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»SCIENCE CLASSROOM" -~

ITERNATE ASSESSVENT IN THE

e

Introduction

As a eacher of science. you know only too well
the demands of your job. Preparing for class,
motvating students, maintaining order in the
classroom, teaching, grading papers, and han-
dling other school duties are only some of the
tasks you lace each day. Professional journals
and the news media. curriculum consultants,
speakers al conferences, fellow faculty mem-
bers, and even neighbors and friends discuss
changes in the science curriculum —and you
leel the pressure 1o keep up with the new de-
velopments. Improving instruction and learning
bhecomes a continuous and demanding process
that requires a great deal of hard work on the
part of every teacher of science.

Today, the school science curriculum 1s chang-
ing again, and, as it changss, there 1s a growing
need for altemate assessment. Two major na-
tonal efforts, the Nationai Science Teachers
Association (NSTA) Project on Scope, Se-
quence. and Coordination {SS&C) and the Amer-
ican Associaticn for the Advancement of Scr-
ence |AAAS) Project 2061, are involved along
with the National Research Council in the exten-
sive restructunng of K-12 science education. All
of these restructuring programs incorporate as-
sessment methods that go far beyond tradi-
tional paper-and-pencil content testing. The pur-
pose of this booklet is to discuss how the cur-
riculum is changing and whal assessment
methods are needed to monitor and measure

8
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the performance of students in the restructured
science curriculum.

The Recent Past

During the past thirty years, starting with the
science surriculum referm movement that be-
gan in the late 195G’s, there have been numer-
ous curriculum development projects funded by
the National Science Foundation and other inter-
ested organizations. These projects covered all
science disciplines and all grade Ievels. Some
were focused within a single science discipline
while others were interdisciplinary. What
emerged from this period of reform and expen-
mentation was a large bank of well-written and
field-tested laboratory activities organized
around various conceptual and process-skill
frameworks.

In the 1980’s, the science education community
took a critical lock at these curriculum projects
and their effects on textbooks, instruction, and
student achievement. The quality of the activi-
ties was high, but there were concerns about
implementation, overall goals, coordination, and
integration of the various curricula. Additionally,
broad-based assessment data indicated prob-
lems with the performance of students in
United Slates’ schools and the measures used
10 assess this performance. These concerns led
Lo the current restructuring movement in sci-
ence education.

Tha major science education restructuring ef-
fors go beyond the curriculum development
projects of the past. While SS&C and Project
2061 still emphasize hands-cn learning experi-
ences, they take a broader and deeper philo-
sophical view on how students learrt science.,
Between them, they investigate content se-
guencing, student preconceptions, design is-
sues, the rcle of materials, the role of history,
the integration and coordination of the sciences,
and the relevance of science to the everyday
lives of students. A major element of both of
these projects and the emerging National Sci-
ence Education Standards being develcped by
the National Research Council is a thorough
analysis and investigation of alternate assess-
ment methods.

— ) 1]
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Ultimately, all students leave school at some
level and are confronted with the prospect of
finding a job. The demands of a job and the
skills of a person seeking it must be compatible
before an employer will match the two. The
requisite skills for living and working in today’s
world and the world of tomorrow are learned in
school. The curriculum is the primary instru-
ment for teaching students the skills they will
need to live productive and successful lives as
citizens of the future.

A quick survey of our cccupational landscape
reveals that vast numbers of manufacturing jobs
are leaving the United States for foreign coun-
tries. Years ago, people could hold their jobs
with an elementary school educatior.. But such
an education today is inatdequate because the
jobs don’t exist. Another view of the landscape
reveals that many of today’s jobs are com-
pletely new; that is, they didn't exist five or ten
years agc. What we see are new industries,
new jobs, and new job requirements. The most
fundamental aspect of this changing =nviron-
ment is the fact of change itself, and change
that seems to be accelerating! This phenome-
non of change raises a profound question for
curriculum builders: How can they build a cur-
riculum to prepare students to live productive
and successful lives in the future if they don't
know exactly what the future will be like? VWhat
skills will the jobs of the future require people
to have?

Coping With Change

One way to approach this question is to think
about preparing students to cope with change.
A curriculum that focuses on specific skilts and
rigid ways of thinking runs a high risk of teach-
ing students soon-to-be cbsolete skills. In order
to cope with change, people need to be flexible
in their thinking. be able to solve problems, anc!
continue to learn new ideas and skills. Flexibility
in thinking requires the understanding of ideas
and the ability to see relationships and make
connections among them.

The science curriculum is changing today to
prepare students to survive in a world that will
be very different in the next century. Although

the fundamental facts and concepts of life,
physical, and Earth/space sciences are still es-
sential to learning science and are a necessary
part of the curriculum, these facts and concepts
are no longer suffic.ent in a student’'s science
education. The appropriate sequencing and con-
necting of concepts both within a discipline and
across disciplines are necessary to develop
skills. The integration and use of basic and
higher-level science piocess skills with concep-
tual knowledge is also required. These complex
behaviors are necessary for the development of
higher-order thinking and problem-solving skills,
skills that will prepare students to live in an
ever-changing society of the future. Using to-
day's projections, by the year 2000, seven out
of ten American jobs will be related to science,
mathematics, or computer technology. Simply
stated, if students haven't mastered science
concepts, process skills and their integration as
introduced in your class, they probably won’t go
further in science and may not have a future in
a global job market.

New Curriculum Standards

In 1991 the Naticnal Research Councit (NRC)
was commissionred to coordinate the develop-
ment of national standards for science educa-
tion in grades K-12, Work on these standards is
now In progress, and by 1994, National Science

Education Standards will be completed and pub-

lished. According to the NRC’s preliminary re-
port:

“The standards will be narrative descrip-
tions of what all students should be able to
do to engage and understand the natural
world. The standards will address science
curriculum, teaching and assessment and
will represent the consensus of teachers
and cther science educators, scientists, and
the general public.

The science assessment standards will de-
fine: the methods for assessing and analyz-
ing students’ accomplishments and the op-
portunities that programs afford students to
achieve the valued outcomes of school sci-
ence; the methods of obtaining appropriate
correspondence between assessment data
and the purposes that the data will serve;

9
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as well as the characleristics of valid and re-
liable science assessment data and appro-
praie methods for collecting them."

These standards, while still emerging, will have
a large effect on what is taught, how it is
taught, and how student learning outcomes will
he evalualed. Preliminary scenarios show
groups of students warking cooperatively on
long-term projects of real importance. These
groups use methods modeled on those of sci-
entists, engineers, and technicians. Because of
the complexity of these investigations, the stu-
dent groups maintain descriptive journals, logs
centaining data bases and decisions based on
them, and diagrams, drawings, and models.
They engage In brainstorming and decision-
making conlerences, develop and present re-
porls lo other groups, and demonstrate inte-
graled concaplua! orocess-skill activities for ob-
servers. These acliviies will present numerous
opporluniles for allernale assessments.

Evaluating a Student’s Performance
Every student of science has taken hundreds of
wiillan lasts that check his or her ability 1o per-
form basie science process skills or identify
speallic facls. Traditional paper-and-pencil tests
are the pnimary means used today to evaluate a
sludenl’s achievement in science. And this is a
nalural resull of a curniculum that is based on
facts and basic skills. Gf course, science teach-
ers have also evalualed students' performances
using other informal techniques, such as asking
them to solve problems at the chalkboard, ask-
ing guestions in class, or by checking their labo
ratory acuvity write-ups and homework papers.
However, the pencil-and-paper test is of pnmary
importance in evaluating students because il
can be used 1o assign a grade.

Tradiuional paper-and-pencil tests are limited in
what they can test. For measuring the perfor-
mance of a student to use basic science pro-
cess skills or recall facts, these kinds of tests
can do a good job. And that is why lhey have
been used almost exclusively in the science
classroom—in the pas!, the curriculum has fo-
cused on teaching hasic concepts and simple
process skills, and not on higher-level tlhinking
skills of problem solving. To measure a slu-

10

genl's abilily to think sciantifically, undaretand
ideas, and solve hon-rouling problema in &ci-
ence and tachnology, papar and-pencil 1esls are
inadequate.

Testing for Improving instruction
Another serious shoricoming of traditicnal writ-
ten tests Is their use by leachers to complete a
unit of instruction by giving a tesl, assigning a
grade, and then moving on to the next topic.
Rarely are tests used as a vehicle to influence
the instructional process itself. But testing and
other alternate assessmenl ‘echniques can and
should be used to modily instruction as stu-
dents progress through a topic. Assessment
resulls can be usad to change the tnstructional
approach (o a lopic, prionlies, examples, time,
or olher vanables lo @nhance learning.

Basic concep and [acl lesling only shows that
studenls can or cannol racall definilions and
simple relationships. Basic process skill-orientet
tests reveal only thal a slurlent demonstrates o
does nol demonstrala a particular skill in a
pencil-and-paper testing anvironmenl. For slu-
dents who cannol recall {acls and basic con-
cepls or demonslrale basic science process
skills in aruilicial sellings, there is seldom mea-
surable value in releaching, even if students are
lo be retesled. This approach often produces
frustration and conlinued patterns of failure by
lhe sludent.

Goals of Instruction

The emerging standards emphasize teaching
sciance Lhrough problem solving, integrated pre
cass skills and cnitical thinking skills, and lookin:
l[or conneclions, both conceptually within sci-
enca and to the real world, These standards wi
produce goals ol instructior: that cannot be full
measured using traditiona! buti-and-pencil
lesls. Sludents mus* .. .0. towad attaimng
these new goals on a conunhucus basis through
out the enlire science curniculum. Basic proces
skill goals are discrete goals that can be mea-
sured on a piece-by-piece basis. Far example, ¢
discrele basic process skill goal is to be able to
list several cbservaticns about an object or
gvenl. Sludenls can demonstrate their ability t
makea observations on a paper-and-pencil test

SN at .- . we I,
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@éuse there is a single answer Or a conver-

@d@nt set of answers. Once this skill is learned,
further instruction on it is unnecessary.

Learning to solve problems and lgearning to think
are continuous processes that grow each year
as students master new and more sophisticated
concepts, integrated process skills, and
problem-sclving strategies. There are no simple
right or wrong answers to questions that in-
volve these new goals.

Evaluating Goals
Process goals cannot be measured accurately
by any one assessment technique. Different

techniques must be used over time to see how
students are performing on these goals. The
new goals are now becoming a part of a sci-
ence curriculum that is evolving to inCorporate
them. New textbooks and other curriculum ma-
terials that incorporate the approaches demon-
strated in Scope. Sequence, and Coordination;
Project 2061; and the NRC stsndards are cur-
rently being introduced into schools. Tharefore,
it is very important that teachers expand their
methods of assessing students’ performances.
This bocklet discusses various types of alter-
nate assessment techniques and provides many
practical and useful suggestions for using them
in the classroom.

1
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Description

If written tests are no longer adequate for mea-
suring a student’s performance on the emerg-
Ing goals of science instruction, then how can
these goals be evaluated? What kinds of tests
are needed? And who will make up the tests?

The emerging goals of science instructicn can
be evaluated by using multiple assessment
techniques. Tests are needed that show how
students actually perform tasks. If we want stu-
dents t¢ be good problem solvers, then tests of
problem-solving competency must logically as-
sess performance on problem-solving tasks. No
paper-and-pencil test that grades an answer
right or wrong can evaluate performance. For
example, think about a musician, artist, basket-
ball player, or writer. Their work is judged by a
performance in a concert, a work of art, a
game, or a bock. These people do not take
paper-and-pencil tests to demonsti ate what
they know —they perform!

The same standards need 10 apply to students
studying science. If they are 1o become prob-
lem solvers, studenls must be taught how to
analyze, formulate, and solve difficult and non-
routing problems. and teachers need to judge
their performances as solvars of probfems.

When students are assessed on the basis of
their performance, then testing can become an
integral part of instruction. A coach works con-
stantly with his players to set goals and im-
prove performance. The same approach can ap-
ply to teaching sclence. The sequence of in-

12

slruction, assessment, further instruction based
upon the rasulls of the assessment, and so on
is 8 melhodology that works to improve perfor-
mance,

Not only do students need feedback cn their
performenca. bul subsequent leachers and par-
ents also need 1o know about a student’s
progress. Thus, it 1s essential that written re-
cortis be kepl. These racords will be much
more than a set ol wrilten grades. They will
provide a comprehensive and accurate picture
ol a studenl’s performance.

Types of Assessment Technigues

The types of assessment techniques that can
be used for performance evaluation are already
being used by teachers in classrooms today.
They are generally thought of as informal as-
sessment methods and are rarely used for grad-
ing pulposes. However, as every experienced
teacher has learned, written tests geiierally con-
firm what the teacher already knows about a
student’s performance.

Alternate assessment techniques consist of ob-
serving students working in class and laberatory
settings, evaluating individual and group activi-
ties in the laboratory, and asking questions and
listening to their answers. They involve student
presentations and extended projects. Portfolios,
written journals, and logs that list data, show
and describe rtudents” work, and document
their decision-making processes are very useful
technigues. Dther less frequently used but via-
ble techniques are the use of interviews, con-
ferences, and student self assessments. All of
these assessment techniques will be discussed
in detail later in this booklet.

What Doos a Performance Task
Attempt To Do?

The purpose of a performance task is to assess
what students know and what they can do. The
task should be meaningful, authentic, and worth
mastering. The following criteria help to define
a performance task. It shoulr

# be aligned wilh the goals, cbjectives, and con-
lent of the curriculum,

¢ allow students to display their thinking and

8
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understanding of & science experience and
not just provide a single answer.

» provide an opportunity for an evaluation of the
processes involved in the task.

e be realistic, interesting, and thought-
provoking.

* he representative of the goal being evaluated
so genaralizations can be made about a stu-
dent’s performance.

e stress depth more than breadth and mastery
more than speed.

* he more open-ended than tighlly slructured.

¢ he divergent, that is, not have one clear path
of action specified' &t the beginning of the
task.

¢ raise other questions or lead 1o other
problems.

Using Performance Tasks

As a teacher of science, you are probably won-
daring how to go about using perlormance
tasks. You know Lhal good tasks take time (o
construct and your day is already full. Yes, all of
this sounds wonderful, you think, bul you may
ask if you have the ime o do this kind ol per-
formance evaluation,

The answer 1s yas, but you may have (o mochly
your melhods of inslruction somewhat lo mako
them more lask-onented. You nead to involve
students 1in small-group work and give Lhem op
portunities to plan their own work, as wilh
projects or portichos. And you will probably
need to reduce your reliance on paper-and-
pencil tesls.

So, how can one get started using performance
tasks? First, it is wise 1o start slowly and gradu-
ally. Il is not necessary 1o assess each stu-
dent's perlormance every day, nor is it feasible
to do s0. Also. everything that is taught does
not need to be evaluated, Selectivity of topics
and sludents will produce an effective assess-
ment of performance on key goals over time.

The textbook is an excellent source of potential
nerformance lasks. After students have com-

pleted an activity, you can very often assess
their comprehension of the concept ancor pro-
cess skills covered by having them repeat the
activity with .hanged variables or hypotheses.
In much the same way, the laboratory manual
can be used to assess performance. Text prob-
lems or examples can be turned into simple
performaiice tasks by asking a student 1o "Ex-
plain why such and such is true.” Asking ques-
tions that probe understanding of why some-
thing works in science and not always how it
waorks shifts the focus frorn convergent thirking
to logical thinking and in so doing aligns the
questions with process goals of instruction.

For example, a group of students is reading
about simple machines. They are learning about
levers, inclined planes, wheels and axles, and
their components. The teacher listens to their
conversation and then asks how many simple
machines are in a bicycle. Within minutes, a
bicycle is in the room and students are manipu-
lating its components. Soon they are able to list
two levers and four wheels and axles on the
bicycle. If the teacher had not asked the ques-
tion, the students would never have integrated
the concepts and skills they were studying.

There are other good sources of information
lhal can be used to construct simple and more
complex performance tasks. The National Sci-
ence Teachers Association publishes many ex-
cellent books and journals such as Children and
Science, Science Scope, and Scrence Teacher
lhal are full of good ideas and expenments. A
check of your own school library may also turn
up some good references. Science, engineer-
Ing, mathematics, and technology related busi-
nesses and industries are the richest sources
for ideas.

Evaluating Results of a Performance
Task

Performance tasks, by definition, cannot be
evaluated using paper-and-pencil tests. Perfor-
mance tasks involve understanding of scientific
concepts and procedures; they are thought-
provoking, often open-ended, and seldom have
a single answer. The evaluation of such tasks
involves Lhe professional judgement of a trained
\eacher,
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Before challenging students to attempt a perfor-
mance, the teacher should explain the task and
give the students the criteria that will be used
to judge the perferinance. These criteria should
be in writing and well understood by everyone
before student performances begin.

The first step in evaluating a perfcrmance task
is to establish a system of documenting stu-
dents’ performances.

One versatile and effective system is the scor-
ing rubric. A rubric is not an abstract numbering
system but is a classification system that pro-
vides specific assessment guidelines for
teacher and student alike. Rubrics provide for-
mative, not rnerely summative, assessment,
providing explicit guidelines and specific exam-
pies. If these examples and guidelines are not
established. performance cannot be compared
to a clearly defined standard.

To be used effectively, a particular rubric must
be used at various stages throughout the as-
sessment period. This gives students the
chance to show improvement in performance.
Thus, rubrics ailow students and teachers to
establish a partnership that uses observable
characteristics to measure student parformance
patterns over time. Students are given credit for
making progress toward a goal and are not pe-
nalized for a lack of immediate success.

Rubrics can be designed to meet individual as-
sessment needs. They can be general, or they
can be developed to measure student progress
toward mastery of specific skills. S2e page 10
for an example of a generalized scoring rubric.
Whatever rubric is used. criteria must be specific
sc that students know what performance is
needed to reach educational goals.

Performance Standards

In any assessment of what students know or
can do, there is always the question of what
performance standard is being used for compar-
ison, On writien tests, a numerical score com-
pares studenls 1o one another or 1o an @stab-
lished criterion (standard). Assessing a sludenl’s

performance on a performance task, however,
involvas an evaluation of tha student's work
against the task itself. The teacher's goal in
making the assessment is to be able to see in-
tellectual growth or lack of it. Two things must
exist for this to happen: first, standards of per-
formance must be established, and second, per-
formance tasks must be written that can be
evaluated using the previousiy established
standards.

Teachers can develop their own performance
standards to judge the quality of their students’
work. These standards do not have to be elabo-
rate and, in fact, can be quite simple. For exam-
ple, to evaluate students’ performances in solv-
ing problems, the following levels of perfor-
mance can be establishad.

PROBLEM SOLVING POINTS
Creative 8
Substantial 4
Average 3
Partial 2
Inadequate 1
No Attempt 0

Developing a Performance Task
Performance tasks can be short and simple,
such as asking a cogent question in ciass that is
aimed at eliciting a thinking response, or an ex-
tended project or investigation that would dem-
onstrate a student’s performance in applying
scientific models to solve real-world problems.
Any performance task, however, needs to meet
the criteria discussed earlier, fit within the con-
lext of what the students are studying, and be
capable of providing information to the teacher
about what the student knows. The best de-
signers of specific performance tasks are teach-
ers themselves. Teachers know their students’
strengths and weaknesses best and can there-
fore design tasks that shed light on new knowl-
edge or deeper understanding,
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Advantages of Performance
Assessment

Pertormance assessments permit students to
compete with themselves rather than others.
Through such assessments, students can gain a
real understanding of what they know and what
they can do. Performance assessments, unlike
written tests, are not threatening. Because
there are many correct answars, performance
assessments can take the fear out ol learning
science. What student has notl bean tearful of
speaking up in class and giving Lhe wrong an-
swer? Very few indeedl Taking the fear and
anxiety out of the science classroom may mot-
vate many more studenls to continue therr
study of science. They will also enjoy, learn,
and use more science,

Performance assessment (S not an end in itself;
rather, it becomes an integral part of the in-
structional process and helps to guide further
instruction. lt is through the assessment pro-
cess that students learn whal activities and
leaming outcomes the teacher values.

Performance assessment makes school learning
more relevant to students' lives and to the real
world. It helps teachers 1ocus on the really im-
portant outcomes of education, instead of
teaching isolated bits of information. As stu-
dents learn to become competent problem solv-
ers, confident of their ability to think logically
and communicate their ideas clearly, they will
recognize that they have received an education
that has prepared them for life—for life as pro-
ductive citizens in the twenty-first century.

What Should Performance
Asgessment Do?

Although the introduction and use of perfor-
mance assessment tasks in science may seem
different and new to many teachers, and proba-
bly even somewhat intimidating in terms of the
time and effort required to implement and eval-
uate them, this is not necessarily the case.
Many science teachers have used performance
assessment tasks for years in teaching their
courses but in an informal and casual way. The
time has now come to shift the focus of as-
sessment from the exclusive use of written
tests to a more balanced and realistic assess-

ment of performance. In thinking about perfor-
mance assessment tasks, teachers should keep
the following ideas in mind. Performance as-
sessments in science should:

* be introduced gradually by using some simple
but useful tasks.

* focus on goals of instruction.
* be used at all grade levels.

» involve natural extensions of sound methodol-
ogy for teaching science.

» not be complex and diflicull to implement.

< eventually become an integral part of the as-
sessmenl process,

* engage teachers in discussing Lhe goals ol
instruction.

* |ead to the development of sets ol various
assessment tasks Lhal are aligned with the
curriculum.

* |ead to the developmenl ol critena Lo evaluale
performance asks.

* give a reabstic and in-depth understanding ol
what a student knows and can do.

Samples of Performance Tagks
Performance 1asks in science are numerous and
exist at several different levels. They are best
used to allow siudents to demonstrate their un-
derstanding of several related concepts and pro-
cess skills. Although a laboratory activity can be
a performance task, il 15 usually a short-term
task that often only replicates some mode! of
performance and yields a right or wrong solu-
tion. Realife performance tasks can be much
more involved. They can last several weeks and
result in very divergent outcomes for different
students and groups of students. Consider the
following scenarios for group performance tasks.

1. Your group is given two identical “milk car-
ton” cars. One has full-width wheels. The
second has had its wheel width reduced by
one-half. Design an experiment to test the
variable of wheet width and its effect on dis-
tance traveled, After you have designed the
experiment, test each car at least three
times, Record the data and analyze il. Write

15
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a report describing your project and present-
ing the resulits, )

Your group wants to study the effect of dif-
ferent amounts of exposure to sunlight each
day on the growth of identical plants. Design
an experiment that varies the sunlight from
zero hours per day to twenty-four hours per
day. Use at least four identical plants, ar.1
collect data for at leasi one month. Graph
the data, analyze it, and write a report de-
scribing your project and presenting the re-
sults.

Your group is given design paper, cardboard,
clay, pencils, half-gallon milk cartons. and
cardboard tubes from rolls of paper towels.
You are also given some model aluminum
cans made from aluminum foil. The model
cans are approximately one-third the size of
an actual beverage can. Using principles of
simple machines, construct a prototype can
crusher that can effectively crush the model
cans. After testing the prototype, present a
demonstration and oral report to the class.
Make a scale drawing of the can crusher de-
vice, and write out step-by-step instructions
for its construction.

Your group is presented with a large number
of plastic containers frem consumer pred-
ucts, beverage cans, vegetable and fruit
cans, newspaper, cardboard, magazines, and
glass bottles and jars. You are also given

plastic bags, twist ties, labels, a can opener,
a magnet, an aluminum can-crushing device,
and a plastics-recycling key. Design a system
that can be used to separate, package, and
store the materials for delivery to a recycling
center. Based on your experience, appiy your
system to the school and its recyclable ma-
terials. Write a report describing the recy-
cling system, detalling its strengths and
weaknesses, Present the report to the class
and the school administratior.

These are conly four examples, but they present
the integrated process-concept approach that is
found in reat-life science and engineering tasks.
These four examples are complex and require
several days or weeks of concentrated thought,
planning, and work. Each one includes a design
stage followed by performance based on the
design model. Finally, the results of each perfor-
mance are documented and communicated in
writing, through an oral report, or both. These
types of integrated concept-process skill tasks
involve real-ife problem solving and have imme-
diate impact on the students participating in
them. The learning is involved in the process of
designing, performing, and communicating.
There are no single correct answers, and, like
real life, the participants in these tasks often
tfearn as much from their failures as from their
successes,
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GENERALIZED SCORING RUBRIC

Response

Criteria

Rating

Exemplary

Response is concise, clear, complete, and
unambiguous; includes some graphic repre-
sentation of data or results; shews under-
standing of all processes, procedures, and
apparatus involved; proposes a hypothesis;
analyzes results in terms of the hypothesis;
draws correct inferences and conclusions
from empirical results.

Competent

Response is fairly concise, clear, complete,
and unambigucus; may include some graphic
representation of data or results; shows un-
derstanding of major processes, procedures,
and apparatus used; proposes a hypothesis;
analyzes results; draws acceptable infer-
ences and conclusions from empirical results.

o1

Minor
Flaws

Completes the assignment or experiment
satisfactorily, but the explanalion may be
slightly ambiguous or unclear; g'aphic repre-
sentation, hypothesis, analysis, inferences,
and conclusions may be incomplete, inappro-
priate, or unclear; shows incomplete under-
standing of processes, procedures and appa-
ratus used.

Nearly
Satisfactory

Begins the assignment or experiment satis-
factorily, but omits significant parts or fails to
complete; may misuse scientific terms;
graphic representation of data or results may
be incorrect or omitted; incorrect or incom-
plete analysis, inferences, and conclusions;
inappror ate or omitted hypothesis.

Fails to
Complete

Assignment or experiment and its explana-
tion are not clear, concise, or accurate; major
flaws in concept mastery; incorrect use of
scientific terms; inappropriate or omitted hy-
pothesis,

Unable to
Begin
Effectively

Explanation, hypothesis, graphic represen-
tations, and analyses do not reflact the as-
signment or experiment; does not distinguish
what information is needed for successful
complation; copies procedures without mak-
ing an attempt at solution.

No Attempt
Made

Does not begin assignment or experimant.
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S ALTERNATE ASSESSMENT IN 'IHF
o SCIENCE CLASSROOM I

Description

The assessment techniques of observation and
questioning are not new to teachers of science.
In every science classroom, students’ behavier
and performance on scientific tasks are ob-
served and students are questioned about their
work. Dunng the introduction to a new topic or
a review ol previously taught material. teachers
use questions to check student understanding
and then make approprate adjustments in their
instruclional approach.

The emerging process goals of science instruc-
tion, however, imply that the techniques of ob-
servation and questioning be reexamined to
make sure they are being used effectively to
assess the new goals. In other words, new cur-
niculum standards will require new or revised
assessmeni methods.

How can a teacher evaluale a sludent's perfor-
mance on laboralory skills or probe critical think-
ing and problem-solving tasks? How does a
teacher assaess a student’s knowledg e of scien-
tific conneclions?

Problem Solving

Let’s lock at problem solving first. Traditionally,
teachers assign students science problems to
solve and then grade their written work on the
basis of a night or wrong answer. This proce-
dure has serious shortcomings and often re-

veals little useful information. For exampie, a
student may understand how 10 solve a prob-

‘lem, but a misconception resulting in a wrong

answer would lead a teacher to think otherwise.
A more powerful way to assess problem-solving
competence is to ask students questions about
how they tried to solve a problem. Listening to
the students' descriptions of their thinking and
observing their written work provides a mare
accurate assessment of problem-solving skills
than simply grading answers on a test.

Thinking, Communicating,

and Making Connections

Questioning students in a problem-solving con-
text reveals how they think and their ability 10
communicate ideas clearly. The teacher ob-
serves by listening, asking questions, and evalu-
ating responses. Such a procedure allows the
teacher tc change the direction of the questions
to pursue other ideas or thoughts the students
may have expressed, thus getting a fulier and
deeper understanding of the process being eval-
uated. Asking the right questions can also re-
veal how students make connecticns of what
they know.

Using Open-Ended Guestions

The best type of questions to ask sludents to
assess their knowledge of science processes
are open-ended questions. Such questions do
not have a single answer. They allow students
an opportunity to think for themselves and to
demonstrate their understanding of a problem
or other situation. The use of such questions
can reveal a great deal of interesting informa-
tion about what a student knows and under-
stands. They also allow students tc express
their originality and creativity. Open-ended ques-
ticns are incompatible with the erroneous no-
tion that science consists of memorizing re-
sponses 1o questions that always have one
right answer. Open-ended questions teach stu-
dents to see and understand science as a beau-
tiful, logical. and connected body of ideas that
has great practical significance in understanding
the world we live in.

18
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@amples of Open-Ended Questions

pen-ended questions often involve the use of
words such as the following:

* Describe

¢ Explain

* Compare

* Tell

* Analyze

¢ Examine

* Show

* Demoenstrate
» Sketch

* Explore

¢ |llustrate

* Present

* Contrast

* Express

* |nvestigate
¢ Prove

* Restate

* Nodel

* Predict

¢ Dperationally define

At varicus grade levels, a teacher can ask stu-
dents:

How would you explan . . . ?
Analyze the variables . . .
Tell the class why . . .

Observing Students' Performances
Students can be observed working as individu-
als, in small groups, or within a whole class set-
ting. Observations are useful for individual diag-
nastic purposes to determine what a student
understands so remedial action can be taken, to
guide students working in a small group toward
the goals of the group, or for instruclional feed-
back as students participate in class instruction.

A teacher can use the feedback to modily in-
struction as it is taking place 1o better meet lhe
needs of the class.

Observation of students at work 1s a nalural
part of the classroom process. Very ollen these
infermal observaticns are unplanned, and no
attempts are made to record what has been
observed. However, in assessing the process
standards of instrucuon, systematic chserva-
tions are necessary to form an understanding of
how well students are performing against the
standards. in other words, to understand how a
student solves problems, a teacher should ob-
serve closely the student’s altempt lo solve a
problem.

The same is true for evaluating students’
critical-thinking skills. This can be done by lis-
tening to students explain their reasons for their
work, that is, by observing their minds at work
through the use of language. Of course, writlen
work also is read and cbserved and thus is sig-
nificant in forming a complete picture of scien-
tific compsatence.

Observations are useful in assessing perfor-
mance in the following areas:

* | aboratory skills

¢ Problem-sclving approaches
* Thinking processes

¢ Understanding of concepts
* Communication skills

* Working in small groups

* Making connections

implementing Questions

Questions, like observations, are an integral part
of the instructional process. In fact, worthwhile
observations are often the result of asking the
right questicn. Questions can be directed to-
ward individual students, small groups, or the
class itsell, Students’ responses gan be used
[or ass@ESMant purposes, Lo guide Instruction,
or lo 1danlify orrors.
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Let's look at some sample questions .- they
relate to problem solving, laboratory - s, rea-
soning. and connectiuns.

Problem Salving

¢ Would you explain the problem in your own
words?

» What is the prcblem about?
* Describe how you would solve the problem.

* Would making a drawing or a sketch be help-
ful in solving the problem?

* Explain the steps you would follow to solve
the problem,

Laborat -y Skills

* How could we test that idea?

* What variable will change our results?

* Write a short paragraph about the activity that
you did in class loday.

* Explain your solution 1o the proklem at the
chalkboard.
Reasoning

¢ Can you formulate a hypothesis based on the
facts you know?

* Explain why the solution to the prohlem is
incorrect.

* Why are definitions necessary in science?

¢ Can you generalize that result?

+ What conclusions can you draw about the hy-
pothesis from the given data?

Connections

* Can you give a practical example of the use
of that concept?

* How does waler speed affect organisms in a
stream?

* Why is the {reezing and melling of water \im-
portant in geology?

¢ What 1s the conneclion betwaen pollution and
quaity of hia?

periment?

® Do you see any relationship of that idea to
what we discussed yesterday?

Assessment Questions

When using questions to make an assessment
of what a student knows, here are some gen-
eral guidelines to follow.

1. Make a list of guestions in advance,

2. Allow students sufficient time to answer
your questions.

3. Encourage students to make notes and ask
you questions to clarify a point.

4. Record responses in an organized format,

5. Draw a conclusion about the students’ re-
sponses.

Questions to Guide Instruction

During the course of an instructional period,
that is, when the teacher is developing a new
topic, timely and astute questions can provide
significant feedback as to how well the instruc-
tion is being received. Do the students under-
stand the main points of the presentation? Are
more examples needed? Should a review be
introduced to reinforce ideas and skills from
previcus lessons? A teacher needs to know an-
swers to these questions and others in order to
shape the instruction to the class. Without ask-
ing questions, there is no way to find out where
the students are. Effective science instruction
and the use of good questions go hand in hand.

Questions for Error Analysis

One of the best ways to find out why students
make certain types of errors is to ask them to
explain their work. Usually, students' explana-
tions reveal a faulty understanding of some key
concept or a lack of knowledge of a specific
fact or procedure. An analysis of written work
may not reveal the reason an error is being
made. To correct persistent types of errors,
they must first be diagnosed correctly and then
further remedial instruction must be given. Ask-
ing questions and listening to students’ an-
swers is one of the most effective ways to
identify and analyze errors.
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{//One of the major purposes of assessing stu-
dents’ work is to provide feedback regarding
how well they are doing. Students need to
know what the teacher thinks about their
prograss or lack of it. Informal assessment
methods such as observations and questioning
are seldom documented, but they should be if
feedback is o be accurate and effective.

Gwven lhe dynamics of a science classroom and
the number of students a teacher works with
each day, methods of recording observations
and the results of systematic questioning must
of necessity be sirnple and easy to implement,
Also, only significant events shouid be re-
corded. Such an event is likely to be either an
atypical student behavior or a clear indication of
some understanding or lack of it.

Here are three methods that can be used to
record significant events.

1. Make a class list of your students with a col-
umn for writing comments, Qr use an obser-
vation sheet for each student.

2. Develop profiles for students, Each profile
can evaluate important attributes such as a
student’s use of problem-solving strategies,
scientific vocabulary, plausible arguments, or
different models.

3. Construct a checklist for each student of
skills, behaviors, or attributes that you want
to ancourage.

An example of such a checklist for assessing
specific laboratory skills follows.

LABORATORY SKILLS ASSESSMENT
Name Date
Rating Scale: 1. student is careless
2. student needs to Improve
3. student is proficient
Skill Proficiency
lights burner correctly 1 2 3
adjusts air and gas supply correctly 1 2 3
decants correctly using a stirring rod 1 2 3
folds filter paper correctly 1 2 3
cariies a balance correctly 1 2 3
determines mass accurately 1 2 3
pesitions thermometer correctly 1 2 3
records accurate reading 1 2 3
identifies the parts of a microscope 1 2 3
carries microscope correclly 1 2 K|
focuses microscope correclly i 2 3
_inserts glass tubing correct_ly_ 1 2 3
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A few suggestions for constructing and using a
checklist are listed below. Remember, a check-
list should be helpful and not be a burden to
use.

* Focus on only a few students each day, per-
haps four or five.

Observe laboratory groups as a whole and as
individuals.

® Document individual and group work.
¢ Use the list periodically, not daily.

¢ Have students review the initial list to review
and make suggestions for revisions.

¢ Ask students to evaluate themselves, using
the checklist.

» Leave space for notes.

Each evaluation method is a way of recording
information about a student in order to provide
feedback. Such feedback can take the form of
written of oral comments by the teacher. Feed-
back provides a link with previous instruction
and points the way to future instruction. And it
tells students what learning outcomes the
teacher values. Feedback equips students to
monitor their own progress and work toward
the goals established by the teacher.

Sample Forms
The following types of forms are

Class List

illustrative of those that can be used Action
to record information resulting from Name Significant event | Required | Taken
observation and questions.
OBSERVATION SHEET
Name Week
Name PROFILE NCTES
Date | Activity | Observed behavior
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Using Presentations

The use of student presentations and discus-
sions can be a valuable tool in assessing a stu-
dent’s performance. Student presentations can
involve oral presentations to the class or to
small groups. They can either be rather simple,
such as explaining abservations, or somewhat
more involved such as an oral report 1o the
class. Student presentations can also involve
the use of models to illustrate concepts and
laboratory procedures, or the construction of
bulletin board displays for the classroom. Stu-
dent demonstrations of activities or safe use of
scientific apparatus are also of value.

Using Discussions

Discussions involve small groups of students
working together and can be teacher directed or
student directed. Teachers often involve stu-
dents In a discussion of new topics, although in
science classrooms some sludents are often
reluctant to paruicipate because of tear of giving
the wrong answer, As students learn science
within a problem-solving context, the one-answer
syndrome begins to dissipale, and they start to
open up and exprass therr ideas mors frealy,
Also, ag studants grow in their ahility to solve
problems and think scientifically, their self-confi-
dence grows, too. A self-conlident student is not
afraid to discuss ideas with ¢lassmaltes.

An ideal way (o molivate student discussions is
through the use of cooperative learning groups.

16

Students who might teel shy speaking in front
of the whole class may be more at ease talking
to a small group. Students are also less fearful
of making errors when working with only twa

sor three other students.

Why Are Presentations and
Discussions Important?

What better way would a teacher be able 10
assess a student’s ahility to communicate so-
entifically than 10 hear that student give a verbal
explanation to a problem or an oral report on a
topic of interest in science. Certainly, no written
test could perform this function by having a stu-
dent make marks on a piece of paper.

Verbai presentations and discussions are ex-
tremely important alternate assessment meth-
ods because they permit the teacher to hear
what students are thinking. They also serve as
a vehicle for students to present and discuss
their ideas with classmates. A dynamic science
classroom involves the participation of all stu-
dents working together in an active mode: iden-
tifying variables, solving problems, discussing
solutions, challenging assertions, and, in gen-
eral, talking to one another. Presentations and
discussions increase and enhance the verbal
interactions within the classrcom. And in so do-
ing, they not only make the science classroom
a more lively and interesting place to be, but
they also make it o« more fruitful teaching and
learning environment.

How Can Presentations and
Discussions Be Used in the
Classroom?

The use of presentations and discussions must
be a planned part of the instructional process.
The teacher should explain to students that cer-
tain times will be usad to incorporate oral pre-
sentations into the course work. Also, if stu-
dents have never worked in cooperative learning
groups before, they will need to be prepared for
this experience. Another book in the Glencoe
Science Professional Series, Cooperative
Learning in the Science Classroom, may be

helpful.
23

BEST COPY AVAILABLE

A

w. e P
e 2 it i o 5

b



When students are asked to give a formal re-
port or a presentation on a special topic, a mu-
tual agreement should be reached between the
teacher and student regarding the topic. Topics
should be chosen that support both content
goals and process goals of science instruction.
Soeme students may need guidance in selecting
a topic, but the topic should never be imposed
by the teacher. This apprcach may destroy the
student’s motivation to research the topic and
present it.

Small group discussions should have a focus. A
very important focus is to have students en-
gage in problem-solving activities. Different
strategies can be discussed, solutions checked
and comparsd with those of other groups, and
group presentations of solutions given to the
entire class. Alternative methods of solving a
problem can be discussed, and models and dia-
grams can be used to demonstrate soluticn:

Cooperative groups of students working on
long-term scientific projects can maintain a sim-
plified log. The log combines written entries

such as their plan for conducting an expenment,

the experiment data, and its analysis. In a six
weeks’ project, there may be three or four sep-
arate or related experiments. The log can then
e used as a basis for a reflective student re-
pert on their project.

Suggestions for Presentations
Almost any topic that falls within the scientific
maturity level of a student and the content of
the course is a possibility for a class presenta-
tion. The following list is simply a source of
ideag for general categories of topics.

¢ soluticn to a scientific problem
* historical lopic, persen, or evenl
* extension of lextbook lopic

* enrichment topic

¢ experimental topic

» practical application topic

s calculator or computer topic

¢ scientific connection topic

* scientific lugic topic

* famous living scientist

famous theory or hypothesis
¢ major branches of science
* gcientific notation

* multicultural topic

Suggestions for Small Group
Discussions

Students’ work in smal! groups should be fo-
cused upon specific tasks. The discussions
should be task-oriented, such as how tc design
and conduct an experiment, rather than of a
more general nature, The following activities are
appropriate for small group work and discus-
sion. This list is suggestive only and is not

~‘meant tc¢ be all-inclusive.

* solving problems within areas of science and
engineering

* formulating problems

*» solving apphcations related to other disciplines
or the real world

* analyzing data to support or refute Lheories

* using models to learn concepts or do experi-
ments

* discussing solutions 1o hamework problems

e classifying objecls, interpreting results, gener-
alizing solutions, making graphs

* making and testing hypotheses
* planning group presentations
* using calculators or computers

* helping less capable sludents through peer
tutering

When to implement

Presentations and discussions can be used
throughout the school year. If the emerging
standards of instruclion are to be evaluated at
all, then there is really no choice but to use
these alternate methods of assessmenl.

17
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@ﬁ@however. to be successful. Thus, not

only are presentations ang discussions alternate
assessment methods, they are also tools for
instruction that can be integrated into the teach-
ing process at any time.

How to Evaluate

Before looking in detail at how to evaluate the
alternative assessment methods of presenta-
tions and discussions, let's review the purposes
or goals of making an assessment. The major
goal ol evaluating students’ presentations and
discussions is to document their growth in un-
derstanding. What progress, if any, has Ann or
Bill made In his or her ahility to sclve problems,
reason and communicate scientifically, and use
connactions both within science and to the real
world?

In a classroom that makes use of presentations
and discussions, information about students’
performances will be abundant. The key task for
the teacher is to isolate the significant informa-
tion about each student so that it can be re-
corded and documented. Trying to record every-
thing students say or do is impossible and
would provide no useful data. A screening de-
vice is needed to make the task cf identifying
areas of growth practical, simple, and educa-
ticnaly scund.

Identifying Areas of Growth

The emerging goals of science instruction are
continuous and need to be evaluated along a
continuum. A teacher needs to know at the be-
ginning of the school year where each student
is on the continuum in order to identify and re-
cord areas of growth. Once a baseline has been
established, then growth can be more readily
observed and recorded. How then are areas of
growth obsaerved? Growth in students’ scientific
understanding will ke indicated by their actions
in each of four key areas.

Growth in Problem Solving
A teacher should look for growth in the follow-
ing areas.

* usa of problem-solving strategies to undear-
stand and solve problems

pects of a situation in order 10 formulate a
problem

s yse of answers and resulis to problems and
other scientific situations to verify and inter-
pret them with respect tc the original problem

* generalization of strategies and solutions to
new problem situsations

¢ use of problem-solving methods as a means
to learning and understanding new corient

¢ application of scientific modeling to real-world
problems

Growth of Communication
Growth in these areas is significant.

* use of scientific vocabulary to explain ideas to
others

® use of correct statements of definitions, laws,
and theories

s yse of definitions, laws, and theories to dis-
cuss, interpret, and evaluate scientific ideas

* use of s ientific terms to make convincing
arguments

* use of language to formulate problems, defini-
tions, and generalizations discovered through
investigations

* asking clear and concise questions and giving
clear answers

Growth in Reasoning
Significant growth areas are as follows.

s use of deductive and inductive reasoning
¢ use of data-based argu. nents

* evaluation of their own thinking and others’
arcuments

* making and testing hypotheses

¢ formulating data-based generalizations
¢ following logical arguments

* construction of scientific models

* appreciation of the use and power of logical
reasoning in science
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Growth in Connections
ook for growth in the following areas.

e use of concepts and process skills to explore
and solve problems

¢ yse of one or more scientific ideas to under-
stand other scier tific ideas

¢ yse of science to solve problems in the real
world or in other disciplines

* recognition of equivaleni representations of
the same concept or process skill

* |ooking for and identitying connections within
science

Documenting and Reporting Growth
in Understanding

Qne way 10 document and report growth in un-

derstanding the process goais of science is by
using a chacklist. A checklist can be con-
structed using the areas of growth identified
above. Remember, a checklist should not be a
burden but should make it easy to collect and
record data about students.

Another way for a teacher to evaluate students’

presentations and discussions is to keep a

record of significant understandings in the form
of an anecdotal report. The compilation of such
anecdotes can be used to track a student’s per-
formance and to review and write summary
statements about performance. Anecdotal re-
ports consisting of brief comments are easy to
implement and can be used over tima as a ras-
ervoir of data for more comprehensive reports.

A descriptive report also car. be helpful to docu-
ment and report growth in scientific understand-
ing. Such a report will take time to write, but it
can be a very effective toal in evaluating a stu-
dent’s progress in science. The goals of a re-
port are to paint out what the studen. has dene
well and what areas nead improvement. Here
arz some items that can be discussed in a de-
scriptive report.

* the work a student has done

examples of significant scientific events

growth or improvement in a student’s work

areas that need additional work

* participation in class and small groups

attitude toward science

* specific suggestions for additional work
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BEST COPY AVAILABLE



_@r@g

@ he following descriptive report form is a sample that can be adapted to meet the needs of teachers
who wish to write such reponts.

Report of Performance

Name

. Time perlod

Class

— e ——

Descijllan of work

™

Exarnples of signiiicant work

g

¥
ey

Growth and improvement ohserved

Areas needing additional work

Group work

Attitude

Summary comments
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ALTERNATE ASSESSMENT IN THE . .
SCIENCE CLASSROOM . .*. = .7

Description

In a skill-oriented curriculum, the use of long-
term projects for instruction and evaluation of
scientific growth has been very limited. In many
schools, all students have been reguired to
compiete a prciect for the annual science fair.
Thay are often reguired to use “The Scientific
Method.” This is usually a very format, conver-
gent procedure. All students are reguired to fol-
low the same, lock-step process that yields re-
markably similar outcomes. This type of individ-
ual student project is being replaced by long-
term, cooperative group projects that involve a
wide variety of concepts, basic and integrated
process skills, problem identification, and solu-
tions technigues. In a curriculum that values
integrated process skills and higher order con-
cepts, meaningful projects play a significant and
integral role for all students,

Projects and investigations can involve individual
students or small groups of two to four stu-
dents working together. They should not be
very short assignments but should involve stu-
dents in an ongoing task for at least two or
three weeks, Projects involving more substan-
tial activities can last for @ month or two. Since
students should be involved in more than a few
projects during the course of a school year, the
ideal duration of a project is probably about four
or five weeks.

Ideas for Projects and Investigations
Projects are a wonderful way to involve stu-
dents in extended problem-solving situations.
These situations may be purely scientific, but

28

and other disciplines. Projects can involve stu-
dents in open-ended situations that may have a
variety of acceptable results. Or they may be of
such a nature that the problem situation leads
students to formulate guesticns or hypotheses
that require further investigation, Projects also
provide opportunities for students to explore
scientific ideas using physical materials or new
technology such as electronic sensors, graphing
calculators, and computers.

Projects that are embedded in a problem-
solving content can be used by students to ex-
plore, study, think about, and pursue ideas that
develop their understanding in all the important
content aieas of the science curriculum.

Real-World Projects

and Investigations

Projects and investigations can teach students
many connections of science to the real world.
For example, at the middle school level,
projects can be constructed that invclve the use
of science in the following areas. This is only a
brief list that could easily be expanded by stu-
dents working together in a brainstorming
group.

¢ Food and filness

* Population

* Movie videos

¢ Environmental problems
e Farmland

e Cargers

o Cars, boals, arplanes, rockals
¢ Business

e Sports

¢ Recycling

* Travel

® Space

e Cities

* Foreign countries

21
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a@:annections of science to other disci-
plines such as mathematics, social studies, mu-
Sic, RConomics, computers, geography, and so
on. All of these activities bring science to life
for students by showing them the usefulness of
scientific ideas and techniques to a wide range
of practical activities.

When to Implement

Students can be invelved in projects and investi-
gations at any lime during the school year. You
rnay want to wait until the first three or four
weeks of school have passed hefcre discussing
the use and role of projects in the course. This
will allow some LUme for students o feel com-
fortable wilh the course content before they
pursue their lirst project,

The first few projecls students work on should
be rather simple and straightforward. You can
elther suggest some project ideas or ask the
studenls to come up with their own. Many stu-
dents will probably need your guidance tc for-
mulate therr first plan for a project. As the year
progresses, however, students should he able
to work more independently.

How to Implement

You can begin by talking to students about the
idea of a project and that you will be using
them in the course for both instructional and
evaluation purposes. Discuss the process goals
of instruction— problem solving, communica-
tion, reasoning, and connections—and point out
their central place in the study of sciencs. Tell
studenls that their projects should be problem-
solving oriented and reiate to the content of the
course. At the beginning of the scheol year, the
first projects students work on wil! most likely
relate to the content of the first or second chap-
ter of their textbook. In fact, you will probably
be able to use the texiboox as a source for
some project ideas.

Another suggestion for a first project would be
to assign students a meaningtul problem to
work on. Make sure, however, that il i1s a2 ol
lem that is different {rom & traditional sclence
problem such as observing the properlies ol a
magnet. It should be a challenging problom that
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about. As a second project, you could ask stu-
dents to research and present their own non-
routine problems in a student log. The log is
simply a bound or loose-leaf notehook that con-
tains the problem statement, problem solution
plan, activity and experiment designs, results
and data, conclusions, and preliminary and final
project reports.

More Specific Suggestions

for Students

In order to help stuci:nts get started an their
projects, you will need to share with them
some specific guidelines for using the studoint
log for formulating, researching, and presenting
projects.

First, il is important that students be able to
write down a clear description of what the
project is ebout. The teacher shoutd review and
critique this description to make sure the stu-
dent has not taken on a project of unrealistic
proporticns or one that 1s simply too difficult.
The proiect needs 1o be doable and provide ex-
periences thai contribute to scientific growth of
the studer?.

Second, the student should indicate how he or
sihe intends to research the project. Does a hy-
potkesis need to be stated and tested? Do
meaasurements have to be made or data col-
lected? Wil library research suffice? Do inter-
views have to be conducted? Is a computer
necessary? In other words, students si.ould
state what procedures they intend to follow in
the course of working on the project.

Third, students should keep a written record of
their work on the project. They should write
down the purpose of the project, the procedure
followed, and any materials used. They should
also record any questions that arose in working
on the project, keep track of data, and make
noles of their thoughts and ideas about the
projact. They should also decide how to best
communicale resulls; graphs, charls, tables,
and 30 on may be used.

Last, 8ludentd ghould write out their conclu-
$10n3, questiony, proals, or whataver lorm Lharr
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either as an oral or a written report.

The steps outlined above will help students to
become successful investigators. They will also
provide important documents for teachers to
review in assessing the educational outcomes
of the projects and shaping futura projects.

Desirable Outcomes of Projects and
Investigations

The use of projects in the science classreom
can have many positive learning outcomes for
students. In addition to developing students’
scientific skills, projects provide opportunities
{or students to grow intellectually and socially.
The following outcomes are a result of working
on projects.

* |learning to define problems and conduct inde-
pendent research

* |earning to work with others when doing a
group project

¢ learning that real-world problems are often
not simple but require extensive effort over a
long period of time

* learning to see science as a practical,
problem-solving technique

* |earning to organize, plan, and pursue long-
term objectives

* |earning to correctly use scientific materials
¢ learning to write reports of investigations

Scientific outcomes of projects are many and
varied. No one list can encompass everything
that students could learn from doing projects,
but a general list of outcomes can certainly be
written. Projects can be of the utmost impor-
tance in developing scientific capabilities be-
cause they provide opportunities for students to
do the following:

* solve and formulate problems in science and
make applications to the real world

* use scientific language to communicate ideas
¢ use analytical skills

¢ use the ability to apply reasoning skills

and scientific theories and laws

* make connections within the sciences and to
other disciplines

¢ develop an understanding of the nature of
science

* integrate scientific knowledge into a more
meaningful set of concepts

Evaluating Project Work

A teacher needs t0 evaluate project work by
looking for evidence of the growth of scientific
reasoning. If students have organized their
projects accerding to the guidelines of this
booklet, that is, if they have followed the steps
of (1) writing a description of the project, (2}
identifying the procedures they intend to follow,
{3) keeping a written record of their work, and
(4) stating their results, then an evaluation of
the project is not only possible but even rather
simple,

The description of the project will help the
teacher identify the key scientific growth areas
of the project. Of course, these relate to prob-
lem solving, reasoning, communication, and
connections. The procedure to be followed
should be useful in identifying more specific
aspects of each growth area for evaluation. The
written record and statement of results will en-
able the teacher to see the student’s thinking
as he or she has attempted tc complete the
project. Thinking implies understanding or a lack
of it, and the written record can give the
teacher insight into a student’s progress in de-
veloping scientific reasoning.

Each project must be evaluated on its own mer
its. A written project can be used to assess a
student’s writing skills. If the project is pre-
sented to the class, oral communication skills
can be assessed, A proof or solution to a diffi-
cult or non-routine problem provides evidence
of problem-solving abilities and reasoning skills.
The collection, organization, and analysis of datz
provide @vidence of problem-solving and think-
ing skills also. The use of different techniques
to represent or modal a situation, for example,
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@ rstanding of scientific connections. A teach-

7 er's evaluation of growth in any of these areas
is necessarily somewhat subjective and is
based upon an understanding of where each
sludent I1s on the learning continuum. Any eval-
uation, of course, implies that students are in-
formed of the teacher’'s assessment. Students
need to knaw how they are performing if fur-
ther growth ‘s going to take place.

Projects can be evaluated on either a holistic or
analytical basis. Holistic scoring makes judge-
ments based on a project as a whole. For ex-
ample, a teacher can read and evaluate a sam-
ple of projects to determine a range of perfor-
mance. Three to five categories can be estab-
ished, and as the teacher evaluates the rest of
the projects, they can be placed in the estab-
lished categories. After final adjustments,
grades can be assigned.

Analytic scoring breaks the project down into
specific elements or components and estab-
lishes point values for each one. For example,
using the suggestions in this bocklet, the fol-
lowing components and point values could be
used to evaluate projects.

Element Point Value
« Problem description 10
= Research method 10
« Project steps/Work record 20
« Data 20
« Conclusions 20
« Project reporl 20
= Project grade 100 points
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individuals and groups undertaking long-term
projects. One advantage of anaiytical scoring is
that it allows for checkpeints, redoing, and re-
write of the project elements. This approach
allows students to receive maximum points on
sach element when they demonstrate mastery
of the cencepts and skills involved.

Projects, in general, should be broadly struc-
tured so that students can display their thinking
processes and respond creatively. Teachers'
evaluation of creative thinking can be expressed
either holistically or analytically.

Cooperative Group Projects

The use of extended projects for the study of
science and as an assessment tool to deter-
mine what students understand about science
can be enhanced hy having students work to-
gether in cooperetive groups. These groups can
function beth in the classroom and out of class,

Working within a group allows students to pool
their contributions to the implementation and
results of the project. However, in so doing, the
contributions of each individual student may be
lost unless a record is kept as t0 who has done
what. This is important when group project
work is being evaluated. An evaluation should
certainly be made of the group’s performance,
but it is equally as important to assess what
each student has contributed to the group, This
may be most easily done hy having a written
log of group activities. Roles such as investiga-
tor, materials manager, reporter, and mainte-
nance director can be rotated among the group
members. After the final group report is written

each student can participate in an oral presenta-
tion of the group’s project.
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—' . | used for cooperative group projects. The sheet
is used to keep a record of the group's work,

¥n
s

GROUP LOG SHEET
. Group members
Project
Date | V.oik done Queastions Resuits

A project record may require many pages in or-
der to document the written record adequately.
This form can help students organize their

work. Project Report I

- Resuits / Conclusions

Data

Procedure R | |

Description

32

25

v [N .
b o T
hi m:m.-,n Aeal,, o

WINPT YR S S At T A

BEST COPY AVAILABLE




" ALTERNATE ASSESSMENT IN THE
. SCIENCE CLASSROOM . .

Description

A portfolic is a representative sample of student
work that is collected over a period of time.
Portfolios tell a story about student activities in
science. Their focus is on problem solving,
thinking and understanding, written communica-
tion, science connections, and students’ views
of themselver  learners of science.

A portolio is not just a folder of a student's work.
The pleces of work placed in a portfolio have
more significance than other work a student has
done. They are chosen as illustrations of a stu-
dent's best work at a particular point in time.
Thus, each item in a portfolio should be dated.
The range of items selected shows a student’s
intellectual growth in science over time.

Portfolios can be used to assess student perfor-
mance on a range of science tasks during the
school year. An assessment portfolio can be
created by the teacher and student working to-
gether, At first, students collect all their work
for two or three weeks in a work portfofic. A
review of the work portfolio provides a basis for
selecting items that will go into the assessmaent
portfolio. The teacher can assist students with
the review but should not direct the process. The
actual selection of the items by the students tells
lhe teacher what pieces of work the students
think ara significant. Student-selected itams halp
the (gacher Lo understand the studenta’ viewa of
themealves as developing "scienlists.” The Btu-
dent should submit a writien reflection on the
portiolio, documenting hid or her growth in 8¢I-
@nG@ during Lhe asgessment period.

A journal 1s a wriren account Inat a swgent
keeps to record what she or he has learned. It
can be used to record and summarize key top-
ics studied, the student’s feelings toward sci-
ence, difficulties or successes in solving a par-
ticular problem or topic, or any other notes or
comments the student wishes to make, The
use of a journal is an excellent way for students
to practice and improve their writing skills. Jour-
nal entries, of course, can be considered for
inclusion in an assessment portfolio,

Examplos of Portfolio Topics
The following examples illustrate topics that are
appropriate for inclusion in a portfolio.

* a written report of an individual project or in-
vestigation

* oxamples of problems or investigations for-
mulaled by the student

® responses to open-ended questions or chal-
lenging homework problems

® excerpts from a journal
¢ scientific artwork
* a student’s contribution to a group report

* a photo or sketch of physical medels to illus-
trate a scientific idea

* teacher-completed checklists showing scien-
tific growth

* the use or science apparatus, calculators, or
computers in an investigation or problem-
solving activity

* a scientific autobiography
¢ an applied use of science in another discipline

¢ an explanaticn by the student of each item Iin
the portfolio

* 3 table of contents

Balancing a Portfolio

The selection of work samples for a portfolio
should be done with an eye toward presenting
& balanced portrait of a student’s achievements.
As a portfolio is being assembled, the major
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ples selected that are representative of growth
in each area. Thus, students and teacher would
seek samples that illustrate growth in under-
standing in each of the following:

* problem-solving skills
» reasoning and critical-thinking skills
s communication skills

* scientific connections

Other important curriculum considerations for
portfolic samples are:

* statements on scientific attitudes such as mo-
tivation, curiosity, and seif-confidence

¢ group skills in working with others

* use of lechnological tools

Advantages of Using Portfolios

The use of assessment portfolios in science has
grown out of the need to align assessment
tasks with emerging curricular standards and
also because of the frustration and dissatisfac-
tion felt by teachers with the narrow fact-
dominated, paper-and-pencil tests. Scme of the
advantages of using portfolics as assessment
tools are the following.

* They help to give a more complete picture of
students’ scientific achievement and growth.

* They emphasize complex and realistic tasks
performed over a few weeks rather than
speed and accuracy.

* They include students in the assessment pro-
cess and encourage students’ self-
assessment.

» They involve students in authentic tasks of
the type they will encounter outside of
school.

* They motivate the study and learning of sci-
ence.

* They are effective tools for teacher and par-
ent communication about students’ work.

* They encourage the development of writing
skills.

MUYTGINLayca wvi WY wuUus [1ar

As students study science independently, the
use of a journal can be very helpful in the cevel-
opment of a reflective and introspective point of
view. Journal entries are conducive to thinking
about why something has been done. They can
be used to note questions, insights, successes,
and frustrations. The use of a journal can pro-
vide a history of a student’s independent work
that illuminates the growth of problem-sclving
or thinking skills. Very often, students tend to
rush through their written assignments so they
can put schoolwork aside. Keeping a journal
mitigates this tendency—it encourages a more
thoughtful attitude toward written work and,
over time, should be instrumental in helping
students learn more science.

When and How to Implement
Portfelics can be used throughout the school
year. If you have never used them before but
want to start, and classes have already begun,
it is not too late to introduce students 1o estab-
lishing pertfolios.

You can begin by discussing the idea ol a port-
folic. The ideas presented in this booklet can be
a starting peint. You might also wish to review
some other sources on the use of portfolios
before your discussion with students. Go over
the purpose of using portfolios and the proce-
dures outlined below.

s Use file folders for students 1o coliect al! their
work in a work portfolio.

» Ask students what they think should be in-
cluded in a portfolio.

* Discuss the format of a good portfolic — neat,
typed or written in ink, table of contents, per-
sonal statement as to why each piece of
work was included.

* Provide variety in assignments so the portfo-
lics can reflect this variety —group work,

projects and investigations, journals, and so
on.

* Have students create their tirst assessment
portlolio [rom their work portlolios.

* Have students review others’ first portfolios
so they can see their classmales’ work.

27
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@shomd be evaluated.

Discuss each student’s portfolio with the stu-
dent in preparation for development of the next
or revised portfolio.

The initial implementation of using portfolios
will be a learning experience for you as well as
for your students. As you both gain experience
in using portfolios, their effectiveness in guiding
instruction and for assessment purposes will be
increased greatly. Although lhe use of assess-
ment portfolios may seem like exira work at
first, their continued use will enrnich the teaching
and learning process.

Evaluating Portfolios

The evaluation ol a student's portlcho provides
an opportunity for lhe leacher and student 1o
enter into a dialogue aboul whal Lhe sludent
has leamed. Porilolios can be assigned grades,
but if the intent is Lo provido a judgment ol Lhe
student's work, then leache: commenls would
be better than grades. lt 1s possible to give all
students the same grade for submitling the
portfolio and meeling with tha leacher to dis-
cuss its contenls.

In portfolio assessment, the leacher must keep
in mind that the pieces of work In the portfolio
have been chosen by the students as represen-
tations of their best efforts. Thus, a portfolio 1s
in essence a self-evaluation by the student who
has created it. The teacher's goal in assessing
the portfolio is to help the student gain addi-
tional insights into his or her scientific perfor-
mance on the tasks exhibited in the portfolio.
These insights would involve growth in the un-
derstanding of science, strengths and weak-
nesses of approaches and procedures, and an
analysis of both the kinds of decisions made
and the final outcomes of the activiues in the
portfolios.

Ideally, the teacher estabiishaes assessment cri-
teria that can be sharad with the sludents.
Thus, the criteria of establishing and assessing
a portfolio 18 known by both the teacher and the
studants. |l 15 these crilena that form the basis
for the assessment comments the leechar
makes on the work in the portfoho. In creating a

portrolio, the Student then tollows the criteria
established by the teacher. Work is selected to
represent the key goals of instruction.

Assessment criteria for portfolio evaluation are
being established in school districts and science
classrooms across the country. However, you
may have to develop your own critaria. In so
doing, you can develop those that are important
to you and your students. The following section
lists some ideas that can provide the basis for
establishing your own criteria,

Assessment Criteria

The assessment criteria for a portfolio can be
organized into categories that align with the cur-
riculum goals you are trying to implement. The
implementation of any set of criteria will involve
the judgment of the teacher and can be holistic
or analytic. The holistic judgment approach of
avaluating a student's work would look for the
overall quality of a piece of work in contrast 10
specific information or “right” steps being fol-
lowed. You can also give a fixed grade for com-
pleting the portfolio process. In this mastery
approach, students have the option to redo ter-
tain elements of the portfolio in order to gain all
possible points,

Assessment criteria would help to guide the
teacher in making holistic judgments about stu-
dents' work. They would also be very useful in
keeping the teacher’'s assessments of different
students consistent.

Problem-Solving Criteria
Problem-solving criteria can be used to evaluate
a student's performance in the following areas.

* understanding of problems

* use of various strategies to make a plan for
solving problems

* ability to carry out a plan using models or
technology

* analysis of results including statistical proce-
dures

s formulation of problems

* creativity of approaches to complex problems
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These criteria apply to students’ use of lan-
guage to express themselves scientifically.
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* critiquing ideas and procedures

* use of correct terminology ¢ constructing, extending, applying ideas

* writing clearly to express ideas Other Criteria

¢ good organization of written work and journals These criteria involve the following,

. * relating science to the real world
¢ explanation of results

. * making connections within science
* summary of key lopics

¢ development of positive attitudas

reflection on scientific ideas

. * valuing of science
¢ asking questions d

* use of self-assessment and self-correction of

Reasoning Criteria work

Reasoning critena aid the teacher in comment- ¢ group work

i [ollowing, . N .
ing on the following ¢ use of different scientific representations or

* denutying vanables maodels
* making hypotheses * intarpretation of ideas
. | ® conduci-1g an inquiry * tachnology
¢ documenling results * concepts and procedures
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The following sample form can be used to write assessment comments for a student’s portfolio.

Assessment of Portfolio

Student

Teacher

Date

1. Concepts, procedures, process skills explored

2. Areas of growth in understanding

3. Unfinished work or work needing revision

4. Assessment of the following areas:
a. Problem-solving work

b. Reasoning and critical thinking

c. Use of language

d. Other

30 37
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Description

In addition to the major models of assessment
discussed in the previous sections of this book-
let, the following assessment techniques also
can be used to monitor students’ perfor-
mances:

Interviews and Conferences

Student Self-Assessment

Student-Constructed Tests
* Homework

Each of these other types of alternate assess-
ment methods is discussed in the following
sections.

interviews and Conferences

Interviews and conferences provide an opportu-
nity for the teacher and student to meet to-
gether to discuss science. This personal meet-
ing with a teacher can be a powerful motivating
experience for many students. It can also pro-
vide the teacher with a great deal of useful in-
formation about how the student thinks and
fesls about science.

An interview can be structured around ques-

tions that relate to a specific scientific topic. For

example, a problem-solving interview would

pose a problem for a student 10 solve. Working

from a planned set of questions, the teacher is

interesied in learning how Lhe sludent foas ?8
L
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solve the problem, the procedure followed, and
the meaning of the solution. Questions by the
teacher and verbal responses by the student
are key ingredients of an interview.

A conference is not quite as focused as an in-
terview. A conference is an informal discussion
involving the teacher and one student. Although
a conference should always have a reason for
being held— say, for example, to review and
discuss a student’s portfolio—it need not stay
with that purpose exclusively. Let the students
talk, ask questions, and discuss what is impor-
tant to them. Appropriate comments and ques-
tions by the teacher can elicit valuable assess-
ment information from the student that may e
impossible to get in any other way.

Helpful Hints for Interviews and
Conferences

The following helpful hints have heen sug-
gested by the Mational Council of Teachers of
Mathematics. They are also useful in science.

¢ Be ready ahead of time with questions.

Put students at ease.

Explain that you are looking for creative
thinking.

Pose a problem.

Take notes.

Be a good listener,
¢ Be nonjudgmental.

* Do any instruction intervention in a separate
setting.

Student Self-Assessment

One of the real benefits of using performance
assessment tasks is the opportunity to have
students take part in the assessment process.
Whan assessment is viewed as an integral parn
of the instructional process, its focus shifts
from giving tests to h@lping students under-
stand the goals of the learming experience and
the crit@ria for BUCC@Ss.
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@\; lﬁr icit i all alternate metnoas of assessment

is the idea that these methods can work most
effectively when students know the goals of
instruction and the criteria for measuring suc-
cess against those geals. Knowing the goals
and the criteria for success equips students to
monitor their own progress.

Encouraging Self-Assessment

In order to help students learn how to monitor
their own progress. the teacher needs 1o ex-
plain the goals of instruction and the cnteria for
evaluating performances against the goals. The
major instructional goals for the year can be dis-
played 1n the classroom and ccpies given to
each student, How students wil! be judged on
their work also needs to be discussed. Students
need to understand that right and wrong an-
swers are not a central concern. Evidence of
signs of growth n understanding and of the
ability to think, communicate, and sclve prob-
lems are new criteria [or SUCCESS In science.

Encourage students to question their own work.
strengths and weaknesses, accomplishments,
work habils, goals, and allitudes. Ask students
periodically lo 16!l you what they have done that
shows progress toward achieving their goals.
Ask Lhem also Lo evaluale Lheir own reports,
[journals, portfolios. and so on and (o provide
evidence lor thair evaluations. All ol these
methods can halp sludents learn how lo assess
their own work.

Using Self-Assessment Forms

One device that can be used for seli-avaluation
is called a self-assessmant form. You and your
students can design such a form togelher.
Then, every three or four weeks sludents can
complete the ferms and give them tc you. Ty
cal questions on the forms are as [ollows.

* What new understanding of science have yau
learned recently?

* What topiC i1s causing you dilficulty at s
time?

* Have you found any new topics that radlly
interest you? Describa tham.
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* vvnat do you enjoy or NoL enjoy anout work-
ing in groups?

* How do you [eal about sciance now?

* What progress do you think you have made in
science dunng tha past law waeks?

* What can we do Lo improve our science
class?

Goals of Self-Assessment

As students take a more active part in assess-
ing therr own work, they will become more ma-
ture and responsible learners. Self-assessment
ieads to self-direction, learning how to work and
think independently, learning to set goals and
priorities, and learning to work hard to achieve
success on schooi tasks and real-life tasks.
These are the ultimate goals to which self-
assessment can lead.

The goals of self-assessment in learning sci-
ence are more modest than those stated above,
but no less important. Through seif-assessment,
students take part in the instruction process by
evaluating their own performances. Therr subse-
quent actions should result in learning more sci-
ence, correcting errors or misconceplions, im-
preving their perfermances on more challenging
tasks, and gaining desper insighis into the na-
ture of science itsell.

Student-Constructed Tests

An interesung idea for agssessment i1s 1o have
sludents take some tests constructed ol
student-made test tems. For evaluation of basic
skills and of [actual knowledge, written tests
are still an elfecive means cl assessing perfor-
mance. Having students construct their own
ta@st items gives them a sense of participation in
lhe assessmenl process. They enjoy making up
the items and are generally very inleresled In
the solutions.

A class can be dvided into small groups ol
Ihtae or four students each to make up tast
itema. Obwviously, the items need Lo represent
g content baing studied. The teacher chooses
t@ms [rom @ach group to includse on the tesl. It
i inportant that all students contribute to the
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retained. When discussing tho correct re-
sponses, contributing groups can offer study
suggestions for their test items.

Ancther technique to add variety and interest to
written tests is to have students work on take-
home tests. This is done by some college
teachers, but is not usually implemented by
teachers of middle and high school students.
Take-home tests can challenge students witn
more open-ended questions or non-routine
problems. Time is not a factor as students can
use all the time they need te do the test. Take-
home tests can be teacher- or student-
cohstructed.

Practical tests that cover topics from biology,

geology, physics, chemistry, and other science
fields offer yet'another way to modify the test-
taking regimen. These tools make use of physi-

Wi W VUL IWWUD WLong, IIIU, Ll WG VAU IS

or student-constructed and can be administered
to individuais or small groups of tvo or three
students,

Homework often is assigned and gone over In
class the next day, but in most science classes
it usually has no significant role in assessing a
student’s performance. However, this does not
have to be the case. Some teachers have had
success with assigning fewer homework papers
but requiring that the assigned homewaik be
completed and included in a work or assess
ment portfolio. Certain carefully selected home-
wark assignments could be reviewed and evalu-
ated on a periodic basis. Skill types of problems
or exercises could occasionally be included for
evaluation; however the emphasis should be on
thought-provoking questions. Thus, homework
can play a more important role as an alternate
assessment technique.
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Why Alternate Assessment?

The science classroom has always been domi-
nated by one method of testing, namely, paper-
and-pencil tests that measurad a student's re-
call of factual information and basic process
skills. Today, the science curriculum is evolving
to inciude broader, integrated process goals of
instruction. such as teaching students that sci-
ence /s solving problems. The emerging goals
also involve speaking, reading, writing, critical
thinking, and reasoning, and are intimately con-
nected to the real world. Alternate assessment
methods are necessary to measure students'
performances againsi these emerging goals of
science instruction.

What is Performance Assessment?
Underlying the idea that paper-and-pencil tests
are not sufficient for measuring a student’s per-
formance on goals that require understanding of
information, and not just its recali, is the more
fundamental notion that you can find out what a
persen knows by having the person do somse-
thing. The skills of a baseball player are not
judged by giving him a written test cn the rule
book. Rather, he is given a ball, glove, and hat
and pul on the field to play ball. Then an as-
sessmenl can be made of his performance as a
player.

The same idea applies to education. The skills
and knowledge of a sludent as a solver of proh
| lems cannot be judged by having the student
solve contrived word problems on a wrillen lest
that have a single simplisti¢ answer. Problem
solving is @ complex lask that 18 based upon an
understanding of concepls, stralegies, exper
ence, attitudes, and skills thal develop and

dent kriows about solving problems, tasks must
be devised that allow the student an opportu-
nity to demonstrate performance. Performance
assessment is a method of assessment that
attempts to find out what students know and
can do by using performance tasks.

How Can | Find Out What Studants
Know Without Giving Tests?

No one is suggesting that written tests not be
used in the science classroom. Such tesls are
vary useful in assessing concepl chjectives, and
clearly, concept understandirq is an gssential
aspect of learning science. But concept knowi-
edge alcne, without the ability to solve prob-
lems, communicate scientific ideas, and see
relationships, is totally useless knowledge. It
will be forgotten in time and will never be put
to use in the world outside of school.

Teachers can find out what students know by
listening to them answer questions, by review-
ing their projects, by having them give presenta-
tions and work in cooperative learning groups,
and by keeping journals and portfolios. In other
words, students can demonstrate what they
know through a variety of performance tasks
that can be as simple as answering an open-
ended questicn or as involved as creating a
portfolio. Each of these alternate assessment
technigues has been discussed in detail in Lhis
booklet.

Do | Have to Make Any Changes in
My Teaching?

Perhaps. Alternate methods of assessment in-
volving performance tasks are not intrusions
into the classroom; they are an integral part of
the instructionél process. Instruction does not
end when a performance task is given, which is
usually the case with a written test. The use of
perlormance assessment tasks implies thal
some@ changes may have to be made in the way
a Clagsroom is run and organized. These
changes can be inlroduced gradually, such as
using cooperative learning groups or gelting stu-
dents involved in creating portfolios. Over ime,
however, a parformance-based approach lo
teaching will have the effect of increasing stu-
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and decreasing the amount of time you spend
giving instructions.

Are Grades Assigned to Perfermance
Tasks?

Grades in school are still a fact of life. Numeri-
cal assessments 2an be made and grades as-
signed to the results of performance tasks.
However, since the goal of performance as-
sBessment I1s 1o judge growth in understanding,
this 18 besl indicated by a teacher's comments
rathar than a grade. A grade gives students the
message that the work is done successfully,
parlially, or unsuccesasfully. A teacher’'s com-
mente can give 8 sludent some insight into
whal &he or he knows and thus provide a basis
for tulure wark. Writlen lests and grades chop
up teaching and learning into small discrete
pieces of information. Performance tasks and
teacherg’ wrilten evaluauons of them recognize
that 1eaching and I@arning are conuinuous
processos-— a |journgy — that involve laachers
ancl studenls working togelher loward common
goals.

How Do | Get Started?
This booklel provides ideas and suggestuiens for
using alternate assessmenl lechnigues in the
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need to use these suggestions in his or her
own way 10 meet local goals and curriculum
objectives. The National Committee on Science
Education Standards and Assesgment is cur-
rently working on goals, standards, and assess-
ment in science. They will be published in the
next few years. Mathematics educators have
recently completed this task for mathematics
and are now implementing a new set of goals
and standards. We borrow some useful advice
on how to get started from the 1991 NCTM
Booklet entitled Mathematics Assessment:
Myths, Madels, Goad Questions, and Practical
Suggestions.

* Don't try to do 1t all at once. Starl with one
idea, then try anoiher.

¢ Don't ry to do it all alone. Involve olher
teachers, parents, and adminisirators,

* Gel involved in science nelworking, especially
through science organizations.

s Talk with others about the changes you are
making. Let parents, students, and other
teachers know what is happening.

* Communicate with business and industry for
practical ideas about real-life assessment
practices.
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