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The Assessment of Science Meets
the Science of Assessment

�

�OVERVIEW

Many states and school districts are implementing reforms of science education aimed at help-
ing all students acquire deep knowledge of scientific concepts and advanced thinking skills.  Often
these reforms involve new teaching methods that encourage students to explore key science
topics in depth, work on realistic and complex problems, think like scientists, and integrate
knowledge from several domains.  In many states, science education reforms are linked to broader
efforts to improve the entire educational system and to set high standards for student learning.

Assessment has become an increasingly critical part of these reforms.  States and districts are
revamping their assessment systems to make them more compatible with new science and math
education standards and with innovative teaching methods.  Interest is growing in alternative
forms of assessment that ask students to demonstrate their performance by solving open-ended
problems, doing projects and presentations, and collecting portfolios of their work.  Researchers
are working with classroom teachers to pilot techniques—such as encouraging students to assess
themselves or teachers to formalize their judgments—that can make assessment a more integral
part of everyday teaching and learning.

These developments in science assessment raise many technical and policy issues about the reli-
ability, validity, fairness, and cost of new forms of assessment, and whether these new assessments
are feasible and suitable for applications on a wide scale or with high stakes attached.
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PURPOSE OF THE NRC CONFERENCE

To explore the connections between new approaches to science education and new
developments in assessment, the Board on Testing and Assessment (BOTA) of the
National Research Council (NRC) sponsored a two-day conference on February 22
and 23, 1997.

Participants included BOTA members, other measurement experts, and educators and
policymakers concerned with science education reform.  The conference encouraged
the exchange of ideas between those with measurement expertise and those with cre-
ative approaches to instruction and assessment.

Participants presented recent research on science assessment, teaching, and learning
and discussed efforts to improve assessment practice and classroom practice.  They
debated the role of assessment in the systemic reform of science education.  The con-
ference also featured a poster session in which participants could see firsthand some of
the new science assessment tools being used in several schools.

The conference gave particular attention to these questions:

• What are the various roles that assessment is expected to play in science
education?

• How well do existing assessment tools align with the kinds of scientific
knowledge and skills that students should have?

• Which kinds of new assessment strategies are needed to support new
instructional approaches?

• What are some innovative approaches to assessment in science education,
and what effects do they have in classrooms?

• What evidence is available about the technical quality and feasibility of
alternative assessments?  How much do they cost?

• How well can new assessment methods meet the need for accountability in
educational programs?  Are they suitable for widespread use or for high-stakes situations?

• What practical and policy issues are raised by alternative approaches to
science assessment?  Are the alternative approaches credible and understandable to
parents, the public, and policymakers?  How soon can they be implemented?
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This report summarizes the presentations, papers, and group discussions from the con-
ference.  In the four main sections below, the report (1) describes several alternative
assessment methods presented at the conference, (2) explores major issues related to
their design and use, (3) discusses how alternative assessments are being used to improve
instruction, and (4) examines the implications of using various forms of assessment to
promote systemic reform and accountability.  A concluding section looks at avenues for
meeting the complex demands for new kinds of assessments that serve instructional and
accountability purposes.

PURPOSES OF SCIENCE ASSESSMENT

Assessment has multiple purposes.  One purpose is to monitor educational progress or
improvement.  Educators, policymakers, parents, and the public want to know how much
students are learning compared to standards of performance or to their peers.  This pur-
pose, often called summative assessment, is becoming more significant as states and school
districts invest more resources in educational reform.

A second purpose is to provide teachers and students with feedback.  The teachers can
use the feedback to revise their classroom practices, and the students can use the feed-
back to monitor their own learning.  This purpose, often called formative assessment, is
also receiving greater attention with the spread of new teaching methods.

A third purpose of assessment is to drive changes in practice and policy by holding people
accountable for achieving the desired reforms.  This purpose, called accountability assess-
ment, is very much in the forefront as states and school districts design systems that
attach strong incentives and sanctions to performance on state and local assessments.

As testing experts so often stress, certain kinds of assessments are better for some purposes
than for others.  Good testing practice emphasizes the importance of using a test only for
the purpose for which it was designed.  Because good testing practice also means properly
interpreting and reporting test data, the audience for the assessment data is another
important consideration in test development.  In addition to students and teachers, the
major audiences for publication of test scores include parents, school administrators,
policymakers, researchers, and the general public.

Particular care must be taken when tests are used for high-stakes decisions about people
or institutions, such as student promotion, college attendance, teacher career paths, or
school funding allocations.  Tests used for high-stakes applications, or accountability to
an external authority, or publication of scores to a wide audience must meet strict
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psychometric criteria (technical properties established through measurement science).
For example, these tests should demonstrate adequate reliability (scores are consistent
and generalizable to the broader universe of knowledge and skills) and validity (the
test really measures what it is supposed to and can form a basis for appropriate infer-
ences).  They should also be fair (not biased based on factors such as ethnicity or gender).

A critical issue for the development of innovative approaches to science assessment is
the usefulness of these approaches for the various purposes of testing.  Standardized
multiple-choice tests continue to prevail in large-scale assessment programs used for
accountability and other high-stakes purposes largely because they meet the technical
criteria of reliability, validity, and fairness and are low-cost and efficient to administer
and score.  But many educators and researchers question the broader validity of tradi-
tional multiple-choice tests, arguing that they do not fully capture the kinds of concep-
tual knowledge and thinking skills embodied in new standards that outline desirable
learning goals.  Because of this, existing tests might not adequately support reforms in
science education and might discourage teachers from adopting effective strategies for
teaching advanced knowledge and skills.

The developers of new assessment approaches are trying to overcome the limitations of
multiple-choice tests by broadening the available types of assessment tasks and methods
and by more directly tying them to classroom practices.  But innovative assessments
have their own drawbacks.  They are generally more expensive and complicated to
administer and score.  Most have not achieved the technical quality desired for
accountability and other large-scale or high-stakes purposes.  Developing innovative
assessments has proved to be an exceedingly difficult problem that will require exper-
tise from both measurement science and educational practice.

INNOVATIVE FORMS OF SCIENCE ASSESSMENT

The conference highlighted a variety of efforts under way to develop and implement
innovative approaches to assess science learning.  The designers of these assessments
are motivated by several goals.  They want assessments that better measure advanced
knowledge and skills, are more closely aligned with state and local standards, and will
tell people how students are progressing toward standards.  Many innovators are also
trying to influence instruction by making assessments more compatible with new teach-
ing strategies and by using tasks that model desirable classroom practices.  Some also

�
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seek to involve students more in their own assessments—and their own learning—by
giving them meaningful tasks and encouraging them to reflect on what they are doing.

Many of these alternative assessments involve open-ended items, complex problems, and
performance-based tasks.  Many also entail nontraditional methods of response and scoring.
Several take a longer-term view of assessment, requiring students to do in-depth experi-
ments or projects or collect examples of their work over time in a portfolio.  In contrast to
traditional assessment, which often takes place at the end of learning when it is too late
to make a difference, many innovative assessments encourage teachers and students to
engage in continuous cycles of problem solving, reflection, discussion, and revision.

PERFORMANCE ASSESSMENT

Many of the alternative approaches presented at the conference fall within the broad
category of performance assessment, which refers to any assessment that requires students
to demonstrate their knowledge or skills by creating an answer or product.  Performance
assessment includes a wide range of activities, from responding to a short-answer essay
question to conducting a semester-long project.

Performance assessment aims to provide richer information about student capabilities,
such as planning and conducting an experiment and working collaboratively, that are
not captured by traditional test formats.  It is particularly focused on assessing what one
can do, as distinct from what one knows.  For example, as Bert Green of Johns Hopkins
University observed, someone might know how to play volleyball but no longer be able
to do it physically.

The Scientific and Measurement Arenas for Refining Thinking (SMART) Project, a
middle school curriculum described at the conference by Susan Goldman and James
Pellegrino of Vanderbilt University, uses various kinds of performance assessment for
both formative and summative ends.  SMART instructional activities include working
on familiar, attention-grabbing problems of water quality as a way to develop the students’
deep knowledge of scientific concepts and the ability to monitor their own understand-
ing.  Students design and discuss problem-solving strategies, receive guided support from
teachers, obtain feedback from classmates and Internet buddies, and eventually conduct
hands-on water testing at local rivers.

As with many new curricular projects, assessment is integrated into the ongoing teaching
and learning activities that make up the substance of the program.  Assessment occurs
through presentations, projects, discussions, and paper-and-pencil tests.  For example, as
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a final SMART task and summative assessment, students make a group oral presenta-
tion to their classmates.  Students score each other using class-developed criteria.  The
presentations are also videotaped, and the tapes are submitted to a central team of
teachers, who review them and send some to the scientists at the state water quality
department.  In evaluating the presentations, the teachers and experts look at criteria
such as how well students identify the main issues and how completely they understand
key concepts and scientific relationships.  The project also includes some performance
items in its written exams used for pre- and post-testing.  For example, students are
asked to make a drawing explaining the concept of dissolved oxygen; those who have
learned the desired concepts will produce more sophisticated drawings showing molecular
structures.

Performance assessment can also be administered as part of a large-scale standardized
test.  The 1995 Third International Mathematics and Science Study (TIMSS), described
at the conference by Maryellen Harmon of Boston College, was the largest and most
technically sophisticated international achievement test ever conducted, involving half
a million students in 41 countries.  A much smaller sample of 6,000 students from
various countries took a set of 12 performance items in science and math, each either
15 or 30 minutes long, that were designed to measure skills that could not be assessed
with the multiple-choice items on the basic TIMSS test.  Some tasks measured a single
skill, such as using a thermometer, while others involved several steps to replicate com-
plex real-world situations, such as determining and explaining the effect of exercise on
one’s own heart rate.

PORTFOLIO ASSESSMENT

Portfolio assessment measures performance by collecting portfolios of student work rep-
resenting what they know and can do.  One effort to grapple with the challenges of
portfolio assessment was presented by Elizabeth Stage, co-director of the New Standards
Project science initiative.  In this project, several states and urban districts are working
together to design an assessment system that will measure how well students are doing
compared with the voluntary content standards emerging from national professional
organizations in science, math, and other disciplines.  The New Standards assessment
system includes three related elements:  (1) performance standards in various subjects
based on the voluntary content standards; (2) external examinations that measure
student performance in reference to these standards, using a combination of multiple-
choice and performance tasks; and (3) a portfolio assessment system.  The last two
elements are still under development.
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Each New Standards portfolio contains entries from an individual student.  These entries
include papers, experiments, projects, and commentaries on books read, which demon-
strate that the student has met certain performance standards.  Maintaining consistency
of portfolios across students and classrooms is a particular challenge, which the New
Standards Project has tried to address with specific criteria for portfolio entries.  In science,
the entries must illustrate the students’ understanding of key concepts in physical, life,
earth, and space sciences and in scientific connections and applications; entries must
also demonstrate skills in scientific thinking, communication, investigation, and use of
tools and technologies.  For instance, a student might demonstrate her understanding of
the properties of matter (a key physical sciences concept) by entering in her portfolio a
write-up of a laboratory investigation of how volume and mass are related to density.
This write-up might also demonstrate good communication skills by showing that the
student can write clear instructions for an experiment.

To help teachers and students understand what high-quality student work looks like, the
New Standards Project is collecting pieces of authentic work that exemplify high perfor-
mance at different grade levels, along with explanations of how that work was evaluated.
To make the point that students in all types of classroom situations can meet high standards,
the project is trying to amass diverse examples of high-quality work from a variety of
classrooms with different instructional programs.

The New Standards Project sees several potential benefits of portfolio assessment.  It can
make performance expectations more explicit and more connected to what students do
in the classroom.  It allows educators to assess knowledge and skills that require extended
time and opportunities for revision (in contrast to knowledge and skills that students
should be able to demonstrate on demand).  Portfolio assessment enables teachers and
students to have sustained conversations about the quality of students’ work and to share
responsibility for the outcome.  Although optimistic about the instructional value of
portfolios, Stage contends that portfolio assessment is a long way from achieving the
technical quality necessary for large-scale assessment (e.g., consistency of scoring), and
thus makes more sense as one of several components of an assessment system.

CONCEPT MAPS

A concept map is a graph in which nodes represent key concepts, lines linking the nodes
represent relationships between these concepts, and labels on the lines describe how the
concepts are related.  A pair of concepts and a labeled linking line are called a proposi-
tion, the fundamental unit of a concept map.  A concept map is intended to document an
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important structural aspect of an individual’s knowledge about a content domain, for
example, whether a student understands the process of photosynthesis and the relation-
ships of carbon dioxide and oxygen to life cycles.

An accepted instructional tool, concept maps have recently become the subject of
research about their usefulness as assessment tools; pertinent studies include work by
conference presenters Maria Ruiz-Primo of Stanford University and Harry O’Neil of
the University of Southern California.  A concept map becomes an assessment tool
when it is used as a format for students to give evidence of what they know about a
particular domain and when it is accompanied by a scoring system.

According to the presenters, concept maps have some apparent assessment advantages.
They can measure certain kinds of conceptual understanding in more depth than
multiple-choice tests.  They require less student writing than some other types of
performance assessments, and often cost less to administer and score.  Students can
collaborate on constructing concept maps, which means the maps can be used to assess
teamwork skills, such as leadership, decision making, and communication, as well as
individual skills.  A disadvantage is that concept maps can be difficult for parents and
the public to understand, and thus are not as credible as more familiar kinds of assessment.

Assessments based on concept maps can vary considerably in their tasks, response modes
(oral, written, or computerized), and scoring systems.  Tasks can be designed to provide
test takers with varying degrees of support.  Some concept map assessments ask students
to generate their own concepts for a particular domain, while others give students a list
of concepts from which to construct their map.  Still others give students a map with
concepts already filled in and ask them to label the connecting lines.  The research of
Ruiz-Primo indicates that the first two formats—letting students generate their own
concepts or giving them a list—produce equivalent student scores, both in the accu-
racy of students’ propositions and the proportion of students’ propositions that are valid.
The two formats also produce similar reliability and validity coefficients.  Providing
students with lists of concepts makes scoring easier, however, and is therefore more
feasible for large-scale assessment (although assessment designers must be careful to
choose appropriate concepts).  Concept maps can be scored by checking whether the
map includes specific features, such as numbers of nodes and accurate propositions; by
comparing the student’s map with a map developed by an expert; or by combining
these two strategies.

According to the presenters, research to date indicates that concept maps are a feasible
form of assessment and can provide good estimates of student competence.  Ruiz-Primo
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compared concept map scores with scores on multiple-choice tests and found that corre-
lations between the two are moderately high (r =.57 on average); this suggests that these
two types of assessments measure overlapping yet somewhat different aspects of knowl-
edge.  O’Neil’s work with collaborative concept maps found a correlation of r =.7 between
concept maps and an essay task.

In short, the technique is promising, but further research is needed before concept maps
become a proven assessment tool.  Among the issues to be addressed are:  How large a
sample of concepts needs to be assessed to capture a student’s knowledge structure?  Are
different response modes interchangeable?

COGNITIVELY GUIDED ASSESSMENT

Another trend in assessment is to apply advances from cognitive science about how people
think and learn to the process of designing and evaluating tests.  As described by Robert
Glaser of the University of Pittsburgh, the aim is to produce an assessment that effec-
tively measures complex cognitive skills, such as the ability to integrate knowledge and
make inferences, select and execute strategies for solving problems, adjust one’s own per-
formance, and offer coherent explanations for the strategies used.

Under this approach, a test developer determines the construct validity of a test by pay-
ing attention to its cognitive validity, that is, by looking at whether the test is a valid
measure of both the content knowledge and the cognitive skills required by a particular
domain, and whether it engages students in the kinds of cognitive activities that underlie
competent performance.  When a test has cognitive validity, students who score well on
the test are those who demonstrate high-quality cognitive activities.

Assessment tasks can draw upon many combinations of content knowledge and process
skills that place varying demands on the test taker.  Robert Glaser and Gail Baxter at the
University of Michigan have developed a content-process space model that can be used
to analyze the cognitive demands of existing assessments.  In this model, the task demands
for content knowledge are placed on a scale from rich (tasks that require an in-depth
understanding of subject matter) to lean (tasks that depend on information given at the
time of the test rather than on prior knowledge).  The task demands for process skills are
placed on a scale from open (students are given a minimum of explicit direction and must
decide themselves how to solve the problem) to constrained (e.g., students are given
step-by-step instructions).
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How a task is classified on these dimensions reveals much about the nature and extent
of the cognitive activity that underlies performance.  For example, a content-rich,
process-constrained task might ask students to describe the possible forms of energy
and types of materials involved in growing a plant, and to explain how they are related.
To succeed in this task, a student would need an understanding of photosynthesis and
the ability to develop a coherent explanation, but would not need to plan a solution
strategy.  A content-rich, process-open activity might ask students to design and carry
out experiments with a maple seed to explain its flight to a friend who has not studied
physics.  To complete this task, students would need knowledge of force and motion,
the ability to design a controlled experiment, and skills in model-based reasoning.

Test designers can adjust the content and process demands to align assessments with
performance objectives.  Glaser and Baxter are studying several trial state performance
assessments and have conducted observations of students as they complete science tasks
and solve problems in different ways and contexts.  The research goal is to determine
whether these tests actually measure the cognitive capabilities associated with various
levels of student achievement, whether the tasks accurately reflect the performance
objectives, and whether the scores reflect the quality of the cognition exhibited by test
takers.  The researchers have concluded that it is not easy to translate educational goals
into test objectives, and then into assessment situations that maintain the integrity of
those goals.  Looking at the cognitive qualities of student competence, however, is a
critical step in this process.

The current push to apply findings from cognitive science research—about the struc-
ture of content domains and the development of students’ competence in those do-
mains—to the development of educational assessments is an important area that was
not addressed in great depth at this conference.  Questions to consider include:  What
is the connection between theories of domain knowledge and its long-term acquisition,
on one hand, and performance assessment schemes, on the other?

DESIGNING AND USING INNOVATIVE ASSESSMENTS

The conference explored several issues concerning the design and use of innovative
assessments.

�
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TECHNICAL ISSUES

A major issue in designing alternative assessments is the need for empirical evidence of
reliability, validity, and fairness.  Several measurement experts at the conference felt that
innovative science assessments are “not ready for prime time,” as Bert Green noted.  These
participants expressed the view that, although these assessments might be useful for
improving instruction, they do not have sufficient validity and reliability to be suitable
for accountability decisions and other high-stakes uses in U.S. schools today.

When these criteria are applied, certain types of performance assessment are closer to
being ready for use in accountability than others.  The TIMSS performance assessment
tasks were developed according to technical criteria typically applied to large-scale stan-
dardized assessments.  And concept maps also show promise for wider use.

Scoring Issues

The degree to which there is consistency in scoring is a primary concern related to the
reliability of performance assessments.  Most performance assessments must be scored by
people (in contrast to assessments using multiple-choice items, which can be scored by
machine).  Raters of performance assessments are asked to make complex judgments,
which opens the potential for variability across raters and bias in scoring.  To achieve
consistency, designers of performance assessments develop careful scoring criteria, pro-
vide extensive training to raters, usually use more than one rater (at least on a subset of
student responses to check reliability), and develop procedures for cross-checking dis-
crepancies.

Based on cognitive research and field trials, the TIMSS designers developed an extensive
scoring system for the performance items.  This scoring system was based on descriptions
of typical student responses that exemplified different levels of student performance, and
on common types of misconceptions that students were likely to demonstrate.  One TIMSS
item, for example, asked students to determine the effect of temperature on the rate of
solution of an Alka Seltzer tablet and to explain their hypotheses.  A student who referred
to the greater energy levels of hot water molecules, and thus the faster speed with which
the tablet dissolves, would get a relatively high score, and an even higher one if she
adequately explained how she planned her investigation.  Because test designers could
not foresee all possible student answers, the scoring system also allowed raters some lati-
tude to make judgments about responses that did not fit any of the descriptions; these
judgment scores were double-checked by groups of experts in every country.
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Much attention has also been devoted to systematizing the scoring of portfolio assess-
ments.  In the New Standards Project, teachers evaluate portfolios according to specific
guidelines.  For example, teachers look first at whether the portfolio includes all the
required entries and whether each entry is an appropriate submission for a particular
standard.  If these basic criteria are met, the teacher then scores the quality of exhibits
according to specific rubrics, such as whether the student demonstrated understanding
of an important concept, represented it in multiple ways, and explained it well.  Good
scorers are those who understand the standards and levels of expectations and who can
apply the rubrics consistently instead of using idiosyncratic processes and criteria.

Research on scoring of portfolio assessments for writing indicates that, with good train-
ing, experienced scorers, and good benchmarks, portfolio assessment can reach a level
of inter-rater agreement close to the level found in writing assessments with standard-
ized, more constrained tasks.  But in science, this level of inter-rater agreement has not
been achieved.

Concept maps show high reliability of scores across raters (coefficients above r =.90),
according to Ruiz-Primo, high enough that one rater can provide a reliable score.  Klein’s
research on hands-on assessment also found high inter-rater correlation (about r =.95),
but these high levels of agreement do not come easily.  It is necessary to provide raters
with extensive training on the specific assessment task and with continuing supervision—
a type of training that is not feasible for raters of portfolio assessments because the tasks
are not the same across students.

Comparisons with Other Methods

Analyses of reliability often compare alternative assessments with multiple-choice tests
in the same domain.  As a general rule, reliability is higher when a test contains more
items; multiple-choice tests have the general advantage, therefore, that more items can
be answered in a brief amount of testing time.

Stephen Klein of the RAND Corporation presented data comparing multiple-choice
tests with large-scale, hands-on performance tests.  (An example of the kind of perfor-
mance task used in the latter tests is to have students measure the amount of force
required for different levers to lift a weight, then to have them record data, draw infer-
ences, make predictions, and describe why a certain factor was important.)  Klein’s
research concluded that hands-on tests are substantially less reliable per hour of testing
time than multiple-choice tests.  Hands-on assessment usually requires at least three to
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four times as much testing time to produce total scores that are as reliable (r =.9) as one
period of testing with the Iowa Test of Basic Skills.  If the unit of score reporting is
aggregated, for example to the classroom or school level instead of the student, it takes
about two periods of hands-on testing to reach this level of reliability.

Klein and others examined the correlation of hands-on assessment tasks with multiple-
choice scores, and found a correlation of r =.55, the same correlation obtained between
two sessions of hands-on testing.  O’Neil obtained a correlation of r =.7 between concept
maps and an essay-based task on the same topic; Ruiz-Primo obtained an average r of .57
between concept map scores and multiple-choice tests.

NEED FOR SCAFFOLDING

As discussed by Maryellen Harmon, some of the first science performance assessments
designed for TIMSS were quite open-ended, providing little guidance to students so that
they could design their own strategies and apply their learning in new ways.  But many
students tended to veer off on tangents, missing the main point of the task.  Developers of
items found that more useful information was often obtained by providing students with
“scaffolding,” that is, structured information, guidance, and cues that help them proceed
with the task.  But how much scaffolding should be provided continues to vex research-
ers.  On one hand, students need enough scaffolding to keep them focused on the task.
By narrowing the variety of student responses, scaffolding can also make scoring easier.
On the other hand, too much structure can diminish the problem-solving nature of a
performance task and enforce one particular approach to solving a problem.  Thus, there
is a need to be careful about the character of scaffolding—to ensure that it does not block
multiple reasonable approaches to a task.

The designers of the TIMSS items decided to provide different levels of scaffolding for
different age groups, after field trials showed some performance tasks to be too open-
ended and vague for younger test takers.  For example, their redesigned version of the
heart-rate task now specifically directs nine-year-old children to measure their pulse for
10 seconds, enter the result in a two-column table, and identify the effects of exercise
after a certain number of measurements.  The 13-year-olds’ version of this task leaves it
up to the students to decide which measurements to make, how many to make, how long
to make them, and how to record them; a final question asks them to explain why the
pulse changed in the way that it did.
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TECHNOLOGY

Technology is an integral part of several innovative assessments discussed at the con-
ference.  Technology can help with the design, administration, and scoring of perfor-
mance assessment and can help reduce the burden on teachers when more formative
assessment is added to the instructional process.  O’Neil, for example, illustrated how
computer software can facilitate administration, scoring, and reporting of concept map
assessments, can reduce scoring costs, and can provide helpful feedback on student
proficiency in specific cognitive areas.  Teachers involved in Jan Hawkins’s project on
collegial judgment, described below, found “digital portfolios” to be a useful tool for
collecting student work, particularly because the digital portfolios could be adapted to
meet specific classroom needs.

Some participants, however, raised caveats about technology and assessment.  For in-
stance, research suggests that different modes of delivery—such as computer versus
paper—might produce different results, even when tasks are otherwise the same.

ROLE OF READING, WRITING, AND COMMUNICATION SKILLS

Many performance-based science assessments require more reading, writing, and oral
communication skills than multiple-choice tests.  For students who have difficulty read-
ing long passages, writing an explanation, or making a speech, performance tasks can
be unfair if these types of extraneous task demands interfere with students’ ability to
demonstrate what they actually know about science.  Even poor handwriting can affect
scores on an open-ended question.  In nearly every country, students who could solve
problems correctly on the TIMSS performance tasks had considerably more difficulty
trying to explain why something happened or how they figured out the answer.

Good reading, writing, and communication skills are indispensable to the practice of
science, as reflected by their inclusion in voluntary science education standards.  Sev-
eral conference participants felt that “knowing” science includes a foundation in these
skills, and that it is appropriate for science programs to teach and assess them.  Never-
theless, the main purpose of science education is to build students’ knowledge of scien-
tific content and their scientific thinking skills, and effective assessments must be able
to distinguish and clearly measure this knowledge and these skills.  How to disentangle
knowledge of scientific content and skills from reading and communication skills
warrants further research.
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COSTS

Performance assessments are considerably more expensive than multiple-choice tests, a
major impediment to their broader use.  Performance assessment takes more testing time,
costs more to administer, and often requires specially trained administrators.  It also requires
more expensive materials.  Space needs are another cost factor.  Some hands-on tasks
cannot be done in a standard classroom setting; for example, students might need to be
physically separated so they cannot see what others are doing.  Moreover, developmental
costs are continual, because performance tasks generally cannot be reused from one year
to another, and therefore new tasks must be developed for each test administration.  Most
kinds of performance items must be scored by people instead of machines, which adds
substantially to scoring costs.  According to Steve Klein, producing individual scores on
performance assessment can cost $10 per student, compared with about 5 cents per stu-
dent to score a multiple-choice test.

The experience of other countries that use large-scale performance assessments sheds
light on their costs.  In one example, explained by Paul Black of King’s College, London,
the United Kingdom has an exam for advanced-level high school students that includes
essays and laboratory problems as well as multiple-choice items.  This exam costs the
equivalent of $43 per student per subject, or about $120 per student for the three subjects
tested.  The external exams taken by all 16-year-old students in the United Kingdom
include written papers and some teacher-controlled assessment, at a cost of $24 per sub-
ject per student.

WEIGHING THE BENEFITS OF PERFORMANCE ASSESSMENT

Given the technical limitations and costs of performance assessments described above,
why push to use them?  Opinions at the conference differed as to whether the benefits of
performance assessments justify their costs.

Some countries willingly accept the high costs because they believe it is important to
base accountability on various measures.  Advocates in the United States similarly argue
that $50 per student for performance assessment is not an unreasonable investment to
produce a testing system that works better.  A main argument for pursuing performance
assessment is its ability to encourage teachers and students to engage in more desirable
classroom practices (discussed at length in the next section).  Advocates contend that, in
light of the added teaching and learning value of performance assessment, its costs more
accurately should be compared with testing and curriculum development instead of just
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testing.  It is also argued that the increased validity of performance assessment justifies
its cost—if assessments are to be aligned with standards, then that may require some
use of performance tasks.

Other conference participants asserted that there is still little proof that performance
assessment connects to higher student learning.  Because of this lack of evidence and
the limited utility of performance assessment for high-stakes decisions, they find it
difficult to justify its extra costs, especially if the same basic news about student achieve-
ment can be collected with less-expensive assessments.

ASSESSMENTS FOR CLASSROOM IMPROVEMENT

Many of the innovative projects discussed at the conference have the explicit goal of
using assessments to improve instructional practice.  Most are in the early stages of
development and implementation.  The basic idea behind them is that the assessment
process itself can be a tool to help teachers and students improve their performance.  By
doing the kinds of performance-based tasks described in the previous section, students
gain experience solving problems and monitoring their own understanding.  Teachers
gain experience in leading a classroom where students learn by inquiry and discovery.

These approaches place the formative purpose of assessment at the forefront, providing
teachers and students with information they can reflect on and use to revise their own
teaching and learning.  As Margaret Brown of King’s College, London, observed, the
traditional “teach a skill then test it” approach does not fit with research showing that
instructional innovations, which are designed to strengthen the frequent feedback that
students receive about their learning, yield substantial gains in learning.

Some designers of innovative science learning environments have begun building assess-
ment strategies into their projects from the very beginning.  Many have the goal of
embedding assessment strategies so thoroughly into everyday classroom practice that
the assessments become virtually indistinguishable from other teaching and learning
activities.

ENCOURAGING SELF-ASSESSMENT AND THINKING SKILLS

Several projects are aimed at developing students’ abilities to monitor and reflect on
their own learning and become better judges of their peers’ work.  An example is the

�
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SMART Project, which engages students in repeated cycles of activity during which they
make choices, reflect, discuss with others, weigh feedback, and revise their thinking.  As
they learn from these experiences, they proceed to more complex tasks.

The ability to integrate knowledge is another critical skill in science, enabling people to
become better problem solvers and apply science in a variety of contexts throughout
their lives.  Marcia Linn at the University of California, Berkeley, has sought to identify
a repertoire of assessments and activities that engage students in knowledge integration,
which she defines as a dynamic process of linking, connecting, distinguishing, organiz-
ing, and reflecting on models of scientific phenomena.  Both the curriculum and the
assessments in this project encourage students to reflect on what they are learning, con-
tinuously revisit ideas, critique the ideas of others, and refine their understanding—similar
to the way in which professional scientists regularly reformulate and improve scientific
ideas.

As an example, one area that Linn has been working on is helping students to develop an
integrated understanding of heat and temperature, since she has found that people have
a multitude of models, based on their everyday experiences, about the distinction between
these two concepts.  One assessment-related activity in her repertoire requires students
to predict whether various objects would be above, below, or at room temperature after
being placed for eight hours in the same room.  After instruction in thermal equilibrium,
students answer the same questions and are then interviewed by the teacher about how
and why their understanding changed from their initial predictions.  Teachers and
researchers have used students' responses to this task to examine the development of
conceptual understanding in this domain and to make successive refinements in the cur-
riculum.

DOCUMENTING CLASSROOM LEARNING

Much of the evidence that guides teachers’ daily decisions about instruction comes from
their own informal observations of children’s behavior—forms of evidence that are often
sufficient for teachers’ ongoing decision making but tend to be difficult to document.  For
situations in which more precision is required, Edward Chittenden of the Educational
Testing Service described two different projects in which teams of teachers have devel-
oped strategies for documenting what children are learning in science by examining the
many ways in which the children demonstrate their understanding through talk, work
products, and responses to questions and quizzes.  These projects seek to develop teachers’
abilities to observe, listen, record, and take a second look while they build documenta-
tion of learning over time and across settings.  Teachers can then use this information to
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plan more effective instruction.  A long-term goal of the projects is to develop docu-
mentation methods that could be informative to parents, administrators, and others
outside the classroom and perhaps could be aggregated and summarized.

In one project, kindergarten teachers wrote down key things that children said about
their drawings of light and shadow.  In another, teachers charted changes in children’s
answers to such questions as, “What are some things you’ve noticed lately about the
caterpillars?”  Through careful observation, teachers can identify what children already
know, what misconceptions they have, and where they have gaps in understanding.
Teachers reported being surprised at what students who are lagging academically actually
know.

ASSESSMENT AS PROFESSIONAL DEVELOPMENT

These new forms of assessment depend heavily on implementation by teachers.  Many
teachers have not been trained to use assessment in the ways envisioned by science
education reforms, and few have in-depth knowledge of evaluation issues.  Margaret
Brown found that more than half of the teachers studied emphasized summative assess-
ment over formative assessment; indeed, many considered formative assessment an
unnecessary addition to their workload.  These teachers taught according to the
prescribed curriculum and did not adjust their teaching based on assessment-related
feedback.

But another group of teachers—about one-third of those studied—did conduct regular
formative assessment, even when it was not required.  Some of these teachers relied on
observation, note taking, and discussion, while others organized distinct assessments.
All used the feedback they collected within a short time to plan classroom work for
subsequent weeks.  The top teachers in the study, as gauged by student gains, were
focused on assessment all the time.

Several projects discussed at the conference use assessment expressly as a vehicle for
the professional development of teachers.  Margaret Brown found that, with the right
kind of professional development, it is possible to encourage teachers to use formative
assessment more often and more effectively.  Teachers are trained to assess at the begin-
ning, middle, and end of a topic.  Over time, they internalize the assessment criteria
and integrate assessment more into their teaching.  Teachers develop enthusiasm for
this kind of assessment, as long as it is not being used for high-stakes purposes.

Many of the new science instruction methods also require teachers to interact differ-
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ently with students and manage a more open classroom.  But many teachers do not have
the experience to lead this kind of instruction, nor a clear vision of what it should look
like.  In addition, to teach to high standards, many teachers will need a better mastery of
content knowledge.  As Joan Baron of the Connecticut Department of Education noted,
“If we want students to internalize standards, then teachers must be comfortable with
them.”  Several projects presented at the conference are attempting to use assessment not
only to build teachers’ evaluation skills, but also to develop their pedagogical skills and
deepen their understanding of the content they are teaching.

Collegial Judgment of Student Work

The move to embed assessment in classroom practice has increased teachers’ needs for
more formal and consistent strategies for judging student work and using those judgments
to improve instruction.  As explained by Baron, the Connecticut Department of Educa-
tion has used Goals 2000 funds to encourage teachers to develop a process for holding
frequent and sustained conversations about students' work.  In one project, teachers looked
at student work alone, and then discussed it in groups, identifying the main mathemati-
cal ideas they were trying to teach and the major areas where students were having prob-
lems.  After reviewing promising curricula and scoring techniques, the teachers worked
in pairs to develop activities to address areas of student difficulty.  The teachers taught
their units, making revisions as needed.  As students revisited tasks that had given them
trouble earlier, teachers tracked the work of three students at different achievement levels
and periodically reviewed it in group meetings as a means of documenting changes in
their teaching.

In this project, university and state education department researchers studied the conse-
quences of the participating teachers’ conversations about student work.  They concluded
that teachers needed to be given a specific set of criteria to keep them focused on the
students’ understanding of mathematical ideas, rather than simply telling stories about
what the students did.  The researchers also found that soliciting external feedback from
teachers in other districts was an effective motivator and kept conversations from becoming
too ingrown.  Furthermore, they concluded that combining teachers from different grade
levels encouraged teachers to explore the vertical articulation of curriculum and helped
them identify incorrect ideas that students were retaining over time.

Jan Hawkins of the Center for Children and Technology described the Center’s projects
to help teachers learn to make reliable and useful judgments about student work.  Teachers
in one project judged three kinds of student performance tasks: a final product, an oral
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explanation, and a process record (e.g., journal or log).  Originally the project gave
teachers a set of rubrics for judging student work, but the researchers realized a more
effective approach was to provide teachers with a wide variety of student examples and
allow them to arrive at their own rubrics through collective deliberation and experi-
mentation.  Over time, the teachers designed their own guidelines for making judg-
ments, and they learned how to moderate scores collegially and cite evidence for their
judgments.

Hawkins has identified conditions that seem to affect consistency in evaluations by
teachers.  First, teachers’ judgments are better, more consistent, and more reliable when
teachers cite specific evidence for them.  Second, the moderation process by which
several teachers reach a uniform judgment—especially its public nature and social
dimension—is very important and cannot be omitted.  Third, the type of task being
judged is a critical factor; some tasks are more amenable to collaborative judgment
than others.  Fourth, individuals who have more content expertise tend to be more
consistent with each other, and can be helpful when they are paired with someone with
less expertise.

ISSUES IN CLASSROOM-BASED ASSESSMENT

Discussion at the conference raised some critical issues related to using classroom for-
mative assessments for improving instruction.

Effectiveness in Changing Instruction

To what extent are these assessment approaches actually making a difference in the
classroom?  According to conference presenters, teacher-based assessment projects help
teachers become more systematic in collecting their observations and more reliable in
judging student work.  By seeing and discussing exemplary work, they begin to inter-
nalize standards and adjust instruction based on their assessments.  When teachers
achieve these goals, students benefit because they receive more regular and useful feed-
back, as well as models for self-assessment.

Jan Hawkins said that her project on collegial judgment did improve teaching, but
slowly.  Rather than adopting the rubrics that came out of the project, participating
teachers used their new knowledge to redesign their classroom activities and modify
their judgments about student projects.  It was critical to involve students in this pro-
cess, too, so they understood the kinds of judgments being brought to their work.
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Some participants felt that the effects of formative assessments in changing classroom
practice tend to be overstated.  Others believed that new assessment methods would be
more likely to drive change if the results had consequences and if they could be incorpo-
rated into accountability systems, as discussed below.

Scaffolding for Teachers

The projects discussed in this section suggest that teachers need appropriate scaffolding,
too.  This means providing teachers with a great deal of support and guidance during the
early stages, as they are learning to use new forms of assessment, followed by diminishing
support as teachers gain competence in the new techniques.  Several projects achieved
this by providing teachers with some type of framework or information for analyzing
assessment data.  Having a framework encourages teachers to work systematically rather
than intuitively, and it also raises teacher professionalism by exposing them to new tech-
niques.  But the framework should not be too prescriptive; as Hawkin’s experience indi-
cates, teachers learned a great deal by working through the process themselves.

Other Teacher Supports

Participants noted that teachers who are implementing new approaches to assessment
and instruction need other forms of support and capacity building to help their efforts
succeed.  First, teachers need time in the school day for collegial discussions and other
activities related to formative assessment.  Second, a school should have a learning cul-
ture that encourages teachers to work together and supports new modes of student-teacher
interactions.  Third, assessment alone is not enough to help teachers gain the knowledge
and skills necessary to teach to high standards.  There is a critical need for professional
development in content and pedagogy at all stages of a teacher’s preparation and career.
This is a major undertaking that will require political support and significant resources.

ASSESSMENTS FOR ACCOUNTABILITY AND SYSTEMIC REFORM

Standards-based reforms place increasing demands on assessment.  Policymakers and
educators expect assessments to signal—and if possible clarify—what is important for
teachers to teach and students to learn.  Reformers expect assessments both to drive
changes in curricula and instruction and to measure the effects of those changes.  Assess-
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ment is further intended to form the backbone of new state and local accountability
systems.  Conference participants discussed whether and how these expectations could
be met with various forms of assessment.

ALIGNING ASSESSMENTS WITH STANDARDS

A primary motive for revising assessment is to improve the alignment between what
schools and teachers are held accountable for and what students are supposed to learn.
Developing assessments aligned with standards is a daunting task.  The ambiguity, vague-
ness, and wide variation in standards make it difficult to construct compatible assess-
ments.  As noted by Eva Baker of the University of California, Los Angeles, the standards
being adopted by states tend to describe broad areas of content emphasis and general
cognitive demands, so that an array of performance tasks can be inferred from any
given standard.  Most state standards are not in a form that provides sufficient focus or
substance to make the connections from standards to assessment to everyday instruc-
tion, yet such connections are needed to provide a solid basis for evaluating the effects
of standards-based reforms.

The diffusion of education authority and political power in the United States, among
50 states and thousands of school districts, makes it still more difficult to align standards
and assessments and negotiate systemic reform, as pointed out by William Clune of the
University of Wisconsin.  This diffusion contributes to the dominance of standardized
multiple-choice tests, because they are a generic instrument that states and localities
can use to test the wide range of curricula.

Audrey Champagne of the State University of New York, Albany, described the chal-
lenge of writing a practically oriented performance task to assess a state standard for
eighth graders.  This particular standard called on students to generate mathematical
models of actual situations and apply them to other situations.  Champagne’s group
devised a task that asked students to calculate the minimum amount of a solvent
necessary to clean a paint brush, then write a memo applying their findings to other
industrial situations.  The problem could be solved using sixth-grade arithmetic, but it
also required students to integrate knowledge from several disciplines, extract key
information from a written passage, organize a fairly complex task, and communicate
how they reached their solutions.

A review committee agreed that the task corresponded well to the standard.  But when
Champagne and other researchers piloted the task with a group of college students,
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they discovered that many students did not really understand its point.  Several com-
plained about the amount of reading involved, and many did not know the basic facts
needed to solve it, such as the number of ounces in a quart.  Some students used creative
responses to avoid addressing the mathematics.  The reactions of the college students
show the challenges involved in designing practical tasks with literacy demands that test
math and science, and the complexities of scoring diverse student responses.  It also gives
a sense of the job teachers face in preparing students to accomplish this kind of perfor-
mance task.

DESIGNING ASSESSMENTS FOR ACCOUNTABILITY

In aligning assessments with standards, many states and local districts hope to produce
assessments that can be used for various external and accountability purposes, such as
reporting progress to the public or attaching consequences to the performance of class-
rooms, schools, and perhaps individuals.  Tests for accountability must meet relatively
high technical standards and be feasible to administer on a large scale.  They must also
meet practical concerns, such as being understandable and credible to parents,
policymakers, and the public.  And they should encourage students to learn things that
are important and useful.  Tension between the uses of assessments for accountability and
for instructional improvement was a major topic of discussion during the conference.

Experience of Other Countries

Paul Black examined how other countries try to resolve the tension between account-
ability and instructional improvement.  The resolutions these countries reach often depend
on how much their society trusts teachers’ assessment of their own pupils.  In countries in
which teachers have high social status, assessments are more diverse, and teachers play a
central role in all functions of assessment.  Countries in which teachers are less trusted
tend to place more emphasis on external control and high-stakes testing, with less lati-
tude for teachers to make their own decisions.  Germany and, to a lesser extent, Sweden
exemplify the first view; England and some aspects of the system in France illustrate the
second.

Countries differ in their use of teacher-conducted assessments for accountability pur-
poses.  Some countries use teacher assessment as the sole source of accountability.  In
some of these, there might be calibration of teachers’ results at the national level, or some
external check on them.  Other countries combine teacher-conducted assessment with
external tests to produce a single result, or use both kinds of assessments but not in a
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combined way.  Finally, in other countries, including the United States, teacher-
conducted assessments are not generally used for accountability, except when they help
pupils learn in preparation for external tests.

Not all assessments for accountability in other countries have high reliability.  In England,
for example, the reliability of some national tests is not very high.  Only in the United
States are assessments considered unsuitable for accountability if they are not as reli-
able as multiple-choice tests.  According to Black, American policymakers and the
public tend to undervalue what teachers do and overvalue external standardized tests.
Other factors in the United States, such as college admission policies, also drive
accountability assessments toward traditional test formats and away from certain kinds
of alternative assessments.

Classroom Assessments and Accountability Testing

Where should U.S. policy be headed?  Some conference participants expressed caution
about the use of performance and classroom-based assessments for accountability and
external purposes, noting that most did not have the requisite features or technical
properties.  For example, some performance assessments do not yield a score that can be
aggregated.  Some participants made the point that formative assessments are designed
primarily to assess what is taught in the classroom and inform revisions in teaching,
and are less concerned with testing a child’s overall knowledge and skills.  For purposes
of certification, college admission, and other uses, the object of assessment is to find out
what students actually know, regardless of what they were taught, and to measure their
knowledge rather than the quality of instruction.

Other participants felt that collaboration between psychometricians and educators could
lead to assessment methods that would legitimately serve both purposes and give teachers’
contributions a greater role in accountability.  As Clune observed, teachers already
gather considerable performance information, and teacher-conducted assessment con-
stitutes a large, ongoing testing system.  Yet there is not much empirical information
about the relationship of teacher-conducted tests to external exams.  Nor is there well-
refined information about the strengths and weaknesses of various types of assessments
that would enable reformers to make intelligent choices.  Instead the debate deterio-
rates to one of “good” versus “bad” tests, or “old fashioned” versus “new” tests.  It would
also be useful, Clune observed, to have more empirical evidence about the conditions
under which high-stakes testing produces negative educational consequences—such as
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teachers’ focusing instruction only on topics that are on the test, or districts’ excluding
certain children from testing—and whether performance assessment can help to reduce
some of these problems.

Several participants suggested that performance-based assessments could be combined
with multiple-choice items and other formats to produce a balanced assessment program.
Various kinds of assessments could be given throughout the year, rather than one time
only, to achieve a better balance.

ISSUES IN ASSESSMENTS FOR ACCOUNTABILITY

Developing new approaches to assessments for accountability requires attention to prac-
tical and political implications, as well as psychometric ones.  As Ed Reidy of the Kentucky
Department of Education noted, Americans often try to turn value-laden issues into tech-
nical issues to be resolved by technical experts, instead of debating them in a public
forum with advice from the research, education, and policymaking communities.

Defining Performance Thresholds

A critical unresolved issue in designing assessments for accountability is:  What level of
performance is adequate?  The passing scores have to be set high enough to stimulate
students and teachers to improve, but not so high as to discourage students who initially
fail to reach them from pursuing science and math courses.  Nor do we know whether or
how various performance increments are linked to meaningful social outcomes, such as
success in the labor market.

Curriculum and Accountability

Another unresolved issue is how to allow for differences in a curriculum, such as a voca-
tional education curriculum, within a common accountability system, and whether we
should even have a common system.  Many science and math education reformers
emphasize advanced academic courses for all students, although an applied math and
science curriculum might work better for some students.  Can a limited core of knowledge
and skills be defined that would allow a student to have some degree of deep understand-
ing and scientific literacy without covering a large number of topics or advancing very far
into formal training?
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Student Motivation

Conference participants held diverse views on the relevance of student motivation to
various kinds of assessments.  In general, students are more motivated to do well on a
test when it “counts,” but what does that really mean?  Consequences that seem to
matter to students are promotion, graduation, and college acceptance.  Tests also have
a major impact when they are part of a student’s grade.  But are there other motivators,
such as participation in team projects?

Students might be more motivated to learn when they have some personal responsibil-
ity for their own assessment, which is what several alternative assessments are trying to
generate.  President of the National Academy of Sciences, Bruce Alberts, gave an ex-
ample from a medical school that introduced essay questions into major examinations
that had previously been multiple-choice.  The school found that students made a
greater effort to learn for understanding, instead of for short-term retention.

Many current approaches to standards-based reform place the primary locus of account-
ability on the school or classroom.  In these systems, it is the teacher or principal who
is primarily held responsible for student performance; the motivating consequences are
not as directly tied to the student.  Diverse views were expressed at the conference
about whether or not accountability systems should also include more meaningful con-
sequences for students in order to be effective and have a real impact.

Public Engagement

Large-scale assessments, especially those used for accountability, must be credible, mean-
ingful, and understandable to parents, policymakers, and the public.  In many states
and school districts, debates over assessment have been subject to increased scrutiny
and involvement of policymakers and the public.  Although an open process is impor-
tant, it sometimes has made these debates more complex and politically charged, allowing
researchers and assessment designers “few protected enclaves in which to try and fail,”
as Eva Baker noted.

Multiple-choice tests are familiar and comfortable to the public.  Educators report being
frustrated in their efforts to improve science instruction and assessment by parents who
might appreciate their children’s having new learning opportunities, but still prefer
them to be prepared for traditional tests.  As Bruce Alberts observed, if forced to choose
between their child’s learning something in high school and getting into a good col-
lege, some parents would prefer them to get into a good college and learn later.  Other
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participants felt that what parents really care about is what their children know and can
do, not which instructional method gets them there.

The public wants some fairly simple things, said Baker: tests that provide a quick summary
of individual student performance and progress, and that provide a basis for comparisons
among students and programs.  The experts’ admonitions that not all tests can be used for
all purposes does not make sense to many policymakers and parents.  To them, a good test
serves multiple purposes, and if such a test does not exist, it should be invented.  But this
desire may be unrealistic; some purposes of assessment might not be reconcilable in a
single instrument.

Educators and test designers have not developed a strategy for educating the public about
assessment issues.  Convincing parents, policymakers, and the public that unfamiliar forms
of tests are important and useful to a student’s future will require a major public engage-
ment effort.  Educators must be prepared to explain to the public what student scores on
performance assessments mean.  For instance, performance assessment results are typi-
cally reported in relation to public goals or standards, rather than in terms of the norma-
tive comparisons that the public is more accustomed to, so new reporting systems need to
be designed that make sense to the typical parent.  Support for standards-based reforms
could well disappear if new assessments do not yield achievement information that par-
ents and the public can understand and find useful.

Timetable for Change

Education is under pressure to show positive results soon after reforms are agreed to—
often before they are really in place.  Right now the education and research communities
are spreading their energies across an astonishing number and variety of assessment-related
projects.  With so many reform efforts going on at once, it will be difficult to produce
adequate empirical data in a timely way, and it may be impossible to convey to the public
any sense of progress.

Educators and test designers do not have to immediately reinvent every component of an
assessment and accountability system.  The deadlines for action suggest a need for models
that combine existing and new assessments.  Reformers can begin by using assessments
that are available now, and phase in changes by grade or subject area.  Such a phased-in
approach would demonstrate the cost and effectiveness of a new system.  Reform could
focus on accomplishing a manageable number of changes, rather than diffusing efforts
across too many priorities.
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CONCLUSION

The exciting developments in the field of science assessment represent a golden op-
portunity to better integrate assessment with curriculum and to improve teaching and
learning.  Paul Black echoed the view of many conference participants when he ex-
pressed a desire for stronger bridges among instructional innovators, psychometricians,
and classroom teachers.  Instructional innovators could contribute a vision for inte-
grating assessment and instruction with some high-quality ideas for how to get there.
Psychometricians could seek ways to make classroom-oriented assessments more com-
patible with accountability needs.  Teachers could play a stronger role in assessment
development to ensure that new approaches are credible and feasible.  All three groups
must communicate with the larger polity of parents, policymakers, and the public to
build support for changes that will have a lasting positive impact on classroom practice.

�
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APPENDIX A
CONFERENCE AGENDA AND PARTICIPANTS

Day 1—Saturday, February 22, 1997

8:30 - 9:00 a.m. Welcome and Opening Remarks
Daryl Chubin, National Science Foundation, and Office of Science

and Technology Policy
Paul Black and Richard Shavelson, Conference Co-Chairs, Board

on Testing and Assessment

9:00 - 10:45 a.m. Science Learning and Assessment
Presenters: Audrey Champagne, State University of New York,

Albany
Robert Glaser, Learning Research and Development

Center, University of Pittsburgh
Marcia Linn, University of California, Berkeley
James Pellegrino, Peabody College at Vanderbilt

University
Discussant: H.D. Hoover, University of Iowa
Moderator: Richard Shavelson, Board on Testing and Assessment

and Stanford University

10:45 a.m. Break

11:00 a.m. Poster Session, Great Hall

12:00 p.m. Lunch (poster session continued)

1:00 - 3:15 p.m. Innovative Approaches to Assessment
Presenters:

Performance Assessment
Susan Goldman, Peabody College at Vanderbilt

University
Maryellen Harmon, Center for the Study of Testing,

Evaluation, and Educational Policy, Boston College
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Portfolio Assessment
Elizabeth Stage, New Standards Project, University

of California
Concept Maps

Maria Ruiz-Primo, Stanford University
Harry O’Neil, University of Southern California

Discussants: Margaret Cozzens, National Science Foundation
Bert Green, Johns Hopkins University

Moderator: Jack Whalen, Board on Testing and Assessment and
Institute for Research on Learning

3:15 p.m. Break

3:30 - 5:00 p.m. Embedded and Formative Assessment and Classroom Practice
Presenters: Margaret Brown, King’s College, London

Edward Chittenden, Educational Testing Service
Jan Hawkins, Center for Children and Technology,

Education Development Center
Discussant: Paul Black, King’s College, London, and Board on

Testing and Assessment
Moderator: Larry Suter, National Science Foundation

Day 2—Sunday, February 23, 1997

8:30 - 10:00 a.m. Systemic Issues: Cost and Implementation
Presenters: Eva Baker, National Center for Research on

Evaluation, Standards, and Student Testing,
University of California, Los Angeles

Stephen Klein, The RAND Corporation
Ed Reidy, Kentucky Department of Education

Discussant: Michael Feuer, Board on Testing and Assessment,
National Research Council

Moderator: Margaret Cozzens, National Science Foundation

10:00 a.m. Break
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10:15 - 11:45 a.m. Systemic Issues: Reform and Policy Initiatives
Presenters: Joan Baron, Connecticut State Department of

Education
Paul Black, King’s College, London, and Board on

Testing and Assessment
William Clune, University of Wisconsin

Discussant: Senta Raizen, The National Center for Improving
Science Education

Moderator: Janet Hansen, Board on International Comparative
Studies in Education, National Research Council

11:45 a.m.- Closing and Synthesis of Conference Themes
12:30 p.m. Bruce Alberts, President, National Academy of

Sciences, and Chair, National Research Council
Paul Black and Richard Shavelson, Board on Testing

and Assessment
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