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ABSTRACT
The National Assessment of Educational Progress
(NAEP), the Mation's Report Card, has developed and pilot-tested a
var:ety of hands-on science and mathemgt;cs tasks. Thes. tasks were
developed as prototypes for use in future national assessments. but
f:the concepts measured and the innovative appraaches used are equally
suitable for classroom learning. This manual is designed for use by
- science and mathematics coordinators and teachers to share these
.‘te:hnxques. To develop these: hands*an activities, NAEP invited the
views of science and mathematics educators and worked closely with
members of the United. Kingéam s Assessment of Performance Unit at
Kings Gallegef London Universltgi Tasks were administered as group
activities, station activities, and as complete experiments. About
1,000 third-, seventh-, and eleventh-grade students from 12 school
é;str1ct5 across four regions of the country were assessed, with
approximately 100-300 responses obtained for each task. Results
showed that students responded to the tasks, and results conformed to
expectations about basic developmental trends in thinking skills. In
. .response. to. the pilot study, 11 tasks field-tested by NAEP were
- selected to show a range of pass;bll1t1es for classroom and
' assessment use. ‘Bach task is ‘presented by thinking skills necessary
for. ‘successful student. perfarmancg and the administration mode used
’ ,'H;erazchlzally arranged tasks are divided into the following
f_sectiensi (1) .classifying; (2) Qbserv1ng and making inferences; (3)
o g,hggathases, (4) -interpreting data; (5) designing an
experiment, and (6) canduct;ng a complete experiment. The
presagtatlenvfar each task 1ﬂ:1udes a br1e£ explanation of the
;act; ty, the ' - e equipment used,
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ntroduction

- Learning by D;}iﬂgé A Manual for Teaching and Assessing Higher-Order Thinkirg in Mathematics and Science

. This manual is designed for use
- by science and mathematics coor-
- dinators and teachers.

‘Why Hands-on
‘Assessment?
Improving ways to teach and
“measure higher-order thinking
skills has become a national pri-
ority, primarily because A Nation
at Risk and other prestigious
‘reports have identified a crucial
need for more sophisticated skills
-among our nation’s students. For
example, Educating Americans
for the 21st Century, the report
“of the National Science Board's
Commission on Precollege Educa-
tion in Mathematics, Science and
Technology, stated, "We must
return to the basics, but the
basics of the 21st century are not
only reading, writing, and arith-
metic. They include communica-
-tion and higher problem-solving
skills, and scientific and techno-
logical literacy—the thinking
tools that allow us to understand
the technological world around
us. These new basics are needed
by all students. . . .”
The emergence of new jobs
requiring technological skills and
expertise, concern about the
world environment, and the need
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in aur daily lives to make impor-
tant decisions based on new

medical and scientific discoveries .

have also served to heighten

interest inn science and mathemat-

ics education, Although all
schools require some mathemat-
ics, student participation in sci-
American schools, This is particu-
larly true in elementary schoois,
where, according to the Associa-
tion for Supervision and Curricu-
lum Development, a typical
fourth-grade curriculum allots
only 28 minutes per day to sci-
ence. Preliminary data from
NAEP's 1986 science assessment
show nearly one-fourth of the
third graders reported that they
rarely or never had science class.

~ Even in the higher grades, stu-

dents did not report taking a vari-
ety of science courses. While
many eleventh graders reported
having taken biology, less thar:
40 percent had taken chemistry
and only about 10 percent had
taken physics.

This relatively iow participation
in sclence courses suggests that
many students may have limited
experience with laboratory or
hands-on applications of scien-
tific and mathematical coricepts.
Students should have both the
concepts and process skills nec-

essary to organize and cary out
projects in an increasingly com-
plex world. Hands-on instruc-
tional activities give them the
opportunity to use knowledge
and skills to solve problems and
find cut how and why things hap-
pen. Further, itis critical that
assessment procedures be con-
sistent with the best of these
instructional practices. In First
Lessons, U.S. Secretary of Educa-
tion William J. Bennett writes:

"The problem of zssessment
also constrains the spread of
‘hands-on’ science. It is rela-
tively easy to test children’s
knowledge when they have

~ been asked to memorize lists

of data for a test. It is much
harder to design tests that
measure Jearning derived from
direct experience; some school
systems provide checklists of
students’ ability to perform
experimental tasks. The chal-
lenge before science educators
is to develop better means of
measuring both factual knowl-
edge and the kinds of under-
standing students acquire
through activities. When that
task is accomplished, a major
roadblock to science achieve-
ment will have been removed,”



 NAEP, the Nation's Report Card,
- has developed and pilot-tested a
_ variety of hands-on science and
" mathematics tasks. These tasks

- were developed as prototypes for
" use in future national assess-

- ments, but the concepts mea-

-~ sured and the innovative

~ approaches used are equally suit-
able for classroom learning, This
- manual is designed to share
these techniques,

What are the tasks like?
The tasks piesented in the follow-
ing pages require students to
think independently about a vari-
ety of relationships in mathemat-
ics and science. At the first level

~ of the hierarchy, students are
asked to classify and sort by
identifying common characteris-
tics of plants and animals, At the
next level, students are given

~ materials, equipment, and/or

- apparatus that exemplify particu-
lar mathematical or scientific phe-
" nomena or relationships and are
asked to observe, infer, and for-
- mulate hypotheses. Another set
of tasks is designed to measure
students’ ability to detect pat-
terns in data and interpret the
results. At the most complex
level, students are asked to
design and conduct compleie
experiments,

How were the tisks
developed?

To develop handsn activities
asking students toslve preob-
lems, conduct invelgation=s, and

‘respond to questinsusing  mate-

rials and equipmei NAEP EEnvited
the views of manyslence asnd
mathematics educiors, NABEP
also worked close)ith me=1m-
bers of the United fhgdom™"s
Assessment of Perimance - Unit
and their science-mnitoriney staff
at Kings College, Ludon Ureiver-
sity, Many of the tajs were

adapted from thogised sumc-
cessfully in England Wales, sand
Norther Ireland.

How were the fuks
administeyed?

Because a major gulof this= pilot
project was to judg e feasssibility
of more innovativead comggplex
assessment procedies, NAE=P
developed prototyps of diffe=rent
adminjstration formifs, incll—rding
paper/pencil {asks, tmonst=ra-
tions, computer-aciinsterewd
tasks, hands-on tas and vazari-
ous combinations dthese fcor-
mats. These were guiped irmto
three major adminffration

modes,

1. Group activitiesyre adnmninis-
tered to intact clises. Theese
tasks asked for qen-ende=d
paper/pencil resmses too

problems posed in various
demonstration of an experi-
ment by the exercise adminis-
trator. The remaining tasks
were based on various types of
written or tabular information.

. Station activities were hands-

on tasks that required stu-
dents to use equipment or
tionships and then answer
open-ended questions based
on their findings. These activi-
ties were divided into two sets
of six tasks for each grade
level. Groups of six students
were given the tasks, with stu-
dents rotating from activity to

One task in each of the sets
was administered by com-

tions and recorded their
answers by using the com-
puter.

. Complete experiments were

administered to individual stu-
dents. The administrator
nosed the questions,
explained the equipment, and
used a checklist to record how
students uged the equipment
to conduct their experiments.
After students had completed
their investigations, they dis-
cussed their findings with the
admiinistrator,



- Who participated in the
 pilot testing?

- Twelve school districts across the
- four regions of the country partici-
pated in the pilot project. Within
- each region NAEP selected
-schools in middle-income urban,
- disadvantaged-urban, and small-
city areas. Twenty-two trained
administrators assigned in teams

of three conducted the pilot study

during April 1986. About 1,000
third, seventh-, and eieventh-

- grade students were assessed,
with approximately 100-300

 responses obtained for each task.

What did the results show?

NAEP collected the pilot data pri-
marily to assess the quality and
qrade-level appropriateness of the
* tasks rather than levels of student
performance. From this perspec-
tive, the findings served ther pur-
pose, They indicated that stu-
dents responded to the tasks,
and in some cases, did quite well.
Also, the results conformed fo
expectations about basic develop-
mental trends in thinking skills.
For example, improved levels of
performance wereobserved
across all three grade levels,
and—given the grade-appropri-
ateness of the tasks—students
had less difficulty with the sorting
and classifyig tasks than with
detérmining relationships and
conducting reliable experiments,

However, staff and consultants
wanted to know much more, The
promise of new information
obtainable from a hands-on
national assesstiient was perhaps
the source of most enthusiasm.,
Questions abounded: How does
performanice vary according to
students’ backgrounds? Are there
particular pattems of success
across tasks? What problem-
solving approaches do students
use and how do those affect
performatice?

What did NAEP learn?
Although managing equipment
and training administrators
requires ingenuily aid painstak-
ing effort, conducting hands-on
assessment is feasible and
extremely worthwhile. The school
administrators, teachers, stu-
dents, and consultants were all
very enthusiastic. The students
found the materials engaging,
and the school staff and consul-
tants were more than supportive
in encouraging further use of
these kinds of tasks in both
instruction and assessment,
Many educators hope for rys-
tematic changes that will enable
more hands-on teaching in sci-
ence and mathematics class-
rooms, Teachers need the politi-
cal, financial, and administrative

support thatil allow them
coricentrate ndeveloping ide=as
and buildingipthe process siEkills
necessaty forsudents to Jeanan to
solve problemsand accomplissh
complex tash

Why this muual?

In responise: hire interest anc=
enthusiasm gom in the pilot=
study, Learelyby Doing pre:
sents 11 taslyfeld-tested by
NAEP, These e selected to
show a range possibiities foor
both classromand assessme=nt
use. Many ofteideas underly~ing
the hands-onlsks can be

adapted to awiety of differenmt
science and mhematics con—
c’Eplis In addl on, sur:h proce- -

usmg apparalus paper/pencll
applications (wme aspects oOf
thinking tasksind computey
simulations cibe integrated

with hands-oneperiences to

ease the burds of managing sStu-
dentsandeqiment,

Each of thehlowing illustrastive
tasks s identl by the thinkimng
skilis necessaylor successful
student perfomnce and the
administratiomode used by
NAEP, The prentation for ea=—h
task includesabief explanatioon
of the actiiity be student
response sheda list of the
equipment us, and one or
more exempliystudent
reSponses,

Learning by Doing s
adapted from A filot Si
of Higher-Order Thinkly
Skils Assessment Teck
hiques in Science aig
Mathematics, Final fept
This twovolurte, 537
report, uhich deseibes
NAEP's project in delasd
presents all 30 tasks
included in the pllot St~
six group activities, 204
tion activities, and four
complete experiments-4
available from NAEP, CI
6710, Princeton, Ny Ol
6710 for $35.00 plus st
ping and handling,
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The question with - - T
successful responses

WHAT IS THE SAME ABOUT THE BONES IN EACH GROUP? ‘

Here's what you do:
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from the backbones of different animals.

T

Activities 2) Put the bones into three groups. Make sure that there is
to Conduct something the same about all the bones in each group.
You muist use all the bones,

ot o

What did you find:

Record 3) Write the letters of the bones in your three groups.
Findings

R K AR

GroupA: _C. D K

GroupB: A, L& . F L

Grgup(:;,ig,r\‘f.l’%lJ-lff,,,,, -

e e e e,

4

ot

What is the same about the bones in each of your three
groups?

Account for i -
Findings ) . &
hare o hole in middle of contynl pant i

Group B: 02t hoax o comivl hne avawith

(Grade 11) I+ L__
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Students compare the weights of
each of four blocks and observe
how each individual block affects
the movement of the Wig-Wag
apparatus. The students then are
asked to describe the relationship
between the weight of each block
and how the apparatus moves. To
complete this task successfully,
students need to carefully
observe how each of the blocks
affects the motion of the Wig-Wag,
integrate these findings, and
make generalizations about the
relationship between weight and

rate of movement.

4 Equipment Required
& One inertla balance
= Two large Cclamps
= One block of lead labellad A
= One block of aluminum labelled B
* One block of woad labelled C
*= One block of balsa wood labelled D
= A pan scale
= A timer
= (raph paper

-
‘an



HOW DOE5 THE WIG-WAG MOVE WITH THE
7DIF FERENT B[_,QCH?, ;N THE TRAY?

This {5 the Wig-Wag. Push the end of the tray sldeways a bit and thenlet go.

Here's what you do:
1) Look at the blacks labelled A, B, C, and D.

Aclivittes  2) Lifi each block one at  time, What do you natice aboui the
toConduct  blocks?

Record R _

Findings

Activities  3) Put one of the four blocks in the tray and move the
toConduet ~ Wig-Wag, Notice how the Wig-Wag moves, Now try with the
other blacke.

plaln what vou found:

4] Deseribe the relationship between the welght of the blacks
and how the Wig-Wag moves,

Record and

_lif#n_the ﬁéwgéﬁ__éég;k_ apq é,h
Account for '
Findlugs

(Grade 3) A

(Grade 7))

The question with two
successful student
résponses to part 4




Watch as the teacher does the experiment,

Watch the Whirlybird arm carefully each time until it stops.

(1) The ball bearings were put in the two outside hales,
The Whirlybird arm was wound up exactly three times
and let go.

Obszerve
Demonstration

LR v ot O e s 2 I

i %) The ball bearings were put in the next two holes, The

arm was wound up exactly three times and let go.

(3) The ball bearings were put in the next two holes. The
arm was wound up exactly three times and let go.

WPL&T WAS DIFFE EHT ABOUT TIE WAY THE WHIRLYBIRD ARM MOVED

The question with two
successful student
responses

s the teacher does the experiment.

he Whirlybird arm carefully each time until it stops.

(1) The ball bearings were put i1 the two outslde holes.
The Whirlybird arm was wound up exactly three times
and let go,

tration
(2) The ball bearings were put In the niext two holes. The
arm was wound up exactly three times and let go.

(3) The ball bearings were put In the next two holes. The
arm was wound up exacily three times and let go.

WAS DIFFERENT ABOUT THE WAY THE WHIRLYEIRD ARM MOVED

VI-EN THE STEEL EALLS WEEE INTHE DIFFEREI\IT HGLES?

H |  WHENTHE STEEL BALLS WERE IN THE DIFFERENT HOLES?
; (A) Use this space to jot down notes about what you see happen
when the steel balls are moved to different holes,
(B) Use this space to write down your answer ta the question In the
box.
Record
Findings

(A) Use this space to jot down notes about what you see happen
when the steel halls are moved to different holes.

(B) Use this space to write down your answer to the question in the
box,

1y
)

(Grade 3) A

(Grade 7)




Station Activity, Grade 14

Students identify each of five
identically sealed objects by con-
necting the boxes that encase
them, one by one, to an electric
circuit. The students need to
make careful observations and
interpretations of what occurs as
each sealed box is tested. Some
knowledge of electric circuits and
the conductivity of different mate-
rials is needed for this exercise.

4 Equipment Required
Five sealed black boxes labelled A-E contain-
ling the following materials:
A = a plece of copper wire

E = aresistor

( piece of wood

a diode

E = a micro relay (variable conductor)

* A circuit set up with three 1.5-volt batteries
in holder

* A socket for testing the boxes

= Three spare batteries

Apparatus for the circuit should be set up as

shown in the diagram below.

Batteries

i

CI"D —Ammeter

fSﬁxkat for testing boxes

ERIC
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WHAT HAPPENS WHEN YOU PUT WATER ON THESE THINGS?

:, = Sre—— — — — e — — S
Here's what you do:

Activity 1) Place a drop of water on each material,
to Conduct
4 2) Look carefully, What do you see?
Write down what happens to the water on each of e
materfals.

A) Pastic_Ho 7(!5;}75 4 qepeing,

B) Painted wood 01 —Dadiens
o Brck Lt _fades oo Ou_cantt _see i,
Record D) Metal 7711; dr&aﬁ }J%“ﬂmf . ,:;;;[é

Findings

E) Roof shingle I+

F) Glass _I_‘Ljﬂ}l ?[Aﬂ' _2ame,

3) Now use your magnifying glass and look at each materia)
very closely.

ke 4) Look at the material in the plastic bag very closely.
’ Do not open the bag.

5) Write down what you think would happen If you put 3 drop
of water on the material in the bag,
Formulate

Hypothests _\x hﬁ‘u\d Sl %rahﬁ _

Explain;

Account for
Hypothesis

The question
with 3 successful
student response

o (Grade 3)




Sﬂan Acf:ﬂvify; Ert:«:!e 7 and' 1 1

Students are given a permanent&y
assembled double staircase four—
blocks high and some loose

blocks. Students first determine
how many blocks are ir. = givee
staircase and then apply numeri—
cal reasoning to figure out how
many blocks would be needed tc»
build similar staircases six and 1O
blocks high. Finally, students are=
asked to de‘ =rmine the mathe-
matical relationship between a
stalrcase of any given height and

the number of blocks needed to
build it,

<4 Equipment Required

* Dauble stalrcase of wooden blocks that is &=
blacks high and glued to a base

* 24loose wooden blocks that are identical b
those used In the staircase

* Craph paper

* A pencil

- Mote: The 24 loose blocks permit a student

to extend the stairease to six blocks high, but=

are riot enough to build a stair=ase ten block==

high.




... - Pormulating Hypotheses . .

The question with a
successful response lo
part 5

fdrade 710 L
Q

HOW MANY BLOCKS ARE IN THE DOUBLE STAIRCASE?

He=re's what you do:

Activity 1) Look at the double staircase of blocks.
to Conduct

Record 2) The staircase s 4 blocks high. How many blocks are in the
Fizrdings staircase?

3) How many blocks would be in a similar staircase 6 blocks
high? How did you figure out your answer? .

Foxrmulate . _ — — — -
Hypothesis

4) How many blocks would you need to build a similar stair-
case 10 blocks high? How did you figure out your answer?

5) What is the relationship between a similar staircase of any
height and the number of blocks needed to build it?
Formulate
Geaneralized
Hygoothesis




EraL;Aﬂvify Grades 3, 7, 1M
Students are required by this
paper and pencil task to evaluate
the results of five children in

toss, weight lift, and 50-yard
dash) and decide which of the
five children would be the all-
around winner. Students need to
devise their own approach for
reviewing and interpreting the
data, apply it, and explain why
they selected a particular “win-
ner.” Students also need to be
careful in their interpretation
because lower scores in the 50-
yard dash are better than higher
scores, while the converse is true
in the frisbee toss and weight lift.

31



Joe, Sarah, Jos¢, Zabl, and Kim decided to hold thelr own Olympies after

Tﬁf fIUE§Hﬂl? with vatching the Olympics on TV. They needed to decide what events to have at
SUEFEssml student their Olymples. Joe and José wanted a welght Hft and a frisbee toss event.
responses Sarah, Zabi, and Kim thought running a race would be fun. The children

declded to have all three events. They also declded to make each event of the
same lmpﬁﬂanvsr;

after school they held their Olympics, The children's parenits were

. . hil {
Jog, Sarah, José, Zabl, and Kim declded to hold their own Olympics after 's and kept the children's scores on each of the events.

watehing the Olymplcs on TV, They needed to decide what events to have at
thelr Olympics, Joe and José wanted a welght 1ift and a frisbee toss event,
Sarah, Zabi, and Kim thought runining a race would be fun, The children
decided to have all three events, They also declded to make each event of the

Iren's scores for each of the events are listed below:

sName  FrisbeeToss  Welghilit  50-Yard Dash

S —————— e 40 yards 205 pounds 9.5 seconds

118 jmportance, igs 30 yards 170 pounds B.0 seconds
One day after school they held thelr Olymptes. The children's parents were “[r"ﬂ ég ?fig: %gg ggzgdz gg iiiggg:
the judges and kept the children's scores on each of the events. bl 18 § o ﬂé 1 4 D i:naiin ds 5'3 ﬁmﬂ dg

The children’s scores for each of the events are Ilsted below: (A) Who would be the all-around winner?

Child's Name Frisbee Toss Weight Lift 50-Yard Dash 7ubi )
Joe 40 yards 205 pounds 9.5 seconds ! = — —
Jogé 30 yards 170 pounds 8.0 seconds T vt declded wha werltd be fhe allarsimd
Kim 45 yards ISD pounds 9.0 seconds (B Eﬁfif ggg;‘igi?ﬁdfaﬁl;z;ﬂiiﬁ the alk-around
Sarah 28 yards 120 pounds 7.6 seconds o [
Zabl 48 yards 140 pounds 8.3 seconds fur
Recard (A) Who would be the all-around winner? "
ZABL — — | B cach of the children, Zabitt Scare vy ll,
(B) Explain how you decided who would be the all-around l Whih 1 e gk ,
winner. Be sure to show all your wark. i?g -
Account for r @'S}E in gt‘é;_y_g‘\\ ’f‘F\E Sﬁfﬁ% }%\L — S _
Findings ) 5
' o.M -=\:lr5+ place P — _
i
— — — % U Vi a
4 (Grade 7) A (Grade 11)

P

e e

o
]



The experiment with
& successful student

response
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and Exercise

Gréde 1

Students design a reliable experi-
ment to determine the effects of
exercise on heart rate. In design-
ing this experiment, students
need to identify the variables to
be manipulated, specify what
needs to be measured, and
describe how the measirements
should be made to provide reli
able results. This exercise is
included as a prototype technique
to assess students’ understand-
ing and planning of scientific
investigations when actual experi-
mentation in a classroor of
assessment setting is difficult,



Deagnmg an Expermﬁent

Idsnhfylng Vaﬂablss Fonnulaﬂng Hwﬂthesas s:md Saeclfyiﬁng Measuremems

ERIC 39
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Com

Stude=nts are given laboratory
equioment and asked to deter-
mine which type of sugar, granu-
lated or cubed, dissolves faster
when _ placed in warm water that is
stirreesdd and not stirred, respec-
tively.. To complete this investiga-
tion, ==students need to identify the
variak—oles to be manipulated, con-
trollec—l, and measured. They also
need —to make reliable and accu-
rate nexieasurements, record their

{Equijpesment Required

» 5ix sne=zall glass beakers

* Sugar— cubes in packet

* Six paemckages of granulated sugar, each
contaiEmning the same mass of sugar as in
ohg cez1be

+ Hot w=sater in thermos (50°C-60°C)

= Two sERirrers

= A time=r

* A gradE3uated beaker

* A mear=suring cup

* A gradiluated gylinder

* A smaX1ql ruler

+ Faper +—towels

* Paper

* A pen—=il




Conductmg a Complete Experlment

NAEF administrators used pre-
pared scripts to present com-
Plete experiments lo individual
students. Most of the scripts con-
tained brief background informa-
tion on the problem, the problem
itself, and an explanation of the
equipment available to investigate
it. As each student worked, her
or his activities were recorded by
the administrator on a detailed
checklist covering students’
approaches to the problem,
Including how they set up the
experiment, manijpulated the
variables, and meazured the out-
come. The administrator encour-
aged students to make notes and
record findings on a response
sheet.

The thervatian
administrators re:mrded stu=
dents’ strategies for determin-
ing—with accurate and reliable
measurements—whether
lﬂﬂse sugar Or sugar c:ubes ﬂis—

ful Sﬁ'ﬂt&glﬁs mr;ludedi

® testing both types of sugar;
and

¢ festing each by stirring and
not sti'm‘ng; and

mns;stent rates when stirring;
~ and
0 measuﬁng to ensure equal
; 5 of sugar and equal
E K 5 nf water ﬁ:r each test.

{AFullToxt Provided by ERI

Idenﬂfylng ng:bles Formulaﬁng Hypomeses Taklng Measurements Interpreﬁng Dcﬂa nnd Drmving Cancluslans

= = — — The first question
with 3 successful
- _ B student response
FIND OUT IF SUGAR CUBES DISSOLVE FASTER THAN LOOSE SUGAR.
A) Use the space below to answer the question in the box.
3
Record
Findings
- _ _ _ The second question
with a successful
| student response

A (Grade 3) p

'FAST THE SUGAR CUEESEI}]B LOOSE SU%AR DISSGLVEi )

B) Use the space below to answer the question in the box.

Record
Findings

. 5 ﬂiﬁv Willmakz g-bing
gé ’FFr;.ne;g




Complete Experiment, Grades 7
and 11

Students are asked in this simula-
tion task to determine which of
two fabrics would keep them
warmer on a mountainside on a
cold, dry, windy day. As in Sugar
Cubes, students need to identify
the variables to be manipulated,
controlled, and measured. They
also need to make accurate and
reliable measurements, record
their findings, and draw a reason-
able conclusion. However, the
sophistication and quantity of the
equipment call for more extensive
procedures and measurements
than in the other complete experi-
ments.

4 Equipment Required
* Flve cans labelled A-E
* Two identical aluminum cans A and B
# One plastic can E with the same dimensions
asAand B
One aluminum can C that is the same
helght as A, B, and E but of a larger
- diameter
One aluminum can D with the same diame-
ter as A, B, and E “ut shorter in height
A110°C thermometer
A stopwatch
Rubber bands
Fins
Transparent tape
An electric kettle
Two graduated cylinders
Sheets of blanket
Sheets of plastic
An electric fan
A smali ruler
Graph paper
‘e A thermos
* Faper towels
+ And penciis
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The Observation

Using detailed checklists, NAEP
administrators recorded stu-
dents’ strategles for determining
which material—Dblanket or plas-
tic—would keep them warmer in
cold, dry, windy weather, Stu-
dents needed tc be particularly

mg the better insulator, For exam-

ple, successful strategies
included:

o testing both types of materials
by wrapping them around com-
parable cans of the same size,
and cans that contain equal
amounts of water at the same
temperature;

¢ taking baseline and final tem.-
perature readings of the water
in the cans following a fixed
period of time OR taking a
reading of the time following 2
fixed temperature drop,

As in the other complete experi-
ments, successful investigations
included accurate and reliable use
c:f the equipm&nt ln Survival thlS

stapwatch and the thermometer,

The question with a successfil student response

WHICH FABRIC WILL KEEP YOU WARMER
I§COLD,DRY, WINDY WEATHER?

A Use the space below to answer the question In the box.

bi,jg dot whl - Minduhynp, y3eL s 20020
(k) B ol - iadd g, 30°C il 2000
9@11: oo by - Fog - 25 el 02

M wadk 2 sl
'C . M%M Mla Hﬁﬂiwza.ﬁc

J.g:mm m

e T e AT S S S T e T S

B) What did you find? Which fabrte wil keep you warmer?

JW{‘MWW% dage 1% oon o
o ipg Vido it s, Jodo fradtat
ﬁm& w neﬁ“ﬂ‘? " M“?m oS
"”mw “’H MMMWWM
k{; g)éc, 3

Luhsgﬁi o W, & Mmm.&

Mrl : ’“‘*M?E‘“F ‘“”‘1“5”7“ i~

4-; ;

e e

A (Grade 11)
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Complete Experiment, Grades 7
and 11

Students are given a sample of
three different materials and an
open box. The samples differ in
size, shape, and weight. The stu-
dents are asked to determine
whether the box would weigh the
most (and the least) if it were
completely filled with material A,
B, or C. The focus is on which of a
variety of possible approaches the
student uses to solve the prob-
lem. For example, some students
might recognize that the solution
involves the computation of the
densities of the materials. Others
may use the weights and volumes
of both the materials and the box,
or just use the weights of the
materials followed by estimations
of the amounts of each needed to
fill the box.

< Equipment Required

* Three different-size blocks (labelled A, B,
and C) of different shapes and materials of
different densities—a rectangular solid, a
cube, and a triangular block that is half a
rectangular solid

* alarge open box

+ a spring scale

* a ruler

* a hand calculator

* paper

= a pencil
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The Observation

NAEP administrators used
detailed checklists to record each
student’s procedures and strate-
gies for determining accurately
which material would make the
filed box weigh the most—and
the least, Successful sirategies
included:
® veighing and measuring the
three blocks; computing the
volumes of the blocks, and
then computing the density of
each block without using the
box

blocks and measuring the box;
computing the volumes of the
blocks and the box; computing
the number of each that would
fit into the box, and then com-
puting its weight filled with
each type

¢ weighing the blocks; estimating
carefully the number of each
that would fit into the box, and
then computing the weight of
the box,

The administrator also noted
whether the student used units
consistently and which measure-
ments, if any, were repeated for
accuracy,

The question with a
sucessshil student
response

WOULD THE BOX WRIGH MOST COMPLETELY PILLED WITH HATERIALS

A OR WITH B, OR WITH C? WITH WHICH WOULD T WEIGH THE LEAST?

You can use il the things on the table 1a help you find the anawers,

A Use Lhis space ta keep any neiea on whiat jou do and what you
flnd out.

S ATERALAY WEIGHS: 1 o7
P THe pox webews- Thoa.
recod | 15 oones of !y _réi"in.\ would £k {ntlg

niings | 00X 150 Ahe OB RS phy of ol
Findings |__ u\‘é, wdiah 6% 502 el

58 1k ok Dlyg N0 o2 OF Materig | oy

S weigns Adez
%[gj E‘;ssgﬁé E?"“@é};m w{gul;t Bfmd ¢ by
Weign 1175 ba. '

Regord The box would be heavieat (ied with material 8.
Pndings

The box would be Iightest flled with matertal G

MATERIALYG 0 WEIGHSs 95 oz
Iq ‘HMB‘E‘S Q‘F e b material u.hu'd
£ik it 4he box plug 4go2

ok ﬁﬁﬂ}grfﬂ\ wgdld

weigh 5.5 o,

- Another successfil
: student response using a
' different approach

OULD THE BOX WEIGH MOST CONFLETELY FILLED WITH MATERIALS
A ORWITH B, OR WITH €2 T WCH WOULD T ELGH THE LEAST?

You can vse all the things an the table ta help you And the answers,

A Use this space to keeg any noies on what you do and whal you
find aut.

oo e Widh-l}
Andings = Wil gm
¥ rIght S i 16 o
nqth- dag oy
Vokime of Bove Wil
e e
k- Loge | appss
" e
fiele 360 aseqr
Wee” Thas
forde o,
AL
%

A= 110y,

B s,

{- 10Gg":

CLefon
V.= fin
H=Jem

B) i In the blanka ta complete the sntences below:

A (Grade 7)

Recerd Thie box would be heaviest filled with material _3_—7 -

Pndings

The box would be ightest Mlled with matertal __C

A (Grade 17)
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Results from the Second Interna-
tional Science Study show that
our nation's students lag behind
students in other countries in lab-
oratory and inquiry skills,* Greater
attention must be paid in Ameri-
can schools to higher-order think-
ing skills if we are to produce a
citizenry able to meet our future
needs. “Hands-on" activities are
an excellent way to improve pro-
cess skills, Students have the
opportunity to see how things
work, think about relationships,
plan investigations, and leam
from their successes and failures.

Such activities, however,
require ime—time for teachers
to prepare, time for teachers to
work with individual students,
and class periods long enough to
promote coherent and in-depth
study. Additionally, teachers,
administrators, and parents must
devote the necessary energy and
resources to help students
achieve these new goals. This will
not be easy and will require dedi-
cation by all concerned,

Finally, we should recognize
that schools teach what is tested.

“Jacobsen, W.. (1987), The current status of
the Sclence Curricula; Insights from the Sec-
ond Intemational Science Study. In This Year
In School Science 1986: The Science Curricu-
lurn, AAAS, Washington, D.C.

In conjunction with improving sci-
ence and mathematics curricula,
we must provide for both instruc-
tion and assessment of higher-
order thinking skills. The use of
hands-on assessment techniques
will guide instruction in more
beneficial directions as well as to
provide better information about

concepts underlying science and
mathematics. Our hope is that
the examples included in this
manual will facilitate and encour-
age this process.



NAEP's Pilot Study of Higher-
Order Skills Assessment Tech-
niques in Science and Mathemat-
ics involved many experienced
and knowledgeable people—staff
and consultants who contributed
their ideas, time, and energy to
the development, conduct, and
documentation of the project.
Some, because of particularly sig-
nificant contributions, are specifi-
cally thanked.
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