned two addition things from Lucks (2003) in her masters project.  Lucks viewed and analyzed videotapes of the pilot study teachers using the assessment suites.  She identified two important things: First, our teachers were treating the “embedded assessments” as something apart from the curriculum.  That is, the teachers viewed the assessments in a traditional teacher script, as described earlier in this paper.  Their presentation implied that the assessments were tests to be used for evaluative purposes just like other tests students took in their classes.  Except for the lead teacher, the teachers did not internalize the idea that the assessment suites were intended to produce teachable moments, not something external to learning about sinking and floating, such as grades or points.  

As a consequence of Lucks’ research, we no longer speak of embedded assessments.  Rather, we speak to teachers of “Reflective Lessons.”  These are lessons that get students to bring evidence from previous investigations to bear on finding a universal answer to the large question driving their research: why do things sink and float?

Lucks’ (2003) second major finding was that when teachable moments did arise from the embedded assessments, formative feedback was glaringly absent.  That is, the teachers were missing the teachable moments.  We needed to focus not only on the knowledge elicited by our assessments but also on providing teachers with an inquiry framework for interpreting and feeding back information to enable students to improve their understanding of buoyancy.  Consequently, the initial study of embedding assessments in critical curricular joints was turned on its head and became a project on formative feedback using assessments as teaching tools to elicit teachable moments in the pursuit of an answer to the question, why do things sink and float?

These new ideas were embedded in Reflective Lessons.

Reflective Lessons.  Reflective Lessons are composed of a carefully designed sequence of investigations (formerly embedded assessments!) that enables teachers to step back at key points during instruction, check student understanding, and reflect on the next steps that they must take to move forward (see Figure 4).  They are designed to (cf. Duschl, 2003):


[image: image2]
Figure 4. Sequence of reflective lessons embedded in the FAST curriculum.

· Elicit students’ conceptions.  Reflective Lessons help make students’ thinking about different physical phenomena explicit, for example, why they think things sink and float.  In order to achieve this purpose, reflective lessons include a set of activities/investigations that elicit students’ conceptions of density and buoyancy.  Moreover, they include different teaching strategies, such as group work, sharing activities, and questions and prompts that help teachers reveal students’ conceptions and thinking.

· Encourage communication of ideas.  Reflective Lessons provide opportunities for students to discuss and debate what they know and understand.  

· Encourage argumentation - Comparing, contrasting, and discussing students’ conceptions.  Reflective Lessons provide teachers with discussion strategies to help students support their conceptions and theories based on scientifically sound evidence and the universality of their claims.  For example, “Can this model be applied to all other cases?”  That is, reflective lessons are concerned with: what data counts as evidence for students, how this evidence is used to support their judgments, decisions, and explanations, and how they can be generalized to other situations that are similar in some respect; that is, the universality of the scientific principles.  Asking questions such as:
· “How do you know that?”

· “What evidence do you need to support your explanation?”

· “What are some cases/instances in which your idea/theory can be applied and cases/instances in which it may not apply?”.

This allows students to think about how evidence should be used to generate and justify explanations as well as think about the universality of their explanations.  
· Reflect with students about their conceptions.  Reflective Lessons help teachers identify students’ conceptual development at key points during instruction, and guide the development of students’ understanding.  Through discussions and debate, teachers and students can find the problems they are having as they move towards the unit goals.  Reflective Lessons provide teachers with strategies for progress that can help students achieve these goals.


In order to accomplish all this, Reflective Lessons provide specific prompts that have proved useful for eliciting students’ conceptions, encouraging communication and argumentation, and helping teachers and students reflect about their learning and instruction.  These prompts vary according to where the Reflective Lessons are embedded within the unit. 
Reflective lesson type I (RL I).  RL-Is were designed to expose students’ conceptions (or explanations, or “mental models” or “mini-theories”) of why things sink and float, to encourage students to bring evidence to bear on their conceptions, and to raise questions about the generality (generalization, universality) of their conceptions to other situations.  Prompts and questions, then, focus students on the use of evidence to support their conceptions and/or models of why things sink and float.

These lessons were embedded at three joints in the unit, after Investigations 4, 7 and, 10.  Each RL-I has four prompts: (1) interpret and evaluate a graph, (2) predict-observe-explain an event related to sinking and floating, (3) answer a short question, and (4) predict-observe an event related to sinking and floating (see Figure 9 below). 

Graph.  This type of prompt (Figure 5) asks students to use data they have collected in different FAST investigations as evidence for their conceptions.  Here we use a representation of data that is familiar to the students: a scatter plot that shows the relationship between two variables.  This prompt requires students to interpret different graphs that focus on the variables involved in sinking and floating.


[image: image3]
Figure 5. Reflective-lesson graph after investigation 7.

Predict-observe-explain (POE).  This type of prompt (Figure 6) focuses on one event and engages students in three tasks.  First they predict the outcome of some event related to sinking and floating and justify their prediction.  Then they observe the teacher carry out an activity and describe what they see during the event.  Finally, they reconcile any conflict between prediction and observation.  POEs encourage students to use what they have learned in the unit.  Making sure that students write their predictions, observations, and explanations is critical for the success of this prompt.  In this manner, POEs help make students’ thinking explicit.


[image: image4]
Figure 6.  Reflective-lesson predict-observe-explain after lesson 7.

Short-Answer.  This prompt (Figure 7) is a single question that asks students to explain Why things sink and float with supporting examples and evidence.


[image: image5]
Figure 7.  Reflective-lesson short-answer after lesson 7.

Predict-Observe.  A slight variation on the POE, this prompt (Figure 8) asks students to predict and observe (PO) an event.  Students are not asked to explain their predictions, nor are they asked to reconcile predictions and observations.  POs act as a transition to the next instructional activity of the unit in which the third piece of the prompt, the explanation, will emerge. POs can be thought of as a springboard that motivates students to start thinking about the next investigation.

RL I’s are implemented in three sessions, although they may take only two or two-and-a-half sessions.  Each session takes about 45 minutes or so to complete.  The implementation is as follows (Figure 9):


[image: image6]
Figure 8. Reflective-lesson predict-observe after investigation 7.
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Figure 9. Implementation of the Reflective Lesson Type I by day.


The discussion during the first leg of RL I focuses on the information from the graph and the POE.  That is, the first discussion focuses the teacher and students on conceptions and evidence using the current graph and POE.  In the subsequent short answer question—“Why do things sink and float?”—discussion focuses on students’ conceptions and the universality or generalizability of the ideas and evidence.  Students are asked to extend what they know beyond the context of the Graph or POE, although the Graph or POE might be used as evidence.  If students rely primarily on the graph or POE as evidence, the teacher should push them beyond these toward universality.

The last prompt, PO, is performed in two parts: (1) students first make a prediction based on recent class investigations and discussions, and then (2) they observe a demonstration that may challenge their ideas.   The two parts may be carried out on the same day, or divided as shown in Figure 7 so that part one is carried out at the end of session two, while part two is carried out at the beginning of session 3.

Reflective lesson type II (RL II).  This type of reflective lesson focuses on checking students’ progress in their conceptual understanding of the key concepts across the twelve investigations.  Only one kind of prompt is used in this type of reflective lesson, a Concept Map.  

Concept Maps indicate how students see the relationships between ideas, concepts, and things.  Most often, concept maps are based on the terms that make up the content of a series of investigations.  Concept maps help make evident students’ understanding and the evolving sophistication of their thinking as their investigations progress.  RLs II are inserted after Investigations 6 and 11.  These reflective lessons are implemented in one session as follows (see Figure 10):
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Figure 10.  Implementation of the Reflective Lesson Type II on one day.

The first box of Figure 2 shows that students need to be trained to draw concept maps.  This training takes about 30 minutes but it needs to be done carefully and teachers need to make sure that students know how to construct concept maps in accordance with as set of rules.  The second time students construct the maps they need only to be reminded of the rules.

Developmental Trajectory of Mental Models of Sinking and Floating


Reflective lessons, and the feedback teachers give students, draw on research on the development of mental models in a domain, in this case sinking and floating.  The literature on buoyancy provides a developmental picture not quite as neat as in other domains (e.g., mechanics) or as shown in Figure 11.  What does emerge is that students (and adults!) have some fairly naïve misconceptions such as things float because they have air in them and sink because they have holes in them.  Along with these pre-conceptions is the primitive conception that things sink because they are “heavy” or “big” in recognition that mass or volume has something to do with sinking and floating.  Eventually students get the notion that sinking and floating depend on both an object’s mass and volume.  From this point the difficult leap is made to recognizing the ratio of mass to volume forms a unique property of an object, its density.  Finally, in an understanding of buoyancy, students realize that sinking and floating depends not only on the density of the object but also of the medium.
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Figure 11.  Developmental trajectory of mental models of sinking and floating.

Developing Teachers’ Competencies in Formal and Embedded Formative Assessment


The developmental trajectory provides a framework for reflective lessons, as well as serving as a tool for teachers to locate students’ conceptions of sinking and floating, and to guide them along the trajectory.  Teachers do so by argumentation, asking for evidence of knowledge claims or universality of knowledge claims based on investigations done by students.  They also move students forward by posing empirically testable questions to bring new information to bear on knowledge claims and having students design and carry out these tests.


Our approach to developing teachers’ competencies involved teacher selection and a combined personal and directed approach somewhat akin to Kings College’s approach.  We selected teachers who had experience teaching FAST and were identified by FAST teacher enhancement staff as outstanding teachers, many of whom were “FAST trainers” themselves.  In this way, we addressed a number of issues Sato (2003) raised about the importance of curriculum, beliefs about subject matter and the learner, and professional community.  All subscribed to a model of inquiry science and the need for learners to construct their science content and epistemic knowledge.  There were, to be sure, differences among our teachers.  However, the variability was much smaller than if we had taken a random sample of science teachers.


Among other things, we asked teachers to come prepared to explain their schematic representation of how the first 12 investigations in FAST physical science were related to one another, to student outcomes and how they typically taught the investigations.  In this way, the community of teachers and competency developers came to understand not only their own personal approaches to the curriculum, but also those of others.


We iterated through each reflective lesson with our teachers in a consistent cycle where teachers: (a) first participated in a reflective lesson taught by a “teacher” (our staff) while playing the role of student, (b) discussed the reflective lesson as teacher colleagues, (c) practiced teaching students in a laboratory school while being observed by a colleague (a peer teacher in study) and mentor (staff), and (d) reflected with colleague and mentor about implementation.  This cycle was repeated so that all teachers had opportunities to teach, observe, and reflect.  Mentors are currently communicating with teachers weekly (see Guskey, 1986 and Loucks-Horsley, 1998).


We do not know how successful this teaching-competence approach will be.  As mentioned before, we are currently running a trial using video, observations and teacher logs as a way of tracking implementation fidelity—a way to evaluate the efficacy of this approach.
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Instructions: Read along with your teacher.

‘We have one bottle. Observe the bottle’s total volume. Record in Table 1 the
‘mass and total volume of the bottle.

Table 1

Total
Volme (ml)

Bottle # Mass (G)

Bottle 4

Based on what you know about mass and volume, PREDICT whether the
bottle will float, subsurface float or sink when your teacher places the bottle
into water (Table 2). Why?

Table 2

Prediction | Why do you think that the botle will loat, subsurface
(Circle) float or sink?

Sink
Bottle 4 Float or
Subsurface Float

NEXT DAY: Observe your teacher place the bottle into a container of water.
Record whether the bottle floats, subsurface floats or sinks. Explain why
what you observed happened.

Table 3

Observation | Matched | What happened?
(Circle) | Prediction?

Sink
Tes
Bottleq |  Floator
Subsurface Qr.No
Float
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