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Using Portfolios to Assess Students’ Conceptual Understanding
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Sibel Erduran & Richard A. Duschl
Department of Instruction and Learning
University of Pittsburgh
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ABSTRACT

Interviews were conducted with 29 sixth-grade students selected from classes of 6
teachers in 5 schools in the same urban school district. The purpose of the
interview was to develop a profile of students' conceptual understanding with
respect to flot=tion and buoyancy. This understanding was assessed with respect to
three domains established within the conceptual framework of the lesson unit.
Transcribed tapes were coded by use of concept maps which are an integral part of
instruction. Results indicate that students' conceptual understanding of flotation
and buoyancy in terms of operating forces is well established although relation to
the underlying explanation in terms of water pressure and design features is
underemphasized. A high percentage of students focused on vessel performance in
water. Students' use of their portfolios during the interview suggest that certain
portfolio items might be critical in bringing about effective instruction and
assessment. The investigation displays the use of portfolio assessment as an
indicator of students' conceptual understanding.




Introduction

The adoption of curriculum and instruction models that are grounded
in cognitive psychological theories requires a consistency with the other
fundamental practices that characterize schools and schooling. In particular,
assessment and feedback that students receive ought to be consonant with
learning goals and outcomes (Messick, 1987). Fredrickson & Collins (1989)
refer to this match between curriéulum, instruction and assessment as
systemic validity. The problem is that advances in assessment and
evaluation have not kept pace with curriculum frameworks and models of
instruction which seek to improve learners’ subject matter réasoning, higher-
order thinking skills and communication skills.

Resnick (1987) claims that what is tested in schools signals what is
valued in the learning process. In her opinion, tests should go beyond mere
illustration of the conceptual knowledge of students. Assessment practices
which can be informative about the cognitive and metacognitive abilities of
learners need to be developed. Such practices need to yield information about
individual learner's representations of concepts, symbols and notations. The
strategies that learners use to solve problems, process text, compose stories
and construct explanations need to be accessed. Furthermore, prior ideas and
conceptions that learners hold are important to determine since these can
influence subsequent learning. The capacity to receive, process and apply
information from each of these categories concerning learners' cognitive and
metacognitive abilities, significantly enhances educational practices and assist
learners in the attainment of educational outcomes (Bruer, 1993).

Having access to this information (i.e. via engaging students in tasks

which make it possible to make an assessment of a reasoning, problem-




solving or data analysis strategy) is both critical and essential for designing
effective learning environmerts. Thus, recommendations for the
development of alternative assessment strategies have stressed a review of
what we assess and how we assess. The issues about what we assess are
grounded in arguments from cognitive psychology such that expertise in a
domain of knowledge requires the appropriation of select information-
processing skills and motivations to learn. The issues surrourding how we
assess concern what the purpose of the assessment is, who should have access
to information resulting from assessment practices and how this information
will be utilized.

In this paper, we address these issues on assessment as well as how
curriculum and instruction can be aligned with assessment practices towards
systemically valid practices of schooling. We approach these concerns by
reporting a study that investigates the use of portfolio assessment techniques
in middle school science classrooms. We are interested in how alternative
assessment frameworks such as portfolios can be used by the classroom
teacher and the students to facilitate changes in science learning
environments where learners' development is promoted in three goal
domains: epistemic goals, cognitive goals and social goals. In our view, the
use of portfolios as an assessment tool includes but is not limited to an end-
of-unit evaluation of learner outcomes. We advocate a daily interaction with
the work students produce during the investigation of problem-based science
units. We call this kind of teaching Assessinent Driven Instruction (ADI) and
our broader research program is one that seeks to understand how ADI
influences teaching and learning in science classrooms. In this report of
research, our focus is on an end-of-unit assessment of students' portfolio

construction.




Review of Literature

Champagne and Newell (1994) identify three groups of performance

assessments:

1) Academic performance assessments which include laboratory
practicals and other closed-ended school problems

2) Authentic tasks which involve real-world, open-ended tasks
(Baron, 1990; Raizen and Kaser, 1989)

3) Dynamic or developmental assessment which measures students’
potential for change over time as determined by students’
responses to feedback (Campione, 1990).

This partitioning of performance assessments is grounded in research
by cognitive sciences, which has pointed to the domain-specific nature of
higher-level thinking or reasoning (Glaser, 1984). Hence, the expanded role
of performance assessment in science ought to take into consideration the
nature of scientific knowledge acquisition and include areas of performance
capabilities such as conceptual understanding, practical reasoning and
scientific investigation (Champagne and Newell, 1994). The implication from
cognitive research on learning and teaching (Glaser, 1984; Resnick, 1989;
Klahr and Dunbar, 1988) is that these capabilities (conceptual understanding,
practical reasoning and scientific investigation) are not mutually exclusive of
one another. As such, there are interaction effects among the various
cognitive processes. That is, both the conceptual and procedural knowledge
demands needed to reason, proble.m solve or inquire in science are
determined by the context in which the reasoning, problem solving or
inquiry will take place. For instance, Gardner (1993), in arguing from his
theory of multiple intelligences, advocates that thinking in context requires
attention given to epistemic, notational and symbolic systems.

The generation of new assessment items and instruments (authentic

tasks, dynamic assessment) and new strategies and formats (portfolios) can be




seen as development which is grounded in our enriched understanding of
what it means to reason scientifically. Since scientific reasoning occurs with
domain-specific knowledge (Glaser, 1984; Voss, Wiley & Carretero, 1995)
declarative what-we-know knowledge must be taught and assessed.
However, declarative knowledge needs to be coupled with procedural or
strategic how-we-know knowledge of the domain. In this sense,
development of strategic knowledge becomes important when learning itself
is treated as problem solving (Resnick and Glaser, 1976). Hence, learning in
science and the development of scientific reasoning involves the
restructuring of both declarative and procedural knowledge. Furthermore,
development of learners' intentions, plans and mental efforts in problem
solving need to be taken into consideration (Bereiter and Scardamalia, 1989).
Glaser (1994), in a keynote address delivered at the 23rd International
Congress of Applied Psychology, offers a set of seven related emerging
principles of instruction derived from learning theory that can be used to

shape learning environments:

1. Structured Knowledge - "Instruction should foster increasingly
articulated conceptual structures that enable inference and reasoning in
various domains of knowledge and skill. Education that teaches isolated
memorization of facts and definitions of concepts will not accomplish this

purpose” (p 17).

2. Use of Prior Knowledge and Cognitive Ability - "[R]elevant prior
knowledge and intuition of the learner is . . . an important source of cognitive
ability that can support and scaffold new learning .. ... the assessment and
use of cognitive abilities that arise from specific knowledge can facilitate new
learning in a particular domain” (p 18).

3. Metacognition: Generative Cognitive Skill - "[Tlhe use of gererative
self-regulatory cognitive strategies that enable individuals to reflect on,
construct meaning from, and control thelr own activities . . . . is a significant
dimension of evolvinyg copnitive skill in learning from childhood onward. . .
These cognitive skills are critical to develop in instructional situations




because they enhance the acquisition of knowiedge by overseeing its use and
by facilitating the transfer of knowledge to new situations . . . [T]hese skills
provide learners with a sense of agency." (p 18).

4. Active and Procedural Use of Knowledge in Meaningful Contexts -
"Learning activities must emphasize the acquisition of knowledge, but this
information must be connected with the conditions of its use and procedures
for it applicability. . . . School learning activities must be contextualized and

situated so that the goals of the enterprise are apparent to the participants”
(p 19).

5. Social Participation and Social Cognition - "The social display and
social modeling of cognitive competence through group participations is a
pervasive mechanism for the internalizations and acquisition of knowledge
and skill in individuals. Learning environments that involve dialogue with
teachers and between peers provide opportunities for learners to share,
critique, think with, and add to a common knowledge base" (p 19).

6. Holistic Situations for Learning - "[L]earners understand the goals
and meanings of an activity as they attain specific competencies. . . .
[Clompetence is best developed through learning that takes place in the

course of supported cognitive apprenticeship abilities within larger task
contexts” (p 19 -20).

7. Making Thinking Overt - "[A] significant mechanism in
environments for learning is to design situations in which the thinking of
the learner is made apparent and overt to the teacher and to students. In this
way, student thinking and reasoning can be examined, questioned, and
shaped as an active object of constructive learning” (p 20).

These principles require fundamental changes in the roles of teachers
and students, alterations in the aims and contents of curriculums as well as
modifications in assessment practices. One way of contributing to educational
innovations such as alternative assessment frameworks is to include the
cognitive and epistemic dimensions of assessment as an integral part of
instruction and curriculum (Duschl & Gitomer, 1993). Since 1991, NSF
funded Project SEPIA (Science Education through Portfolio Instruction and
Assessment) has constructed and examined models of instructional activities

in an effort to make assessment a component of instruction. In so doing,
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Project SEPIA has sought to elucidate the dynamics of portfolio processes and
assessment practices, and how these can be used to evaluate students’

conceptual understanding, scientific reasoning and representation of scientific

knowledge.

Study

The purpose of the study then was to develop a profile of students’
conceptual understanding within the subject-matter of flotation and
buoyancy. The data source is student interviews conducted as part of research
and development efforts of Project SEPIA. In particular, we were interested
in exploring the correspondence of students' conceptual understanding with
the instructional goals targeted towards such an understanding. Hence, we
used concept maps (which are integral parts of curriculum and instruction)
to code students' responses from the interviews. In a broader sense, we are
interested in how portfolio instruction and assessment can assist students’
conceptual understanding. Thus, a record of students' use of their portfolios
during the interview was significant. Finally, we wished to learn about

students' performance on an assessment task which encouraged the use of

portfolios.

Methodology
Interviews were conducted around folders of student work at the

completion of the Vessels Unit. The Vessels Unit, a month long curriculum




e

unit developed by Project SEPIA, is based on an engaging and authentic
inquiry activity that functions in a student-centered classroom. Throughout
the unit, students complete activity assignments that contribute to the
construction of an explanation of why vessels can float with a load. The
underlying goal of the unit then, is to facilitate students’ meaning making
and reasoning in the domain of flotation.

In order to assist teachers and students with this goal, the conceptual
framework of the unit is represented in concept maps which present and
illustrate core concepts as well as the relationships or links between these
concepts. The core concepts such as buoyancy, gravity and water pressure not
only provide a scheme towards an explanation of flotation but also are related
to the design features such as height of sides, volume and bottom surface area
of the vessel.

Upon completion of the Vessels Unit, interviews were conducted with
29 sixth-grade students selected from the classes of 6 teachers in 5 schools in
the same urban school district. Selection of students was stratified. That is,
special attention was given to including students of both gender as well as
racial and academic backgrounds. Teachers selected students whom they
believed represented in their classes a diverse population with respect to
these attributes.

All interviews were conducted one-on-one, audio-taped and
transcribed. Established interview protocols were followed. The interview
protocol consisted of 4 segments which lasted for about 45 minutes

(Appendix A). The overall goals of the interview were as follows:

1. To investigate students' criteria and perceptions of the
work which they think exemplifies key concepts and
relationships;




2. To investigate students' criteria and ability to identify
characteristics which represent implementation of
SEPIA criteria; and

3. To investigate students' ability to use information from
their portfolios.

In order to accomplish these goals, the interview was structured in
several segments. In the first segment, the Reconstruction Task, which lasted
for about 5 minutes, the interviewers aimed to establish a comfortable
atmosphere for the students by engaging them in casual conversation.
Thereafter, the students were given the opportunity to talk about their folders
and perceptions about the purpose of the activities in their science class. The
next segment, the Selection Task, lasted for about 20 minutes. Relying on the

work that they produced in their portfolios, the students answered questions

about the concept of buoyancy as well as specific design features of the vessels
which they built on two occasions. They were shown pictorial
representations, the Rising Ball Storyboards, drawn by other students and
they were asked to rank these representations and explain their judgment
criteria.

The next 10 minutes was devoted to the Manometer Demonstration
where the interviewers explained what happened to water pressure when a
funnel, coated at the mouth with a rubber membrane and connected to a U-
tube containing food coloring, was immersed and raised in water. Students
were then asked to relate this demonstration to what they have done in their

science class. They were informed to select items from their folders that

would indicate the same principles involved in this demonstration. The
final 20-minute segment of the interview encompassed a comprehensive
account of the unit and thereby provided a rich source of information about
students' explanations for flotation. The task involved a talk-aloud on-

demand performance for two floating conditions: one with a load and the

11




other withou: a load. For each of the conditions, the directions were the same

and were as follows:

Sketch the vessel. Use arrows, science terms, and the names of
forces to label thie sketches. The labels should explain what
keeps the vessel afloat.

This study has concentrated on this last segment of the interview. Students'
conceptual understanding was assessed with respect to three domains as
established within the conceptual framework of the Vessels Unit. These
domains (A, B and C) are illustrated in the concept map in Figure 1.

Domain A displays the core concepts of floating, sinking and rising
explained in terris of buoyant and gravitational forces. These core concepts
are built into the portfolio activities which take place at the beginning of the
Vessels Unit. Domain B integrates aspects of vessel design into the
framework of reasoning towards an explanation of flotation. . The concepts
pertinent to this domain follow those in Domain A in the instructional
seJuence. Domain C relates water pressure to design of the vessel and it
constitutes concepts which are built into the final activities in the portfolio.

Transcribed tapes were analyzed to investigate students' meanings of

definitions, beliefs as well as theories about flotation. Students' responses

were coded using the concept maps in Appendix B. SEPIA criteria such as
clarity, accuracy, consistency with evidence and relationships (Duschl &
Gitomer, 1993) were considered in coding responses. Both verbal and
pictorial representations were considered in coding. Concepts and
relationships (or links) were coded once irrespective of the frequency with
which they were mentioned by the students. That is, we were not interested
in tracing the number of occurrence of concepts within a particular interview.

Rather, we sought to capture eacl. student's overall conceptual framework

12
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which emerged during the interview. Particular attention was given to
identify students' use of models, to causal reasoning patterns and complexity
of thematic patterns.

Coding was verified across researchers. First, we separately coded
responses from three students selected at random. Comparison of our coding
revealed close agreement. We discussed our criteria for judging student
responses and resolved the source of potent/al variation between our coding
schemes as being related to the integration of verbal versus pictorial
representations. We decided to place equal emphasis on students' pictorial
and verbal representations. We then coded three more interviews selected at
random. At this time, there was complete agreement between our coding

patterns. The rest of the interviews was coded by one researcher and verified

by the other.

Results

Some examples of student work from the last segment of the interview
are given in Appendix C. Students responded to the questions in the
interview by mentioning concepts from the three domains established as unit
goals. All students mentioned another domain (part D in Figure 1) which
concerns the vessel performance in water throughout the activities of the
Vessels Unit. In other words, vessel performance concerns the sequence of
actions that occur as weight is added to the vessel: vessel goes down in water

and this in turn causes a rise in water level.
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On average, students mentioned domain D concepts more than they
mentioned concepts from other domains. The following table illustrates the

average number of students referring to concepts from each domain:

Domain Number of students
D 23
A 19
B 7
C 4

As illustrated by the following table, there were more number of pairs of
concepts across domains A and D than across any other domains. A concept
pair constitutes two concepts mentioned simultaneously by the same student.
There were about the same number of domain B concepts paired with
domain A and D concepts. Likewise, the number of domain A and D
concepts that domain C concepts pair with was about the same. The least

number of concept pairs occurred between domains B and C.

Correspondence | Number of pairs of concepts
AXD 726
AXB 228
BXD 219
AXC 80
CXD 72
BXC 22

16
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Domain A (which constitutes .core concepts and relationships) is
introduced to the students via the Vessels Unit. Domain D concerns vessel
performance in water and is a result of student interpretation. The
simultaneous mention of concepts from domains A and D (Correspondence
AXD) constitutes the largest number of concept pairs. This suggests that the
students are not only employing the learned core concepts with about the
same emphasis as their conceptions of vessel performance but also are using
these two domains together the most. It is probable that the students'
emphasis on vessel performance is reinforced during the last segment of the
interview. The beginning question in this segment specifically demands that
the student describes what he or she is drawing.

The results indicate that fewer students related core concepts to either
the design features or the relation of this design aspect to water pressure.
Figure 2 and Figure 3 illustrate the profile of mentioned concepts and
relationships between these concepts. 97% of students made reference to
vessel as an object in water and also to the concept of gravity. These concepts
from domain A occurred with the highest number of students. Three percent
(3%) of students mentioned rising of vessels in water as a concept: the lowest
frequency with respect to domain A. The action of gravity down on an object
was mentioned by 90% of the students, whereas only 3% of the students
considered the action of rising of vessels, relation of this action to buoyancy
and the case where buoyancy might be greater than gravity.

Highest and lowest percentage of students who mentioned concepts

from each domain, and links across domains is illustrated in Figure 4.

17
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Concent or Link _% Students

Concept of load or weight 97%
(Domain D concept-highest)

Relationship between addition of
load and water displacement 83%
(Domain D link-highest)

Gravity with respect to addition
of load or weight to vessel 62%
(Domain D concept-lowest)

Increase of gravity with load or weight 59%
(Domain D link-lowest)

Bottom surface area of vessel 41%
(Domain B concept-highest)

Concept of increase in buoyancy with
no reference to any other concept 34%
(Domain B link-highest)

Concept of water pressure 24%
(Domain C concept-highest)

Relationship between water
pressure and water depth 14%
(Domain C link-highest)

Vessel and its position in water
based on its design features 0%
(Domain B concept-lowest)

Relationship between higher vesscl

sides and their influence on vessel

performance in water 0%
(Domain B link-lowest)

Bottom surface area of vessel
in relation to water pressure
(Domain C concept-lowest) 0%

Action of water pressure on bottom
surface arca of vesscl
{Domain C link-lowest) 0%

Figure 4. Highest and lowest percentage of students mentioning concepts
from each domain and links across domains.
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All seven students who demonstrated an understanding of a causal
explanation with respect to design features and water pressure (links between
domains B and C were established) also mentioned a particular portfolio item
(Appendix D) during the interview. Two other students who didn't make
connections across these domains also mentioned this item. We consider
this portfolio item to be critical in developing students' understanding of
water pressure increasing with depth in water. It involves an activity which
focuses on changes in water pressure with depth when a cup is pressed down
a body of water. Here, we refer to a Forecast Portfolio Item (Appendix D)
which seems to predict students' Eonceptual understanding of the causal
explanation associated with water pressure and flotation. In an earlier pilot
interview around the same questions and 17 portfolio items (but different
storyboards), 20% of all items selected by students was this Forecast Portfolio
Item. In our view, this activity is an indicator of students' understanding of
core unit concepts and relationships.

As a future investigation, we intend to carry out a qualitative study on
students' explanations about flctation and buoyancy. However, some general
trends are worth mentioning here. With respect to design features, students'
explanations tend to emphasize the performance aspect of the vessel. That is,
the sides of the vessel are high so as to keep the water from getting in:

I learned about gravity force and buoyancy force, the surface arca and

sides, which help so that water doesn't rise up and go inside the boat.

In a similar fashion, the bottom surface area of the vessel is justified not in
terms of its relation to the buoyant force acting on it or the volume of the

vessel but in terms of the vessel as a carrier of materials:
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I was writing, uhh, the surface, | was writing why the surface area is
big...cause the washers have to go in, to fit.

Finally, as a subsequent planned analysis based on this study, we intend to

explore further the students' oral versus pictorial representations.

Conclusions and Implications

The investigation displays the use of portfolio assessment as an
indicator of students' conceptual understanding. Results are mixed with
respect to students’ attainment of unit conceptual goals. Along with core unit
concepts and relationships, students constructed and emphasized a domain
which concerns vessel performance in water. This domain is not an integral
part of the designed curriculum. Furthermore, particular aspects of the
conceptual ecology, such as design features and the concepts related to water
pressure, have been underemphasized. Students' construction of a causal
explanation for flotation and buoyancy, a central goal of Project SEPIA,
depends on articulation of these aspects cf the conceptual ecology.

It is noteworthy to point out that students' use of their portfolios
during the interview suggest the significance of certain portfolio items in
bringing about effective instruction and assessment. Practical applications
from the results of the study pertain to three aspects of the portfolio process.
First, the study illustrates how assessment practices can be modified for more
effective feedback to teachers, students as well as researchers. That is, reduced

emphasis on certain concepts and relationships such as those related to design
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features, can be regarded as an indicator for modification of the performance
assessment task. Second, curricular practices can be provided with specific
information about what aspects of the conceptual ecology needs to be
improved. For instance, the conception about rising of vessels in water,
which is underemphasized by the students, could be explored by inclusion of
an activity which questions the case where load is being removed from a
floating vessel. Third, instructional practices can be informed by the results
of this study, via more emphasis and elaboration, of the concepts which were
least acknowledged by the students. For example, the study illustrates the
necessity to stress, in the instructional activities as well as in curricular
design, the relation of water pressure to water weight.

Design and revision of portfolio assessment processes can be
considered in light of observations such as those reported here. The way with
which we assessed students' conceptual understanding is consonant with the
learning outcomes and goals that were set by Project SEPIA. That is, the set
epistemic, cognitive and social goals were targeted in the assessment process.
Portfolio assessment has been informative about the cognitive practices of
learners. In particular, we received information that illustrates the ways in
which individual children represent concepts and notation systems. This
portfolio assessment process allows us to inquire about the strategies children
use to solve problems and construct explanations. 'Ne have been informed
about learners’ conceptions of flotation separate from those intended with the
designed curriculum. The model of portfolio assessment illustrated here
enhances our abilities to improve educational practices and assist learners in

the attainment of educational outcomes.

[ o]
-~




References

Baron, J. (1990). Performance .ssessment: Blurring the Edges Among
Assessment, Curriculum, and Instruction. In A. Champagne, B.
Lovitts and B. Calinger, (Eds.), Assessment in the Service of

Instruction. American Association for the Advancement of Science:
Washington, DC.

Bereiter, C. & Scardamalia, M. (1989). Intentional Learning as a Goal of
Instruction. In L. Resnick, (Ed.), Knowing, Learning and Instruction:

Essays in Honor of Robert Glaser. Lawrence Erlbaum Associates:
Hillsdale, NJ.

Bruer, J. T. (1993). Schools for Thought: A Science of Learning in the
Classroom. Cambridge: MIT Press.

Campione, J. (1990). Dynamic Assessment: Potential for Change as a Metric of
Individual Readiness. In A. Champagne, B. Lovitts and B. Calinger,
(Eds.), Assessment in the Service of Instruction. American Association
for the Advancement of Science: Washington, DC.

Champagne, A. & Newell, S. (1994). Directions for Research and
Development: Alternative Methods of Assessing Scientific Literacy.
Journal of Research in Science Teaching, 29, 841-860.

Duschl, R. & Gitomer, D. (1993). Diagnosing Students' Conceptions Using
Portfolio Teaching Strategies: The Case of Flotation and Buoyancy.
Paper presented at the 3rd International Seminar on Misconceptions
and Educational Strategies in Science and Mathematics, Cornell
University, Ithaca, NY.

Fredrickson, J. & Collins, A. (1989). A systems approach to educational
testing. Educational Researcher, 18: 9.

Gardner, H. (1993). Multiple Intelligences: The Theory in Practice. New York:
Basic Books.

Glaser, R. (1994). Application and Theory: Learning Theory and the Design
of Learning Environments. Keynote Address presented at the 23rd
International Congress of Applied Psychology, July 17-22, Madrid,
Spain.

Glaser, R. (1984). Education and Thinking: The Role of Knowledge. American
Psychologist, 39, 93-104.




Klahr, D. & Dunbar, K. (1988). Dual Space Search During Scientific Reasoning.
Cognitive Science, 12, 1-55.

Messick, S. (1987). Validity. Educational Testing Service Research Report.
ETS: Princeton, NJ.

Raizen, $. & Kaser, J. (1989). Assessing Science Learning in Elementary
School: What, Why, and How? Phi Delta Kappan, 70, 718-7.2.

Resnick, L. (1989). Knowing, Learning and Instruction: Essays in Honor of
Robert Glaser . Lawrence Erlbaum Associates: Hillsdale, NJ.

Resnick, L. (1987). Learning in School and Out. Educational Researcher,
16(9), 13-20.

Resnick, L. & Glaser, R. (1976). Problem solving and intelligence. In L.

Resnick, (Ed.), The Nature of Intelligence. Lawrence Erlbaum
Associates: Hillsdale, NJ.

Voss, J., Wiley, J. & Carretero, M. (1995). Acquiring Intellectual Skills.
Annual Review of Psychology. 95, 155-81.




APPENDIX A

SEPIA Student Interview and Storyboards




63
ne

[3193Ys 3y} uo SANTANDER Y} JJO SHINYD JAYDIeIsIY|
w PIP NOA S3111ANOY Jeym mouy | 08 133ys sjy) uo pasajduod nok szaded ayy 330 ydayd ] ‘13p|0j In0A uy s1aded
N jo yoed yBnonp yoo[ yoinb e ey 03 nok axi| pinom | “13poj inoAk ur s1aded ay) je ooy v axey s, V'L

[sdse pue juapnis 3y 0} I3P[0J Y} SPUBY JIMIIAINU]]

[ 9901

Wspeo| 8uikues 105
[38834A 1839 3y} pIIng 03 moy Jnoqe Sunued| pue [10j wnupunie Juisn 12qUWIAWAI NOA O] °*SSE[D IUIPS IN0L
uf auop aaey nok sGuiyy awos Jnoqe Aepoj suoysanb awros nok yse oy A p,I T s weu Aw o[,

[uononposjul Wiem € YuMm ieig)
(sdnuIw g) SEJ, UOIPoNIJSUOISY

WINWIXBUW SPNUIW G TJUIEIISUOD SWI]

'sorjojiiod 119y} wolj uoeuriojut asn o3 Aiijiqe s)uapnys areSusaaut o (€

N YIJIS Jo uonyejuswajdun
juasazdal Yym sonsuapeleyd Ajnuapt o) Anjiqe pue ediud sjuapms aedusaaut o (z

‘sdiysuoneias pue sydasuod )
A3 sayydwaxa sjunp A3y Yum saom ayy jo suondadsad pue euaid sjuapmys areSusaaut of, (1

Sasoding

JjTun) SIS8SS9A
MITAIBU] JudpnlS YIJdS




1€
¢t
[SASP JamajAsuy)

[193Ys ejep 3y} uo Jaquunu Aq SwWayy PAIIS A} PIOIN]
W PIP NOK Aem 3y [3583A pu033s 3Yj J[Inq NoL AYm awr MoYS pnoMm Jeyj yIom JO S123ys Y} e Jeym,, €T

[.&ua13g51p sem 31 Aem Jayio Auy,, "33 “aqissod se saduaiayyIp Auews se ajeis 03 plyd ayl sy )
W [3SSIA ISI1J INOA WIOLJ JUIIIJJIP JI SeM MOY [ISSIA Pu0d3s Inok J[inq nok uaym
*I3P[0J SIY} UT JUOP ALY NOA HIOM Y} JO JWIOS JNOGe YUY} NOA Jeym Mouy 0} AI] P[NOM | MON,, V'Z

[sare1s 1amatAIdu])

¢ 92401
(saynunw 0z) S[SEL WOTPIPS

[selL :.ozuo_um ‘days 1xau
ay 03 uo o8 uay) pue pnoje 31 peal ‘1333] Y ui Ino 3t jutod ‘F5odind 1531100 3y OU S30p Juapnis ays j|
"se] Uold3[ag 0 uo 03 SSodINd IFSII0I ST $ITEIS JuAPNIS Ay Ji]

['s3a0m uBisap ayy moy pue Aym ureidxa oy 3jqe aq 0} ‘g

Ayoeded Suidized saznurrxew ey (ny e uSisap o} 'y

:s)1ed omy sey asuodsar 1031100 Ay )
wLANIATIOR [3sS2A 3Y) JO asodind ayj sem yuryj nok op jeym,, 41

[sdse 1amatazarut ayy ‘Burpear saysiuy Emnam ay} 131v)

wom} 38ed jo ydexJered ys1ry ayy pue auo a8ed uo yderSered jseq

3Yj pnoje pear 0} nok I| pnOoMm | “Jum s[3assaa a3 yJo SuruurSaq ayi je 308 nok jey; 13131 ay3 e oof e e,
[sare3s 39mataIayuf)

u[139US A11ANOY anig ‘GHId ‘TH1d] uO PIp MoK jeym Jnoqe 10w AW [[3} ISLI| {[35SIA U0 ueyy 210w Surpnng
IdquIdWAL nok o ssep ut sjaaysyIom asay) Sunajduiod pue sairAnde s[assaa ay} Sujop 1aquiawaz nok o(,,




b 6
w{3210] Juedonq 10 L>uedonq puejssapun nok moys s1aded asayy moy aws [[a) nok uey, ¢
[dse uayy ‘Ad>uedonq jo swiay up puodsal Jou s20p JUIPNS §1)
W SWAJL 3SAYJ JO Ped papa[as nok Aym ureidxa aseajd nok pjnom,, €'€
[$yse Jamojaidug)
[333ys ejep ay} uo sdquInu Aq SWANY POPAIS M) PLOdNY]

32103 Juedong 10 A>uedonq
puejsiapun nok smoys xuiy noA s8upy; ayy 193[as pue 1apoj oAk ur s1aded ayy ySnoays o8 oy nok x| ..,

wAouedonq jnoqe aw (133 nok ued jeypy ‘Aduedonq st jun s[assap ayj up wady yueppodui uy,, Ve

[sa1e}s Jamatatatuy)

ASueAong - ¢ 9qo1]

[ ut asuodsas yoea 105 1eaday))

suepzodur sem [319y sasuodsas

SIUIPNIS 113sut] Nuiy} noA apew jey) ‘13pjoj 3y ul jou jnq ‘ssepd ut pip nok Sunphue aznp sep,,  I'C

[Syse Jamatalaug]

[Dz ut asuodsas yoea 105 yeaday )

wdueprodwy sem [a1ay sasuodsal sjuapnys 11asut) yupyy nok apew jey; 1apjoy ayy ut Sunphue azpy sy, QT
[syse Jamataiayui|

_.m:ozmm:w

OM] IX3U 3Y3 Ul 31 3sn pue (*233 ‘sapls YInY ‘sapis uons ‘sapis Y3y ‘wonoq 3iq *3-3) asuodsaz Juapmis p1033y |
wd3S1d Bunyihuy,, [yse ‘asuodsar auo Ajuo saa18 juapms ji]

. u{PEO[ ISOW 3y} SILLILD JeY) [ISSIA B JO SaINnjedj Y} are uiyy nok op jeym,, T

Q
ERIC

»



)

eg

wJUIS pue jeoyy S[assaa Aym

purisiapun 1ape18 yig ayy djay oy [s109(as Juapys 1aays] 03 ppe 10 aBueyd pinom nok Supyihue azayy sy, H'p
[190ys eiep ayy uo Jaqunu Aq swa)l pajdalas Yy p10d3y|

«13P10J In0L w01y WaYj MOYS NoA pInom JIom jeym, 5OF

wUIS pue jeoyy s[assaa Aym J1un S[3SSIA Yy} JU0P 13Adu pey oym 1aperd yis e o3 urejdxa nok pnom moy
‘13pe18 yig v 03 Sururs pue Sunyeoy; urejdxa 03 payse azam nof asoddng -aspa Supawos op s 91 ‘AexQ,, 1P
«JLpuesiapun jou op noA je

PIP ays/ay Sunpifue axdyy s Jwayj xyse nok pmom suopisanb jeypn ¢s[13) 3 L1018 ayy aaoxdury djay o3 aar3
nof pinom asiape jeypm [Summerp sues 1sayBiy moys) Juapmis spy) yiim dnoid e ug azam nof asoddng,, %
[uonsanb ayy yeadas pue suonsanb isesuod /asedwod yse uayy Sunypiou shes piryd ayy jj

+LpueIsIdpun jou op

noA jeys pip ays/ay Sunypifue azayj sy dise noA pmom suoysanb jeym ¢sy1ay 3y L1038 ayy saoxdury djay o3 aa18
nof pinom adiape jeypy [Suimerp suer 3samol moys] juapnis spy) Yim dnos8 e uy azam nof asoddng, qv
w13p10 sty ut wayy nd nok Aym awt [[], ¢1s10Mm 03 1S3q Wy 23p10 uy wayy ind oy nok I PL, Db
wdSP1EC(A101S 13)0 3 uey) 13313q Y} 31 sAxeU Jey) [1Sdq

S, PIIYD Y1) pIe0qAI0)S ST Ul dII0U NOA OpP JBYAL 21SI] Y} 1] nok op sp1eoqh10)s 331y} ay) Jo Y>IYym, d'b
[suoysanb dn-mojjoj 1sENU0D /a1ednd 10§ MOjje 1eY) SAJ0U SaNE} JaMalAIaU]]

wiSSuimerp ayy ur Sunuaddey st jeypy "23s nok jeym aur [133 pue £[njazed sp1eoqLi0}s ayy je %0077 ‘pnofe Way)
pea: asea[d noA pmom ‘uaaid azam L3y suondaap ayj 31e 313 “133eM 13pun [jeq e jo o8 33] noA jj uaddey
PINOM JEYM MEIP 0] PI)SE JIIM SJUIPNIS 3SIAY |, ‘dPLW SJUIPN}S IWOS SPIL0qAI0)Ss ISAY] J€ HOO[ 8,197, V'P

[sare3s pue Juapnis ays jo juosy ul SPIECAAIGIS [0 SUTSTY aasyy ayy saded somaasaju)

SSe1, € SUtACIdW] - § 9q0T

Q

IC

E

Aruitoxt provided by Eic:




I A

[ R Y

w13daap ofl nod s saseasdup aanssaad 1ajem jey) sMoYs YOIYM JuIwnaysuy ue st SRy,

(SIS UL} JoMOjAIMUE D\, Idugeiuod dpseid 3y} ul J3jem Ul pasies pue paiamoj st

[y gy se saBueyd Jajem palojod Jo [aAd] oy moy no Bunutod £q aderd Burye; st jeym suterdxa samarasatur
AL "191eMm uj pasiawug sy [duuny ayy se aqny padeys-n ayy ut a8ueyd (343 Jajem 03 sjutod 1amaralaul

I\ [, "1djouIouRW Ay} JAMO| pue astel 0} Juapnis ayy Juimoije ‘uonesisuowap ayy surtojaad samatasajur 3y ]

[193em ut pasies pue pasidwwal §§ [duunj
oy se aqny padeys-n ayy ur aBueyd [9A3] 13tem Ay 03 sjutod 1amaraalu] aurIqIdW J3qqna Ay uo Kpuald

ysnd sjuapnys 3977 “13j9wWwouRW Y} J9MO[ PUE STl O} JUIPNIS Y} UIMO[[e ‘UOHRIISUOWAP 3} WLIO0JS]]
+13d3ap 08 noA se saseardur ainssaid 13jem jey) SMOYS YdIYM Judnaysul ue sy spyL,

[3uapnis ayy £Aq pauorjuaw st 31 UaYM pue Ji BIPT 131100 Y} SI}LSAI JAMIIAI}U]]

w2oeld Supye; st jeym aw oy urejdxa aseard noA pino),

—mwu ]S JOMaTAION] _

pduopeIsuowap syyj op 13yded) oA piq,
[s¥se 1amatataul]

‘Bupi0[0d pooy ‘(uia 1addoapaka ‘spamoy taded ‘1ajem ‘saureiuod ouseqd ‘1ajawoueyy s[etare
(sdinulwr 1) S€] UOIJeIJSUOWI(] IoJoWIOUey )

Aruitoxt provided by Eic:

E\.




q.-.

LAY

[sppe uay) 1amatalajug ay| |

[proje 1aded ays wolj suotdap 3y} Speas 19MalALd}UY Y] ]

w13ded jo 1aays siy3 a331dwod st op 03 nok axry p,I Supyy isey ay L,

[sa1eis 1amatalaju]]

[D wayf o010 Jo Adod e $3A13 19matAIatuL Y} ‘WY AU} AARY JOU SIOP JUIPNIS Ay} §]]
WD W] 01103310 Ino axe} aseard nok pino),,

[syse 1amarazaju]]

Umum?mEOu jou ) wal] Ol[OJHIO ] - | QOﬁQ..O

D WS ON0J30 ] - 9 901 ]

'suofesd pue spouad yim juapnis ayj apjAos] s[elaleN

(ssnurwx (g) SeL oijojia SWOYT JOo 951 °'d

wlPRO[ B tiim Jeo[y ued [3ssaA e Aym ujerdxa diay ainssaid 1ajem noqe Supmouy saop mogy,  ds
wl13553A puo0das oA udisap nok djay ainssaid sajem noqe Bupuaeag pip Moy, D'

WLUOpEISUOWAp
3y} uy punoj eapy awes ayj smoys [£31ande 10 wayt orjojiiod] regnonised jeyy Moy aquIsap nof ued,,  g's

wi131em uy 13daap 08 noA se sasearour anssaxd 133em jeyy ‘arssad 1ajem uo uoKENSUOWIP STY)
82 8e3p] dUWES I MOYS Jey] Jrun S[assaA Ay} uj pip nok sJumnyy 10 13pjoy moL ug sSuny) o3 jujod nok ue), v'g

[sarels JomatAIAu]

—

SINSSIIJ I9TeM| -G 9q0d ]




[D waif oyjopa0 ] jo 12u103 331 1addn oy syutod samarazaug] 1310

ay ug 313y dn 13qwinu a3y 31am (1,1 uayy pue 31 o3 jurod 10 dn 31 y1d 03 nok axig p,] ‘1aded e asn noA

« oA djay 03 13pjoj ay) ug 13ded jo s1Pays ay) Jo Aue 3sn pue je yoo| Kew nok jey) mouy 0} nok Juem |,

[utod spyy sassons pue ‘s1aded ays 1no speasds pue sapjo) oy 03 syuted 1amarasaur ayy

o Bugmerp a1 nok

teym urejdxa aseay] ‘Aem jey) oo] pinom £3y; Aym pue 1| OO P{NOM SjPOq 3S3Y) JrYM MEIP 0} nok x| p,1,,
w'SIEO[Y 11 Aym ueidxa yey) swid) pue smoure

Yim 31 [3qe] pue peof e uidired 1 jey) 13)em au) ug [3SSIA B MeIp 3sed]] ‘M 10§ Suimelp e op 0y nok i p,1,,

[SNPIS JamataLaug |

Pajs[ditiod Sty Wial| 01j0J 0] - ¢ uondQ

«l13P10J 23 ut saiane 3y) utop woxy pausea] nok sSury)y ayy ynoqe aur {133 nok ued Suimesp s1y) uo paseq,,
[uonsanb Buimor[oy ays syse 19MalAId UL Y ‘DUOP ST JUIPMIS Y} DUQ)

[D wadn] 01105110 Jo 1au100 3ja} Jaddn 0y sjutod samatasaug] ,13u105

ay) ug 13y dn 12quInu 3y} M [1,] Udy) pue § 0} Juiod 10 dn 1 d1d 03 nok axyg p,1 ‘saded e asn nok I
w104 d3y 03 13p1oj 3y ut 1aded jo sjaays 3y jo Aue asn pue je yoo[ et nok jeyy mouy 03 noA Juem In

[1utod Buimoioy ayy sassans pue siaded ay3 1no speaids pue 13pjoy ayi 03 sputod 1amarasayur ay 1)

wS13qe] 343 3)1am nof se spiom jo Burjads 3y ynoqe L110m jou o(y,,

WLsuotisanb Aue aaey nof o(,,

wBuimerp a1 nok
teym uredxa aseard ‘Aem jeyj 0o |:;a0m £3y) Aym pue 31| }OO] PINOM Sjeoq ISt} jeym me1p 03 nok 1 p.l..

Q

IC

E

Aruitoxt provided by Eic:




¢

W 2Udids Suruaed] pue Sunyoedy

Inoqe a1ow wied] 03 sn padiay aaey nox Pafoxd uoyesnpa aduars siyy yim dpy anok 105 nok spuey g,
[Ajwiem sapnpuod 19matALu]]

wlMOYS J1 S30p Jeym,,

[Ase uondajas saxew piyo 131yy|

«13uled| e se nof jnoqe juejrodwry unyiawos smoys ey 13p[oy 1ok wouy >ard Lue asooyd aseay ],
«AY 1 uredxa aseay,,

[3se) uonI3[as sa0p PIIYD 131V

w UM S[3SSIA Y} puejsidpun nok [[am Moy smoys jey) 13pjoj anok ur Suryjawos asooyd asea| ],

suonsan® Juipnpuo)

Aruitoxt provided by Eic:




.<<)\
@\ﬁxq

s B-F RVVIS N
Nowid | nof

u.: RN RVES)

,r ()
RIS
o'\

.\J\l/\\

LY Y\
M Jo Anv
Sicad Iuvohon)

e

378VTIVAY Ad0D 1538

,
/

-
@ L7
2R (\/D.

i)
-

IV 6

- - @
. Vf U \ﬂlwsascwu an \//
\ﬂ/ D g} L . hiyener ¢ Q
x?QZ m&._ﬂDC- RILIUTANRYRIZ o] ¢ qCn !
12y 1en o 2N | al gpeo)s hjeoal

g @

L
Y

N TN

9¢ 9 9 <Y
Q: 1 OO QD ﬂ.\..gﬂ :L. g
CvuwASNY /_,:..cr:@ QC ,_:C_JVC:A
hounhonc

V (IvVOStANMOLS

N 7
\_,

v v s /
vewe | g9
w,._.(.wsaw
R
T ,.—.:euc
BERRV Y (R8Y o

woaq Y

ob 421 v 02 W __ﬁc..n_sa O @-\...:,?:Cﬂ

IC

E

Aruitoxt provided by Eic:




O—-
Gl

w‘
[

—
VaVHND
T4 .ﬁ.v}aw«.«KQ

;J\ﬁr

—— e e e T

AT - I< A e
YO S0y
DA QO ALy

sz*(:vdyga o\,

0 r..IJO- :B.Q

—ar»aﬂv\z v. U2 _w
) .bcd’p.-a: oG

—
I Y

g4 (MVos Ao




0¢

D MIVORRYOLS

(184




APPENDIX B

Concept Maps
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* Portfolio Item C Name
Design Packet - What Date

— keeps the vessel afloat?
Teacner

Skatch the vessal. Use arrows, saence terms, and the names of forces to labei the sketcnes. The sketch and
labeis should expian wnat keeps the vesses aflaat. No Load

Sketch
e

Depth of Water

Markers

Vessei without a load
Mark the water line

labeis snouid expiain what keeps the vessa: ardoat.

Il - Load Sketch
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Vessel with a load
Mark the water line
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. Portfolio Item C Name
Design Packet - What Date

keeps the vessel afloat?
Teacher

Skeechs the vessal. Wummwm&mumnhuhmmm-d
labais shouid explain what keeps the vessel afloas. N
. oLoad
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s
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Mark the water line
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Portfolio Item C Name —
* Design Packet - "What Date

keeps the vessel arloat?
- Teacher .

Skatch the vessel. Use arrows, saence terms, and mmdfmmuwmmmmmm
labels shouid iain what keeps the vessei afloat.
op : No Load
Sketch

vo-4

Depih of Water

Markers

Vessel without a load
Mark the water line

Skatch the vessal. Uum.mmmmdhmdmnwhmmww

labels shouid explain what keevs the vessei ailoat.
Load Sketch
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Teacher

2
g
Before you
push down
While you
push down

After you
push down

1. Draw arrows on the drawing above to describe what you feel
2. Now write in your own words what vou felt while pushing the cup down into
the water.
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