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Assessment in Science

Education

The assessment standards provide

criteria to judge progress toward

the science education vision of sci-

entific literacy for all. The standards

describe the quality of assessment

practices used by teachers and state

and federal agencies to measure student achievement and the opportunity

provided students to learn science. By identifying essential characteristics of

exemplary assessment practices, the standards serve as guides for develop-

ing assessment tasks, practices, and policies. These standards can be applied

equally to the assessment of students, teachers, and programs; to summative

and formative assessment practices; and to classroom assessments as well as

large-scale, external assessments. This chapter begins with an introduc-

tion that describes the components of the assessment process and a con-

temporary view of measurement theory and practice. This introduction
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is fo ll owed by the assessment standards and

t h en by discussions of s ome ways te ach ers

use assessments and some ch a racteri s tics of

a s s e s s m ents con du cted at the distri ct ,s t a te ,

and nati onal level s . The ch a pter closes wi t h

t wo sample assessment tasks, one to probe

s tu den t s’ u n derstanding of the natu ral worl d

and another to probe their abi l i ty to inqu i re .

In the vision described by the National

Science Education Standards, assessment is a

primary feedback mechanism in the science

education system. For example, assessment

data provide students with feedback on how

well they are meeting the expectations of

their teachers and parents, teachers with

feedback on how well their students are

learning, districts with feedback on the

effectiveness of their teachers and programs,

and policy makers with feedback on how

well policies are working. Feedback leads to

changes in the science e ducation system by

stimulating changes in policy, guiding

teacher professional development, and

encouraging students to improve their

understanding of science.

The assessment process is an effective tool

for communicating the expectations of the

science education system to all concerned

with science education. Assessment practices

and policies provide operational definitions

of what is important. For example, the use

of an extended inquiry for an assessment

task signals what students are to learn, how

teachers are to teach,and where resources

are to be allocated.

Assessment is a systematic, multistep

process involving the collection and inter-

pretation of educational data. The four

components of the assessment process are

detailed in Figure 5.1.

As scien ce edu c a tors are ch a n ging the way

t h ey think abo ut good scien ce edu c a ti on ,

edu c a ti onal measu rem ent specialists are

ack n owl ed ging ch a n ge as well . Recogn i ti on

of the import a n ce of a s s e s s m ent to con tem-

pora ry edu c a ti onal reform has cataly zed

re s e a rch , devel opm en t , and implem en t a ti on

of n ew met h ods of data co ll ecti on alon g

with new ways of ju d ging data qu a l i ty. Th e s e

ch a n ges in measu rem ent theory and practi ce

a re ref l ected in the assessment standard s .

In this new view, assessment and learning

are two sides of the same coin. The methods

used to collect educational data define in

measurable terms what teachers should

teach and what students should learn. And

when students engage in an assessment

exercise, they should learn from it.

This view of assessment places greater

confidence in the results of assessment pro-

cedures that sample an assortment of vari-

ables using diverse data-collection methods,

rather than the more traditional sampling of

one variable by a single method. Thus, all

aspects of science achievement—ability to

inquire, scientific understanding of the nat-

ural world, understanding of the nature and

utility of science—are measured using mul-

tiple methods such as p erformances and

portfolios, as well as conventional paper-

and-pencil tests.

The assessment standards include

increased emphasis on the measurement of

The asse s s m ent pro cess is an ef fe ctive tool
for co m mu n i c a ting the expe ct a tions of t h e
sci en ce edu c a tion sys tem to all co n cern ed

with sci en ce edu c a ti o n .

See Assessment

Standard B
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DECISIONS AND ACTION BASED ON DATA

F I G U R E  5 . 1 . CO M P O N E N T S  O F  T H E  A S S E S S M E N T  P R O C E S S

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

DATA USE

■ Plan teaching

■ Guide learning

■ Calculate grades

■ Make comparisons

■ Credential and
license

■ Determine access
to special or
advanced
education

■ Develop education
theory

■ Inform policy
formulation

■ Monitor effects of
policies

■ Allocate resources

■ Evaluate quality
of curricula,
programs,and
teaching practices

D ATA CO L L E C T I O N

To describe and
quantify:

■ Student
achievement and
attitude

■ Teacher
preparation and
quality

■ Program
characteristics

■ Resource
allocation

■ Policy instruments

METHODS TO
COLLECT DATA

■ Paper and pencil
testing

■ Performance
testing

■ Interviews

■ Portfolios

■ Performances

■ Observing
programs,students,
and teachers in
classroom

■ Transcript analysis

■ Expert reviews of
educational
materials

USERS OF DATA

■ Teachers

■ Students

■ Educational
administrators

■ Parents

■ Public

■ Policymakers

■ Institutions of
higher education

■ Business and
industry

■ Government
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opportunity to learn. Student achievement

can be interpreted only in light of the quali-

ty of the programs they have experienced.

Another important shift is toward

“authentic assessment.” This movement calls

for exercises that closely approximate the

intended outcomes of science education.

Authentic assessment exercises require stu-

dents to apply scientific knowledge and rea-

soning to situations similar to those they

will encounter in the world outside the

classroom, as well as to situations that

approximate how scientists do their work.

An o t h er con ceptual shift within the edu-

c a ti onal measu rem ent area that has sign i f i-

cant implicati ons for scien ce assessmen t

i nvo lves va l i d i ty. Va l i d i ty must be con cern ed

not on ly with the technical qu a l i ty of edu c a-

ti onal data, but also with the social and edu-

c a ti onal con s equ en ces of data interpret a ti on .

An important assumption underlying the

assessment standards is that states and local

districts can develop mechanisms to mea-

sure students’ achievement as specified in

the content standards and to measure the

opportunities for learning science as sp eci-

fied in the program and system standards. If

the principles in the assessment standards

are followed, the information resulting from

new modes of assessment applied locally

can have common meaning and value in

terms of the national standards, despite the

use of different assessment procedures and

instruments in different locales. This con-

trasts with the traditional view of educa-

tional measurement that allows for compar-

isons only when they are based on parallel

forms of the same test.

The St a n d a rds 

ASSESSMENT STANDARD A:

As s e s s m e nts must be co n s i s te nt

with the decisions they are

designed to info rm .

■ Assessments are deliberately

designed.

■ Assessments have explicitly

stated purposes.

■ The relationship between the deci-

sions and the data is clear.

■ Assessment procedures are

internally consistent.

The essential characteristic of well-designed

assessments is that the processes used to col-

lect and interpret data are consistent with

the purpose of the assessment. That match

of purpose and process is achieved through

thoughtful planning that is available for

public review.

A S S E S S M E N TS ARE DELIBERAT E LY

D E S I G N E D. Educational data profoundly

influence the lives of students,as well as the

people and institutions responsible for sci-

ence education. People who must use the

results of assessments to make decisions and

take actions,as well as those who are affect-

ed by the decisions and actions, deserve

assurance that assessments are carefully con-

ceptualized. Evidence of careful conceptual-

ization is found in written plans for assess-

ments that contain

■ Statements about the purposes that the

assessment will serve.

■ Descriptions of the substance and techni-

cal quality of the data to be collected.

■ S pec i f i c a ti ons of the nu m ber of s tu dents or

s ch ools from wh i ch data wi ll be obt a i n ed .
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■ Descriptions of the data-collection

method.

■ Descriptions of the method of data inter-

pretation.

■ Descriptions of the decisions to be made,

including who will make the decisions

and by what procedures.

A S S E S S M E N TS HAVE EXPLICITLY STAT E D

P U R P O S E S . Con du cting assessments is a

re s o u rce - i n ten s ive activi ty. Ro utine assess-

m ents in the cl a s s room place con s i dera bl e

demands on the time and intell ectu a l

re s o u rces of te ach ers and stu den t s .L a r ge -

scale assessmen t s , su ch as those con du cted by

d i s tri ct s , s t a te s , and the federal govern m en t ,

requ i re trem en dous human and fiscal ex pen-

d i tu re s . Su ch re s o u rces should be ex pen ded

on ly with the assu ra n ce that the dec i s i on s

and acti ons that fo ll ow wi ll increase the sci-

en tific literacy of the stu dents—an assu ra n ce

that can be made on ly if the purpose of t h e

a s s e s s m ent is cl e a r.

THE RELATIONSHIP BETWEEN T H E

DECISIONS AND THE DATA IS CLEAR.

As s e s s m ents test assu m pti ons abo ut rel a ti on-

ships among edu c a ti onal va ri a bl e s . For

ex a m p l e ,i f the purpose is to dec i de if a

s ch ool distri ct’s managem ent sys tem should

be con ti nu ed ,a s s e s s m ent data might be co l-

l ected abo ut stu dent ach i evem en t . Th i s

ch oi ce of a s s e s s m ent would be based on the

fo ll owing assu m ed rel a ti on s h i p : the manage-

m ent sys tem gives te ach ers re s pon s i bi l i ty for

s el ecting the scien ce progra m s , te ach ers have

an incen tive to implem ent ef fectively the pro-

grams they sel ect , and ef fective implem en t a-

ti on improves scien ce ach i evem en t . The rel a-

ti onship bet ween the dec i s i on to be made

and the data to be co ll ected is spec i f i ed .

ASSESSMENT PROCEDURES NEED TO

BE INTERNALLY CO N S I S T E N T. For an

assessment to be internally consistent, each

component must be consistent with all oth-

ers. A link of inferences must be established

and reasonable alternative explanations

eliminated. For example, in the district

management example above, the relation-

ship between the management system and

student achievement is not adequately tested

if student achievement is the only variable

measured. The extent to which the manage-

ment system increased teacher responsibility

and led to changes in the science programs

that could influence science achievement

must also be measured.

ASSESSMENT STANDARD B:

Ac h i eve m e nt and oppo rt u n i ty to

l e a rn science must be assessed.

■ Achievement data collected focus on

the science content that is most

important for students to learn.

■ Opportunity-to-learn data collected

focus on the most powerful indicators.

■ Equal attention must be given to the

assessment of opportunity to learn

and to the assessment of student

achievement.

ACHIEVEMENT DATA COLLECTED FOCUS

ON THE SCIENCE CONTENT THAT IS

MOST IMPORTANT FOR STUDENTS TO

LEARN. The content standards define the

science all students will come to understand.

They portray the outcomes of science edu-

cation as rich and varied, encompassing

■ The ability to inquire.

■ Knowing and understanding scientific

facts, concepts, principles, laws, and

theories.

See Teaching

Standard F
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The In s e ct and the
Sp i d e r

Titles in this example emphasize some of the
components of the assessment process. In the
vision of science education described in the
Standards, teaching often cannot be distin-
guished from assessment. In this example, Ms.
M. uses information from observations of stu-
dent work and discussion to change classroom
practice to improve student understanding of
complex ideas. She has a repertoire of analo-
gies, questions, and examples that she has
developed and uses when needed. The stu-
dents develop answers to questions about an
analogy using written and diagrammatic rep-
resentations. The administrator recognizes
that teachers make plans but adapt them and
provided Ms. M. with an opportunity to
explain the reasoning supporting her decision.

[This example highlights some elements of
Teaching Standard A and B; Assessment
Standard A, 5-8 Content Standard B, and
Program Standard F.]

SCIENCE CO N T E N T: The 5-8 Physical

Science Content Standard includes an

understanding of motions and forces.One

of the supporting ideas is that the motion of

an object can be described by the change in

its position with time.

ASSESSMENT ACTIVITY: S tu dents re s pon d

to qu e s ti ons abo ut frames of referen ce wi t h

ex ten ded wri tten re s ponses and diagra m s .

ASSESSMENT TY PE : This is an indivi d-

ual ex ten ded re s ponse exercise em bed ded

in te ach i n g.

ASSESSMENT PURPOSE: The teacher

uses the information from this activity to

improve the lesson.

D ATA : Students’ written responses.

Teacher’s observations.

CO N T E XT: A seventh-grade class is study-

ing the motion of objects. One student,

describing his idea about motion and forces,

points to a book on the desk and says “right

now the book is not moving.” A second stu-

dent interrupts, “Oh, yes it is. The book is

on the desk, the desk is on the floor, the

floor is a part of the building, the building is

sitting on the Earth, the Earth is rotating on

its axis and revolving around the Sun, and

the whole solar system is moving through

the Milky Way.” The second student sits

back with a self-satisfied smile on her face.

All discussion ceases.

Ms. M. signals time and poses the follow-

ing questions to the class. Imagine an insect

and a spider on a lily pad floating down a

stream. The spider is walking around the

edge of lily pad. The insect is sitting in the

middle of the pad watching the spider. How

would the insect describe its own motion?

How would the insect describe the spider’s

motion? How would a bird sitting on the

edge of the stream describe the motion of

the insect and the spider? After setting the

class to work discussing the questions,the

teacher walks around the room listening to

the discussions. Ms.M. asks the students to

write answers to the questions she posed;

she suggests that the students use diagrams

as a part of the responses.
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The school principal had been observing

Ms. M. during this class and asked her to

explain why she had not followed her origi-

nal lesson plan. Ms. M. explained that the

girl had made a similar statement to the

class twice before. Ms. M. realized that the

girl was not being disruptive but was mak-

ing a legitimate point that the other mem-

bers of the class were not grasping. So Ms.

M. decided that continuing with the discus-

sion of motions and forces would not be

fruitful until the class had developed a bet-

ter concept of frame of reference. Her ques-

tions were designed to help the students

realize that motion is described in terms of

some point of reference. The insect in the

middle of lily pad would describe its motion

and the motion of the spider in terms of its

reference frame, the lily pad. In contrast, the

bird watching from the edge of the stream

would describe the motion of the lily pad

and its passengers in terms of its reference

frame, namely the ground on which it was

standing. Someone on the ground observing

the bird would say that the bird was not in

motion, but an observer on the moon

would have a different answer.
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■ The ability to reason scientifical ly.

■ The ability to use science to make per-

sonal decisions and to take positions on

societal issues.

■ The ability to communicate effectively

about science.

This assessment standard high l i ghts the com-

p l ex i ty of the con tent standards wh i l e

ad d ressing the import a n ce of co ll ecting data

on all aspects of s tu dent scien ce ach i evem en t .

E du c a ti onal measu rem ent theory and prac-

ti ce have been well devel oped pri m a ri ly to

m e a su re stu dent knowl ed ge abo ut su bj ect

m a t ter; t h erefore , m a ny edu c a tors and po l i c y

a n a lysts have more con f i den ce in instru m en t s

de s i gn ed to measu re a stu den t’s command of

i n form a ti on abo ut scien ce than in instru-

m ents de s i gn ed to measu re stu den t s’ u n der-

standing of the natu ral world or their abi l i ty

to inqu i re . Ma ny current scien ce ach i evem en t

tests measu re “ i n ert” k n owl ed ge — d i s c rete ,

i s o l a ted bits of k n owl ed ge — ra t h er than

“active” k n owl ed ge — k n owl ed ge that is ri ch

and well - s tru ctu red . As s e s s m ent proce s s e s

that inclu de all outcomes for stu dent ach i eve-

m ent must probe the ex tent and or ga n i z a ti on

of a stu den t’s knowl ed ge . Ra t h er than ch eck-

ing wh et h er stu dents have mem ori zed cert a i n

i tems of i n form a ti on ,a s s e s s m ents need to

probe for stu den t s’ u n ders t a n d i n g, re a s on i n g,

and the uti l i z a ti on of k n owl ed ge . As s e s s m en t

and learning are so cl o s ely rel a ted that if a ll

the outcomes are not assessed , te ach ers and

s tu dents likely wi ll redefine their ex pect a ti on s

for learning scien ce on ly to the outcomes that

a re assessed .

O P P O RT U N I TY- TO-LEARN DATA CO L-

LECTED FOCUS ON THE MOST POW E R-

FUL INDICATO R S . The system, program,

teaching, and professional development

standards portray the conditions that must

exist throughout the science education sys-

tem if all students are to have the opportu-

nity to learn science.

At the classroom level,some of the most

powerful indicators of opportunity to learn

are teachers’ professional knowledge,includ-

ing content knowledge, pedagogical knowl-

edge,and understanding of students; the

extent to which content, teaching, profes-

sional development, and assessment are

coordinated; the time available for teachers

to teach and students to learn science; the

availability of resources for student inquiry;

and the quality of educational materials

available. The teaching and program stan-

dards define in greater detail these and

other indicators of opportunity to learn.

Some indicators of opportunity to learn

have their origins at the federal, state,and

district levels and are discussed in greater

detail in the systems standards. Other pow-

erful indicators of opportunity to learn

beyond the classroom include per-capita

educational expenditures,state science

requirements for graduation,and federal

allocation of funds to states.

Compelling indicators of opportunity to

learn are continually being identified, and

ways to collect data about them are being

designed. Measuring such indicators pre-

sents many technical,theoretical, economic,

and social challenges, but those challenges

do not obviate the responsibility of moving

forward on implementing and assessing

opportunity to learn. The assessment stan-

dards call for a policy-level commitment of

the resources necessary for research and

development related to assessing opportuni-

ty to learn. That commitment includes the

See Content

Standards B, C,and

D (all grade levels)

See the principal

Learning science is

an active process in

Chapter 2
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development of the technical skills to assess

opportunity to learn among science educa-

tion professionals, including teachers, super-

visors, administrators,and curriculum

developers.

E QUAL ATTENTION MUST BE GIVEN TO

THE ASSESSMENT OF OPPORT U N I TY

TO LEARN AND TO THE ASSESSMENT

OF STUDENT AC H I EV E M E N T. Students

cannot be held accountable for achievement

unless they are given adequate opportunity

to learn science. Therefore, achievement and

opportunity to learn science must be

assessed equally.

ASSESSMENT STANDARD C:

The te c h n i cal quality of the dat a

co l l e cted is well matched to the

decisions and actions taken on

the basis of their inte rp re t at i o n .

■ The feature that is claimed to be

measured is actually measured.

■ Assessment tasks are authentic.

■ An individual student’s performance

is similar on two or more tasks that

claim to measure the same aspect of 

student achievement.

■ Students have adequate opportunity

to demonstrate their achievements.

■ Assessment tasks and methods of pre-

senting them provide data that are

sufficiently stable to lead to the same

decisions if used at different times.

Standard C addresses the degree to which

the data collected warrant the decisions and

actions that will be based on them. The

quality of the decisions and the appropriate-

ness of resulting action are limited by the

quality of the data. The more serious the

consequences for students or teachers, the

greater confidence those making the deci-

sions must have in the technical quality of

the data. Confidence is gauged by the quali-

ty of the assessment process and the consis-

tency of the measurement over alternative

assessment processes. Judgments about con-

fidence are based on several different indica-

tors, some of which are discussed below.

THE FEATURE T H AT IS CLAIMED TO BE

MEASURED IS AC T UA L LY MEASURED.

The con tent and form of an assessment task

must be con gru ent with what is su ppo s ed to

be measu red . This is “ va l i d i ty.” For instance ,

i f an assessment claims to measu re stu den t s’

a bi l i ty to frame qu e s ti ons for con du cting sci-

en tific inqu i ry and to de s i gn an inqu i ry to

ad d ress the qu e s ti on s , a short - a n s wer form a t

would not be an appropri a te task. Requ i ri n g

s tu dents to pose qu e s ti ons and de s i gn

i n qu i ries to ad d ress them would be an

a ppropri a te task. However, i f the purpose of

an assessment task is to measu re stu den t s’

k n owl ed ge of the ch a racteri s tics that disti n-

guish groups of m i n era l s , a mu l ti p l e - ch oi ce

format might be su i t a ble as well as ef f i c i en t .

ASSESSMENT TASKS ARE AU T H E N T I C .

When students are engaged in assessment

tasks that are similar in form to tasks in

which they will engage in their lives outside

the classroom or are similar to the activities

of scientists, great confidence can be

attached to the data collected. Such assess-

ment tasks are authentic.

See Program

Standard E and

System Standard E

The content and form of an 
assessment task must be congruent 
with what is su ppo sed to be measu red .
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Classroom assessments can take many

forms, including observations of student

performance during instructional activities;

interviews; formal performance tasks; port-

folios; investigative projects; written reports;

and multiple choice, short-answer, and essay

examinations. The relationship of some of

those forms of assessment tasks to the goals

of science education are not as obvious as

others. For instance, a student’s ability to

obtain and evaluate scientific information

might be measured using a short-answer

test to identify the sources of high-quality

scientific information about toxic waste. An

alternative and more authentic method is to

ask the student to locate such information

and develop an annotated bibliography and

a judgment about the scientific quality of

the information.

AN INDIVIDUAL STUDENT’S PE R F O R-

MANCE IS SIMILAR ON TWO OR MORE

TASKS T H AT CLAIM TO MEASURE T H E

SAME ASPECT OF STUDENT AC H I EV E-

M E N T. This is one aspect of reliability.

Suppose that the purpose of an assessment

is to measure a student’s ability to pose

appropriate questions.A student might be

asked to pose questions in a situation set in

the physical sciences. The student’s perfor-

mance and the task are consistent if the per-

formance is the same when the task is set in

the context of the life sciences, assuming the

student has had equal opportunities to learn

physical and life sciences.

S T U D E N TS HAVE ADEQUATE OPPOR-

TUNITIES TO DEMONSTRATE T H E I R

AC H I EV E M E N TS . For decision makers to

have confidence in assessment data, they

need assurance that students have had the

opportunity to demonstrate their full

understanding and ability. Assessment tasks

must be developmentally appropriate, must

be set in contexts that are familiar to the

students, must not require reading skills or

vocabulary that are inappropriate to the stu-

dents’ grade level, and must be as free from

bias as possible.

ASSESSMENT TASKS AND THE METH-

ODS OF PRESENTING THEM PROV I D E

D ATA T H AT ARE SUFFICIENTLY STA B L E

TO LEAD TO THE SAME DECISIONS IF

USED AT DIFFERENT T I M E S . This is

another aspect of reliability, and is especially

important for large-scale assessments, where

changes in performance of groups is of

interest. Only with stable measures can valid

inferences about changes in group perfor-

mance be made.

Although the confidence indicators dis-

cussed above focus on student achievement

data, an analogous set of confidence indica-

tors can be generated for opportunity to

learn. For instance, teacher quality is an

indicator of opportunity to learn.

Authenticity is obtained if teacher quality is

measured by systematic observation of

teaching performance by qualified

observers. Confidence in the measure is

See Teaching

Standard C

Assessment tasks must be
developmentally appropriate, must 
be set in contexts that are familiar to the
students, must not require reading skills
or vocabulary that are inappropriate
to the students’ grade level, and must 
be as free from bias as possible.
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achieved when the number of observations

is large enough for a teacher to exhibit a ful l

range of teaching knowledge and skill.

Consistency of performance is also estab-

lished through repeated observations.

Data-collection methods can take many

forms. Each has advantages and disadvan-

tages. The choice among them is usually

constrained by tradeoffs between the type,

quality, and amount of information gained,

and the time and resources each requires.

However, to serve the intended purpose, the

choice of assessment form should be consis-

tent with what one wants to measure and to

infer. It is critical that the data and their

method of collection yield information with

confidence levels consistent with the conse-

quences of its use. Public confidence in edu-

cational data and their use is related to tech-

nical quality. This public confidence is influ-

enced by the extent to which technical qual-

ity has been considered by educators and

policy makers and the skill with which they

communicate with the public about it.

ASSESSMENT STANDARD D:

As s e s s m e nt pra ct i ces must be fair.

■ Assessment tasks must be reviewed

for the use of stereotypes, for assump-

tions that reflect the perspectives or

experiences of a particular group, for

language that might be offensive to a

particular group, and for other fea-

tures that might distract students

from the intended task.

■ Large-scale assessments must use sta-

tistical techniques to identify poten-

tial bias among subgroups.

■ Assessment tasks must be appropri-

ately modified to accommodate the

needs of students with physical dis-

abilities, learning disabilities, or limit-

ed English proficiency.

■ Assessment tasks must be set in a

variety of contexts, be engaging to

students with different interests and

experiences, and must not assume the

perspective or experience of a particu-

lar gender, racial,or ethnic group.

A premise of the National Science Education

Standards is that all students should have

access to quality science education and

should be expected to achieve scientific lit-

eracy as defined by the content standards. It

follows that the processes used to assess stu-

dent achievement must be fair to all stu-

dents. This is not only an ethical require-

ment but also a measurement requirement.

If assessment results are more closely related

to gender or ethnicity than to the prepara-

tion received or the science understanding

and ability being assessed, the validity of the

assessment process is questionable.

ASSESSMENT TASKS MUST BE

R EV I EWED FOR THE USE OF STEREO-

TY PE S , FOR ASSUMPTIONS T H AT

REFLECT THE PE R S PECTIVES OR EXPE-

RIENCES OF A PA RT I C U LAR GRO U P,

FOR LA N G UAGE T H AT MIGHT BE

OFFENSIVE TO A PA RT I C U LAR GRO U P,

AND FOR OTHER FEATURES T H AT

MIGHT DISTRACT STUDENTS FRO M

THE INTENDED TA S K . Those who plan

and implement science assessments must

pay deliberate attention to issues of fairness.

See Program

Standard E and

System Standard E

The choice of assessment form
should be consistent with what one

wants to measure and to infer.
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The concern for fairness is reflected in the

procedures used to develop assessment

tasks,in the content and language of the

assessment tasks, in the processes by which

students are assessed,and in the analyses of

assessment results.

LA RG E - S CALE ASSESSMENTS MUST USE

S TAT I S T I CAL T E C H N I QUES TO IDENTIFY

P OTENTIAL BIAS AMONG SUBGRO U P S .

S t a ti s tical tech n i ques requ i re that both sexe s

and different racial and ethnic back gro u n d s

be inclu ded in the devel opm ent of l a r ge - s c a l e

a s s e s s m en t s . Bias can be determ i n ed wi t h

s ome cert a i n ty thro u gh the com bi n a ti on of

s t a ti s tical evi den ce and ex pert ju d gm en t . For

i n s t a n ce ,i f an exercise to assess unders t a n d-

ing of i n ertia using a fly wh eel re sults in differ-

en tial perform a n ce bet ween females and

m a l e s , a ju d gm ent that the exercise is bi a s ed

m i ght be plausible based on the assu m pti on

that males and females have different ex peri-

en ces with fly wh eel s .

ASSESSMENT TASKS MUST BE MODI-

FIED APPRO P R I AT E LY TO ACCO M M O-

D ATE THE NEEDS OF STUDENTS W I T H

PH YS I CAL DISABILITIES, L E A R N I N G

D I S A B I L I T I E S , OR LIMITED ENGLISH

P RO F I C I E N C Y. Whether assessments are

large scale or teacher conducted, the princi-

ple of fairness requires that data-collection

methods allow students with physical dis-

abilities, learning disabilities, or limited

English proficiency to demonstrate the full

extent of their science knowledge and skills.

ASSESSMENT TASKS MUST BE SET IN

A VA R I E TY OF CO N T E XTS , BE ENGAG-

ING TO STUDENTS WITH DIFFERENT

I N T E R E S TS AND EXPE R I E N C E S , A N D

MUST NOT ASSUME THE PE R S PE C T I V E

OR EXPERIENCE OF A PA RT I C U LA R

G E N D E R , RAC I A L , OR ETHNIC GRO U P.

The requirement that assessment exercises

be authentic and thus in context increases

the likelihood that all tasks have some

degree of bias for some population of stu-

dents. Some contexts will have more appeal

to males and others to females. If, however,

assessments employ a variety of tasks,the

collection will be “equally unfair” to all. This

is one way in which the deleterious effects of

bias can be avoided.

ASSESSMENT STANDARD E:

The infe re n ces made from assess-

m e nts about student achieve m e nt

and oppo rt u n i ty to learn must be

s o u n d.

■ When making inferences from assess-

ment data about student achievement

and opportunity to learn science,

explicit reference needs to be made 

to the assumptions on which the

inferences are based.

Even wh en assessments are well planned and

the qu a l i ty of the re su l ting data high , t h e

i n terpret a ti ons of the em p i rical evi den ce can

re sult in qu i te different con clu s i on s . Ma k i n g

i n feren ces invo lves looking at em p i rical data

t h ro u gh the lenses of t h eory, pers on a l

bel i efs , and pers onal ex peri en ce . Ma k i n g

obj ective inferen ces is ex trem ely difficult,

p a rt ly because indivi duals are not alw ays

aw a re of t h eir assu m pti on s . Con s equ en t ly,

con f i den ce in the va l i d i ty of i n feren ce s

requ i res explicit referen ce to the assu m p-

ti ons on wh i ch those inferen ces are based .

For ex a m p l e , i f the scien ce ach i evem en t

on a large-scale assessment of a sample of

s tu dents from a certain pop u l a ti on is high ,

s everal con clu s i ons are po s s i bl e . S tu den t s
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f rom the pop u l a ti on might be high ly moti-

va ted ; or because of excell ent instru cti on ,

s tu dents from the pop u l a ti on might have

gre a ter opportu n i ty to learn scien ce ; or the

test might be bi a s ed in some way in favor of

the stu den t s . Little con f i den ce can be placed

in any of these con clu s i ons wi t h o ut cl e a r

s t a tem ents abo ut the assu m pti ons and a

devel oped line of re a s oning from the evi-

den ce to the con clu s i on . The level of con f i-

den ce in con clu s i ons is ra i s ed wh en those

con du cting assessments have been well

tra i n ed in the process of making inferen ce s

f rom edu c a ti onal assessment data. Even

t h en , the gen eral publ i c , as well as profe s-

s i on a l s , should demand open and under-

s t a n d a ble de s c ri pti ons of h ow the infer-

en ces were made .

As s e s s m e nt s
Co n d u cted by
Cl a s s roo m
Te a c h e r s
Te ach ers are in the best po s i ti on to put

a s s e s s m ent data to powerful use. In the

vi s i on of s c i en ce edu c a ti on de s c ri bed by

the St a n d a rd s, te ach ers use the assessmen t

data in many ways . Some of the ways

te ach ers might use these data are pre s en ted

in this secti on .

I M P ROVING CLA S S ROOM PRAC T I C E
Teachers collect information about stu-

dents’ understanding almost continuously

and make adjustments to their teaching on

the basis of their interpretation of that

information. They observe critical incidents

in the classroom, formulate hypotheses

about the causes of those incidents, ques-

tion students to test their hypotheses, inter-

pret student’s responses, and adjust their

teaching plans.

P LANNING CURRICULA
Teachers use assessment data to plan cur-

ricula. Some data teachers have collected

themselves; other data come from external

sources. The data are used to select content,

activities,and examples that will be incor-

porated into a course of study, a module, a

unit, or a lesson. Teachers use the assess-

ment data to make judgments about

■ The developmental appropriateness of

the science content.

■ Student interest in the content.

■ The effectiveness of activities in produc-

ing the desired learning outcomes.

■ The ef fectiveness of the sel ected ex a m p l e s .

■ The understanding and abilities students

must have to benefit from the selected

activities and examples.

Planning for assessment is integral to

instruction. Assessments embedded in the

curriculum serve at least three purposes: to

determine the students’ initial understand-

ings and abilities, to monitor student

progress,and to collect information to

grade student achievement. Assessment

tasks used for those purposes reflect what

students are expected to learn; elicit the full

extent of students’ understanding; are set in

a variety of contexts; have practical, aesthet-

ic, and heuristic value; and have meaning

outside the classroom. Assessment tasks also

provide important clues to students about

what is important to learn.

See Teaching

Standard C
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D EV E LO PING SELF- D I R E C T E D

L E A R N E R S
S tu dents need the opportu n i ty to eva lu a te

and ref l ect on their own scien tific unders t a n d-

ing and abi l i ty. Before stu dents can do this,

t h ey need to understand the goals for learn i n g

s c i en ce . The abi l i ty to self-assess unders t a n d-

ing is an essen tial tool for sel f - d i rected learn-

i n g. Th ro u gh sel f - ref l ecti on ,s tu dents cl a ri f y

i deas of what they are su ppo s ed to learn . Th ey

begin to intern a l i ze the ex pect a ti on that they

can learn scien ce . Devel oping sel f - a s s e s s m en t

s k i lls is an on going process thro u gh o ut a stu-

den t’s sch ool career, becoming incre a s i n gly

m ore soph i s ti c a ted and sel f - i n i ti a ted as a stu-

dent progre s s e s .

Conversations among a teacher and stu-

dents about assessment tasks and the

teacher’s evaluation of performance provide

students with necessary information to

assess their own work. In concert with

opportunities to apply it to individual work

and to the work of peers, that information

contributes to the development of students’

self-assessment skills. By developing these

skills, students become able to take respon-

sibility for their own learning.

Teachers have communicated their assess-

ment practices,their standards for perfor-

mance, and criteria for evaluation to stu-

dents when students are able to

■ Select a piece of their own work to pro-

vide evidence of understanding of a sci-

entific concept, principle, or law—or

their ability to conduct scientific inquiry.

■ Explain orally, in writing, or through

illustration how a work sample provides

evidence of understanding.

■ Critique a sample of their own work

using the teacher’s standards and criteria

for quality.

■ Critique the work of other students in

constructive ways.

Invo lving stu dents in the assessment proce s s

i n c reases the re s pon s i bi l i ties of the te ach er.

Te ach ers of s c i en ce are the repre s en t a tives of

the scien tific com mu n i ty in their cl a s s room s ;

t h ey repre s ent a cultu re and a way of t h i n k-

ing that might be qu i te unfamiliar to stu-

den t s . As repre s en t a tive s , te ach ers are ex pect-

ed to model ref l ecti on , fo s tering a learn i n g

envi ron m ent wh ere stu dents revi ew each

o t h ers’ work , of fer su gge s ti on s , and ch a ll en ge

m i s t a kes in inve s ti ga tive proce s s e s , f a u l ty

re a s on i n g, or poorly su pported con clu s i on s .

A te ach er ’s formal and informal eva lu a-

ti ons of s tu dent work should exemplify scien-

tific practi ce in making ju d gm en t s . The stan-

d a rds for ju d ging the sign i f i c a n ce ,s o u n d n e s s ,

and cre a tivi ty of work in profe s s i onal scien ti f-

ic work are com p l ex , but they are not arbi-

tra ry. In the work of cl a s s room learning and

i nve s ti ga ti on , te ach ers repre s ent the standard s

of practi ce of the scien tific com mu n i ty. Wh en

te ach ers treat stu dents as serious learn ers and

s erve as coaches ra t h er than ju d ge s ,s tu den t s

come to understand and app ly standards of

good scien tific practi ce .

R E P O RTING STUDENT PRO G R E S S
An essen tial re s pon s i bi l i ty of te ach ers is to

report on stu dent progress and ach i evement

See Teaching

Standard C

When teachers treat students as 
serious learners and serve as coaches
rather than judges, students come to
understand and apply standards of

good scientific practice.
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to the students themselves, to their col-

leagues, to parents and to policy makers.

Progress reports provide information about

■ The teacher’s performance standards and

criteria for evaluation.

■ A stu den t’s progress from marking peri od

to marking peri od and from year to ye a r.

■ A student’s progress in mastering the sci-

ence curriculum.

■ A student’s achievement measured

against standards-based criteria.

E ach of these issues requ i res a differen t

kind of i n form a ti on and a different mode

of a s s e s s m en t .

Especially challenging for teachers is

communicating to parents and policy mak-

ers the new methods of gathering informa-

tion that are gaining acceptance in schools.

Parents and policy makers need to be reas-

sured that the newer methods are not only

as good as, but better than,those used when

they were in school. Thus, in developing

plans for assessment strategies to compile

evidence of student achievement, teachers

demonstrate that alternative forms of data

collection and methods of interpreting them

are as valid and reliable as the familiar

short-answer test.

The purported objectivity of short-

answer tests is so highly valued that newer

modes of assessment such as portfolios, per-

formances,and essays that rely on apparent-

ly more subjective scoring methods are less

trusted by people who are not professional

educators. Overcoming this lack of trust

requires that teachers use assessment plans

for monitoring student progress and for

grading. Clearly relating assessment tasks

and products of student work to the valued

goals of science education is integral to

assessment plans. Equally important is that

the plans have explicit criteria for judging

the quality of students’ work that policy

makers and parents can understand.

R E S E A RCHING T E ACHING PRAC T I C E S
Master teachers engage in practical

inquiry of their own teaching to identify

conditions that promote student learning

and to understand why certain practices are

effective. The teacher as a researcher engages

in assessment activities that are similar to

scientific inquiries when collecting data to

answer questions about effective teaching

practices. Engaging in classroom research

means that teachers develop assessment

plans that involve collecting data about stu-

dents’ opportunities to learn as well as their

achievement.

As s e s s m e nt s
Co n d u cted at the
Di s t ri ct, St ate, a n d
National Levels 

Science assessments conducted by dis-

trict, state, and national authorities serve

similar purposes and are distinguished pri-

marily by scale—that is, by the number of

students, teachers, or schools on which data

are collected.

Assessments may be conducted by

authorities external to the classroom for the

purposes of

■ Formulating policy.

■ Monitoring the effects of policies.

■ Enforcing compliance with policies.

See System

Standards A and B

See Professional

Development

Standards B and C

See System

Standards A and B
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■ Demonstrating accountability.

■ Making comparisons.

■ Monitoring progress toward goals.

In ad d i ti on to those purpo s e s ,a s s e s s m ents are

con du cted by sch ool distri cts to make ju d g-

m ents abo ut the ef fectiveness of s pecific pro-

gra m s ,s ch oo l s , and te ach ers and to report to

t a x p ayers on the distri ct’s accom p l i s h m en t s .

The high cost of ex ternal assessments and

t h eir influ en ce on scien ce te aching practi ce s

demand careful planning and implem en t a-

ti on . Well - p l a n n ed ,l a r ge-scale assessmen t s

i n clu de te ach ers du ring planning and imple-

m en t a ti on . In ad d i ti on , a ll data co ll ected are

a n a ly zed , sample sizes are well ra ti on a l i zed ,

and the sample is repre s en t a tive of the pop-

u l a ti on of i n tere s t . This secti on discusses the

ch a racteri s tics of l a r ge-scale assessmen t s .

D ATA ANALYS I S
Far too often, more educational data are

collected than are analyzed or used to make

decisions or take action. Large-scale assess-

ment planners should be able to describe

how the data they plan to collect will be

used to improve science education.

T E ACHER INVO LV E M E N T
The development and interpretation of

externally designed assessments for moni-

toring the educational system should

include the active participation of teachers.

Teachers’ experiences with students make

them indispensable participants in the

design, development, and interpretation of

assessments prepared beyond the classroom.

Their involvement helps to ensure congru-

ence of the classroom practice of science

education and external assessment practices.

Whether at the district, state, or national

level, teachers of science need to work with

others who make contributions to the

assessment process, such as educational

researchers, educational measurement spe-

cialists, curriculum specialists, and educa-

tional policy analysts.

SAMPLE SIZE
The size of the sample on wh i ch data are

co ll ected depends on the purpose of t h e

a s s e s s m ent and the nu m ber of s tu den t s , te ach-

ers ,s ch oo l s ,d i s tri ct s , or states that the assess-

m ent plan ad d re s s e s . If , for instance , a state

con du cts an assessment to learn abo ut stu den t

s c i en ce ach i evem ent in com p a ri s on with stu-

dents in another state , it is su f f i c i ent to obt a i n

data from a scien ti f i c a lly def i n ed sample of t h e

s tu dents in the state . If ,h owever, the purpo s e

of the assessment is to give state - l evel credit to

i n d ivi dual stu dents for scien ce co u rs e s ,t h en

data must be co ll ected for every stu den t .

R E P R E S E N TATIVE SAMPLE
For all large-scale assessments, even those

at the district level,the information should

be collected in ways that minimize the time

demands on individual students. For many

accountability purposes,a sampling design

can be employed that has different represen-

tative samples of students receiving different

sets of tasks. This permits many different

dimensions of the science education system

to be monitored. Policy makers and taxpay-

ers can make valid inferences about student

achievement and opportunity to learn

across the nation,state, or district without

requiring extensive time commitments from

every student in the sample.

See Program

Standard A

See Teaching

Standard F
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Sa m p l e
As s e s s m e nts of
St u d e nt Science
Ac h i eve m e nt

To illustrate the assessment standards,

two examples are provided below. The con-

tent standards are stated in terms of under-

standings and abilities; therefore,the first

example is about understanding the natural

world. This example requires a body of sci-

entific knowledge and the competence to

reason with that information to make pre-

dictions, to develop explanations, and to act

in scientifically rational ways. The example

focuses on predictions and justifying those

predictions. The second example is about

the ability to inquire, which also requires a

body of scientific information and the com-

petence to reason with it to conceptualize,

plan, and perform investigations. (These

assessment tasks and the content standards

do not have a one-to-one correspondence.)

ASSESSING UNDERSTANDING OF T H E
N AT U RAL WO R L D

The content standards call for scientific

understanding of the natural world. Such

understanding requires knowing concepts,

principles, laws, and theories of the physical,

life, and earth sciences,as well as ideas that

are common across the natural sciences.

That understanding includes the capacity to

reason with knowledge. Discerning what a

student knows or how the student reasons is

not possible without communication, either

verbal or representational, a third essential

component of understanding.

In feren ces abo ut stu den t s’ u n ders t a n d i n g

can be based on the analysis of t h eir perfor-

m a n ces in the scien ce cl a s s room and thei r

work produ ct s . Types of perform a n ce s

i n clu de making class or public pre s en t a ti on s ,

discussing scien ce matters with peers or

te ach ers , and con du cting labora tory work .

Produ cts of s tu dent work inclu de ex a m i n a-

ti on s ,j o u rnal note s , wri t ten report s ,d i a-

gra m s , data set s , physical and mathem a ti c a l

m odel s , and co ll ecti ons of n a tu ral obj ect s .

Com mu n i c a ti on is fundamental to both per-

form a n ce and produ ct - b a s ed assessmen t s .

Understanding takes different perspec-

tives and is displayed at different levels of

sophistication.A physicist’s understanding

of respiration might be quite different from

that of a chemist, just as a cell biologist’s

understanding of respiration is quite differ-

ent from that of a physician. The physicist,

the chemist, the biologist,and the physician

all have a highly sophisticated understand-

ing of respiration. They bring many of the

same scientific principles to bear on the

concept. However, each is likely to give

greater emphasis to concepts that have spe-

cial significance in their par ticular disci-

pline.A physicist’s emphasis might be on

energetics, with little emphasis on the

organisms in which respiration takes place.

The physician, on the other hand, might

emphasize respiration as it specifically

applies to humans. The context of applica-

tion also contributes to differences in per-

Clearly relating assessment tasks and 
products of student work to the valued
goals of science education is integral 
to assessment plans.
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spective. The cell biologist’s understanding

might focus on the mechanisms by which

respiration occurs in the cell; the physician’s

understanding might focus on human respi-

ratory disorders and physical and pathologi-

cal causes.

An ordinary citizen’s understanding of

respiration will be much less sophisticated

than that of a practicing scientist. However,

even the citizen’s understanding will have

different perspectives, reflecting differences

in experience and exposure to science.

Legitimate differences in perspectives and

sophistication of understanding also will be

evident in each student’s scientific under-

standing of the natural world.A challenge

to teachers and others responsible for

assessing understanding is to decide how

such variability is translated into judgments

about the degree to which individual stu-

dents or groups of them understand the

natural world. The example that follows

illustrates how explanations of the natural

world can be a rich source of information

about how students understand it.

Because explanation is central to the sci-

entific enterprise, eliciting and analyzing

explanations are useful ways of assessing sci-

ence achievement. The example illustrates

how thoughtfully designed assessment exer-

cises requiring explanations provide stu-

dents with the opportunity to demonstrate

the full range of their scientific understand-

ing. Exercises of this sort are not designed to

learn whether a student knows a particular

fact or concept, but rather to tap the depth

and breadth of the student’s understanding.

Exercises of this sort are difficult to design

and are a challenge to score. The example

that follows illustrates these challenges.

THE PRO M P T. The assessment task begins

with a prompt that includes a description of

the task and directions. The prompt reads 

Some moist soil is pl a ced inside a clear glass ja r.

A healthy gre en plant is pl a n ted in the so i l .T h e

cover is screwed on ti gh t ly. The jar is located in

a wi n d ow wh ere it re ceives su n l i gh t . Its tem per-

a tu re is maintained betwe en 60° and 80°F.

How long do you pred i ct the plant wi ll live ?

Wri te a justi f i c a tion su ppo rting your pred i cti o n .

Use rel evant ideas from the life ,p hys i c a l , a n d

e a rth sci en ces to make a pred i ction and justi f i-

c a ti o n . If you are unsu re of a pred i cti o n , you r

j u s ti f i c a tion should state that, and tell wh a t

i n fo rm a tion you would need to make a bet ter

pred i cti o n . You should know that there is not a

s i n gle co rre ct pred i cti o n .

Many attributes make the “plant in a jar”

a good exercise for assessing understanding.

The situation, a plant in a closed jar, can be

described to students verbally, with a dia-

gram, or with the actual materials, thus

eliminating reading as a barrier to a student

response. The situation can be understood

by students of all ages, minimizing students’

prior knowledge of the situation as a factor

in ability to respond. The explanation for

the prediction can be developed at many

different levels of complexity, it can be qual-

itative or quantitative. It can be based on

experience or theory, and it uses ideas from

the physical,life,and earth sciences, as well

as cross-disciplinary ideas, thus allowing

students to demonstrate the full range o f

See Teaching

Standard B

Eliciting and analyzing 

explanations are useful ways of

assessing science achievement.
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their understanding of science at various

levels of their study of science.

D EV E LO PING SCORING RU B R I C S . The

process of scoring student-generated expla-

nations requires the development of a scor-

ing rubric. The rubric is a standard of per-

formance for a defined population.

Typically, scoring rubrics are developed by

the teachers of the students in the target

population. The performance standard is

developed through a consensus process

called “social moderation.” The steps in

designing a scoring rubric involve defining

the performance standard for the scientifi-

cally literate adult and then deciding which

elements of that standard are appropriate

for students in the target population. The

draft performance standard is refined by

subsequent use with student performance

and work. Finally, student performances

with respect to the rubric are differentiated.

Performances are rated satisfactory, exem-

plary, or inadequate. Differences in opinions

about the rubric and judgments about the

quality of students’ responses are moderated

by a group of teachers until consensus is

reached for the rubric.

Because a target population has not been

identified,and rubrics need to function in

the communities that develop them, this

section does not define a rubric. Rather the

steps in developing a rubric are described.

THE PERFORMANCE OF A SCIENTIFI-

CA L LY LITERATE ADULT. Developing a

scoring rubric begins with a description of

the performance standard for scientifically

literate adults. That performance standard is

developed by a rubric development team.

Members of the team write individual

responses to the exercise that reflect how

each believes a scientifically literate adult

should respond. They also seek responses

from other adults. Based on the individual

responses, the team negotiates a team

response that serves as the initial standard.

The te a m’s standard is analy zed into the

com pon ents of the re s pon s e . In the plant-in-

a - jar exerc i s e , the com pon ents are the pred i c-

ti on s , the inform a ti on used to ju s tify the pre-

d i cti on s , the re a s oning used to ju s tify pred i c-

ti on s , and the qu a l i ty of the com mu n i c a ti on .

Examples of predictions from a scientifi-

cally literate adult about how long the plant

can live in the jar might include (1) insuffi-

cient information to make a prediction, (2)

the plant can live indefinitely, or (3) insects

or disease might kill the plant. Whatever the

prediction, it should be justified. For exam-

ple, if the assertion is made that the infor-

mation provided in the prompt is insuffi-

cient to make a prediction, then the expla-

nation should describe what information is

needed to make a prediction and how that

information would be used.

Scientifically literate adults will rely on a

range of knowledge to justify their predic-

tions. The standard response developed by

the team of teachers will include concepts

from the physical, life, and earth sciences, as

well as unifying concepts in science. All are

applicable to making and justifying a pre-

diction about the life of a plant in a jar, but

because of the differences in emphasis, no

one person would be expected to use all of

them. Some concepts, such as evaporation,

condensation, energy (including heat, light,

chemical), energy conversions, energy trans-

mission, chemical interactions, catalysis,

conservation of mass,and dynamic equilib-

See Content

Standards B, C,and

D (all grade levels)
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rium,are from physical science. Other con-

cepts are from life sciences, such as plant

physiology, plant growth, photosynthesis,

respiration, plant diseases, and plant and

insect interaction.Still other concepts are

from the earth sciences, such as soil types,

composition of the atmosphere, water cycle,

solar energy, and mineral cycle. Finally, uni-

fying concepts might be used to predict and

justify a prediction about the plant in the

jar. Those might include closed, open, and

isolated systems; physical models; patterns

of change; conservation; and equilibrium.

The knowledge required to predict the

life of a plant in a jar is not be limited to

single concepts.A deeper understanding of

the phenomena could be implied by a justi-

fication that includes knowledge of chemi-

cal species and energy. Keeping track of

energy, of C6H12O6 (sugar), CO2 (carbon

dioxide), H2O (water), and O2 (oxygen),

and of minerals requires knowing about the

changes they undergo in the jar and about

equilibria among zones in the jar (soil and

atmosphere). The jar and its contents form

a closed system with respect to matter but

an open system with respect to energy. The

analysis of the life expectancy of the plant in

the jar also requires knowing that the matter

in the jar changes form, but the mass

remains constant. In addition, knowing that

gases from the atmosphere and minerals in

the soil become a part of the plant is impor-

tant to the explanation.

A deeper understanding of science might

be inferred from a prediction and justifica-

tion that included knowledge of the physical

chemistry of photosynthesis and respira-

tion. Photosynthesis is a process in which

radiant energy of visible light is converted

into chemical bond energy in the form of

special carrier molecules, such as ATP, which

in turn are used to store chemical bond

energy in carbohydrates. The process begins

with light absorption by chlorophyll, a pig-

ment that gives plants their green color. In

photosynthesis, light energy is used to drive

the reaction:

Carbon dioxide + water ➝ sugar + oxygen.

Respiration is a process in which energy is

released when chemical compounds react

with oxygen. In respiration, sugars are bro-

ken down to produce useful chemical ener-

gy for the plant in the reaction:

Sugar + oxygen ➝ water + carbon dioxide.

Photosynthesis and respiration are comple-

mentary processes, because photosynthesis

results in the storage of energy, and respira-

tion releases it. Photosynthesis removes CO2

from the atmosphere; respiration adds CO2

to the atmosphere.

A justification for a prediction about the

life of the plant in the jar might include

knowledge of dynamic equilibrium.

Equilibrium exists between the liquid and

vapor states of water. The liquid water evap-

orates continuously. In the closed container,

at constant temperature,the rate of conden-

sation equals the rate of evaporation. The

water is in a state o f dynamic equilibrium.

See Unifying

Concepts and

Processes in

Chapter 6

A well-crafted justification . . .
demonstrates reasoning characterized

by a succession of statements that 
follow one another logically without 

gaps from statement to statement.
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Another attribute of a well-crafted justifi-

cation relates to assumptions. The justifica-

tion should be explicit about the assump-

tions that underlie it and even contain some

speculation concerning the implications of

making alternative assumptions.

F i n a lly, a well - c ra f ted ju s ti f i c a ti on for any

pred i cti on abo ut the plant in the jar dem on-

s tra tes re a s oning ch a racteri zed by a su cce s s i on

of s t a tem ents that fo ll ow one another logi c a lly

wi t h o ut gaps from statem ent to statement.

S CORING RUBRICS FOR DIFFERENT

P O P U LATIONS OF STUDENTS . The

plant-in-a-jar assessment exercise is an

appropriate prompt for understanding

plants at any grade level. Development of

the scoring rubrics for students at different

grade levels requires consideration of the

science experiences and developmental level

of the students. For instance,the justifica-

tions of students in elementary school could

be expected to be based primarily on experi-

ences with plants. Student justifications

would contain little, if any, scientific termi-

nology. A fourth-grade student might

respond to the exercise in the following way:

The plant could live. It has water and sunlight.

It could die if it got frozen or a bug eats it. We

planted seeds in third grade. Some kids forgot to

water them and they died. Eddie got scared that

his seeds would not grow. He hid them in his

desk.They did. The leaves were yellow. After

Eddie put it in the sun it got green.The plants in

our terrarium live all year long.

Ex pect a ti ons for ju s ti f i c a ti ons con s tru cted

by stu dents in grades 5-8 are differen t . Th e s e

should contain more gen era l i zed knowl ed ge

and use more soph i s ti c a ted language and sci-

en tific con cepts su ch as ligh t , h e a t , ox ygen ,

c a rbon diox i de , en er gy, and ph o to s y n t h e s i s .

By grade 12, the level of sophistication

should be much higher. Ideally, the 12th

grader would see the plant in a jar as a phys-

ical model of the Earth’s ecosystem, and

view photosynthesis and respiration as com-

plementary processes.

Setting a performance standard for a

population of students depends on the pop-

ulation’s developmental level and their

experiences with science. Considerations to

be made in using student responses for

developing a rubric can be illustrated by

discussing two justifications constructed by

students who have just completed high-

school biology. Student E has constructed

an exemplary justification for her prediction

about the plant in the jar. Student S has

constructed a less satisfactory response but

has not completely missed the point.

STUDENT E: If there are no insects in the jar

or microorganisms that might cause some plant

disease,the plant might grow a bit and live for

quite a while. I know that when I was in ele-

mentary school we did this experiment. My

plant died—it got covered with black mold. But

some of the plants other kids had got bigger and

lived for more than a year.

The plant can live because it gets energy from

the sunlight.When light shines on the leaves,

photosynthesis takes place. Carbon dioxide and

water form carbohydrates and oxygen. This

reaction transforms energy from the sun into

chemical energy. Plants can do this because they

have chlorophyll.

The plant needs carbohydrates for life processes

like growing and moving. It uses the carbohy-

drates and oxygen to produce energy for life

processes like growth and motion. Carbon diox-

ide is produced too.

Af ter some time the plant proba bly wi ll stop

growi n g . I think that happens wh en all the
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m i nerals in the soil are used up. For the plant to

grow it needs minerals from the soil.When parts

of the plant die, the plant material rots and

minerals go back into the soil. So that’s why I

think that how much the plant will grow will

depend on the minerals in the soil.

The gases, oxygen, carbon dioxide and water

vapor just keep getting used over and over. What

I’m not sure about is if the gases get used up.

Can the plant live if there is no carbon dioxide

left for photosynthesis? If there is no carbon

dioxide, will the plant respire and keep living?

I’m pretty sure a plant can live for a long time

sealed up in a jar, but I’m not sure how long or

exactly what would make it die.

STUDENT S: I believe that putting a small

plant in a closed mayonnaise jar at 60-80°F is

murder. I believe that this plant will not last

past a week (3 days). This is so for many rea-

sons. Contained in a jar with constant sunlight

at 80°F the moisture in the soil will most likely

start to evaporate almost immediately. This will

leave the soil dry while the air is humid. Since

we are in a closed container no water can be

restored to the soil (condensation).This in turn

will cause no nutrients from the soil to reach the

upper plant, no root pressure!

Besides this, with photosynthesis occurring in the

leaves, at least for a short time while water sup-

plies last, the CO2 in the air is b eing used up

and O2 is replacing it. With no CO2 and no

H2O, no light reaction and/or dark reaction can

occur and the plant can’t make carbohydrates.

The carbohydrates are needed for energy.

In co n cl u s i o n , in a jar cl o sed from CO2 and wa ter,

plants use up their re sou rces quick ly, preven ti n g

the equation CO2 + H2O ➝ C6H1 2O6 and O2

a n d ,t h erefo re , en ergy from carb ohyd ra te s .

This jar also works as a catalyst to speed up the

process by causing evaporation of H2O through

incomplete vaporization. This would shut down

the root hair pressure in the plant which allows

water (if any) + nutrients to reach the leaves. All

in all the plant will not live long (3 days at the

most then downhill).

Ju d ging the qu a l i ty of i n form a ti on con-

t a i n ed in a ju s ti f i c a ti on requ i res con s en su s

on the inform a ti on con t a i n ed in it and then

using certain standards to com p a re that

i n form a ti on with the inform a ti on in the

ru bri c .S t a n d a rds that might be app l i ed

i n clu de the scien tific acc u racy of the infor-

m a ti on in the ju s ti f i c a ti on , the appropri a te-

ness of the knowl ed ge to the stu den t’s age

and ex peri en ce , the soph i s ti c a ti on of t h e

k n owl ed ge , and the appropri a teness of t h e

a pp l i c a ti on of the knowl ed ge to the situ a ti on .

Foremost, judgments about the quality of

the information contained in the justifica-

tion should take into account the accuracy

of the information the student used in craft-

ing the response. Student S’s justification

contains some misinformation about the

water evaporation-condensation cycle and

about dynamic equilibrium in closed sys-

tems. The statements in which this inference

is made are “the moisture in the soil will

most likely start to evaporate almost imme-

diately. This will leave the soil dry while the

air is humid. Since we are in a closed con-

tainer no water can be restored to the soil

(condensation).” The student’s statement

that “soil in the container will be dry while

the air is humid,” suggests lack of knowledge

about equilibrium in a closed system. In

contrast with Student S’s misinformation,

Student E’s justification contains informa-

tion that is neither unusually sophisticated

when viewed against the content of most

high-school biology texts, nor erroneous.

Ju d gm ents abo ut the appropri a teness of

the inform a ti on are more difficult to make .

A pers on familiar with the bi o l ogy co u rs e



5 A S S E S S M E N T  I N  S C I E N C E  E D U C A T  I  O  N 9 7

the stu dent took might assert that the infor-

m a ti on in the stu den t’s re s ponse is not as

s oph i s ti c a ted as what was taught in the

co u rs e . In that case, the con tent of the bi o l o-

gy co u rse is being used as the standard for

ra ting the qu a l i ty of the re s pon s e s .

Al tern a tively, the standard for ra ting the

a ppropri a teness of the inform a ti on might be

the scien tific ideas in the con tent standard s .

Student E’s response is rated higher than

Student S’s on the basis of the quality of

information.Student S’s justification pro-

vides some information about what the stu-

dent does and does not know and provides

some evidence for making inferences about

the structure of the student’s knowledge.

For example,the student did not consider

the complementary relationship of photo-

synthesis and respiration in crafting the jus-

tification. Perhaps the student does not

know about respiration or that the processes

are complementary. Alternatively, the two

concepts may be stored in memory in a way

that did not facilitate bringing both to bear

on the exercise. Testing the plausibility of

the inferences about the student’s knowl-

edge structure would require having a con-

versation with the student. To learn if the

student knows about respiration, one simply

has to ask. If the student knows about it and

did not apply it in making the prediction,

this is evidence that respiration is not

understood in the context of the life

processes of plants.

Student E’s response is well structured

and consistent with the prediction. The

statements form a connected progression.

The prediction is tentative and the justifica-

tion indicates it is tentative due to the lack

of information in the prompt and the stu-

dent’s uncertainty about the quantitative

details of the condition under which photo-

synthesis and respiration occur. The student

is explicit about certain assumptions, for

instance, the relationship of minerals in the

soil and plant growth. The questions the

student poses in the justification can be

interpreted as evidence that alternative

assumptions have been considered.

In contrast, Student S’s prediction is stat-

ed with unwarranted assurance and justified

without consideration of anything more

than the availability of sufficient water.

Furthermore, the justification does not pro-

ceed in a sequential way, proceeding from

general principles or empirical evidence to a

justification for the prediction.

Student S’s response highlights an impor-

tant point that justifies separating the scor-

ing of information from the scoring of rea-

soning. A student can compose a well-rea-

soned justification using incorrect informa-

tion. For instance, had the student posed the

following justification, the reasoning would

be adequate even if the conclusion that the

soil is dry were not correct. The reasoning

would be rated higher had the student com-

municated that

Plants need energy to live. Plants get energy

from sunlight through a process of photosynthe-

sis. Plants need water to photosynthesize.

Because the soil is dry, water can’t get to the

leaves, the plant can’t photosynthesize and wil l

die from lack of energy.

Devel oping scoring ru brics thro u gh mod-

era ti on requ i res high ly inform ed te ach ers

ex peri en ced in the proce s s . Even wh en te ach-

ers are adequ a tely prep a red , the modera ti on

process takes ti m e . The con tent standard s

c a ll for knowl ed ge with unders t a n d i n g.
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Con s i dera ble re s o u rces must therefore be

devo ted to prep a ring te ach ers and others in

the scien ce edu c a ti on sys tem to de s i gn and

ra te assessments that requ i re stu dents to dis-

p l ay unders t a n d i n g, su ch as just de s c ri bed .

ASSESSING THE ABILITY TO INQU I R E
The second assessment example focuses

on inquiry. The content standards call for

understanding scientific inquiry and devel-

oping the ability to inquire. As in under-

standing the natural world, understanding

and doing inquiry are contingent on know-

ing concepts, principles,laws, and theories

of the physical, life, and earth sciences.

Inquiry also requires reasoning capabilities

and skills in manipulating laboratory or

field equipment.

As in understanding the natural world,

inferences about students’ ability to inquire

and their understanding of the process can

be based on the analysis of performance in

the science classroom and work products.

The example that follows describes

twelfth grade students’ participation in an

extended inquiry. The exercise serves two

purposes. It provides the teacher with infor-

mation about how well students have met

the inquiry standards. Equally important, it

serves as a capstone experience for the

school science program. The extended

inquiry is introduced early in the school

year. It involves students working as individ-

uals and in small g roups investigating a

question of their choice.

IDENTIFYING A WO RTHWHILE AND

R E S E A RCHABLE QU E S T I O N .

Throughout the school science program,

students have been encouraged to identify

questions that interest them and are

amenable to investigation. These questions

are recorded in student research notebooks.

Early in the senior year of high school,stu-

dents prepare draft statements of the ques-

tion they propose to investigate and discuss

why that question is a reasonable one. Those

drafts are circulated to all members of the

class. Students prepare written reviews of

their classmate’s proposals, commenting on

the quality of the research question and the

rationale for investigating it. Students then

revise their research question based on peer

feedback. Finally, students present and

defend their revised questions to the class.

P LANNING THE INVESTIGAT I O N . The

teacher encourages but does not require stu-

dents to work together in research groups of

two to four students. After presenting

research questions to the class,students

form the research groups, which come to

agreement on a question to investigate and

begin developing a preliminary plan for

conducting the investigation. Each individ-

ual in the group is required to keep exten-

sive records of the group’s work, especially

documenting the evolution of their final

research question from the several questions

originally proposed. As plans for investiga-

tions evolve, the research questions are

sharpened and modified to meet the practi-

cal constraints of time and resources avail-

Understanding and doing inquiry
are contingent on knowing concepts,

principles, laws, and theories of the
physical, life, and earth sciences.
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able to the class. Each student maintains

journal notes on this process. When a group

is satisfied that their plan has progressed to

the point where work can begin, the plan is

presented to classmates. Written copies of

the plan are distributed for written review,

followed by a class seminar to discuss each

research plan.On the basis of peer feedback,

each group revises its research plan, recog-

nizing that as the plan is implemented, it

will require still further revisions. Each stu-

dent in the class is responsible for reviewing

the research plan of every group, including a

written critique and recommendations for

modifying the plan.

EXECUTING THE RESEARCH PLA N .

During this phase of the extended investiga-

tion, students engage in an iterative process

involving assembling and testing apparatus;

designing and testing forms of data collec-

tion; developing and testing a data collec-

tion schedule; and collecting, organizing,

and interpreting data.

D RAFTING THE RESEARCH REPORT.

Based on the notes of individuals, the group

prepares a written report, describing the

research. That report also includes data that

have been collected and preliminary analy-

sis. Based on peer feedback, the groups

modify their procedures and continue data

collection. When a group is convinced that

the data-collection method is working and

the data are reasonably consistent,they ana-

lyze the data and draw conclusions.

After a seminar at which the research

group presents its data, the analysis,and

conclusions,the group prepares a first draft

of the research report. This draft is circulat-

ed to classmates for preparation of individ-

ual critiques. This feedback is used by the

group to prepare its final report.

ASSESSING INDIVIDUAL STUDENT

AC H I EV E M E N T. While the class is en ga ged

in the ex ten ded inve s ti ga ti on , the te ach er

ob s erves each stu den t’s perform a n ce as the

s tu dent makes pre s en t a ti ons to the cl a s s ,

i n teracts with peers , and uses com p uters

and labora tory app a ra tu s . In ad d i ti on , t h e

te ach er has produ cts of the indivi dual stu-

den t’s work , as well as group work , i n clu d-

ing draft re s e a rch qu e s ti on s , c ri ti ques of

o t h er stu dent work , and the indivi dual stu-

den t’s re s e a rch noteboo k . Those ob s erva-

ti ons of s tu dent perform a n ce and work

produ cts are a ri ch source of data from

wh i ch the te ach er can make inferen ce s

a bo ut each stu den t’s understanding of s c i-

en tific ideas and the natu re of s c i en ti f i c

i n qu i ry. For instance , in the con text of

planning the inqu i ry, s tu dents pose qu e s-

ti ons for inve s ti ga ti on . Th eir ju s ti f i c a ti on s

for why the qu e s ti on is a scien tific one pro-

vi de evi den ce from wh i ch to infer the

ex tent and qu a l i ty of t h eir unders t a n d i n g

of the natu re of s c i en ce , u n derstanding of

the natu ral worl d , u n derstanding of t h e

l i fe , phys i c a l , and earth scien ce s , as well as

the qu a l i ty and ex tent of t h eir scien ti f i c

k n owl ed ge and their capac i ty to re a s on 

s c i en ti f i c a lly.

Evidence for the quality of a student’s

ability to reason scientifically comes from

the rationale for the student’s own research

question and from the line of reasoning

used to progress from patterns in the col-

lected data to the conclusions. In the first

instance, the student distills a research ques-

tion from an understanding of scientifi c
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i deas assoc i a ted with some natu ral ph e-

n om en on . In the second instance , the stu-

dent gen era tes scien tific inform a ti on based

on data. In ei t h er case, the qu a l i ty of t h e

re a s oning can be inferred from how well

con n ected the chain of re a s oning is, h ow

explicit the stu dent is abo ut the assu m p-

ti ons made , and the ex tent to wh i ch spec u-

l a ti ons on the implicati ons of h aving made

a l tern a tive assu m pti ons are made .

The wri ting and speaking requ i rem en t s

of this ex ten ded inve s ti ga ti on provi de

ample evi den ce for assessing the abi l i ty of

the stu dent to com mu n i c a te scien tific ide a s .

C H A N G I N G  E M P H A S E S

LESS EMPHASIS ON MORE EMPHASIS ON

Assessing what is easily measured Assessing what is most highly valued

Assessing discrete knowledge Assessing rich, well-structured knowledge

Assessing scientific knowledge Assessing scientific understanding and reasoning

Assessing to learn what students do not know Assessing to learn what students do understand

Assessing only achievement Assessing achievement and opportunity to learn

End of term assessments by teachers S t u dents en ga ged in on going assessment of t h eir 

work and that of others 

Development of external assessments by Teachers involved in the development 

measurement experts alone of external assessments

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