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National Center for Improving Science Education

The mission of the National Center for Improving Science Education is to promote
changes in state and local policies and practices in science curriculum, science
teaching. and assessment of student learning in science. To do 50, the Center syn-
thesizes and translates the findings, recommendations, and perspectives embodied
in recent and forthcoming studies and reports, and develops practical resources for
policymakers and practitioners. Bridging the gap between research, practice, and
policy, the Center's work is intended to promote cooperation and collaboration
among organizations, institutions, and individuals committed to the improvement
of science education.

The Center, a partnership between The NETWORK, Inc., of Andover, Massa-
chusetts and Washington, DC., and the BSCS (Biological Sciences Curriculum Study)
of Colorado Springs, Colorado, is funded by the U.S. Department of Education’s Of-
fice of Educational Research and Improvement. For further information on the
Center's work, please contact The NETWORK, Inc.; 300 Brickstone Square, Suite
900; Andover, Massachuseits 01810.

To order copies of the Center’s reports for the elementary and middle years, or
the Center’s integrative reports, please contact the Publications Department, The
NETWORK, Inc.; 300 Brickstone Square, Suite 00; Andover, Massachusetts 01810,
Bulk order discounts are available.

This report is based on work sponsored by the Office of Educational Reserch and
Improvement {OERI), U.S. Department of Education, under grant number
R168B80001. The content of this report does not necessarily reflect the views of the
OERI, the Department, or any other agency of the U.S. Government.



.’

BEST COPY AVAILABLE

IC

E

Aruitoxt provided by Eic:




Foreword

The mission of the National Center for Improving Science Education is to promote
changes in science curricula, science teaching, and assessment of student learn-
ing in science. The Center analyzes and makes recommendations for policy and
practice at the national, state, and local levels. As part of this task, the Center syn-
thesizes and translates the findings, recommendations, and viewpoints expressed
in recent and forthcoming studies and develops practical resources for policy makers
and practitioners. The Center’s work bridges the gap between research, practice,
and policy, and it promotes cooperation and collaboration among organizations,
institutions, and individuals committed to improving science education. This report
is one In a series. The first set of five reports, released between mid-1989 and
mid-1980, focused on science education in the elementary years:

® Science and Technology Education for the Elementary Years: Frameworks for
Curriculum and Instruction

e Assessment in Elementary School Science Education
® Developing and Supporting Teachers for Elementary School Science Education

® Getting Started in Science: A Blueprint for Elementary School Science
Education

» Elementary School Science for the 90s: A Guide to Action

The first three reports focus on curriculum and instruction, assessment, and teacher

development and support. The fourth report is a summary of the findings and recom-

mendations documented in the first three. The Action Guide is a practical tool that

science supervisors can use to carry out the Center’s recommendations. This docu-

ment, Assessment in Science Education: The Middle Years, is part of a second set

of reports that focus on science and mathematics education for young adolescents.
The other reports in this second series include:

® Science and Technology Education for the Middle Years: Frameworks for Cur-
riculum and Instruction

e Developing and Supporting Teachers for Science Education in the Middle Year,
® Building Scientific Literacy: A Blueprint for Science in the Middle Years
® Science for the Middle Years: A Guide to Action



The synthesis and recommendations in this report were formulated with the help
of the panel whose members are listed on page 113. We gratefully acknowledge the
help of the many people who have supplied materials and made recommendations
and suggestions for the text of the report. While the list would be to. long to
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improvement. For copies of this report or further information on the Center's work,
please contact The NETWORK, Inc.; 300 Brickstone Square, Suite 800; Andover,
Massachusetts 01810.
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Chapterl

Assessment: The Middle Years

in this report, the Center addresses the assessment of early adolescents’ science
learning. The Center defines early adolescence as ages ten through fourteen. As
we point out in chapter 4, school arrangements for this age group vary tremendously.
Students in this age group might be attending an elementary school, a middle school,
ora junior high school; each of which can span a variety of grades—even a K through
twelfth grade school. One teacher or a team of teachers working together might pro-
vide instruction; or, individual teachers responsible for a specific subject—as in high
school—might provide instruction. Often, administrative needs and traditions
govern school organization and instruction within a district.

In this report, we address science education and assessment for all early
adolescents, no matter what kind of school they attend. Because each of the terms
middle school, junior high school, and middle grades carries organizational and
instructional connotations, we use the more neutral middle level (or middie years)
and early (or young) adolescents when we discuss science education for students
in the ten-through fourteen-year-old age group. When discussing specific types of
schools, we indicate which grades or age groups are appropriate.

Obviously, anyonee. 1ged in an effort to help schools do a better job in science
education for early adolescents must focus on two issues: (1) improving the science
curriculum and science instruction, and (2) improving the quality of teaching and
the competence of science teachers. But why worry about assessment? Six reasons
are readily apparent, and, although the reasons for the classroom teacher will dif-
fer somewhat from those of the policymaker, together these reasons provide a strong
case for improving current assessment practices. The teacher should use assess-
ment for the following reasons:

* Assessments help guide instruction and make it more effective. Assessment
should be used to establish what students bring to the classroom and what they
are learning as instruction and classroom activities proceed.

* Assessments impress on the students, school staff, and parents the importance
of science education and the expectations for science Jearning at the middle
level.

* Assessments document accurately and coinprehensively each student’s prog-
ress at the end of an extended period of insiruction—a semester or school year,
or when a student moves on to a new classroom.

11




The policymaker should use assessments for three purpuses:

» To monitor the outcomes of science instruction, and, in particular, the students’
achievements and competencies in science.

* To provide, when combined with other information, the base for formulating
approaches that might improve science education.

» To provide guidance on how resources invested in science education might be
augmented or used differently.

Through these means, assessment can—and does—exert a powerful influence on
science education, an influence that has grown as mandates for assessment have
grown. Whether this influence is for good or ill, however, depends on how tests and
other forms of assessment are constructed and their results used. The goals of science
education, cuiticula and instructional techniques that reflect these goss, and the
tests and other means of assessment used to establish what the students have
learned and can do in science. Otherwise, assessments will distort the goals, the
curriculum, and what the teacher chooses to do in the classroom. This is as true
for assessments controlled and conducted by teachers for their own purposes as
it is for externally mandated assessments intended for policy uses. Moreover, it does
little good to improve teachers’ assessment practices without making consonant
improvements in large-scale assessments, so that both will reflect the kind of science
education that advances the inteliectual development and interests of young
adolescents.

In the Center's report on assessment in elementary school science eduration
{Raizen et al., 1989), we focused mainly on how assessment can serve instruction,
that is, how teachers might enlarge and improve their assessment straiegies by
monitoring not only their students’ progress in science, but the effectiveness of their
own science instruction. But externally mandated, large-scale assessments con-
ducted for policy purposes also must enrourage and be consonant with good science
teaching. Therefore, in the previous assessment report, we attended to this type of
assessment as well and explored the inherent difficulties in tests administered to
large numbers of students.

In the current report, we maintain our emphasis on improving teachers’ assess-
ment practices and have limited our treatment of large-scale assessments, because
the tests and assessments teachers canty out in the classroom have more direct con-
sequences for individual students—for their learning and their future engagement
with science~—than do districl, state, or national assessments. Also, teachers have
available an array of assessment strategies that can deeply probe the students’ prog-
ress and link with more relevance to instructional practices in particular classrooms.
These useful strategies are only just beginning to be introduced into large-scale
assessments. Nevertheless, the lack of correspondence between many large-scale
assessments and good science education for early adolescents continues to be a
troubling concern.

In this report we first review the capabilities and interests of early adolescents
and consider the na‘ure of an education, especially in science and technology, that

2  ASSESSMENT THE MIDDLE YEARS
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can build on those capabilities and interests. In chapter 2, we discuss what is known

about the cognitive and social development of ten-to fourteen-year-old students. Our
coverage includes, but is not limited ta

® the student’s increasing potential for engaging in the kind of thinking that
® the student’s developing reasoning skiils, and
® the growing student interest in evaluating themselves and others,

* the students’ continuing need for concrete experiences, even asthey are helped
to develop formalized abstract thinking patterns.

In chapter 3, the Center presents goal statements it has developed in the compa-
nion curricdum and instruction report (Bybee et al., 1990). The goals reflect the
grorving capabilities of early adolescents to deal with science content and methods,
and they reflect widely made recommendations for the education of students in this
age group. The goals address not only science content, but also the relationships
between science and technology and the relationships between science, technology,
society, and individuals—a particularly motivating subject for this age group. Also
discussed in chapter 3 are the assessment challenges these goals pose and the
knowledge. skills, and dispositions the students should acquire.

The dilemmas of assessment at the middle level are quite like those encountered
in the elementary grades—especially those concerning the need to assess think-
ing skills as opposed 1o assessing knowledge of subject matter. Assessment at the
middie level encounters significant complications, however. Early adolescents ex-
hibit thinking skills that are more complex than those exhibited by elementary
students. and their knowledge base is larger. Also, if one educational goal is to
develop critical-thinking and problem-solving capabilities for a variety of situations,
assessment of transfer must be addressed. Furthermore, if learning-to-Jearn and self-
asscssment skills are educational goals for the adolescent years, strategies for their
assessment must be developed and included in assessment batteries.

Because assessment must be set in the schooling context, we next review, in
chapter 4, the nature of science programs and their broad middie-level school en-
vironment. We first consider current recommendations for the education of early
advlescents in general and science education in particular. We then contrast and
compare those recommendations with actual practice in today's middle-level
schools.

Chapters 5 and 6 are the core of this report. In these chapters, we detail our con-
ception of assessment and instruction in the service of science learning. In chapter
5. we point out the opportunities presented by the growing cognitive abiliti~s of early
adolescents. These opportunities include assessments that inform teachers of their
students’ progress in science and help teachers guide the course of instruction. We
recognize the continuing. although limited, utility of well-designed traditional tests,
but we also attempt to broaden the definition of what counts for assessment. Several
examples illustrate how scientific inquiry itself can serve lo provide assessment

Cudder 3




oppoﬁuMﬁesaMhowmhmcanweavemmﬂmmhdrsdemexmdﬁm
In chapter 5, we stress approaches possible now in any good middle-level science
classroom. In chapter 6, we consider future directions in assessment and discuss
several approaches still in experimental or trial stages. Several of these approaches
come from state initiatives for assessing science or mathematics learning: thus,
chapter 6 builds a bridge to chapter 7, in which we take up assessment for ,olicy
wrposaAkeypoimdchapter?isthmdedﬁonnmswhowishmimm
science education need information not only about the full range of learning out-
comes, but also about the context in which these outcomes are being achieved—
typadstuduﬁ&chamdeﬂsﬁcso!pmmmmdin&rmﬁon.mdtypesdmhm
and teaching conditions.

In summary, what does good assessment of middle-level science education look
like?

o Assessments should match exemplary instruction. Assessment exercises
shouid be indistinguishable from good instructional tasks and will often be in-
terwoven with them.

e Exercises should include hands-on performance tasks that allow students to
demonstrate their proficiency in laboratory activities and scientific thinking.

e Assessments should probe the student's depth of understanding as well as
knowledge of subject matter

¢ The emphasis should be on both the approach and the product: how an answer
was obtained, how the student carried out a hands-on activity or conducted
an investigation, and the student’s final result.

¢ Some assessments should be built around a student’s research or design proj-
ect, free from the time constraints usually imposed by tests and assessments.
Opportunities should be provided for self-assessment and course correction
as the students proceed through the project, so that the teacher can check
whether the student’s proficiency in these important management skills has
grown. Such projects also would allow judgments on competence in writing,
presentation of data, the use of mathematics, and—if appropriate and
available—use of the computer.

e The notion of “proguct” or “performance” must be enlarged to include not just
written reports about experiments and answers to test questions, but also
speeches, models, drawings, group presentations, and displays.

¢ There should be opportunities for group work designed around tasks too com-
plex for students to undertake individually. In addition to providing informa-
tion on the student’s science Jearning and performance, this would allow the
teacher to judge how effectively the individual communicates and contributes
to the group, that is, the student’s ability to collaborate effectively.

14

4 ASSESSMENT: THE MIDDLE YEARS



-

¢ |f policymakers wish to use assessments for making improvements in science
education, then they must take care to collect information not only on student
outcomes, but also on the schooling context and science programs that pro-
duce the student outcomes. In chapter 8, we conclude this report with recom-
mendations for actions that will bring about assessments consonant with the
goal of providing effectiv2 science education for all young adolescents.

av
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Chapter II

The Opportunity

During early adolescence humans develop the capacity to think in a way qualitative-
ly different from the thinking typical of students in the early elementary grades. A
large proportion of youths, however, do not realize this capacity. Studies done in
the United Kingdom with students in comprehensive secondary schools show that
mﬁyZOh&OpemuhaddevdopedbmalopenﬁonmhinkingMHheminking
skills commonly used in science—although the percentage ranged from 60 to 85
percent in elite secondary schools (Shayer and Adey, 1981). Renner et al. (1976) came
to similar conclusions about twelfth-grade students in the United States. Failure to
develop these higher order thinking skills places limits on an individual's contribu-
tions to society and potential for personal development. Formal education consists
of structured experiences and opportunities to reflect on these experiences. Formal
education is critical to the realization of the capacity for reasoning and higher order
cognition. Also, science, as an important component of formal education at the mid-
dle level, can directly support the development of formal operational thinking. But
to do so, science education must be designed to take advantage of the early adoles-
cent'’s cognitive and social development,

The Adolescent and Adolescence:
Perspectives —__ —

The magnitude of the physiological, cognitive, and social changes that take place
in early adolescence, the years from ten through fourteen, is second only to the
magnitude of changes that take place in the first eighteen months after birth. The
rate of physical growth accelerates, the secondary sexual characteristics develop,
and the physiology of the brain changes,

Two of the socio-psychological factors that are distinctly different in these two
periods of the human life cycle are the degree of awareness on the part of the
young person that physical and psychological changes are taking place, and the
distribution of contro! between the youth and responsible aduits. Unlike the
eighteen-month-old child, who must be constantly reminded by adult caretakers
that it is only s0 big, adolescents are acutely aware of their rapid growth and the
appearance of secondary sexual characteristics. Furthermore, adolescents are em-
barrassed that others— aduits or peers—also have noticed these changes. In

17
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addition to the more noticeable physical changes, early adolescents are also develop-

ing an awareness of their thinking processes and the powerful new strategies
available to them,

The locus of control is also very different in these two periods of development.
While the infant exerts independence as it enters early childhood, the adults in the
infant's life have the edge in size, reasoning capacity, and control over resources
The adolescent, in contrast, is becoming physically competitive with aduits. The
adolescent is developing a capacity to reason as an adult, and biological forces com-
pel the adolescent to be independent, although they nevertheless realize that adults
are still very much in control.

Maijority culture in the United States views adolescence as a traumatic, unplea-
sant period in life through which young adults must be shepherded as quickly as
possible. Adults tend to assume that adolescents find this period in their lives as
painful as those around them do, although evidence from research and interviews
with adolescents contradicts this assumption (Committee on Adole scence, Group
for the Advancement of Psychiatry, 1968; Offer et al., 1981). Whether ihe “trauma”
of adolescence is inevitable and universal or an artifact of particular cultures is an
empirical question for which no firm evidence exists. Our stance on this matter—
based more on philosophy than science—is that the extent of the “trauma” can be
reduced considerably if society provides more support for youth ir: this period. What
s unclear is the kind of support that is best. Adults fear for the safuty of adolescents
who tend to look outside the home for values and models on which to pattern their
behavior. The typical adolescent engages in high-risk behaviors, some as dangerous
as using illegal drugs and alcohol, experimenting with sex, or operating motor
vehicles irresponsibly. Adolescents often act as if they believed that they were im-
pervious to the dangers of everyday life. Consequently, parents and educators atike
contrive ways to protect them, Two strategies for coping with this “dangerous” time
are

e Keep the early adolescent busily engaged in desirable activities—studying,
sports, art and music lessons—so that neither time nor energy remains for par-
ticipating in undesirable activities.

® Create an environment-a playpen, if you will—in which the adolescent is
prevented from engaging in potentially injurious behaviors. The second
strategy, unfortunately all too typical of American education, provides a safe
environment that does not promote the development of the cognitive capacities
of early adolescents.

The following description of the intellectual development possible during this
period is based iz rgcly on the work of Jean Piaget, whose observations continue
to influence the practice of science education. While the theoretical interpretations
and practical implications of Piaget's research have been the subject of considerable
debate, his descriptions of the reasoning characteristics of infants, children, and
young adults illuminate most current thinking about the learning and teaching of
scisnce (Flavell, 1963; Case, 1985). Present-day cognitive researchers who are
building on Piaget's work on the evolution of thinking tend to emphasize the con-

18
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tinuity rather than the difference between the reasoning stages that Piaget l.as
described (Carey, 1985). Rather than postulating that individuals engage in fun-
damentally different ways of thinking at different stages of development, these
researchers hold that the less-skilled thinkers, regardiess of age, know a great deal
less about the domain with which they are dealing, and it is this lack of knowledge
and understanding of concepts in a particular domain that keeps them from engag-
ing in the more complex reasoning process. The function of formal education, then,
is to deepen the students’ knowledge and understanding so they can develop the
higher order thinking skills described by Piaget. In the next section we summarize
Piaget’s descriptions of higher order thinking as they are relevant to science educa-
tion, particularly the development of formal operational thinking,

Formal Operational Thinking

In early adolescence, students begin to display a qualitatively different kind of
thinking about the natural world and the individual’s place in it than that general-
ly displayed by younger children. Early adolescents acquire more knowledge and
a more sophisticated organization of that knowledge, and their intellectual
development proceeds to the point at which scientific thinking can be observed.
According to Piaget, formal operational thinking represents the highest form of
human thought and is characterized by the individual's ability to:

® engage in hypothetical-deductive reasoning,

¢ engage in propositional reasoning,

¢ use combinatorial analysis and proportional reasoning,

e reflect on one’s own thought processes, and

* consider issues and situations from different perspectives.

Hypothetical-deductive reasoning. The ability 1o conjecture alternatives to
reality and to test systematically the alternatives against available data indicates

an individual’s ability to use hypothetical-deductive reasoning. This ability entails
controlling variables and reasoning from a set of premises. The competencies
might be teachable (Linn and Levine, 1976), although they appear to some extent
to depend on the formulation of a given problem. Hypothetical-deductive reason-
ing enables individuals to have thoughts that go beyond the “here and now.” Also,
these thoughts can influence the adolescent's social and moral cognition.

Propositional reasoning. In contrast to the student in the early elementary
grades, who tends to think in concrete, operational terms and mentally
manipulate only real objects, the older student who displays formal operational
thinking is capable of reasoning using abstract propositions, hypotheses, and
quantitative relationships—at least in familiar domains (Flavell, 1963). Hypothetical-
deductive and propositional reasoning are the basis for an individual’s ability t
reason scientifically '

J9
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Combinatorial analysis and proportional reasoning. Components of scien-
tific thinking include hypothetical-deductive reasoning, propositiona! logic, and
combinatorial analysis—the component most closely assoclated with experimen-
tal design and data analysis. Tasks that Piaget used to test for hypothetical-deductive
reasoning and combinatorial analysis require the student to genevate lists of fac-
tors that might dccount lor how a physical system functions—for example, the period
of apendulum’s swing—and then to determine which factor actuaily influences the
system by testing each factor while holding the other factors constant. Proportional
reasoning is a mathematical skill essential to scientific reasoning. A task used to
test for this skill involves an object (a stick figure is often used) represented by us-
ing two different scales. Lengths of the component parts of one representation are
given in some arbitrary unit—the length of an arm in paper clips, for instance, The
task is to figure out how long a corresponding part is on the other representation.

Refiective thinking.Awareness and assessment of one’s own thinking processes
are characteristics of forr al operational thinking. This quality of thinking enables
students at the middle level to accomplish five tasks:

® describe how they learn best,

® improve their own learning,

e assess the strengths and weaknesses of their problem-solving skills,
* assess the extent to which they understand, and

¢ assess how well they are meeting the teacher’s expectations.

Not only do these and other related skills make it possible for the students to assess
their own work; these skills also enable them to improve themselves.

Consideration of issues and situations from different perspectives. The
bility to consider issues and situations from different perspectives is characteristic
of formal oporational thinking. Thus, an adolescent can engage in recursive thought,
that is, thinking about the thoughts of others, and contrast sets of perspectives of
self and others. Concurrently, young adolescents tend to be egocentric, even as they
develop their ability to distinguish between their own concerns and those of others.
As their ability to place themseives in a wider social context increases, adolescents
begin to see themselves as having a personal and a social destiny (Lipsitz, 1977).
Being able to shift perspectives is critical to scientific thinking. For example, spatial
reasoning, a particular form of cr asidering different perspectives closely, correlates
with scientific achievement. Spatial reasoning implies

¢ the skills necessary to represent the spatial relationships of objects to each other
as they would appear from vantage points other than the one from which the
individual :s viewing them, and

* the skills necessary to represent how an object would appear from various van-
tage points or how the object would appear after a linear or rotational
transformation.

20
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Another sort of competence in shifting perspective is the ability to con<ider how
others might think about a situation or an issue. The ability to develep an effective
scientific argument is dependent on three skills:

¢ generating possible perspectives that others might take,
* determining which of these a particular individual holds, and

® developing a line of argument to counter or complement alternative points
of view.

In traditional Piagetian theory, the logic structures that facilitate spatial reasoning
also operate in the ability to understand the perspective of others; more recent
research has underlined the importance of context and experience in the ability
to shift perspectives.

Instructional implications. As the early adolescent's ability to reason, reflect,
and consider other perspectives grows, the educator might be tempted to reduce
direct experience with hands-on activities in favor of reading and writing about and
discussion of science and technology. Although many students at this age are becom-
ing more adept at abstract thinking, more comfortable using mathematics, and more
skilled and practiced in using thinking skills to solve problems, they are nevertheless
concrete thinkers most or part of the time. New learning is often elusive, understood
at one moment, slipping away at another. Therefore, problem-solving and decision-
making skills are best practiced around a concrete, visible, memorable activity or
a real experiment, because skills and concepts thus learned can be remembered
from a tangible context. Moreover, hands-on experimentation in science provides
opportunities for planning, observing, selecting evidence, formulating and ruling
out rival interpretations—in short, learning how to impose structure on experience.

Scientific Thinking — _

Formal operational thinking is a characteristic of scholars in all academic
disciplines. It is also a characteristic of the I ighest levels of social and moral cogni-
tion. Piaget's detailed descriptions of formal operational thinking, however are
drawn largely from mathematics and the physical sciences.

The nature of scientific thinking. Scientific thinking is the product of formal
reasoning strategies operating on a knowledge base. The structure of the knowl-
edge base reflects the nature of the reasoning processes that store information in
it. Of particular interest in formal operational thinking are two structural features
of the knowledge base that arise from an individual's ability (a) to categorize ob-
jects, events, or ideas on the basis of conceptual rather than perceptual features
and (b)to understand concepts at a theoretical level. The knowledge base of an in-
dividual skilled in formal operational thinking is different from that of someone
thinking in concrete terms, because the former is capable of abstract categoriza-
tion. Concrete operational thinking only requires categorization on the basis of
physical attributes —objects on the basis of color, or sounds on the basis of pitch,
for example,
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Formal operational thinking requires categorizations of objects or symbols us-
ing abstract festures. Categorizing chemical changes according to reaction type
{oxidation-reduction or neutralization), physics problems according to the physical
Jaws that must be applied to solve them, or arganisms according to their function
in a biological system all present examples of formal operational thinking (Chi et
al., 1981).

Individuals thinking in formal operational terms also can understand concepts
at higher levels of abstraction than do individuals thinking in concrete operational
terms. Concepts can be understood on at least three different levels of abstraction:
phenomenolo@cal experimental, and theoretical. At the phenomenological level

of abstraction, understanding implies familiarity with the qualitative aspects of
phenomena. Density, for example, can be understood in terms of phenomena—
objects and substances floating and sinking in liquids and gases. However,
understanding at this ievel does not imply that the individual understands the ex-
planation, only that the individual can completely and accurately describe the
phenomena. :

At the experimental Jevel of abstraction, understanding density means knowing
howmnm:rgvdummdmandmnsequamy.m.%neumdins
density at this level involves manipulation of concrete objects, the fact density is
a derived quantity, the ratio of two measured quantities {volume and mass), means
that understanding density at this level requires proportional reasoning. Formal
thinking is also necessary to understand the explanation for floating and sinking
phenomena. '

At the theoretical level of abstraction, understanding of density implies know-
ing that density is an intrinsic property of substances, a property that depends upon
the mass of the molecules of which the substance is composed and upon the number
of molecules in a unit volume of the substance. The knowledge base necessary for
formal operational thinking contains integrated information about a concept like
density at all three levels of abstraction.

Developing sclentific thinking. According to psychological theory, three fac-
tors affect intellectual development (including the development of a science-relevant
knowledge base and science-related skills): physiological maturation, interaction
with the natural world, and social experience. Developmental psychologists tend
to downplay the influence of formal educational experiences (a type of social ex-
perience) in the development of formal operational thinking. Other psychologists—
the neo-Piagetians, for example—admit to * e effects of formal education on the
acquisition of formal thinking. For this reason, science educators stress the import-
ance of hands-on science work linked to the student’s experiences and accompanied
by discussion among groups of students as well as with the teacher. They stress the
development of conceptual schema through effective education rather than the
physiological development of logical structures. Our report is predicated on the
premise that this sort of well-conceived school science can contribute to the attain-
ment of formal operational thinking.
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Creating educational environments in which early adolescents can rapitalize on
their expanding capacities requires thinking through the relationship between
development and learning. The way in which the relationship between develop-
ment and learning is construed influences the nature of the school science ex-
perience. In much of the educational literature, the distinction between learning
and development is blurred and the relationship between them subject to different
interpretations. One interpretation is that development of formal operational think-
ing occurs independently of formal education. According to this interpretation,
cognitive developmental level is a critical factor limiting the sophistication of the
subject matter that can be Jearned. This implies that the cognitive demands of lear-
ning sclence subject matter should not exceed the developmental level of the learner.

Another, more constructive view isthat learning contributes to cognitive develop-
ment. According to this interpretation, experiences with the natural world that a
child interprets in a social environment contribute in small increments to the child's
knowledge base and repertoire of thinking skills. When these experiences are con-
current with the appropriate physiological maturation, one observes the “quantum

" in thinking that characterize the transition from one level of cognitive
development to another. In practice, based on this interpretation, subject matter
is selected for its contribution to the development of formal operational thinking.

The Goals of School Science
and Formal Operational Thinking

When the goals of school science are stated in terms of the characicristics of the
successful science student, the close correspondence to the characteristics of for-
mal operational thinking is evideni. Both the ideal product of twelve years of
school science and individuals skilled in formal operational thinking can

» understand scientific concepts, principles, laws, and theories;
* criticize the design of experiments as well as design experiments; and
» understand the sociology of the development of scientific knowledge.

Furthermore, being able to learn on one’s own and to assess one's understand-
ing and progress toward achieving a goal also are desired outcomes of school
science. Although the goals of science education correspond significantly to the
operational definition of formal operational thinking, one critical difference,
which has implications for practice in science education, centers around “know-
ing" something and being able to “figure it out.” Piaget operationally defines
stages in the development of reasoning skills in terms of the ability to respond to
an unfamiliar task, no matter what the domain. Thus, in his view, a correct
response, which would include both the “correct” answer and justification for that
answer, indicates that the reasoning structures necessary to analyze the task
“logically” are availabie to the student, quite apart from exposu.e to the subject
malter. In contrast, the assumptions underlying the goals of school science start
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with domain knowledge; that is, the student will know the right answer and be able
to justify it after exposure to the relevant subject matter. Even when goals for science
education refer to appiication of knowledge and reasoning skills in unfamiliar situa-
tions, the new situations are generally domain specific, that is, they entall scien-
tific knowledge and reasoning skills applicable to academic, personal, and civic pro-
blems related to science. Transfer to the domain of analyzing historical exposition,
for example, would be considered far transfer, and not expected as an explicit out-
come of science education.

Issues and Dilemmas

As one contemplates the possibility of “detraumatizing” adolescence by providing
an environment in which the developmental tasks of adolescence can be achieved,
one must recognize the impediments to the realization of every student's poten-
tial: lack of knowledge about the detailed nature of the formal experiences that
help to enhance the development of formal thinking; institutional and structural
issues that include teacher preparation and beliefs (see the Center's companion
report on teachers and the teaching context at the middle level); and resources—
what society is willing to invest to ensure that all but the severely mentally disabl-
ed develop formal thinking. Among the considerations with regard to resources is
the relative importance of the development of intellectual skills compared to the
many other developmental tasks of adolescence. This particular issue creates
dilemmas for educational practice in general and for science education in par-
ticular. Some dilemmas are philosophical: How does formal operational thinking
contribute to the valued ouicomes of school science? How does schoo! science
contribute to the development of formal operational thinking? Does society value
formal operational thinking? If so, how much? To what extent is society willing to
devole its resources to achieving formal operational thinking in all youths? Some
of the dilemmas also have a theoretical component: Are all “normal” youths
capable of becoming formal operational thinkers? What is known about the extent
to which the developnient of formal operational thinking can be facilitated? If
development can be facilitated, how is that best accomplished? Is the develop-
ment of formal operational thinking accomplished best through the study of
science? If so, what should be the nature of the science experience? How do ex-
periences with the natural world influence the development of formal thought?
Do educational experiences that develop understanding of science concepts at a
theoretical level and the ability to design a valid experiment create a formal opera-
tional thinker or, rath.zr, is it the case *hat only the formal operational thinker can
come to understand science? What in all this is the role of sucial interaction?
Developers of science curricula and instruction need to consider careful responses
to these questions, as well as defining the optimal conditions under which true
scientific thinking develops. In the next two chapters, the goals of science educa-
tion at the middle level (chapter 3) and recommendations for science instruction
{chapter 4) are discussed. In these two chapters, special attention is paid to the
growing capacities of young adolescents. Also, the recommendations are con-
trasted to actual current practice,
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Chapter III

Goals for Science Education
and the Assessment Challenge

Scientific and technologic literacy for all citizens stands high on the list of educa-
tional needs for the year 2000 and beyond (Nationa! Commission on Excellence
in Education, 1983; National Science Board Commission on Precollege Education
in Mathematics, Science and Technology, 1983; Task Force on Education for
Economic Growth, 1983; Twentieth Century Fund, 1983; however, for adissenting
view, see Shamos, 1988). To summarize the arguments made by advocates of science
education: Not only will the econony require an increasing number of scientifically
and technically trained professionals and support personnel, but most production
and service jobs will require a modicum of quantitative and technical skills (Botkin
et al., 1984; but see Levin and Rumberger, 1983, for counter-arguments). Moreover,
an increasingly complex interlinking of the man-made and natural worlds makes
it important for people to understand the basic parameters of both these worlds and
thelr functioning, so that they can make effective personal and civic decisions. Re-
cent reports have interpreted in some detail the meaning of scientific and
mathematical literacy with respect to student learning and proficiency in these fields
(American Association for the Advancement of Science, 1989; Mathematical
Sciences Education Board, 1989).

The period of early adolescence can be an exciting time in science education.
Middle-level science instruction must bridge the introduction of science as a set of
accessible activities in the elementary years and science as a sophisticated form of
intellectual inquiry in high school. Children exposed to good science in the elemen-
tary school years have seen something of the ways in which scientists approach pro-
blems, pose questions, and collect and organize information, but they probably have
seen little of the formal, systematic knowledge structures that characterize mature
sclentific disciplines. In the elementary years the students lack intellectual maturity,
which limits their ability to work with abstract formal systems. Also, they are just
beginning to develop the “tool skills" especially mathematical understandings and
symbol systems, necessary 1o work with abstract scientific concepts. Science ixstruc-
tion in high school is grounded in the scientific disciplines. It is formal, rigorous,
and often quantitative. Therefore, middle-level science instruction divides elemen-
tary science and high school science by introducing the power, excitement, and utili-
ty of formal scientific systems without communicating to children that real science
is only comprehensible to the brightest students, the mathematically precocious,

or boys. .
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Education of young adolescents has the dual purposes of providing for their con-
tinued personal development and fulfilling the aspirations of society. Early in this
century, the literature on junior high schools and in recent decades the literature
on middle schools has continuously emphasized the goal of personal development
fmeaﬂyaddemﬂmdmﬁs%lepasmddevdopMusapa!happmpﬁm
middie-level educators should not lose sight of the second goal, that of contributing
to the society in which the adolescent lives. Putting it more succinctly, the aims of
science education in the middie years are to develop the student’s capacity to

* think scientifically and use the tools and strategies of science, and to

* apply science knowledge and skills in addressing individual and societal
problems. :

These broad aims lead to several more specific goals.

Goals for Science
Education for Early Adolescents

The goals as spelled out represent general directions, While all students may not
attain all goals with equal proficiency and understanding, all students should
develop some proficiency and understanding. The goals stated for the elementary
years in the Center's earlier reports (Raizen et al., 1989; Loucks-Horsley et al.,
1989; Bybee et al., 1989) share common elements with those stated here, as the
Center sees articulation of subject matter drawn from science education across
grade levels as a critical element of reform. In particular, we continue to em-
phasize the importance of teaching both science and technology and connections
between them as well as the importance of engaging students in activities relating
to science and technology. The variations between goals for elementary and mid-
dle Jevels i e based primarily on the student’s developing capacities, as described
in the preceding chapter.

Goal 1: Science and technology education should develop adoles-

cents’ ability to identify and clarify questions and probiems
about the world.

Young adolescents are first and foremost interested in questions and problems
that relate directly to them. Constructing a middle-level curriculum could easily
begin with such questions as what is normal? Why do organisms behave the way
they do? How are things made? Why do things change? What are the relationships
among things? These questions are intentionally ambiguous. Young adolescents
seldom state questions with immediate personal connections—~Why do | change?
Am | normal?—although these questions are probably closer to their interests.
The point here is to begin with questions and problems that have meaning for
adolescents, rather than with concepts and skills that have scientific and
technologic significance but seem abstract and removed from life. Although
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adolescents are likely to have many questions about themselves and their surround-
ings that are related to science and technology, they may not see this connection
until they pursue their questions in greater depth. Asking questions and identify-
mgpmblemmtheﬁrststepsinsdenﬁﬁcinquicyandtechndogkpmﬂemw
mg.hismpmwiate,themtom,mimmcemdmtsmmiememdtechmlogy
education in response to their questions and problems.

Goal 2: Science and technology education should broaden adolescents’
operational and critieal thinking skifls for answering questions,
solving problems, and making decisions.

As they develop explanations and solve problems, scientists and engineers use
Wmmmmmmmmmmm
mmmmﬂ.mmmmmmdmmwm
aswellascmsidemionofooﬂ,ﬁsk.andbenﬂintechmlog,ammmbofme
processes included in this goal. Adolescents should learn what and how scientists
and engineers think and why they think the way they do. Students need an introduc-
tion to the intellectual rigor and demands of scientific inquiry and technologic prob-
Iemsolving—theneedforevidence,themoﬂo@candaeaﬁvity. Learning to for-
nnﬂatesmndmdmhefmtemknaﬁomanddwdopingamnaumomm.skep
tical posture are also important. In addition, students need to acquire the social and
mmmmonskﬂbapwmemwmuﬂlabmaﬁvesdemeacﬁﬁﬁambgod
connects to other general aims important to middle-level education. Amongthese
other aims are the development of adolescents’ operational and critical thinking
skills and their physical, social, and emotional capabilities.

Goal 3: Science and technology education should develop adolescents’
knowledge base.

Knowledge must be a central concern of science and technology education. Tradi-
tionally, the science curriculum (including that designed for young adolescents) has
consisted of facts, information, -and concepts that represent the life, earth, and
physical science disciplines. The criterion for selection and inclusion of subjects
has been that the curriculum should represent the accumulated information within
each discipline. The task of the teacher has been to present the information. Tests
were used to determine what information the students had retained.

The Center recognizes the importance of adolescents’ ability to acquire and apply
knowledge in personal and social contexts, and the Center's goals reflect this. We
recognize the dynamic nature of science and technology and thus recommend
presentation of scientific and technologic knowledge as proposed explanations and
proposed solutions. The emphasis should not be on trivial facts and isolated infor-
mation. Rather, the emphasis should be on the acquisition of a knowledge base,
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theacquisiﬁonofcomepBMurﬁiydéscipﬂneswithinthesdmmandm
ummdmw.mmdmmmmmwbem
Wmmmmmmmmwmmmz
mmmndpmmmwmmmdmwmmm
Mngoﬁmpmedshwnspedﬁcmmmmmeemh&sstmﬂdbe
reaching a deep, rich. and rewarding appreciation and understanding of a relative-
wmmdmmmmmwmm
ly applicable methods of inquiry.

Goal 4: Science and technology education should develop adolescents’
nndmdinsdthehlatorymdmmredldemmd
technology.

Ado!acentsalsoneedtounde:standwemeandtedmdogaswhumlandsodal
mmﬁwmmmmmmummmmm
culture influence science and technology ans how technology and science influence
culture and society. Thus, the social context in which scientific explanations and

shape Western culture. Consider, for example, the revolutions of Nicolaus Coper-
nicus, Isaac Newton, and Albert Einstein; the contributions of Charles Darwin,
Charles Lyell, and James Watson and Francis Crick to the current understanding
ofthepromesofewluﬁon;mdthemlesotwd\individualsas]ames%ttimhe
Industrial Revolution. These developments have had significance beyond their
scientific content and technologic products; indeed, they have changed world culture
(Bybee, 1990). There is another important reason for spendingtime on the history
and development of science and technology. Students’ conceptual understanding
of the world sometimes appears to parallel that of history; for example, many
students have an Aristotelian view of nature, Presenting different historical perspec-
tives, while affirming that others have perceived the world the way some people
do now, can serve to challenge problematical conceptions that students might hold
and provide structures for reformulating their explanations. Adolescents should
begin developing an understanding of the nature of science and technology. They
should see science as a particular way of knowing about the vvorld, and technology
as a way peopie adapt to their environment. How do the sciences and technology
advance? What constitutes a valid scientific explanation? How is science different
from other ways of knowing, such as history, literature, or religion? Is technologic
problem solving different from other forms of problem solving? Science for All
Americans {American Association for the Advancement of Science, 1980) provides
examples that further clarify both what this goal includes and the conception of
science and technology that we hold at the Center. The adolescent should under-
stand that science assumes the world is understandable, that scientific explanations
are durable but subject to change, and that science cannot explain all things. Con-
cerning technology, adolescents should understand the interactions between science
and technology, that technologic problem solving involves design under constraint,
that technology involves control, that technologies can have unintended conse-
quences, and that technologic systems can fail.
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Goal 3: Sclence and technology education should advance adolescents’
understanding of the limits and possibilities of sclence and
technology in explaining the natural world and solving human
problems.

Science and technology divectly relate to contemporary American life. They serve
as agents for social change, and, in turn, they are changed by society. Individuals
and nations are increasingly being asked to make decisions that influence the quality
of life. Uncerstandiny the limits and possibilities of science and technology has a
direct bearing on the goals for general education in the sciences. This goal encom-
passes the need to develop personal decision-making abilities. This goal also ex-
pands the adolescent's potential for meaningful work and careers and cultivates the
adolescent’s citizenship responsibilities. These goals represent an integration of our
conception of science and technology and the major orientation of middle-level
education. The task is to see that young adolescents develop, in a personal and social
context, the most complete and accurate understanding of science and technology
that is possible at their age and stage of development. Not only is it important for
them to understand the processes, the concepts, the history, and the nature of science
and technology; it is equally important that these adolescents recognize what science
and technology can and cannot do, what they are and what they are not, andhow
they do and do not influence individuals and society.

The Assessment Challenge —

The goals of middle-level science instruction have implications for assessment.
The classroom tests teachers develop and use both express their own understand-
ings and also communicate tv their students what is important to learn from
science instruction. If only new vocabulary is tested, there is an implicit message
that science is mostly a matter of memorizing new terms. If only factual
knowledge is tested, the message may be that science is a static body of facts, prin-
ciples, and procedures to be mastered and recalled on demand. If tests call for the
students to engage in active exploration and reflection, to pose new questions and
solve new problems, the message can be that science is a mode of disciplined in-
quiry, applied specialized knowledge, investigative procedures, and rules of
evidence for understanding both the natural world and the technologies through
which humans have shaped that world to their ends. Even in elementary school,
children can use classroom tests to help them understand what they should be
learning. But during the middle years, with the growth of the capacity for abstract
thought and especially for reflection about one's own learning, the messages
students receive from classroom tests assume increasing importance.

Classroom tests communicate not only the character of the teacher’s intended
learning outcomes, but also the level at which mastery is expected. If standards
and expectations are set too low (perhaps in a well-intentioned but misguided ef-
fort to accommodate the special needs, diversity, rapid physical growth, or
presumed cerebral dormancy of young adolescents), the students may infer that
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they are not really expected to master difficult concepts. Low standards and expec-
tations might retard learning, and consequently the transition to high school science
will be needlessly difficult, or, worse, might never occur. Yet, if standards are set
too high, the effect can be to reinforce the unfortunate stereotype that science is too
difficult for most students.

Early adolescence is a time for exploration and experimentation, a time when
students may test their interests and capabilities in a variety of content areas and
form enduring impressions of different subject matters. Although career choices are
rarely established until much later, the impressions early adolescents form, asii the
decisions that they, their parents, teachers, and counselors make about tracking and
courses to take in high school, profoundly affect their options for postsecondary
education and their future vocations. Middie-level students’ understanding of their
mathematical and scientific abilities, and their decisions about courses they take
in these areas, are far too important o be left to chance. In particular, the middle-
level science program shouid acquaint youths with the wonder and exciternent of
formal science, and aid them in reaching an honest, but uptimistic, assessment of
their own capabilities to profit from future scientific study in high school. Sound
classroom testing practices, including fair and consistent standards and expecta-
tions, can further these ends. :

If science and technology education successfully address these goals, they will
fster three types of outcomes: increased factual and conceptual knowledge; increas
ed laboratory, thinking, and social skills; and increased disposition to apply one's
knowledge and skills to unfamiliar sitvations. Increased leamning in these three areas
is a prerequisite both for scientific literacy and for preparing to enter scientific or
technical careers. The assessment challenge is how to adequately probe the students’
competencies in all three of these areas and how to avoid certain adverse effects
of testing.

Science Knowledge .

The knowledge category includes the “what” of science and technology—
knowing facts about the natural and man-made worlds, for example, understand-
ing that sounds are patterns of motion and that the sounds of instruments or one's
voice vary as vibrations vary; knowing that rivers are part of the water cycle and
knowing how their power is translated into electric energy; and understanding
the functions of primate groupings and social interactions. Also included in the
knowledge category are the concepts, principles, laws, and theories that scientists
use to explain, for example, how vibrating strings relate to sound, how heat
energy from the sun drives the hydrologic cycle, and the role of communication
among primates. Beyond facts about the natural world, the theoretical knowledge
used to compose expianations for these facts, and an understanding of how factual
and conceptual knowledge are applied appropriately, the science knowledge
category also—as noted in the discussion of goals— includes knowledge about the
scientific and technologic enterprises: their history, methods, philosophy, and
values and their influence on human existence.
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mumwmdmbmwhmmﬁadmakmmmmbem
mmmmmmmmmwmam
mmmmmmmdmmww
and knowledge about the scientific and technologic enterprises can be carried out
with relative ease, using paper and pencil. Often, short-answer or multiple-choice
ismmzmd.ﬂ;btypedmmaumdlomssi@emmmm
the test in group settings; hence, the exercises making up the assessment can be
mmah@enumdindivmmdmmwvemmddﬂdemy
dmdmmmhﬂythw&-lihmuwmohe—macanbe
scored by machines, mmsv:mwmmmnswmmmpmmg
national, state, or district-wide information on student achievement, take this for-
matmmmplgstatemndmdwm.mmmadanyawuaueﬂmimdm
and&emuwdbylheNaﬁonalAsumnofE&:miomhogessmdinimer-
naﬂmalmnmﬁm}UMnddy,dltooMmlﬁphdﬁce&mt&maﬂ
o&ummeﬁedbksoﬁnﬁormﬁm,membyqudmacﬁmmemabom
ﬂmnatumdsdmoeAmmeMahowver.neednotbélimitedMﬂ:isfomd
test. Toachers, mmmm.mmmammmmmmmm
emyquesﬁmmdmiewwﬁuemndmalmpommeycanalsousemminbr-
mal mahodsbrgaugingmeirstudesdmknmledgeandembedmmt
o what knowledge has been learred in more holistic assessment strategies, as
described in later chapters.

Mumdmmmtsimmdedmmsdem
knowledge have a second important characteristic. For well-constructed exercises,
the responses can be interpreted with reasonable certainty. A correct response in-
dicates that the individual either knew the information required for the answer, or
was able to figure it out using information provided as part of the question. (Of
course, it could also be a fucky guess.) Determining the correctness of the response
does not need to take into account the thinking skills the individual might have
applied in comprehending the written item, in retrieving the fact from memory, in
reasoning from the information in the item to the correct ansvxa, or in eliminating
incorrect responses. In other words, the concern is not with the means individuals
may have used to access the information or the reasons for their conclusions, but
only in whether or not they have presented the correct information. Hence,
responses to factual items are relatively straightforward to interpret, whereas inter-
pretation becomnes increa+ ingly more difficult for items intended to test skills and
dispositions,

Skill$ e __ —

Meeting goals beyond knowledge acquisition entails developing four interrelated
types of skills: practical laboratory skills, scientific intellectual skills, generic (for-
mal and practical) thinking skills, and social skills.
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the usefulness or significance of the data.

Middie-Jevel students should be able to measure length, volume, mass, time, and
tempemNre,usinginshummtscapablymdmevedaﬂmnﬂoﬂabﬁy.mey
should also be able to use a microcomputer independently to enter, store, and
retrieve data and to simulate experimental conditions,

Assessing laboratory and computer skills requires laboratory equipment,
material&andmmptﬂemﬁismﬁdmmﬂdiﬁimishesbﬁmkxming
abouthmvtodosomething,whkhcanbepwwithpapermtdvpmdlmm
having the competence to do something, which cannot. To assess the latter, assess-
mmtechmqusneedmdoselym&chtheabimyMcanymnagiw\sdamﬁcw
cedure or design task, Obviously, this type of assessment is more difficult to ad-
ministermdmmquuhmmommateﬁalmoumesmmdopapemnd-pmdl
assessments. Nevertheless, NAEP conducted a successful pilot study in this area
(National Assessment of Educational Progress, 1987), and Connecticut, New York,
and California also are now experimenting with incorporating performance tasks
in their science assessments. In science classrooms that include science activities
as a regular part of instruction, teachers have snany opportunities to observe these
skills in action, with the added benefit of being able to do corrective teaching as
deficiencies manifest themselves.

At the middle level, observing, classifying, measuring, and other laboratory skills
usefulforg&the:ﬁmi@n@onwiﬂmcﬁeﬁompmMnmbdngmbngerm
in themselves. This aids the assessment problem to some extent, as the students
will be able to record in a journal or notebook observations and data that can be
mmmwam.mmmdmmmmhm
can be made clear to students by presenting challenging and meaningful problems
whosesoiuﬁmdepmd,&leastinMonﬁmamumyolmwmmtsmade
over time and the careful recording of changes in experimental conditions. Examples
of relevant activities are given in chapter 5.

Assessing scientific intellectual skills. These skills include the ability to
generate a hypothesis; to design an experiment that is a valid test of a hypothesis;
and to collect, reduce, present, interpret, and analyze data (Frederiksen and Ward,
1978). Skills related to technology include the design and building of artifacts in-
tended to perform a specified function. The combination of intellectual skills rele-
vant to science and technology also includes procedural knowledge—knowing

"how" to apply the “what," or the factual and conceptual knowledge and laboratory
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skifls one has acquired. Procedural knowledge is the key to addressing unfamiliar

scientific questions or operational problems that may arise in the course of one's
work, for students as well as for working scientists, engineers, or technicians.

The developing ability of early adolescents to reason deductively; to remove
themselves a bit from their experience, and to see how things might look to another
observer should enable them to be more flexible and open minded as they examine
data. A middle-level student can be expected to understand readily that the failure
10 be abie to report a result must be explained some way. Middielevel students
should also understand that they must present the data as they observe them, not
asthey think the data ought to be. The students should continue their practice from
elementary school of estimating and using the words greater, less than, the same
as, and they should now use their estimates to question whether measurements
or calculations are accurate and reliable. They should be developing enough seif-
confidence to report what they actually see and to understand the role that hones-
ty plays in the scientific enterprise. By the end of their middie-level education, they
should be able to criticize their own work and monitor their own thinking.

Assessing the intellectual skills of science—hypothesis generation, experimen-
tal design, data collection, data analysis, and data interpretation—introduces ad-
ditional confounding factors. Scientific intellectual skills integrate a complex variety
of generic thinking skills with the ability to select and perform appropriate prac-
tical laboratory skills. The following example sta*ts out with a measurement pro-
blem, but quickly expands to a potential test of scientific thinking skills

In most tests and assessment exercises, scientific intellectual skills are assumed
.to be generic skills that the student should be able to use in any scientific context.
However, many testing experts disagree with this assumption, and they argue that
familiarity with the context of the assessment exercise and the science knowledge
avajlable to the student are more important factors in the ability to perform an ex-
ercise than the scientific intellectual skills, It is certainly conceivable that a student
could succeed by using either science and context knowledge or scientific intellec-
tual skills. This makes interpreting a student's performance quite difficult, particular-
ly if the test is externally designed and scored.

Assessing generic thinking skills. Included in this category are problem-
solving skills and quantitative, logical, and analogical reasoning. These are com-
ponent skills of scientific intellectiial skills as well as intellectual skills associated
with other disciplines (Nickerson, 1988). The problems of designing an assessment
exercise and interpreting a student’s performance, that we described previously,
severely affect the assessment of generic thinking skills. The difficulty lies in inter-
preting the behavior an assessment exercise elicits, and, again, this interpretation
is especially difficult when the assessment is out of context.

When a student performs an exercise and gives an answer, one has no way of
knowing the mental processes and knowledge the student used to arrive at the
answer. For example, if a student is given a description of a physical event and asked
to explain it, the student’s correct explanation may be the result of simply being
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familiar with the situation and knowing the explanation for it. Alternatively, the stu-
dent might be unfamiliar with the situation, yet be able to recognize that a particular
scientific principle applies to the situation. The student can then apply the princi-
ple with the appropriate reasoning skilis and come to a correct answer. Another
possibility is that the student uses incorrect information when developing an ex-
planation, but uses a correct scientific principle and rules of logic while coming to
an incorrect answer, On the basis of the answer alone, the examiner cannot possibly
know whether the performance represents recall; logical application of corect fac-
tual information, a scientific principle, and rules of logic; or right thinking with wrong
information.

Assessing social skilla. Humans are generally social beings, and young
adolescents are particularly so. Consequently, the middle years of education are the
best time to complement the students’ growing facility in general thinking, science
thinking, and laboratory work with skills for working effectively in groups. The need
for developing social skills in science grows not only out of an interest in improv-
ing the students’ social skills per se—although that is an important goal—but also
out of the close connections among social skills, learning, and science. Social skills,
such as listening carefully and respectfully, exchanging ideas and information,
welcoming adiverse array of approaches to solving problems, and acknowiedging
that a variety of “right” answers (or reasonable interpretations) are possible, are some
of the skills the students require. Such skills enable the students to grapple active-
ly and productively with complex knowledge and ambiguous problems. Given a
problem or task that is within their capability to solve, students who are working
together can be expected to take on challenges that require perseverance and com-
mitment. Moreover, when young adolescents employ their developing skills in
science learning and do so in working groups, the classroom becomes a replica-
tion of a community of science scholars pursuing scientific knowledge as a social
activity. Thus, the students begin to learn about the culture of science and to learn
skills valued in the workplace, where the application of science usually proceeds

through teams working together.

Assessing social skills is difficult. Written communication, such as laboratory
reports, reports on the design and construction of artifacts, or essays on a particular
scientific or technologic development, can be evaluated both for their scientific con-
tent and the quality and appropriateness of language use. But most communica-
tion skills involve direct interaction with other persons, and these skills are best
observed during group work. Time for such observation can be short and interpreta-
tion difficult, particularly for science teachers in schools with departmentalized struc-
tures who may see as many as 125 students in the course of a school day. At the
classroom level, spot diagnosis of problems related to socjal skills {or lack thereof)
during normal monitoring of the classroom process may suffice. With respect to
large-scale assessments, the need for highly trained observers would make valid

a5

26 GOALS FOR SCIENCE EDUCATION AND THE ASSESSMENT CHALLENGE

;
. S
EEEVENG S ¢ TS



and reliable cssessments of social skills expensive and feasible, perhaps, only for
small subsamples.

Assessing dispositions and habits of mind. Acquiring a knowledge base in
science and developing the skills to apply the relevant knowledge to acedemic proo-

lems in school are necessary, but not sufficient in themselves. Unless science educa-
- tion inclines one to apply scientific knowledge and skills to new situations in one's

work, daily life, and when one makes personal and social decisions, neither the goal
ddadmpmmesdmmmmswmemdsdmﬁﬁcmﬁacyw

- ali citizens will have been achieved.

Science education in the middle years should continue to address dispositions
and habits of mind as much as development of content and skills. When planning
cumuﬂum.instmcﬁon.mdmmts,onemmttaheinmmummemmp-
tions and attitudes students have about the nature of science and technology and
about themselves in relation to science and technology.

Gowtordwelopingsdemiﬁchab&sofnﬁndorsdmﬁﬁcmmmnmdmnge
at the middie level per se, but the emphasis should take advantage of the interests,
needs, and strengths of students as they move through adolescence. Some of the
most important scientific attitudes and dispositions that students should come to
understand and practice are

* Desiring knowledge. The curiosity and desire to know and undersiand the
world should have been nurtured in the elementary years and should be sus-
tained. The questions a student is asked should increase in complexity. For ex-
ample, whereas five- to ten-year-old students find physical and chemical
changes interestir. in and of themselves, a teacher at the middle level might
have to plan a discrepant event, such as boiling water in a flask with ice cubes
around it, to stimulate questioning about the way the world works.

* Being skeptical. Geiting students to question authoritarian statements and
increasing their confidence in independent thinking should be further
developed at the middle level. Because students in these years will become in-
creasingly able to understand another point of view, trade-offs, risks, and
benefits; and because they will be increasingly able to take responsibility for
their own heaith and safety, this is an important attitude to cultivate and should
greatly interest young adolescents.

* Relying on dataand relying on reason. Development during the middle
years should enable the students to become increasingly able to collect and
organize data and to use data to test ideas, Adolescents’ ability to reason, to stand
back and take ancther perspective, are strengths that will help them develop
this habit of mind.

* Accepting ambiguity. Although students often hope for a “right” answer or
clear solution or outcome to experiments or problems, in practice data in scien-
tiﬁcandtedmoloﬁcpmﬂemsolvingmoﬁenamb&guous%emﬁonthatm&
clusions in science are tentative is a habit of mind that ought to be more clear-
ly understood by students as they move through middle-level science education.
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These habits of mind—desiring knowledge, being skeptical, accepting ambiguity,
and relying on sound information and reasoning with it—characterize the disposi-
tion toward continued engagement with science.

Making judgments about the extent to which students have acquired the habits
of mind that dispose them to apply scientific knowledge and skills outside the for-
mal classroom seiting adds yet another level of complexity to assessment. One might
attempt to assess disposition by the use of a self-report that is, describing situations
and asking individuals to indicate whether or not they would take a “scientific” ap-
proach to analyze them. This method has not yieided particularly trustworthy in-
formation (Gardner, 1975; Munby, 1983; Murnane and Raizen, 1988). A more ap-
propriate method is to obsere ;ndividuals and determine whether they use a scien-
tific approach to personal and civic problems. This method requires extensive
resources and, even when attempted, the direct observations that result ave difficult
to interpret. Does failing to take a scientific approach indicate that the person has
the inclination but not the requisite skills? The requisite skills but not the inclina-
tion? Neither? In addition, context has a profound influence on behavior. For ex-
ample, not being scientific in approach in one situation might be an indication that
either the skills or the inclination are not in place. An alternative interpretation is
that the person did ne: deem the scientific approach or the solution suggested by
that approach appropriate for that particular situation, but would demonstrate a
scientific inclination in other situations.

A possible way around these dilemmas is to measure observable behaviors, for
example, the students’ interest in voluntarily undertaking science activities beyond
prescribed classroom work (and subsequent enrollment in science electives), the
students’ self-monitoring of their work and their monitoring of peers. Teachers might
add observations on these behaviors to the records they keep on their students. Con-
ceivably, some structured performance tasks might also provide opportunity for
observing these behaviors, particularly if the tasks call for sustained work. At this
stage of understanding, however, much more resea: -h is needed in this area to iden-
tify behaviors that are reliable indicators of future willingness to continue an engage-
ment with science and continue to apply one's science knowledge and skills.

Many assessments have included measures of attitudes about science as a way
of getting at present and future scientific dispositions and habits of mind. These
assessments ask whether the students like science lessons or their science teachers,
whether they value the contributions of science to society, and whether they have
plans for science careers (Hueftle et al., 1983; Mullis and Jenkins, 1988). These sorts
of attitude measures have two kinds of shortcomings: results are often paradoxical
(for example, "1 like my science teacher” but, from the same student, “science class
is boringS) and difficult to make sense of (Munby, 1983). Further, the linkages
between attitudes about science— even if they could be better assessed—and
achlevement, let alone later dispositions to engage with and use science knowledge
and skills, are open to question (Willson, 1983). Other proxy variables that resear-
chers have used to assess scientific dispositions and habits of mind include im-
pulsivity, attitude toward one’s own competence, and fair-mindedness (Nickerson,
1988: Rowe, 1979). Further work will have to be done before the proxy variables

28 GmmeSCImEDUCAmNAND THE ASSESSMENT CHALLENGE

N L



can be linked with any confidence to scientific dispositions and habits of mind, in-
cluding the disposition to apply science knowledge and skills.

The Effects of Age

Age and its correlate, level of cognitive development, Is another confounding fac-
tor in science assessment. Performance on a problem- solving exercise for a ten-
year-old might well be recall of information for the thirteen- year-old. Also, the
thirteen-year-old will be able to bring a greater wealth of experience to the exer-
cise. Moreover, the relevant experiences available to one youngster might be very
different from those available to another who grows up in a different environment.
For example, there is evidence that girls, even at an early age, have different
exposure than.do boys to certain experiences—fixing simple electrical or
mechanical things, playing with motor-driven toys, building tree houses, using
scientific equipment—relevant to solving some science problems (Mullis and
Jenkins, 1988). As age is easily established, it can be factored into interpretations
of assessment of performance, but the role of experience is difficult to take into ac-
count unless an assessment specifically collects relevant background informa-
tion, as does NAEP (Hueftle et al., 1983; Mullis and Jenkins, 1988).

Learning over Time —

The problems inherent in assessing complex learning outcomes can be analyzed
in a more general fashion. In an article in the New Directions in Measurement
series several years ago, Snow (1980) described a “tontinuum of referent generality”
in both aptitude and achievement measurement. Referent generality refers
roughly to the range of situations to which a given aptitude or achievement per-
tains. At the highest level, there might be aptitudes like general mental ability
(RIQS) or the kind of broad, complex developed achievement measured by the
SAT. At the lowest level, there might be aptitudes like “speed of response time” or
achievements like “two-column subtraction with borrowing”” Important science
learning outcomes are likely to be higher in referent generality than narrower
learning outcomes. Examples are students’ understandings of scientific method
or of such higher. level knowledge as the relationships between structure and
function, the meaning of scale, or the concept of systems.

Outcomes higher in referent generality are harder to teach directly, because
they must be visited time and again, in a range of contexts, using different
materials and different illustrations. They are harder to assess because they are
less closely tied to any particular learning activity. The problem is how to assess
understanding of the broad organizing principles, the inquiry approaches, and the
ways of knowing that characterize science in the context of a particular learning
unit, given that these understandings may take years to develop. The problem is
not unique to science, nor is it solved in other content areas.
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Chapter IV

The Context of Science Education
in the Middle Years

Goodximedu%nmuﬂbemwoﬁedbygmdmnem.andgoodm
ment is possible only in the context of good science education. Therefore, before
mmmmthmmmmemmmmmmwme
goals and outcomes outlined in the previous chapter, we need to consider how
mmmmmmmmm We begin by briefly

mmmhmammmmmlwd:mmwmm-
rangements, science curricula, science teachers and their working conditions. We
notehowthisconte:ncanshapethestudents’accesstoscienceand perhaps in-
fluence their attitudes toward and learning of science. We conclude by discussing
some of the implications hramingstudentoutmmesandkwfeaturesofscience

Middle-level Education? —

Middle-level schools—ijunior high, intermediate, and middle schocls—are
potentially society's most powerful force to recapture millions of youth adrift
and to help every young person thrive during early adolescence. Yet all too
often these schools exacerbate the problems of young adolescents. A volatije
mismatch exists between the organization and curriculum of middie-Jevel
schools and the intellectual and emotional needs of young adolescents. Caught
in a vortex of changing demands, many youths' engagement in learning
diminishes, and their rates of alienation, substance abuse, absenteeism, and
dropping out of school begin to rise.

This assertion of the Camnegie Task Force on Education of Young Adolescents in
its 1989 report, Turning Points: Preparing American Youth for the 21st Century, pro-
bably strikes those unfamiliar with the literature on young adolescents and middie-
level education as unusually strong, even startling. Yet Carnegie’s current claim
might be little more than the most recent expression of an eighty-year-old effort to
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acknowledge the unique and challenging needs often- to fourteen-year-olds, and
the general failure of schools to meet them.

Beliefs about Middle-level
Stadents and What They Need — —

Long before there was an understanding of the developing cognitive competen-
desn!studenuinmemiddleyem(dbcussedmdwterzxpsydlwstsand
educators called attention to the significant and often tumultuous physical, social,
andemo:lona!dmnsesinyoungﬁo!mt&TheyalsoWed the notion that
schools shou!dbe!teraccommodatethespw&neecbo!misagegroup.'l'hey
were not without influence. As early as 1909, changes in school organization that
separated grades seven, eight, and nine from the later high school years stemmed
largely from G. Stanley Hall's (1905) work on the psychology of adolescence. And
interest in the special characteristics of young adolescents and what these
characteristics imply for school programs has continued throughout the century.
Adecadeago,brmmnle,theNaﬁonalSocietyﬁonheSmdyo!Educauon
published Toward Adolescence. The Mid.e School Years (Johnson, 1980). A
theme running throughout its chapters is that students in the middle school years
are different: they have a high degree of intellectual curiosity; a wide range of
skills, interests and abilities; and they prefer active involvement to passive learn-
ing activities. Not only were young adolescents found to be different from their
older and younger schoolmates, they also were observed to differ cor.siderably
from one another—in physical, social, emotional, and cognitive development
(Maurice, 1980).

Two syntheses of writings on the special mission and functioning of junior high
schools, one in 1940 and the other in 1970, show that throughout the past fifty
years, educators have been remarkably consistent in the educational implications
they draw from these characteristics of students (Gruhn and Douglas, 1971). In
1987, Hurd summarized the most common recommendations for schools
designed to serve young adolescents:

1. Integration. Learning experiences should be integrated “into effective and
wholesome pupil behavior” as well as link the subjects in the curriculum.

2. Exploration. Schools should lead students to discover and explore their
own interests, abilities and skills and provide opportunities to include
“cultural, social, civic, avocational and recreational interests” as a basis for
vocational decisions.

3. Guidance. Assistance should be provided to enable students to make in-
telligent educational and vocational decisions and wholesome ocial and
personal choices.

4. Differentiation. Opportunities should be provided that accommodate
students of dilferent backgrounds, interests, abilities. and needs.
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5.Soclallzation. Learning experiences should be included that will enable
students as citizens to participate in and contribute to this country's democratic

6. Articulation. Schools should provide students with help in acquiring the

backgrounds and skills that will i.elp them succeed in later education and aduit
life.

Recent changes in the social milieu of adolc.cents have not altered these long-
standing beliefs about what sca00ls should provide students at the middie level.
Several recent reports have called for programs that focus on the physical, sociai,
and emotional needs of adolescents as well as on their academic learning. These
reports also recommend programs that provide integrated curricula, exploratory
experiences, and opportunities for close relationships with adults and peers(for ex-
ample, see the National Middle School Association’s report, This We Believe {1982];
the report by the National Associativi of Secondary School Principals, An Agenda
for Excellence at the Middle School Level [1985); and the report of the Superinten-
dent’s Middle-grade Task Force, Caught in the Middle: Educational Reform for Young
Adolescents in California Public Schools {1987]). The one prominent recent addi-
tion to this long-standing agenda is the goal of helping students iearn how to learn
and think. Most likely, this new program goal follows from more recent understand-
ings of adolescents’ cognitive development.

While the perceived importance of academic preparation (versus meeting the
students’ developmental needs) has waxed and waned throughout the century, most
advocates for ten- to fourteen-year-olds seem to want both, and most believe that
both are possible with an integrated, exploratory, and flexible middie-leve! program.
For example, the National Middle School Association (1982:10) asserts that

The cumiculum must carefuily balance academic goals and other human
development needs. A middle school cannot succeed in fulfilling its educa-
tional responsibilities if it ignores non-cognitive objectives. Indeed, it cannot
succeed in fulfilling its cognitive objectives if it does not recognize the inter-
related affective goals.

To achieve this balance, the association recommends that schools provide a range
of organizational arrangements. for exampie, biock scheduling, multi-age group-
ing, and alternative schedules; varied instructional strategies with an emphasis on
small-group methods, peer interaction, independence, and experimentation; a full
exploratory program, for example, high-interest, short-term lessons and units, con-
trolled student choice, mini-courses, special-interest activities, independent study
projects; comprehensive peer and adult counseling; consideration for the wide varia-
tion in the progress that students make; evaluation that emphasizes individual
uniqueness; interdisciplinary curriculum pianning i.ams; and a family-like school
atmosphere.

Similarly, the recent Carnegie Task Force on Education of Young Adolescents
(1989) calls for specific changes in the organization of middle schools and their
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curricula, teaching force, and relationships with families and communities. The task
force intends for these changes to simultaneously promote intellectual and personal
growth. Among its recommendations, the task force asks schools for young
adolescents to “reorganize into smail communities or *houses’ that foster close rela-
tionships between students and teachers; teach a core academic program that results
in literacy (including scientific literacy), critical thinking skills, healthy living skills,
ethical behavior, and responsible citizenship; ensure success for all students by
creating heterogeneous, cooperative, flexible, and resource-rich learning en-
vironments; improve academic performance by promoting health and fitness, and
providing access to health care and counseling.”

Noticerly absent from any of these writings on education for young adolescents
and wh't they need from school is the more traditional approach of teaching the
disciplines as disciplines. In fact, the concept of the middle-level grades asa “junior”
high school characterized by the organization, curricula, instructional strategies,
and psychosocial environments of senior high schools is seen as antithetical to the
developmental and intellectual needs of students of this age. The fact that most
schools serving students in their middle years follow this traditional pattern (as we
will report in more detail below) has provided the impetus for the middle school
movement,

Science for Students in the Middle Years

What do these beliefs and recommendations for middle-level education imply for
srience education? In the 1960s and 1970s, reforms in science education for
middle-level education focused on the need to produce more scientists. The
primary goal of most of the new discipline-based curricula developed during this
period was to prepare students for further study of science (Hurd, 1987; Weiss,
1986). The few attempts made 1o create interdisciplinary curricula for the middie
level came late in this reform period and proved less acceptable to the schools
than the earlier discipline-based curricula. In recent years, hows =r, a number of
science educators and researchers have drawn on the more general middle schoo!
literature to recommend new directions for science programs for young
adolescents.

For example, Yager (1988:12) has suggested that middle-level science programs
can better accommodate the needs and interests of young adolescents by focusing
science lessons on the students themselves, “what they bring to the study, what
they can do, and evidence of growth in various domains.” He has recommended
that program goals be oriented toward the student and that curricula and teaching
strategies be based on the past, current, and future experiences of students.
Similarly, the criteria developed by the National Science Teachers Association

43

34 THE CONTEXT OF SCIENCE EDUCATION IN THE MIDDLE YEARS



(Yager, 1988) for seiecting exemplary middle-level science programs include

® emphasis on learning how to learn;

* learning science in real-life settings that are interdisciplinary, related to society,
and related to daily living;

* learning the independent use of inquiry to identify and solve problems;
® learning decision-making strategies;

® developing positive attitudes about science; and learning about current prob-
iems that make clear the interdependencc of science and technology and their
relationships to other human enterprises.

Other science educators, following the work of Flavell (1963), Case (1985), and
other developmental psychologists who have built on Piaget’s work, have suggested
that science classrooms for young adolescents should be dominated by discussion,
opportunities for variation in the natuse and pace of learning activities, resource
centers, and direct interaction with objects and events. They propose that the cur-
ricular emphasis be on linking concrete science experiences with events and
phenomena familiar to students (Blosser, 1988; ERIC Clearinghouse, 1982).

More specifically, Rakow (1988:1), following Rowe’s (1078) finding that hands-on
experiences can positively affect students’ sense of control, suggests that hands-on
science investigations mesh with the need for young adolescents to “become the
authority rather than the teacher or the textbook.” This happens, he claims, when
students gather data and solve problems. Rakow also suggests that understanding
the tentative nature of science can help students in th 2 middle grades become more
comfortable with alternative hypotheses and multiple solutions. Science education,
especially if linked with technology education, also affords young adolescents an
opportunity to study real-world problems and allows them to explore and debate
issues of immediate concern to them—health, the environment, and energy. Such
study, Rakow claims, can help shape positive attitudes toward science.

In specific reference to science education, the Carnegie Task Force on Education
of Young Adolescents (1989) suggests that health education be integrated into the
curriculum as an element of the life sciences. Pointing to the Human Biology Pro-
gram at Stanford University as exemplary, the task force claims that if students learn
about health in the context of science, they will better understand how their bodies
grow and function. As a result of this life-science focus, the task force claims, young
people can come to appreciate the value of a healthy diet and exercise and recognize
the dangers of illicit drugs, alcohol, and tobacco. However, the report cautions that,
to be effective, such a curriculum must also train young adolescents in skills that
will enable them to resist pressures to engage in negative health-related behaviors.

Beliefs about what types of science programs will be best suited to students in
the middle grades are widely shared by science curriculum developers and mid-
dle school advocates. However, as Hurd (1587:29) notes, most recommendations
to match science programs to the developmen:al needs of adolescents have been
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“more rhetorical than conceptual™ and, as such, have provided little specific
guidmweforcuMculumdevehpmeM.Henmesﬁmm"memmﬁonmenﬁddie
Mmmukmninpawmawwawmuummmim
but not the curriculum itself {p. 25)." Moreover, Hurd reminds us that, while the
liteﬁumo&magremdeﬂdhopewbmapmniwwumaddm
mmmmmmdmmmmwmw
oro!sdmpmmﬂmmmiswﬁewnduda‘meenﬁmmd
scienceeducaﬁonbrtheeaﬂyﬁolmmeaimunmo&veiﬂmismendoi
statements and committee reports identifying the problem, but as yet no mechanism
mmmmmmmmmmnmemmmmmm"

Somewhat different from, though not necessarily inconsistent with the perspec-
tive of meeting the developmental needs of young adolescents is the perspective
of science educators developing curricula based on cognitive science research. For
ammphhﬂammdmms&mmemmteﬁamdeﬂnememtmdm
tific understanding: (1) Jeveloping “knowledge that is useful for the essential func-
tions of describing, explaining, predicting, and controlling the world around us..fand
(2) developing] knowledge: hat is conceptually coherent and integrated with fone's}
personal knowledge of the world.” For many fundamental science concepts, this
entails that students go through a complex process of conceptual change. Inthecase
ofphomsynﬂwdsexpmbyAndmsondeoth,stquBmustmmemmeir
common-sense notions of food derived from their own experiences and acquire new
understandings about the different metabolism of plants, as contrasted to that of
humans and pets, with which they are familiar. Science classrooms generally fail
to bring about the change that makes it possible !5r students to absorb and under-
stand a new concept and reintegrate it into their understanding of the world. ltis
for this reason that individuals often . wert to “common sense” interpretations of
phenomena when they are met in non-school contexts, even though the canonical
scientific explanation was learned in school. To make possible concer-‘ual change,
Anderson and Roth argue, requires attention on sense-making, that is, teaching for
depth of understznding (narrowing and deepening the curriculum), rather than
breadth of coverage {covering a wide range of content superficiatly). Of course, cur-
rent testing of science knowledge, particularly when carried out through widely ad-
ministered standardized tests. rewards precisely the latter teaching strategy—
memorizing as many facts and concepts as possible.

A second requirement for true science learning, according to Anderson and Roth,
is flexibility and the use of an array of teaching strategies suited to the progress of
individual students. Curricula and instruction must be engaging and accessible to
students, yet challenge them, through discrepant information, to work hard and
think. The teacher’s role is not as an expert who provides the right answer, but as
a model who enters into scientific inquiry and discussion and who coaches students
1o do so as well. Moreover, students need to be encouraged to explain and use their
newly gained knowledge themselves, finding out in the process something of the
nature of scientific dialogue, the application of scientific ideas, and the process of
evaluating one’s own and other people’s work in science so that valid ideas and ap-
propriate solutions emerge. Unfortunately, the reality of schools and science ins*ruc-
tion is far from this ideal.
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What Students Actually Experienc

As Hurd (1987) points out, despite calls for middie schools and science programs
that personalize knowledge, integrate subject areas, provide exploratory ex-
periences, build close personal relationships, and allow for student diversity, few
specific programs that make these goals concrete hav been developed.

A Mmm,aswedescﬂbebelw.themheqmﬂyfoundschoo&mgamwion

arrangements, science curricula, science training of teachers, and working condi-
tionsin schools all promote traditional, academically focused science experiences
for students at the middie level. Few students, it seems, have access to the kinds
of programs middle school advocates and science educators recommend.

Organizational Arrangements

Grade Span. Students at the middle level attend many different types of sch.ols.
Epstein and Maciver (1989) at the Center for Research on Elementary and Middle
Schools report that seventh graders may attend schools that include any of thinty
different grade spans. The largest number of seventh graders attend grade six
through eight schools (representing a 160-percent increase in the number of these
schools since 1970), although in many parts of the country grade seven through
eight schools are the norm, and in others, grade seven through nine schools are
common (Alexander and McEwin, 1989). Some surveys indicate that schools with
grade spans including five through eight or six through eight more often exhibit
key middle school characteristics (innovative scheduling, cross-disciplinary
teams of teachers and students, supportive guidance practices) than do schools
that begin with grade seven (Cawelti, 1988; Epstein and Maclver, 1989). However,
middle school advocates note that it takes more than a change of grade span to
create a middle school. And some claim that the marked recent shift in grade span
is more likely to have been spurred by administrative convenience to alleviate the
recent overcrowding of elementary schools than by growing interest in the middle
school concept (Rothman and Cohen 1989).

Departmentalization. One of the keys to distinguishing the middle schoo} con-
cept from the more traditional junior high school is the degree to which subject
areas are housed into distinct departments where students take separate courses
in each subject from specialist teachers. While many middle schools are moving
toward interdisciplinary classrooms and block scheduling, distinct daily class
periods of equal length for each subject remain the norm with, according to one
recent survey, 66 percent of schools serving seven through ninth graders using
this type of department-oriented scheduling (Cawelti, 1988). Eighty percent of
teachers assigned to teach seven through ninth graders are members of a subject-
area department and teach classes in that subject to intact classes. Almost none
teach self-contained classrooms covering all subjects {Center for Research on
Elementary and Middle Schools, 1987). Only about 16 percent of schools are
organized into interdisciplinary teams, about half of which include math/science
teams (Cawelti, 1988).
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The extent of departmentalization, however, overestimates the percentage of
students who stay together for part or all of their schoo! day. About equal percen-
mdeMMu&yWMaﬂﬁMwﬁmW
ioromorMmszmdmupbraﬂerwb}ecﬁ(Caﬁeﬂormmhon
Elementary and Middle Schools, 1987).

mwm.mmmmdmmmm
mmmmmhmmmmmmmwm.
lnamcausdememwey.fewermmaﬂwdofmemhmmwdﬂmﬂﬁr
classes included students of widely varying abilities; the rest judged their classes
mmmmdm.m.uwwmm
1987). Because grouping by ability is often accompanied by differences in cur-
riculum, teaching, and classroom atmosphere, it can result in uneven science learn-
ingopponunitiesbrm&ﬂﬁevdsmdemsAnGimpommly,gmupinsbymﬂuy
nwyphcepoormdmhwrﬂysmdemsmagmatadmmage.asmeymbund
disproportionately in low-ability saence classes—those with the most limited
science learning opportunities (Oakes, 1990).

WimdepMmmmnandMngbyaiﬁmy,nﬁddleschodsawwtonﬂm
rather rigid high school organizational practices. Only a small percentage of schools
have developed schemes that might more easily accommodate the diversity among
wungaddscemmumwuminmhthmindividummeemwed
to experience.

The Science Curriculum

Researchers have documented that the science curriculum for most students at the
middie level focuses almost exclusively on academic preparation and largely ignores
other middle school goals such as relating science to everyday life, pressing social
issues, or the personal concerns of adolescents (Armstrong et al., 1986; Goodiad.,
1984; Hurd et al., 1981; Hurd, 1987; Johnston and Aldridge, 1984; Weiss, 1987). For
example, one study documented that middle school science teachers found such
goals to be “diffused, impractical, remote, and unrealistic,” and that the most com-
monly accepted reason for having young adolescents study science is that they
should acquire specific information on science topics (Hurd et al., 1981).

It is not surprising, then, to find traditional content and instructional modes
dominating curriculum and instruction at the middie level. Rather than being ex-
posed to exploratory, integrated science, most students are taught a series of tradi-
tional science topics. Rather than learning science in connection with other con-
tent areas, most students at the middle level take a sequence of specialized courses—
life science, physical science, and earth science—or a series of “general” science
courses. Lecture, textbook reading, recitation, and tests most frequently characterize
science instruction (Goodlad, 1984; Hurd et al., 1981; Weiss, 1987).

Students at the middle level typically use a single text as the source for lessons,
activities, lectures, and reading assignments, and most texts are but watered-down
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versions of those used in high school science. Although some demonstrations and
laboratory work supplement these dominant modes of science instruction, students
have few opportunities for direct experiences and hands-on activities that engage
them in doing science (Weiss, 1986).

Perhaps as a result of a mismatch between the needs and interests of young
adolescents and the science curriculum, many students appear to find science dif-
ficult, boring, and irrelevant (Goodlad, 1984). The most recent science assessment
conducted by the National Assessment of Educational Progress (NAEP) (Mullis and
Jenkins, 1988) found, for example, that only slightly more than half of the thirteen-
year-olds said that they thought what they were learning in science was useful in
everyday lifeor that they would use science in many ways as an adult. Even more
discouraging, fewer than half the students questioned thought that the application
of science could help solve such major social problems as world starvation (25
percent), birth defects (34 percent), and reduction of air and water pollution
(49 percent). Fewer than half (43 percent) thought that science would help them
earn a living or that science would be important in their life’'s work (37 percent).
Prior science assessments have found that nearly three-quarters of the thirteen-year-
olds found their classes boring, and more than half reported that they did not like
science and planned to quit taking it as soon as they were free to do so (Hueftle et
al., 1983).

While middie-level science programs may turn many students off, these programs
seem to affect girls more negatively than boys. Information from NAEP and other
data consistently reveal gender differences in thirteen-year-olds' attitudes toward
science (Hueftle et al., 1983; Mullis and Jenkins, 1988; Zimmerer and Bennett, 1987).

Teachers

The recent report of the Carnegie Task Force on Education of Young Adolescents
(1989) put it bluntly: “Many teachers of young adolescents today dislike their work.
Assignment to a middle-grade school is, all too frequently, the last choice of teachers
who are prepared for elemer.tary and secondary education.” If this s right, it may
help explain why there are shortages of well-qualified science teachers at the mid-
die level and why, as states require increasing numbers of science courses for high
school graduation, this shortage is likely to grow worse.

In 1986, for example, only 68 percent of science teachers in grades seven through
nine had taken the number of college courses recommended for middie-level
science teachers by the National Science Teachers Association or had degrees in
science of science education. Only 73 percent were certified by their states to teach
one or more science subjects (Weiss, 1987), indicating that more than a quarter of
the science teachers in these grades were teaching out of their field. Compounding
the problem, most of those teachers who are qualified to teach science are likely
to lack training in working with students in the middle grades (Padilla, 1986). The
National Middle School Association notes that only twenty-one states offer special
certification for middle school teachers {Alexander and McEwin, 1989). The status
and training of teachers of students at the middle level is treated more fully in the
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Center's companion volume (Loucks-Horsley et al., 1990).

Teachers’ Working Conditions

The working conditions that teachers encounter in their schools exert perhaps as
gmatminﬂuemeommadleladscimteadﬁngasmemchm'bacmnd
and training. Many teachers of young adolescents find that the departmental struc-
ture of their schools and the large number of students that they work with each day
make it difficult to accommodate the personal, sociel, and intellectual needs of young
adolescents{Center for Research on Elementary and Middle Schoots, 1987). Addi-
tionally, few teachers in either self-contained or departmental schools have the time
and resources to explore exemplary programs and practices or to work with other
teachers in designing programs and lessons that cross traditional disciplinary lines.

Many middle-level teachers must work in more difficult physical environments
than teachers of older or younger students. Many junior high school buildings are
converted high schools—older buildings that might have few of the physical ar-
rangements conducive to integrated, cross-disciplinary programs(such as, connec-
ting v clustered classrooms and space for small-group work). Science teachers face
particular constraints with school facilities and equipment that are inappropriate
for inquiry-based, exploratory science activities (Weiss, 1986). In a recent national
survey, about one-quarter of the teachers of seven through ninth graders reported
that inadequate facilities, insufficient funds for purchasing equipment and supplies,
and the lack of materials for individual instruction were serious problems at their
schools (Weiss, 1987).

Between Reality and
the Vision: Some Obstacles

The gap between the vision of what middle-level science might be and the current
reality is substantial, and it is a gap not easily bridged. Many obstacles stand in the
way of altering the roles of teachers and the nature of the curriculum, instruction,
and assessment they provide in classrooms.

For example, the expectation that teachers can provide for the personal and
social needs of adolescents presumes that teachers have the knowledge and skills
to assist students with sensitive issues—issues traditionally in the purview of
guidance counselors and public health workers. But most teachers have had no
training in such matters. Nor do many of them relish the lask of counseling
students about such family problems as divorce, child abuse, drugs, teen sexuali-
ty, and other personal and social matters that weigh heavily on many young
adolescents. Moreover, the ideal of providing academic instruction and social sup-
port through closer, less formal relationships in small communities of students
will require a substantial shift in the school conditions under which teachers and
students come together. Most teachers now are burdened with too many students,
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too many bureaucratic demands, and too little time to take on these added respon-
sibilities. A number of schools that serve young adolescents are moving toward a
structure that separates students and teachers into small communities or “*houses”;
however, one cannot assume that close, productive relationships between the
students and their teachers will necessarilv follow. Most likely, such relationships
will require a great deal of additional teacher education and substantial changes
in school cultures and peer-group norms (of both students and teachers).

Implications for Assessment of Student Learning

Nowhere are the gaps larger and the obstacles greater than in assessment. Current
practices of assessing science learning with “objective,” paper-and-pencil in-
struments focused on the mastery of basic science facts, using individual
assessments exclusively, placing students in individual competition for grades, and
messuri..g the quality of programs by aggregating students’ test scores stand in stark
contrast to assessment strategies that serve the type of science instruction we and
others envision for young adolescents. Most paper-and-pencil assessments work
against a curriculum that engages students with rich and complex science ideas
and embeds these ideas in real-world problems. Individual, competitive assessments
make group work seem irrelevant and discourage cooperation. Measuring program
quality by test scores alone does little to encourage schools to have the resources
and structures in place that can enable programs to become richer and better suited
to young adolescents.

Altering the processes whereby students’ progress is measured and programs are
judged in ways that make assessment compatible with, and indeed serve, the vi-
sion of an ideal science program for young adolescents will be a formidable task.
Within classrooms, measures must be developed and used that tap into the students’
understanding of large concepts and assess their facility in using these concepts to
solve a variety of problems. This is difficult because it probably requires collecting
samples of the stulents’ work, recording what the students are thinking asthey go
about giving science explanations or solving problems, and having materials and
equipment available to use in assessment exercises. Assessments that serve the vi-
sion of science instruction put forward in the Center's report will also require
measures of how well groups of students produce science knowledge cooperative-
ly, in addition to measures of individual contributions to group work.

Reporting the results of such assessments to parents presents problems, since
parents are accustomed to having their children’s work “summed up” in grades that
show, not what the child has learned or how, but how well the child compares with
others. Reporting the results of what we consider appropriate assessments upward—
to principals, districts, and states—is equally problematic. By its very nature, repor-
ting about arge groups of students entails undesirable reductionism, whereas the
assessment strategies we suggest (discussed in greater detail in the next two chapters)
militate against the type of information that can be easily reduced to chunks of in-
formation to be aggregated across classrooms, schools, districts, and states.
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Another issue that needs concerted attention is to ensure that external
assessments—state and national achievement assessments—correspond to the
assessments we suggest for classrooms. Unless external assessments come to match
the new strategies we suggest, it is unlikely these new strategies will take hold in
classrooms. The pressure to do well on external assessments, particularly when
these are used to reward or sanction individual schools or teachers, will continue
to drive the direction of classroom teaching, leaming, and assessment.

Similar barriers stand in the way of more informative and useful assessments of
program quality, as described in chapter 4 of the Center's report, Assessment in
Elementary School Science Education (Raizen et al., 1989). it is difficult to develop
measures of most important “enabling” features of science programs—sufficient,
high-quality resources; good teachers, curriculum, and instruction; and professional
conditions for science teaching. Not only are such measures difficult to develop;
it is hard to bring them to the attention of the public and policy makers who have
grown used to using test scores as the most important—and often the only-—measure
of program quality. Yet without information on program features, policy makers will
find themselves without much guidance on how to improve student outcomes.

With all of these difficulties, why should anyone bother? Our vision of science
at the middle level and its assessment has two important payoffs. First, and by far
more important, there is the opportunity to help adolescents become critical
thinkers, in science and in general, a major goal of education. Second, there is the
potential fo use science instruction to overcome the traditional mismatch between
conventional schooling and the needs of young adolescents. T give some reality
to this potential will require curricula and instruction, and teachers and teaching
conditions that speak to the possibilities presented by the growing ~apabilities and
interests of early adolescents as described in chapter 2 and the goals of science
education delineated in chapter 3. It will also require assessment strategies that are
consonant with and support the science education envisioned in this and the
Center’s other two reports on middle-level education. (See Bybee et al., 1990 and
Loucks-Horsley et al., 1990). »

In the next two chapters, we discuss such assessment strategies at greater length.
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Chapter V

Assessment In Middle-level Science:
Improving Current Practice

The scenario on the next page illustrates some of the characteristics that science
teaching and assessment can foster at the middle level: the emerging ability of
students to evaluate what they know and do not know, their expanding communica-
tions skills, their interest in collaborating with peers, and their capacity for
understanding specialized information (Superintendent's Middle Grade Task Force,
1987). In this chapter, we consider in greater detail the implications for assessment
of the developing potential of young adolescents and the goais of science educa-
tion. Apparently, the needs and capacities of students and teachers at the middle
level directly match the opportunities presented by classroom environments that
integrate active science leaming and performance-based assessment (Carnegie Task
Force on Education of Young Adolescents, 1989).

As noted in chapter 2, from a developmental perspective, middle-level students
are working loward engaging in sophisticated types of thinking and reasoning. They
have a growing capacity to understand the natural world, which is crucial to science
learning, and because of their increasing realization of connections between self
and the larger world, they are likely to be interested in applications of what they
learn to real-world problems. From an assessment perspective, these adolescents
can see themselves in place of others and interpret what others think about them.
which is central to self-evaluation. Also, because the locus of control is shifting away
from the adv':s around them to a desire for personal authotity, middiedevel students
can be given more responsibility for seli-evaluation. During the years of early
adolescence, students are striving for increased independence, and this inclination
can be fostered in a constructive way by giving them more responsibility for direc-
ting their own: learning and monitoring their own progress. These students are ready
to benefit from a classroom environment that provides challenging contexts and
helps them in their search for understanding of the world around them. Unfortunate-
ly, s the review in the preceding chapter indicates, recent studies indicate that most
teaching, inclrding science teaching, is instead numbingly dull and disconnected
from any menningful context.

Good science instruction that is also consistent with the inclinations of students
aged ten through fourteen requires teachers to explore methods of guiding and
evaluating their students, progress which is different from mere teaching and testing
for rote learning. Hands-on activities that are so vital to understanding scientific con-
cepts should be an integral part of these methods. Students should be given the
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arly in the month, Ms. Lopezs

class had visited the local museum
{o observe and draw primate skeletons.
She had highlighted many skeletal
features, pointing out that imbs were
like levers, and that the shull, sternum,
portant body parts. She had shown her
students how vertebrae protected many
internal organs and supported the
body, yet allowed for fexibility. Later
in the month, they had visited the z00.
Ms. Lopez wanted her students fo
become aware of the ways primate
and other animal bodies were alike,
and how they differed from each other.
Over the weeks, as Ms. Lopez and her
students continued o investigate
bones, they often discussed fitness,
health, disease, ond ways that scien-
tists answer questions by studying
bones.

After her class had visited the
museurn and zoo, Ms. Lopez wanted
fo assess what her students had learn-
ed. She set up twelve stations in the
classroom, and put a bone at each
one. At one station she placed a
vertebra of a cow, at another, the rib of
a mouse, at another, a pfastic human
arm bone. Al each station she pencited

a question or wo on a péece of paper,
which she left next to the bone.

Ms. Lopez s entire classroom was a
resource center for her students. Bright-
ly colored tacks pinned skeiches of
bones the students had drawn at the
museum and posters of animai
skeletons to the bulletin board. On a
table in front of the bulietin board, a
plastic human skeleton, no more than
two feet high, hung suspended from iis
mount. As her studenis answered the
questions, they often left their stations
fo look at the posters, drawings, and
the skeleton. Once the students had
finished, she collected their answers,
which she would later review.

The next week, Ms. Lopez decided
fo introduce an activily in which the
students would study ow! peliets. She
would use the activily to culminate the
student’s investigation of bones and to
help assess her students’ leaming. Ms.
Lopez preceded the adtivily with an ex-
planation of how owls eat their prey,
digest the soft body pans, and then
of bones, skin, and feathers or fur. She
challenged her students with a simple
question: What do owis eat?

Ms. Lopez began the information-

—————— — ]

opportunity to use ordinary tools and to make models using common materials,
such as wood, paper, plastic, and metal. They should be given experiences with
using tools and materials to solve problems or answer questions, These experiences
serve to increase the students confidence that they can care for themselves, and
they provide practice for such problem-solving technigques as trouble shooting and
designing experiments. Attempts to fit young adolescents into the restrictive cycle
of lecture, repeat-after-me instruction, and formal testing lead to frustration on the
part of both teachers and students and fail to maximize learning at a critical time
in the students’ academic career.

Although such a shift in philosophy and methods will undoubtedly be difficult,
middie-level teachers can also benefit from an activity oriented approach to instruc-
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Sathering phase of the activity. She
distributed owi peflets, which she had
obiained from a school science supply
house, 1o groups of two students. The
students carefully pulled the pe!lsts
ing an identification sheet, the students
sorted the bones, matchd them, and
specuiated as to which animal the
bones had come from. As the students
worked, Ms. Lopez moved from station
fo station with her stack of index cands
and noted the way each pair of
students went about their work. She
looked for ways the shuderss classified
the bones and evaluated how the
students worked together. She listened
as they discussed approaches to
answering the question she had set for
them

Once the students had sorted and
grouped the bones, Ms. Lopez asked
the students to fasten them to a sheet
of black paper, laid out so that the
skeleton of each animal was
Rconstnicted as accurately as possible
in two dimensions. As the students
woarked, she gained insight into how
the students interpreted what they
found inside the petlets. She fooked 1o
see whether they identified patierns,

noted the size and scale of what they
had found, and transferred their
knowledge of the skeletons of larger
mammals o a new set of mammals.
She watched for when they ruled out
hunches refuted or not supported by
evidence.

When at last the students had finish-
ed, she asked for each pair to decide
on theiranswer to her question, What
do owis eat? On one level, she expected
such answers as voles and field rice.
But, as each group showed their data
lo the dlass, she began 1o fook for more
complex scientific thinking. Were the
students demanding justification for in-
ferences? Had they questioned whether
the data were sufficient .o make
generalizations? Did the students ask
new questions?

As her students discussed each
preseniation, she took notes. Later, she
added these records 1o the skeleton
charts and wnitten summaries of t,1e
owl's place in the food chain that the
students had completed earlier. She
aiso had their answers to the previous
week'’s questions on individua! bones.
She now had a rich supply of data to
assess her teaching and her students’
leaming.

“m_

lion and assessment. As we note in chapter 4, compared to elementary school
teachers, middie-level teachers often are responsible for teaching many classes of
students, instead of one or two, which makes it difficult for them to assess accurately
the learning of each student. They also have additional demands on their time, such
as guidance counseling and managing extra-curricular activities. Thus, an instruc-
tion and assessment model based on the learner, which gives students more choice
for their cwn educational success, can help middie-level teachers manage their time
more effectively.

Middle-level teachers should capitalize on the growing independence of their
students. This independence offers a chance for the teacher to divert energies from
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managing the classroom to facilitating learning. For example, whereas nearly one-
fourth oftheelemmtaryschoolmhefsremnhavingtospmdmrethanthm
hours a week mainiaining nrder and discipline, virtually none of the middle-level
teachers report such demands oz. thelr time (Mullis and Jenkins, 1988)—almost 80
patemdttmnﬁddlelevdmdsemmpoﬂspmdingmmanonehourpexw&k
on these activities. Middle-level students need less direct minute-by-minute guidance
about “what to do next” than do younger students, and their need for independence
will benefit from opportunities to direct their own learnir.g.

In fact, among elementary, middle, and high school teachers, middie-level
teachers have the greatest freedom to build effective evaluation strategies for their
students: they are released from the constant supervisory activities so prevalent in
elementary school, they are given increased scope in terms of curriculum and stu-
dent capabilities, and, for the most part, they are only beginning to feel the pressure
that grading can exert on the future of individual students. Although in recent years
grades have become a central issue for students and administrators, the evaluation
policies of middle-leve! science teachers still have relatively limited consequences
for students, careers or plans for higher education, Thus, the middle-level teacher
is, to a certain extent, free to experiment with a variety of participatory assessment
strategies to find those that both foster the goals of science learning and meet the
needs of students in early adolescence.

Assessment in the Service of Instruction

Why do teachers need to assess students? The primary reasons ought to include
concerns for instruction rather than the formal reason of assigning grades. For ex-
ample, teachers need to assess students’ prior knowledge in order to know where
to begin instruction and to monitor progress to see if certain concepts and skills have
been learned. Teachers need to assess what knowledge and skills need to be
“retaught” and where to go next.

Reportingto others—parents, school administrators, and the community—about
students’ progress is also part of assessment, and these more formal activities deserve
attention. However, the bulk of teachers assessment activities ought to relate directly
to providing appropriate instruction, and should not be separated from instruction,
but integral to it. In fact, good instructional tasks and good assessment tasks should
be indistinguishable, as the example on page 44-46 illustrates.

Construction rather than instruction. Although individualized instruction and
evaluation are held out as an ideal, the pressures of class size and multiple-
preparations may render them infeasible. Middle-level teachers frequently are faced
with the demand of teaching many more classes than teachers in the elementary
grades, and “getting to know"’ so many students is often difficult enough without
trying to tailor instruction and measure its effectiveness on a one-to-one basis. Thus
efficiency in assessment must also be a priority for the middle-level teacher. The
inclination of students iu the middle schoo! to strive for increased independence
can be fostered constructively by giving them more responsibility for directing their

Please turn to page 50
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Ms Lopez’s class has been studying
primates as the basis lor learning
about communication and behavior.
Ms. Lopez has found that a trip to the
Z00 1o observe monkeys, two resident
goriflgs, and hwo pair of orangutans is a
good way to introduce thinking about
the advantages of group living and
social interactions from a somewhat
removed position. Her middleschool
students find primates inferesting and
funny, so different from human beings
yet eerily familiar, This helps Ms. Lopez
engage her dass in this animal study.
in other species that have parallels in
their own lives while beginning to
understand the perils of anthropomor-
phism. By leaming abowt—perhaps—
less complex primates, they can begin to
develop a language and conceptual
basis for reflection on their own relation-
ships and interactions. Afer the zoo visi,
the students have worked collectively to
interpret their observations. A list of
biological and social functions is begin-
ning to emerge from the observed
behaviors, which contains such notions
as communication, caring for young,
prutecting themselves, social and famni-
ly groups, and getting food. In addition
to learning about primates, students
have been practicing their skills, in-
cluding obsenvation, recording dota, and
interpretation,

Ms. Lopez has emphasized six
characteristics of primates that they
share and that differentiate them from
other groups of animals: grusping with
fingers and/or loes, the opposable
thumb, finger and toe tips for touching,
great capacity for “thinking,” stereo-
scopic vision and seeing in cofor, and
group living. Ms. Lopez wants to focus on
the last: group dynamics and the advan-
dages of group living—salety in numbers,

cooperation in obtaining food and car-
ing for young, and establishing bonds
and aid in the health of the group
through such interactions as grooming.
Howcan Ms. iopes as»—- “er stu-
dents’ learningand orr .rstanding?
She wants her students to make use of
information-gathering and problem-
solving skills, as well as to exercise habits
of mind that charactenize the doing of
science. She asks them to (1) select a
behavior or set of behaviors from their
Jjoumal observations that they found par-
ticularly interesting. Next they are to (2}
generate ideas about why these
behaviors might be useful to this type of
primate. They are to then (3) set the task
of researching information on the type of
primate observed, seeking evidence that
will help to (4) decide which of their own
ideas are supported and which are not.
Each group of students will {5) report
1o their classmates on the following
fopics:
® This is the behavior we found
interesting.
® These are some ideas we have
about the benefit of the behavior to
the primate group
® Here is what we learned from
research to support our own
thinking. )
® Here is what we leamed that does
ROt suppont our ideas.

® This is a summary.

In addition to learning about primates
and having her students develop crucial
thinRing skills, Ms. Lopez wanits to rein-
force some of the larger concepts and
themes underlying her science instruc-
tion: diversity and variation; pattems,
rhythms, and cycles; and models and
theories. Thus, to explore wider ranges
of animal interaction and strategies for
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survival and to emphasize some of these
larger concepts, she proposes that the
class form small groups to study the
behavior of other animais and insects.
In this instance, Ms. Lopez asks the
students io choose their oun groups, and
it dorsnt take long before the groups are
formed and begin suggesting species o
study. Rosernary's group wanis o leam
about doiphins and Joling's about
elephants. T ensure diversity, Ms. Lopez
suggests that the other wo groups study
ducks and honeybees. Each group wél
conduct research on existing informa-
tion, including visils to the library and in-
ing their experience with primates as the
foundation of their study, they are ask-
ed to focus on how their chosen species
communicates, proiecis itself, cares for
its young, gets food, and organizes itself

will be assembied for eventual review by
Ms. Lopez, with the final goal an oral
presentation by one of the group
members to the entire class. The
presenter will be selected by a random
method. As an aid fo the preseniation,
each group & advised to prepare a poster
depicting the key points of its findings.
After the presentations, the class will
discuss the similanities and differences
among groups and make generaliza-
tions about the behaviors of living things.

Ms. Lopezs instruction is designed fo
feod students 1o increase their science
knowiedge and skills, but at the same
time she is systematically collecting
evidence of their leamning through the
noles, the posters, the oral presentation,
and the quality of the group discussion.
and communications sRills and being
given responsibility for the success of

socially and in family units. Their notes /Jheir own group

own learning and monitoring theirown progress. Teachers will use their time more
effectively if they share the burden of evaluation with their students and utilize the
students developing abilities in the areas of peer-and self-evaluation.

Laboratory activities and group projects offer opportunities for efficiently
evaluating students’ learning, while also affording students a chance to work in-
Jependently and to collaborate with their peers. When the challenges are appro-
priate to the manual skills, available materials, and stage in development of critical
thinking skills, middle-level students are able to use tools and go through the pro-
cess of solving technological problems. Furthermore, studerts of this age are apt
to find such active learning of interest, and problems of techndogy often are effec-
tive vehicles for developing critical thinking skills.

Students should be encouraged to ask questions, and teachers can use a variety
of follow-up procedures to foster such inquiry. Asillustrated in the example at the
opening of this chapter, students can be asked to work in groups to answer each
others questions, or the teacher can periodically place interesting discussion ques-
tions in a log. When students display interest in a particular topic, the teacher can
ask them to work in this area outside of school and to present their findings to the
class.

Teachers can assign more structured tasks and long-term projects in which
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mmmmmmmmmm.,Mmmmm
interpreting data, reporting their findings, and formulating a researchabie question.
Nhammwduamgmersuksdmmaseindepmdmdy.mmask
Mmmmmmmﬁxdrmmymhdpmmeyneedn.m
nm,mmmwmmmmmmmymamwm
suggestions about areas in need of improvement or more in-depth treatment.

Becwseitisdiﬂimhmmmmedaﬂymdmhwmwmm-
ingon Isboratory activities or projects, a teacher can ask the students 1o keep notes
oameirmwmamddetailuﬁrpmcedumﬁnMandimhn&
m&mmmmmmmmmwmmmm
go beyond simple narratives and take on some of the characteristics of actual scien-
tific reporting.

These notes and reports of scientific investigations can be assembled into port-
folios and used in :mmmwdmmm'smh in
sclence knowledge, in understanding the principles of scientific inquiry, and in the
ways in which these can be applied. For example, students need to hone their
understanding of the differences between observation and inference and

speculation. '

Hteadmsammemstedinnmhtqumtwaluaﬁomofmdrsmdem'pm
nommwﬁttendscﬁpﬁonsofworkunderwaycanbemmedinonadaﬂym
andquicklymviewed—nummwthamdpendl,butmewjum“tudents'pm
gress and offer feedback as quickly as possible. '

Byamwrgwmimmwﬂlabohmmesumbndmmingmdr
leaming for easy reference and review. The portfolio can give these middie-leve!
students a sense of independent accomp.ishment and, if the journals are kept by
groups of students, this learning activity can also take on a collaborative aspect.

Assessment and cooperative learning. Using cooperative group learning
strategies in science instruction and assessment is pedagogically sound and prac-
tical. Not only do such procedures include efficient peer-evaluation techniques, but
students working together in small groups helps to foster positive, academically
oriented peer-group norms. Cooperative learning gives studen:s greater oppor-
tunities and incentives to articulate and communicate their understandings. By
working in groups, students learn cooperation and build interpersonal skills of in-
trinsic value. Cooperative and group work offer a practical alternative to individual
laboratory work, simplifying logistics and reducing the amount of science equip-
ment required. Cooperative group work has special value for young adolescents as
it turns their natural inclination for peer interaction toward a constructive end.

Cooperative learning approaches, however, usually force teachers to set aside
some of their assumptions about instruction and assessment, and they must accept
and nurture a different sort of classroom climate. In these situations, the most im-
portant decision-makers are the students themselves. When students work together,
it may be difficult for teachers to quantify learning outcomes, gauge the success of
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Mx Nguyen's class has been study-
ing simple machines. He intro-
duced this activdly by having students
identify, draw and explain simple
machines used in their homes, As a
cuimingting activity he has assigned the
construction of an article that does
something using a combination of two
or more simple machines. He has sup-
plied his classroom with wood, card-
board, glue, saws, nails, screws, wire
pulteys, rope, eic. Sudents who need ad-
ditiorral mateniaks put a list on the board,
and Mr. Nguyen tries to have them by the
next class period. Some students are
working outside of class as well. Mr,
Nguyen is interested in watching his
students to see how they move from an
original idea o a final product. He asks
them to keep journals that will chart the
evolution of this process. He plans to
videotape each student or pair of
students presenting the process and pro-
dud for the camera. The joumals, the
report on camera, the product, and his
observation of his students at work will
enable him to assess many of the skills,
attitudes, and ways of thinking that he
is trying to foster.
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'n her science jounal, Sally entered the following notes made during her trip o

the 300:

Observations
8 monkeys, 2 are much
smaifer than the rest

A small one clings to a

large one

Observations
Another small one keeps
darting to the food pan
and then back to the same
large monkey

One large one sits in a
comer with its face
tumed away.

As Ms. Lopez checks Saily's entry, she
asks her how she might find out some
answers fo her questions. Sally decides
she will check with her partner aboud his
observations and ideas. Then she will
not only read about Columbus monkeys
but also about some different monkey
species {0 see whether the behaviors she
has observed characterize monkeys in
general or only Coturnbus monkeys. She
will record what she found out in her
science joumal. She also pians to go
back to the zoo to observe additional
monkey behaviors, including those of

Thoughts and Ideas
Two are babies

Is this a baby with its
mother? Who takes care
of the babies?

Thoughts and Ideas
Is this a baby learning to
get its own food?

Do all the monkeys behave
this way sometimes or is
this behavior unusual?

some very unusual spider monkeys.
She might ask Jos, who can draw
very wefl, o go with her and sketch
some of the monkey behaviors,
because his pictures sometimes teil
more than just words. When she goes
to visit her grandparents in San Diego
for Christmas, she will make a trip to
the large zoo there to observe and
record the behaviors of additional
monkey species. She thinks how in-
teresting it might be to become some-
one fike Jane Goodall, whom she has
seen in a documentary on television.

mﬁ

students’ interactions, assign marks or grades to individuals, or ensuie that all
members of each group are participating and learming. Students will have to come
to understand their collective responsibility to work and learn together and to
assume some of the burden for informal, individual assessment of learning
outcomes,

The experienced teacher understands the significance of these new respon-
sibilities. Although adolescents should be developing a strong sense of their own
personal strengths and weaknesses through the comments of their teachers and
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classmates and through their internal criteria for self-evaluation, they are likely to
need specific instruction in how to work together and assume collective sespon-
sibility. They must learn to plan together, to apportion tasks and duties among
themselves, and to involve all members of the group. At its best, cooperative group
work leads the students to discover that each has different talents and interests, and
each has special knowledge and experience that can be brought to bear. After
carefully preparing students for group work, the teacher must assume a different
role—that of facilitator, rather than information source.

Of course, the teacher must still monitor individual learning outcomes as well
as group processes in order lo evaluate the progress of each student. Some specific
techniques provide such monitoring and encourage student responsibility at the
same time. For example, the teacher might announce that one member of the group
will be selected to report on the group's procedures and findings, and some or all
of every group member’s grade will be based on the quality of that presentation.
Another approach might be to give one member of the group the specific respon-
sibility of ensuring that everyone understands the concepts involved, that everyone
heips carry out the task, and that everyone demonstrates understanding by par-
ticipating in the group’s deliberations.

Cooperative learning groups, composed of students with complementary skills,
can provide a supportive environment for science learning and offer an efficient
way to assess students’ progress. By giving group members collective responsibili-
ty for ensuring that each member of the group has completed a particular assign-
ment, teachers can ease their own burden in a way that is compatible with the needs
of middle-level students. Whether the group's assignment is to learn a new concept,
understand how to control for vanables in a complex experiment, or take account
of critical factors in the design of an application, collaborative learning and peer
assessment can help to strengthen students’ interest, provide less able students a
chance to learn from their classmates, and reinforce understanding and skills as
students review materials to check their own progress.

It is during the middle-level years that differences in science achievement and
perceptions toward science become solidified for girls and minority students. For
example, the NAEP science data (Mullis and Jenkins, 1988) indicate that, while
average science proficiency for third-grade boys and girls was approximately the
same, except in the physical sciences, a performance gap was evident by the seventh
grade and increased by high school. Cooperative learning groups in which students
have an opportunity to display a variety of talents provide a richer context and
greater promise for girls and minority students to develop their own self- confidence
in scientific endeavors. In addition, the support of their peers may help increase
their science knowledge and skills, and working on science in a social atmosphere
may enhance its appeal as an interesting, worthwhile endeavor.

Scientific inguiry as assessment. A project-oriented approach to science learn-
ing provides ways to integrate assessment techniques with activities in ways that
reinforce and extend learning, while aiso gathering useful information on students’
progress. As middle-level students develop new abilities and interests, and as the
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curriculum becomes more challenging, teachers are offered rich oppostunities to
m&mwmmmmmmamwmmmm
diverse needs of their students. Yet, over half the middle-Jevel science teachers report
spending one or more hours per week in atypical science class administering short-
answer tests or quizzes; considering that the total amount of time the bulk of the
teachers (70 percent) report spending on science instruction each week isonly three

or four hours (Mullis and Jenkins, 1988), this is particularly distressing.

t is true that some things are easier to assess than others, and that paper-and-
Mmmmwamemmmmm
Yt the ratio of testing to instruction reported by middie-level teachers seems inor-
dinately nigh for what can be learned from using paper-and-pencil methods to assess
the process and thinking objectives that are at the heart of the scientific method.
Scientific re:soning, observation, and experimentation must be grounded in a non-
trivial knowedge base of the phenomena investigated, not in the end-ofchapter
quizzes founi in most science textbooks.

Middle-level science teachers should seek out ways to assess the application of
scientific processes in the context of the learning units they create, but following
the textbook and simply doing activities does not necessarily offer appropriate op-
portunities to do so. Unfortunately, activities in science clases often have little to
do with real science. Textbooks publishers unintentionally tend to portray science
as a static body of facts to be recalled and rules to be applied in solving artificial
problems; laboratory exercises all too often entail fixed, step-by-step procedures that
mainmuhsknowningdvm&dmtsseldmnmshdmgive}mﬂmﬂom
for their answers, explain how their experimental procedures and findings support
their inferences, demonstrate that their designs serve the intended functions, or
otherwise make their reasoning explicit. Science teaching must cross over from tell-
ing students about science and technology to having them in some small way par-
ticipate in science and develop pieces of technology. The scenario on pages 55-56
illustrates the integration of instruction and assessment through an extended unit
that addresses several of the points we make in this chapter.

To meet the requirements of recording grades or providing written documenta-
tion of each student's individual progress, teachers can assign meaningful, individual
tasks on which to base their evaluations of each student’s performance—for exam-
ple, designing and building models, conceiving of and conducting experiments,
carrying out demonstrations for the class, or conducting sophisticated oral or writ-
ten presentations on the development and resuits of their investigations. The
assignments can fit into larger group or class investigations or e compiete efforts
on their own. In either case, each individual assignment will yield a product or record
of student achievement that can be evaluated, and each will represent a much more
significant accomplishment than a perfect score on a limited paper-and-pencil test.

At this point, th:e reader might agree that assessment needs to serve classroom
instruction, but, nevertheless, question the applicability of the suggested assess-
ment strategies for large-scale assessments. However, even short-term assessment
exercises—whether for use in a single classroom or in large-scale assessments—
should include hands-on performance tasks that allow students to demonstrate their
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L Ms. Washington’s treatment of the

topic of rivers emphasized energy
relationships in the generation of elfec-
tricity, the problems of the design and
construction of dams, and in such
geological processes as sediment
transportation. Her assessment plan for
the urit on rivers had multiple objectives:
(1) to determine how well the students
undesstood the energy relationship; (2) to
assess the students acquisition of formal
thinking skilks; (3) o assess how well the
students were developing skills in self-
assessmen! of their own learning: and
(4) to assess acquisition of the social and
communication sRills for working in
groups.

Ms. Washington presented the assess-
ment exercise fo the class in the form of
a “what i question. But first, she review~
ed with the class the interactions of the
water in the river with objects, sub-
stances, and living things it encountered
. aong @ts path of flows, focusing on enengy
transfer and conservation in these inter-
actions. Then she asked the students to
think about what would happen if their
city decided to remoue the power dam.
Would it be possible to retum the river to
fis oniginal state? What would be the con-
sequenices of remouving the dam on the
local river? With Ms. Lopez’s help, they
couid form groups to consider how their
observations of the river would have
been different if a single physical proper-
ty of the water were differentPspecifical-
ly, its density. What if water were as
dense as mercury, how would the river
be different? Each student thougl« about
the question overnight and came to class
the next day with a list of possible dif-
ferences and some indication of which
differerices he or she was particularty

interested in investigating. With Ms.
Washington’s heip, the students categor-
ized their ideas and reduced the long kst
they had generated 1o several guestions,
which they used in forming groups o in-
vestigate individual questions.

After briefly reviewing the class pro-
cedures for working in groups on extend-
ed projects, which included the impor-
tance of plarning and keeping records,
the groups began work on their in-
dividual questions. One group formed to
investigate how the dam affected the
movement of sediment down the river.
Had the dam trapped sediment behind
&7 What were the consequences of the
trapping? ARer developing a preliminary
plan for investigating these questions,
this group began its work by (1) building
a small-scale stream, (2) seeing how
water veloclty changed as the stream
eniered the reservoir, and (3) leaming
about how fast the water has o iravel in
order o move the sediment.

Another group was interested in what
would be done with afl the concrete that
had been used to build the dam. They
began their study by asking how
materials are recycled and whether old
concrete is useful. They leurned that
some chemical reactions are not rever-
sible. They wen! on to learn about the
technology of demolition and did some
brainstorming on new uses for old
concrede.

A third group of students was par-
trcukzﬂymmmhowtheo!dm
voir site couid be restored to
fike its originai conditions. In the process
of planning they discovered that restora-
tion ecology is an important new area of
science.

A fourth group investigated the prob-
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tem of alemative enengy sources. If the
dam was no longer used for electric
power, where would the growing com-
munity get energy? in their planning they
discovered that systems analysis would
help them understand the larger problem.
They did several experiments that shou-
ed thal peopletend to wasle electricityand
that energy conservation is an unéapped
*Source” of energy.

As the students worked on their prob-
lems, Ms. Washington circudated about the
classroom, offering information and en-
couragement, rewarding desirable
behavior, and making systematic obser-
vations. She augmented herobservations
with information about her studenis pro-

gress obiained from their weekly progress
msmdmckmmdﬁunm;mm

When planning this assessmen! activi-
ty, Ms. Washington developed several
observation sheets organized by her for

" objectives for the river unil. These would

guide her observations, which she could
record systematically. She focused on the
following:

¢ Acquisition of sabject-matter
anderstanding. Because €. =73y
was a subject-matter focus for this
unit, Ms. Washington listed the
forms of energy and energy particles
that the class had studied on her
tive was 1o assess the students’
development of understanding, she
noted instances of the application of
these concepts and principles,
sometimes recording the students
staternents (both correct and incor-
rect) about the forms of energy and
energy principies.

e Acquisition of formal opera-
tional thinking. On another
had kisted aspects of formal opera-
tional thinking to guide her obsera-
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tions of her students cognitive
development. For example, the
creation of the scale model of the
MMMMMM

opportunities to observe the
students ability o identily variables,
{o test which were relevant, to
hmwheswe, and to dmr tests of

understanding of a concept or principle or
when a student noted how his or her
understanding had improved or was call-
ed info question by the addition of new in-
formation. This group exercise also enabl-
ed Ms. Washington to observe her
students’ skills in viewing explanations
from different perspectives as they
challenged each other's ideas and
observations.

o Acgquisition of skills in self-
assessment. Selfassessment skills
depend on the capacily to think
reflectively. A significant difference
is that self-assessment requires
students to judge their own
understanding against a standard.
In the case of the river unit, it was
the standard set by Ms. Washing-
ton’s expectations. Ms. Washington
intended 1o be alert to houw' well the
students understood her expecta-
tions and their ability to assess their
performance against her expec-
tations.
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* Acguisition of shills in group posed by others. She also recorded
process. Ms. Washington noted progress in oral and written com-
severad behaviors in her observa- munication made by the students,
tion guide she would track as . the latter through their journal en-
groups proceeded in their work: tries, laboratory nofes, notes on
listening to the ideas of others, background reading they had
chailenging them appropriately done, and records of thetr planning
and considering the evidence and procedures. As groups re-
presented, putting fonward ones ported on their progress io the rest
own ideas clec..y and defending of the class, she noted the quality
them while considering counter- of their presentation and visual
vailing evidence, being willing to aids and aiso the responses elicited
put aside onek own approach in from the audience of their fellow
favor of a more promising one pro- studens.

proficiencies in laboratory and science-thinking skills. One step in the right direc-
tion is to pose a problem for students to solve in a limited amount of time, using
equipment that permits alternative solutions. (A larger, more difficult stepisto in-
voive students in finding their own questions to pose and investigate about some
phenomenon, which makes life more complex for the teacher.) In one such prob-
Jem, based on an exercise first developed in Great Britain {Assessment of Perform-
ance Unit, 1984-85) and that has been adapted for large-scale testing, the students
are asked to determine which of three brands of paper towels holds or soaks up the
most water. They have available samples of the three kinds of towels, beakers, a
scale, a pitcher of water, and other materials. Appropriate solutions include
saturating and then weighing the towels; saturating the towels and then wringing
them out and measuring the water released; and soaking up as much as possible
of a known quantity of water, then seeing how much of the water is left.

Grading for such an activity might be based simply on whether the students were
able to arrive at an acceptable solution, or the solutions might be rated as to ade-
quacy and sophistication, with more or less credit given, depending on the solu-
tion employed. Another such problem, “Survival,” was originaily developed in Great
Britain and was adopted by the National Assessment for Educational Progress (1987)
for its pilot study on using performance tests for assessing higher order thinking.
Students are given two or more different kinds of materials and fasteners and scissors,
aluminum and plastic cans of several sizes (which they can fill with hot or cold water
to stimulate persons), a fan (to stimulate wind), and various measuring devices—
thermometers, a ruler, a stopwatch, and graduated cylinders. They are to determine
which of the fabrics would keep them warmer on a mountainside on a cold, dry,
windy day. Inthis exercise, students need to identify the variables to be manipulated,
controlled, and accurately measured and recorded. They need to be able to draw
a reasonable conclusion from their data and justify it.

In both these instances, the teacher should ask the students to explain how their
conclusions followed from their procedures and observations, and the teacher could
rate the quality of their explanations. Accuracy of the procedural and measurement
techniques might be rated separately, as might be the adcanacy of the records kept.

£5
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In short, when using scientific inquiry as an assessment approach, the teacher
should emphasize both the approach and the product, how a student obtained an
answer or carried out a hands-on actlvity, as well as the "appropriateness” of the

answer or performance.

For the teacher’s purposes, such performance assessments can form a natural pant
of instruction. The solutions students propose can be discussed as they occur and
evaluated for logic and rigor. The teacher can discover much about each student's
strengths and weaknesses that might be relevant to subsequent instruction.

Using knowledge and skille. The principle of use and application in a wider
context (sometimes called transfer) is critical to the assessment of science knowledge
and process objectives. In order to find out whether students can apply wiraf aey
have learned in new contexts, teachers may need to deliberately avoid asking some
questions or giving some examples in their classroom instruction and reserve these
materials for assessment questions exercises, or special projects that will yield
evaluative information. Just as an English teacher mightask t. studentsto analyze
a poem they have not seen before, the sclence teacher might ask students to discuss
the special environmental adaptations of an organism they have not studied, or ask
them to predict the chemical properties of a compound with which they have not
worked.

It is often possible to imagine a continuum of problems, increasingly dissimilar
from those actually studied. If students have studied the motion of frictionless pucks,
a question abowt billiard balls and bumpers would introdice few new elements—
but, a problem about the collision of objects in three-dimensional space might in-
volve significant transfer. Still more remote would be problems involving the
simultaneous interaction of more than two bodies in space. In contrast to giving
the students problems, the teacher could ask them to think up their own questions
about applications of friction. Both strategies would give teachers a good idea about
where the students might fall at different points along the continuum of being able
to apply their science knowledge and skills to unfamiliar problems and situations.

The nature of this continuum in any particular case would depend on the kinds
of activities the studenis had engaged in and the instructional goals of those ac-
tivities. The basic principle, in any case, would be that the difficulty would be deter-
mined by the number of common versus dissimilar elements in the instructional
versus assessment situation, where element is loosely defined. For example, in an
assessment exercise about a situation including only a few new elements, the
students might be asked to adapt solution procedures previously learned and arrive
at precise answers. For more novel situations, they might be asked to estimate or
roughly describe what might happen. In the example given above about friction
in three- dimensional space, the students probably could do no more than to in-
dicate the nature and direction of changes that Iriction would introduce and,
perhaps, to justify their answers. For the most unfamiliar problems and contexts,
the expectation might be that students could indicate what basic principles would
still be expected to hold, for example, the conservation of energy and momentum
or the balancing of forces.

Y
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Broadening the definition of what counts as assessment. Teachers can col-
lect “hard evidence” of performance in many ways, without adm’ istering a single
test or quiz. To collect evidence of learning in these more constructive and mean-
Wmnﬂddﬂevd&hmmbunhwmmmmdriumm
de.mmmm.mmmmm,
mmnmdmmm@nmmmmmﬁeﬁm
averages maintained for that student in their grade books. This may be because the
MWMMMMMM'MmmMmm
sive enough to reflect the numerous and complex facets of student learning.

Much—probably most—of the information teachers use to guide their instruc-
tional decision-making comes, indeed should come, not from formal tests, but from
informal classroom observations. Although multiple-choice and short-answer tests
and quizzes can go beyond measuring facts and convergent thinking, such in-
mmamverydﬂﬁmﬂttodwdonmbyplmmlnmmtm
WWWMWMWMMM
a measure of the students’ surface understanding of processes and their ability to
define terms. However, over-reliance on these tools can Jead teachers to overlook
mnmyvduedaspeusdbemningmmhasmeindimﬁonmmm.ﬁnm
ly to transfer learning to new situations, and the capability to analyze complex
interrelationships.

Good instruction requires that teachers be sensitive to their students most stb-
tle signs of progress. Monitoring facial expressions for flickers of understanding or
puzzled looks is perhaps an obvious example of one way for a teacher to “tell how
lam doing” Viewed differently, it is also a way for teachers to tell how their students
are doing.

There are ways of doing such observations better and, at the same time, increas-
ing the credibility of these observations as a source of information for marking and
grading, and communicating with parents. First, such observations should be
somewhat systematic—done on a regular basis. Teachers might carry around a
packet of index cards to jot down observations on what particular students do from
time to time. They might spend a few minutes at the end of each day (at the very
least, every few days) to file these observations for future retrieval. Teachers should
bealenedtothehumantendaxymmtemeatypicdandn@emhemmmnplm
(Almy and Genishi, 1979). Routine observations are of value. Also, it is important
that informal observations systematically cover all the students in the classroom,
In short, teachers should be scientific observers. Informal observations on the face
of it seem more valid—less artificial and contrived—than more formal, written
measures. However, unfortunately, they may also, on the face of it, appear less
reliable and lacking in the comfort provided by a row of “objective” scores in the
grading book. Reliability comes through standardization and replicaticn. Multiple-
cholce tests are reliable, in past, because they are standardized across learners, but
also in part because they involve the summation of many independent responses
to a variety of questions. The same principie can be used to enhance the reliability
and the status of informal observations, so that they will provide the same security
under fire as the row of test scores,
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Reliabilitycanbeinueasedbywmgmemhsdotmaﬁommmun&
ple occasions. Validity will be highest when multipie observations also involve a
deg&d‘bonmwee"m‘?ﬁanwlmbm“asymhedsoiwidmcefmmm
contexts, applying different modes of representation, Although the informal obser-
vations themselves do not yield tangible pieces of evidence that can be put on the
bulletin board or sent home to parents, documentation of these evaluations for
students together with the behaviors that support the evaluations can be very
vdmmmm.mmmmmsweuasmmm
should remember that these assessments are individualized and made by the per-
soninmebesxpositionmnnkethemdgmammslmldnm&edum
fortable with the idea that their perceptions count as assessment. Such written
records can provide a way to chart the progress of individual students and the class
as a whole.

As they refine their monitoring skills, teachers can listen to and reflect on the ques-
tions that students ask, not just to provide an answer, but to evaluate what such
a question could mean from the perspective of students’ misconceptions or
misunderstandings. Interpreting conversations among students in cooperative learn-
ing situations and using this information to make determinations about the quali-
ty of their understanding can alsc be an illuminating strategy and provide the basis
mmmmmmmammminammsmmm
students as they work on projects can be another very useful way to assess their
learning. If students are having difficulty applying their science knowledge and
understandings to hands-on situations, this may indicate that they have an inade-
quate or flawed understanding of the underlying concepts.

A caution is in order here. Rote hands-on activities are no better than rote
memorization. It is entirely possible for students to perform the steps of an experi-
ment or to follow instructions that lead them through an activity without having
even a glimmer about the purpose of the experiment or project. Teachers, therefore,
must be aware of the concepts or deep learning they are trying to foster and con-
tinuously check each student’s understanding against these goals. Simply asking
students if they know the scientific principles involved in an activity can be reveal-
ing. Beyond that, asking them to apply those principles to a new situation might
yield interesting and informative replies.

Teachers have many ways to assess students by using their considerable powers
of observation and confirming these observations through questioning and dialogue.
Documentation of these assessments will provide useful and valid evidence of
students learning, or the lack thereof. Teachers should recognize, however, that such
assessment sirategies can raise more questions than they answer. For one thing,
for some students, problems with language and inability to express themselves clear-
ly may be confounded with problems in science understanding. For another thing,
in noting a particular student’s misconceptions or lack of understanding, ate scher
might wonder if that student has other misconceptions in related areas and also
need to begin to explore these.
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However, as middle-leve] teachers begin to merge instruction and assessment—
watching how students approach and perform tasks, monitoring the questions they
ask, and evaluating the final products of sustained learning—they will have ample
information to assign a defensible grade. More importantly, they will have developed
assessient procedures that faciitate their instruction and respond in a more com-
prehensive way 1o the needs and abilities of their students.

Taking sssessment oeut of the classroom. Out-of-school projects and
homework can be a very productive and efficient way to monitor the students’ pro-
gress. Asking the students to answer a question in depth or to conduct activities
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1. Ngtiyen has introduced his clc ss

to simple machines, giving them
experiences and challenges with inclin-
ed plunes, fevers, pulleys, wheels and ax-
les, Eventually he wants his students t0
construct some machines of their own.
Before he goes on 1o this part of the unit,
however, he wants to empirasize the
usefulness of machines in everyday life.
He has found that drawing can be a
powerful tool for assessing understan-
ding. He assigns a piece of homework
asking the studenis to find one or tuwo
household objects that are simple
machines and draw the obyject, and to
name the simple machines. When the
students hand in their homework the
next day, Mr. Nguyen is excited. Looking
al the drawings, he is pleased that the
students are able to identify and name
simple machines. He s struck by the care
and accuracy of the drawings, which
suggest to him that the students were in-
vested in this assignment, that the
school-real kfe connections have been
made. He puts the homewonrk drawings
on the walls of his classroom and notes
the pride with which the class looks them
over. The students are reporting finding
simple machines everywhere—flag-
poles, road machinery, kiichen gadgets,
roofs, and ramps. He speculates that the
students’ feeling of compelence and the
connection between schouol work and
the real world have enhanced a disposi-
tion to acquire additional knowledge.
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at home and write up their results for review conserves classroom time and
resources, while at the same time giving teachers the opportunity to gauge the
students’ }earning. (An extended example of this strategy is given in the next
chapter.) Many avenues of assessment open to teachers beyond the commonly
adopted worksheets and end-of-unit tests, including investigations, projects, jour-
nals, in-depth written reports and even drawing—as illustrated on pages 61-62-—can
be undertaken outside of the classroom— in the home, school, or community—
and this adds to their potential appeal and relevance.

Methods of assessment that are based on projects and explorations and that are
an extension of student’s own interests and learning experiences may be viewed
as challenging, relevant, and even fun, rather than tedious. For example, investiga-
tions that involve controlled experiments can provide opportunities for the students
to apply their understandings of science in settings relevant to their daily lives.
Watching a growing plant or animal can provide the opportunity to keep a daily
record or journal, which the student can submit after several months for the teacher’s
evaluation.

Projects for which the students must collect information from their friends,
neighbors, and relatives or solve a school or community problem might be of
relevance to their own concerns and interests. For example, investigating other's
points of view about pollution or waste disposal can help the students understand
the ways in which such issues intertwine with science and technology and touch
people’s daily lives, Students should learn to appreciate that potential solutions in-
volve taking account of technological advances, scientific principles, and underly-
ing po'itical complexities. If students are asked to interpret their findings at regular
or significant intervals, then their changing interpretations provide a long-term
perspective on their learning.

Finally, taking assessment out of the classroom instills valuses that are consistent
with the goals of science learning and with educational goals for the middle school
as a whole. It prepares students for the larger world outside the classroom. The more
closely instruction and assessment mirror the processes of scientific exploration,
inquiry, interpretation, and documentation, the more likely it is that the students
will come to understand how scientists think, how science develops and
technologies are created, and what their contributions are to society and to
individuals.
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Striking a Balance : -

The primary message in this document and i*s predecessor report on assessment
in elementary school science (Raizen et al., "989) is that assessment should be in-
tegrated with instruction. This works to the advantage of the students. When assess-
ment Is integrated with instruction, teachers can use the results in a diagnostic and
fomaﬁveway—&oahertheirinstrucﬁonalsequencesmdmphammwknow
whenﬂteﬂudaﬁsamoonhmedmdﬁnycansﬂudmeapmopﬁateleamingex—
periences. However, in science instruction as in the assessment of student leam-
ing, a balance must be maintained among the various strategies used.

The approaches described above are intended to broaden horizons and present
assessment strategies practiced in good science classrooms However, we urge a
variety of approaches. For example, while hands-on and laboratory work is integral
to learning science, there will continue to be a place for reading and written work.
Cooperative learning strategies have many strengths, but groups and individuals
exhibit competencies 1n different ways, and individuals should also be assessed ac-
cording to their own particular accomplishments. Finally, because of the reality of
giving grades, teachers informal assessments should be accompanied by standard-
ized procedures. In addition to the value of monitoring student activities and the
information gained from evaluating products of long-term projects, there is still a
place for strong, well-designed paper-and-pencil examinations that include essay
questions assessing cumulative learning and attainment of instructional goals.
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Chapter VI

Innovative Assessments: New Directions

In the last chapter, we discussed assessment strategies designed to support good
instruction. These strategies are available to any teacher willing to move beyond
multiple-choice tests and short-answer quizzes. Some educators argue, however,
that assessments should go beyond these instructional functions, that they should
be learning experiences for students in their own right, and that tests should model
good instruction (Sizer, 1986; Wiggins, 1989; Archbald and Newmann, 1988; Feuers-
tein et al., 1987, de Lange, 1987.). In this chapter, we describe several innovations
in assessment that are working toward these new expanded goals for assessment.
The first two are examples from other countries, the next few are examples from
state assessment programs in the United States, and then we describe an example
developed at a university for the purpose of doing research in classrooms. The last
section of this chapter discusses the potential of the computer in assessing science
learning, based on its role in science instruction.

Innovative Curriculum and
Assessment from the Netherlands

The first example of innovative assessment is taken from secondary mathematics
in the Netherlands. The reader might wonder what relevance this has for middle-
level science programs in the United States. In our view, although many of the sur-
face elements are different, the problems and issues are very much the same. The
assessment we shall describe was developed for the Ma hematics A program in
the Netherlands, a program designed for high school students who would not be
mathematics majors but would use mathematics as a tool in their careers (e.g.,
economics, medicine) and in their lives. Therefore, the primary focus of this cur-
riculum would be its usefulness. In middle-level science programs in the United
States, teachers often have very similar goals. They recognize that only a small
proportion of their students will become scientists but that a much larger number
should have the competence to enter science- related careers and use science in
other aspects of their lives. Therefore, they wan! science to be useful. They are
also aware of the disappointing fact that, for many students, their contact with
chemistry and physics in the middle school will be their last formal Jearning ex-
perience in these subjects.
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As they explored the appropriateness of different strategies for assessing the ef-
fectiveness of the Math A curriculum, de Lange and his colleagues (1987) were in-
fluenced strongly by Gronlund's (1968) assertion that achievement testing should
be alearning aid. After looking at more than one hundred fests used in twelve par-
ticipating schools, the researchers concluded that, for complex problems like
those in the Math A curriculum, the students needed sufficient time to read,
reflect, mathematize, and interpret resuits. Yet, strict time limits were set on com-
monly used written tests, which placed severe constraints on what could be asked
of students. Therefore, these tests incorporated only a limited scope of the goals of
the Math A program, making feedback to the educational process minimal and
defeating a major purpose of the tests—to help improve instruction.

A recent report, Everybody Counts (Mathematical Sciences Education Board,
1989:68) warns: "“Tests stress lower rather than higher crder thinking, emphasiz-
ing student responses to test iterns rather than original expression and thinking.”
This captures de Lange’s (1987:177) concerns: “Examinations in mathematics
which consist only of timed, written papers cannot, by their nature, assess ability
to undertake practical and investigational work or the ability to carry out work of
an extended nature. They cannot assess skills of mental computation or ability to
discuss mathematics, nor, other than in very limited ways, qualities of persever-
ance and inventiveness” He suggests that these qualities can only be assessed in
the classroom over an extended period. He wamns that tests lead teachers to em-
phasize in their classrooms activities that are directly related to the type of ques-
tions used in the examination *..which means that practical and investigational
work finds no place in day-by-day work in mathematics” in cases where timed
tests represent the only method of assessment. A. Everybody Counts states (p. 69):
“What is tested is what gets taught, Tests must measure what is most important.”

Assessment Principles Used in the Netherlands

De Lange developed the following five principles for effeclive assessments, which
serve as his criteria for judging different assessment approaches:

1. Tests should improve learning. A properly designed test or task should
not only motivate students by providing them with short-term goals toward

which to work, but also by providing them with feedback concerning their
learning progress.

2. Tests should allow students to demonstrate what they know (posi-
tive testing) rather than what they don't know. Otherwise, students
may lose confidence, which should be avoided at all times.

3. Tests should operationalize the goals of the Mathematics A curri-
culum. More specifically, tests must be developed that provide the freedom
of response required for measuring certain complex outcomes. These include
the ability “to create, to organize, to integrate, to express, and similar behav-
iors that call for the production and synthesis of ideas.”

4. Test quality is not In the first place measured by the accessibility to
/
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objective acoring. de Lange accepts the fact that competent, independent
judges may score differently—but within certain limits.

5. Tests should fit into the usual school practice.

Alternative Assessments Used in the Netherlands

The assessments designed by de Lange involve four different strategies that can be
combined as appropriate: tasks that are to be accomplished in stages, tasks to be
accomplished outside school hours, essays, and oral performance.

The two-stage task. Inspired by the ideas of Van de Blij(as referenced in de Lange,
1987), the two- stage task uses both short-answe. and essay questions and provides
students with two separate grades, one for each stage. The first stage, essentially
a preparation for the second stage, consists of a traditional, time-restricted, written
test administered to all of the students simultaneously for completion in class. The
students are expected to answer as many questions as possible with an orientation
toward having students find out what they don't know rather than demonstrating
to the teacher what they do know. Mast of the attention is given to the "lower goals”
of computation and comprehension. Scores are as objective as they can be under
these conditions. The teacher scores the first-stage papers, and hands the tests back
to the students with the biggest mistakes (and only those) and the scores disclosed.

Inthe second stage, the student repeats the work at home using the teacher's feed-
back. Interactions (e.g., outside advice and library research) are permitted between
the two stages. Al a designated time, perhaps three weeks later, the students turn
in their work, and the teacher scores the tests a second time.

The second stage follows the five principles listed above. The test improves learmn-
ing; it emphasizes what students do know; it gives attention to the higher goals of
interpretation and reflection; it uses subjective but reliable scoring; and, by allow-
ing the students to work at home, it fits with usual school practice.

Three findings are worth noting:

1. There is a relatively wide spread in scores for the first stage, from very poor
to excellent. At the second stage, the spread of scores is greatly reduced with
more students doing well.

2. Girls perform relatively more poorly than boys in the first stage. At the second
stage, this difference disappears. In fact, the best results were scored by girls.

3. Students experienced enhanced self-confidence when they were able to im-
prove in the second stage.

The take-home task. Following a fifty-minute written task, a sample of students
were allowed to choose one out of five subjects to work on at home. They could either
work alone or in pairs,

The essay task. The students were given a newspaper article on the problem of
overpopulation in the Republic of Indonesia. The article contained a great deal of
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numerical information, but made no use of graphic representation. The students
were asked to rewrite the article, making optimal use of graphic representation, This
task called on the students to find relevant mathematics in the text, find relation-
ships between different facts, and reflect upon different aspects of both in rewriting
the article and developing the appropriate graphs, tables, and charts.

The oral task. Once a standard part of examinations in the Netherlands, thistype
of assessment has become less popular recently. de Lange reinstituted it in order
to study its effectiveness as an assessment procedure for Math A. All interviews took
twenty minutes and involved the student, the teacher, an external independent ex-
aminer, and an observer. The first question differed from student to student, using
questions that seemed appropriate tothe expected performance levei of the student.
de Lange noted that one advantage of the oral exam over all forms of written tests
is that one is able to find out how much relevant information astudent really needs
to start solving an assigned problem. He cites as other advantages the observation
that, because of hints provided by the interviewer, the students “never got stuck.”
On the negative side, some students felt rushed due to time constraints, felt ner-
vous because of the presence of officials, and felt uneasy at not being able to do ac-
tual computations.

Some Conclusions

For three reasons, de Lange recommends using a combination of untiied assess-
ment strategies to assess the Muth A curriculum. First, de Lange discovered that
the correlation between the restricted-time, written test, the take- home task, and
the oral test were low, indicating that these tests actually measure different dimen-
sions. (This is consonant with findings by Applebee et al. [1989], on assessing dif-
ferent dimensions of writing competence.) Second, the different testing strategies
yielded different patterns of results for boys and girls. Specifically, boys performed
considerably better than girls on the time-restricted, written tests; on the stage-two
and take-home tasks, boys and girls performed at more or less the same (high) level;
and on the oral tests, boys and girls performed more or less the same and at a level
between the time-restricted, written tests, and the take-home tasks. Third, the un-
timed strategies more closely paralleled the goals of the Math A curriculum, which
is strongly process oriented, focuses on higher thinking skills, and attempts to enable
students to engage in the mathematization process, all of which require time to
enable students to engage in reflection and generate creative and constructive
thought. Perhaps the most important message of de Lange's most important find-
ingwork, however, is that assessments can be developed that are truly criterion
referenced, where the goal is to assess achievemnent of a student’s learning rather
than spreading out individual test scores along a predetermined distribution curve.

The Use of Profiling and
Moderating Panels in Great Britain

Great Britain currently is developing a new n:*;onal curriculum in many areas, in-
cluding science. According to the report o1 tn: Task Group on Assessment and
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Testing (Department of Education and Science and the Welsh Office, 1987), theem-
phasis of the new assessments will be on developing profiles cf each student on
a set of between four and six profile components. For each component, there are
twelve attainment targets that have been identified, which are identical for all grade
levels tested (ages seven, eleven, fourteen, and sixteen) but take into account the
expected growth in knowledge and skills. The assessments proposed by the Task
Group are like teachers day-to-day assessments: they are directly concerned with -
what is being taught, and they are designed to reveal the quality of each pupil's per-
formance irrespective of the performance of other pupils.

For example for 7 year olds, and largely for 11 year olds, it is proposed that the
tests will take the form of topics for children to work on. These will be designed
so that they look like interesting pieces of work ordinarily met in class. in the
course of doing them, children will be able to display a range of achievements
which teachers can assess, by observing children’s activity and by marking
work—artistic, written, oral—that they produce using standard pro-
ceduresiTeachers will be able to select tasks from a “bank,” choosing subjects
and contexts suitable for the background and interests of the pupils in-
volvedibecause children are more likely to do full justice to themselves in con-
texts which are familiar and interesting to them (pp. 11-12).

The results of these assessments can be used by teachers for their instructional
and evaluative purposes and will also be aggregated at the school level. To ensure
comparability, teachers will use “moderation” meetings with teachers from other
scho -is to discuss the progress of their groups of children, including consideration
of the spread of resuits from the national tasks compared to the spread of resuits
from their own assessments. The final responsibility for decisions about the prog-
ress of individual pupils will rest with their teacher.

Performance Assessment in California

Since 1989, California has been field testing for eventual incorporation into its
state assessments programs a series of performance tasks and open-ended ques-
tions emphasizing the key concepts and principles of science for grades six and
twelve. Performance tasks focus on science process skills embedded in the con-
tent areas of the life, physical, and earth sciences. The open-ended questions
focus on engaging studerits actively in the use of hypotheses and the design of
scientific investigations and processes, as well as providing opportunities to re-
spond to societal and ethical issues related to science.

In the spring of 1990, California will pilot a new testing program, the California
Golden State Examinations. These are optional tests that students may elect to
take in order to receive a special endorsement of their diplomas. In chemistry and
biology, these examinations will include a combination of different modes. The
multiplechoice questions will be conceptually based (thirty minutes): the open-
ended questions will ask students to respond to a prompt by interpreting or enter-
ing data on a chart or graph, drawing a picture to answer a question, or writing a
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short analytical paragraph (ten minutes); and performance tasks will use a laboratory
setting (fifty minutes).

California’s Assessment Program (CAP), intended to probe student achievement
statewide, has identified nine overlapping characteristics of a desirable assessment

program:
o Emphasis on production rather than discrimination.
* Modeling good instruction. Tests should be mirrors of instruction and

assessments should provide a Jearning opportunity in and of itself.

* Focus on integration. The tasks should be multidimensional in skills assess-
ed, multisensory in stimuli presented, and multimodal in response formats.

¢ Fewer tasks of greater depth and breadth. The right kind of exercises
would take considerably longer than normal muitiple-choice questions, hence
that portion of the test (assuming also a short-answer portion) would consist
of a relatively small number of tasks.

¢ Interdisciplinary learning and assessment. Complex multidimensional
tasks would cut across disciplinary lines, providing opportunities for students
to write about science, and tell how they would solve a social problem. Instruc-
tion and assessment would focus on large real-life problems, such as deforesta-
tion or hunger.

¢ Communication, Exercises would demand demonstration of how clearly the
students could communicate learning.

¢ Face validity. The tasks should be credible to the teachers, parents, and
students. -

* Learning and assessment In groups. The ability to interact, negotiate, and
cope with different opinions to achieve common ends should be part of the
assessment,

* Renewed emphasis on speaking and listening. Oral examinations could
take several forms, for example, student debates, peer problem-solving sessions,
examinations of small groups that have done research together, or examina-
tions of individual students.

California is also experimenting with coliecting portfolios of the students’ work
in mathematics. In the spring of 1989, fifty-five teachers teaching grades three and
six were asked to collect their students’ work over two or three months. Each pon-
folio included three or four pieces of individual work, one report on a group proj-
eci, and a reflective or imaginative piece that asked the students to reflect, in writing
about the work done in mathematics class. Subsequently, the teachers met to review
each other's portfolios, compare criteria for assessment of their students' work, and
exchange both teaching and assessment ideas. The experiment will be repeated dur-
ing 1989-90, with more teachers participating.

Also in mathematics, the California State Department of Education (1989) has been
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including open-ended questions in its most recent twelfth grade mathematics tests.
The purpose is to provide the students an opportunity to think for theraselves, con-
struct their own responses, demonstrate the depth of their understanding, and en-
courage the students to solve problems in several ways. For 1987-88, the first year
that open-ended questions were included in the test, a random sample of 2,500
responses (500 to each of 5 questions) out of a total of 240,000 responses were
reviewed by a special commitiee. Performance on a large percentage of the responses
(weli over half for all but one of the problems) was rated as inadequate. The com-
mittee members surmised that the results indicated that students were not used to
writing about mathematics and had little experience in reflecting on or describing
their thought processes as they solved mathematical problems.

Performance Assessment
in Connecticut

In summer 1989. the Connecticut State Department of Education received a grant
from the National Science Foundation to work collaboratively with the Coalition
of Essential Schools and the state departments of education in Michigan, Min-
nesota, New York, Texas, Vermont, and Wisconsin to develop performance assess-
ments in science and mathematics. In August, 1989, three dozen high school
teachers from these states met and formed the Connecticut Multi-State Perform-
ance Assessment Collaborative Team (CoMPACT) to develop performance tasks
that would be tried out in thelr classes during the 1989-90 school year. Criteria for
developing effective tasks included the following:

* The tasks should be based on essential rather than tangential as-
pects of the curriculum. They should represent "big” ideas or significant
themes.

* The tasks should be anthentic rather than contrived. They should
use the processes that scientists or mathematicians use, and the outcomes of
the tasks should be of value to students,

* The tasks should be rich rather than superficial. They should cause
the students to raise related questions, consider other problems, and make
new connections.

* The tasks should be engaging. They should be thought-provoking and
foster persistence.

* The tasks should require the students to be active rather than
passive. The students should construct meaning and deepen their
understanding as they solve complex problems. On a subset of tasks, the
students would be encouraged to work collaboratively with other students.,

* The tasks should be integrative rather than fragmented. The
students should be expected to bring together many separate pieces of
knowledge in the completion of a given task.
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Connecticut will use tasks designed to meet these criteria to assess the progress
of students on the goals set forth in Connecticut’s Cornmon Core of Learning (Baron
et al., 1989), an exposition of the state’s educational expectations for its students.
The tasks will assess students’ scientific attitudes and dispositions as well as skills,
processes, and knowledge. Toward these multiple ends, the first set of tasks to be
developed will focus on sustained group tasks. These tasks could take anywhere
from part of a class period to several weeks to complete. It is intended that the
students will work together to plan and conduct investigatiops and solve real-world,
multistep problems.

The participants in the summer workshop recognized and readily acknowledged
that effective performance tasks closely resemble effective instructional activities.

In fact, one of the goals of the assessment is to mode! good instructional tasks.
However, the component which makes a task appropriate for use in assessment
is the existence of accompanying scoring guides. In science, students will be scored
on their understandings and applications of scientific knowledge and concepts, as
well as on their scientific attitudes and dispesitions, their effective employment of
the skills and processes of science, their ability to use scientific tools and apparatus
safely and appropriately, their ability to work effectively as a member of a group,
and their ability to communicate their findings effectively.

The CoMPACT also developed draft -riteria for determining whether a perform-
ancetask is appropriate for group work. Two classes of problems seem particularly
well suited. First are those that are too large or too time-consuming for an individual
working alone to complete, Related to the jigsaw approach (Aronson et al., 1978),
each student in the group would collect different data or do a different piece of
research, thereby fostering private independence among the members. Each in-
dividual also would have to integrate all of the various pieces so as to be able to con-
tribute to the completion of the group task. This approach has been successful in
enhancing the self-concepts of the students who come lo see themselves as indispen-
sable to the work of the group, and it often raises their level of performance accor-
dingly (Aronson et al., 1978). A second category of appropriate group tasks are those
to which each individual brings only a partial understanding of the scientific
phenomena under consideration. Working together and sharing ideas has the poten-
tial to deepen the students’ collective and individual understanding (Cobb et al.,
in press).

Teachers who believe in the value of group work often become frustrated when
it comes to assessing the contributions of the individuals within the group. Because
of their need 1o assign grades to individual students and be able to justify these
grades, teachers need to have valid and reliable techniques available to them for
assessing the achievement of each student. The CoMPACT is currently exploring
different scoring approaches to group work that will allo.. teachers tc check for the
understanding of individual group members. This will permit the teachers to assess
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the performance of the individuals while at the same time rewarding the efforts of
the group.

A Three-Stage Performance Task

One of the many strategies being considered by the CoMPACT is the development
of a three-stage performance task, which was stimulated by de Lange's two-stage
testing. In this model, teachers would obtain an inflia/ assessment of each student's
knowledge and understanding at the beginning of the group task. For example, this
initial assessment might call for a written prediction about what might happen dur-
ing the course of an investigation, with the students asked to provide reasons or
related descriptions and explanations of their predictions. Or, the students might
be asked for a preliminary design with an accompanying rationale. A second series
of measurements of each student's understanding wouid be taken during the in-
terval in which the group is working. These would be on-fine checks for understand-
ing, accomplished through such informal means as students journals and logs, oral
interviews, and a paragraph turned in at the end of the class. The third stage would
occur at the completion of the group work. Each student would be asked to com-
plete independently a near-fransfer or extension task, example, something closely
related to the knowledge and processes used in the group task w..h an appropriate
degree of novelty. If students used the group experience to enhance their understan-
ding of the scientific concepts and principles inherent in the task, they would be
able to sicceed on related but unfamiliar problems or tasks set in a novel context.

Portfolios in Vermont

Vermont, as California, is pilot testing the use of students’ portfolios in its
statewide assessment of writing and mathematics in grades four and eleven and
Is considering the inclusion of portfolios in other areas, including science. Accord-
ing to an August 1989 draft developed for teachers by the Vermont State Depart-
ment of Education:

Portfolios will be used to provide data in areas not reasonably addressed
through standardized tests. The content of student portiolios in mathematics
should reflect evidence of the ability of students to solve both routine and
non-routine problems, i both group and individual situations. There should
be evidence of a student’s ability to communicate and reason mathematical-
ly. Portiolios should show student growth in understanding and using con-
nections among various mathematical topics and between mathematics and
other disciplines. There should be examples of the student’s work in exploring
problems and describing results using a variety of models or representations.
Reflections on the student’s own thought proce.-es in solving problems and
on the feelings and attitudes of the student, as well as a self-assessment of
strengths and areas needing improvement, should also be included.
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The portfolio should contain a few examples of a student's best work collected
over a period of more than one year. it might include the following:

* A solution to a problem assigned as homework or given on a test or quiz. The
solution should show originality or deviation from the usual procedure, not
just a neat set of figures. Several different solutions to the same problem could
constitute one entry.

* A problem made up by the student, with or without a solution, dependingon
the complexity.
* A paper done for another subject that contained some mathematics, such as

an analysis of data presented in a graph, particularly if the data were collected
by the student.

* A report of some group activity or project, with comments as to the individual's
contribution (e.g., surveys, reviews of the use of mathematics in the media).

o A picture made by the student of his or her work with manipulative, or two-
or three-dimensional figures as a solution tv a problem, or a description of a
mathematical concept or situation.

¢ Art work done by the student involving mothematics, such as drawn designs,
coordinate pictures, scale drawings or maps, etc.

¢ A videotape of a student or a group of students giving a presentation involv-
ing mathematics.

¢ A report on the history or application of some mathematical concept.
® An entry or entries from the student’s journal.

During the 1989-90 school year, teachers are being recruited to participate in a
pilot study of the us. of portfolios in order to providc their reactions, and their
students reactions, to generating portfolios. The teachers will note the advantages
they see, problems they encounter, uses they made or envision for the portfolios,
and suggestions they have for further consideration. They alsc will keep track of
the things they do and the time uiey spend with the portfolios, re:;ording how often
they review the portiolios with the students and the extent to which they use port-
folio materials when meeting with parents.

Using Naturally Occurring Problems
to Assess Stuaents’ Understanding

Linn and Songer (1988) have described a research program consisting of a
thirteen-week unit on thermodynamics, which used a .eries of microcomputer-
based laboratory experiments with real-time data collection to collect, record, and
instantaneously display laboratory data. The research team used successive cur-
riculum reformulation to deepen eighth-grade students’ understanding of the dif-
ference between heat, energy, and temperature. In order to examine v hiether the
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students really understood the role of the different variables involved {e.g. starting
temperature, volume, surface area, and insulation), the team developed a set of
transfer tasks. Even though the students understood the effects of the variables in

laboratory setiings, they had considerable difficulty applying their understandings .

to a series of graded, natural-world problems. The specification of appropriate
transfer tasks represents an innovative approach to assessment becavise it takes into
consideration single- and multi-variable situations and the degree of similarity bet-
ween the naturally occurring problem and the laboratory tasks in the curriculum.
Using problems in assessment that occur naturally in the world outsiie school may
have the great benefit of developing models for instructional activities designed to
“teach for transfer.” a term that has found many advocates but little application
because of the lack of cogent exen plars.

The Potential of
Computers for Assessment

In science classrooms, computers have been used in four major ways (see Guertin
et al., '987:Abeles, 1989:Linn, 1988), and each use has implications for assess-
meni. First, department heads and teachers have used computers to assist them
in classroom management activities. These include keeping inventories of
materials, budgeting, computing students’ grades, and preparing tests. Second,
they have been used in various ways to assist instruction, including drill and prac-
lice, tutorials, simulations, and research {e.g., databases, spreadsheet analyses of
data, an¢ word processing for report writing). A third catego-y involves telecom-
munications, with students from different physical locations nputting and shar-
ing data on a phenomenon or common problem. Fourth, computers are used in
microcomputer-based science laboratories as a way to collect, portray, and ana-
lyze realtime data.

Recent advances in computer hardware have made possible quite sophisticated
instructional and assessment activities. The use of the microchip has reduced
costs and processing time while increasing computer memories. Optical laser disk
technologies combine the power of the computer with the remarkable storage
capabilities of laser disks. One of these disks, the CD-ROM, is only about five in-
ches in diameter and stores 270,000 printed pages of information. This means
that one or two CD-ROM disks can provide an entire semester of study consisting
of text and assessment materials; slides and movies can be computer controlled
and integrated with the materials stored in the CD-ROM disks. Obviously, at the
current time, it is not the technology that limits its applications to science educa-
tion but the failure to generate software and learning opportunities to take advan-
tage of the existing capabilities. Other impediments to widespread use involve the
cost of computer hardware and the training necessary to enable teachers to feel
comiortable using computers in their classrooms (Cohen, 1988).

In this section, some possible uses of the computer for monitoring what
students know and can do in science are described. The perspective taken is that
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of the classroom teacher. However, the data generated (hrough computer-based
assessment can potentially be aggregated for policy makers at the school, district,
state, national or even international levels. We discuss four passibilities: item banks,
simulations, telecommunications, and microcomputer-based science laboratories
(MBLs).

"irst, some teachers are currently using computers to build item banks for their
unit tests and final exams. The format of these items usually is muitiple-choice. Some
teachers keep item statistics to see how well students do on individual items over
a period of time. In some cases, teachers even develop and print alternative forms
of their tests for use in classronms where students sit close together. The promise
of this use lies in the potential for exchange and quality control of items among
teachers, provided the items are openly available.

Second, the use of simulations makes possibie a very different kind of learning
and assessment. Simulations can be classified into two types: whether the student
plays an active or passive role. Pussie simulations are like teacher demonstrations
in that the student observes the scientific phenomena. The advantages of using a
computer are several: that it can substantially reduce—or elongate—the time it
would take for phenomena to occur; it allows students to observe phenomena that
would require expensive, unwieldy, unavailable, or dangerous equipment; it can
enlarge or reduce the scale of phenomena to make them observable in the
classroom. For example, within a part of a class period, the students can observe
many generations of genetic offspring, ecosystems with prey and predators, or
geologic or astronomical phenomena covering vast regions and taking thousands
of years to occur. Also, the light and sound emanating from the computer often pro-
vide a more motivating learning situation for some students than the same material
presented in textbooks or classroom lectures. Furthermore, such simulations may
deepen the understanding of students about how things actually occur, making
possible more complex analysis and evaluation activities. The simulations can
become the stimuli for assessments that ask students to explain the phenomena
and make and justify predictions about related phenomena.

Active simulations create a i:ands-on environment that provides an opportunity
for students to manipulate many of the variables involved in scientific phenomena
and to observe their effects. For example, computer programs exist that simulate
the operation of a nuclear power plant. Using control rods, the siudent can control
the amount of heat generated by the reactor and thus the amount of steam formed
and electricity generated. In mechanics, simulations exist to teach students about
combining gears to perform desired functions. Thinkertools is an example of an en-
vironinent created to teach students many of the more difficult and abstract con-
cepls related to the laws of motion (Raizen et al., 1989). In assessment contexts, the
students can be asked to solve complex problems involving the manipulation of
variables in these simulated environments. Different levels of abstraction, transfer,
and application to real-world contexts can be incorporated in the assessment prob-
lems. The technology currently exists to track students’ thinking by programming
the computer 1o keep records of the strategies students use to try out their solutions.
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This permits the teacher to monitor the understanding of the students—to see
whether their problem-solving strategies are deliberately constructed or random
trial-and-error.

Third, telecommunications permit students from difierent locations to work
together on a common problem. Sometimes this entails studying the effects of en-
vironmental variables on natural phenomena. For example, one middie school ap-
plication has students in different countries at different altitudes reporting the
temperature at which water boils. A second one involves students at many points
along a river taking water samples and reporting the data from the analyses of these
samples to one another. In some sense, the students are functioning like managers
of databases (Guertin et al., 1987), allowing them to discover relationships, note
 trends, and form hypotheses. These databases often challenge the students to in-
vestigate a topic further and report findings back to the class and to others on the
telecommunications network. Inthe event, the students are motivated to use their
tex!books, their teachers, and other experts in their search for understanding, The
assessment oppostunities within these learning events ave unlimited in that teachers
can monitor virtually any combination of the students’ scientific understandings
and research and communication si:ills. (See March 1987 issue of Classroom Com-

puter Leaming).

Fourth, the use of sensors or probes in microcomputer-based science jaboratories
(MBLs) is particularly well suited for science education, because it allows the students
to conduct hands-on investigations, with the computer assisting in gathering and
presenting data. The students set up the apparatus and perform manipulative opera-
tions just as in a traditional laboratory, but the data are presented in graphic form
as they are collected in real time. The students see *he data displayed on a graph
or table as they are collected and see relationships as they happen. According to
Abeles (1989), there are several advantages to MBLs. Data collection is less tedious,
more accurate, precise, and efficient. And data can be gathered about phenomena
not readily available before (e.g., reading the thermometer inside the freezer sec-
tion of a refrigerator every three minutes for twenty- four hours).

These motivating and engaging qualities of MBLs give the students the oppor-
tunity to' gain a broader perspective on what is laking place in an investigation and
enable them to pay much more attention to the phenomena and the concepts be-
ing studied rather than, v's some teachers have put it, “getting lost in the data.” For
example, according to Guertin et al. (1987:6-7):

... While the MBL. product is continuously measuring temperatures during a
cooling curve experiment, students can watch the sample rather than th. ther-
mometers and observe that the crystallization coincides with the temperature
‘platean” Students have time to detect an effect and look for its cause. They
are motivated to seek explanations for the relationships they observe. For ex-
ample, should the teruperature drop suddenly during an experiment, students
would be alerted immediately and might discover that a draft had been created
from an of 2n window. Using traditional methods, the students might not have
detected the data anomaly urtil they graphed the data after the laboratory
session.
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Many researchers have found that real-time graphing increases the students’ abili-
ty to interpret graphs (Mokros, 1986; Linn, 1988). Guertin et al. (1987) note that an
entire experimental cycle can be completed within the attention span of the stu-
dent because the time between data acquisition and data analysis and display is
brief. For this reason, MBLs have great potential for use in investigative science with
younger students. Faster data acquisition also allows the students flexibility to repeat
the experiments, explore more cases of an experiment, and do more experiments.
Furthermore, many students are motivated to ask “what if” questions and change
the parameters of the investigation. In addition, data can be collected over periods
of time longer than the school day, extending from several hours to overnight to
several days or weeks. Finally, the students can see the same data displayed and
printed in a variety of tabular and graphic formats, and they are able to analyze it
at a later time.

Once the students become familiar with the technology, they are f = to ask their
own questions, generate their own hypotheses, and explore them in their own way.
They control both the nature and the pace of their experimentation. They collect
their own data and portray it in the graphic mode that seems best for their purpose.
They are encouraged to verify, replicate and make sense of their data, use a variety
of approaches, and communicate their findings to others. This represents an ex-
tension of the opportunities inherent in the active simulations previously describ-
ed, because the use of the data-gathering pruoes allows for the students to collect
data in the real world. The students are free to explore their environments,
manipulate variabivs, and observe outcomes. They have an opportunity and in-
creased motivation to explore a phenomenon deeply. Tl :s new technology should
also enhance transfer of learning and notions about the relevance of science.

Furthermore, scientific dispositions are likely to come to the fore in the use of
MBLs. MBLs enable the students to feel like scientists. The students come up with
problems and collect real data. They then portray the data professionally. They also
have opportunities to work collaboratively, and the classroom can become . com-
munity of inquirers. In this way, the students can develop and display many of the
attitudes, attributes, dispositions, and habits of scientists.

Applications of sound and light probes exist in all branches of science, often mak-
ing visible those processes that previously could only be read about. For example,
body functions and reactions can be studied by viewing and analyzing heart and
respiration rates, skin resistances and temperatures, electrocardiograms and elec-
tromyograms. Even brain waves can be viewed and recorded. In physics, photogate
probes are used for measuring velocity and acceleration, sonic transducers for
measuring distances, strain gauges for measuring force, thermistors for measuring
temperature. Chemical reactions can be studied through colorimetric or poten-
tiometric techniques. As noted by Guertin et al. {1987), the ability of the computer
to act in place of voltmeters, freeze-frame oscilloscopes, thermometers, pH meters,
light meters and a host of other laboratory instruments, coupled with the fact it allows
large quantities of data to be quickly collected, organized, stored, graphed, and
analyzed, means that it might be viewed not as an expensive tool but rather as the
“best buy” in town.
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Guertin et al. (1987) note that one of the strongest arguments for the use of the
MBL in schoo! science classrooms is that college laboratories, research institutions,
medical laboratories, and industry now use digital data acquisition devices rather
than traditional laboratory methods. Hence, experience with the MBL in school
laboratories will prepare the students for advanced MBL activities in higher educa-
tion and in scientific and technical occupations. We would urge, however, that
simultaneously with such experience, students at the middle level also develop a
strong foundation in understanding how basic measurements are made and the
various uncertainties attached to different types of measurements, as discussed in

chapter 3.

The assessment opportunities arising from the application of MBLs are limited
only by the teacher's time and in lination to make use of them. The records kept
by the student can provide a rich base for assessing their operational and concep-
tual knowledge as well as their thinking skills. Problems of some complexity and
sophistication can be developed, which can be addressed in a classroom period (or
over several periods) using MBL-generated data. Social skills can be assessed as
groups conduct inquiries using the MBL. Almost every strategy for assessing science
that goes beyond paper-and- pencil, short-answer formats can benefit from the vse
of the MBL.
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Chapter VII

Assessments and Policy

The empbhasis in the preceding two chapters was mainly on improving assessments
carried out by the classroom teacher in support of good science instruction and to
evaluate the students’ learning and performance. In this chapter, we take up issues
related to assessments carried out for broader policy purposes. Indeed, educational
administrators, school board members, legislators, and nther educational policy
makers are increasingly turning to tests for information to assist them in monitor-
ing outcomes, setting goals, allocating resources, and, most important, holding
districts, schools, and even individual teachers accountable for the learning of their
students. Currently, most of the tests given for educational policy purposes are en-
tirely separate from the ones that teachers select or create to use in their own
classrooms. They are often referred to as externaily mandated tests, because they
are administered under the aegis of some authority beyond the classroom, either
within or outside of the educational system. Tests used to inform pelicy and increase
accountability are given on a much larger scale than classroom tests, often to all
of the students in a district or state, to nationally representative samples, and
sometimes even across international borders. They are given less often than
classroom tests and generally sample the contents of a year or more of the
curriculum.

Externally mandated tests often focus on critical transition points in the school-
ing process, including the middle-level years. Thus, testing during eighth grade is
ubiquitous, occurring at the district, state, national, and international levels. Because
they are almost always used for making comparisons among the classrooms, schools,
districts, states, or nations tested, these externally mandated tests are carefully stan-
dardized and must be given at a specified time regardless of the pacing of instruc-
tion by a particular teacher.

Both the students and teachers are likely to regard externally mandated tests as
less important than classroom tests. The standardization and breadth of coverage
of these tests usually mean that they are less closely tied to the curriculum than
classroom tests, and thy students are often told that their reportcard grades will not
be affected by how well they do. Many external testing programs employ elaborate
safeguards to protect the anonymity of teachers and schools, as well as of individual
students. Nonetheless, these tests can have major direct and indirect effects on cur-
riculum, instruction, and learning, and they merit close attention by anyone con-
cerned with science assessment.
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High-Stakes Testing:
Impacts for Good or 11l

T understand the importance of externally mandated tests, consider the follow-
ing examples:

® A principal reviews the annual test score means for each of the school’s fifth
grade classrooms;
* A school board compares school means on the district-wide tests;

¢ The local newspaper publishes average scores, by school, on the state
assessment;

® Legislators anxjously monitor the press coverage concerning the “Wall
Chart” put out by the Secretary of Education in Washington;

¢ The National Assessment of Educational Progress (NAEP) introduces state-

by-statecanpuisomandhoiheducahmandpditicalanalystsponderﬂm
potential for good or ill;

¢ International comparisons show eighth graders in the United States near the
bottom of the countries tested in science and mathematics knowledge, and
educational leaders respond with calls for increased education funding, bet-
ter teacher training, and more rigorous curricula.

When policy makers or the public begin to use test scores to make comparisons
and judgments, the scores become important in their own right, and the testing
becomes “bigh stakes.” At all levels of the educational system, the test scores
become a factor as decisions are made about budgets, textbooks, curriculum
frameworks and guidelines, and uitimately about the ways that students spend
their time in classrooms.

Teachers might understand very well that “less is more"~that true scientific
literacy and critical thinking would be helped more by a deep, extended,
multifaceted treatment of a few topics than by a superficial survey of many topics.
But the teachers who teach a few things well run the risk that their students will
be unfamiliar with most or even all of the questions on high-stakes tests that sam-
ple factual knowledge on dozens of topics. The best textbooks for improving
scores on such tests may be those that cram in the most content, at whatever cost
to depth of understanding. Classroom time spent on generating questions, plann-
ing experiments, learning to observe and record, and learning to discuss the gains
and Josses involved in alternative solutions to technological problems might do
little to improve test performance.

If educational administrators and policy makers, parents, and the public insist
on treating high scores on tests of factual knowledge as ends in themselvs. scien-
tific literacy and critical thinking will suffer.

Despite their possible negative effects, externally mandated tests also can be a
force for the improvemen f science learning. In the short term, even poorly
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designed tests can focus public attention on the need for educational reform and
Increased financial support. By showing what is possible in the best schools or under
the best conditions, tests can help raise the sights of educators and policy makers
elsewhere. Of course, much greater benefits could be expected from sound, com-
prehensive tests providing valid information about the full range of intended learn-
ing outcomes: Such tests could guide the allocation of educational resources to areas
of greatest need and couid help in the formulation of specific goals for improvement
at the classroom, school, district, or state levels. They could also be used in large-
scale evaluations of alternative curricula, instructional practices, and educational
policies, Finally, valid and comprehensive tests could illustrate for teachers and
students the kinds of outcomes and levels of attainment expected.

the Full
Range of Outcomes

Most externally mandated testing programs, even when done on a sample basis,
involve large numbers of students. Therefore, it may appear prohibitively expen-
sive to employ testing formats other than paper-and-pencil tests with multiple-
choice items. In the long run, however, the costs of nof employing a broader array
of testing formats and response modes may be even higher. The only way to
minimize the risks and maximsze the benefits of high-stakes testing is to assess a
full range of important learning outcomes. In middle-level science, this is likely to
require that the students use scientific apparatus and tha' they respond to some
kinds of questions that call for open-ended responses, ra;her than a selection
among a small, fixed set of alternatives. In addition, even within the constraints of
written, forced-choice tests, there may be room for substantial improvement in the
range of learning outcomes measured.

Alternative Testing
Materials and Response Formats

Most of the research on alternative testing formats, forced-response versus essay
tests, for example, has shown that different kinds of tests tend to rank order
students in about the same way. Such findings have been used as a justification for
continued reliance on relatively inexpensive testing formats. If tests that are more
costly to administer and the scores yield no more information than inexpensive
forms of tests, why use them? There are two rc1sons.

First, ac discussed above, testing is reactive. The educational system can change
in response to accountability mechanisms, including tests. Teachers and students
will look to the test content for messages about the forms of learning outcomes ex-
pected, and curriculum and instruction will evolve in the direction of greater em-
phasis on those outcomes tested.
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Second, both fogic and empirical research affirm that some of the most impor-
tant outcomes of middie-level science education cannot be measured adequately
using paper-and-pencil, multiple-choice items. Frederiksen (1984) has investigated
students’ ability to pose plausible hypotheses to explain pattemns of experimental
findings. The format is simple: An experiment is described and its resuits are
presented, often with the aid of a simple graph or figure. The students are then asked
to pose as many reasonable explanations for the findings as they can, and their
responses are rated for quality. After developing and validating this “formulating
hypotheses” test, Frederiksen attemnpted to create a muitiple-choice test measur-
ing the same ability. He and his associates found that the multiple-choice version
of the test failed to measure the same abilities as the free-response version. Similarly,
assessing the quality of a student’s writing according to several different constructs
of writing performance yields scores that, while correlated, appear to capture dif-
ferent competencies. Moreover, the parameters of the tasks required i a test con-
strain writing performance {Appiebee et al., 1989). Even without appealingto em-
pirical research, it is clear that the ability to design simple experiments or use scien-
tific apparatus safely and correctly will be difficult or impossible to test fully using
muliiple-choice questions.

A recent science assessment of fourth graders in the state of New York
demonstrated the feasibility of large-scale testing using simple apparatus. / series
of stations were set up in each classroom; at each station the students were to use
a ruler, a simple pan balance, or other equipment fo answer questions on a test they
carried with them from station to station in five-minute rotations. The skills being
assessed included measurement, prediction based on observation, categorization,
inference, and forming hypotheses. The students’ scores were recorded only at the
school; the school's scores were reported at the state level in terms of percentage
of item difficulties. The assessment may have fallen short of testing all the forms
of scientific reasoning that might be hoped for even at the fourth grade, but it did
yield very significant information about the science program in New York schools
and par.icularly about the students’ limited exposure to hands-on science. The more
ambitious plans for state assessments, including performance items and more ex-
tended exercises being formulated in Californiz and Connecticut, were described
in the preceding chapter.

Better Multiple-choice Questions

Multiple-choice questions are often thought of as testing no m ore than factual recall,
but they have been used successfully to measure a much broader range of outcomes.
On science tests, for example, a multiple-choice item might pose a scientific ques-
tion and then describe several different experimental setups or procedures that might
be used to investigate it. The correct answer is the one in which experimental and
control groups differ only with respect to the matter at issue. This multiple-choice
item format tests the important conceptual understanding Piaget termed controff-
ing variables, which is often presented in middle-level science as a fundamental
principle of scientific method. Multiple~hoice questions can test more complex

a2

84 ASSESSMENTS AND PoLicY



kinds of reasoning, as well. Imagine an item describing the history of a rock for-
mation and presenting a diagram showing different geclogical strata identified by
letters or numbers. Students’ understanding of basic principles might be assessed
by questions asking about the order in which the strata were laid down, whereone
might look for particular kinds of fossils, or which of several explanations accounts
for some stratum not being horizontal. Obviously, other questions about the same

figure might test vocabulary or other recall forms of knowledge.

These examples illustrate that multiplechoice items can be constructed to
measure reasoning and understanding of scientific method. Note, however, that such
understandings are best tested in the context of an actual problem, in conjunction
with relevant factual knowledge. When individuals reason, they reason about
somethin,,. it follows, as we noted in chapter Ill, that poor performance on such items
can be due to deficient understanding of either the processes of scientific reason-
ing called for or the factual information required to apply that reasoning in a par-
ticular situation. (Of course, poor performance can also reflect poor motivation,
fallure to understand test instructions, poor reading ability, or other causes.)

These examples also illustrate that multiple-choice items testing higher ordes
thinking skills will almost always require the presentation of more elaborate stimuli
than most questions measuring factual recall. More text, figures, charts, graphs, and
diagrams will be required to describe the probiem situation the students are asked
to reason about. As a result, such test questions may require a higher level of reading
ability than questions that test knowledge of facts and principles, as well as the ability
to interpret graphs and other kinds of displays. They may also call for greater ef-
fort, attention, and motivation on the part of the test taker. Any of these additional
requirements might serve to lower soine students’ scores (that is, percent of items
answered correctly versus expectations, depending on the conditions of testing.)

Multiple-choice questions employing more complex stimuli wili aiso take longer
to answer so that fewer items can be administered in a given period of time. For
all these reasons, reliable and valid multiple-choice tests will be more difficult to
construct for higher order thinking skills than for factual knowledge. In addition,
items on such tests will tend to be harder for the students to answer and harder for
instructors to teach to, and so some stugents and teachers might resist moverient
in the direction of testing higher order skills. & foflows that significant improvements
in externally mandated tests, including multiple<choice tests, are unfikely unfess con-
cemed parents, citizens, educators, and curriculum specialists insist on better tests,
measuting a broader range of important learning outcomes.

Information Needs of Decision Makers:
Achievement and Context

Validity should be regarded as a property not of tests, or even of test scores, but of
test-score interpretutions. Valid interpretation of achievement scores, for indi-
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viduals, classrooms, schools, or larger aggregations, always requires supplemen-
tal information about at least some of the many factors known to influence achieve-
ment. Teachers using tests in their own classrooms bring a wealth of background
information about individual students’ earlier performance levels, interests, and
other characteristics, as well as knowledge about their own curriculum and instruc-
tion. This information enables them to set reasonable expectations for achievement
levels and evaluate the plausibility of alternative explanations for low or high scores.
Even more important, it enables teachers to make better use of scores when deciding
what to change to improve learning, for individual students or for the class as a
wnole.

Assessment for Imprc vement

Valid interpretation of scores on externally m.andated achievement tests likewise
requires contextual information If policy makers are to use the results to improve
the students’ achievement. For externally mandated testing programs limited to a
single schoo! or a small school district, decisionmakers might already have access
to sufficient information to interpret the scores appropriately. School principels
and district personnel would need to know or find out about the curricular goals,
textbooks and other instructional resources, and teaching practices in the
classrooms tested; the students’ performance in prior years and in other content
areas; and something about the communities served by the different schools
where the tests were given. Depending on the focus of the testing program and the
particular score interpretations intended, additional information might be re-
quired. Policy makers might want to look in greaior detail at the students’ oppor-
{unity to learn the facts or concepts covered in each test question. They might ask
about the teachers’ formal training in science, or about the number of years the
present textbook series has been in use. Without such information, it is impossi-
ble to say from achievement levels alone which teachers or schools are doing
poorly and which are doing well. One school may be doing extremely well in the
light of its students’ language backgrounds and other contextual factors, and still
have lower scores than a mediocre school serving more advantaged learners.
Another consideration is the match between the curriculum and the tes’. Where
achievement is poor, contextual information is essential to determine to what ex-
tent the content of the test corresponds 1o the curriculum. (Of course, good cor-
respondence merely indicates that the test is appropriate to the curriculum, not
that the test—or the curriculum, for that matter—reflects good science instruc-
tion.) These examples could easily be multiplied. As the scale of testing programs
increases, it becomes less likely that decision-ma} rs will have the needed con-
textual information at hand. Thus, it becomes increasingly important to collect it
in conjunction with achievemeni-test data. This is most often accomplished by
giving the students Sbackground questions” in conjunction with test items, and
by providing separate questionnaires ‘o be completed by their teachers and by
knowledgeabic personnel at the school level.

Baron and Forgione (1989) discuss the kinds of background information it is useful
to collect in large-sca'e assessments. Discipline is required when assembling such
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questions—Sit would be nice to know” is not a sufficient justification for using
precious questionnaire space and testing time. They recommend that all background
questions at the student, teacher, and building levels should satisfy atlez  one of
three criteria for inclusion: First, information must be collected on demographic
factors that will be used to organiz- £d report the results. These include questions
on gender, racial and ethnic identification, socioeconomic status, and other
demographic characteristics. This sort of information is important for understand-
ing how educational resources and classroom processes—that is, the opportunity
to learn—as well as student achievement and attitudes are distributed across dif-
ferent groups of students. Second, information should be collected concerning
schooting factors known to influence achievement, including indicators of classroom
process Finally, background questions can be included, because thev assess educa-
tional outcomes important in their own right, apart from academic achievement.
These include questions about attitudes, beliefs, 2»d behaviors. In an eighth-grade
science assessment, for example, students in Connecticut responded on a scale from
“strongly agree” to “strongly disagree” to statements such as “Careers in science
are more appropriate for men than for wome” and “My knowledge of science will
be of little value to me in my day-to-day life” (Baron and Forgione, 1989:189). As
a further measure of attitudes, the students were also asked how many years of high
school science they exrected to take.

B leam something about instructional practices in science, younger children were
asked in separate questions if they had ever used a magnifying glass, a metric suler,
a thermometer, or a magnet in science, and whether they had ever made a simple
electrical circuit or an electromagnet. Eighth-graders were asked on a scale from
“never” to “muve than ten times” how often they had used a triple-beam balance,
a graduated cylinder, or a microscope, and how often they had set up an electrical
circuit. The eighth-grade assessment included actual use of a triple-beam balance
to weigh an object. Responses to the experience question were strongly related to
success on the performance task. (See also the discussion above on the more ex-
tensive test of manipulative skills administered to all fourth graders in New York).

Teachers and principals can be asked parallel questions about use of equipment
and so forth, as a check on the studentsU responses. In the Connecticut Assessment
of Educational Progress there were also specific questions about the availability of
good science teachers, the amount budgeted specifically for consumable science
supplies, amount budgeted specifically for purchase of new science equipment, and
nv.nbers of microcomputers available for science instruction. Respondents were
2,50 asked to rate the seriousness of such problems as “a general belief that science
is less important than other subjects,” “out-of-date teaching materials,” “lack of
materials or equipment,” “inadequate budget for science,” "lack of student interest
in science,” “lack f teacher interest in science,” “teachers inadequately prepared
to teach science,” “lack of support of administration,” “teachers views not incor-
porated into curricular decisions,” and “lack of opportunity and/or support for in-
service.” Teachers also reported on whether science equipment was available to them
and, if so, whether they had to share it. In addition, they were asked to indicate how
well trained they felt they were to teach science (Baron and Forgione, 1989:206-210).
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Similar kinds of questions have been asked in connection with the science
assessments conducted by NAEP, by several major studies conducted by the National
Center for Education Statistics (Schools and Staffing Survey, National Education
Longitudinal Study of 1988), and in the 1985-1386 National Survey of Science and
Mathematics Education (Weiss, 1987).

In short, we suggest that policy makers need 1o understand and document the
status of some of the conditions that influence what students actually learn in school.
According to Oakes (1989), the following three categories of variables are impor-
tant to examine;

Access to Scientific Knowledge. Availability of instructional materials,
laboratories, computers, and equipment; teachers’ qualifications and experience
in science; scheduling {for example, departmentalized, discrete classes, or inter-
disciplinary teams); classroom assignment practices (grouped by ability or mixed
instructional groups) and the curriculum associated with each group; availability
of academic support and enrichment programs (tutoring, after-school remediation,

science fairs, field trips, museum programs); and parental involvement in science
instruction or science activities.

Press for Sclence Achievement and Participation. Opportunities for school-
wide recognition of science participation and accomplishments; curriculum and
instructional activities focused on challenging, real-world scientific concepts and
problems; faculty beliefs about the students’ ability to learn science {for example,
whether all students are capable of learning science); faculty emphasis on science
as an interesting and important subject for students at the middle level; instructional
leadership in science—the extent to which a significant person or group at the school
advocates and supports science curriculum and instruction; and the degree to which
noninstructional cunstraints interfere with science activities.

Professional Conditions for Sclence Teaching. Teachers’ salaries; teachers'
student load and class size; clerical support staff available for noninstructional tasks;
time available for professional, non-teaching work; time spent on collegial goal set-
ting, program planning, and instructional improvement; participation on the staff
in school-wide decision making; administrative commitment and involvement in
staff development in science; and administrative suppon for professional risk tak-
ing and experimentation.

As with student outcome measures in science, assessment of several of these im-
portant program characteristics must in part rely on human judgment. Obviously,
assessments of science programs cannot possibly provide the complex data resear-
chers need in order to understand fully the relationships among program
characteristics and science outcomes. They can, however, provide useful clues to
policy makers about strengths and problem areas. The challenge is to design
assessments that provide the most central information with a parsimonious set of
indicators. Relevant kinds of questions about programs, asked in conjunction with
student assessments that involve (1) multiplechoice questions testing both lower
order and more complex reasoning skills, (2) hands-on performance exercises
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tion providing a context for interpreting te- wrformance must be sound, reliable,
and comprehensive,

Erosion of Validity

* Valid interpretation of test results will become more difficult as mandated

assessments grow, particularly when they involve high-stakes testing. As noted,
vdi(ﬁ:yhﬂmnmmammu,hninmmnedmimaﬁommm
based on a score. There may be different logical bases for such inferences, calling
for different stratgies of test design and validation. Consider three examples: A col-
lege admissions test, a typing test for applicants for a secretarial position, and an
achievemnent test administered by a state or district. The warrants for using the SAT
or similar tests to help reach college admissions decisions include both logical
arguments from the tests content and design and empirical arguments from their
observed correlations with college grades and other indicators of success, In con-
trast, metyplngtestdirecﬁysamplspeﬁommmesthataxeapanoithewo;kthe
person hired will be expected to do. The achievement test probably would be in-
termediate between these first two examples. To the extent that it directly sampled
some domain of proficiencies that the students were expected to acquire, as, for ex-
ampie, use of a thermometer or an equal-arm balance, it would be like the typing
test. T the extent that it was intended to show what children were likely to do or
be capable of doing in non-test situations, its validity would have to rest on logical
or empirical grounds—areas that need much further exploration and work in the
case of science tests (Frederiksen, 1986).

Erosion of validity may be said to occur when, as an indirect result of using the
test, the warrant for the intended score-based inferences is weakened. In the case
of college admissions tests, coaching that concentrates on test-taking skills or practice
with feedback in answering multiple-choice items may improve test scores without
bringing any concomitant improvement in the compiex, developed aptitudes the
test is intended to reflect. If such coaching improves the scores of some examinees,
the correlation between lest performance and subsequent college success is likely
to be reduced, thereby eroding the test's validity as a predictor. (Of course, a longer
term program of coaching that focused on the underlying skills the test was intended
to assess might improve both test performa criterion performance. That would not
affect the test’s validity.) In the case of the typing test or reading a thermometer, it
is more difficult to imagine any kind of training that would substantially improve
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is highly resistant to erosion of validity. _— ,

Whenpolkyactionsmataﬁedmcﬁviduslschoolsadnﬂmsmmmdmm
students are taken on the basis of assessment results, assessments become very im-
ponam.‘lbadaersaremselilmlytoteachtotheﬁest,mditismivetoaskthemto
avoid doing so. Thus, the issue from an assessment perspective is to improve the
quality ot such tests so as to make instruction based on their content worthwhile.

Similar cautions are in order with respect to some conceptual or background ques-
tions and educational goals. If background questions are interpreted as indicators
of educational quality, they may be subject to the same erosion of validity as cognitive
questions. This may happen whenever the answers to questionnaire items are
treated as ends in themselves. Based on the illustrations just given, for example,
a wellintentioned but misguided teacher might decide to teach the use of a magni-
fyingglassoraﬁiple-bemnhalameasanho&atedskiﬂ.ﬁhewbe.qmsabom
the number of homework or writing assignments completed may invite the pro-
liferation of brief, meaningless assignments. Questionnaire developers should be
sensitive to such reactive effects of background questions and, whenever possible,
should word questions so as to discourage treating activities as ends in themselves.

Summary

Policy makers need content-valid outcome assessments set in the schooling con-
text. These assessments must mirror the goals of instruction. They should sample
the kinds of hands-on activities and extended problem assignments found in the
best classroom science instruction and should also provide information on pro-
gram and schooling features.

Due to the reliability, versatility, and efficiency of multiple-choice items, such
items are likely to continue to play a rolc in such assessments, but care should be
taken that tests call for scientific reasoning and the application of scientific prin-
ciples, not just factual recall. This is likely to require multiplechoice items with
more complex, extensive stimuli than simple knowledge items. it is critical to
recognize that some of the most important science learning outcomes may be
nearly impossible to test with forced-choice items of any kind. As an instance,
students should gain skill in formulating plausible explanations for experimental
findings. Testing this skill may only be possible with free-response items requiring
hand scoring. J

Contextual information about teachers and learners, classroon: resources and
practices, as well as information about important affective learnin‘; outcomes may
be obtained using background questions for students and separate questionnaires
for teachers and principals, but care should be taken to discourage respondents or
test users from treating instructional activities as ends in themselves.
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- Chapter VIII

Recommendations

The recommendations in this chapter are grouped around six principles which sum-
marize our view of how student learning in science at the middle level should be
assessed:

1. Assessment must be challenging and interesting. Classroom, school, and
large-scale science assessments must reflect the educational purposes at the
middie level and the growth and development of young adolescent.

2. Assessment must reflect science instruction,which itself should reflect the

. goals for science learmning, which in turn should reflect good science. Assess-

ment must include both science knowledge and the laboratory, intellectual,
and social skills crucial to the learning and doing of science.

3. Reporting systems should reflect science assessments with fidelity.

4. Educators involved at every level need to understand the new conception
of assessment and carry out relevant strategies, and their clients's and au-
diences’ need to understand the purposes and results.

5. Improving the quality of the science program in a school or district requires
information on context as well as on outcomes.

6. Further knowledge and new techniques must be created so that assessments
of science learning and performance are faithful to the goals of science educa-
tion and to the nature of science.

For each of the principles, we provide a brief discussion as necessary and then
some action steps for bringing about the kinds of assessments that would support
good science instruction in the classroom and help policy makers in their efforts
to improve science education for young adolescents.

Principle: Assessment must be challenging and interesting. It must
reflect the educational purposes at the middle level and
the growth and development of the young adolescent.
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Discussion

Classroom assessments should be npportunities for students and teachers to discover

together how learning has progressed. it should be recognized that students as well
as teachers are important users of the information that assessments provide.

Students will find assessments challenging and interesting if, in solving the prob-
lems posed, they discover new uses for the ideas and methods they have learned.
Performance assessments can be highly engaging and instructive, and they can test
learning outcomes that are difficuit to measure in other ways. Projects and produc-
tions of many different kinds can serve as the basis for performance assessments.

Recommendations

1. Assessments should include some long-term projects that involve the integra-

tion of the knowledge, laboratory skills, and thinking and reasoning competen-
cies the students are expected to acquire.

2. Some classroom assessments should call for new applications of the material
that has been learned. After learning about environmental adaptations, for ex-
ample, the students can be asked to “design an animal” to survive in a specified
environment.

3. Even though some departmentalization is typical during the middle-school
years, some science assessments should be integrated with assessments in other
content areas. Oral and written reports can demonstrate literacy and com-
munication skills as well as scientific understanding. Laboratory workbooks
should demonstrate growing skill in using mathematics as well as science.

4. When middie-level students work collaboratively on group projects, at least part
of the assessment should address the quality of the group's effort. The students
should not be asked to work cooperatively but then only be assessed
individually.

5, Large-scale assessments should strive to support the efforts of classroom and
school assessments.

Principle: Assessment must reflect sclence instruction, which itself
should refiect the goals for sclence learning, which in turn
should reflect good science.

Discussion

Both in this report and in the earlier one on elementary school science, we have
stressed the need for a correspondence between good science instruction and assess-
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to exacertate the current poor condition of science education in U.S. schools.

Recommendations

l.kadmdwuldbemmmdmmwdmeinmaﬁmdsdmknowledga
science laboratory skills, and science thinking skills in their instruction.

2. Teachers should integrate assessment and instruction, gathering assessment
data as students are engaged in classroom science activities.

3. Teachers should clarify the goals of their instruction, making sure that their
students are equally clear about these goals—across the course and in the con-
text of each instructional activity.

4. The boundaries of classroom assessment must be expanded to integrate in-
structional goals and information, including teacher observations, oral presen-
tations, production of computer and constructed models, drawings, and
research efforts in and out of laboratory settings.

5. Teachers should design science instructional and learning activities that in-
corporate the collection of concrete evidence of learning, including models
that the students have built, reports, laboratory logs, computer output, essays,
and records of oral presentations,

6. Teachers should plan science instruction and learning activities that incor-
porate both individual and group tasks. This will provide a wide variety of
products to assess progress, both to inform future instruction and to give
grades.

7. Teachers should design science instructional and learning activities that pro-
vide students ample opportunities to assess the quality of their own work,
including encouraging students to keep written journals of their progress
towards the learning goals.

8. Teachers should provide opportunities for the collaborative interpretation of
the evidence accumulated and perceived by students on their learning and
their own judgments and records of progress.

9. Teachers should ensure that this collaborative evaluation of student progress
results in a product that can be shared with parents, which gives middle-level
students the responsibility for keeping their parents informed about their prog-
ress on a regular basis.

10. Teachers should use assessment data to modify instruction and plan future
activities.

11. Teachers, principals, and science supervisors should become pariners, with
principals and science specialists providing regular checks on the effectiveness
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of the instruction and the progress of students. Such independent observa-
tions of the students’ learning provide additional perspective, enhanced op-
partunity for staff development,and a way to keep principals informed about
the school science program.

12. Wmmm:mmwmwmmmmmm
in terms of providing the necessary resources for facilitating district goals in
science, including appropriate staff development in assessment, 2nd in terms
of educating the community and local school board about the strengths of
the new approach that integrates instruction and asse->ment.

Principle: Reporting systems should reflect science assessments

Discussion

It is important that the messages sent to teachers and parents in assessment reports
about what is important in science education not be antithetical or contradictory
with the message to use instructional opportunities as assessment opportunities.
Therefore, if there is a prescribed body of content and skills expected of the students,
the teachers need to be able to incorporate them into their curriculum, instruction,
and assessment. In that way, there will be a positive comrespondence between the
data collected at the classroom level and the goals of the school and the state depart-
ment of education.

In many cases, there s no articulated curriculum that teachers feel a need to follow.
and they appear to be free to develop instructional opportunities for students ac-
cording to their own goals. Sometimes, however, a curious and unfortunate situa-
tion occurs in which national or state tests are administered to the students in a
school, and the test results are then used to hold the school accountable for
knowledge and skills that were not shared with the teachers. If the tests that are ad-
ministered do not, in fact, represent the school’s goals, then the teachers and school
authorities should not treat the test results and report them to the community as
if that were the case. The same holds true at a state and a national level.

Teachers and administrators cannot control what an external evaluation agency
might do, but they should exert their influence in interpreting test results and striving
for better assessmient. For example, if a nationally normed assessment of school
science does not match the state’s or a school’s goals, the message sent to parents
and teachers should not be that the school or state has not succeeded simply because
the test results are poor. Rather, the schoo! or state should be able to present a con-
vincing case of how it has succeeded on the goals it has been striving toward.

The reporting implications that foiiow from this discussion are that schools,
districts. and states need to be clear about the goals they are assessing. Then, they
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ought to give considerable thought to what the observable indicators are (and on
which data should be collected) that would provide evidence that their goals have
been achieved.

Recommendations

1. Teachers should be involved in developing strategies ¥ gather, analyze, and
portray assessment information that wiii be meaningful to parents, com-
munities, and policymakers.

2. State departments of education should provide tectinical assistance to enable
teachers to gather, analyze, and portray data that will be meaningful to parents
and communities. Assistance should aiso be provi:led to help teachers and
school officials to aggregate and report data usefu! for policymakers.

3. Districts should help teachers develop alternative raport cards in the form of
profiling, as distinguished from grading. These sorts of report cards, providing
descriptive information about each student’s strengths and weaknesses, would
be useful for both formative and summative evaluation.

4. National and state agencies should seek ways to :;ggregate data collected at
the school level. 1 his may require parallel and cumplementary data collec-
tion efforts, checks using standardized assessment questions or tasks, or
“second opinions” by outside observers to ascertain the reliability and validity
of the data collected locally.

5. For certain core Jearnings, there should be a ~onsensus effort to agree upon
assessment strategies and reporting strategies throughout a state. States will
need to provide a technical assistance compenent to ensure that comparable
procedures are used for administration éf assessment exercises and interpreta-
tion and reporting of results.

Principle: Educators involved at every level need to understand the
new conception of gssessment and carry out relevant
strategies, and their clients and andiences need to unders-
tand the purposes and resuits.

Discussion ’

Higher education institutions that educate prospective teachers and are charged with
inservice staff development, associations of principals and superintendents,
teachers’ groups, associations of parents and school board members, and educa-

tional writers all have important parts to play in fostering improved science learn-
ing and assessment,
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Recommendations

1. Higher education institutions should model, =«plain, and give teachers the tools
to reproduce the principles of learning and assessment described in this report.
Some specifics follow:

» Appropriate emphasis (or a premium) should be placed on fossering a depth
of understanding of scientific concepts and principles, in the teachers’ own
science preparation as well as in what they are expected to bring to their
students.

o Teachers should be taught and have opportunities to practice a variety of
strategiesfor monltoring their own level of understanding via individual jour-
nals, small- and large-group discussions, and opportunities to compare their
own thinking, through discussion and further reading, with that of practic-
ing scientists.

o Higher education environments should model communities of inquiry in
which teachersare encouraged to generate new questions, ask clarification
questions, and discuss their tentative hunches and hypotheses with others—
both with respect to science subject matter and pedagogy for teaching science.

* Insiitutions of higher educationshould foster and encourage persistence and
the assimilation of new information and experiences by giving teachers long-
term assignments which require revisiting the same concepts, as they will
be expected to do with their students. They also should foster and assess the
acquisition of the dispositions of scientists, including the stimulation of in-
tellectual curiosity, open-mindedness, and tolerance for ambiguity.

» Higher education classrooms should provide opportunities and rewards for
teachers to do true investigations (in contrast to verification exercises) in
which teachers generate and clarify the problem to be researched, develop
a strategy for data collection, analysis and portrayal, and communicate their
findings to their classmates, their instructors, and possibly to other audiences,
including members of the science community. In short, prospective teachers
should be taught and assessed as they will be expected to teach and assess
their students,

¥

2. Groups of superintendents, principals, and teachers meeting alone ard with
one another must work to improve the quality of science leaming and assess-
ment. Several specific recommendations follow:

* These three groups should discuss strategies for examining the standardized
tests used to assess the middle level science program in order to determine
what messages they are sending about their goals in science education.

 The same question should be asked about teacher-made tests and other in-
formation used to determine report-card grades. What besides tests is used
to determine report-card grades? What might the students conclude about
the relative importance of breadth of knowledge and depth of understand-
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ing? How are scientific skills, processes, and dispositions factored into the
determination of grades?

* These three groups also should reflect on strategies to be used at the school
level to ascertain whether the school's science curriculum addresses what
they truly believe to be important for students to learn, Some questions to
consider include the foliowing: Does the curriculum as it cumrently is be-
ing delivered produce students who see the relevance of science in their
mmnmmwmmmmmw@.,
physical, and earth sciences in high school? What percentages of students
are taking more than the minimum number of required science credits?

- What additional skills and knowledge would be required of the teaching
and administrative staffs in the school in order to design learning and
assessment activities likely to address needs identified by the above
questions?

3. Parents’ groups and school board members should ensure that
superintendents, principals, and teachers are free to design better learning
and assessment opportunities for young adolescents. Superintendents, prin-
cipals, and teachers claim that it is the parents and the school boards who
want to know how the local school’s students compare to students in other,
similar schools or across the nation. Sometimes this perception results from
the existence of school board policies calling for annual testing in science at
the middle level. Parents’ groups and school board members should confront
the fact that the pressure to perform well on standardized, norm-referenced
tests pressures teachers to *‘cover the curriculum”represented in overstuffed
taubooksmherthanmpmvideasadmweummnﬁngleanﬁngam
assessment experiences that are aimed at a conceptual understanding of
science.

We recommend that parents’ groups and school board members reevaluate
the goals they have for science education, how these goals are to be achiev-
ed, and how achievement of the goals will be assessed so as to preserve their
intent.

4. Education writers also have an important part to play in bringing about im-
proved learning and assessment opportunities for young adolescents, If the
problems and potential solutions described in this report were made available
to a public considerably larger than the one likely to read this report, parents
and schoo! board members could become more aware of the magnitude of
today’s science education dilemmas. Education writers can help by careful-
ly examining current testing practices and reporting on their limited
sign‘ficance so that the public will demand that educators try some different
approaches to developing learning and assessment opportunities at the mid-
dle level rather than using inappropriate and constraining practices.
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Principle: improving the quality of the science program in a school
or district requires information on context as well as on

outcomes.

Discussion

Improvement of science education at the middle level hinges on an understanding
and tracking of the process through which student leamin ; in science as well as
other outcomes are produced. This kind of information is avallable to the teacher
for the individual classroom, but not to policymakers at more aggregate levels,
unless it is specifically collected.

Recommendations

1. National policy makers should set the tone for assessing the context in which
science learning takes place by highlighting national data about essential pro-
gram characteristics: science program facilities and equipment; teacher’
backgrounds and qualifications; curriculum; instructional strategies; and pro-
fessional teaching conditions in schools.

2. State policy makers should include context assessments among the indicators
of science program quality they use for school and district accountability or
for triggering program improvement initiatives.

3. State education agencies and the research community should assist in the
development of valid and useful measures of essential science program
characteristics and schemes for reporting the results of such assessments.

4. State education agencies and jocal school district administrators should pro-
vide technical assistance to schools as they attempt to implement measures
of the school context in valid and reliable ways and as they begin to use the
results of such assessments to frame improvement strategies for science

programs.

5. Local district administrators and school boards must work with parents and
the community to help them understand the importance of assessing and
reporting information about the context of science programs. They must show
the community that such information can highlight problems and provide
clues about potential solutions. They must communicate loudly that view-
ing science test scores in the context of information about science programs
can help communities move beyond self-congratulation or hand wringing by
providing useful directions for school improvement in science education.

agh
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Principle: Further knowiedge and new techniques must be created
s0 that asseasmments of science learning and performance
are falthful to the goals of science education and to the
nature of science.

Discussion

Throughout this report, we have noted instances where knowledge and understand-
ing are inadequate. Examples drawn from earlier chapters include the extent to
which capacity for formal operational thinking can be developed In all young
adolescents and the science experiences and programs that enhance such develop-
ment; measurable attitudes and behaviors that are valid proxies for future engage-
ment with science and application of scientific thinking skills; and identification
of policy- mutable program variables that are strongly linked to desired studest out-
comes for science education at the middie level. Further experimentation with and
deve%opumudvﬂidmmteehnhuaMmWenﬂyMiabkbruse
in large-scale assessments is urgent. Similarly, better means for collecting relevant
program and contextual information must be developed. These needs imply sup-
port both for basic research and for development.

Recommendations for Research

1. The National Science Foundation, the United States Department of Educa-
tion, and private foundations concerned with science education should spon-
sor research programs designed to investigate how instruction, and what kinds
of science activities and content teaching specifically, can help develop for-
mal operational thinking in young aolescents with different backgrounds,
competencies, and preceding educational experiences,

2. Interdisciplinary teams of researchers drawn from science education, the rele-
vant science disciplines(that is, those generally included in middie or junior
high school science curricula), psychology, and educational measurement
should investigate the relationships currently posited among scientific at-
titudes and behaviors exhibited in school (or reported on a questionnaire) and
disposition beyond the science classroom to apply science knowledge and
thinking skills and continue one's engagement with science.

3. Federal agencies and private foundations supporting research in education
should invest in fine-grained longitudinal studies to establish linkages
between science programs and teaching variables and science learning out-
comes for different student groups. (This is in contrast to large-scale
longitudinal studies which, perforce, have o use gross process and outcome
variables.) What is the role of different instructional strategies (hands-on and
laboratory work, collaborative group work, long-term projects, oral and written
presentations, use of the microcomputer-based laboratory)? What is the role
of the textbook, trade books, other written materials, guest appearances by

-
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scientists, and science fairs? How important is parent involvement, and how
can it be engendered? How do the effects of these factors vary for giris? Boys?
For students from different ethnic and soctoeconomic groups” To what ex-
tent can science programs, to be successful with young adolesrents, deal with
subject matter and abstractions impostant for science learning but ar removed
from their experiences and ostensible interests? All these are questions that
need better information than is avaliable at present, when too much of science
instruction continues to be based on unverified practice and opinion.

Recommendations for Development

4, Assessment strategies consonant with the goals of science education and ex-
emplary science in the middie grades must be developed for use both by in-
dividual teachers and in large-scale assessments. In particular, the National
Assessment of Educational Progress and individual states should attach to
each science assessment they conduct and evaluate some experimental
assessment exercises that will probe complex and important science leam-
ing outoomes not addressable through tests using multiple-choice or other
short-answer formats. {See, for example, National Assessment of Educational
Progress, 1987). Experimentation should include not only the design of such
exercises but also innovative scoring protocols and other rating methods to
explore their feasibility and reliability. Attention also needs to be given to cost
implications recognizingthat the improvement of assessment will require in-
vestment of additional resources or redeployment of current spending.

5. Similar experimentation needs to proceed with respect to the measurement
of program variables and teaching conditions. We suggest, however, that—
unlike the experimentation with better outcome measures recommended
above—this experimentation take place separately from the large-scale
assessments of student learning. The reason for this separation is that these
assessments are already very complicated and cumbersome and therefore not
a good vehicle for the careful exploration of how best to track the
characteristics of science programs and school conditions that have been
shown (through the research recommended in number three above) to be
strongly linked to student outcomes.

6. The best of assessment strategies will fail unless supported and adopted by

the persons ultimately responsible for the students’ development in science—
the classroom teachers. We therefore urge that preservice and inservice

_aacher education materials be developed that empower teachers to carry out
assessments that will serve good science education in their classrooms.

1G9
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