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C hapter

cne

Introduction

Develoment Process
for the Assessment Objectives

Educational Progress (NAEP), the
Nation’s Report Card. wil! undertake the
sixth national assessment of scicnce.

= Since 1969. NAEP has provided perodic
“report cards to the nation. collecting and nterpret-
ing information on students’ knowledge. skills. and
attitucles in most subjects m the school curriculum.
In arddition to science. these subjects have included
recading. writing, litecrature, musice, art. mathematices,
computer competence, history. civies, and geography.
Previous assessments in science were concucted
during the school years ending in 1970. 1973, 1977.
1982, and 1986: thus the 1990 assessment of stu-
dents at grades 4, 8, and 12 and at ages 9. 13, and
17 will provide a view of science achievement that
spans 20 years.!

Planmng for the 1990 national assessment of
science began at a time of sigmficant pubhce concern
over the quality of elementary and secondary science
ecducation m the United States. A number of studies
released in the 1980s have enticized the inadequate
knowledge and performance of U.S. students m the

SInce 1969 NARD has assessed studonts atage w9 313 and 17 In 1983
&4 the project began samphng students by grade as well s by age
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subject and urged wide-ranging educational reforms.
Science Achievement i 17 Countries, the preliminary
report of the Second International Science Study.
indicates that U.S. students at the middle- and sec-
ondary-school levels perform poorly in science com-
pared with their peers abroad. The report concludes
that severai countries, including the U.S., "must be
concerned about the scientific iteracy of their general
work force unless they remedy the situation through
training programs or ocational education at a later
stage."*

Educating Amnericans for the 21st Century states,
"We must return to the basics, but the "basics’ of the
21st century are not only reading, writing, and arith-
metic, They include commumication and higher
problem-solving skills, and scientfic and technologi-
cal literacy—the thinking tools that allow us to
understand the technological world around us.”

The first NAEP science objectives, formulated in
1965, stated that the major purpose of science
cducation is to devclop scientifically hterate individu-
als. In each successive science assessment. this
underlying premise has been preserved. guiding the
development of revised objectives that take into
consideration recent developments and new empha-
scs 1 the domam, The NAEP science assessments
measure the extent w witich students have the
scientific knowledge and skills thought by NAEP
consultants and reviewers (o be needed m contempo-
rary hfe and work.

3

International Association 1ot the Evaluation of Fducational A ve ment
Science Aduevement i Seventeen Countres A Prelnunarny Keport (Eacter
Gieat Batan Pergamon Pross JORR)

Nattonial Saence Board Comumnssion on Precollege Lducation i Matheanat
s Saence and Techuolowy Educatug Amacrcans for the 21s0 Cantung A
Report to the Amciwcan People and (o the Natonal Sacnce Bowed (Washng

ion DO Nahonal Scoence oundation 195,5)
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s with other subjects and other assessment

R years. NAEP's objectives for the 1990 science
= o assessment are the result of a consensus
process involving many indwviduals, rangmg from
science educators and specialists to membérs of the
lay public. The Assessment Development Panel (see
page 42 for a list of participants) began the objectives
development process by revising the framework from
the previous assessment and preparing an mitial set
of seience objectives. The draft obiectives were then
reviewed by the ltem Development Panel and by
external consultants from across the country. repre-
senting various mterests and concerns. The item
Development Panel. a comnuttec of science educa-
tors, admnistrators. and researchers. was estab-
lished to develop items for the 1990 assessment
using the framework provided in these objectives (sce
page 43 for a list of participants). Among the review-
ers for the 1990 objectives were teachers. school
science coordinators. svientists. school administra-
tors. state science supervisors., and members of the
Assessment Policy Committee. NAEP's governing
board. The Science Assessment Development Panel
remained mvolved throughout the review and revision
process.

The objectives presented here do not refleet the
views of every md:vidual who participated m the
development effort nor are they mtended as a com-
plete or definitive specification of eurriculum stan-
dards: rather. they represent a consensus of the
views and concerns of the Assessment Development
Panel. temi Developmient Panel, and external review-
ers, offering an overview of learning outcomes and a
framework to guide the development of assessment
questions.
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The Purposes and Elements
of School Science

Science educators generally agree that the primary
purpose of school science is to cultivate scientific
literacy: however. therc is far less agreement as to
what constitutes scientific literacy or how such a
definition might be used to guide the development of
meaningful curriculum and instruction At the very
least. therc appears to be a consensus among educa-
tors that school science should help students acquire
the knowledge. skills. and understandings necessary
te fulfill their human, social, and econonue responsi-
bilities.*

According to the interactive model presented n
Figure 1. scientific habits of mind seive as a filter
between the features of the learner—including his or
her cognitive abilities, attitudes, and home and
scheol experiences—and the outcomes of science
learning. Given limited resources. the 1990 science
assessinent can cover only some of the many ele-
ments of scientific literacy. Those clements of the
model to be included in the assessment—science
knowlcdge. scientific habits of mind, and the ablity
to solve problems and conduct inquiries—are dis-
cussed below.

Science Knowledge. Students' knowledge base in
science should include information not only about
the natural phenomena that are the objects of study
in the major scientific disciplines—ife sciences,
physical sciences. and earth and space sciences—

'Rodger Bybee  “The Sisvphean Question in Saence Bduacation What
Shoulu the Scientifically Literate Person Know Value and Do Asa
Citizen?™ (Washmigton, DC Yearbook of the National Saence Teachers
Assodiation, 1985)

Iaud Dellart Hurd, Perspectives for the Refonm of S dence Education ™
Plu Delta Kappan tJanuary 1986)
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but also the fundamental concepts. principles, and
theuries in these disciplines.

Figure 1: Elements of Scientific
Literacy and their Interaction

Learner's Internal

State and Experience Outcomes
ngﬁggze v « Solving Prablems
4 A
Thinking « » Scenufic Hatts , ,  Conducting
Skills of Mind Inguiries
v « > A4
Laboratory a . Fersonal and Civic
Skilis Decision Making

Life-Long Learning
Attitudes > <« 3nd Sense of Control
Over One s Life

Second. students’ knowledge base should contain
information about the nature of science. including a
recognition of the characteristics of science that set it
apart from other human activities—in particular. its
empirical and theoretical methods. and its philoso-
phy. Finally. students should be informed about the
history of science and the interactions among sci-
ence. culture, society, and technology.

Scientific Habits of Mind. The term “seientific
habits of mind™ incwudes both the ability to think
scientifically and the inchnation te do so beyond the
confines of the science classroom. Inductive and
deductive reasonmyg; verbal, analogical, and spatial

.o 11




reasoning:; and creative thinking are among the
primary clements of scientifie thinking, Yet the
propensity to apply thesce habits of mind beyond the
science classroom depencds not only on abilities but
also on attitudes toward science and its relevance to
life—views influenced both by experiences m school
scicnee and by personal variables, such as individual
motivation and out-of-school mvolvenient in science-
related learning.

Solving Problems and Conducting Inquiries.
Solving problems and conducting inquiries encom-
pass a wide range of activiacs, from the novice efforts
of students interacting with the natural world to the
wiurk ol experienced scientists. Although these think-
ing skills are often exercised as a part of everyday
experience, for the purposes of this assessment,
discussions of students’ ability to solve problems and
conduct inquiries are lmited to academic apphca-
tions. The capacity to wicld these skills in various
coaiexts 1s considered by science educators to be an
important inchcator of seience aclnevement.

Solving problems and condueting inquirics may be
viewed i terms of methods or outcomes, Teachers
may ask their students to engage in these thinking
activities to develop a ncher understanding of the
natural world or an understanding of the concepts.

principles. and theornes of science. Allernatively,
developing students” ability to solve problems and
|
|
‘

conduct inguiries may itself be the desired outcone
of these activities.

12
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\/Z ‘hapter
two

The Assescsment
Framework

L —

s deseribed in Chapter 1. seientific
literacy Las many dimensions. eacn
contammg nunicrous categories ancd
topics. Given finite resources, the linuts
of self-admmistered measurement, the
use of paper and pencil procedures, and the con-
stramts of existing scoring and analysis technology.
NAEP cammnot provide valid and reliable mformation
on student achievement in every aspect of the do-
mam. Ideally. a national assessment in seicnce would
include a section devoted to measuring students’
laboratory skills with "hands-on” science activities or
mvestigations: however, the scarcity of fundir g
resources has precluded work i this valuable area.
Members of both the Asscessment Develepment Panel
and the Item Development Panel reconmmended that
greater resources be made avalable i the future to
assess students” ability to perform hands-on science
tasks and to stucy the relationship of these abilities
to generar sC  nee prohicieney,

Given existing teelimeal and fimancial parameters,
the Assessment Development Paiel estabhshed a set
of priorties for the assessment of student perform
ance based on several factors, includimg the usual
structurmg of the screr ce curnculum (i.e . accordimg
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to traditionai disciplines) and the anticipated utility of
the findings for policymakers and science educators.

Based vn these defined prionties, the panel con-
structed the framework for the 1990 science assess-
ment, a two-dimensionai matrix—Content Areas by
Thinking Skills—provided 1n Figure 2.3

Figure 2: Framework for the
1990 Science Assessment

CONTENT AREAS

Life Physical Earth & Space
Sciences Sciences Sciences

T

H4  Conducting

i Inquiries

N

'I( Solving

N Probiems

G

)

’I( Knowing

L Science

L

S NATURE OF SCIENCE

To guide the development of assess.nent items. the
panel assigned weights to cach of the major catego-
ries in the framework. reflecting the relative impor-
tance ¢” -ach of the content and cogmtive areas
assessed. Cell weightings for each age group are
presented on page 16. Each question designed for the

iss two dincnsional matus diflers hom the thirce dime nsional matos
used in NAEP S 1986 assessmaont however the imatis s sutficenth ke
those used 1986 and provious voans (o cra ble NALE (o 1eport trends in
achievement actoss tme by micorporating a subset ol pieviousiy adnun
istered questions into the new assessiment
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assessment is classified mto one cell of the matrix,
matching the content and cogmtive skills it is in-
tended to measure.

The structure of the 1990 assessment will allow
NAEP not only to report on average science profi-
ciency for the nation and for population subgroups.
but also to document students’ performance on four
subscales—the Nature of Science, Life Sciences,
Physical Sciences. and Earth and Space Sciences.

Major Categories of the Framework

n understanding of the Nature of Science is

the foundation of scientific iteracy and thus

of the assessment framework itself, sup,ort-
ing students’ thinking skills as well as their content
area knowledge. A grasp of the fundamental aspects
of the nature of science requires an understanding of
the methods and processes of science, the principles
underlying scientific work, and the nature of scier -
tific knowledge. Chapter 3 contains descriptions o,
these categories subsumed under the Nature of
Science. and a listing of sample topics within each
category of the kind mcluded in the assessment.

The categories and topics that comprise the
Thinking Skilis dimension of the framework repre-
sent the range of knowledge and cognitive abilities
that allow the scientifically literate individual to
conduct inquiries and solve problems in various
science content arcas. A discussion of these thinking
skills 1s provided in Chapter 4.

Finally. the Content Areas presented in this
framework are the disciphines in which knowledge,
thinking skills, and understanding of the naturce of
scicncee arc apphed. The content arcas included in
this assessment —-the Lile Sciences, Physical Sci-
ences, and Earth and Spacce Sciences—tefleet the

71315
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traditional disciplines of science. Chapter 5 presents
a discussion of each of these disciplines. together
with a list of sample topics itlustrative of those m-
cluded in the assessment.

Related Aspects of the Framework

Although the history of science is not mcluded as a
separate dimension in the framework. the Assess-
ment Development Panel believed that stadents
should be cognizant of the major developments in
science history. A number of assessment questions
were therefore designed to measure students’ famili-
arity with persons and events that have helped shape
contemporary sciertific understanding m varnous
content areas.

The panel also believed that the assessment
questions should reflect a variety of contexts: thus,
students will be asked age-appropriate questions
pertammg to scientific, personal, and socictal 1ssucs.

Because the need to understand and adapt to new
technologies plays a major role in contemporary life
and work. a series of 1tems within the assessment
pertams specifically to technology and its uses. In
the conteat of this assessment, technology encom-
passes the applications of knowledge and mforma-
tion, methods and tools. and processes and products.

A final subsct of questions in the assessment
mtegrates concepts from science with mathematical
abilities and content. For example, students may be
asked to use therr procedural knowledge of measure-
ment, data analysis, or stadsties to solve science
problems,

Although these dimenstons—Iistory of science,
conteat. technology. and mathematical abilities and
content—will not be reported on distinet subscales,
an caxamination of students’ responses 1o questiois m

14 6
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these arcas will permmt a more detaifed view of therr
understanding of science.

Weightings for Assessment Questions

Any assessment of students’ science knowledge can
cover only a smail part of the domain of scicnee
education provided across the school years. There-
fore. the panel needed to prioritize the content and
cognitive arcas included in the assessment. Weight-
ing decisions were based on mformation about the
typical science curriculum at cach grade /age level,
on NAEP's legislatively-mandated obhgation te pro-
vide information about trends in science achieve-
ment. on measurement requirements {o.r reporting on
content arca subscales: and on the views of the
Assessment Development Panel, Item Development
Panel. and NAEP consultants. The distribution of
topics and items within cach content area was not
intended to prescribe curr.culum standards: rather,
the perceentages were used to construct a complete
and balanced assessment instrriment at each grade.

As presented in Tabies | and 2. weights were
assned separately for cach grade level because the
cmphases and eapectations appropriate for fourth-,
cighth-, and twelfth-grade students are different. For
example, although the same pereentages of questions
were assigned to knowing scienee, solving problems,
and conducting mqumes at all three grades, fourth
graders’ performance m these areas is eapected to
ciffer mm cogmtive sophistication from the perform-
ance of older students

In addition, individual students may apply differ-
ent knowledde or cogmive processes (o aliswer a
given assessment question, for example. one student
may rely on his or her knowledge of certam facts,
while another who does not have that imformation

15 17
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may arrive at the correct answer using a different
approach. The classification of cach assessment
question was based on the judgments of NAEP stalf
and consultants as to the knowledge and cognitive
processes that an average student in the target
population would be likely to use when answering the
question.

TABLE 1
Thinking Skills:

Approximate Percentage Distribution
of Assessment Questions

Category Grade 4 Grade 8 rad= 12

Knowing Science 40 40 40

Solving Problems 40 40 10

Conducting Inquines 20 20 20

TOTAL . 100 100 100
TABLE 2

Nature of Science and Content Areas:
Approximate Percentage Distribution
of Assessment Questions*

Category Grade 4 Grade 8 Grade 12
Nature of Science 10 10 12
Life Scences 30 30 32
Physical Sciences 30 30 34
Earth and Space Sacnces 30 30 22
TOTAL 100 100 100

AL age 17 the Physical Stences categon inddudes approsimatels 17
percent Chenustn and 17 pereent Phvsics guestions

16] 3




Bascd on the weightings established, the Assess-
ment Development Panel, Item Development Panel,
and additional consultants began to write items for
the assessment. All new items were subsequently
screened by subject-arca and measurement special-
ists. subjected to ETS sensitivity and editorial review,
thoroughly field tested. and revised as needed subse-
quent to each of these stages of review.

Because the assessment cannot include items on
all appropriate topics. the final sclection of assess-
ment questions was guided by the Assessiment Devel-
opment Panel and the Item Development Panel. The
seleetion was based on the carcful balancing of a
number of requirements. including:

+ the need to repeat items from previois assessments
to cnable reporting on trends in scienee achieve-
ment aeross time:

* the need to meet distribution specifications set by
the matrix dimensions of content and tlinking
skills. and to integrate the 1 priorities defined
by the panel—that is. inc.....2 items that pertain to
the history of science, context, technology, and
mathematicnl content and abilitics; and

* the need to offer items over a wide range of diffi-
culty.

The final choice of questions refleets the profes-
sional judgments of NAEP staft and consultants as to
the quality of individual items and the centrality of
the thinking skills and content that cach measures.
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The Nature of Science

[ 1 nawareness and understanchng of the
| nature of sticiec is fundamental to

( scientifie literacy. Recognizing that

’ there are various ways of knowing
=—=————=—=| within. between. and beyond the chsci-
plines of scicnce. the phrase "science as a way of
knowing™ summarizes the views of NAEP consultants
as to what students should understand about the
nature of science. "A way of knowing” refers not only
to a ~ourse of action. but also to habits of mindl,
protoeols, or inchnations toward certain behaviors.
An undcrstanding of the nature of science. therefore.
consists of not only an understanding of scientific
mcthods and processes, but also of the principles
and knowledge that drive scientific work.” Three
aspects of the nature of sciencee to be included m the
1990 assessment—processes, principles, and knowl-
edire—are discussed below

The Nature of Scientific Processes

Scientifically hiterate mdividuals <hould be aware
of a variety ol processes essential to scientific work.
The five categories of scientilic methods and proc-
esses highhighted in these objectives were drawn

“J Moore Saence as a Was of Knowing Lyolulionans Bhology  American
Zoologist 21 2 (1984) p 167

o
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primarily from the NAEP report Learming by Downg
and from an outhne produced in 1964 by the Com-
mission on Science Education for the American
Association for the Advancement of Science.”

Observing, classifying, and inferring. Obscrva-
tion—using the senses to obtain information about
the world—is a fundaniental part of scientific inquiry.
Because they can observe only a hmited number of
objects and cvents at any given time. individuals
typically impose {consciously or subconsciously) a
system of organization or classification as they decide
what to obscrve. Based on the system of classification
chosen. obscrvations are used to form inferences.
construct explanations, or draw conclusions from
available data.

Interpreting data. Interpreting data mvolves finding
patterns and meamng in a collection of observations.
leading the observer to develop hypotheses. formulate
generalizations. or explain phenomena. For the
saientist. these activities may require using mathe-
matical concepts and operations to manipulate
variables.

Formulating hypotheses. To formulate a hypothesis
is to proposc an eaplanation for observed conditions
or events which may then be subject to emipinical
testing and vahdation.

Designing experiments. Designing an experniment
entails planning the miethods and procedures that

National Asscssiment of Educanonal Progross Learmng by Dong A Manual
Jor Teacdhung aiad Assessing Thgher Order hsithang vt Sae nce and Mathe at
ws (Princeton NJ Lducational Testing Seaovice May 19K87)

Arthur Livermore “The Process Approach of the Anicnican Association for
the Advancemaut of Sacnce Commmssion on Saence Lducation Jow nal of
Research i Saence Teacking (1961

19 21




can be used to gather data needed to answer a
question. support a hypothesis. or challenge a theory.

Conducting inquiries. The process of conducting
inquiries integrates the methods and processes of
science. the values of science. and the skills of scien-
tists in discovering new knowledge. In addition.
conducting inquiries involves such skills as inter-
preting data in light of experimental hypotheses and
extant knowledge. controlling variables. defining
terms. formulating models. and communicating
rasults (i.e.. publicizing findings).

Rather than attempt to define a complete or
definitive set of topics for these categories—an impos-
sible undertaking—the panel designated topics
illustrative of those that might be incorporated into
the assessment. These sample topics were reviewed
by science educators and other external consultants
to evaluate their appropriateness for students in each
designated grade level. Because not all topics are
snitable for all age levels. the lists that follow use a
bullet (¢) in the column under a particular grade to
indicate that some aspect of that topic or concept is a
potential source of questions for that grade level.

The Nature of Scientific Processes:
Topics Classified by Grade Level

Grade Level
4 8 12

The processes of science include observing.
classifying. and inferring
Observation is fundamental to science ¢ o o
Observation may involve any of the senses ¢ ~ 0
Classification 1s important . . . . e o o
There are many different ways to classify e o o

202
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Grade Level
4 8 12

Classifications 1mpose order
Inferences can be made and conclusions can be
drawn frcm observations and classifications

The processes of science involve interpreting data

Conclusions are based on the scientist's
interpetations of data .. .
Interpreting data may include notmg, whcther
there have been any unexpected results
Predictions and implications are based on
interpretation of data
Mathematical operations are an unportant tool
in data interpretation
Deterrmining the sigmficance of results 1S
a form of interpreting data

The processes of science involve formulating
hypotheses

Hypotheses are plaustble explanations of
observations. facts. or results .. ..

Hypotheses are testable

Testing hypotheses often leads to the formuldtlon
of new hypotheses for investigation

The processes of science involve designing
experiments

Conducting inquinies mvolves looking for patterns

Experimentation involves choosing appropriate
tools and techmques

Experimentation involves ;,athormg, data

Experimentation involves testirg hypotheses

One experiment will often lead to another

Experiinents and the application of the results of
experiments may have benefits, costs, and risks
that must be identified and reflected upon

cxpenments are based on well-stated hypotheses

Data from cxperiments are used to challenge or
support theorics
<xperniments involve identifying and sol(-(‘tln;,
dependent and independent vanables

Models are often used to formulate hypotheses
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The Nature of Values and Principles
Underilying Scientific Work

An understanding of the values and principles that
shape scientific work 1s a necessary but not sufficient
condition of scientific literacy: science education
should also develop students’ inclinations to apply
these n their interactions with the natural ancl
technological world. The following values and prin-
ciples incorporated in the 1990 assessment were
adopted from the report. Education and the Spirit of
Science.?

Knowledge is valued. Knowledge is an outcome of
scientific work: students should therefore consider

the investment of time and resources in pursuit of

seientific knowledge to be a worthy goal.

Questioning is essential. Developing and refining
scientific knowledge requires questioming current
knowledge. The scientific position 1s that authorita-
tive statements, beliefs. and truths are accepted only
to the extent that cvidence supports theni. All things
are subject to scrutiny and revision.

Data are fundamental. The bases for refiming and
expanding scientific knowledge are data. and the
processes of acquiring and ordering data are funda-
mental to theory construction. Data do not become
useful until they are observed and framed into quali-
tative or quantitative statements.

Verification is essential. The validity and accuracy
of scientific findings are open to review. Under appro-
priate circumstances. scientists should provide
necessary inforniation to allow other scientists to
replicate t eir experniments.

“ National Education Assocation Educatton and the Spatt of Scene e
(Washington DC National Education Association 19.46)

24
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Logic is respected. There 1s a respect in science for
logical reasoning which allows scientific knowledge to
be constructed and revis. ...

Hlustrative sample topics on values and prinuples
underlying the scientific enterprise follow.

The Nature of Values and Principles
Underlying Scientific Work:
Topics Classified by Grade Level

Grade Level
4 8 12
Knowledge is valued
Facts and data are the result of scientific work . e o o
Knowledge is supported by evidence .. .. .... e o o
Expanding knowledge 1s the goal of scientific work . .
The saientific commumty values knowledge
supported by evidence more than knowledge
supported by behef ..... . . * o

Questioning is essential

Scientific knowledge 1s open to question and tevision  © ¢ o
Scientists are obligated to question the

findings of other scientists . * o o
Data are fundamental

Scientists use facts and data to assess

their theories .. . e . s o
Scientific disputes are resolved by facts. not behefs * o
Analysis of data may be quantitative or quahtative °
Acquinng and ordering data are fundamental to the

construction of scientific eaplanations .

Verification is essential

Scientists experments may be repeated by other
scientists e ¢ o o
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Grade Level
4 8 12

Scientists should be able to demonstrate how they
obtained the data they use to support their

theories . . . . o o
The validity and accuracy of smcnuﬁc ﬂndmgs are
open to review .. ... . . .

Logic is respected

Scientific data should be presented in ways ihat

are understandable . . e e
The connections between s(‘lcnuﬁc (lam dnd

scientific theories must be reasonable to the

scientific community - Cas LA
Scientists requure that cmpmcal ﬁndmgs (md
scientific theories be constructed logically . o

The Nature of Scientific Knowledge

Scientific knowledge is in a continuous state of
transformation. but in iccent decades, changes in
existing data and concepts have occurred at increas-
ing rates and in many new directions. As scientific
knowledge is refined and elaborated. new theories are
generated. replacing extant ones. Intet pretations of
scientific knowledge also may change. Many methods
and techniques can be used to further our knowledge
of science. Thus. there is no single “scientific method"
to be learned. as frequently described in science
texts. but rather a multiplicity of methods.

In 1990. NAEP will expand the cfforts of previous
assessments to measure students’ undcrstanding of
the nature of scientific knowiedge. according to five
major tenets:

Scientific knowledge is tentative. Because it is
constantly changing. the body of scientific knowledge
is neither absolute nor complete. What is known in
science enables one to make logical predictions and




explarations and to integrate the scientific processes
needed to generate and resolve new questions.

Scientific knowledge is puk:ic. Scicntists generally
publicize new knowledge and the methods used to
discover that knowledge io further advancements in
science and permit their colleagues to cvaluate their
work.

Scientific knowledge is empirically based. Scien-
tific knowledge encompasses facts. principles. con-
cepts, and theories. Observation and expennmentation
are the basis for expanding and revising the body of
scientific explanations, and the assessment of these
explanations is based on obscrvable data.

Scientific knowledge is besed on replicable
observations. Scientists working in different places.
at different times, and under comparable conditions
should be able to repeat observations and experi-
ments and derive the same findings from these
activities.

Scientific kiiowiedge is cumulative. Scientific
knowledge from the past is the basis for present
knowledge. which sets the stage for the development
of future knowledge. Historical knowledge should be
related to the context of the period in wlich it ex-
isted, and contemporary scientific knowledge should
be understood mn relation to the current social,
technological. and political contexts.

A sct of illustrative sample topies on the nature of
scientifie knowledge follows.

Ay
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The Nature of Scientific Knowledge:
Topics Classified by Grade Level

Grade Level
4 8 12

Scientific knowledge is tentative

Scientific knowledge can change
New evidence can change current (‘\pl(umlmns ﬂ).
phenomena .

Scientific knowledge is public

Scienasts should report exactly what they observe

Seientific Xnowledge 1s reported pubhely

Scientists should report both the data supporting
theones and the methods used to obtain the data

Scientific knowledge is empiricnlly based

Observation and eaperimentation are the basis tor
acquinng scientfic knowledge .

Scientific kniowledge must be reassessed through
repeated observations

Scientific knowledge is based on replicable
observations

Seicntists working in ditferent places or at ditferent
tumes under comparable conditions should be
able to repeat expermments and get consistent

results . . LA
Evidence denved from ()bscnnnons dn(l (‘\p( rments
should be repheable by other saentists . . L

Scientific knowledge is cumulative

Scientific knowledge 1s accumulated over tme ¢ o o
Contemporary theones may be based on knowledge
accumulated over tine . L. LI 4

The accumulation of scientific knowl( dge may be
mfluenced by social. pohitical. methodologieal,
and technological factors ., . e o

DN
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Chapter
four

Thinking Skills

n its 1987 report, Improving the Assess-
ment of Student Achievement, the Alex-
ander-dames commission recommended
that NAEP devote greater attention in
future assessments to measuring stu-
dents’ higher-order thinkmg skills, particularly in
mathematies and science.” In domng so. the comns-
sion joined a growing cast of educators, legislators.
researchers, and employers m calling for efforts to
strengthen the higher-order thinking skills of Ameri-
can students.'® Despite widespread agreement thiat
Iugher-order thinking must be improved. there is
little agreement as to what these skills are, much less
how they can be taught or measured.'" While there is
some evidence that hands-on activities strengthen
important cognitive skills. there 1s a need for further
rescarch to demonstrate the appropriate uses of
hands-on activities in science instruction and to

'Letnar Alesander and Ho Thoemas James, Fhie Nation s Report Card
Improvug the Assessment of Student Achuererment (Washnnglon D €
National Academy of Education, 1987)

""The National Saence Board Commssion on Precolloge Education in
Mathematies, Saence, and Technology . Educating Amercans for the 21st
Century (Washington, DC National Seience Foundation, 1983)

"Lauren Resnuck, Education end beartung to Tunk (Wastungton DC
Natwonal Academy Press  1987)

27

29




O

ERIC

Aruitoxt provided by Eic:

explore the relationship between these activities and
science proficiency 2

Accordingly. NAEP conducted a 1986 pilot assess-
ment of higher-order thinking skills in science and
mathematics which required students to work with
various types of hands-on equipment. Students were
asked to manipulate materials such as circuits,
beakers. blocks, and small animai vertebrae. organize
data, make and interpret observations, formulate
hypotheses, and conduct mvestigations, all of which
are likely to be relevant to a wide range of tasks and
responsibilities outside of the science domain."

Although there are madequate resources at this
time to include hands-on items m the 1990 science
assessment, cfforts will be made to measure stu-
dents’ use of some of these skills based on pencil and
paper items. These 1items are presented in a variety of
formats. includmg multiple-choice, short answer,
fisural responsc. and essay. Reiterating the frame-
work m Chapter 2. cach question in the assessment

JoShvimansky and John Panck “Teacher Bel avior Does Make a Diller
e Hands On Saence Classtooms  Schwool Scence and Mathemati s
18 (1981) pp 112 22

" National Assessment ol Bducatee P Prosposs Learnuy by Domnyg A Manual
for Assossing Hygher Order Tunhung v Saence and Mathenates (Pance ton
NJ Educational lesting Semvace 1987)
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is classified according to both the thinking skill and
the content area it subsumes. This design is based on
a definition of higher-order thinking that is disci-
pline-based. under the belief that thinking skills
should be taught {and therefore measured) in con-
junction with subject content, rather than in isola-
tion. The three categories of thinking skills included
in the 1990 science assessment arc:

* knowing science:
* solving problems; and

* conducting inquiries.

These thinking skills are discusscd below.

Knowing Science

Questions m the knowing category are designed
primarily to measure factual knowledge, Successful
performance depends on students” ability to recall
specific facts. concepts, prmeiples, and methods of
science. show familiarity with scientific termmology:
recognize basic wdeas in different contexats: translate
information mto other words or formats: and use
abstractions m related situations. Scientific knowl-
edge is eritical, because conductig investigations.
solving problems. and making successful decisions 1in
science requure fanunharity with facts, generalizations.
and processes.

Solving Problems

Questions asking students to solve problems test
ther ability to combme factual knowledge wath
appropnate rules, formulas, and algornthms for
spectfied purposes. Suceessful performance requires
that students apply scientific facts and principles:
imterpret mformation or data usmg wleas from the
natural sciences: and recogmze the relationship ol

29
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concep's. facts, and principles to phenomena ob-
served and data collected.

Solving problems dencrally refers to those thunk ng
activities in which algorithms may be applicd in re-
solving a given question or problem. These problems
often have well-defined goals, are presented via text
and diagrams. and are textbook- or teacher-initiated.
rather than self-imtiated. Responses to such prob-
lems are typically limited to a word. number. or
phrase, and only occasionally require an extended
verbal or written response. Somie of the questions in
the 1990 assessimernit that require students to solve
problems are of the kind typieally found at the ends
of chapters in science teatbooks: others ask students
to use scientific knowledge and understandings to
solve problems simulating situations that mught anse
in reatl life.

Conducting Inquiries

Inquiries anse out of experience with the natural
world and. m contrast to solving problems. the goals
of these activities are generally set and adapted by
the mnquirer. Successful performanee depen’
dents” ability to employ the higher-order skills needed
to implement an investigation and develop findings.
Inquiry questions included m the 1990 science
assessment are designed to measure aspeets of
students’ ability to generale researchable questions
based on avalable information. These aspects may
include framing a researchable question; analyzing
av lable mmformation in a manner consistent with the
body of scientific concepts and principles: evaluating
the best analytic or experimental procedure given
specified conditions: organizing a series of logieal
steps. executing an eaperiment; formulating explana-
tions: and diawing conclusions on the basis of avail-
able data.

uti stdi-
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Science Content Areas

he disciphnes of science are intercon-
nected in many ways: however, individ-
ual content areas are distinguished in
the assessment framework for the pur-
poses of measurement and discussion.
As described in Chapter 2. the content dimension of
the framework orgamzes questions according to the
three traditional disciplines of scicnce:

* Life Sciences
* Physical Sciences

* Earth and Space Sciences

The Assessment Development Panel defined
sahent concepts within cach category to guide the
development of assessment questions, and these
concepts were used as the basis for developing hsts of
sample topies appropriate at cach grade level,

Life Sciences

Concepts in the life sciences can be placed along a
continuum. ranging from the topic-specific to the
highly mtegrated and interdisciplinary Most students
gain some topic-spectfic knowledge and understand-
ngs in this content arca through life eaperiences;
thus, some topic-specthic questions—such as asking
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students to classify plants and animals—are most
appropriate at the earlier grade levels. In contrast.
items for clder students—for example. questions
dealing with: energy transformations or genetics—
require integration of knowledge from several disci-
plines. as these students are assumed to have mas-
tered a detailed knowledge of the simpler {i e.. topic-
specific) categories.

The major categories of topics in the life sciences
included in the 1990 assessment include cellular and
molecular biology. encrgy transformations. genetic
continuity and development. evolution. diversity and
systematics. structure and function of organisms.
behavior. and ecology. Hlustrative sample topics
within each of these categories follow.

Life Sciences:
Topics Classified by Grade Level

Grade Level
4 8 i2
Cellular and Molecular Biology
CeHular theory of Iife .

Cell structure and function

Lafe as a chemucal process

Regulators of life processes
Biochenustry of genetics (DNA and RNA)

Energy Transformations

Soctetal 1ssues products from hving orgamsms ¢ ¢ o

Major energy sources and reactions i organisms
(photosynthesis and cellular metabolism) L A ¢

Biocherncal reactions . .. U

Genetic Continuity and Development

Reproduction as the fundamental biological process

that provides for the continuance of life ¢ e
Life cycles . . . ¢ © o
Gene theory of heredity (chromosonies. genes.

DNA, mutations) . . . ¢

P4
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Grade Level

4 8 12

Strategies of reproduction—asexual and sexual e o
Societal. technological and ethical 1ssues e o
Evolution
Ewvidence for evolution (fossils. geological records,

comparative studies) . e o o
Natural selection and response to changing

environments ... .. .. e o o
Ihistonical perspectives .. ... .. . °
Diversity and Systematics
Major divisions of biology (1.e.. Five Kingdoms) e e o
Classification schemes (1.¢ . structural or

evolutionary relationships) . ... ..... - e o o
Taxonomy (evolutionary or chemucal) of major

groups (nmicroorgamisms, protists, plants, ammals) ®
Structure and Function of Organisms
Living and nonhving things e & 3
Orgamsins as systemns e o o
Hierarchy of structure and function ¢ o o
Structural features of organisms e o o
Good health practices e o o
Equilibrium m living things (homeostasis) L
Behavior
Response of living things to stimuli ¢ o o
Ammal behavior as a form of adaptation ¢ o o
Basis of behawvior (genetic, physical) e o
Animal models and human behavior o o
Ecology
Interaction/mterdependence of hotic and abiotic

factors e . ¢ o o
Energy flow and food wcbs Co . @ o e

cssential requuirements for llf(‘—f()()d (('r!(nn te mp~

erature conditions, mmsture, hght and oxygen

(limiting factors) . ¢ o o
Symbiosis/prey-predator relationships e o o
Social 1ssues related to the environment (water

crisis, pollution, world poepulation, etc) e o o
Adaptations to the environient (structural, func-

tional, behavioral} . *

Biogeochenucal cycles
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Physical Sciences

The physical sciences deal with the fundamental
components of the natural universe—space. time,
matter. and energy. Students should be aware that
human understanding of the nature of matter has
evolved over the course of history. Beginning with the
Greek concept of four fundamental elements. through
the discovery and organization of the elements into
the penodic chart, the idea was sustained that all
matter is composed of small particles m a state of
continual motion, as summarized by the kinetic
molecular theory of matter. As the search for clemen-
tary particles continued. the kinctic molecular thcory
was eventually replaced by the quantuni-mechanical
view of matter and cnergy. A sensc of this history of
ideas provides a foundation for understanding cur-
rent scientific work,

Students should also understand that the uni-
verse is not static: rather. matter and encrgy arc
continually being transformed in space and time,
producing chemical and physical changes. A grasp of
the laws of mechanics. and the mteraction of hght
and matter. provides a way of understandimg that
among all of naturc’s transformations. a few invar-
able (conserved) quantities arc known to exist. m-
cluding mass-cnergy. clectrical charge. and lincar
and angular momentum. In addition, an understand-
ing of cnergy—more specifically. the laws of thermo-
dynamics—permits one to predict if and in what
manner a change will occur.

The six sets of topics included 1n the 1990 science
assessment are motion, conserved quantitics, waves,
particulate nature of matter, propertics of matter.,
and changes. Hlustrative sample topics within cach
category follow.

RIN
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Physical Sciences:

Topics Classified by Grade Level

Grade Level
4 8 12

Motion: Macro- and Microscopic Objects and

Particles
Describing motion {focation. speed and velocity:,

acceleration) . . o o o
Explaiming motion (gravitational and electrnical

forces, equuihbrium) L
Relativistic effects *
Conserved Quantities
Energy . ¢ o o
Matter e o o
Elc.tne cireuts e o o
Thermodynanucs ° e
Momentum LA
Charge ¢ o
Waves
Geometric and physical apties * o o
Sound ¢ o o
Electromagnetic waves ¢ o o
Particalate Nature of Matter
Temperature and heat * *
Kinetic theorv of matter o *
Fundamental particles o .
Bonding . . .
Properties of Matter
Solutions e o
States of matter
Penodic table of elements
Changes
Physical ¢ e
Chenncal o e
Nuclear .
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Earth and Snece Sciences

Knowledg. and understanding of key concepts in the
Earth and space sciences provides students with a
more informed view of their place on Earth. and of
Earth's place within the universe. These concepts, in
turn, build students’ capacity to participate in public
decisions, particularly those concerning environ-
mental issues.

Earth's place within the universe. plate tectonics,
water and rock cycles. and the Earth’s history are the
Earth and space science topics to be included in the
1990 assessment. lllustrative sample topics fellow.

Eartn and Space Sciences:
Topics Classified by Grade Level

Grade Level
4 8 12

Introduction to iiie Study of Earth and Space Sciences

Understanding Earth systeins . e o o
Tools for study (tune. maps. compasses. and profiles) © e e
Earth mn space and time (contemporary and histor-

1cal perspectives) . . ¢ o o
Interaction of spheres (hydrosphere, hithosphe e,

atmosphere) . e o o
The Earth's Place in the Universe
The Earth-moon sun system . e o o
The solar system (dunensions. motions. and

mteractions) .. e o o
Astronomical observations . 8 e o
Dimensions. motions, and mteractions within the

umverse (stars and galaxies) L
Quantity and quality of starhght °o o
Ongm and evolution of the universe LA
The Dynamic Earth: Plate Tectonics
Earthquakes and Earth's interior . ° o
Natural hazards . . e o
Continental ongins and continental drift . °
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Grade Level
4 8 12

Ongin of oceans and changing ocean basins

The Water Cycle

ERIC

Ongin and evolution of the theory of plate
tectonmcs . ... ...

Ewvidence for plate tectonics and explanauon for

landscape changes

Energy and the water cycle

Weather and climate

Bodies of water on and wathin the land

Water qualty . ..... ...,
Water cycles within the oceans
Origin and evolution of the atmosphere and ocean

water

The Rock Cycle

Earth matenals (rocks and nunerals)
Agents of weathering and erosion
Rocks within mountains

Land use

Sedimentation

Mountains within the seas

Evolution of landscapes and seascapes

The Earth's Biography

Life (past. present, and future)

Reading the record i the rocks of the Earth

Dating of matenals .

Time and 1its measurement  geologie clocks
and scales

Development of continents across time

30
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Background Variables

n addition to monitoring trends 1n
science achievernent, NAEP collects
valuable background information on the

context for science learning. Responses

to these non-cognitive questions provide
further indications of the health of science education
in the United States—for example. by providing infor
mation on trends in science course-taking for high-
school students. Background information 1s also
useful in determining the distribution of educational
resources across populations of students and in
studying the characteristics of and instruction asso-
ciated with students’ performance.

¥or the 1990 science assessment. NAEP will
develop two student background questionnaires for
cach of three grades to be included in the assessment
(grades 4. 8. and 12). The first. developed with the
guidance of NAEP's Policy Analysis and Use Panel, 15
a five-minute questiennaire designed to collect basic
demographic information as well as indicators of
students’ socio-cconomic level and home support for
learning,

The second questionnaire. developed with guid-
ance from the Science Assessment Panel and item
Development Panel. contains items dircetly related to
aspecets of our educational system that affect the
learning of science. Because limited tune 1s available
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to collect such background information, decisions
about which areas to include were difficult. However,
keeping in mind the parameters of trend information,
current research. and the validity of information
collected in a self-report format, the NAEP science
consultants decided to focus on five contextual areas
related to science achievement, These areas are
summarized below.,

Time Spent Studying Science. Time spent studying
science and science course-taking are important
indicators of educational quality because of their
well-established effects on student achievemnent.'* All
students are asked how often they have science
lessons and how much time they spend on science
homework cach week, v'hile older students are also
asked about the number and kinds of sciences
courses they have taken.

Instructional Practice. Information on students’
exposure to subject matter, however useful, must be
supported with information about uses of class time.
While students’ perceptions may or may not agree
with those of their teachers, students’ observations
are a key to uuderstanding the end result of various
educational delivery systems and instructional
practices. Given the current view that students
should learn science through experience, a number
of questions in this category relate to how often stu-
dents do experiments, work with manipulatives, and
engage in various activities in their science classes.
Other questions focus on the use of instructional aids
such as films, vidcotapes or videodiscs. computers,
and calculators.

""Richard Murnane and Senta Rawzen, Improvung Indwators of the Quality of
Saence and Mathematies Education vt Grades K F2 (Washington, DC
National Academy Press, 1988)
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Finally, NAEP will attempt to collect information
on the extent to which students use textbooks. work
on science problems with other students. write re-
ports. and are asked by their tcachers to hypothesizc
and interpret data. The construct to be explored is
the extent to which students’ science instruction
emphasizes the processes of science.

Laboratory Activities. Questions n this category
are closely related to those on instructional practices.
but since laboratory activitics are an integral compo-
nent of science mstruction. they are discussed sepa-
rately hcre and in more detail. NAEP consultants
advised collecting information about the amount of
time spent in the laboratory and about experience
using laboratory equipment. from mirrors and mag-
nets to wave tanks and electrophoresis equipment.
Not all students have been asked to use all types of
science equipment and apparatus in their class-
rooms; however. by mncluding a variety of questions.
the assessment can provide an estimate of students’
equipment usc in general, as well as the extent to
which they come into contact with relatively sophisti-
cated apparatus. Questions on laboratory safety also
arc mcluded in this catcgory.

Attitudes Toward Science Learning. Positive atti-
tudes toward subject area learning are thought by
most educators to be an important outcornc of
schooling.'” Because students’ attitucles toward
science learning and their intentions to pursue
additional science studies are likely to have an
impact on tomorrow’s labor force and aitizenry., 1t 1
uscful to gauge students’ understanding of the value

" Richard Murnane and Senta Razen Iproving Incdwcators of Scence and
Meathematics Educaton uiGrades B F2 (Washington DO Natonial Acadanny
Press 1988)

El{llC 4042

Aruitoxt provided by Eic:




of the discipline and their future commitment to
science studies. Accordingly. the 1990 science as-
sessment will collect information on students’ atti-
tudes toward science learning. This information also
may be compared with science achievement as mea-
sured in the assessment.

Science Experiences. Questions n this category are
designed to collect information on students’ exposure
to or involvement in informal science learming activi-
ties 1n or out of school. such as taking care of plants
and animals. studying the weather, and experiment-
mg with moving objects such as pulleys or pendu-
lums. These data may then be compared with infor-
mation on students’ science proiciencey and on therr
formal science education.

AN
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Participants
in the
development
process

he Nau onal Assessment appreciates the
efforts of all individuals who contributed
to the development of the 1990 science
| assessment and who reviewed succes-
l=———="1! sive drafts of the objectives. NAEP could
not have developed the objectives and the assessment
without the substantial involvement of these people.
Special thanks are due to members of the Assess-
ment Development Panel and the Item Development
Panel who developed the framework and specifica-
tions for the assessment. were responsive to the
series of reviews. and spent long hours evaluating
and revising questions.
The Netional Assessment extends its deep appre-
ciation to all participants.
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of Science, Washington. D C
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Joseph Exline, State Department of Education. Richmond,
Virgma
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Appendix

Sample Items

ﬁ’ he following sample questions represent
various cells of the framework presented
in Chapter 2. providing examples of
classifications and item formats to be
______J included in the assessment. These
questions are for illustrative purposes only, and do
not constitute a conplete or balanced assessment.

NATURE OF SCIENCE

Thinking Skill:
Knowing Science

Grade Levels: 4, 8, 12

Always Sometimes Never
True True True
Saentists shotld report exacth
what thev obsenrve
Belief 1s the maimn basis for
saentithe knowledge
Knowledge 1s the goal of screntific
work
Scientfic knowledge can be ques
tioned and changed
Knowledee discovered m the past s
used i current saentific work
Saentists who do expernments find
answers to thenr questions

*

*Correct answars tor mnltiple choice tems are mdicated by an
astenshk %)
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Grade Level: 4

Which ot the following questions would be casiest to answer with
an expenment?

(A} What makes a metal magnetie?

*(B) Which s the stionger of two magnets”

(C) What makes a magnet attract paper ¢ ips and not paper”?
(D) What are the steps imolved m making a nmapnet?

The methods of science can be used to answer all of the tollowing
questions EXCEPT

*(A) Are puppies inese beautitul than spiders?

(B3) How many oak trees grow m Pennsvivama®?
{C) Which laundry detergent cleans hest?

(D) What are the effects of lead pollution on trout”

Grade Levels: 8. 12

Which of the following hypotheses would be the casiest 1o test ot
vahduty m a given school?

(A) Science courses are more dithicult than other Courses

*{BB) On the average, students srados m screm e are ower than
their grades n other courses

(C) Serence courses require more honmework time than othet
COUTSes

(D) Serence courses are more mteresting than other courses

(I2) To a greater extent than m other courses, science prades are
mote dependent on abihty than eftort

Always Sometimes Never

True True True

There may be different methodds ot

solving a single scientthc problem *
nfferent scaientists may ene dif

ferent eaplanations about 1he

same observations *
Serentists can cnticize each other s

work *

*Correct answers for muluple chorce tems are indicated by an
astersk (%)
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Grade Level: 12

Always Sometimes Never
True True True
A scientist can state his or her find-
s as conclusive
Acquiring and ordering data are
fundamental to the construction
of scientific theones
Seientists change the:r ideas when
new mformation becomes known
Statements concerning laws m sci
ence are subject to change
Experiments 1eqgure controls

*

For more than 40 years biologists have thought that the gene for
sex deternunation i humans 1s on the Y chromosome In 1987, o
brologist reported results from eaperniments showing that the sex
determining gene may also be on the X chromosome Which of the
followmng would be the saentific community s most reasonable
response to this report”?

(A) Ryeet the report because it conflicts with the accepted model

(B) Accept the report becancc the expeniments were published in
a well-respected seientifie journal

*(C) Suspend final judgement until others have had a chance to
repeat the experinients

(D) Find out how long the biologist who wiote the article has been
working in thas field

(E) See whether the media covers the storv

*Cortect answers for multple chowe items are mdicated by an
asterisk (*)
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LIFE SCIENCES

Thinking Skill:
Knowmg Science

Grade Level: 4

Which of the sets of ammals pictured below would biologists put
together m the same class or group”

A ~£ B

Tl R ’
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Which of the following s a main diffarance hotweon green plants
urd anmmals”
(A) Onlv ammals are aline
(1) Onh ammals need an to stav alne
{C) Onhv plants need water and vitamins to stav healthy
(DD} Onlv plants produce then own food tsmyg energy from
sunhght

*Correct answors for multiple chorce ttems arc indicated by an
asternish (Y
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Grade Level: 8

All of the following c hanges are caused by changes in the environ
ment EXCEPT

{A) birds nugrating in the fall
{B) grasslands dving i a drought

{C) a fish dving in 2 pond that becomes acidic

*(D) a root growing downward in response to gravity

Which of the groups of animals hsted below would o brologist
classify as most closely related?

*(A) fly. moth. bee, bectle
(B) clam, starfish, snail, crab

{C) turtle. snake. spider. monkey

(D) bat, robm. flying squirrel. butterfly

In the environment, some ecosystems ¢ hange over tine n a
process called succession Which of the followmg, (hanges is an
example of suceession”

{A) Embrvo to fetus to babv
*(B) Pond to meadow to woodland
{C) Sced to pine tree to pme cone
(D) Egg to caterpillar to butterfly

Grode Level, 12
Which of the followmng 1s true of bacteria?

{A) They have mntochondria

(B) They usually reproduce sexually

(C) Thev arc only present m diseased plants
*{D) They may assist 1 the bieakdown of substances
(t) They are responsible for AIDS and smallpos

A man will pass his X hromosome to

{A) all his chaldren
*(13) all his daughters

(Cy ail s sons

(D) half his sons only

(I2) half his daughters only

*Cortect answers for multiple chowce stems are indicated by an
dasterisk (*)
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Scienusts can determine how closely differeat species of ammals
are related 1o one another by measuring how smmlar they are in
which of the following respects?

(A) Size

(B) Distnibution
*(C) Genetic material

(D) Migratory patterns
(E) Responses to sumuli

The viceroy butterfly 1s an example of mimcry because

(A) 1t feeds on the nectar of flowers

(B) its reproduction mvolves complete metamorphosts

(C) 1t nugrates in winter to favorable emyvuonmental conditions
(D} 1ts physical structures are charactenistic of other msects
*(E) s markmngs are sinular to the distastetul monarch butter fly

Which of the following 1s an example of succession i an
ccosystem”

{A) A deer attracts tcks wineh then suck the deer s blood,
*(B) Trees replace the skrubs that had carlier replaced the
Erasscs
{C) Disease kills off snowshoe hares then the wolt population
falls
(D) Woodpeckers make nests, then bluebirds use the abandoned
nest holes

*Correct answers for muluple choice itenrs ate wndicated by an
asierisk (*)
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Thinking Skill:
Solving Problems

Grade Level. 4

Use the diagrams below to answer the nest two questions

All of these are birds All of these are buds that
that usually hve on land usually Iive near water
Group A Group B

3

m

>
Y e

In which group A or B would vou place the bud shown

below” _(BB)

Why di "vor o tace the bud mthat group”?

*Correct answers tor multiple chorce s are mdicated by an
asterisk (%)
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Time \fter Planting
tin Weeks)

A fourth-grade class planted flower seeds on a Frnday Every
Frday the class measured the plants and recorded how tall the
plants were on the graph shown above Between which (wo
measurements did the plants grow the most?

(A) Weeks 1 and 2
*(B) Weeks 2 and 3
(C) Weeks 3 and 4
(D) Weeks 4 and 5

Grade Level: 8

Matthew had a cold After four days of ecatig fresh fruit, his cold
was gone Matthew deaded that the frunt had cured i Is ns
conclusion justihed?

(A) No. because he was the only person o observe this fact
*(B) No. because other variables were not controllcd

(C) Yes, because 1t 15 based on an obsenved fact

(D) Yes, because there 15 no way to disprove it

*Correct answers for multuple chowe items are sndicated by an
asterisk (*)
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Relanve Rawe of |
Photosynthesis ‘

400 S(x) o) 700

Wavelength (nanometers)

Plants get energy for phutosynthesis by absorbing light, As shown
above, plants photusynthesize at ditferent rates depending upon
the wavelength (color) of light they arc given If you were to grow
plants under hghts of different wavelengths, winch of the following
wavelengths of hght would probably give the best growth?

*(A) 450 nm
{B) 500 nm
(C) 550 nm
(D) 700 n1

*Cortect answets lor multiple choce items are mdwcated by an
astenisk (4
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Grade Level: 12

The following three questions are based on the following experi-
ment and diagram

M -4

Merace Dt ol Auan
reconerud trom nnshadod
blocks atter S hours

1) ) [l 10

Sections of stem. 4 centuneters i length. were cut from Just below
the growmg tips of a number of plants As indicated m the
diagram, small blocks ot agar contaming ¢yual amounts of auxin
(shaded in the diagram) were placed on one end of each stem
scetion Agar blocks without auxin {unshaded i the diagram)
were placed ai the other end of each stem section One half of the
stem sections were placed m an upright position, the other half
were upside down The tip end of the stem 1s idicated by an X
After 5 hours m the dark, an analysis was made o determmne the
amount of auxmn n the blocks which had originally contamed no
auxm (unshaded) The average amount of auxn obtaned from
these blocks after 5 hours 1s shown below each figine

Which of the foliowimg was a vanable factor in the design of thie
expermment”

(A) Amount of hght available

(B) Amount of auxin added to the shaded agar blocks

(C) Amount of auxin recovered from the clear agar blocks
*(D) Position of the agar block with tespect to the growing up

If chffusion were the prunary factor m the movenient ot auxims m
the stem. then auxin mtroduced o the auddle of a plant stem
should move from the mddle toward

(A} the up onlv

{(13) the root only

*(C) both the tip and the 100t
(D) neither the up nor the oot

*Correet answers for nniluple chowce tems ar indic ated by an
asterisk (*)




Auxin causes cell elongation 1f the hypothesis that the mosement
of auxin from the tip down the stems due only to dgravity were
true then a plant grown upside down should show

*(A) no elongation of any cells in the stem

(B) elongation of cells nearest to the root end

(C) elongation of cells just above the growing tp
(D) elongation of the cells in all parts of the stem

10 Concentration ot aian

‘ (parts per muthon)

1 ength

ot Root
fcentimeters)

= Oljppm
= HOppm
100 ppm

|

100 ppm

e (M ek

The plant hormone, auam, was apphed to cuttrngs of a 10scbush
m order tu stimulate roots to grow  Extrapolating from the data on
the graph. «t 6 weeks the longest root system wall most kel
occur at which concentration of auxin”

(A) O1 ppmn
*(B) 1.0 ppm
(C) 100 ppm
(17) 100 0 ppm

“Correct answears (o multiple chowce tams are mdicated by an
asterisk (¢)
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Thinking Skill:
Conducting inquiries

Grade Level: 4

A scientist discovers a new type of fish and wants to learn more
about it while at 15 alive How should the stentist do tlus?

{A) Go to the hibrary and read about tish
(13) Watch television programs about fish
*{C) Observe the fish
(D) Dissect the fish

Whach of the following quesnons would be the casiest to ansaet
with experiments?

{A) Hosr to can amimals run”

{BB) What makes an anmnal run fast”?

*(C) Which 1s fastest, a hzard or a snake?
(D) What 1s the tastest anmmal e the world?

Grade Level. 8

A girl wanted to hind out whether ants preter to be an hght or
darkness Wluch of the tollowmg should she do?

(A} Place one group of ants m the hight, wait awlnde, then place
them m the dark

(B) Take two groups of ants, place them e the dark tor a wiile,
then place them m the hght

{(C) Place one group of ants m the dartk and another group i the
lighit

(D) Place onc group of ants 1 a location with both hight and dark
ateas, and let then chioose between the two areas

*Corredt answers tor muitple chocc items are mchicated by an
astensk (%)
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Megan wanted to studv the eftect of exere 2 on her triend’s heart
rate T'o conduct this study. she could combme the procedures
histed below i a mumber of ways, Whach of the fown step plans
hsted below would be the best approach”

I Have tnend sit for § munutes
I Measure pulse rate of friend
HI Have friend run in place for 2 munutes

*A) LI HL and 1
(B) I 1L L and 11
(C)YILHE T and 1T
D) UL L and 1T

Grade Level: 12

Whie vof these questions would be the easiest to answer with
expenmentation”

{A) What are the etfects of hormones on hyving orgaiusms”
(13} What are the etfeets of adrenahn on toads?
*(C) Voes the mjection of adrenahn mto the muascles of an adult
wad cause a temperature change m the ammal?
(D) Does the mjection of adrenahin bave an dftect on the nnascles
of hving organisims?

Which one of the follovang hy pothieses concermng leukomia would
be the sunplest to test scientifically?

(A) Leukenua i huinan bemgs is caused by radiation
(B) Lewi-ema 1s the same i all mammals

*(C) Gammma racdhation can cause leukenna in whate nnce
(D) Leukemia an hunans 1s caused by fehne leukemia

*Correct answors for multple choce ems are mdicated by an
astensk (*)
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Which of the following would be the best procedure to determine
the minimum concentration of sucrose that a fly will eat after 1t
has been demed food for two days?

(A) Start feecing a fly on 1 niolar sucrose, then transler it to
lower concentrations of sucrose and observe 1ts behavior
(B) Start feechng a fly distilled water, then transfer it to solutions
of increasing concentrations of sucrose and observe its
behavior
*(€) Surround a fly with niany sucrose solutions of different
concentrations and observe 1ts behavior
(D) Dilute the sucrose while a fly is feedmg and notice the
concentration at which 1t stops teeding,

PHYSICAL SCIENCES

Thinking Skill:
Knowing Science

Grade Level: 4
Which of the following 15 closest to vour heght?

(A) 10 nches

(B) 5 <entimeters
*HC) 1 meter

(D) 1 kilometer

A battery produces electnical energy primarily due to
P A

*(A) chemical changes

(B) energy from the sun

(C) changes n temperature

(D) wires connected 1 a cucunt

The average room temperature 1 most buddimgs s closest to
which of the folowwg?

A1 O Celsius
(B 20 Celsius
{€C 30 Celsms
1y 70 Celsus

*Cottect answers for multiple choice items are mdicated by an
asterisk {*)
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Grade Level: 8

An object that s accelerating has which of the following
charactenstics?

(A) Volume that 1s «xpanding

*(B) Velocity that 1s changmg
(C) Direction of motion that 1s changing
(D) Temperature that 1s decreasing

Which of the following 1s sure to occur to ight striking the surface
of a transparent object at an angle other than 90 ©

*(A) The path of the hight 1s bent
(B) Most of the light 1s absorbed.
(C) The hght s reflected 180 .
(D) The frequency of the Light changes

Which of the following 15 a corieet statement dbv st evaporation
and boihng of water?

(A) Evaporation occurs at temperatures hugher than 100 Celsius
but bothng can occur at all temperatures
*(13) At a certan pressure, evaporation ¢an occur at many
different temperatures, but at a constant pressure, boiling
usually occurs at a definite temperature
(C) Boiling can only take place in a closed coniamer but evapora-
tion ¢an only take place i open contamers
(D) Evaporation can only occur from a boihng hagud

Grade Level: 12

Which of the following atonuc properties mcredses as one pro
ceeds down a family of the periodic table?

I Atomie radn of the atom
Il Electronegatiity of the atom
I Nonmetallic character of the atom

*(A) T only

(B) 1 onlv

(C) HI only

(D) L and H only
(E) L H and i1l

*Correct answers for multiple choice ems ae mdicated by an
asterisk (%)
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Thinking Skill:
Solving Problems

Grade Level. 4

@.\' ) /r

1% (

(A. B. C. D. and X represent hight bulbs )

Battery |:

| S |

In the arcunt shown above hight bulb X will 2o out when which of
the followmg light bulbs s removed from its socket”

(A) A
B) B
(GRS
*D)y D

*Cotreet answers for multiple chowe itenms are mdicated by an
astensk (*)
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Grade Level. 8

In an expermment, a student alls o graduated ovhnder with varnous
levels of water For each level the total mass of the water and the
evlmder 1s measured The student then plots a graph of the total
mass i grams of the ovhinder amd water versus the voluie of the
water i nulliliters Assunung the measurcments and graph are
correct, which graph shows the results of the esperument?

(Y ' LIEE :
.
Masvigy . Mass () . *
ot Cvhinder! : ot Cyvhinder .
+ . * .
Water . Water .
Lo . Ce .
0y olume (mlhy ot Warer YN olume tmh) ot Water
i the Cyhnder n the Cyhinder
(Cy ’ 1) :
Masw g Aty .

ot Cylmder *° ot Cuhinder .
IS + .
Water Wate s .
.
Y olume il of Woter o

Volume tmb ot Water
inthe Cyvhaaa m the Cyhinder

Grade Level. 12

Assume that vou hind yourselt g strange nnagimary world where
the masimn number of atoune sublevel arbutals i an energy
level (e for any princpal quantum number) s as follows one s
tw poand three d All othier atomie properties are the sare as the
atoms m our world T tlos strange world, what is the formula for
a biman compound formed by combanng clement A with 9
clectrons and element B owith 12 elections?

(A} AB
‘(B3 AB
(C)AB
AR
() AB

Cortect onswors Jor mnlaple chiowee tems are mdicated by an
astensk %)
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Thinking Skill:
Conduecting Inquiries

Grade Level: 4

Paulis trying a new reape for making coohses atd wondrs what
vamlla would add to the flavor of the cookies What would be the
best way tor Paul to test this?

*(A) Make some cookies with vanilla and some withouat then taste
both kinds
{B) Leave out some of the stuigar so he can taste the varilla better
(C) Leave out the vamslla and then taste the cookies
(D} Have a fnend taste a cookie

Grade Level, 8

As a candle burns 1t loses weht I vou wanted to tind out more
about this weaight loss which of the followiny guestions would vou
ask”

(A} How big s the candle?

(B) How large and how hot 1s the flame?

(€} How long will a candle buin withont oxveen”?

‘(D) ilow much does the candle wagh Hhetore and after i has beon
burniag for 2 munutes”?

A student brmgs his dog Winchester to saeisce class <o that thie
class can conduct an expeniment to sce winch of four dog foods
Wimchester prefers to cat What would be the hest war to do thns
esnernmnient”?

Contect answats tor mualtiple <hoice itoms are indicated by an
astensh (4)
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Grade Level: 12

An astronaut experienang “weightlessness  1s handed two wden
tical looking boxes One of the boxes 1s hollow and the other 1s
completely filled with a solid block of lead How can the astronaut
determine which s which”?

(A} Hold the boxes at anmn's length, one m each hand
(13} Use a standard equal arm laboratory balance
*(C) Try to shake cach box

(I3} Drop the boxes

EARTH AND SPACE SCIIENCES

Thinking Skill: |
Knowing Science

Grade Level. 4

Which of the tollowmg 1s an example of condansation i the water
(.\'(‘](.')

{A) Streams flowing mto rivers

“(13) Clouds formmg m the atmosphere
(') Puddles disappeanng on a hot doay
{D) Drops of water tallimg thtough the an

AMost of the erosion that occurs on karth s caused by

{A) wind

*{13) water

(C}) carthquakes
(DY ultravinlet heht

Awcathar station reports that thore will e a Northwest wind
today  This means that the wind will biow toward the

{A) Northwest
(B} Southeast
{C) Northoast
() Southwest

*Cortect answers for mfuple chorcitenms arc mdicated In an
astensk (')
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What 1s the Sun?

(A) A black hole
(B) A comet
(C) A moon
(D) A planet
*(E) A star

Grade Level: 8

Gravitational attraction n the solar system helps the planets to do
which of the following”

(A} Rotate on their axes
(BB) Move in straight paths
*(C) Remain in orbit around the Sun
(D) Slowly increase the velocities of their orbits

The warm summer season in the northern hemisphere 1s caused
mainly by

(A) Earth's nearness to the Sun
(B) solar flares that are more common between May and August
(C) changes m prevailing winds across the northern henusphere
*(D) the angle at which sunlight strikes the northern henisphere

Which of the following 15 generally lower at the top of a mountan
than at the base?

{A) Latitude
(B3) Wind speed
*{C) Temperature

(D) Laght intensity

Which of the following have contributed to the presence of
thousands of craters on the surface of the Moon”

[ Meteorite mpacts
H. Volcanie eruptions
HI' The lack of atmosphere

(A) T only

(B) I only

(C) T and HI onlv

(D} 1 and 1 onlv
)1 I and N

‘Correct answers for multiple chowce nems are mdicated by an

asterisk (%)
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Grade Level. 12

Which of the following 1s the most vahid imtormation to support the
wdea that the Earth revolves around the Sun® |

{A) A solar echpse
{B) The cveiie appearance of comets
*(C) Parallax of the backeround <tars
(1) Dayv ana night occuirmeg on Earth

Which of the tollowmne 1s the most prease wean of dating, Earth |
material?

(A) Averade rate ai which the oceans ticrease m salmty

(B} Average sedimentation rate of matonals depostted 1 waten

(C) Average sedimentation tate of matcnals deposited by wind

D) Average age of cortann carth mate rials based on radioactive
decay

*Correct answars lor multiple chioice items arc mdicated by an
astensh ()
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Thinking Skill:
Solving Problems

Grade Level: +

The many full moons that ocew dunng a vear are caused by the
Sun shuung on the Moon Winch of the tollowing shows the cor
rect posittons ot the Sun Earth, and Moon when we see a full
moot.”

* ([\’ /_\
\ } O O
Moon
\/ arth

Sun

(3) /
e
Moon
\ tarth

Sun

(@] /\

Sun b uth

(1) \ O
Farth
/

Moon

Moon

\/

‘Cotrect answers tor muluple chowce items ave mdic ated by an
astensk %)
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Grade Levels. 4 and 8

The hardness of a nuneral can be deternuned by cotpanng the

sample to a standard hardness scaie A softer muneral cannot
sciatch a harder nnneral Use the hardness scale below to answer

the following queston

Mineral Hardness Scale

Least hard Most hard
1 2 3 -4 3 6 7 8
Fike Gapsum ol Pl nite (ST topas Coonpsdun Draroond

Quarts will not scrateh winch of the tollowing matenals?

(A) Gypsum
13) Calcrte

() Tak
D} Corundum

Grade Level, 8

It 1< thought that the sabiuty of the Larth < oceans has increased
thronghout geologic tme Which ot e tactors helow could aflfedt

Ocearn sabimy?

i The solubthty of 1ocks
11 The tortmation ot meltinig of glacters

HI The burmme of meteors as thoey enter the Larth s atmosphere

(A} T oniy

(B3) 11 only

(¢} I onlhy

AN 1 and 11 only
(L} I and HEonhy

*Correct answers for muluple chowe ttoms are imdcated by an

astensh (%)
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Grade Levels 12

Manw hinds of evidence have been collected to suppott the wdea of
plate tectones What 1s the proper order fronn most comnpething to
least compelhng of the following upes of mnforination m support
of plate tectonmes”?

[ Shape of the continents
II' Fosail matches actoss contimerns
HI Magnetie stnips on the ocean floor

{A) 1.1, and Iil
(B) IL I and 1
(CYy I 1. and 11
D) HL . and |

Adiabatic coohng results when a mass of an expaids Winch of
the followirg 1s a correct statement about the tendene v for ram to
oceur most frequently on the win "ward swdle of mountans”

(A} 1t has no relationshnp to aaiabatie cooling
*B) Itis an example of adiabatic coohng

(C) Tt 1s a canse of adiabatic coohng

(D) It s a theory of achabatic cooling

Mamy ~aentists have 1cpotted that atmospherc concentrations of
CO, have bheen steadilv increasing over the past 100 vears and
this merease s cansmg a global tcrease i the avcrage tempera
tre on karth What measure ments or expernnents would vou de
to prove or disprove their hy pothesis

*Corteatanswers for nmitiple chorce tems are mdicated by an
dsterisk (¢)
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Thinking Skill:
Conducting Inquines

Grade Level. 4

You hve i a town nedar the Vg coast and have o lnend who
ves i atown i the center of Tennessee Tas nend tells you
that 1t's colder mw has arca i the noddle of wintor tharn itos @ vour
dared because land cools faster than watar How swould vou doesien
an eapenment to test voun friepd s statement”?

Grade Level, 8

Planet Xas a planct sunidar i swze to Earth Two 5 pound 1ock
samples were collected trom waddcy separated pomnts oil Planet X
and when the samples were analyzed they turied oat (o be the
same roch tvpe Based vpon thns mforraaton wineh ot the follow

mig s the most vahd concdusion tegarding the overall surface tock
tvpe on Planet X2

(B) Phe arface of Planet X has differens rock types
{C) The surface of Planet Xas pronaniy composcd ol gramte and
quarty
*(D) The data e msuthaent to draw a coufusion about cverall
sutace 1ock type

All of the folluwnig, processes have providod mact mlormation
about the deep mtenor of the Earth EXCER]

(A} oil v N dnlling

(B) analy/img meteontes that fall to Barth
(C) sersme waves ttavehng, through Farn
(D) magnetie field chanege s on Earth

“Correct answers for multipl chowe toms are mdicated by an

te rish (7)

(A) Fhe srface of Planet X has a utidorm tock tvpe




Grade Levels: 8. 12

Janet wants toamestigate whether the heght of aduit niades m
this coomtry has mcreased durnne the 20th century, Of the tol
lowing. which would be the best sounrce of mtormation ?

*(A) Enhistment statisues for the Armied Forces from World War |
through the Vietnam War

(8) 'The recorded hewhts of Janet's tather at v ariors ages from
his buth to the present

(C) A book that exammes dictany changes m the United States
durnmng the past centun

(13) Janet s parent recollections about the bewehts of thon fathiers
and grandfathers

(E) The dates that the fust hing and GUUEETT SIZC Iatllesses Were
manufactured i this countny

Grade Level; 12

Which of the tollowimy procedures would best demonstrate dew
pomt”?

(A) Measurmg the rate at which a g et amount of water CLapo
rates from a dish

(B) Measurme the amount of hcat regrnied to melt 1 eraann of e

*C) Decreasmg the water temperature mside o slass unul water
droplets condense on the outside

(D) Usig a sling psvchrometer to determine the retatis e hunmdi
of the an

(£) Noting the outside temperature at which conde nsation forms
on a plass

fCorrect answers top muhple chowe o s are mdicated yoan
asterisk {*)
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