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Expl orat ori um
Institute for

| nqui ry

he Institute for Inquiry is a center for professional devel -

opnent at the Exploratorium It offers el enentary science

reformeducators in-depth experiences in science inquiry
through workshops, seminars, on-line resources, publications,

and an intellectual conmunity of practice.

Qeated in response to w despread interest in inquiry-based
science instruction, Institute prograns are crafted to provide sci -
ence-reforml eaders wth opportunities for exploring, exam ning,
and discussing the nature of science inquiry as it relates to teach-
ing and learning. Through these shared experiences and investi -
gations, the Institute ains to bol ster el enentary science reform

efforts across the country.

Institute prograns are designed to enabl e individual s,
school s, and districts to increase their capacity for providing
quality science instruction wthin the context of district-wde
reformefforts. To this end, a rich array of programming has
been created to neet the w de-rangi ng needs of educators who
serve as professional devel opers: science resource teachers,
curriculumspecial i sts, teachers on special assignnent, univer -
sity faculty, nuseumeducators, administrators, and scientists. A
Local Laboratory of schools and cl assroons where teachers are
engaged in inquiry-oriented science education provides case

studi es of the theory and practice of inquiry instruction.

Resources on inquiry, and infornation about the Institute for

Inquiry, can be found on the Expl oratoriumVeb site,

The Exploratoriumis San Francisco s innovative nuseumof science, art, and
hunan perception. Its interactive exhibits are designed to puzzl e, challenge, and
engage nuseumvisitors as they expl ore natural phenonena and di scover science
concepts for thensel ves. Msitors can pose questions, devise possibl e expl ana-
tions, and test their ideas through direct experience wth exhibits as well as wth
“Wat’'s Qing n?” discussions. This inquiry-based learning is the basis of the
Expl oratori ums phil osophy of science education, both on the nuseumfloor and

inou work wth educators.



For eword

he Institute for Inquiry hosts periodic Inquiry Foruns.
These Foruns are designed to provide a platformfor nation-
al reformleaders, researchers, scholars, and policynakers
to present exenpl ary practices and exchange views on critical
i ssues surrounding the inpl enentation of inquiry in schools. Each
Forumfocuses on a particular thene that serves to advance devel -

opnent and i nnovation around i nquiry.

AForumhel d in June 1999, Supporting Inquiry through
Assess-nent, considered evi dence fromresearch and practice
about the role of assessnent in teaching and | earning. The nine-
teen participants dscussed formati ve assessnent as it relates to
inquiry teaching in science, and the changes in cl assroom practice
needed to extend its inplenentation. (For a further discussion of

the Forumand its participants, see Appendi x, page 44.)

Wnne Harlen, author of this nonograph, was one of the
Forum's organi zers. The nonograph was stimul ated by the Forum
but reflects Or. Harlen' s thirty years’ experience in sci ence educa-
tion, including her research regarding student |earning. (See About
the author, page 43.)

VW at the Institute for Inquiry think that fornative assess-
nment—and its relationship to science inquiry—s a topic of critical
inportance to our coll eagues, and we are pleased to publish this
nonograph. V& hope that it wll serve to stimlate di scussions by
the education, research, and policy communities about the rol e of
fornative assessnent in

sci ence education reform

W are grateful to the National Science Foundation for their
support of this project. V& would also like to thank Goéry Del actte,
Executive Drector of the Exploratorium and Rob Senper,
Executive Associate Orector, for providing institutional support.

LYNN RANKI N
DO rector

Institute for Inquiry



Bxecut i ve
summary

Bvi dence and
argunents in favor of
formati ve assess-

ment

hi s nonograph sets out research evi dence and theoretical

poi nts supporting the claimthat effective fornative

assessnent can rai se student achi evenent. Fornative
assessnent can inprove learning in nany subjects, but it has par -
ticular relevance to inquiry teaching in science. Due to the nature
of formative assessnent, however, the benefits cannot be secured
W t hout consi derabl e change in education policy and practice. To
that end, the final section of this docunent examnes the actions

required to bring about these changes.

Fornative assessnent refers to the gathering and use of infor-
nmation about students’ ongoing learning by both teachers and stu-
dents to nodify teaching and learning activities. It has | ong been
recogni zed as part of good teaching practice and even fornalized as
such by professional groups such as early chil dhood education
associ ations. Today, however, there are conpel ling research
results indicating that the practice of fornative assessnent nay be
the nost significant single factor in raising the acadenic achi eve-
nent of all students—and especially that of |ower-achieving stu-

dents (Black & Wliam 1998a).

Formative assessnent fits particularly well into science
inquiry teaching and | earning, which ains to enabl e students to
buil d scientific understandi ng through students’ direct interaction
wWth real situations and naterials. For this to happen, teachers
need to use infornati on about where students are in relation to
learning goals. Sated nore bluntly, it is not possible to practice
i nqui ry-based approaches in the classroomw thout al so using

fornati ve assessnent practices.

n a review of research on assessnent and cl assroom | earn-

ing, Black and WIiam (1998a) identified and anal yzed 250

studi es conparing cl assroons where fornative assessnent
was and was not practiced. This reveal ed striking evi dence that,
on al nost every kind of academ c neasure, students whose teach-

ers systematically applied fornati ve assessnent techni ques out -



Fornati ve assess-
nent
and i nquiry

perforned simlar students who did not receive such treatnent.
These differences were significant, both statistically and educa-
tionally.

There was al so evidence that the gain was greatest for |ower-
achi eving students. This exhaustive study | eaves the reader con-
vinced that the inprovenent of formative assessnent practices in
Lhited Sates classroons night be the closest thing to the el usive
“magi ¢ bullet” that education reforners might find.

In addition to this research evidence, the Institute for Inquiry
Forum Supporting Inquiry through Assessnent (see page 44)
identified strong supporting argunents based on
» considerations of equity, since fornative assessnent is not
depen-

dent on tests, which introduce bias into neasures of achi evenent

» decreasing the gap in perfornance anong students

« nodern views of learning that acknow edge students as active
participants in constructing understandi ng

e the viewthat inproving the communi cation of goals to students
and parents increases students’ productive work

» the preval ence in everyday life of this approach to supporting the
devel opnent of people s skills and understandi ng

t is wdely recogni zed that the education today’ s students

recei ve should equip themnot just wth nore facts and skills,

but wth “the capacity to readily acquire new know edge, to
sol ve new problens, and to enploy creativity and critical thinking
in the design of new approaches to existing problens” (President’s

Gmttee of Advisors on Science and Technol ogy, 1997).

Such ains are often expressed as “scientific literacy’—a term
that, although variously defined, is generally taken to nean a grasp
of basic science concepts and the ability to use themto “identify
questions and to draw evi dence-based concl usions in order to
under stand and hel p nake deci si ons about the natural world and the

changes nade to it through hunan activity” (Qganization for



Fornati ve assess-
nent

inaction

Econom ¢ Gooperation and Devel opnent, 1999). Science education
should be taking a central role in devel oping these capabilities, and
inproviding the foundation for lifelong learning that wll enable
new know edge and skills to be acquired in response to changi ng

Ci r cunst ances.

According to the National Science Educati on S andards ( NRC,
1996, page 2), “inquiry is central to science learning.” This
| earning can only take place, however, if the teacher knows where
students are along the paths toward specific goals. Wthout this
information, teachers cannot identify the next steps that students
are capabl e of taking wth understanding. In addition, the nore that
students thensel ves are involved, the nore likely it is they wll be
able—and wll want—+o take these next steps. These aspects of

inquiry have been identified as fornative assessnent.

ornative assessnent (assessnent for |earning) takes place
during the course of learning. It is distinct fromsummative
assessnent (assessnent d |earning), which takes place
after classroomactivities to see what |earning has taken place. The
process of fornative assessnent involves the teacher in
o gathering evidence about students’ skills, concepts, and attitudes

relevant to the goals of learning
o interpreting this evidence in terns of progress toward goal s
» deciding the next steps
o finding ways of hel ping students take the next steps

Invol ving students in all parts of this process is not only
desirabl e but essential, for the research identifies this as a sig-
nificant el enent in successful learning. It's part of the teacher’'s
role to communi cate goals to students and offer feedback on how

they can continue to nake progress. Sudents need to know t he



For mat i ve assess-
nent

and assessnent for
ot her pur poses

Limtations of current
practice that inhibit

i npl enent ati on of
fornmative assess-
ment
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goals of their learning; it gives themthe opportunity to recogni ze
the goal s they have reached and those they need to strive for. This
does not deny the teacher’s responsibility for hel ping students’

| earning but recognizes that it is the students who do the | earn-
ing—-and they do this better if they know the purpose of their

wor K.

urmat i ve assessnent is val uable for recording and

reporting student achievenent at certain tines. Summative

assessnent data are general ly obtained by giving tests, but
these data cannot reflect the full range of goals of |earning.
Moreover, there is only disputed evidence that summative assess-
nment inproves learning (Linn, 2000). The use of test data for
hi gh- st akes school eval uation, conbined with the narrow base of
the tests used, has a serious backwash effect on the curricul um
and on the practice of formative assessnent. Teachers inevitably
focus on what is tested and, indeed, on the kind of learning that
|l eads to test-taking success. This encourages shal | ow surface
learning, rather than the deeper learning wth understanding that is
inportant in education today (Assessnent Reform G oup, 2002;
Harl en and Deakin Qick, 2003).

If we are serious about preparing our young peopl e to becone
lifelong learners and inforned citizens, we nust find a way of
ensuring that fornative assessnent is given at least the attention
and resources presently devoted to summati ve assessnent. The nore
we can strengthen fornative assessnent, the nore feasible it will

becone to nake use of evidence of students’ learning for other pur-

poses.

iven the inperative to obtain the benefits of fornative
sessnent, we need to consider why it is not nore wdely

ncorporated i nto teachi ng.

Gertainly there are sone teachers who do practice fornative



Taking action to

establish fornative
assessnent as part
of regular practice

assessnent as part of inquiry-based | earni ng—and exanpl es of good
practice were reported at the Forum A the sane tine, several
aspects of current practice were identified as elenents in the fail -
ure to inplenent fornative assessment nore wdely. These are

e aviewof education and of science that underval ues the |earni ng

thet depends on inquiry, and therefore doesn't val ue fornative
assessnent

o the burden of external high-stakes tests that tend to favor |earn-
ing of easily assessed factual know edge and fail
to assess the out cones of inquiry

o the isolation of teachers in their classroons, and a | ack of shar -
ing through “a community of learning” in the
school

o the viewthat there is not the tine needed for inquiry, for

i nval vi ng students in assessing their own work,
or for other processes i nvol ved in conducting
assessnent to hel p | earni ng

» the lack of professional devel opnent opportunities that woul d
enabl e teachers to acquire the skills necessary to effective-
l'y i npl enent formati ve assessnent

o the lack of such opportunities in preservice courses

(onsi deration of these factors indicates sone of the changes

needed to enhance the practice of fornative assessnent.

here are several steps we can take to hel p establish

fornati ve assessnent practices in the classroom For a

start, we can nake known the research findings about its
effectiveness. (It is worth noting here that the neasures used in
research studies to detect advances in learning were regul ar tests
of the kind currently used. Thus, the tine needed for fornative
assessnment is in fact contributing to | earning and success on all
neasures, including standard tests.) BEven nore convincing evi -
dence can cone fromteachers who practice fornative assess-

nent—and fromthe students who have experienced it.

11
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Exanpl es of successful nethods and techni ques are al ready
available to be captured and di ssemnated. V& need to find ways of
encouragi ng teachers to try incorporating fornative assessnent
into their teaching, and to see for thensel ves its powerful effect
on learning. VW can help this process not only by naking avail abl e
al ready proven approaches, but al so by providing resources,
exanpl es, workshops, and access to expert practitioners. V& can
al so enbed devel opnent of know edge and skills relating to forna-
tive assessnent in teacher education prograns and in prof essional
devel opnent, providing exanpl es of student work and nodel s of

studyi ng and using student work fornatively.

W need to communi cate the benefits of fornative assessnent
to parents and others wth interests in students’ learning as well,
and use the information it provides to inprove communication
bet ween parents and school s. Parents—and others concerned wth
school s—shoul d know the potential that fornative assessnent has

for inproving academ c achi evenent .



I ntroducti on

Fornati ve assessnent coul d al so be nade “hi gh stakes” by
being nade a requirenent in state inspection or accountability
systens. V& need to bring to the attention of policynakers the
opportunities for raising levels of achievenent that are there to be
grasped. Funders of research and devel opnent (federal grant agen-
cies such as the National Science Foundation, private foundations,
governnent departnents such as the US Departnent of Education,
and so on) need to recogni ze the inportance of supporting further

work in this promsing area nowthat it has been recogni zed.

he Forumon Supporting Inquiry through Assessnent,

whi ch brought together educational researchers, adninis-

trators, professional devel opers, and teachers fromthe
Lhited Sates and the Lhited Kingdom identified the strengthening
of fornmative assessnent as one of the highest priorities in educa-
tion at the present tine. Wile reasons for this apply at all ages
and to all curriculumareas, the particular application to inquiry

sci ence education was the focus of this Forum

The first three sections of this nonograph set out evi dence for

the clains that fornative assessnent can inprove acadenic

13



Wat is to be
gai ned from
fornative
assessnent ?
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achi evenent and descri be what fornati ve assessnent neans in
practice. This includes considering the invol venent of students in
sel f-assessment —a key factor—and illustrating this wth exanpl es
of practice devised by teachers. Then, assessnent that has a forna-
tive purpose is conpared to assessnent wth a summative purpose,
and a case is nade for better bal ance and articul ati on between the
two. This leads to consideration of a range of factors that can con-
strain the inplenentati on of fornati ve assessnent. The final sec-
tionidentifies sone of the actions needed to devel op and support

formative assessnent in inquiry teaching.

here is convincing and i ncontrovertibl e evi dence that

formati ve assessnent increases standards of attai nnent.

This was reported at the Forumby Professor Paul B ack of
the Lhiversity of London, froma review of research into the effect
of classroomassessnent on |l earning that he had just conpl eted
with Dylan WIliam (B ack and WIliam 1998a).

Back and Wliamfound that initiatives designed to strengthen
for-native assessnent can enhance student achievenent. In fact, the
potential inprovenent is substantially greater than for nost other
interventions designed to rai se acadenic attai nnent. Mreover, the
evi dence showed that |ower-achieving students gai ned nore than
others. Thus, the spread of attai nnent can be reduced while the over -
dl leve is raised

The extensive review of over 250 studies that B ack and
Wliam carried out ranged fromthose involving five-year-old
students to uni versity undergraduates across several school sub-
jects, and included evidence fromnany countries. There was an
unusual consensus in the findings. Hwever, the authors point out
that to secure the often substantial |earning gains found in these
studi es, considerable change in regul ar classroons may be
required. This is because the gains are associated with the presence
of particular features and types of classroominteraction. The study
nakes these nai n points:

« Al such work involves new ways to enhance feedback between
those taught and the teacher, ways whi ch require new nodes of



pedagogy—whi ch wi |l require significant changes in classroom
practi ce.

« Underlying the various approaches are assunptions about what
nakes for effective |earning—+n particular that students have to
be actively invol ved [active in devel oping their understandi ng
rather than bei ng passive recipients of information and ready-
nade i deas].

» For assessnent to function fornmatively, the results have to be
used to adjust teaching and | earning-so a significant aspect of any
programme wi Il be the ways in which teachers do this.

« The ways in which assessnent can [positively] affect the notivation .
.. d students, and the benefits of engaging students in self-
assessnent, both deserve careful attention.

(Black and Wliam 1998b, page 5)

It isinportant to understand that adding certain activities to
current practice wll not produce startling gains in student
achi evenent. Rather, sone radical change in practice is likely to
be needed; there nust be sone action to counter the constraints
identified later in this docunent that operate against the needed

changes in practice.

To add to these research findings, the Forumidentified several
other good reasons for naking the considerabl e effort that is likely
to be necessary. Fornative assessnent is famliar indaily life
out si de the classroom Those who have responsibility for the work
performance of others nake on-the-spot judgnents all the ting,
often by aski ng enpl oyees to propose a course of action or explain
their thinking. In response, they nake adjustnents to the anount
of support or training they provide. This is an ongoi ng process, not
a formal assessnent; inprovenent in perfornance is the goal. The
sane thing happens in school s: Teachers constantly have to nake
judgnents about how wel | students are doing. Fornative assessnent
provides a nore formal structure for naking these judgnents,

ensuring that decisions are based on careful ly interpreted evidence.

15



There are other benefits, as well. For instance:

o Fornative assessnent, which takes place within regul ar |earning
activities, takes into account a full range of skills and attitudes
w thout undue dependence on reading and witing skills when
these skills are not the ones being assessed. This is in contrast to
nost classroomtests, which focus on a narrow range of easily
tested know edge and whi ch inevitably depend upon students’
reading and witing abilities. Mreover, tests are rarely free
of bias inrelation to gender, language, and culture, as vwell as to
test sophistication and test coachi ng.

e As already noted, inproved fornative assessnent has the greatest
effect on increasing the learning of |ower-achieving students. Not
only does this help in providing equal learning opportunities to all
sections of the conmunity, but it reduces specia needs pl acenents
as vell.

o Intune wth the practice of fornative assessnent, w dely
accepted theories of |earning enphasi ze the role of the student in
actively constructing understanding. An inportant part of the
process of learning wth understanding is |inking new experi -
ences, and the ideas used to nake sense of them to previous
experiences. The integrated know edge that results can then be
applied in newsituations. In contrast, knowedge that is not
linked to a general framework of understandabl e concepts is not



Wy is fornative
assessnent so
inportant to

I nquiry | earni ng?

readily applied beyond those situations in which it was |earned
and practi ced.

« Wen fornative assessnent is practiced, students understand not
only what they are supposed to be learning, but al so howto go
about learning it, and they are involved in and conrmtted to
learning. They are on the sane side as the teacher, working
together, rather than being on an opposing side wth the teacher
draggi ng the students rel uctantly al ong.

» Formative assessnent al so generates rich information for par-
ents, who wll receive regular reports of progress fromtheir
children as well as fromtheir children's teachers. There is a
weal th of anecdotal evidence that parents’ support for |earning
can inprove as a result. Al this neans that nore productive
work is undertaken, |eading to increased | earning.

he evi dence and argunents just described showthat, in a
nunber of subjects, fornative assessnent can increase
attainnent of all students and bring particular gains to
| ower - achi eving students. In the case of |earning science, however,
there is an added reason for taking seriously the case for inprov-
ing fornati ve assessnent practice, which foll ows from considering

what students need to learn through inquiry.

It is the nature of learning through inquiry that understandi ng
is built fromexisting ideas and experience. Inquiry teaching
leads students to build their understandi ng of fundanental scien-
tific ideas through direct experience wth naterial's, by consulting
exi sting resources, consulting wth experts, and interacting and
debati ng anong thensel ves (National Science Foundati on,

Foundati ons: The Chal | enge and Pronise of K-8 Science Education
Reform 1997). In order to pronote the construction of under -

standing through inquiry, it’s clear that students need the fol | ow
ing

17
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to have experiences that are wthin reach of their existing ideas
and ways of thinking

to have experiences that link to previous ones and to the ideas
that hel p under st andi ng

to nake their own ideas explicit to thensel ves as well as to the
t eacher

to have access to other ideas through books, social interaction,
teacher gui dance, and the nedia

to gather evidence by using inquiry skills to test their own and
others’ ideas

to be in control of naking sense of new experiences
toreflect on howtheir ideas and skills have changed

to engage in activities that they see as rel evant, inportant, stim



Wat does
fornative
assessnent
I nvol ve?

ulating, and val ued for thensel ves, rather than sinply for their
usef ul ness in passing tests and exam nati ons

If teachers are to provide such experiences for students, it fal -
lows that they need to find and use evidence of students’ existing
ideas, skills, and attitudes. This inplies a clear idea of the goals of
learning and of the path of progression toward these goals. It neans
that teachers have to be able to recogni ze how far students have cone
along this path, identify next steps, and know howto hel p students
take these steps. Teachers al so need to know howto share the goal s of
|earning wth students, and howto encourage themto assess their
own work. I'n other words, formative assessnent shoul d be enbed-

ded in their teaching.

But there is already a considerabl e anount of assessnent in
classroons. |Is this asking for yet nore? If not, howis this pro-
posal different fromwhat happens now? These questions wll be

addr essed next .

Il assessnent invol ves gathering evidence, interpretingit,
and using the result in sone way. Hbw these things are done

depends on the purpose of the assessnent. Two of the nain

Box 1. Wsing evidence for feedback in teachi ng

If the goal for students is to understand how living things
are adapted to their environnents, Activity A mght be one in
whi ch students |l ook closely at certain living things and notice
where they are and are not found. If students begin to generate
testabl e expl anations fromtheir observations, the next activi -
ty, Activity B, mght be to gather nore infornation about the
condi tions various organisns prefer (which mght include sone
experinental investigations). If, on the other hand, students do

not generate their own expl anations, Activity B mght be to do

19




Foue 1
Fornati ve Assessnent Cycle

Gal s
©
B
S udent s’
activities A
Teacher deci des Teacher collects
how to hel p next vi dence rel ating
steps to goals
Next steps S udents Evi dence
in |earning
Teacher decides Teacher inter-
appropriate next prets evi-
steps dence
Judgnent
d
achi eve-

20



@l I ecting evi dence
of students’ thinking

purposes are to help I earning (assessnent for learning) and to
report on the learning of individual students (assessnent d |earn-
ing). These are our nai n concerns here, but we cannot ignore the
use of data about the perfornance of groups of students for a third
pur pose—t+hat of eval uating teaching and for school target-setting,
since this has an inpact on classroomwork. V&' Il return to this

point later.

Assessnent for learning, or fornative assessnent, is a proce-
dure for regulating teaching so that the pace of noving toward a
goal is adjusted to ensure the active participation of the students.
As with all regul ated processes, feedback into the systemis the
i nportant nechani smfor ensuring effective operation. Just as
feedback to the thernostat of a heating or cooling systemallows the
tenperature of a roomto be naintained within a particul ar range,
so feedback of infornation about |earning hel ps ensure that new
experiences are not too difficult or too easy for students. In the
case of teaching, the feedback is both to the teacher and to the stu-
dents.

Feedback to the teacher is needed so that he or she can decide the
appropriate next steps and the action that wll help the students to
take them Feedback to the students is nost effective in pronoting
learning if it involves themin the process of deciding wat the next
steps should be, so that they are not passive recipients of the

teacher’s judgnents of their work.

The use of feedback in naki ng deci sions neans that the process
is a continuous one; the various parts can be visualized as a
repeating cycle of events (see figure 1, page 20). The exanpl e in
box 1 shows how col | ecting evi dence during student activities can

af fect judgnents teachers nake about taking appropriate next
steps.

21
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Box 2. @l lecting evidence of students’ thinking

(ne teacher, in planning a | esson on sinple circuits,
deci ded to have the students draw on the whiteboard all the
circuits they tried to construct, both those that did and those
that didn't work. This formof communication gave her an
i nmedi ate picture of the way the students’ ideas were devel -
opi ng and enabl ed her to work with those who were unsure and

needed hel p in understanding what is essential in a conplete

he first part of the process of fornative assessnent is col -
I ecting evidence of students’ existing ideas and ways of
thinking in the context of an activity. Mthods nay incl ude

the fol | oving:

observi ng students—i stening to how they describe their work,
their reasoning for the explanations they give, and so on

quest i oni ng—usi ng open-ended questions phrased to invite stu-
dents to reveal their ideas and reasoning (for exanple, “Wy do
you think it takes nore force to stop this toy truck than that
one?”; “Wat do you think is happeni ng when the sugar is put
into the water?”)

aski ng students to communi cate their thinking through draw ngs,
artifacts, actions, role playing, and concept napping, as well as
witing

di scussi ng words and how they are being used

Gathering evidence in these various ways shoul d be part of the

| esson, requiring careful thought and pl anni ng—Rot an “added

extra.” To collect this infornation, teachers nust set tasks that
elicit the use of certain skills or the application of specific ideas.

The planning may invol ve a teacher in deciding, for instance, what




Deci di ng next steps

Box 3. Gathering evidence fromstudents’ witing

After sone investigations of canouflage, a teacher asked
her fifth-grade students to wite down their ideas about why
we find polar bears in the Arctic and brown bears in the
nountains in Anerica. This is one girl’s answer:

“l think that the reason for brow bears do not live in the
Actic is because that the broan bear can not be canouflaged in
the Actic and if they are not canoufl aged the bear wll be shot
and eaten and the fur will be used as coats for the nen. It is the
sane Wth white bears not living in the nountains they can't hide
thensel ves so they woul d get shot as well.”

Fomthis the teacher coul d see howthe student was using the

concept of canoufl age and how adaptati on was explained in terns

questions to ask that wll encourage the kinds of thinking and
learning that are intended in a particular activity. Wat are the
appropriate forns of conmunication that will extend the |earning
and reveal what has been achi eved? Wat pitfalls night there be in
choosi ng appropriate vocabul ary (for exanpl e, identifying possible

words that nay be nisunderstood, such as nelting and dissal ving)?

Wien | esson preparation includes plans for using such neth-
ods, there is a double benefit. O the one hand, their inplenenta-
tion ensures that students use and devel op skills and ideas; on the
other, they give teachers opportunities to assess this devel opnent.

The ai ns of teaching and assessnent are closely entw ned here.

he second part of the fornative assessnent cycle is inter-

preting evidence. It is inportant not to rush into a judg-

nent of students’ ideas and skills wthout carefully consid-
ering avail abl e evidence. There is useful evidence in al nost every-
thing that students do or say-as long as teachers can recogni ze and
carefully interpret it. For fornative assessnent, expectations for

i ndividual students are deternined partly by the intended out cones
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Hel pi ng students take
the next steps

Hel pi ng students test
their ideas

Provi ding access to
nore scientific
alternative ideas
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of the activity, and partly by the past achi evenent of the student.
The judgnent of an individual’s work is not purely based on the
goal s achi evabl e through the activity, but al so on such things as the
recent progress and the effort of the student. So when the inforna-
tionis used to decide howto provide opportunities for further

| earning, the decision natches the needs of the student.

he process of using infornation to advance learning i s the

hal | nark of formative assessnent: It distinguishes forna-

tive assessnent fromassessnent for other purposes, such
as end-of -course grades. Judging the point a student has reached in
terns of expectations wll indicate what the next steps shoul d be,
provided that the teacher has a firmunderstanding of the goal s of

the activity and of the course of devel opnent towards them

Teachers often need hel p regarding progression in learning. There
are various sources that nap devel opnent, such as Benchmarks for
Science Literacy (American Association for the Advancenent of
Science, 1993) and Alas of Sience Literacy (AAAS, 2001), “The
NAEP <ci ence Achi evenent Level s” (National Assessnent of
Educati onal Progress, 2002) and the National Science Education
Sandards (National Research QGouncil, 1996).

nce next steps have been decided, there are various strategies
hat can be adapted to particul ar circunstances. They fall
into three nain categories: hel ping students test their

i deas, providing access to alternative scientific ideas, and enhanc-

i ng communi cation and reflection.



Enhanci ng
conmuni cati on
and reflection

Invol ving students in
deci si ons about their
own | ear ni ng

hi s includes extendi ng students’ experience and |inking
T together specific ideas to nake bigger ones. For exanple, in
one fifth-grade classroom sone students observed the “di sappear -
ance” of water fromthree different sources—an open dish in the
classroom a soaked cloth near a wndow and a bow of water |eft
out side. Wien students were asked to explain this, sone were con-
vinced that the loss fromthe contai ners was due to sone hunan
intervention. Qhers had different ideas. Qe wote “I think the
heat or cold nakes it go’; another said the water “goes into the air
and wll turninto clouds.” The teacher helped all the students set
up investigations to test their ideas. Then, when the students
reported their findings, the teacher nade sure that they arrived at
an idea that “worked” in each of the situations, and an under -
standing that explained all the exanpl es of evaporation that they
could find

hese ideas wll cone froma range of sources, including the

T teacher, other students, books, (DR, and the Internet.
Hel ping students to take themon board nmay invol ve the teacher in
“scaf fol di ng”—ntroducing ideas one at atine and in a way that
hel ps children build their understanding toward the scientific
Vi ew

H enmentary teachers are often uncertai n about when, whet her,
or howto introduce the scientific viewof things to their students.
onsequent |y, students nay be left with their own nonscientific
ways of thinking when they could be trying out ideas that expand
their understanding. The teacher’s role in scaffolding is to support
students in using an idea that they have not yet nade “their own.”
(ne teacher, for exanple, hel ped her second-graders understand
how pl ane nmirror reflections worked by having students throw a
bal| against awall at a glancing angle. The teacher invited the stu-
dents to suppose that |ight behaves in the sane way as the ball. She
asked themto use this idea to work out what they thought woul d
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happen if they shone a flashlight towards a mrror at the sane
angle that they threwthe ball. Sudents could then test their pre-
dictions. Wen the idea of reflection as a change in the direction of
light becane part of the students’ way of thinking, the teacher’s
scaffol ding was no | onger needed. The teacher had hel ped the stu-
dents nake a link that they had not nade for thensel ves but were

able to learn from

hi s i nvol ves discussion and the role of |anguage in the devel -
T opnent of shared understandi ngs. For exanpl e, when third-
grade students set up parallel and series circuits that each used one
battery and two bulbs, they noticed that the bulbs in the series
circuit were less bright, and they struggled to explain this obser -
vation. The students di scussed the problemin groups, tracing the
circuits wth their fingers and examining the lighted bul bs. Seeing
the filanent of anillumnated bulb | ed one student to suggest that it
seened to be “on fire,” and another to seize on this as neani ng that
it takes energy fromthe battery. Together they worked out the idea
that the energy had to “push” through both filanents in the series
circuit, sothe filanents had to share the energy, while in the par -
alel circuit, each bulb was able to connect to the battery directly.

hy are students at the center of figure 1 (page 20)? The
W nost obvious reason is that the teacher gathers infornation
fromthe students, as indicated by the outward-pointing arrows.
The reason for the arrows pointing to the students arises fromboth

evi dence of practice and theories of |earning.

The practical reasons were identified in the research studi es

reviewed by B ack and WIiam which highlighted the central role



of students in their own learning. The invol venent of students in

sel f- and peer-assessnent was anong the successful approaches in
rai sing achievenent. In the studies reviewed, there were exanpl es
of successful strategies for sel f-assessnent wth students fromage

five upward.

The theoretical reasons for involving students in decisions

Box 4. Dscussing the purpose of activities

A teacher participant in the Forum described how she reg-
ularly discusses wth her students the purpose of their activ-
ities. She sonetines does this in general terns with the whole
class at the start, reinforcing the purpose in discussion wth
groups later and identifying nore specific targets to suit indi -
vidual students. A other tines, she does not give her ideas at
the start about what is to be learned. Instead, she waits for the
students to begin their exploration and then asks them what
they could find out. The di scussion goes beyond the details of
the activities and extends to “Wat wll you be learning if you

do that?” The fact that this cones fromthe students neans

Box 5. Wsing exanpl es

Teachers find it hel pful to have standards exenplified by
students’ work; for sinilar reasons, these are also helpful to
students. Indeed, there is no reason why sone of the exanpl es
produced for teachers in publications such as New St andar ds
Performance Standards (NCEE & University of PFittsburgh,
1997) shoul d not be shared with students to show what ot her
students have done. This can avoid problens that nmight arise
by di scussing exanpl es taken fromthe work of classnates.
Sonetines it is useful to discuss shortconings as well as the

nore positive aspects of a piece of work. A collection of pieces
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Feedback on stu-
dents’ work
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Box 6. Denonstrating what has been | ear ned

A teacher asked the students to nake a practical test to give
to each other to test their know edge of sinple circuits. The
tasks were far harder than the teacher woul d have given. Al
the students, those setting the tasks and those respondi ng, not

only enjoyed this challenge but extended their learning in the

about their learning derive fromgeneral ideas about how peopl e
learn. The kind of learning we need to aimfor, as has been suggest -
ed earlier, is not a matter of absorbing infornation and ready-
nade understandings. Instead, it involves the active participation of
learners in using existing ideas to try to nake sense of new expe-
riences. In this process, ideas that “fit” becone nore w dely
appl i cabl e and nore powerful in hel ping further scientific under -

st andi ng.

Wien any of us try to learn sonething or inprove perform
ance-vhether it’s a physical activity such as playing a sport, or a
nental one such as | earning anot her |anguage—we like to be able to
tell howwe are doing. V& can only assess our progress, though, if
we have a clear notion of what we are aiming for. It is the sane wth
students: They need to be aware of the goals of their |earning.
However, research reveals that, in too nany cases, students do not
have a clear notion of the purpose of their activities (Hack and
Wliam 1998a). (onsequently, classroomactivities appear to stu-
dents as callections of disconnected and often neani ngl ess exer ci ses.
To inprove student understanding of the purposes of activities,

teachers need to find ways of conveying goals and standards of qual -




How does
fornative
assessnent
relate to
assessnent
for other
pur poses?

ity. Wen students know what they shoul d be trying to achi eve,
they are in a position to “pull together” wth their teacher, and

teachi ng becones nore effective.

Gommuni cating goals of learning to students is not an easy nat -
ter, however, particularly in the case of young students. It wll
certainly not be possible to do this using the | anguage of of ficial
docunents. Here are sone exanpl es of effective approaches devi sed
by teachers:

o Share wth students the purposes of doing certain work (see box
4).

o ke exanpl es of other students’ work to point out aspects that
illustrate the standards expected (see box 5).

o Chal l enge students to show what they have | earned—for exanpl e,
show ng how they can nake a col ored shadow, wre a sinple cir-
cuit (see box 6), or nake a sinking object float.

o Dscuss pieces that students select as being their “best work”
and ask why students chose them Fomthis, teachers can deter -
mne the criteria students are using, which nay not be the ones
intended. (For instance, a student night select the best-present -
ed pieces wthout regard to content.) Then the teacher can take
action to communi cate the intended goal s.

eedback fromthe teacher is an inportant vehicle for hel pi ng
F students know how to inprove their work, but it’s crucial
that the feedback be the right type. Judgnental comments are
sei zed upon by students: Such comnments focus attention on how
wel | students have done and how they conpare with others,
rather than on what they now need to do to advance their | earning.
(ne teacher at the Forumreported having noticed a considerabl e
change in her students’ notivation once she avoi ded giving any
indication of judgnent in her witten cooments on their work.
She keeps all judgnental comments in her own records and feeds
back to the students suggestions as to what to do next, or ques-
tions that help themlink what they found to other experiences.

The students’ work then becones a nedi umfor genui ne commu-
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Usi ng assessnent
data for school eval u-
ation and target-set -

ting

ni cation between teacher and student about what is being | earned.

s we have noted, formative assessnent, or assessnent for

learning, is only one of the purposes of assessing stu-

dents. Another inportant purpose is to provide a suma-
ry of student achievenents at particular tines. This is suma-
tive assessnent, or assessnent d learning. This is the basis of
reports to parents, other teachers, the students thensel ves,
and—ncr easi ngl y—

to state authorities.

The ai mof summative assessnent is to sunmarize | earning
achieved at a particular tine in a readily conmuni cabl e form and
so the anount of detail about various aspects of achi evenent is
necessar-ily limted. Sunmative assessnent does not have the
direct influence on student |learning that fornative assessnent
does—any inpact takes place over a longer term The process is not
cyclical, as is fornative assessnent, but nore as represented in

figure 2 (page 30).

There are inportant differences between figure 1 and figure 2 that
arise fromthe purposes of assessnent in the two cases. Fornative
assessnent is both generated and used by the sane peopl eteachers
thensel ves and their students. This is not the case wth summative
assessnent, where infornation has to be conmuni cabl e to and usabl e

by others.

Those receiving reports summari zi ng achi evenent need to be
assured that the information is reliable and conparabl e fromone
student to another. This neans that the basis for naking a j udgnent
has to be the sane for each student. It is not appropriate to take
effort and recent progress into account in naking the judgnent; it

nust be nade only in terns of criteriarelated to the goal s.

The need for reliable judgnents in summative assessnent al so
reduces the invol venent of students in the process. A though sone
invol venent is beneficial (for the sane reasons as given in the case of

fornative assessnent), the judgnent nust ultinately be reliable. It
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isthe teacher’'s responsibility to ensure fairness in judgnents for

all students.

sing assessnent data for school eval uation is controversial

but wdespread. It is relevant in the present context

because of the |ikely backwash effect on fornative assess-
nent. It invol ves summarizing information fromindividual student
assessnments to forman average score for groups of students. The
data nay cone either fromexisting sunmative assessnent records
or tests, or fromtests specifically required and adnini stered for
accountabi lity purposes. This use of assessnment data is controver -
sia because student perfornance is a product not just of the
school , but of out-of-school influences such as the social and edu-
cational hone background of the students. Qne approach that
i ncl udes these other factors is to take into account student achi eve-
nent on entering school, and to cal cul ate a neasure of “val ue”
added by the school. However, this requires a neasure of earlier
achi evenent and | eads to nore testing of students at very early
ages.

The backwash onto the practice of formative assessnent aris-
es fromthe inportance given to test data for accountability pur-
poses. Teachers naturally wsh to ensure that students wll be
able to performwell in what is tested and check this by using
tests rather than their own judgnents. The tendency to do this is

accentuated by the practice of using assessnent data for neasur -



Wy does cur -

rent

practice fal to

support forna-
ti ve assessnent
and inquiry

t eachi ng?

Vews of the
process of |earning
and of the nature
of sci ence

i ng school performance as an incentive for school inprovenent.
Its nost inmediate effect, however, is not to inprove education,
but to focus attention on student achievenent on the tests. |ndeed,
research evidence reviewed by G ooks (1988) confirns that
giving tests does not increase student achi evenent. Linn (2000,
page 14) has concl uded fromstudyi ng tests used for accountabil -
ity that “Assessnent systens that are useful nmonitors | ose much
of their dependability and credibility for that purpose when high
stakes are attached to them The uni ntended negative effects of the
hi gh- st akes accountability uses often outwei gh the intended posi -

tive effects.” More recently, a review of research on testing has
reveal ed evidence of a negative inpact on students’ notivation for

learning (Harlen and Deakin Qick, 2003).

s a consequence of the attention given to test perfornance,

the use of data collected and used for fornative assessnent

is dininished, and less attention is given to those aspects of
teaching that really can rai se achi evenent. \Wat is needed is a bet -
ter bal ance between assessnent for fornative and summative pur -
poses, and nore attention given to howthey mght work in harno-

ny rather than in opposition.

Hgure 2 (page 30), for exanple, suggests that evidence for
sunmat i ve assessnment can cone fromregul ar activities—and
indeed, it could be a sumary of the infornati on gathered and
used for formative assessnent. This evidence fromregul ar activ-
ities can be used for summative assessnent, but in doing soit is
inportant to nake sure of the foll ow ng:

o it isthe evidence of what the students said, wote, or didthat is
reviewed, not the judgnents of this evidence nade for fornative

purposes (which will take into account student effort and past
pr ogr ess)

o student work is reviewed and conpared to the criteria givenin
statenents of standards or indicators

o the vork is evaluated in the sane way for all students so that the
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Box 7. Aview of |earning science as passive

If a teacher believes that learning is built up fromthe
conbi nation of sinple conponents that students have to nem
orize, which can then be built into nore conplex units, he or
she will regard all that the students |earn as coning fromthe
teacher or other authorities such as textbooks. S udents’
views Wil not be highly val ued and so there will be no need,

inthis regine, to gather evidence about themwhich is the

Box 8. Aviewof learning science as active

If the teacher takes a cognitive view of |earning, enbrac-
ing the notion that students are actively involved in naking
neani ng both wthin and outside the classroom then he or she
wll regard the students’ understanding as the focus of teach-
ing and the teacher’s role
as helping to build this understandi ng. Hence, finding out stu-

dents’ ideas and skills and using this information to hel p

resulting judgnents have the sane neani ng

(btained in this way, infornation about student learning is
far richer than that fromtests. Mreover, using fornative
assessnent evidence for sunmative assessnent woul d raise the
status of fornative assessnent and attract the attention that

woul d | ead to inproved practice.

he strong evi dence and argunents in favor of fornative
assessnent revi ened above cannot be ignored if we wsh to

rai se student achievenent. In particular, the value to



The pressure of
external tests

The pressure of tine
in the classroom

learning in science is so strong that it is hard to concei ve that

i nqui ry-based teachi ng can take place wthout fornative assess-
nent. Yet, the practice of fornative assessnent is not w despread,
and sone consi derabl e changes nay be necessary if it is to becone
part of regular practice. Before turning attention to the actions
needed to bring about these changes, however, it is useful first to
reflect on current practice and identify factors that inhibit the

w der use of fornative assessnent.
The main inhibiting factors identified at the Forumare rel ated
tothe folowng
o views of the process of learning and the nature of science
o the pressure of external tests
o the pressure of tine in the classroom
o linited opportunities for professional exchange wthin school s
» preservice education and further professional devel opnent

Each of these wll be considered in turn.

eachers nake the day-to-day decisions that affect the

learning opportunities of their students. G course, they do

not do this inisolation, they work wthin the ethos and
programof their schools, using the naterials and facilities pro-
vided. Inturn, the schools are constrained by district and state
pol i cies and budgets.

I nside the classroom however, each student’s experience
depends on deci sions nade by individual teachers about, for exam
ple, the way in which naterial s and assessnents are used, and

about the roles of teachers and students in |earning.

Boxes 7 and 8 indicate how two extrene views of |earning
affect the role of formative assessnent. These decisions are
i nfluenced by the teacher’s view of learning and of the subject
bei ng taught (Harlen, 2000).
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The view of the subject to be learned (in this case, science)
influences the value given to inquiry. An inage of science as a stat -
ic body of know edge which is val ue-free, objective, and detached
tends to exclude inquiry. Wth an inage of science as a dynamc
process for devel opi ng understandi ng about the world, just the
opposite is true. Such a view regards science as a hunan endeavor,
depending on creativity and i nagi nati on and providing theories that
are subject to change in the light of new evidence—all of which is

best conveyed through students’ participating in inquiry.

he inpact that external, high-stakes tests have on teachers’

priorities is discussed on page 31. The negative effect of

these tests on inquiry teaching follows fromtheir |imted
range and the fact that they test what is nost easily tested in a

reli abl e nanner.

Intheory, if it were possible to devise tests that validy assess
the goal s of inquiry-based | earning in science, then the curricul um
backwash woul d have a positive effect on inquiry. The notion of
“teaching to the test” woul d then encourage inquiry teachi ng.
However, this is
an untested conjecture, and likely to renain so, since inquiry
| earni ng out cones have not been captured in a test of reasonabl e
length and woul d certainly require nore than paper-and- penci |
tasks. Mreover, it has been argued (Mdaus, 1993) that the
intentions of any test can be subverted by determined test-taking
practice. The fact that a test exists encourages “surface” or “thin”
| earning notivated by wanting to be successful on the test rather

than by a desire to achi eve understandi ng and deeper | earning.

The position renains, therefore, that in order for teachers to
pronote | earning through inquiry, and thus achi eve the inpor -
tant outcones of learning that inquiry offers, we nust lift the

burden of external tests. The alternative is not an absence of



Preservi ce education
and further profes-
si onal devel opnent

information about student outcones. That infornation can be
provi ded by relying nore on teachers’ own judgnents that take

into account outside standards.

ow classroomtine is spent depends on priorities. The

points just nade about external tests are relevant here

since all the activities surrounding the preparati on and
adnini stration of such tests take a considerabl e slice of available
tine and energy. In terns of the inportant goals of |earning, a good
deal of this tine is unproductive (Assessnent Reform G oup,
2002) .

If we val ue the devel opnent of understanding, skills, and atti -
tudes that wll enable today’'s students to becone adults who can
nake inforned deci sions about scientific aspects of the world that
they influence and that affect them thenit is essential to ensure
that teachers can give adequate attention to this devel opnent. G
course, know edge of the physical, biological, and earth and space
sciences is needed, but this is knowedge, grounded in inquiry, that
leads to a grasp of the “bigideas.” It’s not just a colection of facts
that can be tested by multipl e-choi ce questions. Deep understandi ng
of a snaller nunber of “big ideas” is far nore useful and rel evant
to future generations than nenorizing a |arger nunier of isolated

facts could ever be. Less is nore, in this case.

This point has been reinforced by the results of the Third
International Mathenatics and Science Sudy (TIMS, 1995)
anal ysis of textbooks, curricula, and student achi evenent. Lhited
Sates curricula were criticized for being “a nmile wde and an inch
deep” (Schmidt, 1997, page 122). Teachers cover nore topics,
but they spend |l ess tine on each than in hi gh-achi eving countri es,
vwhile activities thensel ves enphasi ze routine procedures rather

than chal I engi ng concept s.

If teachers are to neet the ed{icational needs of their students,
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they need the support that can cone froma change in the priorities
that drive schools. A the sane ting, it is inportant for all stake-
hol ders in education to see inquiry as purposeful, and for the cen-
tral actors—the students and teachers—+o be aware of the |earning
goal s and of progress towards them Fornative assessnent, as we

have described it, operates to ensure this awareness.

chools are learning institutions. Rght now while they cater

tothe learning of students, they fail to cater to the learning

of their teachers (Darling-Hammond, 1998). Teachers
involved in using fornative assessnent in inquiry wll continually
devel op new insights into how students |earn—and how they can
best facilitate student |earning. Like other |earners, teachers ben-

efit fromsharing their insights and other ideas with their peers.

For exanpl e, the nethods recomended for devel opi ng student
ideas and involving students in sel f-assessnent, as illustrated on
pages 24 and 28, were all originally devel oped by teachers; these
i deas can benefit others if teachers have an opportunity to share
them Geater anareness of these exanpl es of practice can al so be
used to quel | doubts of parents and politicians who night inagi ne
that it is inpossible to conmuni cate goals to students or that stu-
dents are not able to reflect on their |earning.

Wii | e the opportunity for teachers to easily share ideas woul d
be in the best interests of teachers and students alike, schools are
often organi zed in ways that isolate teachers fromeach other. The
smal | amount of tine available for teachers to neet together is
general |y taken up by routine admnistrative tasks. This inhibits

prof essi onal exchanges about teaching and opportunities for teach-



Actions by principa s

Actions by
superi nt endents and
pol i cynmaker s

ers to gain fromeach other’s ideas, either through di scussion or by
visiting other classroons. Professional devel opnent | eaders at the

Forumidentified di scussion around student work as providing sone
of the nost powerful exanples of teacher learning in the full range

of teacher professional devel opnent nodel s.

hose entering the teaching profession are likely to bring

wth thema view of assessnent as being a matter of sum

narizing and grading, rather than as a way of hel pi ng
learning. This view may well have been reinforced rather than
chal l enged by their preservice educati on. Hence, feww !l have
entered teaching wth the understanding and skills needed to conduct
fornative assessnent as part of inquiry teaching. Lhless this situ-
ation is changed, nore and nore teachers wll need to ook to fur-
ther professional devel opnent courses for help with these aspects
of their work. At present, however, such courses are hard to find.
More courses that include these el enents are needed, as are oppor -
tunities for professional devel opers thensel ves to attain the neces-

sary understandi ng and skills.

o inprove fornati ve assessnent, action needs to be taken on

several fronts. Teachers are, of course, the ones who wil

utimately inpl enent the changes in the classroom But
they cannot do this unl ess they have access to rel evant prof essional
courses and the approval of their principals, who in turn need the
support of superintendents and administrators working wthin
policies that encourage and val ue understandi ng generated by
i nqui ry-based sci ence teaching and | earning. Sone action by each of
these players has been indicated in earlier sections. Here, these

poi nts are brought together.

eachers shoul d take action to inpl enent the formative
assessnent cycle represented in figure 1 (page 20). This

wll involve the fol |l ow ng:
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» making formati ve assessnent part of their |esson planni ng
(including ways to invol ve students in assessing their own work,
and naking clear to thensel ves and others the goal s of inquiry
activities)

» systenatically gathering evidence of students’ |earning during
teachi ng by observing, listening, questioning, and discussing
concepts and activities wth students

e interpreting evidence in relation to class goals and, wth stu-
dents, deciding the next steps in learning

« enabling students to take the steps to advance their understandi ng
and skills by, for exanple, extending their experience, helping
themtest their ideas, or providing access to aternative ideas

invol ving students in assessing their own work

o reviewng and reflecting on the teaching and learning to inform
future work

rincipal s should ensure that fornative assessnent is

approved and encouraged by

» review ng school policies on assessnent

« providing professional devel opnent for enhancing the know edge
and skills teachers need to inplenent fornative assessnent

gog
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denonstrating concern for understandi ng

show ng interest in evidence fromstudents’ regular work, and
not just fromtest scores

creating a coonmunity of learning in the school so that teachers
can | earn fromeach ot her

uperintendents and policynakers at all levels should seek to
raise the level of practice of fornative assessnent and

i nqui ry teachi ng by

according “hi gh stakes” to learning wth understandi ng and the
devel opnent of the big ideas of science and of scientific literacy

pronoting these goals of learning to others through policies and
per suasi on

providing support for teachers who are willing to try new
appr oaches

recogni zing the inportant contributions of inquiry teaching for
achi evi ng t hese out cones

recogni zing the val ue of fornati ve assessnent in all |earning

offering incentives for teachers to inprove skills used in forna-
tive assessnent

encouragi ng the review of evidence used in formative assessnent
for  sunmative purposes, thus reducing the necessity for fre-
quent

external tests

requiring assessnent to be addressed in all professiona devel op-
nent focused on classroomcurricula and instruction

decl aring and defending the val ue and validity of teacher-based
assessnents of |earning

hose provi ding courses for teachers shoul d i ncl ude the
kinds of experiences that teachers and future teachers wll

need to inprove fornative assessnent practice, such as

providing opportunities for teachers to devel op the skills
required to inpl enent the formative assessnent cycle cited in
figure 1 (page 20).
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