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Preface

Welcome to the second, enlarged edition
of Science Educator’s Guide to Laboratory
Assessment. This version contains fifteen
new assessment tasks, and like the first
edition, it presents multiple assessment
formats, strategies, models, and templates
appropriate for inquiry activities in the
grades 7-12 science classroom and labora-
tory, as well as outdoors. These assessment
formats and strategies are based on the
most recent research on assessment, in-
struction, and learning and include many
practical examples you can adapt for use in
your classroom.

Background: The
Importance of
Assessment

As science teachers, we face a continual
challenge of assessing what students know,
are able to do, and value in learning sci-
ence. Assessment provides insights into
students’ rates of progress in conceptual
understanding, reinforces productive
learning habits, and validates learning ac-
tivities. Students need recurring, system-
atic, and regular feedback to understand
their own strengths and capabilities in
learning and to identify areas for improve-
ment. WWe now are aware that increased
use of formative assessment in science
classrooms to modify teaching and to pro-
vide feedback to students has powerful
positive effects on student learning. A
well-designed assessment program, by
providing regular and systematic feedback,
goes a long way in helping students reflect
on their learning. Hence the importance
of assessment reform.

The assessment phase of the teaching-
learning process is our primary way of
“keeping score.” Teachers measure how well
students learn new concepts and skills, ad-
ministrators and policymakers measure the
effectiveness of teaching strategies and edu-
cational and program policies, and parents
use grades and marks to monitor their
children’s progress in school. Also, as a soci-
ety we use data from assessments to com-
pare our national progress in education
with that of other nations.

There is a growing tension between
the rich, authentic assessments that the
science standards suggest and the in-
creased use of large-scale, high-stakes test-
ing. Science teachers need to come to
grips with how much we teach “to the
test,” and in so doing, how much we nar-
row the curriculum. We need to balance
the requirements of high-stakes testing
with designing assessments that provide
students with varied opportunities to de-
velop competencies in science and to dem-
onstrate what they know and can do.

Assessment has become increasingly
important during the past decade, as edu-
cators and policymakers seek reforms to
our educational system in response to na-
tional and international priorities and
challenges. Educators concerned with
weak science achievement, low levels of
science literacy, and poor international test
scores have undertaken major reforms in
science instruction. Increased international
economic competition has reinforced the
importance of excellence in science educa-
tion as a fundamental priority for every
nation to maintain its competitiveness.
New insights into how children learn and

NATIONAL SCIENCE TEACHERS ASSOCIATION



advances in learning theory, such as
constructivism and the identification of al-
ternative and prior conceptions of learning
science, have added impetus to assessment
reform. As a result, there is a call for wide-
spread use of alternative assessments, and
a shift away from textbook- and teacher-
centered approaches to instruction.

These reform efforts, embodied in the
National Science Education Standards
(NRC 1996) and in reform documents
such as Project 2061: Benchmarks for Science
Literacy (AAAS 1993), call for widespread
reform in science instruction and assess-
ment. Old teaching strategies and assess-
ment formats based on behaviorist
theories, such as rote memorization and
paper-and-pencil examinations, are being
replaced with holistic, constructivist ap-
proaches that promote problem solving
and higher-level thinking. These sophisti-
cated assessments demand the use of a
variety of teaching strategies to help stu-
dents develop their ability to learn and to
solve problems in “real-world” situations
and contexts.

The Meaning of
Inquiry

Inquiry has been and continues to be a
concept near and dear to the hearts of sci-
ence teachers. Bybee (2000) traces the
long history of inquiry at least back to
John Dewey in the early 1900s. Inquiry
has been in and out of favor since then,
depending on the reform efforts popular at
a particular time.

One source of confusion about inquiry
is that it is both a methodology of how
scientists investigate natural phenomena
and a methodology espoused for facilitat-
ing the engagement of students with ma-
terials and questions. To add to the
confusion, process goals (to include in-

quiry) have been cited as “content out-
comes” since the 1960s (Parker and Rubin
1966). This view is continued with the
National Science Education Standards
(NRC 1996), which uses inquiry in two
ways: as abilities students should develop
to be able to design and conduct scientific
investigations and as the understandings
they should gain about the nature of pro-
fessional scientific inquiry.

Although inquiry is a mode of gather-
ing information in many academic/schol-
arly fields, there are some unique aspects
of scientific inquiry. In many of the science
curriculum projects from the 1960s, in-
quiry was largely accepted as a collection
of science processes (e.g., observing, mea-
suring, predicting, hypothesizing). Cur-
rently it is viewed as one set of tools to
further the development of scientific ex-
planation. For instance, the Learning Stan-
dards for Mathematics, Science, and
Technology (New York State Education
Department 1996) identifies three key
ideas of scientific inquiry:

» The central purpose of scientific in-
quiry is to develop explanations of
natural phenomena in a continuing,
creative process.

» Beyond the use of reasoning and
consensus, scientific inquiry involves
the testing of proposed explanations
involving the use of conventional
techniques and procedures and usu-
ally requiring considerable ingenu-
ity.

* The observations made while test-
ing proposed explanations, when
analyzed using conventional and in-
vented methods, provide new in-
sights into phenomena.

Other educators have treated inquiry as
virtually synonymous with problem solving
and/or critical thinking. Although there is
much overlap among these concepts, it may
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be helpful to make the following distinc-
tions: inquiry tends to focus on developing
new information (relationships, concepts,
principles); problem solving focuses on find-
ing solutions to problems and is linked with
technology; and critical thinking, also de-
scribed as “rational reasoning,” can be con-
sidered to be a set of cognitive strategies
that include, for example, deduction and
induction.

In this volume, when we refer to in-
quiry we mean scientific inquiry. One of the
clearest descriptions of the term is from
the National Science Education Standards:

Scientific inquiry refers to the diverse
ways in which scientists study the
natural world and propose explana-
tions based on the evidence derived
from their work. Inquiry also refers to
the activities of students in which they
develop knowledge and understanding
of scientific ideas, as well as an under-
standing of how scientists study the
natural world. (NRC 1996, 23)

Diagnostic,
Formative, and
Summative
Assessment

The current view is that every assessment
consists of three interconnected elements—
observation, interpolation, and cognition—
that form a triangle. Each element is
connected to and dependent on the others.
Assessment tasks are designed around
cognition or theories of learning. Student
accomplishments provide observations and
evidence for an interpretation of how much
they know and can do (NRC 2001).

As we design assessment based on
current theories of learning, it is important
to clarify the meanings of diagnostic, for-
mative, and summative assessment. The
National Research Council’s Committee

NATIONAL SCIENCE TEACHERS

on Classroom Assessment and the Na-

tional Science Education Standards (NRC
2001) suggest that we ask the following
questions to determine what type of as-
sessment we are using:

* Where are we presently? (diagnostic
assessment)

» How can we get there? (formative
assessment)

e Have we arrived? (summative as-
sessment)

Diagnostic assessment is the use of
qualitative and quantitative data and in-
formation to determine where students are
in terms of their knowledge and skills. The
use of this assessment information tells
students which areas they are strong in
and which areas need academic interven-
tion. This kind of assessment can be infor-
mal—for example, interviews,
paper-and-pencil tests, and previous aca-
demic records. Diagnostic assessment is
“low stakes” and answers the question
“Where are we presently?”

Formative assessment is also “low
stakes” and gives feedback to students
about where they are in terms of their
knowledge and skills. These assessments
are informal and ongoing. The feedback to
students should provide a roadmap for
“How can we get there?” Using the
roadmap, students try new ideas, look at
problems differently, and discuss problems
with peers and teachers. The roadmap
takes us to our destination, which is the
standards set forth by your state or school
district.

Of our destination, we naturally ask,
“Have we arrived?” That is where
summative assessments enter the picture.
These are culminating assessment tasks
that occur at the end of a unit, topic, or
course. They are considered “high-stakes”
(more about this term below) because de-

ASSOCIATION



cisions regarding further study, jobs, and
academic standing are based on them.
Summative assessments can be paper-and-
pencil format or can be a collection of stu-
dent work collected over time using a
portfolio format. Summative assessments
are of the highest stakes when the assess-
ment data are used for credentialing pur-
poses such as the awarding of a high
school diploma.

The key distinction among these
terms is the use and timing of the assess-
ment data. Diagnostic and formative as-
sessments are intended to support student
learning. Summative assessment data are
used to certify student accomplishments in
terms of their knowledge and skills.

High-Stakes Tests

A few more comments on high-stakes
tests are appropriate here. Just what are
such tests (or assessments) from the point
of view of a classroom science teacher?
The key to answer this question is to de-
termine the purpose of the assessment.
When assessment results are used to give
rewards to those students who obtain high
test scores, then such assessments (tests)
are “high stakes.” (An unwelcome result
may be that those students who have low-
test scores are denied educational opportu-
nities.) Examples of common high-stakes
tests are the SAT and the ACT. A recent
trend in high-stakes testing is the use of
state tests for graduation decisions, such as
the awarding of high school diplomas. It is
important that these tests satisfy test
measurement principles of reliability,
validity, and fairness (National Research
Council 1999; AERA, APA, and NCME
1999) and that appropriate accommoda-
tions be made for English language learn-
ers and students with disabilities.

The classroom science teacher’s incli-
nation can be to “ teach to the test” in or-
der to maximize students’ opportunities to
obtain a high test score and prevent any
sanctions against the school or the
teacher’s performance. When the majority
of class time is spent practicing and re-
viewing sections of previous tests, however,
the curriculum will tend to narrow. In the
context of high-stakes testing, good teach-
ers know they can facilitate student learn-
ing in a variety of engaging ways
(including through the use of the assess-
ment tasks in this book), while familiariz-
ing students with the item format and
cognitive demands of the tests. In this way
students are provided with the “opportu-
nity to learn” in preparation for the tests.

It should be noted that high-stakes
tests are subject to legal challenges when
the test scores are used inappropriately. Test
results should not be used for purposes for
which the test was not designed. For ex-
ample, the use of tests designed for pro-
gram evaluation may be inappropriate for
making decisions regarding student ac-
countability. Increasingly, test results are be-
ing used for more than one purpose. Such
use imposes limits on the consequential va-
lidity of the test. In addition, the use of the
results of a single test as the sole criterion
for a high-stakes decision is problematic
(AERA, APA, and NCME 1999).

Professional
Development

The authors share the belief that the on-
going professional development of teach-
ers is a priority to bring alive the National
Science Education Standards. We believe
that teachers must be well grounded in
their assessment knowledge and be able to
use this knowledge in their classroom
practice.

PREFACE
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In the past, professional development
has largely consisted of the one-day work-
shop where experts use “show and tell”
methods to inform teachers about the lat-
est teaching trend. We believe that lasting
change in assessment practices will not
come about using that disjointed ap-
proach. Teachers are professionals; they are
active learners who know best what they
want to know; and they see their profes-
sional development as continuous and on-
going. Our vision for effective
assessment-focused professional develop-
ment for science teachers is that its design
must be consistent with appropriate learn-
ing theories for adults and must involve
the professional’s construction of meaning
and knowledge (Loucks-Horsley, et al.
1998). School districts and school admin-
istrators need to provide support in the
form of time and opportunity for science
teachers to meet and collaborate in ways
to inform and improve classroom assess-
ment practice.

We offer this book, now in its second
edition, as a resource to assist science
teachers in their ongoing professional de-
velopment. Many of the ideas will chal-
lenge fundamental philosophical beliefs
about learning and education. We hope
that our colleagues will engage in collabo-
rative discussions to advance their assess-
ment practices. Ve envisage science
teachers working with colleagues in their
own schools, school districts, and profes-
sional organizations to gain expertise in
assessment practices that work with their
students.

Organization and Use
of This Book

This book has two sections, followed by
three appendices. Chapters 1-4 discuss as-
sessment theory, research, and use, and

Chapters 5-8 contain model assessments
grouped by science discipline. The follow-
ing provides a brief description of what
you will find in each of the book’s chap-
ters.

Chapter 1 discusses the National Sci-
ence Education Standards and recent re-
search suggesting that instruction move
from a primarily behaviorist approach to-
ward constructivist models of learning and
instruction. Chapter 2 addresses practical
issues related to designing performance as-
sessments that are aligned with the Na-
tional Standards. Chapter 3 discusses the
benefits and drawbacks of various assess-
ment formats, ranging from short, focused
tasks to extended investigations. Chapter 4
provides suggestions for using rubrics to
establish reliable and consistent scoring of
assessments, and for using data to improve
both the overall science program and the
performance of students.

Chapters 5-8 are disciplinary chapters
that provide model assessment examples
from biology, chemistry, Earth science,
and physics. Most of these examples are
complete tasks with information about
measuring the skills appropriate for each
task, time requirements, and preparing
materials and equipment. There are also
directions and answer sheets for students,
a list of required materials and equipment,
and scoring guidelines for evaluating stu-
dent responses.

The disciplinary assessment tasks are
grouped into three sections:

o Skills Tasks: relatively short, and fo-
cus on a few specific process skills.

« Investigations: focus on a wide vari-
ety of skills. They typically require
one or two 40-45-minute class peri-
ods for completion. Students can
plan and design an investigation,
conduct an experiment, and com-
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municate their findings and conclu-
sions.

» Extended Investigations: last for
several 40-45-minute class periods
and can require several weeks for
completion. Extended investigations
are examples of curriculum-embed-
ded assessments that align closely
with instruction.

You are invited to use these assess-
ments as is, modify them for specific in-
structional programs or purposes, or use
them as models or templates to design en-
tirely new and innovative assessments.

Although the book’s primary focus is
on assessing student achievement in the
classroom and laboratory, we also include
suggestions and examples on using these
assessments for program evaluation. Many
of the examples also include suggestions
for revisions, depending on the uses of the
assessment and the availability of materials
and equipment.

There are three Appendices: a glos-
sary, the National Science Education Stan-
dards for assessment, and a complete
bibliography consisting of works cited and
other relevant assessment resources—espe-
cially those that emphasize hands-on in-
quiry activities.

You can use this book a la carte by
taking as much or as little as you desire to
assist you with your assessments. You may
first wish to reacquaint or familiarize
yourself with the National Science Educa-
tion Standards, principles of assessment de-
sign, and the rationale for new formats of
assessment that interface with your evolv-
ing instructional pedagogy. Chapters 1-4
and the Appendices are appropriate for
these purposes. Once you are comfortable
with these concepts, go to Chapters 5-8
and examine the specific assessment ex-

amples that are relevant to the science dis-
ciplines you teach.

This book is practical in its approach
to assessment reform. The assessments
with their scoring rubrics have been field-
tested by “real” teachers in “real” science
classrooms. We hope you find the book
useful as a resource as you continue to
implement the assessment standards. \We
also hope you try the assessments with
your students, and suggest you modify and
revise the tasks to fit your needs. Involving
your students at appropriate times in peer
and self-reflection will help to embed your
assessments in instructional practices.
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CHAPTER 1

PAGE 2

A Rationale for Assessment

The Present State of
Assessment

The roots of our current education system
lie in the mass public school programs of
the Industrial Revolution. The mecha-
nized assembly lines and standardized
processes that dominated that era found
their way into education, where they re-
main deeply embedded today.

Over most of this century, school has
been conceived as a manufacturing
process in which raw materials (young-
sters) are operated upon by the educa-
tional process (machinery), some for a
longer period than others, and turned
into finished products. Youngsters learn
in lockstep or not at all (frequently not
at all) in an assembly line of workers
(teachers) who run the instructional
machinery. A curriculum of mostly fac-
tual knowledge is poured into the
products to the degree they can absorb
it, using mostly expository teaching
methods. The bosses (school adminis-
trators) tell the workers how to make
the products under rigid work rules
that give them little or no stake in the
process. (Rubba, et al. 1991)

This assembly-line approach relies
heavily upon behaviorist learning theory,
which is based on three main concepts: that
complex learning can be broken into dis-
crete bits of information; that students learn
by making associations between different
kinds of perceptions and experiences; and
that knowledge is an accumulation of dis-
crete facts and basic skills.

Under behaviorist learning, knowledge
is “decomposable” and can be broken into

its component parts without jeopardizing
understanding or applicability. These de-
composable skills can be learned separately
using stimulus-response associations. In
addition, students can learn knowledge out
of context. In other words, if students
demonstrate a skill in one context, they
should be able to then demonstrate it in
different contexts or situations. However,
behaviorist learning theory does not ad-
dress how discrete pieces of information
are integrated into a coherent whole.
Teachers must assume that students inte-
grate this information elsewhere.

The behaviorist approach still plays a
dominant role in schools, and results in
learning that relies heavily on the memori-
zation of factual information. In science
education, the behaviorist legacy takes the
form of teaching and learning that relies
heavily on using textbooks as curriculum
surrogates, and on having students memo-
rize discrete bits of often unrelated science
“factoids.” Assessments aligned with these
approaches use formats made up primarily
of multiple-choice, true/false, and short-
answer questions. Students focus on iden-
tifying the “right” answer, as opposed to
developing inquiry skills and conceptual
understanding.

As a result, our education system has
fallen behind in preparing students to cope
successfully with the challenges of an in-
creasingly complex and sophisticated
world, a world where scientific and tech-
nological skills have become significant
avenues to success. Students need oppor-
tunities to develop problem-solving and
interpersonal skills if they are to succeed
in this global yet “smaller” world, where
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many diverse interest groups compete for
increasingly scarce resources.

Science teachers are making these
necessary “shifts” by implementing
changes suggested by reform documents.
We now use current findings from re-
search in learning and research in science
education to inform ourselves about exem-
plary practice. Our shifts are coupled with
a move away from stimulus-response
learning toward learning that is inquiry
based and that focuses on previously
learned science concepts, alternative con-
ceptions, and conceptual change. Success-
ful learning is context dependent, and is
facilitated by interaction among peers.
Our assessment reforms must be aligned
with these instructional reforms.

The Constructivist
Paradigm

A crucial aspect of this shift is to move to-
ward “constructivist” paradigms in our de-
sign of science programs and assessments.
The constructivist approach begins with a
focus on what students already know
about the world around them and on their
understanding of this world. Using this as
a base, educators work to help students
develop methods for further educating
themselves about the world. The end re-
sult is that students come away not only
with scientific information but with an
analytical way of thinking that they can
apply to any number of situations in life.

Recent work in cognitive psychology
suggests that meaningful learning occurs
in context, and that some skills used in
one context do not necessarily transfer to
other contexts. Some cognitive skills are
general and are used in a wide variety of
academic and “real-world” tasks. On the
other hand, other cognitive skills are con-
text dependent, and apply to domain-spe-
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cific knowledge and skills. There is an in-
terface between the learning of cognitive
skills and context. Some cognitive skills
are transferable while others are domain
specific (Perkins and Salomon 1989).

Constructivism underlies the National
Science Education Standards, published by
the National Research Council in 1996.
The result of years of deliberations by
educators, scientists, government officials,
and a wide range of other participants, the
National Science Education Standards view
science as a process “in which students
learn skills, such as observation, inference,
and experimentation.” Through inquiry-
based learning, “students develop under-

Figure 1.1: Assessing
the Ability to Inquire or
the Ability to do
Scientific Inquiry.
National Science
Education Standards,
NRC, 1996.

ldentify Questions and Concepts That Guide Scientific Investigations
» formulate a testable hypothesis

» demonstrate the logical connections between the scientific concepts guiding
a hypothesis and the design of the experiment

Design and Conduct Scientific Investigations

o formulate a question to investigate

» develop a preliminary plan

» choose appropriate equipment

» take appropriate safety precautions

« clarify controls and variables

» organize and display data

» use evidence, apply logic, and construct arguments for proposed explanations

Use Technology and Mathematics to Improve Investigations and
Communications

» use a variety of measuring instruments and calculators in scientific
investigations

» use formulas, charts, and graphs for communicating results

Formulate and Revise Scientific Explanations and Models Using Logic and
Evidence

» formulate models based upon physical, conceptual, and mathematical
concepts

 use logic and evidence from investigations to explain arguments

Communicate and Defend Scientific Arguments

» use accurate and effective means of communication, including writing,
following procedures, expressing concepts, and summarizing data

» use diagrams and charts to construct reasoned arguments
|
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Figure 1.2: Changing
Emphases. Nationa
Science Education
Standards, NRC, 1996.

The National Science Education Standards envision change throughout the system.
The assessment standards encompass the following changes in emphases:
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Less Emphasis On

Assessing what is easily measured

Assessing discrete knowledge

Assessing scientific knowledge

Assessing to learn what students do not know
Assessing only achievement

End of term assessments by teachers

Development of external assessments by
measurement experts alone

More Emphasis On

Assessing what is most highly valued

Assessing rich, well-structured knowledge

Assessing scientific understanding and reasoning

Assessing to learn what students do understand

Assessing achievement and opportunity to learn

Students engaged in ongoing assessment of their
work and that of others

Teachers involved in the development of
external assessments

standing of scientific concepts; an appre-
ciation of the ‘how we know’ what we
know in science; understanding of the na-
ture of science; skills necessary to become
independent inquirers about the natural
world; [and] the dispositions to use the
skills, abilities, and attitudes associated
with science.” Figure 1.1 (page 3) provides
an outline of standards for assessing a
student’s ability to inquire or undertake
scientific inquiry.

Figure 1.2 shows the changing empha-
ses needed to promote inquiry-based learn-
ing. As you can see, the National Standards
focus on giving students a much greater
role in defining problems, designing experi-
ments, and analyzing results. Through this
process, students gain the same exhilaration
of discovery that practicing scientists expe-
rience in their work when they plan and
conduct investigations.

AsSsessment’s
Changing Nature

As the nature of science education
changes, so must our assessments. In gen-
eral, assessment becomes a more integral
part of the learning process, growing both
broader and deeper to probe student un-

NATIONAL SCIENCE TEACHERS

derstanding. It becomes broader in the
sense that it encompasses more varied for-
mats of assessment; it is deeper in terms of
measuring more complex skills. As stu-
dents carry out laboratory investigations
that challenge them to increase their con-
ceptual understanding, the distinction be-
tween assessment and instruction blurs
into a seamless whole, and there is near
perfect alignment with standards (out-
comes and expectations), programs (in-
struction), and assessments. As we assess
scientific thinking, science inquiry, and
problem-solving skills, then we must
change our instruction to provide students
with opportunities to learn and practice
these skills.

Figure 1.3 (page 5) depicts a congru-
ence triangle where standards, instruction,
and assessment interact in the planning
and implementation of successful science
programs. If any of the three dimensions
does not clearly link or interface with the
other dimensions, then we compromise
the fairness, credibility, validity, and utility
of the assessment. Figure 1.4 (page 5)
provides a checklist that teachers and
school administrators can apply to evalu-
ate their assessment programs.

ASSOCIATION



Figure 1.3: Congruence
Triangle. Reynolds, et
al., 1996.

Curriculum
Standards
* Frameworks

« Syllabi

¢ Guides

« Blueprints

* Benchmarks

CORRELATION

Instructional
Program

« Instructional styles

* Print materials

» Equipment

« Facilities

« Technologies

* Communities

VALIDITY

Assessment-Evaluation
System

* Objective tests

« Performance assessments

« Portfolios

* Teacher observations

* Program evaluations

/

ALIGNMENT

. Figure 1.4: Assessment
Question Yes No Checklist.

Do the school, district, or state curriculum guides and assessment frameworks
incorporate the National Science Education Standards?

Are the assessment standards relevant to local perspectives and issues?

Avre the assessment standards developmentally appropriate for the age of
students?

Are the assessment standards challenging to the academic capabilities of
students?

Avre the instructional activities of teachers aligned with the assessment
standards in use by the school or district?

Can students distinguish between instruction and assessment?

Are adequate materials available for student use in the laboratory?

Are students informed of the criteria for success?

Are students involved in the development of criteria for success?

Avre the science process skills and content outcomes being measured consistent
with the standards in use?

Do the assessment instruments reflect a variety of formats? Is the assessment
system multifaceted?
I ——
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Figure 1.5: Multifaceted
Assessment System.
Adapted from Reynolds
et al., 1996.

The Multifaceted
Assessment System

Educators have traditionally made wide use
of paper-and-pencil examinations, which
have typically included multiple-choice,
true/false, short-answer, and essay ques-
tions. Often these assessments are used
primarily at the end of a course or instruc-
tional unit as a way of measuring overall
student understanding of facts and con-
cepts. The large majority of questions in
these examinations or assessment formats
tend to measure low-level cognitive skills.

With recent reforms, these assess-
ments are being supplemented with a
broad range of assessment tools designed
to measure higher-level cognitive skills,
such as problem-solving, inquiry, commu-
nication, and also interpersonal skills.
These multifaceted tools can include a va-
riety of assessment formats, as depicted in
Figure 1.5.

These varying assessment formats are
discussed in greater depth in Chapter 3.
They can be used throughout the instruc-
tional process to promote student learning.

STUDENT WRITTEN
FORMATS

TEACHER INVOLVED
FORMATS

Group visuals

Teacher observations

Multiple choice

Short answer

Open/free response

\ Interviews
\

MULTIFACETED ASSESSMENT

SYSTEM

Essay/journals

Papers/reports

1

Portfolios

Skills checklist

PERFORMANCE
FORMATS

Manipulative skills

Laboratory performance

Extended investigations

Projects

\ Concept mapping

Vee heuristic

Venn diagram

Presentations
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Most of these methods share a common
benefit. As you measure student progress
during implementation of your science
program, you can use the data to adjust
instruction and provide assistance to indi-
vidual students as necessary. The data you
collect can also help you adjust overall in-
structional strategies for use in future sci-
ence classes.

Teachers can select their most appro-
priate teaching strategies that help stu-
dents learn new concepts within the
confines of their classroom environment.
You can also use the most appropriate as-
sessment formats and techniques to deter-
mine whether students have mastered new
skills and understandings. Just as no one
teaching strategy will cover every learning
situation, no single assessment format can
measure every aspect of student learning.

The assessment formats depicted in Fig-
ure 1.5, for example, are contained within
neat little cells. While these formats do
provide important data about student
learning, in reality a given test might fit
into more than one category, or even pro-
vide information that supports data gath-
ered by several assessment methods.

This book focuses on performance as-
sessments, and how these assessments
connect and interface with the National
Science Education Standards. Its focus is on
performance-based assessments that use
the science classroom and laboratory as
major contexts for inquiry. Performance-
based assessment is by definition “authen-
tic” in nature, because it allows students to
demonstrate their science inquiry, reason-
ing, and understanding skills when chal-
lenged with relevant, “real-world”

Figure 1.6: Important
Aspects of Laboratory
Performance-Based
Assessment.

The laboratory is an important component of science instruction.

e There are certain features
that are common to all

e The laboratory provides an

* As students produce a

models of laboratory
performance-based
assessment. There is a
Planning and Designing
phase or step, a
Performing or Doing
phase, an Analysis and
Interpretation of Data
phase, and a Conclusions
and Making Projections
for Future Study phase.
The phases are placed in
sequence for discussion
purposes. In reality, the
phases or steps are
interrelated, and students
can revisit or retrace their
thinking at any time to
modify their work or
investigation.

appropriate context for
students to engage in
problem-based learning,
where they practice and
use science process and
problem-solving skills.

Laboratory investigations
and tasks by their nature
allow students to produce
a product and generate,
rather than select,
responses to questions.

If appropriately designed,
laboratory investigations
allow students to generate
multiple solutions to novel
problems.

product and generate
multiple responses to
questions, laboratory
investigations fit the
criteria as being
performance based.

 As laboratory
performance-based
assessment becomes an
integral part of science
learning, then instruction
and the nature of what
goes on in science
classrooms come closer to
the vision of assessment
laid out in the National
Standards. Instruction
moves from “a trans-
mission of information”
approach to a hands-on,
problem-based approach
that allows students to
integrate new knowledge
and skills into their
existing cognitive
structure.

The laboratory or practical
science is a “holistic
activity” (Woolnough
1991) where students do a
task rather than write
about something. This in
essence is a performance-
based activity for a limited
or extended period of
time. This approach is in
agreement with the
National Science Education
Standards for assessment.

Laboratory investigations,
while an exemplar of
performance-based
assessment, are also an
excellent approach to
problem-based learning.
Problem-based learning is
where students inquire,
debate, and engage in
discussion of open-ended
problems that have
multiple solutions. The
entire investigation can
focus on a single problem.

CHAPTER 1:
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problems. The science laboratory, tradi-
tionally under-used as a context for assess-
ment, is an ideal setting for teachers to
implement many of the reforms suggested
by the National Science Education Stan-
dards, state assessment frameworks, and
other standards documents, such as the
New Standards Project (1997a, 1997h).
Figure 1.6 (page 7) provides an outline of
important aspects of performance-based
assessment for the science laboratory.

This conceptualization of science in-
quiry and its interface with laboratory per-
formance-based assessment is consistent
with the assessment standards provided in
the National Science Education Standards,
and forms the basic framework for design-
ing performance assessments.

Many traditional assessments have
been large-group oriented—that is, a single
teacher administering tests to a class. The
new assessment formats supplement these
formats by focusing on individuals and
small groups. Portfolios, interviews, jour-
nals, and other assessment formats reinforce
individualized instruction, and also accom-
modate different learning styles, exceptional
students, and students with Limited En-
glish Proficiency skills.

Presentations, group and peer evalua-
tions, and projects tap into students’ cre-
ativity and planning and speaking skills by
providing them with the opportunity to do
the same things adults do every day. Life
is not a series of true/false or multiple-
choice tests. In most “real-world” decision-
making and problem-solving situations,
adults gather appropriate information, in-
terpret that information using their own
experiences and knowledge, and reach ap-
propriate conclusions. In many cases, their
decisions have important consequences. In
the process, adults discard irrelevant infor-
mation, search for additional data, and an-
ticipate the consequences of their actions.

They also communicate their decisions,
along with their rationale, to others.

A significant component of our current
teaching and assessment is based on
words—transmitting information to stu-
dents verbally and through print, and then
requiring students to repeat or replicate that
information verbally and through writing.
But many students learn best by receiving
information through visual tools such as
charts, data tables, graphs, and sketches.
For such students, these kinds of visual
stimuli can produce more effective learning.
Several of these student performance-based
assessment formats—including concept
maps, Venn diagrams, and the Vee heuristic
(see pages 35—42 for examples of all
three)—emphasize visual stimuli.

Alternative response formats offer sig-
nificant assistance to learners with Lim-
ited English Proficiency skills and other
exceptionalities. As teachers, we must be
willing to accept many kinds of evidence
given by students to demonstrate their un-
derstanding of a concept or principle. As
there are many ways to demonstrate un-
derstanding, we need to go beyond paper-
and-pencil assessment formats and
embrace alternative assessment formats
that reflect a variety of learning styles, co-
operative learning in small groups, and the
nurturing of multiple intelligences.

Using Assessment
Results—The New
Paradigm

Science classroom and laboratory assess-
ments are the foundation of a sophisticated
process designed to evaluate and improve
the science education system. Everyone—
from students, teachers, and parents to gov-
ernment officials—uses assessment data to
evaluate how well the education system is
performing. It’s all part of a growing em-
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phasis on making the education system ac-
countable for its progress. According to the
National Science Education Standards:

well policies are working. Feedback
leads to changes in the science educa-
tion system by stimulating changes in
policy, guiding teacher professional
development, and encouraging stu-
dents to improve their understanding
of science.

Assessment is the primary feedback
mechanism in the science education
system. For example, assessment data
provide students with feedback on
how well they are meeting the expec-
tations of their teachers and parents,
teachers with feedback on how well
their students are learning, districts
with feedback on the effectiveness of
their teachers and programs, and
policymakers with feedback on how

Figure 1.7 depicts some of the com-
ponents in the four-part assessment data
collection process designated in the Na-
tional Standards, and highlights the com-
plexity of assessment and how
different parts all work together to provide
a basis for important decisions.

Figure 1.7: Components
in the Assessment Data
Collection Process.
National Science
Education Standards,
NRC, 1996.

The four components can be combined in numerous ways. For example, teachers use student achievement data to plan and modify
teaching practices, and business leaders use per capita educational expenditures to locate businesses. The variety of uses, users,
methods, and data contributes to the complexity and importance of the assessment process.

Data Use Data Collection Collection Methods Data Users
To describe and quantify:

Plan teaching Student achievement and Paper-and-pencil testing Teachers
attitude

Guide learning Teacher preparation and Performance testing Students
quality

Calculate grades Program characteristics Interviews Parents

Make comparisons Resource allocation Portfolios Public

Credential and
license

Policy instruments Performances Policymakers

Determine access Observing programs, Institutions of

to special or advanced
education

Develop education
theory

Inform policy
formulation

Monitor effects of
policies

Allocate resources

Evaluate quality of
curricula, programs,
and teaching
practices

CHAPTER 1:

students, and teachers
in classroom

Transcript analysis

Expert reviews of
education materials
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higher education

Business and
industry

Government
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Conclusion

It is clear that assessment is an important,
integral part of science education that pro-
motes learning for all students. Teachers
use a variety of assessment instruments of
the highest quality for providing feedback
to students, parents, administrators, and
policymakers. There is no single assess-
ment format that works best for everyone;
you must refine your assessments through
trial and error to develop a system that
works best for your particular situation.
Different assessment formats provide dif-
ferent kinds of information used for differ-
ent purposes. Classroom and laboratory
assessments focus on improving student
learning by providing feedback to stu-
dents, while international and national as-
sessments provide data for system
accountability.

The next three chapters of this book
focus on developing performance assess-
ment tasks, alternative forms of assess-
ment, and the analysis and use of
assessment data. These chapters will give
you a practical primer on how to improve
the assessment process in your classroom
or school.
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Developing New Assessments

Toward Effective
Assessment

The design and implementation of an ef-
fective assessment program in a school,
school district, or state is a formidable
challenge faced by teachers and adminis-
trators. One essential component of any
assessment program is the development of
appropriate assessment instruments and
tasks, using formats that enable students
to demonstrate what they know and can
do. These assessment instruments and
tasks must collect relevant data and infor-
mation that are consistent, informative, re-
liable, and valid for all students. In
addition, they must be flexible and adapt-
able enough to accommodate a variety of
learning styles and language proficiencies,
enabling students to demonstrate their
knowledge and skills in multiple ways. A
focus of this chapter is to address the de-
velopment of alternative assessment tasks
where students have the flexibility to cre-
ate their own answers and solutions to
problems.

Some tasks can have a narrow focus
linked to the content and skills taught in
the classroom. For example, if students are
required to measure over specific time in-
tervals the temperature of a liquid as it is
heated, then an assessment task can be de-
signed where students use a thermometer
to collect temperature data. A paper-and-
pencil assessment task asking students to
mark temperatures on a graphical scale is
inappropriate to measure the knowledge
and skills students demonstrate when
measuring temperatures of liquids. A more
appropriate assessment design is a task
where students actually use a thermometer

to measure the temperatures of liquids.
On the other hand, some investigations
have a broader focus, where students face
the challenges of designing their own ex-
periments to solve a problem appropriate
to their age and grade level. (An example
is having students plan and conduct an ex-
periment to determine the effects of tem-
perature on the dissolution of a tablet,
such as is described on page 31.)

An Assessment
Development Model

Figure 2.1 (page 13) illustrates several
steps in developing new assessment tasks.
The assessment development process is
nonlinear, as you create and trial-test tasks.
You need to revise and “fine-tune” assess-
ment tasks based on feedback from stu-
dents during trial testing. The key is to
view the development of alternative as-
sessments as a continuing process rather
than as a set, rigid procedure, ever modify-
ing as you learn, and moving toward a
seamless interface between instruction and
assessment.

Teachers can develop new assessments
individually or collaboratively. Collabora-
tion in small groups provides an opportu-
nity to share expertise from diverse
viewpoints. Colleagues can also assist in
trial testing the tasks with students. This
collegial work is productive, and teams can
often develop a larger number of high-
quality tasks than an individual working
alone can.

An easy way to start is for a group of
teachers within a school with an interest
in alternative assessments to get together,
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formally or informally, and map out an ac-
tion plan. “Alternative assessment” is a
broad term used to mean any kind of as-
sessment that is not of the paper-and-pen-
cil, true/false, and multiple-choice format.
It covers any assessment format that pro-
vides students with opportunities to dem-
onstrate their capabilities rather than
simply choose an answer. Alternative as-
sessments can include concept mapping,
Vee heuristic, planning and designing ex-
periments, and debating controversial top-
ics. You can be as creative as possible. The
assessment development model in Figure
2.1 focuses on the development of labora-
tory performance assessment. However,
the model’s procedures can be used for any
assessment design process.

State the Purpose

The purpose provides the idea for the as-
sessment or the outcomes being assessed,
and describes how the information col-
lected will be used to improve instruction
and provide feedback to students, as well
as to teachers and others. The assessment
measures should be clearly delineated by
cross-referencing to state curriculum
guides, district syllabi, or state standards.
The nature of laboratory performance as-
sessment requires that the domain of cov-

CHAPTER 2:
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erage of content and skills for individual
tasks be narrow. However, the domain of
content or skills should not be so narrow
as to be trivial.

To achieve this balance, try to accom-
plish two goals. First, determine the pur-
pose and use of the assessment, and its
relevance to both classroom instruction
and student learning experiences. Second,
identify the domain of knowledge and
skills the assessment measures.

This is a time for you to be as creative
as possible. Ideas for the assessment can
come from personal experiences, a maga-
zine or newspaper article, teachers’ guides,
conference proceedings, and professional
journals. Teachers with Internet access
may find colleagues willing to share ideas,
and many professional organizations—
such as the ERIC Clearinghouse for Sci-
ence, Mathematics, and Environmental
Education and the Eisenhower National
Clearinghouse—provide important re-
sources and information on their websites.
You can also pick up good ideas at profes-
sional conferences. Initially, brainstorm
with colleagues and consider several con-
cepts or ideas you can potentially use to
develop into viable assessments. The Na-
tional Assessment of Educational Progress
(NAEP) (O'Sullivan, et al. 1997) and the
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Figure 2.2: TIMSS
Assessment Framework
Domain. Robitaille, et al.,
1993.

Using tools, routine
procedures, and science
processes.

Gathering data (observing,
measuring, etc.; perceiving
characteristics, similarities,
differences, and changes
through use of the senses;
comparing objects or
events to standards of
length, area, volume, mass,
temperature, force, and
time).
I

Figure 2.3 Knowing and
Doing Scientific
Investigation. National
Assessment of
Education Progress
(NAEP), O’Sullivan, et
al., 1997.

“...students should be able
to acquire new informa-
tion, plan appropriate
investigations, use a
variety of scientific tools,
and communicate the
results of their investiga-
tions.... Practical reasoning
subsumes competence in
analyzing a problem,
planning appropriate
approaches, evaluating
them, carrying out the
required procedures for
the approach(es) selected,
and evaluating its
result(s).”
I
Figure 2.4: Selecting A

Task Format—Questions
to Ask.
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Third International Mathematics and Sci-
ence Study (TIMSS) (Harmon, et al. 1997)
assessment frameworks are good, informa-
tive examples. Figure 2.2 illustrates one
outcome from the TIMSS performance
assessment framework that you can use to
design assessments.

We also illustrate another domain of
assessment from the “Science Assessment
Framework” of the 1996 National Assess-
ment of Education Progress (NAEP)
(O'Sullivan, et al. 1997). The domain,
described in Figure 2.3, is “Knowing and
Doing Science,” with the sub-domain of
“Scientific Investigation.” This sub-domain
focuses on both cognitive and laboratory
tools of science within the disciplines of
Earth, physical, and life sciences.

Note the similarity between the
TIMSS assessment domain of “using tools,
routine procedures, and science processes”
and the NAEP sub-domain of “use a vari-
ety of scientific tools.”

State the Purpose Checklist
(1 Determine the purpose.

1 Identify domains of knowledge
and skills.

(1 Specify intended uses of
assessment data.

[d Be specific.

Select the Appropriate Task
Format

So what will it be? Multiple-choice?
Short-answer? Laboratory investigation?
Laboratory practical examination? Ex-
tended investigation lasting several weeks?
Portfolio collection? Individual or small
group work?

There's no one “right” answer to this
question. You can pick and choose from a
variety of assessment formats. The choices
you make depend on the purpose and use
of the assessment, the domain of knowl-
edge and skills the assessment will mea-
sure, and how you score student responses
and communicate their achievement. Fig-
ure 2.4 provides a checklist to guide you in
selecting an appropriate task format.

Your choices depend on your class-
room situation, the prior science learning
of students, their cognitive development,
their ability to work in groups and indi-
vidually, their exceptionalities, and their
language proficiency. For example, if a
class includes students for whom English
is a second language, an appropriate as-
sessment format might be to pair each
student with another who has greater En-
glish language proficiency when complet-
ing an investigation. Pairs of students can
communicate their work to both you and
the class using a combination of written

e How can | use this assessment in my classroom?

e What information will the assessment provide to students?
e How will this assessment promote student learning?

¢ How does the task fit into the curriculum?

¢ What content and skills need to be taught before the assessment task is administered?

¢ What materials and equipment are needed?

e Will the task require students to work individually, in pairs, or in small groups?

« What kinds of assistance or intervention should | provide to students? What kinds of assistance
should I not provide? How should | treat these interventions in scoring the task?

¢ How will students communicate their achievement?

e What problems or difficulties are likely to occur?
. ______________________________________________________________________________________________________________|
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and oral reports. Your challenge is to build
individual accountability into assessments
when students work in pairs or small
groups.

The format(s) you choose should con-
sider whether students will work individu-
ally, in pairs, or in groups of three or four
in doing the task. If the task is an ex-
tended investigation, then students can
easily work in pairs or small groups. When
students work in small groups, you may
wish to first take the time to explain the
role demanded of each individual in the
group, and what the expectations are re-
garding individual contributions to the
group’s effort. The demands of the assess-
ment task should be such that each mem-
ber of the group must make a contribution
for the group to be successful. Vary the
approach, as some students prefer to work
individually and view competition as an
excellent motivator. On the other hand,
some students get “turned off” by a com-
petitive approach to learning. Such stu-
dents will benefit from a less competitive,
more supportive and collaborative class-
room environment. The task can be a sta-
tion format, where students go from
station to station to demonstrate various
science process skills. This format would
fit an individual approach. Some stu-
dents—including those with different cul-
tural backgrounds, many females, and
students of Limited English Proficiency—
tend to benefit from an approach that is
more collaborative. You may wish to ask
an English as a Second Language teacher
on your faculty to review assessment tasks
for suggestions to reduce any ambiguities
of language and grammar that might
prove confusing to Limited English Profi-
ciency students.

Assessments are constrained by the
limits of time, money, and space. Some as-
sessment designs might require equipment
that is unavailable or too expensive for
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purchase by the school. If the task is excel-
lent but requires expensive materials and
equipment, then the school district or a
number of schools can pool their resources
to buy the materials and equipment, which
can then be shared by all teachers.

Some assessment tasks may require
you to devote more time to teaching stu-
dents skills they need to complete the as-
sessment task. Also, while some
assessment tasks may seem to take up
classroom time that could otherwise be
devoted to other topics of instruction, if
the assessment task really fits with the in-
struction, then this is time well-spent.
This is our vision, where assessment
merges with, or becomes “embedded” in,
instruction.

Select the Task Format Checklist

1 Determine the task format:
skills, investigation, or extended
investigation.

[ Specify if students will conduct
the task as individuals or in pairs
or small groups.

[ Pay attention to the interface of
procedural (how-to) knowledge
and declarative (content)
knowledge.

Write the Task

Once you have settled on the purpose and
format of the assessment, then comes the
most crucial and challenging part of the
process. Your idea needs to be translated
into an assessment task for use in the
classroom or laboratory. Figure 2.5

(page 16) provides a checklist with points
of reference to guide you in writing an as-
sessment task. In our diverse classrooms,
where students arrive with different expe-
riences and backgrounds, you must ensure
that all students have the opportunity to
learn the concept, and that no one is at a
disadvantage. Use sensitivity in selecting
contexts that provide challenges for stu-
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dents, and be certain that students are periencing in the classroom. Also, consider
aware of terminology and what they are practical issues such as the amount of time
required to do. needed to prepare materials for the assess-
ment, your own professional development,

For an assessment to be useful, it must e ) ) '
the availability of financial and material

closely fit the instruction students are ex-

Figure 2.5: A Checklist )
for Writing an Question Yes No
Assessment Task.

Does the idea center on an important concept, skill, or principle in science?

Does the idea have a meaningful context for students? Does the idea reflect a
“real-world” situation? How authentic is it? Is it interesting to students?

Is the assessment fair and equitable to all students? Does the assessment give
an advantage to a group? For example, are boys at an advantage over girls?

Is the assessment aligned/consistent with instruction?

Is appropriate time provided for the assessment?

Does the idea or potential task require students to use and apply science
reasoning skills rather than just recall information?

Does the idea generate interest among students and engage them to reflect on
their learning? Does the idea stimulate them to inquire further?

Does the idea have the potential to allow students to explain it to peers, and
allow them to learn with deep understanding?

Is the language appropriate for all students? Are provisions made to
accommodate Limited English Proficiency learners?

Are provisions made to accommodate exceptional students?

Does the task assess science content and skills, as opposed to reading ability?

Can the task be made “multifaceted”? Can it require multiple performances
or products around the same theme or experience?

Will students write reports, give oral presentations, or engage in group
discussions?

Will there be self-assessment and/or peer assessment?

Can the task be structured to also elicit attitudes and attributes that can be
assessed, such as group cooperation, persistence, and resourcefulness?

Can the task be structured to include small group activity?
. ______________________________________________________________________________________________________________|
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resources, and district and administrative
support.

Now it’s time to do some writing. You
may be able to quickly and easily translate
the purpose and format of an assessment
into a task. Or it may take more time. A lot
depends on how comfortable you feel with
your writing skills. Choose a content or
skills domain in which you are very familiar
and knowledgeable, especially with the first
task. The process is easier if you are quite
clear about the purpose of the assessment,
the format of the assessment, and the po-
tential use of student responses in improv-
ing instruction and promoting student
learning and achievement. The writing pro-
cess should flow smoothly. If you run into
difficulty, then review the purpose and use
of the assessment information. Remember,
this is a process, not an end result. The as-
sessment task doesn't have to be perfect on
the first draft, or even the second. You
probably will need to revise the task a num-
ber of times based on suggestions from col-
leagues and from results collected after trial
testing with groups of students. Remember
that writing a good assessment task is an it-
erative process.

A practical first step is to modify an
existing paper-and-pencil question using
an alternative assessment format. The fol-
lowing section illustrates this process, us-
ing as examples three modifications of an
existing multiple-choice question.

CHAPTER 2:

Write the Task Checklist

Develop a first draft and pay careful
attention to:

[ Equity (for all groups).
1 Appropriate and clear language.

1 Opportunity to have learned the
outcome.

d Promotion of student learning.

[d Congruence of the task with
instruction, and with state and
district assessment standards.

[ Criteria for successful
completion of the task.

[ Alternative conceptions, prior
conceptions, misconceptions.

1 Display of student learning and
products from the task.

Modify an Existing Task

Multiple-choice items, or other paper-
and-pencil assessments, may be modified
to create new or different assessments of
student performance. The following three
tasks are modified from one original mul-
tiple-choice item. The original task in Fig-
ure 2.6 is a paper-and-pencil item for
assessing an elementary school student’s
skills at recognizing how someone else has

Figure 2.6: Item 1—
Select Property of
Grouped Objects. This
item was used in the
objective test
administered to grade 4
students as part of
New York State’s
Elementary Science
Program Evaluation
Test (ESPET), 1992a.

The diagrams below show eight objects placed in two different groups.

Group A

Group B

O >

What is a property of each of the objects in Group A, but is not a property of

the objects in Group B?
A. All group A objects are closed.
B. All group A objects are the same size.

C. All group A objects have the same kind of corners.

D. All group A objects are squares.

DEVELOPING NEW ASSESSMENTS
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Figure 2.7: Item IlI—
Determine Properties of
Grouped Objects.
Modified from ESPET, Group A Group B
1992a.

The diagrams below show eight objects placed in two different groups.

What is a property of each of the objects in Group A, but is not a property of the objects in Group B?

classified objects by observable properties. they can write their responses in the space
The three modifications follow. provided. Although this constructed re-
sponse task will take longer to administer
and grade, it helps identify the level of
student understanding and identifies any
student misconceptions. This format
eliminates the “guessing” factor, as there
are no choices to select from. The con-
structed response task gives greater insight

(1) A very simple, but useful, modifi-
cation of this item is to eliminate the
choices and create a constructed response
item, such as that shown in Figure 2.7.
Students can still determine which prop-
erty or characteristic is present in Group
A, but not present in Group B. In addition

Fi 2.8: 1 H— e -
D'Sttgfmine Ptfc:gerty for Sort the objects into two groups so that all of the group A objects share some common property.

Grouping Objects. Similarly, all of the objects in group B must share some common property.
Modified from ESPET,
1992a.

> AN L] o

Put the numbers of the objects under the appropriate heading to show your grouping.

Group A Group B

What is the common property of all the objects in your group A?
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into the assessment of student conceptual
understanding.

(2) While Items I and Il ask the stu-
dent to interpret an existing system of
classification, Items I11 and IV (Figures
2.8 and 2.9, page 18, 19) challenge the
student to create his or her own classifica-
tion system. Item |11 includes the same
eight objects as in I and 11, but students
must determine a classification system of
their own in order to sort them into two
groups. In addition to the grouping crite-
ria shown in Items I and 11, students can
group these objects using criteria such as
those with straight versus curved edges;
small versus large objects; square versus
not square; or any other grouping criteria.

(3) A further modification is to create
a performance task in which students use
actual, physical objects for grouping. In
this modification, the objects are “authen-
tic” materials that the student would likely
encounter outside the classroom. In the
task in Figure 2.9, the student sorts differ-
ent types of seeds into two groups based
on some common property. The objects
could just as well be rocks, fossils, leaves,
screws, nails, or that perennial favorite—
buttons.

Use Clear Directions and
Questions

One of the most challenging aspects of as-
sessment development is writing direc-
tions and questions that are clear and
understandable to all the target students.
Long reading passages, challenging vo-
cabulary, and complicated directions can
quickly transform a good performance task
into a reading task. This is true for all for-
mats of assessment. Tasks should be con-
sistent with science standards and written
in clear language, easily understandable by
the students for whom they were devel-
oped. Also, be aware of your students’ past
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and current learning experiences as well as
their learning styles and interests. Vocabu-
lary words that students have learned pre-
viously, and which they are expected to be
able to use and understand, are appropri-
ate to use in assessment tasks. Words that
are not an integral part of the assessment
should be clear so that some students are
not placed at a disadvantage by a limited
vocabulary. Again, the writing of under-
standable questions is dependent on a
clearly defined assessment purpose.

Communication skills are important
in every field of study and human en-
deavor. Students, as well as practicing sci-
entists, need to be able to describe to
others what they are doing and have done,
what they are learning, and what they
have learned. You may find it appropriate
to read directions aloud to students and
record their verbal responses, particularly if
specified in their Individualized Education
Plans (IEPs). As student reading and writ-
ing skills develop, these skills should be
integrated with assessment tasks in sci-
ence. At the high school level, you can ex-
pect students to produce clear, articulate
written responses using complete sen-
tences, as well as use other writing skills
necessary for effective written communi-
cation. Trial testing tasks with groups of
students who may have limited reading
skills or Limited English Proficiency is
one way to develop tasks with necessary,
but not excessive, reading demands.

Presenting directions and questions
for assessments that require students to
use equipment—an essential component
of manipulative skills and laboratory per-
formance tasks—poses some additional
problems. For such assessments, students
often have to follow a set of directions to
carry out the activity, and then record in-
formation and/or respond to questions.
Putting all of this together so it is easily

DEVELOPING NEW ASSESSMENTS

Figure 2.9: Item IV—
Actual Objects to Be
Grouped. Modified from
ESPET, 1992b.

In front of you is a plastic
bag with seeds. Put the
seeds into two groups so
that there is something
the same about all the
seeds in each group. Be
sure to use all the seeds.
a. What is the same
about all the seeds in
your first group?

b. What is the same
about all of the seeds
in your second group?

I
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Figure 2.10: Equity in
Assessment—Questions
to Ask. Adapted from
Rosenthal, 1996.

» Are any groups at a
disadvantage because
of unfamiliarity with
specific content or the
format of the
assessment?

e Does the context of
the assessment give an
advantage to a specific
group?

» Have linguistic
modifications been
made to the
assessment to
accommodate students
of limited English
proficiency?
Modifications can
include changes in
vocabulary, visual aids,
glossaries in native
languages and English,
and reading questions
aloud in English.

» Are exceptional
students provided with
additional resources,
such as additional time
or modifications to
print and nonprint
materials, to complete
the assessment?

I
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understood and manageable by all stu-
dents presents a challenge.

In addition, students must be in-
formed about the teacher’s role during the
task administration. Your role may be lim-
ited to repeating to the individual student,
“Read the directions” and “Do the best
you can.” Also, in the case of laboratory
performance testing, be alert to replacing
broken equipment and replenishing con-
sumable supplies. As always, you are con-
stantly making sure that students are
following appropriate safety procedures.

Consider Equity

It is important that all assessment tasks be
equitable and fair for all students. A bed-
rock principle of the National Science Edu-
cation Standards (NRC 1996) is that
“science is for all students,” who, as a result
of their learning experiences, achieve the
goal of being science literate. This can
only occur if each student is given an
equal opportunity to learn science. This is
a formidable challenge, affecting the na-
ture of both instruction and assessment.

Providing equal opportunity to learn
requires that assessments be multifaceted,
allowing students to use their individual
learning styles and abilities in a variety of
assessment formats. In turn, the assess-
ment of student learning must be keyed to
the level of achievement you have estab-
lished for that instructional goal.

As a teacher, you need to understand
a variety of learning styles and abilities
and modify your instruction and assess-
ment to accommodate them. We know
that cultural experiences influence learning
styles. Some students are able to work in-
dividually with little encouragement from
peers or teachers, work well on their own,
are task oriented, and do well on tasks re-
quiring abstract and analytical thinking.
Other students prefer to work in groups

and do better with encouragement from
peers and teachers (Rosenthal 1996).

To be equitable, assessment tasks
must be free of gender, ethnic, racial, so-
cioeconomic, geographical, and cultural
biases. This is a substantial challenge in
the United States and in other countries
where students come from many differ-
ent backgrounds. A student’s success on
an assessment task should be dependent
only on whether the student has the
necessary knowledge and skills being
assessed. The language used and student
background required for a task should be
appropriate for all students and must not
disenfranchise students because they
have not been exposed to a particular
social or cultural experience. Figure 2.10
provides questions addressing equity
issues that you should consider when
designing assessments.

You may wish to ask a colleague who
is a specialist in Second Language learning
to review the task as to its appropriateness
for Limited English Proficiency students.
Also, you may wish to ask a colleague or
friend familiar with different cultures to
review the task for bias in terms of vo-
cabulary, context, and format.

Clarify Administrative
Procedures

There are two basic designs for providing
directions, questions, and answer sheets
for alternative assessment tasks (Reynolds,
et al. 1996). You can provide students with
the materials they need in either a single,
integrated test booklet or in separate ones.
Each format has certain advantages and
disadvantages, so it is important that the
format selected is appropriate for the task
and the target population. The format may
also be varied throughout the year in order
to expose students to different styles. Try-
ing out the formats with a few students
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may help couple the most efficient format
with a specific task.

Separate Test Booklets: In this format,
the directions are on a different sheet of
paper from the question-and-answer
spaces. You can tape the direction sheet
directly to the desk or station where the
task is to be performed, alongside the nec-
essary equipment for that station. (Lami-
nating the directions protects them from
spills and other mishaps.) Each student
receives a single sheet of paper containing
both the questions and the spaces for his
or her answers and carries the sheet to
each station setup. If all the question-and-
answer spaces are printed on one sheet of
paper, the test booklet is easier to handle
and less intimidating for students. How-
ever, because the task’s directions stay at
the station, there might be a disadvantage,
as students need to go back and forth be-
tween the direction sheet on the desk and
the question-and-answer sheet in their
hands.

Figure 2.11 provides an example of
New York State’s directions for Station 1
of the Manipulative Skills Test of the
Elementary Science Program Evaluation
Test, Form X. The directions were taped at
the task’s location. Figure 2.12 shows the
part of the separate answer sheet for that
station that provides both the questions to
be answered and a place for the student’s
response.

Integrated Test Booklet Format: In this
format, the student directions, questions,
and spaces for responses are in one docu-
ment. While this format is consolidated
and sequential, it can be a sizable packet
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for younger students to handle. Figure
2.13 (page 22) provides an example of a
task using an integrated test booklet that
was developed for grade four students.

As always, trying the different formats
with a few student volunteers may help
you determine the most efficient test
booklet format for the specific task to be
administered to your classes.

Clarify Administrative
Procedures Checklist

[d Ensure that directions are clear.

[d Ensure that student and teacher
roles are clear.

[ Pay attention to appropriate
safety procedures.

[d Have available all materials and
equipment.

Figure 2.11: Directions
for Station Format
Assessment. Reynolds,
et al., 1996.

Station 1 Measuring Objects
Directions

1. Check the materials:
» Balance scale e« Ruler

e Thermometer < Plastic glass
(marked A or B)

Read the questions on the answer sheet for Station 1 to find out what to do.
Write your answers on the answer sheet in the part labeled “Station 1.”
Be sure to label your answers with the correct units.

When you are done, pour all the water back into the water container.
|

* Measuring cup  * Container of water

¢ Pennies

ok~ wn

Figure 2.12: Question-
and-Answer Sheet.
Reynolds, et al., 1996.

Station 1 Measuring Objects
Answer Sheet

1. What is the letter on the glass?
Amount Units
Pennies

2. How many pennies heavy is the empty glass?
3. How tall is the glass?
4. How much water is needed to fill the glass to the line?

5. What is the temperature of the water?
|
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Figure 2.13: Integrated
Test Booklet. Adapted
from Reynolds, et al.,

1996.

PAGE 22

Observing Objects

Materials:
2 unsharpened pencils
e duct tape or C clamp

 Pendulum Object (rubber stopper and wire)
* Spring Object (rubber stopper fastened to spring)

Pendulum object

Directions:

Spring object

1. Try Object A (Pendulum Object) to see how you can make it move.

Observe it carefully.

2. In the space below, write two ways that Object A (Pendulum Object)

can move.
1.

3. Try Object B (Spring Object) to see how you can make it move. Observe it carefully.

4. In the space below, write two ways that Object B (Spring Object) can move.

1.
2.

5. Tell one way that Object A (Pendulum Object) and Object B (Spring Object) move the same.

6. Tell one way that Object A (Pendulum Object) and Object B (Spring Object) move differently.

Develop the Scoring Rubric

A reliable scoring rubric to evaluate stu-
dent performance is crucial to the success
of any alternative assessment effort. The
scoring rubric details how the student’s re-
sponses to the task will be scored. Rubrics
provide clear standards against which we
can judge student achievement. You can
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use them to provide feedback to students
on their areas of strengths and weaknesses
and to plan remedial instruction.

Rubrics must match the purpose of
the task, and should be clear, concise, and
unbiased. You need to consider how these
learning outcomes are reflected in the
student’s responses. Figure 2.14 (page 23)
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outlines some issues to consider when de-
veloping a scoring rubric.

Several teachers should review and use
the scoring rubric to be sure that the scor-
ing criteria are clear, appropriate, and cor-
rect. Whenever possible, the scoring guide
should be shared with students prior to
the assessment. More information on scor-
ing procedures will be found in Chapter 4.

Develop the Scoring Rubric Checklist

[ Use anticipated responses to
develop first draft of rubric.

[d Score a few tests using this first
draft.

d Work with a colleague if possible
and double-score tasks to
maintain consistency and
reliability and to reduce human
judgment errors.

[ Revise rubric.

[d Select anchor papers as
examples, illustrating a range of
proficiencies or levels of
performance and achievement.

Trial Test the Task

Try the task out with two or three students,
and revise it as necessary prior to adminis-
tering it to a larger group. This step is cru-
cial to determining whether the task will
work with the target audience. Trial testing
is like rehearsing a play: you need to make
sure everything works well before the cur-
tain goes up. You should focus on evaluat-
ing the assessment task, rather than the
student’s performance on it. Encourage stu-
dents to freely provide feedback on what
components of the task worked well and
what improvements might be made to the
task. Most students enjoy doing this. Figure
2.15 provides some questions to consider
when trial testing an assessment.

During trial testing, you need to de-
termine whether students can accurately
interpret the written directions and ques-
tions and whether they can complete the
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task in the allocated time. You also need to

ensure that the materials and equipment
are both available and familiar to students,
and that the task does indeed measure the
content and skills it claims to measure. At
this stage of development, review the draft
rubric for scoring student responses.

As a result of information from the
trial testing, modify and revise the task. It
may be that the instructions are not clear
or materials need to be changed. This may
seem complicated, but it really isn't so
daunting. And, it is well worth it.

Trial Test the Task Checklist

1 Administer task to a few
students.

1 Obtain feedback from students
regarding clarity of directions and
the purpose of the task.

d Analyze student responses.

[d Ensure the task is measuring
what it is designed to measure.

Analyze Results

You can use a scoring rubric to rate the
student responses, and analyze the results
to evaluate individual and group responses.
The results will indicate students’ areas of
strength and areas where they need im-
provement. You can use these data to sug-
gest different approaches for students to
try to improve their performance. Once
they have mastered the skills and content
of the assessment, you can move on to

Figure 2.14: Developing
a Scoring Rubric.

» Decide whether you
are assessing processes
or products.

 Identify either
dimensions of
performance or aspects
of the product that
reflect the learning
outcomes of the task,
and what can be
observed and rated
with reasonable
objectivity and
consistency.

e Weigh the dimensions
in proportion to their
importance, using your
own judgment and
that of colleagues.

» Develop levels of
performance that are
likely to be present in
student performances
or products.

» Determine the range
of points to be
allocated to each level
of performance.

e Determine how
students will receive
criteria for evaluation
of their performance,
and how students will
give and receive
feedback.

|

Figure 2.15: Trial
Testing—Questions to
Consider.

» Can the target students perform the task?

e Are students challenged by the demands of the task?

* Are the instructions clear?
* What science skills or concepts are involved?

» Are the materials and equipment appropriate for the assessment task?
s this a likely learning experience in most school science programs?

» Are safety precautions clear to students?

DEVELOPING NEW ASSESSMENTS
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Figure 2.16: Methods of
Analysis for Alternative
Assessments.

Carefully review
student written
responses for
completeness and
misconceptions. By
noting areas of poor or
incomplete
information, you can
include additional
instruction in these
areas for future
lessons.

Tally up the number
of incorrect responses
for each item or task
and determine which
students made several
mistakes. This may
indicate that the
wording of the
assessment is
confusing, or that the
concept was especially
difficult for those
students.

Sort papers according
to performance on a
specific item. Look at
the range of scores and
the frequency of high
and low scores for
indications that the
item was too easy or
too difficult for
students. Review those
items most frequently
missed.

Figure 2.17: Continuum
of Structure.
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another topic or lesson. Figure 2.16
provides several relatively simple ways to
analyze student responses to alternative
assessment tasks.

Analyze Results Checklist

[d Use scoring rubric to score
student responses.

d Provide feedback to students
with suggestions for
improvement.

Revise Tasks

You need to consider a number of factors
or variables as you revise tasks based on
analysis of information from trial testing.
Paper-and-pencil objective tests can be
described in various ways or dimensions.
For example, items may be described by
their format: multiple-choice, true/false, or
matching. Similarly, an item may be de-
scribed by the content it assesses: life,
physical, or Earth science. An assessment
item may also be described in terms of its
degree of difficulty (easy, moderate, or dif-
ficult) or the type of skill (planning, mea-
suring, graphing, and so forth).

Performance tasks may also be de-
scribed in several additional ways or di-
mensions. These dimensions include
structure, novelty, and sequence, all of
which underpin the assessment task
(Reynolds, et al. 1996).

Revise Task Checklist
[d Modify instructions or questions.

[d Make changes to materials and/
or equipment.

(d Modify task format where
appropriate (i.e., structure,
sequence, and difficulty).

Structure

The amount of assistance you provide to
students for interpreting the directions
and questions associated with the task is
one of the most important variables in as-
sessment. Structure can be provided in the
form of detailed procedures or questions,
background materials, labeled data tables
and graphs, or diagrams and flowcharts.
This dimension can be considered along a
continuum from highly structured to open
and unstructured, as shown in Figure 2.17.

You need to consider the degree of
structure most appropriate for the audi-
ence and purpose of the assessment task.
A highly structured task consists of well-
defined student directions on what to do,
how to proceed with the task, the collec-
tion and analysis of data, and the ques-
tions to be answered. This is the classic
“cookbook” task in which students follow
prepared directions to complete the task.

At the other end of the continuum, a
highly unstructured assessment task re-
quires students to plan and design an ex-
periment to come up with possible

Highly Structured

Much Guidance and
Detailed Directions

Data Collection Prescribed Some Help

Some Clues for Data

Collection

Moderately Structured

Some Directions

Highly Unstructured

Few Directions

Multiple Solutions
Open Ended

No Clues for Data
Collection
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solutions to a problem. In this scenario, no
materials/equipment list is provided to
students, and students are required to
come up with their own. In the middle of
the continuum, a moderately structured
task provides students with a materials/
equipment list and with some instructions
or clues on how to proceed. The instruc-
tions and materials/equipment list are
both factors that determine the degree of
structure of the assessment.

Teachers often find it advisable to
slowly change the structure of instructional
and assessment activities so students are not
confused or discouraged. Students adjust
much better when they are provided with
explanations for shifts in structure and em-
phasis. Most importantly, students must be
comfortable, competent, and confident with
a set of skills before the teacher withholds
procedural directions. The process of re-
moving instructional crutches or scaffolding
should be carefully planned and organized
so that students are aware of the changes in
the nature of the assessment task. The older
the students are, the slower the change pro-
cess should be as these students have gen-
erally experienced traditional instruction
and assessment for a longer period of time.
The teacher can develop an appropriate ini-
tial structure for a specific group of stu-
dents, and then reduce that structure
gradually by eliminating labels, directions,
background information, or other elements
of the assessment. The goal is to help stu-
dents develop the skills to handle tasks with
less structure. Such assessment tasks are
consistent with the National Science Educa-
tion Standards (NRC 1996) in that they
move the class toward more learner-cen-
tered instruction and assessment.

An assessment task for acid-base test-
ing (page 146) illustrates a rather structured
format. By not giving students certain in-
formation about how one or more indica-
tors behave in the solutions used in the

CHAPTER 2: DEVELOPING NEW ASSESSMENTS

task, teachers can gain important insights
about their students’ prior science learning
by analyzing responses and performances
on different assessment versions. Such
structural variations are appropriate for use
as a summative assessment for a middle
school program or as a diagnostic assess-
ment for a high school program where stu-
dents come from different schools.

The idea of varying levels of structure
of instructional and assessment tasks has
been around for many years. Some refer to
it as scaffolding, others as levels of inquiry,
others as teacher- versus student-centered
activities. Experienced teachers will fre-
quently modify activities for students by
increasing or decreasing the amount of
structure. This can be done by varying the
directions and procedures (very detailed or
minimal), data tables and graphs (prepared
and labeled or an empty grid), questions
(expecting few words or expecting care-
fully crafted responses), and so forth.

A RAND report on performance as-
sessment in science (Stecher and Klein
1996) presents “shells” with different levels
of inquiry—low, medium, and high. The
shells are sets of key questions within the
context of the four stages of inquiry (plan-
ning and design, performance, analysis and
interpretation, and application). Within
each of these stages is a series of skills or
outcome statements (e.g., “State a hypoth-
esis involving an independent variable,”
“Explain the relationship”). For each of
these skills, the “shell” describes exactly
what is provided for/expected of students
in a low-, medium-, and high-inquiry ap-
proach.

Sequence

Sequence is a characteristic of science in-
quiry tasks that refers to the flow of skills
from the beginning of the task to the end.
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Scientists approach problem solving in a
variety of ways, depending upon the infor-
mation available and the prior knowledge
and experience they bring to the subject.
The sequence in which students conduct
investigative tasks can greatly affect the
quality of their learning experiences.

Unfortunately, the vast majority of
school laboratory activities follow a pre-set
sequence beginning with hypothesis and
procedure or method, followed by obser-
vations and collection of data, and ending
with conclusions. Students who experience
only this one approach to laboratory work
come to believe that there is a singular,
linear scientific approach to problem solv-
ing: planning, data collection, and conclu-
sions. You can alter the sequence of the
components of an inquiry task by having
each assessment task begin with a differ-
ent stage. The standard sequence that is
typically presented in most laboratory
guides begins with the hypothesis or plan-
ning stage. A maodified version might be-
gin with a set of procedures for students to
follow for data collection and conclusions,
and end with the challenge of planning an
investigation. Students can be provided
with data that have already been collected
by another group of students, such as is il-
lustrated in the Physics Extended Investi-
gation Task “Keep It Hot” (page 248), and
then be required to analyze the data, form
conclusions, and plan and collect data for
an investigation that goes beyond their
provided data.

These approaches to assessment mir-
ror the problem-solving strategies used by
scientists and experts in a field or disci-
pline. Problem solving is nonlinear, and
these authentic assessments should pro-
vide students with opportunities to experi-
ence the nonlinearity of problem solving.

Novelty

An important goal of teaching science is to
help students apply their knowledge in new
and different situations. This transfer is
more difficult than most teachers would ex-
pect. Students often experience much diffi-
culty in applying and transferring skills
learned in one context to another. Good in-
struction provides a sequence of activities
that helps students move from situations of
“near transfer” to “far transfer” (novelty).
Three tasks related to density illustrate this
novelty dimension by showing examples of
near, moderate, and far transfer.

The first task—"Density of a Sinker”
(page 221)—is an illustration of “near
transfer.” It is a small step beyond the nor-
mal instructional activity, as the object is ir-
regular in shape and the last question
probes the understanding that density is in-
dependent of the size of the sample or ob-
ject.

The second task—"Density of Miner-
als” (page 179)—applies the concept of
density to several mineral samples. The
task addresses the differences between
geologically similar sedimentary and meta-
morphic samples. This is an example of
“moderate transfer,” and illustrates how as-
sessment tasks can involve both inquiry
skills and relevant science concepts.

The third task—*Unknown Liquids”
(page 233)—is an example of “far transfer.”
The task does not require standard mass
and volume measurements to calculate den-
sity values. Students need only to compare
the masses of the bottles and use the infor-
mation provided to solve the problem.
Many students find this challenging, as
they are confused by the lack of equipment
they believe should be provided to obtain
measurements for calculating density.

Assessment tasks are based on content
and skills that students have been study-
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ing. An important element of the assess-
ment design is how novel (different from
the instruction) the assessment situation
should be. This is an important issue for
all test developers, including international
committees and classroom teachers. Most
educators agree that the equipment used
in an assessment (e.g., microscope, stop-
watch, balance) should be identical to
what students have already been using in
class. The car a student takes to a driving
test (for a license) is the same vehicle he
or she practices with. (For novice learners,
it may be useful to repeat the assessment
during the same task they experienced to
demonstrate a specific skill.) Professional
scientists are expected to apply their skills
and knowledge to new situations and con-
texts. However, they have had years of
practice to get to that stage. In high
school, students only begin to practice ap-
plying observation, measurement, and
classification skills to unfamiliar situations.
Many teachers are surprised at just how
many practice/learning activities students
need before they are confident and com-
petent in new contexts. This goal—trans-
fer of learning—does not magically
happen; it is the result of conscious de-
signer instruction.
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Alternative Assessment Formats

What Is
“Alternative™?

Alternative assessment means any assess-
ment format that is nontraditional, usually
requiring student construction, demon-
stration, or performance. Alternative as-
sessment formats are more
student-focused, student-centered, and au-
thentic. They often provide students with
opportunities to generate multiple solu-
tions to problems, rather than merely se-
lect “correct” or “right” answers from a
predetermined list. While traditional for-
mats—such as multiple-choice, true/false,
and so forth—do enable students to dem-
onstrate the acquisition of skills and
knowledge, nontraditional, alternative for-
mats provide additional opportunities for
students to demonstrate what they have
learned, how they have learned, and that
they can connect their knowledge to the
“real-world.”

“Authentic” is an assessment term re-
ferring to “real-world” situations or con-
texts, which generally require a variety of
approaches to problem solving and which
allow for the possibility that a problem
might have more than one solution. Non-
traditional, alternative assessment formats
provide opportunities for students to dem-
onstrate not only that they have acquired
skills and knowledge, but that they are
able to apply them to situations and con-
texts they are likely to encounter beyond
the classroom. This chapter focuses on
such alternative formats, and discusses
how they can be used by both teachers and
students to provide additional assessment
opportunities.

NATIONAL SCIENCE TEACHERS

This chapter’s first section illustrates
examples of performance-based assess-
ment formats that are student focused.
The performance-based formats are skills
tasks, investigations, and extended investi-
gations. The second section illustrates
other alternative assessment formats that
are student focused, including:

 Graphic organizers: concept maps,
Venn diagrams, and the \ee heuristic

* Portfolios

* Oral presentations and debate
* Interviews and conferences

o Skills checklists

« Self, pair, and peer evaluations
 Technological applications

The third section includes teacher-di-
rected alternative assessment formats, such
as demonstrations and group visuals.

Performance-Based
Assessment Formats

Skills Tasks

As the name implies, “skills tasks” focus on
a narrow domain of skills. Skills tasks are
short assessments (30 minutes or less),
usually focused on a small set of skills re-
lated to a particular situation or problem.
Science teachers refer to these tasks or as-
sessments in various ways: station tasks,
where students move from station to sta-
tion; bell ringer tasks, where a bell or other
signal coordinates the movement of stu-
dents from one task to another; circus
tasks, where students move in a circuit or
circle; and partial inquiries, where students
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complete one component of an investiga-
tion or laboratory experiment.

Skills tasks often require students to
demonstrate and display proficiency in
manipulative skills, such as measuring, us-
ing apparatus and instruments, reading in-
formation from graphs, charts, and tables,
graphing, and observing and following
specific procedures. Figure 3.1 illustrates a
skills task. In this example, eighth grade
students are provided with the necessary
materials in the form of a science kit, and
required to estimate the salt concentration
of an unknown salt solution. Detailed in-
structions allow students to complete a se-
ries of tasks in which they place a short
pencil in a graduated cylinder containing
distilled water, 25 percent salt solution,
and an unknown salt solution. Students
measure the length of the pencil above the
water (when floating), record their mea-

surements on a data table, and graph their
results. Students then use the graph to es-
timate the concentration of the unknown

salt solution.

Because skills tasks used in a station,
bell ringer, circus, or partial inquiry format
focus on a set of narrow domain skills, these
assessment formats easily become part of
activities within a unit of study. Skills tasks
are appropriately used at the conclusion of a
unit, semester, or school year.

Many science teachers find skills tasks
to be a good way of beginning to use per-
formance assessments because of their
similarity to activities used in the class-
room. Both students and teachers are fa-
miliar and comfortable with this
performance-based assessment format. Us-
ing skills tasks as an alternative assessment
is a safe start.

Floating the Pencil

For this task, you will be estimating the salt concentration of an unknown salt solution. You have been
given a kit containing materials you will use to perform an investigation during the next 30 minutes.
Now use the following diagram to check that all of the materials in the diagram are included. If any
materials are missing, please raise your hand and the instructor will supply you with what you need.

Materials:
CE N
é Pencil .
4 (with thumbtack in | | | | | |
3 eraser end
E ler
&S " '~ o
- Distilled 25% salt Unknown Pape‘m
Cylinder water  solution ?alt
solution
Directions:

1. Place 25 ml of distilled water in the graduated cylinder.

2. Place the pencil in the graduated cylinder.
3. Observe the level of the water on the pencil.

4. Take the pencil out of the water and dry it with a towel. Use the ruler to measure the length of the

pencil that was above the water.

5. Record the length in Table 1, below, under Measurement 1.

CHAPTER 3:

Figure 3.1 continues on page 30.
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Figure 3.1: A Skills
Task. National
Assessment of
Education Progress
(NAEP), O’Sullivan, et

al. 1997.
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Table 1

Length of Pencil above Water Surface (cm)

Types of Solutions Measurement 1 Measurement 2 Average

Distilled Water

Salt Solution

Unknown Salt Solution

6. Place the pencil back in the distilled water and repeat steps 3—4.

7. Record your measurement in Table 1 under Measurement 2.

8. Calculate the average of Measurements 1 and 2, and record your results in the data table under
Average.

9. Empty the water from the graduated cylinder into the waste container.

10. Repeat steps 1-9 with the 25% salt solution.

11. On the graph below, label the axes with values appropriate for your data. Plot the average values
you obtained for the distilled water and the 25% salt solution. Draw a straight line between the two
data points. Assume that this line represents the relationship between the length of the pencil that is
above the water surface and the concentration of salt in the water.

Average Length of Pencil

above Water Surface

% of Salt in Water

12. Repeat steps 1-9 with the unknown salt solution. Enter data in Table 1.
13. Based on the graph you plotted, what is the salt concentration of the unknown solution?

14. Explain how you determined your answer in the space below.
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Investigations

Investigations are the “heart and soul” of
an inquiry-oriented science course, espe-
cially one that uses the laboratory as a fo-
cus for science activities. The National Science
Education Standards (NRC 1996) stress
the need for frequent—such as weekly—
inquiry-oriented laboratory activities in
order to provide students with direct expo-
sure to experiences that reinforce the in-
vestigative nature of science.

In an authentic performance-based
activity, students must analyze a problem,
plan and conduct experiments, gather data,
organize their results, and communicate
their findings. Students experience and
demonstrate their science inquiry skills
and competencies by completing labora-
tory investigations. Investigations are com-
monly scheduled for one or two class
periods and work particularly well with
back-to-back sessions.

In Figure 3.2, we illustrate a labora-
tory investigation using an assessment task
from the performance assessment compo-
nent of the recent Third International
Mathematics and Science Study (TI1MSS)
(Harmon, et al. 1997). The assessment
task, “Solutions,” requires eighth grade
students to investigate the effect of water
temperatures on the dissolution rate of
tablets. Students are required to plan an
experiment for this laboratory investiga-
tion, indicating the variables to be mea-
sured, the measurements they will take,
and how they will record and present the
data collected.

In some investigations, teachers can
provide “clues” to students if they are
“stuck” or experiencing difficulty at a par-
ticular step. (This relates to the structure
of an assessment, as discussed in Chapter
2; see page 24.) This approach is authen-
tic, paralleling the way scientists seek ad-
ditional information from reference
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Figure 3.2: Laboratory
Investigation
Performance
Assessment. Harmon,
et al., 1997.

Solutions
At this station you should have:

e Hot and cold water

» Several beakers

e Some tablets

e A stirrer

» A clock or watch with a second hand
e A thermometer

e A 30cm ruler

Read all directions carefully.
Your task:

To investigate what effect different water temperatures have on the speed with
which the tablet dissolves.

This is what you should do:

Plan an experiment to find out what effect different water temperatures have on
the speed with which the tablet dissolves.

1. Write your plan here. Your plan should include:
» what you will measure
* how many measurements you will take

» how you will present your measurements in a table

2. Carry out your tests on the tablets. Make a table and record all your
measurements.

3. According to your investigation, what effect do different water temperatures
have on the speed with which the tablet dissolves?

4. Explain why you think different water temperatures have this effect.

5. If you had to change your plan, describe any changes you made and why you
made them. If you did not have to change your plan, write “No Change.”

6. Empty your beakers into the waste container, dry them, and leave everything
the way you found it.
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materials or colleagues when they reach a
roadblock. However, teachers sometimes
find it difficult to distribute clues because
many students often reach the same points
at the same time. Reference materials,
Internet sites, and other resources provide
additional sources for students to find
their own clues.

Another way to provide guidance is to
organize investigations into a two-part
format, with students completing and
handing in the first part for review before
continuing with the second part. The
TIMSS exemplar, “Solutions,” can be
modified to form a Part 1, in which stu-
dents just plan their investigation. Stu-
dents then submit their plan for review by
teachers and peers. Students can proceed
with Part 2 of the investigation by follow-
ing their (possibly) revised plan and com-
pleting an experiment they designed
themselves. On the other hand, if their
Part 1 plan was not viable, the teacher can
provide a more workable plan. This en-
sures that all students are provided with an
opportunity for success.

While this approach gives students
less flexibility, it can offer a safe, workable
procedure enabling students to demon-
strate what they are able to do. With suc-
cessful student experiences using this
two-part format, teachers can actually
eliminate the middle review step, allowing
students to be in control of their own per-
formance at all stages of the investigation.
This further simulates the way profession-
als work.

Extended Investigations

Extended investigations usually take place
within a unit or lesson of a science cur-
riculum, and are often linked to student
work on specific problems or projects.
These assessments are “embedded” in in-
struction, establishing a seamless fit be-

tween assessment and instruction. This as-
sessment format is the most natural and
unobtrusive of the teaching-learning inter-
face, because it occurs as part and parcel of
the teaching-learning experiences in the
science classroom. This format is the
“closest to instruction” and is most realistic
in terms of its similarity to how problems
are commonly encountered and addressed
in real life. Student work on extended in-
vestigations can be included in their port-
folios, as described below (page 42).

You can use this assessment format to
measure how well students are learning
over an extended period of time, rather
than only their performance on an exami-
nation at the end of a lesson or unit. A
student’s ability to develop hypotheses,
plan experiments, follow through on a
project, solve problems, and persist in
reaching solutions can all be observed by
using an extended investigation, which can
extend for days, weeks, or even months.
Students can work individually and/or col-
laborate with peers on an extended inves-
tigation. Assessment results of extended
investigations can show students’ persis-
tence in ways that traditional testing
methods cannot.

Time can be allowed for students to
show evidence of their planning and organi-
zational skills. Students can demonstrate
their problem-solving skills as they carry
out an extended investigation. Also, stu-
dents can demonstrate their skills at re-
cording information and keeping records
in an extended investigation assessment
format. Their final product, which may be
written, verbal, electronic, or multimedia,
provides a mechanism for assessing com-
munications skills.

A further benefit of the extended in-
vestigation assessment format is that stu-
dents can pursue in great depth a
particular area of interest. They can apply
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skills and knowledge learned in the class-
room to a similar situation outside the
classroom.

Students must always be aware of the
intended use of assessment data and, in
particular, how this data will be used for
high-stakes decisions.

Science teachers informally assess
their students’ understanding and inquiry
skills during lessons and class activities.
This informal assessment format is usually
anecdotal and intuitive. Extended investi-
gations offer a format that is organized
and consistent with the National Science
Education Standards, where assessment
aligns with instruction.

Figure 3.3 illustrates an extended in-
vestigation using a performance task that
focuses on testing foods for nutrients. In
this task, students apply their manipulative
and problem-solving skills in testing a vari-
ety of common foods for nutrients. Stu-
dents are provided with a brief background
of the chemistry of proteins, carbohydrates,
and fats. They are required to perform con-
firmatory laboratory tests to identify these
nutrients before attempting to identify nu-
trients in unknown food samples. Students
complete this extended investigation, and
use their data to evaluate nutrient claims on
the labels of foods products.

Food Nutrients
Student Task Sheet

Task:

In this investigation, you will apply your skills
at testing specific food compounds to predict,
collect, and analyze data to determine the
nutrients present in some common foods.

Background:

Humans obtain energy from nutrients contained
in food. This energy is used for growth and the
repair of cells. The major classes of nutrients
contained in the variety of foods consumed are
proteins, carbohydrates, and lipids (fats).
Vitamins and minerals, while consumed in
smaller amounts, are essential to growth and
metabolic maintenance.

Carbohydrates are organic molecules of
various sized sugars that form a significant
source of nutrients for most organisms. They
have a generic formula (CH,)n and, as the name
suggests, they are hydrates of carbon. Carbo-
hydrates are manufactured by green plants from
water and CO, through a process called
photosynthesis. Phototropic organisms contain
pigments called chlorophylls (green),
carotenoids (yellow), xanthophylls (orange), and
phycobilins (red and blue) that trap light energy
and convert it into chemical energy via the
process of photosynthesis. The primary product
of photosynthesis is represented by a deceptively
simple equation:
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6 126
where the primary product is glucose, which is
later stored as starch.

Carbohydrates are classified based on the
number of carbon atoms in their molecules.
Monosaccharides are examples of simple carbo-
hydrates. The most common monosaccharide is
glucose (C,H,,0,). Fructose (corn sugar), man-
nose, and galactose (found in milk) are other
important monosaccharides. Sucrose (table
sugar), lactose (milk sugar), and maltose (from
starch) are examples of disaccharides (double
sugars) being composed of two sugar molecules.
Starch is an important member of complex
carbohydrates, called polysaccharides, with
many sugar (usually glucose) molecules. Starch
is made up of two components:

» amylose, which makes up 15-20 percent of
the starch molecule and is the soluble part of
starch;

» amylopectin, which makes up 80-85 percent
of the starch molecule and is the insoluble
part, forming a paste with hot water and
thickening upon heating.

Proteins, another important nutrient, are
compounds of amino acids formed with hydrogen
bonds. Meat, fish, and the yolk of eggs from
animals and many plant seeds—especially from
leguminous plants—are good sources of proteins.

6H,0 + 6CO, light C,H,,0,+6H,0
—_

ALTERNATIVE ASSESSMENT FORMATS

Figure 3.3: Extended
Investigation Task on
Food Nutrients. Saha
and Chan, 1998.
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Fats are a type of lipid made up of
triglycerides. They possess a high concentration
of chemical energy and are used for semi-
permanent storage of energy in animals (fats)
and plants (oils). Saturated fats are solid, and
oils are liquid at room temperature.

Vitamins are organic substances other than
carbohydrates, lipids, or proteins and are needed
for metabolism. They cannot be synthesized in

Materials:
« safety goggles * lab aprons
e 250 ml beaker
e test tube rack
« Biuret solution
 iodine solution

hot plate

distilled water

adequate amounts by the body. Minerals are any
inorganic nutrients—such as Ca, Na, Mg, Fe,
and P—necessary for the proper functioning of
the body.

We need all types of nutrients in our diets to
allow our bodies to function normally. Dietary
reference intakes and recommended daily
allowances are provided as guides for optimum
health.

* plastic gloves
e ten, 18 mm x 150 mm test tubes
¢ Benedict’s solution

.005% Indophenol solution
* brown wrapping paper

» common foods: white flour, rice flour, bean flour, corn flour, soybean flour, pudding mix (without
starch), gelatin, glucose, dried coconut, ground almonds, tofu, dried milk powder, corn oil, fruit (i.e.,

orange, cantalope, apple, banana), and table salt

Procedure:

1. Prepare a table similar to the one provided below.

Food sample starch glucose

protein fat vitamin C

white flour
prediction:
results:

rice flour
prediction:
results:

bean flour
prediction:
results:

corn flour
prediction:
results:

soybean flour
prediction:
results:

2. Predict what nutrient you will find in each of the food samples provided. Test your hypothesis
through observation of appropriate reaction for each sample with various indicators. Contact your
teacher if you need to review how to use some of the indicators.

3. Complete the table with the data obtained from your tests.

Analysis:

1. How did your predictions match with your test outcomes?
2. Which food samples contain more than one nutrient for which you tested?
3. Based on your analysis, which food sample(s) could be used as a source of starch? Of protein? Of

glucose? Fat? Vitamin C? Minerals?
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On completing the extended investi-
gation, students can orally present their
experimental findings and analysis of food
labels to the class, or each student or
group of students can report their findings
by displaying their work in the form of a
poster or report. Again, this extended in-
vestigation can be included in student
portfolios. Chapters 5-8, beginning on
page 84, contain many additional examples
of skills tasks, investigations, and extended
investigations that illustrate these assess-
ment formats.

Student-Focused
Assessment Formats

Graphic Organizers

Graphic organizers are maps that repre-
sent cognitive structures and thinking pro-
cesses—they are a “cartography of
cognition” (Wandersee 1990). These cog-
nitive maps are consistent with the
constructivist view of learning and knowl-
edge acquisition, and hold great potential
as alternative assessment formats. They
provide additional methods for teachers to
find out what students know, and allow
students to demonstrate their learning in a
variety of ways.

The following sections discuss con-
cept maps, the Vee heuristic, and Venn
diagrams as exemplars of graphic organiz-
ers that can be used as alternative assess-
ment formats.

Concept Maps

The use of concept maps has been pro-
moted by many science educators and is
consistent with instructional approaches
that encourage higher-level thinking, con-
ceptual change, and metacognition (Novak
1980, 1981, 1991). While they are often
used as advance organizers prior to in-
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struction, or as a review or summary after
instruction, concept maps can also be used
as an alternative assessment format. When
used this way, concept maps have several
possible characteristics: students construct
their response, alternative representations
are reinforced, relationships between con-
cepts are highlighted, minimal reading
skills are required, and misconceptions can
often be detected. This is also an appro-
priate assessment format to use with pairs
or small groups of students.

Concept maps are hierarchical in na-
ture, and focus on one main idea or con-
cept. The main idea or concept branches
into more specific concepts in hierarchical
levels. Concepts are usually nouns repre-
senting objects or events, and are enclosed
in ovals or boxes. Concepts are linked with
lines, and the relationships between con-
cepts are shown by linking words using
verbs, adverbs, or prepositions. Two con-
cepts connected together by linking words
form a complete idea. Examples of con-
cepts are placed below the ovals, circles, or
boxes used to draw the concept map.

Concept maps can be used in various
ways for assessment purposes, and with
varying degrees of structure. Teachers
must first spend instructional time with
students coaching them on how to de-
velop a concept map. Figure 3.4 (page 36)
illustrates a highly structured approach to
concept mapping using objects in an
aquarium.

The concept map in Figure 3.4 is
highly structured, with the map already
constructed and words provided to
choose from for completing the blank
cells. The map shows a number of objects
in an aquarium. The lines with linking
words indicate how some of the objects
relate to one another. There are a number
of blank spaces in the concept map, and,
using the words in the box, students
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Figure 3.4: Highly
Structured Concept
Map. Reynolds, et al.,
1996.

Words to Choose From:
Algae
Guppy Water  Cactus

Duckweed Crickets Plants

Elodea
select one word for each space and write includes all the expected responses. One
the word in that space. modification could be to place one or

more distracters—words that don't fit the
map—in the box. A further modification
could be to use pictures instead of words.
This strategy provides additional support
for Limited English Proficiency students

A second, less-structured example is
provided in Figure 3.5, which uses the
concepts from the Figure 3.4 example but
with none of the words already printed in
an oval. The “Words to Choose From” box

Figure 3.5: Less
Structured Concept
Map. Reynolds, et al.,
1996.

- - Words to Choose From:
- - Plants  Aquarium  Animals  Gravel
Living Things Nonliving Things Snail

Duckweed Water Elodea Algae

Light Guppy Air Cactus Crickets

PAGE 36 NATIONAL SCIENCE TEACHERS ASSOCIATION



and for students who learn best through
visual instruction.

The examples of concept mapping
provided in Figures 3.4 and 3.5 are basi-
cally matching exercises, and reflect the
organization and instruction provided by
the teacher. A great strength of the con-
cept map lies in a student’s own ability to
organize his or her thoughts and to
present them in a form that is unique to
the student’s individual understanding.

Figure 3.6 provides a third modifica-
tion on the aquarium example. In this ex-
ample, even less structure is provided than
in Figure 3.5, but all the key concepts are
listed. Students must construct the map or-
ganizing these concepts and presenting
appropriate relationships.

A fourth example is provided in Fig-
ure 3.7, which requires that the student
read a paragraph and construct a concept
map showing the major concepts and their
interrelationships.

Concept maps can be used for a vari-
ety of assessment purposes, such as forma-
tive and diagnostic assessment. The nature
of concept maps allows for multiple varia-
tions. They also tend to be rich and varied,
and are appropriate for small-group work
and for students working in pairs. Their
use is appropriate for discussion, display,
and class presentations, and in those ways
can be used for summative assessment.

There are no “right” or “wrong” con-
cept maps. It is more important for stu-
dents to be aware of their skills in
processing and interpreting new ideas
rather than in eliciting “correct” answers.
Maps that display characteristics and rela-
tionships tend to be more useful.

To use concept maps as an assessment
technique, a scoring system must be avail-
able. A number of systems have been sug-
gested, some of which are quantitatively
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based while others are more qualitative.
The quantitative systems are based on es-
tablishing score criteria and assigning
points to students’ maps as they meet
these criteria. The example provided in
Figure 3.8 (page 38, top) illustrates a
quantitative scoring scheme.

Figure 3.6: Student
Constructed Concept
Map. Reynolds, et al.,

. L 1996.
A variation on the guantitative con-

cept map assessment method depicted in
Figure 3.8 is illustrated in Figure 3.9 (page
38). This variation uses the same six crite-
ria—number of concepts, relationship of
concepts, number of linkages, validity of
linkages, branching/cross-linking of con-
cepts, and specific examples—but enables
the teacher to rank the student’s profi-
ciency in each criteria. This variation al-
lows for a maximum student score of 30
points and a minimum score of six points.

Construct a concept map
about an aquarium that
uses the following words:
aquarium, water, guppies,
living things, gravel,
snails, plants, nonliving
things, and duckweed.
Organize the words in a
pattern that shows how
they are related in an
aquarium. Label the
connecting lines to
describe those relations.
I

Although the quantitative scoring sys-
tems depicted in Figures 3.8 and 3.9 are
technically reliable, systems for assessing
student concept maps may benefit from and
have greater applicability using a holistic,
more qualitative approach. In Figure 3.10
(page 39), emphasis is placed on how a stu-
dent integrates concepts with prior knowl-
edge. The 13 criteria provided in

Figure 3.7: Student
Constructed Concept
Map. Reynolds, et al.,
1996.

A pond is a shallow body of standing water in which sunlight reaches the
bottom, allowing plants to grow. A pond may be a suitable habitat for many
different plants and animals, but all ponds share some common characteristics.

Most important is that a pond contains water. This non-living substance
provides life-giving oxygen, other gases, and nutrients to the living things in the
pond. Life in a pond may include frogs, fish such as minnows or guppies, turtles,
insects such as water striders and mosquito larvae, snails, and microscopic plants
and animals that drift suspended in the water.

There are many kinds of green plants in a pond as well. Water algae serves as
food for many of the small animals in the pond. Some plants’ leaves and flowers
do not even grow above the surface of the water. Most people call these pond
weeds, such as duckweed or water lilies.

Construct a concept map that would help someone understand how the major
concepts presented in this paragraph are related.
|
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Figure 3.8: Quantitative

Concept Map Scoring 1. Concept identification (each concept). 1 point per concept
System. Novak and 2. Relationship between concepts (i.e., links). 1 point per proposition
Gowin, 1984. 3. Coverage
0-20% of concepts 1 point
21-40% of concepts 2 points
41-60% or concepts 3 points
61-80% of concepts 4 points
81-100% of concepts 5 points
4. Hierarchy (i.e., concepts arranged from general 5 points per level
to specific in levels).
5. Branching or cross links (i.e., connections between 5 points per connection
hierarchical levels).
6. Specific examples of each concept. 1 point per example

Criteria Poor Fair Good Very Good Excellent
1 2 3 4 5

Number of Concepts

Concepts Relationship/Hierarchy

Number of Links

Validity of Links

Concept Branching/Cross-Linking

Specific Examples

Basis for determining level of excellence:

Number of Concepts: tends to include the major concepts, not too few or too many.

Concepts Relationship/Hierarchy: locates the major concepts logically in the map, from general to specific.

Number of Links: includes important links between concepts.

Validity of Links: uses appropriate linking words.

Concept Branching/Cross-Linking: concepts tend to extend in both directions of map.

Specific Examples: appropriate examples provided.
. ___________________________________________________________________________________________________________________________________________________|]

Figure 3.9: Variation on
a Quantitative Concept
Map Scoring System.

ﬁggg_ted from Mason, Figure 3.10 assist the teacher in the qualita-  grams are designed to measure students’
tive scoring and analysis of concept maps. understandings of relationships they have
observed or discovered among a small
number of concepts rather than to mea-
sure their comprehension of an entire situ-
ation. Venn diagrams are different from

Venn Diagrams

In assessment, students can be asked to

draw an original, representative sketch, or many other assessment techniques in that
they may be asked to use an existing dia- they require the student to make or inter-
gram, in order to show the relationships pret a nonverbal response—a drawing. Be-
they observe among several concepts. Be- cause of this characteristic, a \enn

cause the completion of sw_:h tasks re- diagram can be used to investigate aspects
quires only the use of pencil and paper, of concepts not examined by more tradi-
V(_enn diagrams can be used quite eas_lly tional techniques. Figure 3.11 (page 39)
with large groups of students. The dia- provides an example of how a Venn dia-
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gram illustrates the relationships among
types of bottled drinks.

Other examples of sets of concepts for
which this technique might be used in-
clude: animals, insects, mammals, reptiles,
and amphibians, as well as elements, com-
pounds, metals, and alloys. Additional ex-
amples can be found in Gunstone and
White (1986).

Although restricted to only one aspect
of understanding—that is, the relation be-
tween one concept and others of a similar
type—the Venn diagram assessment tech-
nique has been found to be both powerful
and easy to use. For example, it can be
used as a basis for more in-depth inter-
views with individual students. Questions
can be posed as to why students drew their
diagram in a particular way and whether
the areas and degrees of overlap corre-
spond to cases that actually exist.

Vee Diagramming, or Vee
Heuristic

The Vee heuristic is an attempt to help
students understand their laboratory work
within a constructivist framework. Knowl-
edge acquisition is context dependent, de-
pending on prior concepts, theories,
beliefs, and principles the student uses to
view and understand the world. The Vee is
a graphic organizer, like the one depicted
in Figure 3.12 (page 40), that uses prior
knowledge and skills by raising the follow-
ing questions:

* What is the question?

* What are the key concepts that help
answer a question?

e What methods of inquiry can pro-
vide answers to the question?

* What knowledge is already known
that would help answer the ques-
tion?

CHAPTER 3:

Yes
Concept map revolves around
one idea, topic, or theme.
Each concept represents a
simple idea.
Concepts flow from general to
specific.

4. Concepts are not repeated.

©

Different hierarchical levels of
concepts are indicated.

Concepts are linked by appropriate
words (i.e., verbs, adverbs,
prepositions).

Examples are distinguished from
concepts.

Concepts are linked to create a logical or

complete idea.

9. Concepts are distinguished

from links.

10.There is some branching of

concepts.

11.Cross-links are shown and indicate

logical relationships.

13.Cross lines are present.

Contain Sugar

Contain Carbon
Dioxide

No

Contain Caffeine

ALTERNATIVE ASSESSMENT FORMATS

Figure 3.10: Qualitative
Concept Map Scoring
and Analysis Criteria.
Adapted from Stuart,
1985.

Figure 3.11: Venn
Diagram. Circles
represent bottled drink
types.
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Figure 3.12: Vee
Heuristic. Roth and
Verechaka, 1993.

Conceptual Methodological
(Knowing) (Doing)

Claims

(How can | interpret my
findings, observations, and

Concepts/Theories
(What do I know?)
1. What do | know about the

Active Interplay

topic? data?)
2. Which concepts relating to Focus Question 1. What do my data,
the question do I know? 1. What do | need to observations, and results tell
3. How are the concepts know? me?
related to each other? 2. What do I want to 2. What conclusions can |
find out? make from my data?

3. Can my data suggest further
hypotheses? Further
questions? Refute any
existing theories?

4. Can | apply this knowledge
in real-world, practical
situations?

5. Self-reflection: what
knowledge and skills did 1

Graphic Organizers
(How are the ideas connected?)
Concept Map

1. How do the concepts and
ideas relate to each other?

2. Is the general concept
placed at the top of the
concept map?

3. Can | build a hierarchy of learn?
concepts?

4. What are the possible cross- Data Collection
links?

(What did I measure and
observe?)

1. Did I collect data in the
form of tables?

2. Did I graph my data?

3. What do my graphs look
like?

4. What are possible errors?

5. Do my data show trends?

6. Are there other ways to
Events report my data?

(How can I find an answer to my
question?)
1. What apparatus do | need?

2. What objects and events must
| observe?

3. What procedures can | use?
4. What did | use?

5. Are the cross-links
meaningful? Have |
included linking words?

6. Have I included examples of
concepts?
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» What needs to be done to help an-
swer the question?

The “Vee” shape is useful in laboratory
investigations because it focuses on a spe-
cific question. Like many graphic organi-
zers, the Vee is appropriate for Limited
English Proficiency students, and allows
students who prefer to use mapping tech-
niques to demonstrate their knowledge
and skills.

As illustrated in Figure 3.12, the focus
question is located at the “top” of the Vee.
The Vee’s left side is the “knowing” side,
and provides an opportunity for students
to consider how a theory, prior concepts,
and skills relate to the focus question. The
Vee’s right side is the “doing” side, where
students record data and observations, in-
terpret data, and draw conclusions. Figure
3.13 illustrates the placement of a focus
question at the top of the Vee. (In this ex-
ample, the investigative or “doing” compo-
nent is on the left side; the “What am |

doing” component can also be placed at
the Vee's bottom, as suggested in Figure
3.12.) A concept map can be included on
the left side, enabling students to demon-
strate their conceptual understanding and
to show how concepts connect. This for-
mat of alternative assessment aligns closely
with instruction that is constructivist in
nature, and is appropriate for diagnostic,
formative, and summative assessment.

Vee Scoring Criteria

One example of a scoring system for a
Vee heuristic is illustrated in Figure 3.14
(page 42). This scoring system focuses on
four major components of a Vee: the focus
question, a description of the object or
event, the principles and concepts identi-
fied, and the records/transformations that
were included. A score of three or four
points is available for each component,
varying by the amount of information or
detail provided. After a group of teachers

Theme
Solutions

Associated Words
calcium chloride
distilled water

Investigative Activity

1. Put 10 ml of distilled water
in the beaker.

2. Put 10 drops of soapy
water in the beaker. Shake.
Record observations.

3. Put 10 drops of soapy
water in another beaker
along with calcium
chloride. Shake. Record
observations.

Focus Question

Does the amount of
calcium chloride added to
the 10 ml of distilled water
affect the number of drops
of soapy water required
to make suds?

Application

If you want more suds in your
bath, don't put any calcium
chloride in the water.

Conclusion

The beaker without calcium
chloride has more suds. So,
calcium chloride can affect the
amount of suds.

With/Without
Calcium Chloride

Suds?

Without Lots of suds
With Some suds,
but not a lot

CHAPTER 3:
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Figure 3.13: Vee
Heuristic. Adapted from
Shepardson and
Jackson, 1987.
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Higher number indicates more complete information.

Focus Question Points
No focus question is identified. 0

A question is identified, but does not focus on the concepts

identified on the left side of the Vee. 1

A focus question is identified; includes concepts, but does not
suggest objects or the major event; or, the wrong objects and event

are identified in relation to the rest of the laboratory investigation. 2

A clear focus question is identified; includes concepts to be used,

and suggests the major event and accompanying objects. 3
Object/Event Points
No objects or events are identified. 0

The major event or the objects are identified and are consistent with
the focus question, or an event and objects are identified but are

inconsistent with the focus question. 1
The major event and the accompanying objects are identified, and

are consistent with the focus question. 2
Same as above, but also suggests what observations and data will

be collected. 3
Principles and Concepts Points
No information is presented on conceptual side. 0

A few concepts are identified, but without principles and theory;
or, a principle written is the knowledge claim sought in the

investigation. 1
Concepts and at least one type of principle (conceptual or
methodological) or concepts and a relevant theory are identified. 2
Concepts and two types of principles are identified; or,

concepts, one type of principle, and a relevant theory are identified. 3
Concepts, two types of principles, and a relevant theory are

identified. 4
Records/Transformations Points
No records or transformations are identified. 0
Records are identified, but are inconsistent with the focus question

of the major event. 1
Either records or transformation are identified, but not both. 2

Records are identified for the major event; transformations are
consistent with both the focus question and the abilities and
grade level of the student. 3

Figure 3.14: Vee
Heuristic Scoring
System. Adapted from
Novak and Gowin,
1984. See also Gurley-
Dilger, 1992.

PAGE 42

uses the scoring system, relevant modifica-
tions will make it more useful.

Portfolios

Acrtists, architects, photographers, and
many other professionals use portfolios to
demonstrate the quality and range of their
work. A teacher’s credentials file serves a
similar purpose of demonstrating a broad
range of skills, experiences, and achieve-
ments. An increasing number of teachers
are using student portfolios to assess
progress as curriculum reform efforts

take hold.

The Buffalo, New York, Public
Schools have instituted a portfolio assess-
ment strategy. Figure 3.15 (page 43) pro-
vides items that are included as part of an
assessment for a seventh grade life sci-
ences course. Student portfolios must con-
tain eight products from the list. Each
element is worth a maximum of 5 points
(for a total of 40 points) toward the final
course grade. Students are provided more
detailed information about each of these
products as to time involvement, the num-
ber of sources, and other considerations.
Many teachers provide class time for stu-
dents to work on their portfolios and pro-
vide a time line/schedule for completing
elements of their portfolios to help stu-
dents organize and pace their work.

Developing a good portfolio is more
art than science; there are no “right” an-
swers, but many answers that can be
adapted to specific curricula, age groups,
and skill levels. The two sets of questions
outlined below can guide you on designing
a portfolio assessment.

What Does the Portfolio Contain
Evidence About?

* Who decided the purpose?
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« Is the purpose the same for all
students?

* Will the portfolio contain evidence
of proficiency or progress?

 To what uses will the portfolio be
put?

* When, how often, and by whom
will the portfolio be reviewed?

What Will Count as Evidence in
the Portfolio?

* Which pieces of evidence are
required and which are selected?

» Must evidence be produced alone or
can it be collaborative?

» Will the portfolio contain only best
work?

* Where will the portfolio be kept?

* How much evidence will be included
in the portfolio?

This list of questions, adapted from
Collins (1992), is a good starting point for
putting together a portfolio. The answers
to these questions will be based on the
context of the assessment plans and the
intent of the teacher or department.

Examples of which pieces of evidence
are required and selected are provided in
Figure 3.16 (page 44).

Because portfolios are often collected
toward the end of the school year when
teachers are already overburdened with pa-
perwork, the grading process must be kept
simple. One way to facilitate the portfolio
assessment task is to encourage students to
evaluate their own work using criteria you
provide for them. “Counting” the number
of satisfactory elements (ones that met the
established criteria) is one reasonable way
to approach the “grading” of portfolios.
Students should know the portfolio re-
quirements throughout the semester, ide-

CHAPTER 3:

ally from a rubric posted in the classroom.
Teachers should approach portfolios ex-
perimentally, changing hypotheses and
procedures as needed, and continuing to
collect data and form conclusions as to
utility.

Portfolio management is a crucial ele-
ment in the implementation of this alter-
native assessment format. There is a large
amount of clerical work involved in ensur-
ing that student work is both secure and
easily accessible. Students must be respon-
sible for their own portfolios, and, if at all
possible, a secure file cabinet or container
should be made available to students for
storing their portfolios. Because portfolios
often contain many samples of student
work, they can be large and bulky, so care-
ful attention must be paid to providing a
storage facility that can accommodate
various portfolio sizes and dimensions.

Oral Presentations and
Debate

Oral presentations offer an alternative as-
sessment format that has great potential
for improving student learning. Oral pre-
sentations can be conducted individually,
in pairs, or in small groups. Using this for-
mat, students have an opportunity to re-
search and present their findings on a
particular science topic to their teacher
and their peers. Students can include post-
ers and models as part of their oral presen-
tation, effectively combining several
assessment formats. This assessment for-
mat is interactive by nature, as the audi-
ence can ask questions for clarification and
challenge the speaker to justify knowledge
claims. Teachers and students listen to the
quality of the presentation, and draw con-
clusions about individual and group
achievement. This assessment format is
truly authentic in nature, as scientists,
policymakers, and many other types of

ALTERNATIVE ASSESSMENT FORMATS

Figure 3:15: Portfolio
Assessment Iltems for
Grade 7 Life Sciences
Courses. Buffalo Public
Schools, 1995.

1. Five journal excerpts.

2. Library research
project.

3. Short-term
observation record of a
nature walk.

4. Dichotomous key
reference to a life
science collection.

5. Long-term project
involving observations
or care of living
things.

6. Group project
requiring
experimental design.

7. Persuasive essay
written to convince
audience to either use
or abandon a specific
technology related to
life science.

8. Interview report.

9. Scientific
autobiography.

10. Student authored
written request for
information from a
community resource.

I
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Figure 3.16: Evidence
Required in a Portfolio.
Middle School Science
Portfolio, New
Standards Project,
1997.
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Purpose

The purpose of this exhibit is to show that you

can investigate a question over a long period of

time. Your investigation should include:

» A question you can study using available
resources.

» Safe, humane, and ethical procedures that
respect privacy and property rights.

» Data you collect, record, and represent in
ways that others can verify.

» An analysis of your data that requires you to
use statistical skills.

e Clearly communicated recommendations,
decisions, and conclusions based on
evidence.

» Acknowledgment of references, sources, and
the contributions of others.

Exhibit Requirements

Prepare one entry for the Scientific Investi-
gation Exhibit. Your investigation must involve
research and applications of science over a
period of at least three weeks. Entries can
include:

Controlled Experiment: An investigation in

which you can test if and how a variable will

cause a change in another variable, when all
other variables are constant.

 Investigate how a variable (i.e., soil, water,
fertilizer, etc.) affects plant growth.

» Investigate how a variable (i.e., food, light,
toys) affects animal behavior.

*  Which de-icer works best, while minimizing
cost and environmental harm?

*  Which wax is best for skis under certain
conditions? Which oil is best for in-line
skates or bicycle wheels?

» Does the form of sugar (i.e., crystals, honey,
maple syrup) affect yeast growth or the taste
of bread?

» Does the shape of a speaker container affect
sound quality?

Field Work: Systematic observation of a site to

see how its conditions change over a period of

time. When doing field work, you don't

manipulate the conditions.

e Compare bird distribution near the school
with a field guide for your region.

» Determine how the local climate has
changed over the last century.

e Adopt a stream and use it to study water and
habitat quality over time.

e Study monument deterioration at a local
cemetery (or school steps or sidewalk).

» Make recommendations about water quality
on and near the school campus.

» Study the distribution of a local species, and
determine if it is endangered.

e Study how asthma is related to local weather.

Design: An investigation that solves a design
problem or makes something better.

» Design a squirrel-proof bird feeder for a
particular bird species.

» Design a greenhouse that will support a
particular plant species.

» Redesign the school’s fire warning system for
students with disabilities.

» Compare different methods of cooking for
health and aesthetic effects.

e Compare the functional and aesthetic
designs of different sports shoes.

Secondary Research: An investigation that uses
data gathered by others.

o Compare the accuracy of local weather
information from a variety of sources.

» Use the Internet to get current information
on a rapidly changing scientific topic.

e Study the amount of wetlands in your town
or county and relate the acreage to the
populations of different plant and animal
species over the last 50 years.

» Make a geographical history of your area
over the last century (to include roads,
buildings, ports, etc.).
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professionals often share ideas and view-
points using oral presentations. The qual-
ity of the questions that can arise from an
oral presentation can stimulate general
class discussions, which in turn promotes
student learning.

You can take advantage of this assess-
ment format by following some simple
guidelines for success. They include:

* Prepare questions and topics in ad-
vance.

* Topics can be controversial, requir-
ing students to demonstrate deep
understanding of ethical issues, sci-
ence topics, and other relevant in-
formation.

* Involve students in choosing topics,
as they may wish to pursue one with
personal meaning or connected to
their actual experience.

* Provide opportunities for appropri-
ate training and support as students
prepare their material.

» Ensure that oral presentations sup-
port and enhance concepts being

learned. This way, the assessment .

format is truly part of the instruc-
tion, as it is “embedded” in the cur-
riculum.

e Use debate, or other team or small .

group approaches, to involve as
many students as possible. This pro-
vides an ideal opportunity for low,
medium, and high achievers to
work collaboratively toward com-
pleting a task. Where time permits,

of skills, and oral presentations
stress listening and speaking over
reading and writing.

Encourage use of visual aids, such
as posters, models, and physical
demonstrations.

Encourage use of graphic organiz-
ers, such as concept maps and flow
charts.

Use sensitivity with shy and re-
served students, as oral presenta-
tions involve a sometimes
intimidating public display of
achievement. Provide encourage-
ment and a safe environment, free
of undue criticism, as such students
make their initial oral presentation.
Subsequent presentations should be
easier for them, as they gain confi-
dence in their abilities.

Develop scoring criteria and, prefer-
ably, involve students in its develop-
ment.

Allocate adequate time for assess-
ment.

Encourage students to be appropri-
ately critical of information pre-
sented, and to offer alternative and
well-supported arguments.

Use the debate format to critically
evaluate opposing viewpoints.

Encourage self and peer assessment.

Make students aware of the purpose
and use of the assessment.

A variation of this assessment format

students can reverse positions in the is to use an interview approach, where stu-

debate to gain insights from oppos- dents can act as experts on a particular

ing perspectives.

Use this assessment format as an
opportunity for Limited English
Proficiency students to practice lis-
tening and speaking skills. Lan-
guage acquisition involves a variety
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subject or domain of knowledge, and
where peers can conduct an interview to
probe an expert’s knowledge. Both “ex-
perts” and “interviewers” should be pro-
vided with learning and assessment
experiences in integrating new skills and
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knowledge with previously learned mate-
rial. Such interviews are authentic, “real-
world” experiences because scientists and
many others routinely conduct interviews
when making important announcements.
Professional reputations are enhanced by
good interview skills, as audiences use
them to form conclusions about an
interviewee’s expertise.

As part of their oral presentations,
students can use posters or models—so-
called props—to enhance their presenta-
tions. Posters, overheads, and models are
tools scientists routinely use to explain
their work to professional peers and the
public. Television uses simulations and ar-
tistic representations to illustrate new de-
velopments in science. By assessing these
kinds of products, we send a message to
students that they are important skills to
learn.

For students to improve their design
skills, their preparation, and their delivery
of oral reports and presentations, they
must have the opportunity to learn these
skills, as well as the opportunity to receive
feedback from assessment. We can use this
assessment format to involve students in
peer teaching, where “experts” help and as-
sist “novices” in preparing oral reports, and
to emphasize interpersonal skills, such as
sharing, critiquing, and collaborating. This
assessment format encourages students to
reflect and think about their learning, and
challenges them to solve problems, organ-
ize their materials, and synthesize their
ideas into a coherent whole.

Interviews and Conferences

In the previous section, we suggested that,
as an offshoot to the oral presentation for-
mat, students can interview peers who
have “expert” knowledge in a particular
skill or domain. In the interview assess-
ment format, the teacher interviews stu-

dents, focusing on conceptual change and
misconceptions. We recommend this alter-
native assessment format for diagnostic
and formative purposes. Teachers can fol-
low the suggestions outlined below for
conducting successful interviews.

* Prepare questions before the inter-
view or conference with a clear idea
of what you wish to discuss about
conceptual change and misconcep-
tions.

» Be clear to students about the rea-
son for and use of information from
the interview or conference.

« Allocate an appropriate amount of
uninterrupted time.

* Be nonjudgmental, and listen care-
fully to student answers to the in-
terview questions.

* Probe the student’s knowledge with
additional questions when their re-
sponses need clarification.

Interviews and conferences can be a pow-
erful form of alternative assessment, one
that provides a window into student
achievement. Teachers must be able to
clearly articulate the purposes and expec-
tations of the interview or conference, and
invite students to participate in their own
assessment.

Yet, it may not be appropriate or de-
sirable for every student to participate in
an interview or conference format. As in-
terview formats are appropriate for assess-
ing speaking and listening skills, they lend
themselves well to both Limited English
Proficiency students and students who
prefer to explain their ideas and demon-
strate their understanding under condi-
tions where they are able to ask questions
for clarification. This isn't always possible
using paper-and-pencil formats. Apply the
old adage “different strokes for different
folks” when making decisions about which
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students would benefit from this alterna-
tive (and authentic) assessment format.

sible. Checklist forms can be maintained
and stored in student portfolios.

For the past several years, demonstrat-

Lab Skills Checklists

Checklists are an excellent way to rein-
force good laboratory techniques and to
embed assessment with instruction.
Checklists can be used during related in-
structional activities by teachers, students,
and peers. To keep the management of
checklist data as simple as possible, keep

the checklists themselves as simple as pos- skills.

ing a set of lab skills has constituted a re-
quirement for New York State science
students who are completing Regents biol-
ogy and physics courses. The first six skills
provided in Figure 3.17 must be success-
fully demonstrated before taking the final
exam in biology; the last ten are listed in
the biology syllabus as additional key

Student and teacher initial skills when successfully demonstrated.

1. Focus a compound light microscope. (low and high power)
Date Student Teacher

2. Prepare wet mounts and apply staining techniques.
Date Student Teacher

3. Identify cell parts under the compound light microscope.
Date Student Teacher

4. Select and read instruments used for measurement.
Date Student Teacher

5. Dissect plant and animal specimens.
Date Student Teacher

6. Demonstrate safety skills.
Date Student Teacher

7. Formulate a question or define a problem and develop a
hypothesis to be tested in an investigation.
Date Student Teacher

8. Given a laboratory problem, select suitable lab materials,
safety equipment, and appropriate observation methods.
Date Student Teacher

9. Distinguish between controls and variables in an
experiment.
Date Student Teacher

10. Determine the size of microscopic specimens in
micrometers (microns).
Date Student Teacher

11.Use and interpret indicators such as pH paper, Benedict’s
reagent, iodine (Lugol’s) solution, and bromthymol blue.
Date Student Teacher

12.Collect, organize, and graph data.
Date Student Teacher

13.Make inferences and predictions based upon data
collected and observed.
Date Student Teacher

14.Formulate generalizations or conclusions of the
investigation.
Date Student Teacher

15. Assess the limitations and assumptions of the experiment.
Date Student Teacher

16. Determine the accuracy and repeatability of the
experimental data and observations.
Date Student Teacher
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Figure 3.17: High
School Biology
Laboratory Skills
Checklist. New York
State Education
Department, 1984.
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While there are performance tests 3.17, the Earth science lab skills checklist

with the Regents Earth science course has added space to indicate the level of the
and, at grade 4, as part of the Elementary skill demonstrated: Needs Improvement,
Science Program Evaluation Test (ESPET) Proficient, and Exemplary. This checklist
(NYSED 1992a, 1992b), checklists are can be used over a semester or year to

also a useful assessment format because monitor a student’s improvement in indi-

they provide an early diagnosis of student vidual skills.
achievement. Figure 3.18 includes many
of the skills important for laboratory work
in Earth science. In contrast with the biol-
ogy lab skills checklist provided in Figure

Figure 3.19 (page 49) illustrates a
possible checklist that can be used to
monitor the development of inquiry skills
for K-4 students (the skills are assessed as

Figure 3.18: Earth
Science—Checklist for

Earth Science Lab Skills

Laboratory Skills. New Enter the date when a new level of skill is demonstrated.
York State Education
Department, 1992. 1. Measures angles and distances on flat and curved surfaces.
Level: Needs Improvement Proficient Exemplary

2. Classifies rock samples as being igneous, sedimentary, or metamorphic, and gives evidence to
support that classification.
Level: Needs Improvement Proficient Exemplary

3. Uses a key to identify samples of Earth materials based on observed characteristics.
Level: Needs Improvement Proficient Exemplary

4. Determines the density of samples of Earth materials by measuring mass and volume.
Level:  Needs Improvement Proficient Exemplary

5. Measures the rate of movement of an object.
Level: Needs Improvement Proficient Exemplary

6. Quantifies observations within the accuracy and precision of measuring devices.
Level: Needs Improvement Proficient Exemplary

7. Constructs an appropriate graph according to accepted conventions.
Level: Needs Improvement Proficient Exemplary

8. Interprets data from a graph including interpolation and extrapolation.
Level: Needs Improvement Proficient Exemplary

9. Gathers original weather data and predicts short-term weather conditions based on those data.
Level: Needs Improvement Proficient Exemplary

10. Creates and interprets models of Earth features and phenomena including drawing an isoline
intensity map.
Level: Needs Improvement Proficient Exemplary

11. Demonstrates the application of skills to study change over time in a long-term investigation.
Level: Needs Improvement Proficient Exemplary

12. Orients him- or herself in relationship to land features, the Sun, and other stars.
Level: Needs Improvement Proficient Exemplary

13. Identifies and describes how a current event from the field of the Earth sciences has an economic
or social impact on his or her life.
Level: Needs Improvement Proficient Exemplary
. ______________________________________________________________________________________________________________________________________|
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part of a statewide test administered to all
grade 4 students). A teacher might also
use the checklist to indicate the topic or
context in which each skill was demon-
strated.

Since grade 8 is becoming the final
grade for many middle school programs,
we provide a possible lab skills checklist
for that level. Figure 3.20 (page 50) in-
cludes some laboratory skills specific to
life science, Earth science, and physical
science appropriate to the middle school
level, and some inquiry skills that apply
across all content areas. This middle-level
skills checklist illustrates another format
for observing and assessing student dem-
onstration of science skills. Here the
teacher indicates the date at which the
skill is observed in a context, whether it is
performed in a standard laboratory or
similar situation, or if it has been adapted
to a novel situation.

These checklists should be treated as a
resource of ideas. They can easily be
adapted or modified by including addi-
tional skills or tailoring them to fit a spe-
cific science assessment task. The kind and
method of information collected can be
shifted from one checklist to another to
reflect the nature of instruction related to
these process skills.

Self, Pair, and Peer
Evaluations

Over the course of a school semester or
year, the overwhelming majority of labora-
tory and field experiences are conducted
by students working as part of a lab team
or a group of two or more. The assessment
program should match the instructional
program for student group work. This
provides a particular advantage when a
manipulative skills task requires students
to use more than two hands or eyes. Dur-

CHAPTER 3: ALTERNATIVE ASSESSMENT FORMATS

Inquiry Skills—Elementary Science
Enter the date when each level is demonstrated.

1. Measures the mass of objects.

Needs improvement Met the standard

2. Measures the volume of objects.

Needs improvement Met the standard

3. Measures the length of objects.

Needs improvement Met the standard

4. Measures the temperature of objects.

Needs improvement Met the standard

5. Observes and describes living and nonliving objects.
Needs improvement Met the standard

6. Predicts events based on observations and content background.
Needs improvement Met the standard

7. Collects and records data from simple measurements and observations.
Needs improvement Met the standard

8. Interprets and creates classification systems.
Needs improvement Met the standard

9. States accurate inferences based on observations and content background.
Needs improvement Met the standard

10. Applies math skills to science problems.

Needs improvement Met the standard

11. Interprets data from graphs, charts, and tables.
Needs improvement Met the standard

12. Identifies variables that influence phenomena and organisms.
Needs improvement Met the standard

13. Formulates hypothesis/research question.

Needs improvement Met the standard

14. States conclusions and generalizations consistent with observations and
content background.

Needs improvement Met the standard

15. Presents findings and relationships using data tables, graphs, or models.
Needs improvement Met the standard

Figure 3.19: Elementary
Inquiry Skills Checklist.
Reynolds, et al., 1996.
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Lab Skills Questions—Middle Level
Place the date in the blank when the skill was observed in a specific context.

1. Measures time, temperature, and linear dimensions (length, area, and volume).
Developed in Lab Applied in a similar situation Adapted to a novel situation

2. Observes changes in objects, organisms, or phenomena, using appropriate tools: hand lens, binoculars, etc.
Developed in Lab Applied in a similar situation Adapted to a novel situation

3. Sorts objects and organisms into groups, with at least three levels of grouping.
Developed in Lab Applied in a similar situation Adapted to a novel situation

4. Uses a dichotomous key to identify organisms.
Developed in Lab Applied in a similar situation Adapted to a novel situation

5. Determines densities of solid objects, by measuring mass and volume.
Developed in Lab Applied in a similar situation Adapted to a novel situation

6. Determines the pH of solutions, using litmus paper and/or phenolphthalein.
Developed in Lab Applied in a similar situation Adapted to a novel situation

7. Determines if material contains sugar, starch, and/or vitamin C, using available simple indicators.
Developed in Lab Applied in a similar situation Adapted to a novel situation

8. Identifyies mineral samples, by observing key physical characteristics.
Developed in Lab Applied in a similar situation Adapted to a novel situation

9. Uses topographic maps and compasses to find and describe physical features.
Developed in Lab Applied in a similar situation Adapted to a novel situation

10. Uses weather maps and information to interpret current conditions and predict future trends.
Developed in Lab Applied in a similar situation Adapted to a novel situation

11. Designs a controlled experiment, to include hypothesis, observation (measurement) procedures, and limitations.
Developed in Lab Applied in a similar situation Adapted to a novel situation

12. Records results and observations in a table or chart that is logically labeled and organized.
Developed in Lab Applied in a similar situation Adapted to a novel situation

13. Presents an accurate summary of data and/or observations.
Developed in Lab Applied in a similar situation Adapted to a novel situation

14. Constructs graphs with appropriate title, scale, labels, and units on the axis.
Developed in Lab Applied in a similar situation Adapted to a novel situation

15. States relationships (qualitative and quantitative), based on data or observations.
Developed in Lab Applied in a similar situation Adapted to a novel situation

16. Interprets data presented in graphs, tables, and diagrams.
Developed in Lab Applied in a similar situation Adapted to a novel situation

17. States conclusions based on experimental results, with appropriate accuracy.
Developed in Lab Applied in a similar situation Adapted to a novel situation

Figure 3.20: Middle
Level Lab Skills
Checklist. Reynolds, et
al., 1996.
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ing a lab investigation that is part of an
instructional program, we expect students
to provide input to the solution of the lab
problem as a member of a group, to be re-
ceptive to the ideas provided by their part-
ners, and to learn from their partners.
These same behaviors can be motivators
for students during an assessment task, if
the students are provided the opportunity
of working together.

There are at least two fundamental
questions to be considered and addressed
before using this assessment format
(Reynolds, et al. 1996). The first deals
with the style of the response sheet, and
the other addresses how students are to be
grouped.

How should student response sheets
be constructed? The primary purpose of
the assessment, whether it is high stakes
or low stakes, will dictate an appropriate
style for student responses. High-stakes
tests are those that determine if an indi-
vidual will pass or fail a course of study, if
a graduation requirement will be satisfied,
or if an honor will be awarded. Low-stakes
tests are those in which student results will
be used primarily for purposes such as
program evaluation, student diagnostics
(i.e., pretesting for the prescription of in-
dividual or remedial assistance), or as one
small part of a much larger grading for-
mula.

There are, basically, four methods that
can be used, depending on the purpose for
which the assessment has been designed
(Reynolds, et al. 1996).

1. Provide the group with a set of di-
rections, or one for each group
member, of what is to be accom-
plished in the assessment task. As
a group, the students will conduct
the task, discuss it in detail, and
complete a single, final group re-
port that includes the necessary
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data tables, charts, narrative, and
conclusions. There should be only
one final response sheet or form
from the group. The grade on this
final report is the grade shared by
each group member. This style is
useful for low-stakes testing only.

2. Follow the same procedures as de-
scribed above, but modify the re-
porting so that each group
member can either accept the re-
sults of the group report or submit
an addendum providing different
or alternative analyses or informa-
tion. This “minority report” can be
graded separately from the final,
group report. This style is useful
for both low- and high-stakes
testing.

3. As described above, students con-
duct the investigation as a group
and discuss it in detail. Following
their discussion, separate the stu-
dents and have them develop their
own, individual reports without
any further assistance from the
original groups. Each student’s fi-
nal grade depends solely on his or
her individual reports. This style is
useful for both low- and high-
stakes testing.

4. As described above, students con-
duct the investigation as a group
but keep their own, individual data
records. Without the benefit of
detailed group discussion of the
investigation, separate the students
from the group and have them
complete their own reports. This
style is useful for both low- and
high-stakes testing.

How should students be grouped?
Several approaches can be used for test

partnerships, such as pairs or small groups.

One way is to have students stay in their
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regular lab groups (i.e., those in which
they have already been working during in-
struction). Another way is to rank the stu-
dents in a hierarchical order, such as from
highest to lowest in terms of achievement.
Then you can form the student groups by
putting similarly ranked students together
in groups. This grouping method provides
a good indication of how a particular indi-
vidual would have performed while work-
ing alone.

It has been suggested that student
pairs or groups should be made up of both
high- and low-ranking students. The
structure or make-up of small groups is
crucial to successful group work and coop-
erative learning. Small groups can be
structured based on interests and ability.
Groups tend to work best when teachers
do the following (Slavin 1990):

 Ensure group members are hetero-
geneous. Use prior achievement as a
means of groups being made up of
high, medium, and low achievers.

 Ensure the task requires individual
accountability, where each group
member has an assigned task or
role.

 Ensure there is a group goal. In as-
sessment tasks, the successful
completion of an investigation is an
example of a group goal.

» Make group constitutions flexible.
Students want to work with friends,
so explain that group make-up will
change from task to task.

e Teach students how to work in
groups and make certain that expec-
tations are clear.

* Establish clear criteria for success.
In some cases, small groups can
complete an investigation while
each group member turns in his or
her own report. Or, in some cases,
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one report can represent the group’s
work.

In grouping students for either instruc-
tional purposes, such as lab groups, or as
assessment partners, care must be taken to
ensure that each individual within a group
shares equally in each of the steps that
make up a learning experience (Reynolds,
et al. 1996). Guard against students as-
suming overly dominant or submissive
roles, and structure the groups as equitably
as possible to avoid biases, such as might
arise from unequal gender distribution. In
some situations, initial groupings may
need to be reformed if imbalances or in-
equalities become evident, even if the end
result is that some groups are all-male and
others are all-female. It is important for
the teacher to assess by observing group
dynamics and student participation in this
style of testing. Assessment by observation
should be ongoing during the course of
the experience to provide support for a
student’s final “class participation” grade.

Much can be assessed about students’
understanding of a laboratory or field in-
vestigation by providing individuals with
the opportunity to evaluate other students’
work, or peer review. If students have a
good understanding of an investigation,
they should be able to review other reports
and easily critique the strengths and weak-
nesses in the procedures used, the data
gathered and tabulated, and the conclu-
sions drawn.

However, first students need to expe-
rience the lab or field investigation, par-
ticularly if it is very sophisticated, and
learn the underlying content and skills as-
sociated with it. This is achieved by hav-
ing students conduct the investigation,
discuss it with their lab partners, write
their own lab or field reports, get feedback
from their teacher on their report, and dis-
cuss the results with their classmates.
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About two or three weeks after stu-
dents have had the above learning experi-
ences, an assessment task can be assigned
based on a fictitious student’s lab/field re-
port, one that has been carefully developed
with specific features the teacher wants to
present. It might also take the form of a
report by a previous year's anonymous stu-
dent. The assignment can then be for each
student to complete an evaluation of the
fictitious lab/field report, identifying its
strengths and weaknesses (Reynolds, et al.
1996).

Technological Applications

The application of technologies to science
assessment, such as using computer, audio,
and video equipment has great potential in
the future development of alternative as-
sessment formats. We will focus on the
application of using computers in alterna-
tive assessment.

Computers are presently used in
multiple-choice testing for scoring student
responses and analyzing student achieve-
ment. In some cases, students complete a
multiple-choice assessment on the com-
puter, as opposed to using a paper-and-
pencil format. There is very little difference
between these two approaches as the
assessment is the same, and both formats
assess low-level recall of knowledge. Alter-
native assessment formats demand that our
assessments move away from this approach.

An appropriate use of computer tech-
nology as an alternative assessment format
suggests the use of computer simulations
of “real-world” experiences where students
can solve problems. Graphic software pro-
vides the means for students to construct
molecules, rotate molecular structures, and
calculate molecular weights of molecules.
Also, computers offer the promise of
tracking students’ responses as they
progress through an assessment. This al-
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lows teachers and students an additional
window into student learning and achieve-
ment by monitoring pathways to solution
of problems.

While computers are presently used as
an information management tool, they
also hold promise as an alternative assess-
ment format. Computer software contin-
ues to provide more sophisticated, graphic,
and interactive programs allowing students
to experience simulations of science ex-
periments that could never before be con-
ducted in a high school science laboratory.
For example, simulations of dissections
can provide an alternative assessment task
that could not be done using live speci-
mens in the laboratory.

As our use of computers grows, both in
and beyond the classroom, educators need
to address issues of gender equity, validity,
and fairness. As educators, we must provide
all students with the opportunity to learn
how to use computer technology, as op-
posed to merely learning how it works.

Teacher-Directed
Assessment Formats

Despite the value of student-directed in-
struction, there are still times when
teacher-directed approaches are useful.
Quite often, they place fewer demands on
equipment, materials, and other resources.
Examples of teacher-directed assessments
formats follow.

Demonstrations

In performance testing, it is desirable to
have students engage in authentic assess-
ment tasks in which they manipulate
equipment and materials to collect their
own data. This is consistent with the spirit
of having the assessment program match
the instructional program as closely as
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possible. If students are engaged in lab/

field experiences as part of their instruc-
tional program, they should be provided
with these kinds of opportunities as part
of their assessment program as well.

Due to constraints such as time,
space, equipment, and safety, however,
performance tasks may occasionally be re-
placed with a paper-and-pencil assessment
task in which the teacher provides
“canned” data rather than having students
collect their own. While this approach
does have merit—particularly if students
have already had hands-on experiences
collecting similar data—it falls far short of
the spirit of having the assessment pro-
gram reflect the complete instructional
program.

A compromise is to have the teacher
or student conduct/demonstrate an “as-
sessment lab” in front of the whole class,
with the actual lab setup located where
real data are collected. Those data are then
used by the individual students, or lab
partners, in completing the assessment
task. This technique of using the teacher
demonstration as part of the assessment
task has advantages and disadvantages

Data Provided
(Canned Data)

Setup time Least
Time to conduct Least
Safety Least conc
Amount of equipment Least
Amount of space Least
Scoring Easiest
Cost Least
Standardization Most
Reliability Most
Student interest Low

Figure 3.21: Advantages and
Disadvantages of Alternative
Assessment Techniques.
Reynolds, et al., 1996
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Teacher Student
Demonstration Hands-on
Modest Most
Modest Most
ern Modest concern Most concern
Modest Most
Modest Most
Modest Hardest
Modest Most
Modest Least
Modest Least
Modest High

when compared to using either the “stu-
dent hands-on” or “canned data” strategy.
Figure 3.21 provides some of these advan-
tages and disadvantages.

Group Visuals

Group visuals that provide large, easily
seen images (i.e., slides, videodisks, over-
head transparencies, and videotapes) can
be a source of useful prompts for assess-
ment tasks. This kind of visual image can
be presented to an entire class and used in
assessing student observation and analysis
skills. Group visuals can also be used to
present authentic, “real-world” situations
to students, as well as to provide prompts
for classroom, group, or individual activi-
ties that can then be used to review, re-
fresh, or prepare for further activities.
Actual images of locations and situations
beyond the classroom give students more
of an understanding of reality than do
simple line drawings.

Group visuals can provide quick as-
sessment through a guided or unguided
practice activity at either the beginning or
end of a class period. This is a good way
to keep students focused on the topic at
hand, and can provide ready input for as-
sessing the effectiveness of your own in-
struction. Low costs and ease of
reproduction make some of these group
visual materials readily available. Depend-
ing upon your access to technology, some
of these media may prove very time and
cost effective.

Conclusion

This chapter presented a variety of assess-
ment formats that are more student-cen-
tered and authentic than most traditional
assessments. These formats are significant
because they are in keeping with the
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changes suggested by current science edu-
cation reform documents. Changes in cur-
ricular goals and educational strategies
need to be accomplished in tandem with
changes in assessment techniques.

The alternative assessment formats
are designed to:

 promote student learning and
growth,

* make subject matter interesting and
relevant, and

* provide a means for students to
demonstrate their problem-solving
and higher-level thinking skills.

The set of assessments provided in
this chapter is by no means exhaustive, but
does establish a basis on which teachers
may begin the task of developing their
own assessment strategies and formats.
We consider this very much a “work in
progress,” and encourage you to revise and
modify the assessments presented here as
you see fit.
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CHAPTER 4

Figure 4.1: Overlap of
Assessment and
Evaluation.

ASSESSMENT

Consists of Tests
Questionnaires
Observation

Conducted by Teacher
District/State
Project

Focused on Cognitive
Affective
Laboratory Skills

Collecting information via
various formats and modes
(quantitative and qualitative)

and for various purposes
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Using Performance Assessment

Results

Assessment and
Evaluation

Many teachers treat assessment and evalu-
ation as the same thing, largely because
they are indeed strongly linked. Assess-
ment is the process of collecting qualita-
tive and quantitative information about
student achievement and the quality of the
science program. On the other hand,
evaluation is the process of making judg-
ments about student achievement based
on the information collected from the as-
sessments. Assessment data is then com-
pared to established criteria and standards.
Figure 4.1 depicts ways in which assess-
ment and evaluation overlap and interface
in the implementation of high-quality sci-
ence programs.

\

EVALUATION

Of Students
Curriculum
Instructional Materials

For Teacher
District/State
Project

Based on Goals/Objectives
Expectations
Experience

Making decisions and
judgments based on
information collected and
assumed or established criteria

Many examples of assessments are il-
lustrated in Chapters 2 and 3, with many
more examples in the chapters that focus
on particular science disciplines (beginning
on page 84). Examples of evaluation state-
ments are:

 Joan was successful on the as-
tronomy unit.

* Frank failed the biology course.

e The chromatography lab improved
students’ ability to interpret data.

* The chemistry course was ineffec-
tive in developing students’ ability
to design experiments.

» The school’s elementary science
program improved students’ classi-
fying skills.

» The middle school science program
was ineffective in improving stu-
dents’ understanding of Earth sci-
ence concepts.

These statements place a judgment or value
on student achievement or program quality.

Norm- and Criterion-
Referenced
Evaluations

Each of the above statements is based on
assessment information, and takes the form
of a statement about the expected perfor-
mance (criteria). These criteria can be based
on comparing the performance and
achievement of groups of students, courses,
or programs with the performance and
achievement of a “normed” group. These
are quite familiar to most science teachers.
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* You've scored in the 90th percentile
(meaning you were better than 90
percent of your classmates or some
cohort group).

* Your score was “below average”
(meaning the number of points you
earned on your test was below the
average or mean score).

The other primary basis for evaluation
is called “criterion-referenced,” and ex-
amples of these usually include some form
of mastery system. A common example
defines mastery as correct answers (or suc-
cessful performance) on 75 percent (or 80
percent) of items or tasks based on some
set of concepts or skills. Whether a stu-
dent is judged to have mastered (or
passed) a given course or unit is based on
how well the student’s performance com-
pares to a pre-established standard, not to
some group of cohorts. Such evaluations,
or comparisons, are believed to encourage
cooperation and group work, rather than
individualistic competition.

In other words, in a criterion-refer-
enced system, you measure each student’s
performance against some previously estab-
lished standard or criterion. Each student
will be “successful” or have “mastered” a
particular unit of instruction once he or she
demonstrates the skill or knowledge objec-
tives. For effective use, this system requires
a clear, understandable description of the
content or skill outcome.

Once you have collected a set of as-
sessment data, you can begin to evaluate it
in a number of different ways. Criterion-
referenced and norm-referenced systems
are two dramatically different ways of
evaluating data. Assessment and evalua-
tion have traditionally focused on ranking
or rating student achievement by compar-
ing their achievement to their peers or a
normed group. This approach remains an
important technique for monitoring stu-

CHAPTER 4: USING PERFORMANCE ASSESSMENT RESULTS

dent learning, and for providing informa-
tion for placing students in academic and
employment situations. In norm-refer-
enced assessment, the frame of reference
commonly used as a standard is the
achievement of a norming group. With
standardized tests, a random sample of
students is selected from a national or
state population to determine the norm.
Classroom teachers develop their own
tests using a single class or a group of
classes under a teacher’s direction to ob-
tain a “norm.” In addition, school districts
use groups of classes from multiple schools
to develop norms. The performance of in-
dividual students is then compared to the
performance or achievement of their peers
using the results of the normed group.

The interpretations and decisions
based on a “normed” group are based on
the traditional construct of intelligence,
and use a “normal” or bell-shaped curve.
Based on these assumptions, 50 percent of
scores fall above the mean score, and 50
percent of scores fall below the mean
score. Taking the argument a step further,
if a single class is used as the norming
group, half of the students in a sample or
class will fail and half will pass, using the
mean as a cut-off score to indicate success
(Gipps 1995).

The National Science Education Stan-
dards (NRC 1996) call for a shift away
from norm-referenced assessment, as is
suggested in Figure 4.2 (page 60). The
National Standards delineate what students
must know and be able to do as part of a
high-quality instructional program. As a re-
sult, student achievement and performance
can then be evaluated in relation to estab-
lished criteria rather than norms. This kind
of criterion-referenced assessment (also
called domain-referenced) suggests that
whenever a student demonstrates mastery
of the content and skills being assessed,
then that student is judged as successful.
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Future assessment should go beyond norm-referenced assessment to provide
information on curriculum validity and program effectiveness. One example is New
York State’s Elementary Science Program Evaluation Test (ESPET), which is
comprised of several tests for students to both demonstrate their competencies and
provide information on improving the science programs.

As part of ESPET, students respond to a multiple-choice achievement test, a
manipulative skills test, a science attitude questionnaire, and a program
environment questionnaire. This set of assessment instruments measures
outcomes in the cognitive, affective, and laboratory skills domains. Teachers,
administrators, and parents also complete program environment questionnaires.

The design of the program environment questionnaires is based on a model
that incorporates various factors that make up and influence New York State’s
science instruction program. Administrators and others can use data from
ESPET to make policy decisions about revising the state’s science programs, and
also to monitor the allocation of resources to implement new school plans or
district science programs. Classroom teachers are involved in all stages of writing
and piloting the assessment instruments, as well as in scoring the ESPET
assessments.
|

Figure 4.2: Beyond
Norm-Referenced
Assessment. Reynolds,

etal., 1996. This interpretation ensures that all students

can succeed once they have met the criteria
for success, and is in keeping with the prin-
ciple that all students can learn.

Using Assessment
Data

From the perspective of students and
teachers, we are most familiar with using
assessments to determine student achieve-
ment on a unit or course, and whether we
are going to move on to the next unit or
course in our sequence of instruction. Such
evaluations are called “summative,” as they
are a summary of student achievement after
the completion of a theme or unit of in-
struction. The vast majority of assessment
data is used for making post-instruction

summative evaluations or decisions.

Figure 4.3: Scoring
Rubric for a Written

Report.

Complete and well detailed 5 points
Complete, but with errors or omissions 4 points
Accurate procedure and observation, but inaccurate conclusions 3 points
Many inaccuracies in each section 2 points
Minimal description of procedure and observations 1 point
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However, assessment can also be used
before or at the beginning of a unit or
course. These assessments usually take the
form of a pretest or prior knowledge sur-
vey, and serve a diagnostic function. You
can use such assessment data to determine
students’ readiness for a given unit or
course. Some students may need some re-
medial instruction or additional practice
on some skills, while others may easily
skip this unit and move on to the next
unit of study. Such assessments are very
useful to both students and teachers for
improving instruction and promoting stu-
dent learning.

Every one of us collects information
(assessing) while we are teaching. We do
this by listening to students’ answers, ob-
serving their laboratory performance, ob-
serving cooperation and interaction
between pairs of students and students in
small groups, and noting who is not in-
volved in the classroom. We are literally
“walking, talking assessment machines.”
Much of this assessment happens infor-
mally. We use this informal assessment
data, plus data from more formal quizzes
and checklists, to modify our instruction
and improve student learning. These
evaluations are called formative, because
students’ understandings are in the process
of being built or formed.

Scoring Performance
Assessment

With performance assessments, there is no
answer key as there is with true/false, mul-
tiple-choice, or matching items. The
analogous procedure for scoring perfor-
mance assessments is the “scoring rubric.”
A rubric is a detailed description of pos-
sible answers and associated point values
or ratings. For example, rubrics used for
writing tasks are often general, with four
or five ratings or point values. Figure 4.3
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illustrates a general scoring rubric for a
written report.

When the major focus of the assess-
ment is conceptual understanding, we de-

velop more detailed scoring rubrics. Figure
4.4 is an example of a scoring rubric for an
assessment on the density of a sinker.

Scoring rubrics can be classified as
holistic, primary trait, or analytical scoring

Question 1. Mass of the Sinker

Criteria:
e Teacher determined mass: grams

Maximum Score: 10 points

2 Points Total

e Allow 1 point for mass within the acceptable ranges.
— triple-beam or double-pan balance = accuracy of +/- 1.0 grams

— spring scale = accuracy of +/-3.0 grams
e Allow 1 point for labeling the units as grams.

Question 2. Procedure for Volume

Criteria:
e Response should include:
—Put sinker into graduated cylinder.
—NMeasure initial and final volumes.

—Difference is the volume of the sinker.

2 Points Total

e Allow 2 points if all three elements are included.
e Allow 1 point if two elements are included or if student writes “water displacement method.”

*** Points are based on the procedure, not the actual value for the volume of

the sinker. ***

Question 3. Volume of the Sinker
Criteria:

e Teacher determined volume:

2 Points Total

milliliters

e Allow 1 point for volume within the acceptable range.

—accurate to +/- 1.0 milliliters

e Allow 1 point for labeling the units as milliliters.

Question 4. Density of the Sinker

Criteria:

3 Points Total

« Density calculation is based upon the student’s values of mass and volume.

e Allow 1 point for density within the acceptable range.

—accurate to +/- 1.0 g/ml

e Allow 1 point for labeling units as g/ml.

e Allow 1 point for correct substitution of the student’s values into the

density formula.

Question 5. Density of Half the Sinker

Criteria:

1 Point Total

e Allow 1 point for a statement indicating that the density of half the
sinker is the same as the whole sinker, because density is not related to size of sample.
. ______________________________________________________________________________________________________________|
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Figure 4.4: Density of a
Sinker Scoring Rubric.
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Figure 4.5: Primary Trait
Scoring Rubrics For
Laboratory Reports.
Adapted from Tamir, et
al., 1982.

PAGE 62

rubrics. Whichever kind of rubric is used,
the focus is on student performance in a
series of individual skills or categories of
skills. The rubrics can be presented to the
class, and even posted in the classroom, so
students clearly understand what is ex-
pected of them. Such detailed, specific
feedback on performance is a crucial step
toward encouraging students to self-assess
their own performance and achievement.

A holistic rubric is designed to be
used with one reading of a report or as a
response for a “first impression” of the
work. Figure 4.3 is an example of a holis-
tic rubric, which is appropriate for evaluat-
ing written lab reports. A holistic rubric
provides a quick overall impression of stu-
dent achievement or performance, but
provides little feedback to students for ar-
eas of improvement.

. Planning:

« Able to present a perceptive plan for
investigation. Plan is clear, concise, and
complete. Able to critically discuss plan
for experiment. 5

e Well-presented plan, but needs
some modification. Understands overall
approach to problems. 4
¢ Plan is O.K., but some help is needed.
Not a very critical approach to problem. 3
e Poor, ineffective plan needing
considerable modification. Does not
consider important constraints and

variables. 2
e Little idea of how to tackle the problem.

Much help needed. 1
1l. Performance:

e Student consistently and independently
makes observations and measurements
with correct tools and with appropriate
precision and units. 5

e Student often observes and measures
accordingly, but seldom relates the
appropriate precision for instrument
being used. 4

e Student usually observes and measures
correctly when provided some directions. 3

e Student is able to observe and measure
only when provided explicit directions
and guidelines. 2

e Student inconsistently and inaccurately
measures, even when given specific
instructions. 1

I11. Analysis:

e Student consistently and accurately
summarizes observations and data.
Cites appropriate relationships and
generalizations with necessary
limitations and assumptions. 5

e Student is able to interpret data

collected and present reasonable

conclusions, but is unaware of

limitations and constraints. 4
e Student is able to summarize and

organize observations and data, but

is unable to formulate meaningful

generalizations. 3
e Student is able to organize data only

when provided explicit directions, and

can only answer specific, narrow

questions about conclusions. 2
e Student is unable to go beyond the

data collected. 1
1V. Application:

e Student routinely relates conclusions
from present activity to underlying
themes or models, suggests appropriate
applications, and proposes further
related work. 5

e Student connects findings to prior work
and cites viable uses or applications, but
is not able to extend to new areas. 4

e Student relates conclusions only to very
similar work, and proposed applications
are closely related to their work. 3

e Student is only able to relate work to
other examples and contexts when
questioned specifically. 2
» Student is unable to apply, extend,

or relate findings to other work or
situations. 1
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A primary trait rubric focuses only on
one or two important characteristics of a
report or response. For example, depend-
ing on the emphasis of experiments, you
can vary the trait assessed over a sample of
laboratory reports. Figure 4.5 (page 62)
provides sample scoring criteria for assess-
ing a variety of science laboratory skills. 1t
is adapted from the Practical Tests Assess-
ment Inventory (Tamir, et al. 1982) and
provides examples of several skills, with
key elements of each, to be used as pri-
mary trait rubrics. Any one of the parts
shown in Figure 4.5 (i.e., I, I1, I11, or IV)
can be used as a source for a primary trait
rubric.

An analytical rubric is a comprehen-
sive evaluation examining the relevant
content and science process skills, as well
as communication skills, of an assessment
task. Characteristics of an analytical rubric
may be listed in tabular form for ease of
scoring. Figure 4.6 (right) depicts an ana-
lytical rubric for science laboratory reports.

Figure 4.7 (page 64) depicts a scoring
rubric for scientific investigations. The
scoring rubric is organized by Part A (with
three specific skills) and Part B (with four
specific skills). These skills reflect the tasks
a student or scientist performs while con-
ducting an investigation. The Part A and
Part B labels can be eliminated when stu-
dents are proficient enough in their plan-
ning efforts to produce a safe, workable
design of an investigation.

Each of the seven skills on this scor-
ing rubric consists of five specific ele-
ments. A student must give an answer that
includes all the elements in order to obtain
a perfect score on a given skill. For ex-
ample, a well-phrased hypothesis for the
chemistry task, “Reaction Rates,” provided
in Chapter 6 (page 167), is: “Reaction
rates vary directly with increasing tem-
perature.” Although this is a brief sen-

CHAPTER 4:

INQUIRY SKILLS

I. Planning

1. identifies a problem or question
to investigate

2. formulates hypothesis

3. explains or refers to experimental
design

4. plans appropriate controls

I1. Performance

1. demonstrates knowledge of
technique

2. describes and observes accurately
and completely

3. demonstrates quantitative
measurement

4. identifies dependent and
independent variables

I11. Analysis

1. appropriately interprets
observed data

2. correctly interprets observed
data

shows qualitative relationships
shows quantitative relationships
analyzes accuracy of data

suggests limitations or assumptions
affecting data

7. proposes a generalization or model
8. draws conclusions

o ok~ w

1V. Application
1. integrates prior knowledge
2. suggests original hypothesis
3. suggests contemporary application

Acceptable

Not Does Not
Acceptable  Apply

tence, it includes each of the five items
listed under the Statement of Hypothesis
section.

The specific elements are listed in a
“bottom-up,” pyramid fashion, with the
most basic items at the bottom and those
required for a complete and excellent an-
swer toward the top. For example, a hy-
pothesis written on a very basic level
would be a statement that merely included
descriptions of the dependent and inde-

USING PERFORMANCE ASSESSMENT RESULTS

Figure 4.6: Analytical
Rubric For Revising and
Evaluating a Science
Laboratory Report—
Inquiry and Writing
Skills. New York State
Education Department,
1984.
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Figure 4.7: Scoring
Rubric for Scientific
Investigations. Adapted
from Doran, et al., 1995.

Science Lab Assessment Scoring Form

1. Please circle the NA code if a skill is not assessed in a particular area.
2. The NR code is to be circled when no attempt to respond to the question is

apparent.

3. You may check each element present and sum up to determine a student’s

score for each skill.

4. There is no need to determine a total score for a student.

Part A: Experiment Design

1. Statement of Hypothesis
» Effect linked to variable
« Directionality of effect
 Expected effect/change
* Independent variable
 Dependent variable

2. Procedure for Investigation
* Resolved experimental problem/feasible
* Sequenced and detailed plan
 General strategy
« Safety procedures
« Use of equipment/diagram or set-up

3. Plan to Record and Organize
Observations/Data

* Space for measured/calculated area
» Matched to plan

« Organized sequentially

* Labelled fully (units included)

* Variables identified

Part B: Experiment Report
4. Quality of Observations/Data
* Consistent data
* Accurate measurements/observations
» Completed data table
* Correct units
* Qualitative description

5. Graph
* Curve is appropriate to data trend
* Points plotted accurately
 Appropriate scale (units included)
* Axes labelled with correct variables
 Has an appropriate title

PAGE 64

NR 012345 NA

NR 012 3 45 NA

NR 0123 45 NA

NR 0123 45 NA

NR 0123 45 NA

Figure continues on opposite page.

pendent variables, each earning one point.
Working toward the top of the pyramid, a
more complete hypothesis would include
all five elements. One such complete or
model response is illustrated in Figure 4.8
(page 65, bottom). For this chemical ki-
netics task, students are asked to generate
hypotheses that suggest possible relation-
ships among variables that affect reaction
rates.

The three hypotheses provided in
Figure 4.9 (page 66) were written by stu-
dents completing the kinetics task. Each
example includes the part of the student’s
response that relates to the hypothesis, and
the student’s words or phrases as they
match the five criteria for a hypothesis.

The first sample (student 001) was
judged to earn five points, the maximum
for this skill, because each of the criteria
was included in the student response. The
second sample (student 002) was incom-
plete, earning three out of five points.
Only the dependent variable, independent
variable, and the expected change or effect
were included in this student response.
The third sample (student 003) earned no
points, as this student response included
some relevant words but completely mis-
understood the relationship of variables af-
fecting reaction rates.

Students might not need to demon-
strate all the skills listed in each category
for some tasks. In these cases, you can use
the acronym NA (not applicable). Like-
wise, not all bulleted elements are required
in every task. For skills involving fewer
than five nonrequired elements, you can
use a “holistic” scoring approach so that
the remaining elements receive a total
value of five points.

For each skill in each task, we ana-
lyzed student responses to these lab as-
sessments to find elements present in
exemplary student work. Inclusion of
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these elements became the benchmarks for
the standard of excellence in the planning
and reporting of investigations. These ele-
ments are the five statements listed on the
scoring form (Figure 4.7) under each of
the seven skills.

The next level of specificity is called
the “Task Specific Scoring Criteria.” Fig-
ure 4.10 (page 67) provides an example of
task specific scoring criteria for the kinet-
ics task.

These are detailed descriptions of the
“bulleted” elements of each skill for a spe-
cific task. When a science department be-
gins this form of laboratory assessment,
teachers need to understand the challenges
of analyzing student responses. Some
teachers will want to produce even more
detailed descriptions for each task. These
detailed descriptions are crucial elements of
the workshops for preparing rating teams.

Scoring criteria are the descriptions of
acceptable answers for each question. These
criteria provide a critical guide as the scor-
ing process continues. During the training
of the raters, the exemplars (samples of
scored student answers) are also very help-
ful. Graders use these exemplars as “tem-
plates” for scoring actual student booklets.
Three levels of aid—answer sheets, criteria,
and exemplars—work best. The scoring ru-
bric for scientific investigations depicted in
Figure 4.7 can be used to collect points
earned for each question, along with stu-
dent names, identifying numbers, dates,
and so forth. This form may be stored in a
student’s folder or portfolio.

To help develop scoring rubrics, one
valuable tool is the Practical Tests Assess-
ment Inventory (PTAI) (Tamir, et al.
1982), already mentioned. The PTAI, de-
veloped in Israel in the 1980s, describes
21 specific skills students use as they con-
duct science investigations. Figure 4.11
(page 68) depicts the major categories of

CHAPTER 4:
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Figure 4.7 continued from previous page.
6. Calculations
* Calculated accurately
* Substituted correctly into relationship
* Relationship stated or implied
« Units used correctly
* Used all data available

NR 012 3 45 NA

7. Forms a Conclusion from the Experiment NR 012345 NA
* Consistent with scientific principle
* Sources of error
« Consistent with data
« Relationship among variables stated
* Variables stated in conclusion
. _______________________________________________________________________________________________|]

Figure 4.8: Model
Response—Keyed to
Criteria.

Expected
change

Dependent
variable

independent

variable \

Factors like Moncentration, or tempem

S surface area, concentration of

HCI, or temperature increases, the speed

of the reaction increases. Likewise, if each factor decreases,
the speed of reaction will also decreaJ\ere isa
( direct relationship between reaction rates and each of these factors.

Effect linked
to variable

Directionality
of effect
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Figure 4.9 Three
Student Hypotheses.
Doran, et al., 1993.
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STUDENT 001: Statement of Hypothesis

Criteria
Effect linked to variable

Directionality of effect
Expected effect/change

Independent variable
Dependent variable

Matching Student Response Score

Change in reaction rate linked to
variable (i.e., heat — speed up rate)
Heat may speed up, dilution may
slow down reaction rate
Speed up/slow down
Heat and dilution
Reaction rate

NR 012 3 4% NA
Student Response
When conducting a chemical
reaction, sometimes its rate
may need to be changed
in order to obtain the desired
effect. Heat may speed up a
reaction, and dilution may
slow down a reaction.

STUDENT 002: Statement of Hypothesis
Criteria Matching Student Response Score
Effect linked to variable Not stated NR 0 1 2@4 5 NA

Directionality of effect
Expected effect/change
Independent variable

Dependent variable

Not stated
Speeds up/slows down
Varying amounts of mass and
different setup
Reaction rate

Student Response
To figure a way of
speeding up/slowing down
a reaction with HCI and
Mg ribbon. By varying
amounts of each and
different setup, you can

do it.
STUDENT 003: Statement of Hypothesis
Criteria Matching Student Response Score
Effect linked to variable Not stated NR(D1 2345 NA
Directionality of effect Not stated Student Response
Expected effect/change Not stated Only an exact amount of heat

Independent variable
Dependent variable

Not identified
Not identified

along with minimal time could
produce a chemical reaction.
In other words, try to
come up with a reaction in
the smallest amount of time.

the PTAI (the four subheadings were
added by the current authors).

Each of these 21 science inquiry skills
has a rubric you can use as a starting
point. As you identify a skill that is needed
to address the questions in a task you are
assessing, take that skill and rubric from
the PTAI. This produces a set of indi-
vidual skill rubrics that together become a
rubric for a test.

NATIONAL SCIENCE TEACHERS

Figure 4.12 (page 69) provides an ex-
ample from the PTAI illustrating a rubric
for making graphs, possible student be-
haviors, and their respective point values.
Each category has different specific skills
appropriate to that category. The number
of possible points varies with the category.
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Part A : Experiment Design

. Statement of hypothesis
» Effect linked to variable -

 Directionality of effect -
» Expected effect/change -

* Independent variable -
» Dependent variable -

. Procedure for investigation

» Detailed procedure/ -
experimentally feasible

» Sequence to plan -

» General strategy -

 Safety procedures -
» Use of equipment/diagram

. Plan for recording and organizing
observations/data

» Space for manipulation of -
data or qualitative description

» Matched to plan -

» Organized sequentially -

 Labeled fully (units included) -

e Variables identified -

The relationship between the variables and the expected
effect is clearly and correctly defined (i.e., increasing surface
area increases reaction rate).

Rate increases or decreases.

Indicates that a change in rate will occur (uses words like
effect, change, speeds up, slows down).

Identifies temperature, surface area, or concentration here.
Identifies reaction rate here.

Procedure, sequence, and details (i.e., repeated trials)
validate the plan as experimentally feasible.

Steps are presented sequentially with adequate details
(i.e., includes temperatures, volumes, times, or units).

Strategy manipulates two independent variables
(temperature, surface area, or concentration).

Goggles essential, others acceptable.

Procedure suggests appropriate use of equipment
and materials.

Space is allowed for manipulation/calculation of measured
data or qualitative observation.

Plan records all observations and data necessary to
hypothesized experiment (i.e., concentration of HCI).
Plan is organized so that recording follows as data is
generated.

All columns and rows are identified and correct units

of measure used.

Time and hypothesized independent variables are
identified in table or record.

Part B : Experiment Report

. Quality of observations/data
» Consistent data -

» Accurate measurements/ -
observations

» Completed data table -
 Correct units -
» Qualitative description -

. Graph

» Curve is appropriate to -
data trend

* Points plotted accurately -
* Appropriate scale -

* Axes labeled with variables -
and units
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3 or 4 trials consistent with expectations (2 points).
2 trials consistent with expectation (1 point).
Measurements are within an expected range of time.

All trials are performed and data recorded.
Measurements are in seconds or minutes.
(Not required for 