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FORE_WORD

To implement an educational approach successfully, one must match the phlloso—
phy of evaluatian with that of instruction. This is particularly ‘true when individual-
ization is the key element in-the educational approach. Yet, as lmportant as-itis to
achieve this match, the task is by no ‘means simple for the teacher. In fact, without
specific resource materials to help him, he is apt to find the task overwhelming. For
this reason, ISCS has developed a set of individualized evaluationimaterials as part of
its Individualized Teacher Preparation (ITP)\program. These materials are desigped

to assist teachers in their transition to individualized instruction and to help them

tailor their assessment of students’ progress ta the needs of all their students.
) S
The two modules concerned with evaluation,._Individualizing Objec'tive.Testing and. .
Evgluating and Reporting Progress, can be used by small-groups of teachers in in-, -
service settifgs or by individual teachers in a local school @nvironment. Hopefully, -
they will do more than give each teacher an -overview of individualized evaluation.
These ITP modules §uggest key strategies for achieving both subjective and objective
evaluation of each student’s progress. And to make it easier for teachers to put such
strategies into pl'a(,tl(,e ISCS has produred the assocjated booklets entitled Perform-

“ance Objectives, Pexformanee Assessment Resources, and Performance Checks. Using

these materials, the tedcher can objectlvely assess the student’s mastery-of the proc-

_esses, skills, and subject matter of the ISCS program. And the teacher can obtain,

at the moment whén they arc needed, specific suggcstlons f0r re]mdylng the stu~
dent s identificd defnctenues

If you are an ISCS teacher, sclective usc of these materials will guide you in devel- -
dbing an individualized evaluation program best suited to your own settings and thus

- further enhance the mleldUdllZLd chdrdcter of your lSCS progrdm L.

The Co- Dlrectors

lntu‘medldte Science Curmulum Study
Rm 415, W.H. Johnston Building

415 North Monroc Strect

Tallahassce, [*:Iorida 32301




--THE ISCS INDIVIDUALIZED TESTING SYSTEMV

!

The ISCS individualized testing system for each level of ISCS is composed of four
major subdivisions: - . ..

1. The ITP modules bvaluatmg and Reportmg Progress and Individualizing

+

0b1ecnve Testing,
2. Performance Objectives,

" 3. Pérformance Checks in three alternate forms, and
4. Performance Assessment Resources

- Evaluating dnd Keporting Progress presents a comprehensive overview, with ‘many
refinements, for individualizing the grading and reporting of students’ progress, based

_on -both- subjective -and objective criteria. The module Individualizing Objective

Testing describes more specifically those ISCS evaluation materials which have ob-
jective criteria — the performance objectives, checks, and resources — and it presents

practicgl suggestions for their use. These two modules should be considered pre-

requisite to suu,cssful use of the-other lSCS evaluation n@tmdls

Each of the'Performance Objectives booklcts cOntajns a composite list of selected -

measurable objectives considéred important to a given level of the ISCS program.

., However, many of the long-range goals and aims that are at the heart of the ISCS

program do not lend themselves'to being expressed as measurable performance ob-
jectives. Thud, these booklets should not be construed as bemg dll-mcluswe anthol-

: ogjes of all the possible learning outcomcs of ISCS.

o

Ea;:h of three Performance Checks booklcts contains an cquivalent but alternative

set of performance checks which were developed to assess the students’ achievement

of the objectives stated in the Perforni&m‘e Objectives booklets.

l"hc Performance Assessment Resour( e¢s booklet is a teacher’s hdl]dbOOk to be used
in ldcntlfylng the appropriate pcrformdme checks with which to. evaluaté each stu-
dent. The booklet also indicatcs how to set up testing situations, corréct responses,
and give remedial help.

. i ¢ ~ X ]
v * . - .
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NOTES T0 THE READER N
This book is a catalog of the ISCS objectives for Level I. lt is primarily a reference - -
book for persons responsible for examining curricula and determmmg if this program .

is hkely to meet {heir schoo} system’s objectives and needs.: As a reference hook, it -

will also be useful to. those’teachers who wish to«wnte additional objeetlves or per— T
formdnee checks. . . S

) f

" Each objective is written in- the formal style described in Excursnon 2-1 of the mod- "

" ule lndzvidualzzing Objective Testing. As noted in Chapter | of that module, éach ’

cussed in the module Rationale for lndzvzdualxzatzon

" find difficult. As stated.in the module Individualizing Objective Testing, the key to -

. all of the objectives in this book appropriate. As with a mail order catalog, one must -

ISCS objective focdses on a specific, directly measurable student action. “The objec- . - |

“tives are, in effect, operational definitions of students’ abilities; that |s, they .are

statements of how to detect and- measure what students can do. _

As you mlght expe& ISCS has other |mportant goals and anms that are not listed in

s this book. They are ‘missing because they are generally not dlreetly measurable given

the practical confines of time and the state of the. art of performance testing and.
measurement. In many cases, their nature is affective, rather than cognitive, and -~ -
long-term as opposed to short- term. You will find many of these goals and aims dis-- -+
: S VAN
The objectives in this catalog are-designed to aid in the assessment of students who
differ widely in their learning abilities and in the kinds of subject matter which they

the successful use of this catalog, the related Performance Assessment Resources, and
the various Perj_ormance Checks is selectivity. This catalog of objectives was not de~

.signed so that a specific student or group of students would achieve a fixed percent-

age of them. Probably no one school system and certainly no,one teacher will find.

pick dnd choose according to his needs.

. The objectives, hsted in this book dre dlvxdea into units. Most units mcludetho P
chapters and the related excursipns, as shown in Table 1. Within each unit, the ob- '~ -

. jectives based on the core and the remedial excursions 6f the student materials are
listed first and roughly in the order of their development in the student materials

These are followed by t?e objectives for the general and enrichment excursions



Table ! '.

1 LEVEL I
'L_UNIT | CHAPTERS | EXCURSIONS

t | fand2 | 1thm3

L2 3and 4 4 thru 8
3 | Sthu7 | 9thruid.
4 8-and 9 | 15 thru 19

o5 | 10and 11 | 20 thru22 .
6 | 12and 13 | 23 thru 27
7. | 14and-15 | 29 thru'33
8 16 and 17 34 thru 39
o | 18and 19 | 40 thru44®
100 | 20and 21 | .45 thru 48

[
>

The two types of code numbers used to ﬁientlfy the objectlves in this book and the

+ * _. materials which correspond to each of the objectives in the Performance Checks and X
Performance AsseSsment Resources booklets are shown in Figure b below. =
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' Given the following functional materials' a recharge' le battery,'; - 01-Core-1 ;

T

." R .

‘two'test; leads, and an appropriate bulb and socket, and asked to - SO

" connect- the materials so that the bulb 1ights, the student. :
“manipulates.the materials to make a-simple.circuilt so that a test o
“Tead carmects one’ terminal of the battery to one terminal of the- .

+ 7 bulb socket ; the bulb is inserted tightly into the socket, the ~

‘othér Qprminal of 'the bulb socket i1s connected. to the other

"'terndnal of the battery by the second test lead, and the. bulb"

'.Given a nunbered diagram.showing ac

>

n

‘tions to show how he would cornect the bu

lights. by connecting the materials as described wlth no. uncor~ o
rected .errors in the process. . _ T

2

socket and -asked to select numbers repdegenting test lead comec- . .
—socket to the battery: . - .-
to make.the bulb light, the student applies the cancept of g .

simple circult whith requires connecting one terminal of the - ' :-fFI'

. 7battery £0 one terminal of ‘the bulb<socket with one test' lead and
" connecting the other terminal of: ‘the battery to the other terminal =

of tpe bulb-socket with a-sécond test lead by selecting the _
ers.on the diagram to represent such connections -

ged cell and abulb ina . 0l-Core-2

v d o 2

.

Given four entries which are assoclated with science activity and . 'Ol~Core-3 i

asked which entry "identifiles something that changes in an. activity ) .
and affects the’ resu t*of 'the activity:, the student 4lassifies L
something that ¢hanges in an agtivity and affects the results of -

. the activity.as a variable by select;gg that entry.

-bulb, or a.onoperfative test 1

i-—

Given an assembled .imple batter
nonoperative ‘1tem, [such ‘as an’ Urigharged ‘battery, a burned-out R BRI
, and the following additional- - - -

itenn which are sfated to be erative -- a-bulb, two test leads,

“and a battery -- and asked to’ ind out why the bulb “In the ',

assenbled circult isn't lighted, tHe student classifies the non- -

- functioning component by substifuting functioning copponents

until the system 15 activated and the nonfunctioning component
has been eliminated from the system by selecting the nonfunction-
ing component after using that method.

Lbulb circuit which includes one _+ Ol-Core-4

-
¥

Gilven three fla shlight batteries two of which are dead, two _ 01-Core-5
electrical devices, and three test leads and asked to- find out ‘

which of the three batteries has influence, the student. agplies N

" the concept that influence in a battery 'ls tested by hooking up

the battery to an electrical device that will operate if the

' pattery has influenhces by’ reporting correctly which of the

batteries has infernce _ _ R

o




01~-Cbre=6 - - Given the name of an object and a task requiring the object to '
. v exert influence .on another object and asked why the object must; .
: have influence ‘exerted. on it before it can perform the task, the R
+ « student applies the concept that Influence must be applied to an’
abjJect. to get influence out of 1t by regsponding to that effect.

—

01-Core-7 Given the terms system, subsystem, and compoment in one cslumn -
' ~and thelr.definitions and a distractor in another column-and
asked to match the terms with their defiritions; the student’
;classifies a system.as-a group of objects that interact with each
other, a subsystem as a group of objects that directly.interact ,
with each other within a system, and a componént as an object that'__'\
- 1s part of & system by so matchigg the words with their defini—

tions,
Olfcore—8 ’ Gilven three circult diagrams which centain the- same componentsy |
) .. one showing the objects as individual objects. and.the others -

showing single functioning systems, and asked which diagrams
‘represent systems and to explain his answer, the student applies
the definition that a system 1s a group of - objects which interact
with -each other by selecting the diagrams in which the components
are assembled to Interact as a system and by stating the notiOn

of. the definition. __ . 'y
» . e _

h]

'01-Core-9 Given a metric ruler and a dlagram with six labeled points and
| oy asked to measure the distakeessbetween three palrs of the points
B R ‘ to the nearest 0.1 cm, the student manipulates a metric ruler to
o £ind the distance between each pair of points in metric units by
e -measuring and peporting the distance between the designated pairs,
T of points to the nearest O 2 cnhcorrectly in at léast two of the :
three cases. : ., :

3

- ] ] ”

' Ol-CQre—lo_ . Given the opportunity to start and observe an event ‘of four to

seven seconds duration performed by the teacher or an assistant
v ‘ while the audible beats of a metronome second timer can be counted

and asked to time the event, the studerit applies the procedure for

- . timing an event with.the metronome timer by telling the teacher to
e _ ' gtart the activity on a elick and then counting subsequent clicks -
B ' : until the teacher stops by reg ==gg:§égg,the time in seconds to the '
nearest whole second. ,

-

- 0l~Core-11 Given a 1list of‘four.characteristics applicable to data tables
- and asked to select those characteristics that determine.why

‘ sclentists tend.to use data tables, the student recalls that data..
. 'tables~“are used because they make firiding relationshlps between -
* variables easier, they tend to reduce errors by organizing data,

. _." .
: 0 ]




.they provide an’ organized way to store data, and they help to 1n— T
sure thdt the data needed, are collected by-selegting elther the
~ -entry "all of* ‘these". or at least three of the four other entries

Y=
. A

_Given a completed data table as used in Chapter 2 and asked to "~ 01-Core-12:- " ..

. identify three specified blts of data given in it, the student ' ' S
‘applies the procedure, for locating bits of data in a data table
by electigg the three bits of data. ': _ . [A

Given a list of characteristics by which an object is- ften de— - .. 0l=Core~13

. fined and asked to select the characteristic which is part of an - -

, operational definition, the student recalls that an operational
definition includes.a procedure for mﬂasuring that which it

~ defines by electihg the phrase "the way to measure S
‘Given. two decimal numbers and_asked toufind the quotiént'to one 01-Care-14

decimal place, the student . applies the rule of division by
_'calcu!atigg the quotient to one decimal place ‘and by howigg his
.work _

‘Givén two decimal numbers between 1 and 10, .one of which is stated '~ 0l-Core-15 v
to hurdredths and the other to tenths, and. asked to multiply these. o :
two numbers, the student applies the. rules for multiplying declmal
~  numbers by- cglculg&igg the proguet’ and correctly placing the
: decimal in' the Aroduct and by showlng his work.,

"+ Given three decimal numbers in a horizontal line, two of which " 01-Core-16
. are stated to hundredths and the other to tenths, .and asked' to _ :
“f1nd the ‘sumof -these three numbers; “the student: applies the . -~ - e e

rules for adding decimal numbers by calgulgtigg the sum and,
showlng his work _ Lot e e, _ N

Given two decimal numbers in a horizontal 1line, one of which 1s - 7 01~Core-17
stated to hundredths and the.qther to tenths, and asked to find

the difference between these two numbers, the student applies

the rules for subtracting decimal numbers by calculating the v . \ :
difference and s howggg his’ work,- ' . ‘ ‘

Given ample opportunity to work with materlals on a laboratory ' - 01-Core-18 ¢
" activity of more than one day's duration and asked to observe the ' o
cleanup period at the appropriate time, the student chooses to : -
close the. laboratorygactivity perilod promptty upon receliving . L
notificatign of the time by immediately gegsing the 1 eratory : T .
activity, returpipe materials in usable, clean condit Lon to - '

st

. . . \ .
. Lo, . - L. I I , ' : " o B
. K -, N ., + . - K’ . YR
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storage places and pgrgiciggtigg in work area cléanup, on at
least- three separate occaslons when belng observed without his '
kn0w1edge by the teacher or- another designated person. C

A » . 2 F N
g .

'01-Core-19 ' When asked to work in the laboratory with fellow students the
- ' “student’ chopses to cooperate with fellow students in the labora-
tory by =_%ggpolite, walting his turn, beigg ‘orderly when moving .

about, and observing the right of his classmates to work withaut |
belng unnecessarily -disturbed,-when observed without his- knowledge

Ao by the ‘teacher or another designated person on-at least. three '
' occasions ' .
01-Core-20 | When asked to work with the equipment and text’ materials of the

- ISCS course,” the studeht chooses to show personal responsibility
for returning laboratory équipment no. Jonger needed to the proper

. storage places during the activity period by, returning such equip-, f

- " ment and materials to the designated storage places on at least

: v

" three occasions when observed by the "teacher .ar another designabed :

observer without his knowiedgp : ‘

~01~Coref2l As asked in the "Notes to the Student” section of Probzng the
- Natural Worlld/1 to respond in writing to all of the questions 4n -

Record Book to 90% or more of the questions in@Ms:text by
v exhiblting the written responses when the teacher spot checks to
determine if he is doing So.

the text, the student chooses to write his answers®in his Student

v 7 et

Ol-Core~22 ot ‘When working independently in the 1aboratory, the student chooses
» Lo’ show proper care and use of ISCS. laboratory materials by.

k"‘ *  the materlals anly for thelr intended purpose 6r by-reguesting
- permission to do.other specific.experiments with them, when being
_ Q observed without his knowledge by the teacher or another desig*
ao - nated person on three oﬁ'more occasions. ) C
N . _ : - - ' i ' '
01-Exc 01-1 Given four statements about the metric system and asked to

identify an advantage of “the metric system for-sclentific calcu-~"
‘lations, the student recalls that 1t is advantageous to use the
metric system in seience because 1ts units are related by factors
of tén and therefore thanging from one. unit to another is .
relatively simplé by gelect;gg the response to that effect.

0l1-Exc 01-2 - Given the names of four systems of méasurement and asked to,
. 1denti€y the systEm used ‘in the ISCS science course,, the. student -
ldentifles the metric 'system of measurement as the system used in
the ISCS course by Selecting that entry. '

?

-~

Y
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Given (1) a reminder that' *in Exdéursion. 3 the gr'eater of‘ ‘two var1~ o +0l-Exc 03-1 -,
f . dbles, 1ift and drag;, ‘was found by pltting one force agalnst t ¢ S .

other and (2) two examples of - finding' the greater variable, off oy . '

. odirect wcomparison and.the Other by an, ind§rect method, and asked . . . _ .

. to ‘select the example ‘which uses, the: direct, comparison, the S . )

« © . student dlassifies bhe example of direct comparison as the one in ' -

. yhich the two forces: were allowed to- oppoSe each other directly by? - | | o
. select;gg that examplea .
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Given definitions for three terms, one of which is an-operational
definition, and asked to select the operational definition, the
student applies the concept that a definition Is operational if it
includes methods for the detectlon-and the measurement of the
entity belhg defined by selecting the definition with those =~
" characteristics. . . - :

.

02—00]:'8'_-1 ’i»‘

: ] % .o S .
' when asked whether & problem will occur if each student uses the™ -
&ashér scale that 'he made. for his force measurer pproughout the
ISCS. course and to give the reason for his repponse, the student -
- appligs the~concept that-the use of standard units’,of measurement”
. by everyone facilitates the communication of data by stating that

" the use of washer units will cause a problem ard explaining that
the use f standard units of measurement facilitates the cqmmuni- -
. .cation of data. » : - -

02-Core=2s:

4

[

(given a 1ist of four possible alterations for a force measurer and
gsked to select the alterations he needs on hls force measurer if

e 1s to welgh a given object whose welght 1s obviously beyond 1ts
range, the student applies the concept that- the range¢ of an '
instrument can be extended by altering those features which affect -
its sensitivity and preclsion by selecting the entries to the

éffect that he would need a scale calibrated in smaller units ands

a thinner blade. ‘ -

.
)

02-Core-3-

. - .

Given a force measurer wtth two blades, a newton scale card, paper -
clips, and two abjects weighing betweén 0.1 N and 1.0 N and asked
to determine the welght of each of tke objects, the student
manipulates a force measurer to determine the weight in newtons

oF each of the objects by reporting the welght of each of the
objects as determined by the teacher to within +0.05 N.

- e

02-Core-U

Giveh a forcé’measurer with both blades, a newton scale card, an.
aluminum cup, paper clips, and two objects, each welghing less
than .1 newton, and asked to determine the difference between the .
forces (welghts) they exert on the blade of a force measuren, the
student applies the appropriate procedures, for manipulating a ,
force ‘measurer to determine the weight of each of the two objects
and of calculating the differepce by ‘statipg the difference 1n
‘newtons to within 10% of the v&hue the teacher obtalns.

Q > 4 e
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02-Core-5
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Given a data table indlcating the increase In cumulatiﬁ%_weightﬁof* '

‘objects of unequal mass as they are.added one at a time ‘and gsked -
to draw a concluglon about'the welghts of the objects used, the ’
student ‘applies the toncept that uniformly increasing the number. -
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- of equa¥ masses will uniformly increase the total welght of the

group by responding to the effect that the weights of'the aobjects

are not uniform. _ S @

02-Core~T7

]

4~ Given a two-variable data table containing ideal data for a

relationship involving direct variations and a grid with labeled
axes and asked to construct a graph from the data, the student
applies the procedure foy plotting peirts from data (coordinates)

and: drawing the appropriate line by ggggﬁgggglng:a graph in which
t

. each point, 1ies in a straight line.and the 1ine,would, 1if ex-

tended, pass through the origin® - e

02-Core-8

.

o

When asked' to define wezght,qperationally, using an ISCS force
measurer, the student generates the operational definition that
weight deflects a force measurer blade when an object 1is hung .on
it and 1s measured by the amount the blade ls, deflected by

.responding to that effect.

. 02-Core-g

Glven a force measurer, whose appropriate newton scale-has been
, with the blade bent a fixed amount afld asked to state how
'ce is acting on the blade, the student manipulates the

- force- “Measurer to make a correct reading on the scale by repo ;gg

an answer within +0.2 units of the scale.

02-Core-10

Given a force measurer with .the appropriate, blade attached, a hook
to attach an objJect to the blade, a teacher-prepared scale card
marked In special units, and an object to welgh and asked to find

" the welght of the object In the unlts on the speclal scale card,

the student manipulates the force measurer scale card ta zero 1t

before weighling the objJect on the force meagurer by addust;gg the

acale to zero it with the blade before wejghing the object.

07=Core-11.

When asked to name the metric system unit that he uses 1n ISCS
to measure force, the student recalls the.newton as “the metric
term used in [bCo sclence to measure force by statling the term
newton.  « @ '

e

02-Core-~12

-

‘."

Given a description of a situation and asked how he can tell if a

force 1s acting upon a specific object, the student applies the
concept that a' force. produces a change in (1) the shape, (2) the

" rate of motion, and (3) the direction of motion of an object it

two ®f those three changes.

acts upon by pegponding to the effect that he would look for any

3 . .,

)
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"Given a compass and an iron object and told to bring the iron- 02-Core-13
. object near the compass and asked both if there 18 a farce acting .
between the object and the compass and to explain the basis for , '
hils answer, tgefstudent applies the -concept that a force changes
either the motlon or the shape of an object.or both - o
respording that a force is in action and citing the motion of the’ ,
. needle as evidence..- ' . - o S »
Given two diagrams and a description of a situation in which -two * ~ 4. 02xCore-1U
.ideniticAl objects are being acted upon, each by a different émount o ‘
dr’ force, and asked to determine,which, dlagram shows the greater

force,acting and to explain the reason for his cholce, the. student "

. .
-

.

classifies the greater of two forces as the one producing the
greater amount of change in the shape of the object belng acted
upon by gelecting the diagram showing the greater amount of change
in shape and statlng that a greater force will produce a greater
change . ) S

When told that an operational definition answers two basic ques- _ 02-Core-15
tions and asked to write an operational definltion for force .

which shows how each of these questlons may be answered, the v '
student -applies the characteristics of an operational definitlon
to defining force by responding to the effect that a force can be
detected by looking for the change in shape or motion that 1t
causes in an object and can be measured by the amount of change
in the shape or motion of that object.

" - '

- ' . f

When asked to gtate the two questions answered by an opepratiomal - 4 02-Corg-16
definition, the) student recalls that an operational definitlon of ’

an entity answers the two questlons about the entity, "How do I, \

lnow when T have some?" and !"How do I know how much T have?" by -

responding to that effect. _ . .

4

.

.

Given a description of a situation in which welght 1s the force . =« 02-Core-17 = .
., acting upon something gnd asked to name the force thdt is. acting, * - i LT :
- the student clgssifies'ﬁhe force ais welght (gravity) by .so o

.

s

o
.
L

———

(veh a description of a situation 4in which®welght is thesforce
acting upon -something other’ than a force measuring device and I
dsked,:what force 1s . acting, the student classifies:welght as the

force ‘acting In the specified situafilon by so respopding. . - .

02-Core-18

When ésked~tq~sta€§ two reasons why_it”is diffibulﬁ’%ﬁ ﬂéf}né" S go-Core=19 . -
operapionallyjéuch abstract qualitles as love, honor,. and beauty, . . = - . :
., the student  applies the concepts that the characteristlcs of ' - IR
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Cy these abstract qualitfes (1) differ in eacqbsituation and (2) de-
: fy methods of detection and quantification by stating the notion
e ' .~ of the gbove concepts.: ’ )

i

- 02-Goreg20 | ' Given a 1abe1edodiagrém of two coﬁhon measuring devices,  each

** 7 lacking a.scale, and asked to identify what both of these ipstru~ ..
iy ' . ments geed in order.to fagilitate communieation of the measure- '

., Ments Whken when using the instruments; the student applies the
concept that most, common measuring instruments have scales which .
o acllitate 'the communication of measureménts by'statigg'théq,they .
need scales. ' L L o

[y
2
¥ =
. .

02-Core-21 - Glven a magnet, a force*measurer, a thick blade, a 0-10 newton

’ scale card, string, a nall, thumbtack, or screw, and a diagramed
procedure for measuring both the welght and the strength of the
magnetic force of the magnet and asked to determine the amount ®f .
.magnetic force, the student applies the procedures for me suring
a force as the difference betweén two combined forces [puNing .
force =+ (magnetic + welght force) - (weight of string + maghet)’] .

K - by meaguring and reporting the magnetic force, using the steps

outlined.
§f— . : : ' -
..//bQ—Core~22 ' Given descriptiohs of five situations, three .of which have a,force
" . acting in addition to gravity. or friction and two of which do not . -

have a force acting in addition-to gravity or friction,,and asked "
to identify those situations in whieh the additional force is _
present, the student classifies the situations which have a force
acting in addition to’gravity or friction by gelecting those -
three situations that involve a change in shape or a change in
mption not due to gravity ,or friction.

02-Core~23 When asked what ought to be true of an object if it is to be used
« . as a standard for measurement, the student recalls that to be &
X standard unit ‘for measurement an object must be (1} uniform over
) o time, (2) easy to duplicate, (3) agreed upon, (4) of a convenient

o size, and (5) readily avaltable by regponding with the.effedt of
) . at le three of those., - . B o . .
a . jgt} _ <~ i _ o ; L 4

~<w

. uncalibrated spring scales, one set for a scale which has a o
* reference point which varies and units which are unequally spaced-
- . and.different on the two scales and a second set showing a scale ..
: on which the reference point is pnvarying and the spatdng, between
units Is wniform and reproducibdle, and asked to select the spring
; T o scale which would be more. rellable-and-to stgté the reasons.for
- 0 ' ‘his cholce,’ the student ‘applies the concepts phat a good measuring |

. ‘ ¢, - L ‘
02-Core-24 Given a set of diagrams for the calibration of each of two e ‘
|
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instrument has a stable reference point aqg reproduclble equal ¢
unit intervals by selecting such a scale and gtating the notion
of the concepts. SR . : '

7 ’ . -

Givép-that there i1s a need to put a'scale on a measuring device ' 02-Exc 06-1
- .angd asked, whether 1t would be- best to subdivide each unit into 9, - :
«__J#to 10, or into 11 subunits and why, the student applies the

>

concept’ that ‘subdividing a unit into 10 equal parts makes report- ..
ing and using the measurements easler than any other subdivision | -
-bqgause_of our:decimal number system by responding to thap effect.
. . . - ' :

(Y E o - 5
Given three scales, one marked only in whole units, one marked in - 02-Exc W6=2*
1/2 units, and oné marked in 1/10 units, and asked which.of the L
three scales would probably give the most accurate méasurement ,
the “student applies the. concept that the more subdivisions there .

¢

are on a scale, the more precise are the readings that can be made | -
with it by selecting such-a scale amd stgﬁing the notion of the ' :

concept . - ' ‘

Given sections of two scales, one divided into 0.1 units and the 02-Exc 06-3°

other into 0.5 units,. and asked. to read the scales at designfated

points and to report the readlngs as decimals, the student applies

the process of reading a scale 1n decimal form by peporting his !

reading to within +0.05 unlt on a scale marked in tenth units and
#to within +0.1 unit on a scale marked in half units.

e

Given a list of four ways in which the -size of a unit of measure- 02-Exc 07—T
ment mipght have been determined and asked to identify the entry -
that states the way the size- of a unit of measurement 1s deter-
mined, the student recalls that the size of a unit of medsurement _ -

" is a matter of definition. by-man by selecting the entry involving -
the notion of definition by man.. . M

L.

Lo

v . s .
* When asked why measurem#nt units such as the diglt, cublt, and’ ‘02-Exc "07-2

palm are not uséd mueh today and why standard units such as the -~ - = " S
meter and bhe gram are used, the student recalls that measurement -

‘units’based on bgdy lengths vary, whereas -standard units always .
have the same value by responding with thesé “two notions. o

[N

. Given a ‘graph of the measurement: of light intensity at given - 02-Exc  08-1
“dlstances from a lighted bulb, together with & brief description - .. . e
of the way the data were gathered, and the interpretive promptlng o
that the brightness deoreases as the distarfee increases and asked- .. . .
 to describe, the changes .1n I?éht Intenslty when the bulb and light *

“meter are Closé tegethedrand when the bulb and 1ight meter are far
apart, the student applies the rules for interpreting a graph of

&

. 4
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. . " reglons of large and small changes of inversely related variables
- by gelecting the words which indicate that ‘a small change "in.
+ distance produces a large change in effect at close range and a
. large change in distance produces a small change in effect a't a
distant location. :
- ‘. . ) * R | b
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Glven a QeScription'of a situation in which an object.is,lifted.to'

"a specified height by three different methods and asked to deter-
mine by which method the mast work was done on the object, the =
student applies the congept that the amount of work done on an Qb-
ject is Tndependent of the method used by selecting the respanse
-which indicates that.the same amounf, of work 1s done regardless of
the method, - j S "

. . o . - . L l

- 03-Corerl

oo S ) PR
' Given,six labeled dots on a page and a metric ruler and asked
‘to measure the dlstances between three palrs off'polnts and to
_ express the answers 1n meters, the student” mantputates -a sedle
ecalibrated in centimeters to find the distance between points
in each of the three palrs by meagupring and reporting that .
distance to- +0.005 m. e . .

03-Coré=2 -

s g

Given four distances, two expressed "in ééntimeters and two in
meters, and asked to change each distance to thg unit speclfied,
the student -applies the mule that the difference between cm and m
i{s a factor of 100 by moving the decimal point two digits to the
left when changing cm to m and two diglts to the right for the
reverse conversion in at least three of the four cases.

03-Core-3

s

When asked to state the metriggunit used in ISCS for measuring
work, ‘the student recalls the newton-meter as the metric unit used
in ISCS which expresses work by naming that unit. :

O3—Core44 -

. glven instructions to select the equipment he needs to determine -
the amount of work done when he 1ifts an object from the floor and
places it on his desk and asked to report 1§, the appropriate units
both the measurements he makes and the amount of work done, the
student applies the.definition that work 1is the product of a force
and the distance through which it 1s applied by measurig% the

. force and the distance, gglculating the work, and reporting it in -

newton-meters to within +5% of the value obtalned by the teacher.

- 03-Core=5

<

‘When asked to state an operational definition for'work, the stu-
dquhrecalls that work 15 operationally defined as the product of
a.force and the distance through whilch 1t 1s applled by responding
to that effect or at legst to the effect that work is the product,
of forece times distance, S ' L

" 03-Core=b .

-

Given a description of a force being applied to an object over &
distance and asked to state-the term which best describes. what 1s

¥ . i y . .”'."‘-! A

03-Core=7 -
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being done to the object, the student classifies the situation ’,;
describing the -process of exerting a force over a distance as in-
_volving work by stating "qprk;" A L

g

ST > -

Given a list of variables, including time in seconds, speed in
cny/sec, ‘distance in cm, and force in newtons, and asked to select
the dppropriate information required to cafculate the amountof
work done on an object, the. student applies-the rule that force
and distance, are-the only quantities that apply to the direct cal-

“ ¢ulation of the-amount of work done on an object by gélecting the =

! >

‘proper fodce and distance measurements. : . .

Given five defirritions in one column,fincludidé one definition _ .
each for the terms system, subsystem, and component (of a system), -
and those three terms 1n another colum and asked to match the
.definitlons with the terms, the student classifies a system as a
group of objects that-interact directly -wlth each other, a sub-
system as - a group of objects-that interact directly with each
~other within a system, and a component (of’a system) as an object
which 18 part of a system, by correctly matching each of thé three
terms w%th_its definition. ‘ S -

-

\

03-Core-10

-

Given a dlagram of a system with many of its cOmpohénts labeled

.and asked to list four of the labeled components that make up a

subsystem, the student applies the definitlon that a component of

" a subsystem 1s any one af a set of objects which directly influ-

ence each other by listing any four of the labeled components
which make up a ‘subsystem. o N '

1

. 03~Core-11

y

Given three dlagrams, one showWing components as individual objects * -
and two showing camponents connected as systems, and. asked, which
of the ‘diagrams represent systems and why, the student applies
the definltich that a system is a group of objects that interact.
with each ‘other by seleeting the two diagrams in which the com-
ponents are assembled to interact as systems and by stating the
notion of the definition as'the reason for his chclce.

+ ¢

03-Cdre-12 |

+

Given a dlagram of a system inVolving eigh%’or more labeled compo-

.. nents and a list of five sets,. each containing three components of

the system, and asked to identify the sets which can be considered
subsystems and to state.why he selected those sets as subsystems,

~the student applies the concépt that subsystems are sets of - compo- .
-nents in a®ystem which interact with each other directly by indl- ..

cating such sets:as subsystems and- stating that they may be" corr
sldered”so-begause they Interact directly with each ‘other within
e System. (:‘,- ' ) R . e ) . ) o .

5.
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Gilven,a listVof four phrases inVolvinggork and asked to identify
the phrases'which-describe the 2Xionship between work and sys-

tems, the student classifies "transfer input work" and "use input -

.work to do useful work” as characteristics.of systems. by selecting

., those two phrases. _ o .

:56§-Coré;13

Given a diagram and a description of-a system and asked to iden~

_tify the input component and the output ‘component , the student - -
classifies the input- onent as.the component within a system

which puts'work tenergy)) into the system and .the otdtput component *

ag the compdnent which the syst®m does work .on by gselecting the
component that puts work (energy) into the ‘system as the input |
component and ybe-¢omponent on which wark is done as the output
component . R LY

Givenffan {1lustration and a description of a situation in which
input ‘work 1s done on some component of a system and some other
comporient 1s the recipient of output work and asked to identify
the input work and output work components, the student classifies
what 1is doing wopk on the system as the input source and what the
system 1s doing work on as the output recipient by indicating the
source of the input work and the receiver of the output work.

— —

a

Given a diagram showing an equal-arm balance after it has been
used to do work, the amount of input force, the distance the bal-
ance has moved, the welght upon which the worlk was done, .and the

_dlstance the weight ‘'was mqved and asked to con ,the balance

arm as a system and to determine the amount of input and’ output
work. done on and by the system, the student applies the concepts
that input work is the work put into a system, that output work 1s
the work done by a system, and that work is the product of the
fogce and the distance over which the force is applied by perform-
ing the calculations on the proper quantities and reporting the
input arid output work done in newton-meters, correct to +0.1
newton-meters. . s -

.

'i

Given a diagram-sbowing an equal-arm balancé, a description of a

situation, and the force and the distance for the output work done
by the equal-arm balance and askel to state approximately how much
input work was done, .the student applies the concept that work in-
put 1s always .greater than work output and that work equals force
times distance by selecting the" entry which indicates that the

input work is Just a little bit greater -than the output work.

03—Core-l7

L)

of the’humbeps in each set:and to show his work, the student’
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éiVenda_get”of three decimal numbers and asked to find the average -

03-Core-18



*

gpplies nethenatical procedures to find an average by gggggg;gg toaf:.

+0.1 the correct response in at. least one of the two cases.

g ’

- 03-Core-19

4

-y

L.z
. R
-

Given values for s1x feasurements from ah experiment and the aVer-'_ "

age value of-these asurepents and asked to state why the average

is comsldered to-belless 1n ‘érror than' any . single measurement, the_;,

- student applies the concept that. the average of several measure—

ments- 15 probably less -in: error than ‘individual peasuremerits be--
cause the variation between individualrneasurenents is ‘balanced
1n the calculation of the average by resgong;gg to that eﬁfect

oy

' 03-Core-20

-~

Givén a’ description of a situation 1n which. six” to eight repeated

‘measuremefits vary by small amounts and asked to explain the ‘vari-
ation, the student applies ‘the concept that it is 1npossib1e to
eliminate all errors 1n measurement by SO resggndigg

‘¢

03-Core~21

.Given a straight—line éraph.of the nuhber of sinkers versus the.
- mass of the sinkers In grams and asked to extrapolate and inter-

polate values of one variable from values of ‘the other, the stu-
dent applies the ‘procedures for extrapolating, and inferpolating .
from a graph by ggport;gg the coordinate values asked for to +l

. undt,

' 03-Core-22

[}

-

_Given a description of a-situation in which friction is acting .

and heaf productlon is evidenced.and asked what force 1s acting,
the student-classifies friction as the force: acting in situations

.involving sliding objects by g@gggg:frzctcon as the actlve force

PR

03-Core-23

<

" When asked to describe why the amount of 1nput work'done on a

given system 1s always more than the effective output work done by
that- system, the ‘student recalls the concept that some input work
1s used to overcame friction by'responding to that effect

03-Core-24

\ Given a description of a dynamic situation 1nvolving considerable
*s1iding friction and asked what force causes the temperat

change on the sliding surfaces, the student applies the concept
that the force of frigtion causes the temperature éf the-sliding

‘surfaces to change by r =§§;;;¥;ggg'with a statement to that effect.

- 03-Core=25 . -

.

Given a description of a situation in which an object 1s beling
dragged across' a surface and asked to predict what would happen

to the amount of friction if weight were added .to the object, the -

student applies the concept that the force of friction of a slid-

‘@

-

“~1ing object vaples directly as the amount of welght added to it by
predicting an increase in the amount of friction.
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v Given é(descriptioh of anwexperimental sttuation in which there - N\ .03-Core-26

are two independent varigples -and asked to identifyx the error inm 7/ . ¢
the experimental design, the student applies the principie, that & '
there should be ome and only one independent variable in an ex-

- periment by respouding to ‘that effect. :

Ty - N -

Given a description'of an'activity inyolvihg-two trials and asked . L o3-cdpe.27' ;

to 1dentify which variables are held constant and which are not, .
the student -clagsifies a variable in which there is no change be-.. .. § - -
tween twq trials as being held constarit and a- Variable In which LT
" there are changes hetween the two trials as varying by listing at - ' o
- least one variable for\?ach_type; ‘ ' o

»

- 2 .. 8 v

Glven a hypothetical situation requiring an empirical test to de- ° " 03-Core~28

termine the solution to a problem and askéd to identify the vari-
able which would be varied and the factor which would vary as a
result, the student classifles the independent variable and ‘the

" dependent variable by naming the factor®which ls varied purposely - }
and the factor which will vary as a result. - oo

——F

Given.a problem and asked t& state two factors other than the in- . 03-Core-29
dependent variable which must be controlled 1f the.results of an : '
“experiment to $olve the problem is to be valid, the student

applies the concept that in experimental situations there-are

factors other than the.independent variable whose variatlon must

be controlled if the data are to be iriterpretable by_namigg two .

such factors. - - . . .,

~ Given a diagranréf a movable pulley setup, a known mass — of L 03—Ex0-9—l
which the pulley 1s a part — to be 1lifted a glven distance, a set: SR
of three distance quantities including the distance the force | e

_moves, and a set of three force quantities including the approxi-
mate force required to 1ift the pulley and mass and asked to se-~
“Ject the distance the -force would move and the quggtity of force™

required if the mass were to be moved a glven dist®nce, the stu- " T
dent applies the concept that a movable pulley reduces the force . e 0

necessary to lift an object, but that the force moves through a
greater distancg than the obJect moves by selecting both the force
quantity which is approximately half the weight of the pulley and -
the mass 1ifted and the distance quantity which 1s twice the dis-

P

. -

tance the mass is lifted. =~ -+ - . g ¢
- . RL . .
When asked to staté the relationship between the input work and - 03-Exe 10-1
the output work of movable pulley systems’ and .the benefit, 1f any,.. R
. of using them, the student recalls that the relationship Qf input © ¢ T
, . . . . ‘ L “"_‘{ ' - t‘



LY o

: _‘ work ‘to output work is about equal irfmovable pulley systems and
. . : that the benefit of their use is that they act as. a multiplier of
] o : . the input force w- lifting of’ heavy weights with less pull re-»
B-' . ' quired - by r;egggggm& with both of those notions.

) : - E . -

03-Exc Mml “Given a descr'iption of a, situation in'which the slant of>an in- -
I ' R ; clined ‘plane is-decreased from the slant in a previous. trial by. -

- SR ' * getting a longer plgne and askeg the effect that a Tonger inclined:
J *- ., plane®has on the force requ:lred to:pull or push the object up the = \

: - L/ = . 1incline and why, the- sttident applies the concept that the- force B

- _ -, required to pull or push an- ob,ject up an inclined plane decreases'
as the slant of the ind#line decreases by indicg@g that the force - = .
_ required would be less and §tatigg the notipn of the concept as
' S ‘the reason. = * . o | : ’

e

!

‘03-Exc 12-1 Glven a description of -a situation in which' unbalanced moments ‘
: ' > exlst and the magnitudes of the force and distance quantities

necessary to calculate each moment and asked to determine the,
direction of motion and the difference in mament, the. student-
applies the-concept of differences between moments and the direc-. .
tion of motlon for two unbalanced moments by calculating the

" clockwise moment .and the Qouhterclockwise mament and by finding
the difference Egggeen them and the direction of rotation caused - ..
by the greater nt by regpomding with the results of his cal- h
culations] including both an indication that. the moments, are Un-
equal 'in the direction of the l@rger moment and the aount of the
moment difference. o ‘o

-

03-Exc 13-1 ~ Given two sets of three mixed numbers and asked to find the .
© average qf each set - of numbers and to show his work, the student
applies the procedure for finding &n average of mixed nusbers. in,
which he adds the numpers and divides the total by the fumber of

) o ¥ items in the set by @M responses correctly to within +0. 1
- L in both cases and ghowing his work. , T
. 03-Exc 14-1 Given a diagram of': ‘a r'ectangular woeden block which has three sur-

faces, obviously unequal in aréamarked A} B, and C, a description
of a situation in which; the bloc{("a;s sequentially dragged on sur-
faces A, B, and-C, and.& set of four statements describing pos- -
_ ~ sible r'esults and thelr reasons and asked to select the statement
ST <o [ .. 7iwhich best describes the.ypesult and 1t&:ireason, the student
- . sl . applies the concept.that when acting oh a rectangular cbject, the
< ' force of frictién due. to. weight 1s. constant regardless of the sur-". -
. . +Face ared on-which the weight. rests’ by. selecting the statemént '
© 'that suppor'ts that ooncept SR _ o

N
B




.. Given a list of fbur terms for kinds of energy and asked what kind"-: - 0b~Care-1
- of energy 1s glven to an elastic object by conpressing ¢r stretch—’~ _ .
ing it,"the’ student classifies potential enerfy ,as the.kind of = .

: lenergy givenito an e astic oBJect by compressing or stretching it fo
by gelecting that term! | S AR
o r et : L ) L
: e : . o - m——
\\ Giveh a Sentence using the term potenttal energy and aske to’. - -1' f=~-0uwC§re?2t -
define the term potential energy. asit 18. illpstratea the student AN

. -,'_recal’ls .elther the,definitlon that. potential energy is stored Lt Ln e

" energy or ‘the definition that 1t is the ability to d0°work by : LR S
mmggg& with either def‘inition ' L e Y

[

o ? T ¥

‘Given a diagram of the same spihigig moved from the lower end of 'a - O04-Core-3. .
spinigig track to the upper endfof the track and a.list of the. o -
fbllowing variables: the vertdcal heights from the floor to the
spinigig at each end of the track, the dlagonal distance the - . - .

* spinigig has moved on the track, the change J1¥giag1ght of the - e
spiniglg; and the force needed to 11ft the spiMiglig on the track, ' " 3
* .and asked to select the force-distance palr of measurements to use o e T

~ for calculating the change in the potential energy of the spinigl . '

; from that at the "lower.end to that at the wper end of the track

- the student classifies the weight-force pf the spiniglg and the
difference in the helghts of the lower and hlgher positions as the
forcegllistance palr of measurements to use in caleulating the
ch in the potential energy of the spinigig by seleg¢ting those
two neaourements ' . .

c

Given the weights of three objects and the heights in meters to ™ _Ob=Core-U4
which they are 1ifted and asked to.calculate the potential energy BRI -
" of each object at 1ts glven helght and to show his work, the _ . S
student applies the rule that to calculate the galn in potential R
energy of an object lifted to a glven helght, he multiplies the -
welght force (in newtons) of the objéct. by the change in height
(in meters) and reports the product in newtongmeters by
"the correct values to the nearest newtqn meter and g hgwigg his _ s
calculatiqns ’ Jo _ ‘o K L - LT

. . : . LN

When asked to stgte whether or not there Is a change in the energy O4-Core~5 .
f an object when'it is-1ifted and if there is, to name the kind - S
of energy that is glven to the object or if there 1s nat, to state: . . - - v
- why there is not, the student applies the concepts that there 1s a, =~ "~ 0w M
- ‘change in the ehergy of an’ object when'it 1s 1lifted and that the ... . = 7 g W
- kind of energy it 1is glven 1s gravitatlonal potentlal’energy by : S e s
responding, affirmatively. and a%mg elther-the term potential | T
energy or the temi gravitationtl potentzal energy v _ . Do . SHEN :
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a7 “04=Cote-6 .. 7 Wren. asked to name the metric unit used in ISCS for measuring BTN
e T - gravitational potentlal énergy, the student-recalls the: metric
N - unlt newton- ‘meter as the unit for measuring, graVItation&l
... . potential energy by naugng It L e Taen
N e ———— e R . —— i
BN Given an object shspended at, some height from the floor, a force =~ --
Coetoc v o TUT ‘measurer, an appropriate hewton: fdrce scale’, ahd a meterstick and ..
e -~ . asked to find the potential energy of the object wlth reference to
T ® - 'the rloor, the student japplies the procedure for measuring the
‘ - potentlal energy of an object. at.rest which: -includes measuring the *.
RV . - distance of the object from the floor, méasurdng the welght' foree.
LA o . " of the object,.and multiplying the neasurenentsotogether by .
"o T T repopting the caleulated potential energy for' the object -in -
' "~ "newton-meters within the range of +5% of the ualue determined by .
the teacher e _ RS

. . N
. . . ) . P . )
Nk .t . ' . . .
: ) ) -, .. o
-, B ' ‘ . - . . . ..
N . - . ( R . - -

O4-Core~-8 - - Glven a. diagram'and a description of a system and asked to ;
- L ‘ - ldentlfy the input. component and the outpuf cémponent, the student
. . classifieS the input component as the object: which~puts work . "
o : (energy) into the system and:the output component as; the object
e - on which thé system does' wirk by gelectlng the oonponent which

. doeg work on the system as the 1input’ component and. the component
@ __on which the system does. work as . the output component
“ : . N L

[ ) \\

, - DOU-Core~9 . -  When asked to write a definition for the term input work, the
L ~ student recalls the definition that input work 1s the work. ydon¢ on
a System a.t ing or a collection of things) By ggspggbjiggﬁra that -
effect.
; \
e i ) “&
. " 0l-Core-10 : Given four” terms, inoluding energy supplcerg and asked to select

the term whigh names the object that .does work in a system, the-
.student classifiles’ the energy- supplier in a system as the object -
‘ P - that does work on something-else by, sglectigg the ternlenergy
BRGNS ' supplter ¥

ik

ﬁ.l
’

- Qli-Core-11 ' Glven four terms, including enerqy reaetver, and asked -to select

- S . the térm which names the object 1n a syster that has -work.done on
1t, the student classifies the energy recelver in a system.as the.
object that has work done on 1t by something else by gglgggnmg '

. the term emergy recetvep . " K
~ _ ) _q » N ’
 Ob-Core-12  Wnhen asked to’state how he wouid kfow whether an object is in
' A o motion, the atudent applies thé principle that an object -1s in
'*.j:}r . - notion if it can be, obse?5§d changing positlon as time passes if.
. {:\ . ; ‘.', ¥




/2 polnt an 1ts surface-appears, to be moving, or if the object does . - -
--r_"erkfon something by giaklng that he would observe ore” of thosé. - S

b . - " " - " SR . N - - . . — e ' ‘_-
.- oiveh the 1r§f'qr"nht10n that a‘éf)in;tgig'is“‘set up with its-shaft . .- ° 04-Core-13 -*"~ L
‘through the skate wheel-bearings and that a mass -1s tattached to. L
. "the shaft by a string which 1is wound up and asked to tell what . .
effact Increading the input work would have on the speed of the o T
. spintglg as the mass falls the dength of .the string,’ provided that - . oLl
‘the fhunbér of disks 1s not changed, the student applies the " ** . " T RO

concept .that incressing the Inputework on & spiniglg will increase
the speed of ‘rotation of the wpiniglg if the number of disks .:

‘ fem’aih*s the same by regpopding that the “speed of the spinigig will ' .\. ) .
Apcrease. - T o

. - 4‘ '
Given the numbers of turns that an object rotates durlng a, period | Qli-Core-14
" of -timé and asked®to'calculate the speed of the, rotation in the -~ . - B _
. proper. units and-show his wark, the"studént gpplies.the rules that . . oot

" the number of rewolutions of a turning object in a glvén time
‘period 1s divided by the number of unlts of time in the time
. periof ‘and that the quotient is reported as the number of tums _ ‘ .
- per unlt of time by reporting the calculated speed in revolutlons ' R Tof

per second within the range of ra 10% error. .
" Given a grid showing plotted coordinates and exhibiting a best-fit. = Ol4-Core-15 |

line which curves upward to the right and asked to interpret the
slope, the student applies the concept that a graph of a curved .
line that slopes, upward to the right shows that an Increase in one

varliable is related to an increase in the other variable but not ° T o
At a constant rate by respondipg to that effect. ¢ e o
. e, . s . . . \ . ] w L - .
A * ' » »

" VWherl asked to name the unit usedto report the speed of a rotating - 04-Core-16
. -object the student recalls that units for reporting the speed of .
a rotating objéet are expressed ag turns -- or rotatlons.or
revolutions -= per time unlt by pegponding Wiyl sych a unit. :
Given a labeled grid and nine coordinaté palrs for which a curved .  Qh-Core-1T:
. 1line would be the best-fit 1line on the grid and asked to plot the ., | o
‘coordinate palrs and draw a best-fit line on the grid, the. T
stuident applies the fgrocedures for plotting the coordinate palrs - .
' and dfwing a best-fit-ourved line by plottlng the pdints and an- « . .
approximate best-fit curved line that passes near or thirough the-
pOints’ - “\. . ' . . . "'. .-
% L ‘L./ . R . . . . . .= “-"-\_A o
. : ey i

F7 olincore-18

N - £

-
T

' Given a grld showing plotted coordinates. and exhibiting a best-fat
S line whieh curves downward to the right and asked to lnterpret the °

. .J"V‘ .- ?.af . o

. -t . .
. ] ) . N
1 B : . . [
’ .oF Y . ’ Y R - . . ' . )

D" A : e . .l RN

) L P ) ) k , B . !
e Lo e g S, ’ o o iy o :
L F . . RS . - . v . . e R
o ' K - LT . i Y 7 "y

1 ‘.




e

[

v

t

@

" 8lope,: the stUdent &pplies ‘the concépt that'a curved best~flit line

which slopes dowrmward to the right shows that an increase in one
variable ‘1s rélated to a decrease in the other. variable, but not
at a constant rate, by respondipng o that effect.

0b-Lore-19

»

Given a descfiption of a situation Ain which an.object is rotating
. on 1ts axls and asked to relate what -effect increasing the mass. of‘

-

the obJect would havé upon its speed of rotation if the input\

' energy were held. constant, the student applies the concept tha

the speed of a rotating body decreases 1f 1ts mass 1s increased

.and the" input energy 4s helf constant by an ¢o that

effect.

04-Core~20

Ve

. “ v ’ - ) ! A9
When asked to define the térm mass, the student recalls the

definttion that mass 1s the quantity pf matter in an obJect by '

W to that effect

.
¢ 3

-04-Core-21

A2 ——

Glven -a description of‘ a situation in which an obJect gains '

gravitational potential energy and asked what kind of energy must
be applied to the object to glve it the increased gravitational

‘potential energy, the student recalls that in certain situations

kinetle, or motion, energy must be applied to an object to.

Ingreage 1ts gravitational potential energy by responding to that
effect.

3

04<Core-22

When asked what klnd of‘ energy -an obJ&zct has when it is suspended

what kind of energy 1t has when it s fglling, andghat. foree is
acting upon it to change the' form of energy, the student :
classifies an obJect's energy. as potential energy when tHe “object
1s suspended and as motlon, or kinetit; eénergy when the object is
falling, and the.force acting on the falling body as gravity, or

welgnt, by S8 responding.

- *

Ol-Core-23

Y

L
“ .

Glven a description and a dlagram of a situation in which an

object 1s 1lifted and allowgd to drop on another object and asked °

to identify the supplier of input energy to the ,system and the
recelver of the output energy -from the system, the student o
classifies the supplier of the Input enargy (1n this case gravi-. .
tatiorial potential energy) to the Systemas that agent whigh 11fts

the object and the recelver of-the output energy from the-system- - ——
as the object upon whlch the erlergy 1s expended by W with

,thelr names.

&

13 . R . v,; §.

When asked how he can tell how much energy there 1s 1n a moﬁng
object, the studmt aQQlies the eoncept that’ the energy in a
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moving ol:rject can he quantif‘ied by measuri‘xg the work 1t. QQes on .
another obJect by ISEKEXK&UM; to- that effect - ‘

e " - Ly

- »
oA lL .
o ”

g o g ’ .

) Glven a. description of" the work done by a moving object, together
with foree and distance quantities and asked how much motion

.. energy the moving object has, the student applies the concept that

"' the meadure of a moving object's motien-energy 1s determingd by
‘measuring the work the moving obJect ‘does on some other object by -

'4_;gggyﬂ;nyg;the work done to within 41 newton-neter.,

< -

OQLCore-25<K

3 ‘ .

‘_-Given a- labeled diagram in which some of the- éﬁergy receivers*and-

suppliers are mislabeled and asked to identify the energy v

suppliers and receivers which are mislabeled, the Student

. classifies an energy recglver as the object upon which work is .
belng done or whose motion is being altered by another object!mmi '

an energy suppller as the obqect which 1is doing work on another

object or altering its motion by Jelectlng as mislabeled those

for which the above definitions are reversed,

Ol4-Core-26

]

Given a description of a situation ih which an object is moved
without loss of mass to another location where there'ls a- decrease
Jn the force of gravity upon the object and asked to ‘state whether
there would be any change in the«mass or the welght of the object
between the two locations and to state how he knew the response to
glve, the student applies the concepts that whereas the welght of
an object 1s dependent upon 1ts location, its mass is not, by
statipe that the mass would not change, the weight would decrease,
and the essence of the two concepts _

Ol-Exc 15-1

When asked 1f an object s mass would change during a trip from

. the earth to.the moon and to Justify his -response’, the student

« applies the concepts that an object's mass 1s a measure of the.

" amount of matter it contains and 4s independent of the locatlon

. of the object by -respondipg that the mags would not change and
giving the ‘preceding notlons as the reaSon. e -

T 4

. Ob-Exc 15-2 ,

- Glven a\statement reviéwing the content of Excursion 17, its
title, " runners of Space Travel," and two sets of options and
asked what each of eleven scientists had in common -and whal
Newton meant by his. statement, "If I have seen.further:than otherr
men 1t 1is becausé I have stood on the shoulders of glants," the

- student classifies sclence as a creative activity productive of ,
- 1ideas’ and sclentists as builders on the ildeas.of their predeces- ‘-

sors by égl_gting_the\option in each set> which agrees with one of
those notions. .

Oﬂ-Exc 16-1

”» .




" Ol-Exc 17-1

-

Y

.. statement whilch describes the relationsl‘rlp it depicts comectly

G.lven f‘our grdphs, each exhibiting a different relationship .
between the same two variables, and four statements of different
relationships between these two variables and asked to match e
graph wlth the statement which describes the relatlionship it .

. deplcts, the student classifies the relationship between variables *

in linear and simple -curve graphs by each’ graph and the .

in each case.
i

. O4=Exc 18-1

L

— —y

@

Given three graphs, each 11lustrating a different linear relation-

- shlp betwe¢n the same two varlables, and a set :of four statements -

of possible relationships of the varlables and asked to match each

. statement with the graph which depicts the relationship described

by that statement the student classifles the three linear graphs
according to the deﬁnitions that a-stralght-line .graph with the.
line ascending. from left to right shows’ that the two varilsbles
vary directly, that 'a straight-line graph with the 1ine descending’
frém left to right shHows a decrease in one varlable as the other
varilable thcreases, and ‘that a straight-line graph with thd line

.

Al

parallel to or ver't:ical to an axls shows thatr an increase in one - |

of the variables has. no effect upon the- cther varigble by

the descriptive statements with the. graphs, correctly in. each ”

_case.

. .
I y
(%

' O“;—EXC 19-1

7 0 - < .-' . - a—
(dven a description-of a situation in which two ob,jects of known
-+ ‘mass are moving at uniform but different Jnown speeds and.asked

- which of. the two objects. has more kinetic ehergy, to state how’

much more,’ to show his work, and to.decide which object would be.

-3 more difficult to.stop or would do more -damage , the student

applies the formula KE = 1/2 ms? to calculate the Jdifference in

energy between the two moving objects by ghowing his calculations ,"

the difference between the proquets within the range of.
+10%, and W the obJect which, has ore energy

e g ! ) A P

e
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- . motion.or changes its position‘ 5

When "asked to name the kind of energy given to an elastic obJect

| ‘when 1t 1s stretehed, the student classifles the Qnergy apquired

b
"y a stretched elasrtic ob,ject as potential energy by __gpgm;ng
potential energy.” .

‘-,-‘_“ : . . . -_1~:1.;.

05-Core-1

BTN

RERTY

L. i M v ." ]

(;iven a data table- showing that a small force acting over a g;reat

stance may produce more work than a larger force acting over a
smaller .distance and askKed whether “it 1s possible that work done
by a smallér force can be greater than work done by a larger force

_and to defend his response, the student applies. the concept that
becduse work 1s the product of two varlables -- the force acting.

. and the distance through which it—acts -- work -1s dependent on the-.
size of both variables,. not-jJust.one of them, by ; '
positively and mg,-the essence of the .concept.. .

¢ - =

05+Cobe-2" £

rh. -

Given the initial and the final quantities of a va,viable forcey.
.-such as those from'an'elastic object, and the distance ‘through:

" which the force“acts and .asked to determine the potential energy
of the object, the student applies the rule that if a variable.
“force acts through a-distance, the poténtlal emergy is calculated

- by multiplying the average of the ‘initial and’ the final force

. amounts by the distance through -which the force acts by - o

the energy accordlng to the f‘or-nmla and I’.QQQIIZLBE it
within the rang,e of a 107 errpr. P s

R

T~ ~Y )

=y

When asked to wr'ite an operational definitiOn for kmetw enepgy,

. the student generates an operational . definition for kinetic energy
"which includes 1ts detection by observing-movement ‘of an cbjett or
a change in its-position from a reference point and its measure- ;
».ment by measuring the amount of work the .moving.object can do- on '
some ot2:her object by mm those notions or the 'formula KE =

«1/2 ms , _ .

L

-

" - ' w
l

When asked for a way to tell when kinetlc energy is present in a
..s1tuation, the student appliés the definitlon-that ldnetic enexgy
1s the enérgy of motion of an object by that its, preSence
can be determined by- observing whether or.not the ob,ject haS S

- N

— - . . . “ . N ) ~

- _— PR U

When asked how to" measure the amount of kinetic energ;y a moving

* object hms, the student. applies the concept. that™the energy of a

moving object can be megsured by.determining how much work it can
do by w that he would measure the wOr'k the: obJect does.

(iiven a¥disiaran and a descriptin of a situatiorf in which an
elagtic obJect 1s (1).bent progredsively through flve positions to .
."f_, ' a i ;.". . 3‘2' ’. | . 4

ST
*




' R ‘a maximum potehtial energy content and (2) released 5Q 88 to °
- PR . - convert. the potential energy to kinetle -energy.and asked to =" - - .5
. S ddentify (1) the. position at which the object has the greatest. = .7
. o amount of poténtial energy and (2) the positién &t which the = .
o .. obJect has the greatest kilnetic energy:-after belng released, the
IR - student applies the concept -that the.potential enérgy of:gm «-
ST - v €elastic obJect 13- greatest when the object*is bent to its “1imit
and the kinetic energy 1s greatest when it reaches its position of
least tensien upon being eased ffom the point ‘of greatest
S _ _ - potential' energ,y by the posd.tion ‘of g;reatest tension as
SoE e T e et _' "the "position of greatest potential energy and after release the ... .
o T ~ position, of 1east tension.as the position of gr'eatest kinetic e
energ_y P '_ (o e

T : SO e

.

~05-Core-8 =~ - - Given a diagr'am and a descr'iption Qf a situation whiqh includes o
' ' two unequal opposing forces. of stated sizes, and alternatives- -from--
BN * which:to select, the resulting force ajount and. dMrection of move-
» . . merit and askel to: determine the amount of het. force acting amg its
Gl ' ~ direction, the student’generates a solution.to the problem of S
- ..r  cetermiging thHe amount of net force acting and its direction b -7 -
oy the statements which agree With the concepts that . when } '_ .
T two o&gsing forces are acting on an object; -any movement will-be -
iri the direc¢tion of the larger f‘oroe ard 1ifs amount 1s determined
. by the dif‘ferehce between the, two. ; .. o

-
..

o . . . s

-

05-Core-9 N Given a water-drop necord showing the motiOn of a wateradlloc}c cart
o " .with the positions of -the cart inhdicabed at Iegu.lar Intervals and’
asked to select areas on the record indlgating an incréase, & -~ .
"~ decrease, and.a constant speed as shown by a change in the dis~- '
tance between -dots, the student .classifles.the intervals .as . Ce
. . . .. ‘follows: (1) the car't s Increasing in-speeq when the distance - o
" . between the drops increases, (2) the.cart 1s dédreasing in speed . - * ¢
CL when the distance between the drops deereases, gnd (3) the cart is =~ -
maintaining a constant speed when.the distance between the drops
is constant by ;;ggggg the appropriate :Lnter'vals .. .

e -
i = ' '

e

. 05=Core-10 ... Wnhen asked to name the foroe that supplies the chnetic (motion)
T * erfergy to a. gpecific ob,ject when it is r'elgased on an ihclineqd
L .»plane -without being pushed, the student classifles gravity ,
. ¢ (welght). as.the force, which glves motion. to objects that roll down
: Inclines when they are nelther pushed nor:pulled by a force other

R _ _ than gravity by responding - that the. force is gravity or welght,  _ _ .

05-Core=11 When asked to name the force .that causes a specified non-self‘—
. . powered rolling objeat to slow down and stop without being stopped .
by some .other obJect; the student clasgifies friction as the force
C - o that oauses a hon~gelf-powered rolling ob,ject to s low down and
rooo stop by W that the force is friction. ~— *
. ”&7 .. ,;. g',- "‘?: g .'.'

\




Given 3 description of a situation in which useful outgut energ
S less than the 1nput energy nd asked to name the force that:
T causes his reduction’ of useful output energy, the student .
" ‘clasgifies friction as the force which reduces ‘the useful output -

energy of an energy converter by W f‘r'iction as the for'ce. '

e

. 05-Core-12".

w

“G:Lven a quantity of" :1nput work 1n newton ‘meters, three quantities .

¢ - of .output work, one of which 1s less than, one equal to, and one

_ gpeater shan the -Anput work, and three alternatives each purport-

" ing to justify ‘the selection of-a particular quantity. of qutput
work and asked to 1dentify a possible amount of output work and
his reason.fop chooging it, the student applies ghe concept that

05-Cove~13

' output work 1s always less than input work by the lowest

- nuber and the ‘statement oI‘ that. concept.

o g

.

T— ’ -

HS
‘ Given a description of a sifuation 1nvolving frictioen and asked to
« name the temperature change that occurs, the-student. applied the
- concept that energy: used to-overcome f‘riction causes . anvincr'ease
in temper'ature by M the tem znareaae. .

05-Core=14 ",

X . : Sy

When asked to list six for'ms of energy, the student recalls forms -

of -ener'gy such as heat, light, electrical, potential, kinetic
. .(motion), mechanical, chemlcal sound, atomlc (nuclear) .and.-
- magnetic by Lstine at Jeast five of those forms of energy. °~

v 05-Core-15 .

© Glven a.table.and a déscription of a situation in which’a non-
. elastic obJect 1s 1ifted and-dropped and asked. to describe the -
- Changes In“the kinds and amounts of eriergy that the object under--
., ' goes, the student agglies the concept that an obJect that is
" 1ifted and dropped galns potential energy as it 1s Jlfted with
kinetic energy, has maximum potentlal energy and na kinetic eénergy
at its maximum height, loses potential energy and galns kinetio
energy as 1t falls, and has-no’ potential energy and maximum
‘kinetic energy when-1t strikes the floor by gelecting from the
~ "“table the relative amount%of potential and kinetic energy for
each description A . , : -.

1

-

05-Core-16"

o

" When asked to déscribe -a. pmc@ure for detecting and measuring -
”iIQ)t energy 1 Sonemannerotier tharr seeing-the Hght, the

student generates a procedure for detecting light. energy in which

a reaction caused by the light 1s obserwved in some.object, such

" 05-Core-17

as the tuming of the paddles g:f a radiofeter ‘or the movement of =
4 .

the needle of a light meter, and for measuring the intensity of
. light by measuring the amount of movement by statlng the opera~--
tions needed to get such a response to light energy. .

.-
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' 'When aslhed to’ identii‘y a device Which shows' that lignt energy’ can -’ff' -
...do obgeryable work and té describe how the device indicates that

L A
P

work 1s being done the student” agglies ‘the ‘definltion” that work
1s evidenced by a. change in. the motionor the position. of some-.

“thing by. mng a light meter or a’ radiometer and stating that ~ 'i |
'-mption in such a light detector indicates that- the 1ight 1s doing

Work

I

‘ 05'—(13 ore-21

. 05-Core-19

" Glven a palm glass and: dlrections fbr 1ts use and asked to identi-
.ty from a 1ist-of four- cholces the form of energy that causes the
"1iquid to move, the student classifies heat as-the energy form

..*._f_.

that causes l:Lquid to move 1n a palm glass by w “heat "o

05-Core-20.

When ask“ed to give two examples which show that electr'icity ¢an be

donverted into Kinetlc energy, the student ‘applies the concept -

".tHat electrical energy can be cogverted-into kinetic energy by- -

tat;gg any two indtances in which eleq tric'ity 1s used ‘to. operate

« an electrical device- in which an cbject or- pax’t of 1t gains

kinet 1o’ ener'gy

i

P

- Glven, a sequence of* qI‘ix observations in which energy 1s conver'ted
. from potential: enercgy to-kinetic energy and back again and asked
. to ldentify the presénce of ehiergy conversions of potentiml to

kinetlc energy, of -kinetic to potentdial energy, or the’ absence*oAf
conversions, the studerit elassifies a-situation as involwing an ™
energy eonversion frem potentlal to kinetic if an object gains -~ -
motion becausé of a change of its position, from klnetig to N
potential 1f-energy of motlon is .lost %o change the posttion of .
an obJect 'Sq that 1t can. 'release energy, or as inmlxéng neither' ”

. 1f there 1s no change by so pesponding. - | R ,,.,_.".

‘La_ §

. 05-Core-22

Given a llst of ﬁve statements purpor'ting; to be descrip!tive of‘

N

energy and asked to identify those statements which-accurately -
describe the characterlstics of energy, the student classifies _"- |
the statefents "Enepgy can éxlst in more than one form," "Bnergy .

can be transferred from oneé system to ahother," and "Energy can be
converted from one “form to another" as char'aoter-istic of energy by
seleggmg only those from the liot

& N « SURL

05-Core-23

i s

’ Given a diagr'am of a situation In-which -electrical energy 1s
_conve,r'ted into three forms of output enérgy, . heat, 1light, sound,
“or kinetlc, and asked to name the input and output forms of. energy

Involved, the studeht classifles electrical energy as .the'input
energy f‘orm and heat, light, sound, and kinetic. energ;y as the

output - ener'gy f‘orms by Sle) ;’gsp_gm
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Y When asked ta: 11st ’chree enery eonverters f’ound 1n his home_ and' -

the ihput -and -output forms of energy for each, the’ student

~classifies deviges involving different input and output - forms cf B

‘energy as energy converters by ngming three devices found in the
home which:perform energy conversions and the input a.nd outpqi;
e, forms of - energy for. each. )

¥ . ' .

*

T

I

Given data on the dripping of a water clock on a moving cart
“including the time elapsed.between the first-and last (N) dr'OpS
to fald and the dlstance. between drops as ‘the. cart moves, and - @
“asked to compute -the speed of the cart in centimeters per. second -
and :.to show hls work, the student applies the rules for: measuring
“the ‘Yverage linear speed of a water-clock cart by which the time

interval between, any two ad,jacent drops 1s:calculated by ‘dividing by

the time for N drops. by the nurbér of time intervals (N-1) and
. - the time interval so obftained is then divided into the distance
the cart moves between two adjacent drops by. calculating and

W the speed of the water-clock cart.

| 05-Exc 20-1 .

[ ISR

-

7
!

Given a spinigig disk, a. 50 cm string, a meterstick and a de-

¥ 4 '

scriptien of a situaticn in which an object moves around the cir- . . .

‘eumferenge of a spinlglg disk In a given. number of seconds and
asked to determing the average speed of the . object and to show ..
his work, the student applies the procedure’ for detennining the
speed in: centimeters per second of an object around a disk in .
- which he measuregy the circumference of .the ,Spinigig disk in:meters
_to find the distance traveled (cm) and divides- that“distance. by

7the time (sec). by ¢aleulating and. W the speed within the
“ range of a. 10% error'

2

o

05-Exc 21-1. _°

- -

N -Glven a description of a moving obJect, includ:i.ng its mass, its
" speed; and related but irrelevant data, and asked which of the:-

" variables listed are used to calculate the momentum of the object,

the student clagsifies the speed and thé mass of an object. ag the
variables Which- deteminé momentum by §electi,gg those var'iables.

- * 3
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05-Exc 22-1 -



Given a diagram showing a circuit incomplete because of an uncon-
“nected wire and asked whether ar nof:Sdme clrbiit component,. such
" as a light bulb, a motor, or a bdll, will be activated and to ex-.

» plain hls response,’ ‘the student a lies the rule that current will .
to the effect that
- the  eomponerit- will not be activated because the circuit is not.

‘not- flow «in .an incomplete circult: by"

conplete.i'

,sr ,

R
'

.

Y
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N 7 " AR

- '~ Glven a sample of copper sulfate solution, the information that &:g o
~ the solutlon is the same as.the blue solution responsible’ £or ‘the-
. reddish~brown coating on the carbon rod in a Chapter 12 ‘experi-
~ ment, and- four alternative materials which might have been respon-.:
R sible for. the coating and asked which of them-is- ‘responsible for.
. the coating; the student recalls that the blue solution he used
. 4n comnection with Chapter 12 contained cOpper by gﬂ;ggt;gg

"Copp " K

> o

%

A

T ook

e

L}

B ’6’6-'-Core~_'-_2 |

Given a copper-coated carbon rod and the information that it was
produced as a resulf of the activities done in Chapter 12 and
asked to ldentify the material that coats the rod, the student
identifies the reddish-brown solid on : the carbqn rod as copper by

ez 1F-

S
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Given a description of a situation in-which energy~is being stored ey
‘4 a chemical cell- (a battery) and asked what energy“conversion e
takes place 'in the cell, the”student recalls
- @y 1s changed into chemical energy whén a Battery 1s charged by
.§elect;ng the statenent "Electrical energy, is changed into

. chemical energy

N

that.electrical-ener—

T .' o

-

Y

poerer e

/_.

R

© 06-Core-l ';i-“ig

i

=

Given a list of four forms of energy, one of- which is chemical

and asked to select the form of energy.that 1s’ stored in‘g bat—ea
tery, the student recalls that energy is stored in a battery as .+ .
chemical energy by g;ggjgy; that.the form.of _ energy 1s. chemical .

W

.

When asked tordescribe wﬁat-haopens'inside a"rechargéable'battery'”A

. 7

v,

during charging:and diggharging, the student
that charglng a battery means storng energy

applies the concepts v
h 1t by. converting '
one substance .into another and that -during dischargling, the re- o

action is reversed, releasing electrical energy, by |
with the essence of these notions., .

R

‘06-Core6 -+

R .
S

When asked what is required to make an electrical circult com-
: plete, the student ecalls that a complete electrical circuit is

'

o

«

2

3r




o eurrent rnay tr'avel by a3

one which has an unbroken oonductive path throush which electn:l:cal
sponding to 4ﬁhat effect .

e . L P 0o

a’, "
ok

06-Core-8 -
: ~ o7 ithree ‘test 1éads and asked to’connect: the bulbs in; series,. using,
' “the materials glven, the student applies the concept' that in@ .. o

series circuit, the components’ are connected .80_that the current R
- must flow through ‘them in succession by the’ cormonents 3};*;;."5;;

_ socket the other bulb goes out. '

'Given a charged i g1ze batter'y, 0 #3?2 buibs a.m;}@ocke‘bs, i '

¢ 'such a way that when any orie’ of' the bulbs 48 réoved ﬁ‘om the T .
T L% -u‘h . .’ . A _ _-_‘l“"‘:\_.
e v "v' :’ -

.

© .06-Core-9

" When asked to diagr'am an operable circuit containing a sWitch a ﬂ

~sion, terminat

PAES v

. e . P l':':'

battery, and:three resistors; such ds’bulbs or motors, wired in
series, the student applies the rule that a“serids. circuit is -..L; . .
wired so th&'t -the ‘electricity follows a path« i‘r'om ‘ong - battery T -};,-,;_',
terminal thro(.ﬁ the switch and each of the appliances in sudceg~ # -~ .~

gat the other battery ter'minal by W the L
circuit to s‘how that r'elationsh,ip B

a)"

S

) b6fa«_Corl\e—lO ’
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Given three descript‘!kons each involving two electrical devices

- wired elther'in series or pdrallel. configuration, and a Statement
. of the effect’ upon'ong :device of the other.device's’ ce@.sing to. -'\:ﬁ_x_j

operate and.asked to identify 1h each case whether: the, wi S
(circultry) . ‘between the two devlces is' series or par'al,lel the ~'

~ student. classifies the wiring (cireultry) as. .series when.one PR

- .. device's. ceasing to operate causes the second “device to stop U e
" ‘operating and-as parallel when ohe device s eceasing to opera.te

+  does not affect the second “device by nan,ﬂ,ng each case a,acordingly

| O6—Core—11

A

Ll g \ . o B
..#, - . , nlen .W

Y

_each of the ppliances directly and f‘rom ‘the opposite teminal of ' ‘

06-Core=12

' " components in the circuit b}
'bulbs as remain stay 1t,”

" the | mponents -80 that ‘

when one or two of the bulbs__ re _removed from the sockets, such .

e o . v
> N N v

o 0




”inven a. diagpam'Of a SePieS circuit pnd asked what- effect adding 13

.. serles registors:ito-the circult.would have on the amount “of -
" . 'electricdl énergy edch* circult, element receives, the. student
applies the principle: that- each resiston‘added %o a Serigs-cireuit ”

causes every other resistor in the’ circqit 50 Ttoeive less~e1ec~:;_;

1~_'trioal energy By gggggggggg to that effect. T e e T e

p— T 'ui' P

", 06-Oore-13 - .

Ty
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e '_ /,.‘_.‘* e . j é

Glveén a diagram of akcompleted series circuit containing two re~--'

ir."sistOrs, ‘such as Bells, bulbs, or motors, a closed switch, anda ,'

¥ % . current source and asked how, to reduce, the: amount. *of current flow~
" ing, that 1s, to. make the bulb dimmer, the student agglies the =
+..rule that increasing-the’ ‘résistance of a geries circult by adding ..
resistors :to the sclreult decreases ‘the flow of ¢urrent -by-gtating
.either that hé would add ariother resistor in serfes in the circult
* - ~or that he would substttute, a resistor with higher resistance for
| '“Hgone of the resistors already in the circuit A

L ‘z i b - - '. " N

Tﬁ;Core-lu ’*";f*

L. = T \ * ; T

. Given- diagrams of two parallel cfrcuits and two sepies circuits
~ and.asked to classify each elrcult as either’pardllel-or series, -
% the student .classifies the -circults:as parallel if a diagram shows
_:Tiore ‘than oné pathway- from the battery. té the resistors.andas’
series«1if fhe pathway for® tbe &lectricity is shown going. to each

.- resistance. consecutively by ;“ggﬁgL;ggg the- oircuit type in.eacq 'l.. I

"case.
‘ "fﬁﬁ o ®

-

3

06-Core-15": -

N

o " Saais ~ R ¥

' When asked why theftemperature of a resistor rises when electrici-

.ty 1s pagsed through'it, the, studeri} applies the concépt sthat when
"~ " electrical energy padses throbgh a matertal, some of that:elegtri- -~

54 eal energy ‘1s changed into heat energy by ggggggg;gg to. that
. effect, ' ;
TRy

P - - (':4'__ o \

06-Coré-16 j.i,

-

o

. Glver©a diagram and a descniption of & situation in which a.
,zy-f;current-carrying wire and a magnet are brought near egch other and

.only.one is free to move and asked what, if anything, will happeh '

'7the student applies the eonaept that there will be a force be=-
’ * tween the two oBJects by ggg ctigg that the object free to nmwe
- 'will move. - .

[ ¥

s Y

06-Core~17

~, } e .“ d rry d ;
/¢,ﬂ(ii:;xasked to describe the effect on\bhe magnetic strengtb of a .

_ 06~Core-18
coll of wire of varying the number of turns of wire on an “electiro= : :
‘magnet, the.student applies the concept that the strength of an" .
electromagnet varies with the number of ioops on the coil,of wire A SN L
by SO tgtégg . “ - . . o

_ o . . ol \A 7’ . A
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",'f'::,.','.__, 06-Cope-19-, ‘Given a 1ist. of. .ﬁ‘ow st\:ements ineluding ar
S T 0 . Umore ‘than one *form" and "Energy can be.
o e ™ tien tem.to another'angh asket to” identify .tifose:statements which. de-
: <o 7T seribe the characteristios of energy, the Student glassifiés only _";;
APUT T those two’ sta‘tements as characteristics of‘ enezrgy by gg;ggt_igg R
‘ ' - them from the list
N - . " ‘ ._‘ ) '... ‘L,'.,- - L

_p— =3 = =
. N - - ..

oo ~"'O6-E‘.xc 23-1 . ° Given a drawing of a battery shwing two l\ead strips in an amnoni— el
> S : ' urf chloride solution and a list of materials, sdme of which will ° C
L ~ affect”the ‘amount of electrical energy glven off by ‘the- battery, . '
.. . _'and asked to select’ the entries that inditate’ variables which will
A ..affect the amount of electrica@ eénergy glven off:by the battery, -
_‘,':“- o e ~the student classifies ‘the type of metal 4An the strip and the type
. .00 7. . of solubion as the variahles affecting-the amourit of* electrical..
i T energy given qf‘f by a battery by selectit_‘;g those variables. _' :

Ay

L_A

LS oo 0 _‘f N - ' g - e n L) --..- s

’.

. Q0b-Exc 24-1 . Given a, list qf desEr'iptions of chemical changes and, asked to se= T
. 0 lect ‘the "letters of the items that invplve the ph&nomenen of - .7
: o . 2. stored chemical energy undergoing a change in form, .the’ ‘student -
T gpplies the goncept that chemical‘changes in whleh chemical-enera v °
: &y 1s glven ¢£f can'be 1dentified by the produotion of ldght, - '
- heat ,; elegtnlcity, bubbles,.orthe- physical scéattering of".

/

RO T o reactants b# segect descriptidns of‘ duch occurrences. R
LI . . \. o ‘ \i - — N
. | 06-Exc 25-1 . Given threé measuremenits- mads 1in thé fiz“sg instance with a Simple— .
Yye e freasuring\“device 'and’ then with progr'essive]_y more precisca instru. -°

“ments ‘and’asked if he now knows the exact value' of the measure-

" ment andg to explain his answer ‘the student: gg%%sv, the" concepts CIROENE
that. all, méasureme,nts ho matter how precise, appI'OXimations“ a0
and that 1t is impossible to ellminate errors in measurements by - .
esgong;gg negatively and with the ef'fect. of the concepts. ‘ ) .{

- L

13

-, 06-Exc 25¢2 .., Given & g:rid containing unconnected points and asked to draw the -
e e e bestsfit line for the points given, the student applies the .conZ.
. . " cept that a best-fit line 1s a“smooth curve with as many points
¢, abqveas beiow the 1line by m such a line on. the grid

¥ ¥ - A . g —‘
. “

.. 06-Exc 26-1- Givqn a list of situations involving possible dii‘ferences Between P

' .~ . + . parallél and series circuits and asked which désuribes a ‘parallel

o .. " circult, the student applies the prineiple that parallel circuits .
. < allow the electricity to follow am' one of several independent '

' S paths by &QSEL}& the reSponse which ma.kés that statement

Cwe . v . . ﬂ — . . ”'1. .o
-t , . . L . ' . '

. -B6-Exc 27=1" Given a drawing of‘ a 00pper “wire passing per'pendicuiarly through‘ a
e T “f11e. card on which blank-faced cqmpagses havé been positioned -7, ° [
Ce ar‘ound the “wire and hsked to draw the direction that the compass

' ". v * '
. - . Cr O S
L e . , ’ k L : - ' 4 ﬂl TN . ‘_
o oL . ) B v _' . '_..,," -‘ ,‘-- .

e




) if‘a P -" , 0 ' . ‘ S o o . 'A o “ I - A\h".
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* "'needles will polnt 1f the ggnpagses are laid at various indicated L
positions éroﬁhd-thevwire,A,he tugigt applies the concept that I
thetmagnetic field around & wife through which electricity is ¢

flowing 1) s series of concentric circles by drgwing'the direction B

the compasp needles will point on tracinds of the blank-faced C '
compasses/shown 1@$pme problem. ' ' )
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Given a. 1ist of what purport to be c)(aracteristics oi‘ a scientif- 07-Care~1
"1c model and asked t6 select the statement which 1s not | ) o : -
.characteristic of‘ sclentific model, the student recalls that a ¢

model 1svan explanatlony ‘whicht, establishes a relatianship wit;&

set of obsex'vati , data, or penerdlizatlens by means of:a tal -

or physical picture or a mathematlical eq on by eleggigg the

staﬁement "It 1s an experinental obser'vat on" as not character-

..... C. Y O S U T }

>

Given a libt ‘of ‘four purported sources af scienti{‘ic models and " 07-Core~2
~ asked to choose the correct.source, the student recalls that
scientific models are thougit up by men by se;gcgigg that entry.

& [

.

-

When asked to state:two things aene by ‘a .good scientifidg model, 07-Core-3
the student recalls that a good sclentific model (1) sugeests :
questlons, (2) explains observations, (3) suggests néw experi- '_
ments;and (4) predigts the nature of the results of those new / <
experiments by ;g_sggggligg with at least two of those four. '

[, Glven four statements purpor'ting to be characteristics of " 07-Core-4
ocientific models and asked to select the statement which best :
describes the models that sclentlsts use, the student classifies
the concept that the models sclentists use may be described as
useful rather than as correct by g‘:lg__ggm& the statement to that
ef‘f‘ect .

..I.
B . : "
st =

. ~ - ¥ . . ]
When asked fo name three characteristics assumed to be true of - Q7-Core=5 -
the eloctr’opai'ticles in the ISCS electroparticle model for
electricity, the student recalls that 1t 1s as sumed that electro-
particles (1) .can be glven energy, (2) can move from place to,
place, (3) can glve up energy, (4) will move through conductors
in a complete circult, and (5) will lose all thelr energy in so

 doing by respopding with at lea.st,/two of those assumptions.

. - ‘.
. . . N Ly 7

o

. Glven a dlagram of and‘st battery charger connected to a charging - 07-Core-6
ISCS battery and asked to describe the assumed path of electro- .
par’ticles and £0 expYaln the char'ging of the battery, using the " .
ISCS elpctropar'tlcle model, the student.. récalls that low energy
electropar'bicles move out of the low: enor'p;y rgy términal of the 7 L
battery, .recetve éinerg.y from the charger, and return to the :
battery; through She high energy terminal by describlng the path

of the'electroparticles and gxplalping the char'g;ing of the -

batter'y as oublined above. .

) . R \
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'07-Core-7 When asked whether scientists can deVelop mere than one good model

to explaln the same phenamena and 1if so, how would a sclentist
declde which one to use and if not, why not, the student recalls
- . that more than one model can be invented which can be used to
- ; explain the ‘same phenomena and that a ‘'sclentist uses the model ' |
which best sults his problem by W affirmatively and with _
the notion of the concept : , _ _,:__" .

. ‘> -
L]
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07-Core~-8 ".When askéd to use the elect,roparticle model to deseribe the
" .process of charging a battery, the student z_applies the assumptions
- of the electroparticle model to the process of charging a battery
- by deserlbing the battery charglng process, using the notion that
the charger glyes energy to the electroparticles which then returm °
to the battery and are stored there with thelir extra\ energy

07-Core-9 When asked to use the. ISCS electr'oparticle model to expladh how
' " erergy gets from a charged battery to a glven component of an

v electric circult, the student recalls that high energy electro-
particles carry energy from the battery to the glven component,

glve up thelr energy, and return to the battery as low energy :

- Y . electroparticles by W to that effect
{ _
07-Core-10 ' When asked to use the ISCS electmparticle model to describe the-’
function of the two poles of 4 battery when it is connected into
™~ - a complete circuit, the student tecalls that outgoing higj'x-ener'gy
: . electroparticles leave the battéry from one pole and that returm- .

ing low-energy electroparticles pass Into the battéry throug;h the
o‘gher' pole by ‘regponding to that effect.

"

. 07-Core-11 When asked to describe what happens.to the cur'rent flow when a
resistor:is added to a circult and to use the electroparticle®
model in his response, the student recalls that the resistor

? : " allows fewer e¢lectroparticles to flow through the circuit in a

e glven perdod of time by pegpopdipg to that effect.

3

07-Core-12 Glven four factors which purport to determine the. number of
o . electroparticles which pass through a resistor in a circuilt in a -
\ certain pérlod of time and asked to select the factor which ==
- determines how many electroparticles pass through the glven
resistor In a filxed amount of time, the student applles the
feature of the electroparticle. model whigh states that the number
of electroparticles flowing through a resistor in a circult 1in a
glven perlod of time 1§ dependent upon the energy of each electro-
particle by gelecting the ltem which states that it depends upon
the energy of each electm{)art lcle.

1
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. Wnen asked to list three phenomena of current flow which the ISCS
ele¢troparticle model does not explain, the student recalls any
two of the following phenemena not explgingd by the electroparti-
cle model: (1) the capacity of ele;t?oynf)éﬁticles ‘to pass through
solld wire, (2) the capaclty of electroparticles t® cause a wire
to act like a magnet, (3) the abllity of electroparticles to carry
energy, (4) the form of the energy carried by electroparticles,
and (5) the source of the energy that moves electroparticles by
w the notlon of at least two of the above. ‘

07-—Core-l3

When. asked why an ammater should be connecteci in series with a
circult, the student récalls that only-in a series clrcult will
all of the current flowing In the eircult flow through the meter

- by responding to that effect.

« 0 7”001’6- 1'4

7
-

Given a diagram of an ISCS e¥ectrlcity measurer connested into a
circult in sueh a way that it 1s in serles with the other
components of the circult and 1its resistor is bypassed and asked-
what the electricity measurer will measure, the student classifies
an ISCS €lectricity measurer as an ameter (or current flow meter)
when 1ts resistor 1is bypassed in a.clrcult by ;;%gpm that the
electricity measuper will measure current flow (amperes or elec-
troparticles_bcr%ﬁcond) passing thraugh the circult.

0'7-Core-15

_Given four entries purporting to be ways by which a unlt of
‘measurenent wmay be established and asked.to identify the entry .
that states how the unit of measurement 1s determined, the
gtudent recalls that a unit of measugement 1is a matter of

définltion by gelectlpg the entry to the effect that it 1s defined -

by man.

o

07-Core-16 : )

- —

. L. M

" Glven,the statement that one way -to describe electrlclty 1s to, use
" an elbctroparticle model and asked to use this model to deseribe
the process of charging a battery, the student .generates an
explanation for the charging in terms of the followling assumptlons
of the ISCS electroparticle model: the battery contalns particles
that (a) can be glven energy, (b) can move from place to place,
(¢) need a corpleted, unbroken pathway, and (d) can™bé stqred with
the energy they recelved, by so degeriblpg the charging ofia
battery and including _)znemotion that the charger glves energy to
the eleétroparticles which then returmm to the battery and are
stored there wlth thelr extra energy. :

ol

07—&om-17 |

- When asked to narre‘;_the standard unit for"neasuriné electric
. current, the student recalls that the dmpere 1s the unit for meas-
uring electric current by pregponding "ampere. " '

* - )
.
- . ——p—

07-Core-18 |
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07-Core-19

When asked to name thé standard unit used for measuring electrical

. energy carried by an electroparticle, the student recalls the wolt

as the wnit for measuring the energy carried by an electmparticle
by pegponding "volt,"

¢

07-Core~20

Given a voltmeter coil and an ISCS electricity measurer and scale
set up to measure amperes and asked to make a voltmeter from them,
the student manipulates an ISCS electriclty measurer already set

. Wb a3 an ammeter so ‘that 1t will measure voltage by peplacing the |
- ammeter coll with the voltmeter:coll and Including the resistor -
- by dlsconpecting the test lead from terminal 2 and gopmecting it

to terminal 3.

. .07-Core-21

.® . @

Given an ISCS electricity measurer kit, four charged D-cell bat-
terles in holders; a blank tongue depressor, five test leads, two.
rubber bands, and a half-kilog;r'am mass and asked to construct a

‘voltage scale using the equipment furpished, the student manipu-

lates an ISCS electricity measurer to' ¢omstruct a yoltagd scale by
asgerbling the equipment with the zero point marked on the ton
depressor when no cells are in the cireult, pggklpe additional
points on the scale at the resting points when each additional
cell 1s added in a. series with the first ée‘ﬁ and then

the marked points above the Zero as 1.5, 3. O h, 5, and 6.0 volts '
in sequence. | ‘

~

07-Core=22

Given dlagrams of a completed serles clrcult and a completed

‘pargllel circult, the materials to construct the circults, and an -
-electricity measurer (or ammeter) to measurd the current !flow and

asked to construct the circuits and measure the curr'ent flow, the
student applies the rule that ammeters are connected in series

with the current supply and the total resistance an8 the rulé for
measuring current flow by the ammeter correctly in each. -

" cireuit and peporting both-of the ampere reading.s within one of
- the smallest subdivisions on the scale. L -

07-Core-23

» ¢

Glven a dlagram and a-description of a gituation in which the
polnter of an electriclty measurer deflects the wrong way and
asked how to reverse the direction of deflection of the pointer,

- the student applies the principle that the direction of deflection

of the pointer can be reversed on a meter off that type by rever-

slng the connectlons of the meter to the clrcult By respondine to

the effect that he would reverse the connections of the meter to

'the"circuit.\i - o

s

07-Core=24

Glven a diagram of a- seriss clrcult and asked what effect adding
resistors,in serles to the circult will have on the amount of
olectr'ical erxergy each clrcult element recelves, the student

45
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. applies the principle-that each resistor addéd to a'serles circult
causes every element. in the circult to recelve less eleotrical
energy by gtatlpg in effeét that less electrical energy 1s o
recelved by.each element. - T .

. tw . ) '
Given a description of a situation in which a .wave passes under ' 07-Exc 28-1
an object floating on the open ocean and four statements describ~ '
ing the motion of the<object and asked to select the statement '
whlch best describes the motion of the obJect in the water, the
‘student applies the principle that when waves pass through water,
the surface water does not move the ‘object horizontally but-moves : b
1t up-and down by gelecting the sthtement to that -effect. :

L4

Given a trough, water, a cork, a pencil, and instructions for 07-Exc 28-2
wave-making ‘and asked 1f the cork-water system moves horizontally , '
‘toward or away from the wave source or does not move horizontally ,
at all and what, 1f anything, moves across the surface of the
tank, the student applies the concept that 1t is energy which
moves horizontally in a wave and not the medium itself by pegpond-

that' there 1s no horizontal mevement of the cork-water sys-
- tem and with the essence of the notion that energy is transported
horizontally. . - :

-

Glven a description of a situation in which two theorles apply, an 07+Exc 28-3
.older, more yestricted one and a newer, breader one, and the o '
statement that the restricted theory 1s used in a speclific situ--

. ation and asked whether or not the newer theory Should be used

instead and to explain his answer, the student. applies the prin- - :

clple that any description is a good modgl if it explains the .
observations and can be used for the purpose intended By pespgud- - /

ig negatively and gtatine the notion of the principle. . .

. - .o . - _
Glven a sclentific'model and a series of statements each purport-. 07-Exc 29-1
ing to be a criterion that sclentists would have for accepting -
this model and'asked to selec¢t the criterion by which models are
Judged, the student applies the concept that new models and con-
structs are proposed as usefwl ways of thinking abgut phenomena .
by gelecking the response to the effect that they are accepted 1if-
they constitute useful ways of thinking about phenomena. , . .
: ’ . \

t 3 1 X
\

Glven that a model 1s accepted by most sclentlsts and five inter- _07-Exc 29-2
_ pretations of what 4t means fdr a model %e be accepted by most " -
sclentlsts and asked to select the best , interpretation, thes stu-
dent applies the concept,that scientiflc'acceptance of a model
implies that 1t explains the observations made to-date but does
not imply that sclentists feel elther that 1t represents an °
absolute truth or that no other model would work by gelecting the

»
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| . . .
N o ' entry involving explanation of observations, But not those entries .
\ ' Implying the model to be an absolute truth.

<

07-Exc 29-3 " Glven the information that a particular model is accepted by most
; , ' sclentists and four altematilves which purport to be interpreta-
' : tions of what it means for a model to be accepted by most sclen-
: ‘ tlsts and asked to select the best interpretation, the student
applies the idea that a model needs to be modified to ageount for

" new observations by gelecting the entry that best states the 1dea. " |
- - | ) .

1 . y ant

: 07-Exe 30-1. ,  Glven two diagPams, each showing two wires susperded parallel to
, and close to each other and connected into separate but equivalent
battery-switch circults, differing only in that one diagram shows

the positions of the two wlires when the switch is open and the
. other when 1t 1s closed and a statement of the terminal from which’
the electroparticles flow out of* and back into one of the bat- .
teries and asked to indicate from which terminal the electroparti~ -
cles flow from the other battery and through whicéh terminal they
return to the battery responsible for' the attraction or repulsion .
shiown, the student applies the concept- that an attracting force
“exlsts between two parallel wires carrying electricity in the
; same dlrection and that ‘a repelling force exlists between two
‘ parallel wires carrylgg electricity in opposite directions.by
that when the parallel wires repel each other, the
.electroparticles leave’and reenter the battery so that they are B
golng In different directions in the parallel -wires and when the
wires attract each other, the electroparticles leave and reenter
the battery so that they are golng in the same directions in. the
parallel wires. . \ :

a4

07-Exc 31-1 ‘Glven statements describing possible behavior pattems of sclen- -
' tists as a grou and asked which is the best description, the. stu-
~ dent applies the principle that sclentists, lilke other human -
beings, exhiblt a varlety of behavior patterns by gelectipk the
statement to that effect, ‘ :

07-Exc 32-1 Glven a description of how long or how fast two battery-operated
toys wokk and asked to indicate whether or not the toys' batteries
are connécted In serdes or in parallel and to explaln his cholce,
using'the\electmp&rt,icle model, the student gpplies the concepts
hat in a series eircult an eléctroparticle picks uwp energy from
ach battery through which 1t flows, thus enabling the toy to run
faster but less time than if it were in parallel circult,
whereas 1n a parallel circult electroparticles are furmished by
each battery fndependently, causing the toy to run more slowly
but for greatpr lengths of time than if it were in a serties cir-
cutt by nd wlth the notlions of the concepts. '

. L S ¥ A \
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Given a description of the number of‘batteries and the nunber of
resistors in a'parallel circult in a toy and asked in what way a
 change In the nunrber of resistors and the mumber of battéries
would change a voltmeter reading taken 1n the c¢ircult and to ex-

plain his answer, using.the electroparticle model, the student “
applies the electroparticle model to determine that when added in
parallel, more batterles do not affect how much eénergy an electro- .
. - particle.in the circult carries by that' with an incrgade
“1n ‘the_nfmser*'of batterdes, the yoltmeter reading would remalr
- same. ‘ h

3

07-_—Exé 33"’1

Given a description of the nunber of batterles, the number of
~ resistors, and the type of 'circult (series) in a toy .and asked in\
what way -a change in the number of equivalent resistors and the
number of batteries would change an ammeter reading taken in the
circult and to explain his answer, using the electropartlcle model,
the student gpplies the electroparticle modél to determine that

in a series circult, more batterles commected in series glve the
electroparticles more energy, resulting in more current through

+ the resistors, and that an increase in-the number of resistors
cornected in serles decreases the current in the circult by

re that when the same numben of equlvalent' resistors and
batteries are added to a circult, the ammeter reading should stay -
‘the same. = .' : .

b 9

07-Exe 33-2
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. Glven the- statement that an ammeter must b connected in serles ...~ 08Core-l .
rather than in parallel.with a circult to'measure the flow of . - - -
current arid asked to use the electroparticle model to explain why' . "
the ammeter is comnected in series, the student applies the |
assumption of the electroparticle model that an ammeter counts all 4
“the electroparticles flowing through the circult by w%m '
wlth-the function of ‘an ammeter and that only when the ammeter 1is

* comnected in series will all electroparti¢les pass through the ' o .
ammeter. o S o B M e_ . -
. . Bl : "r' ﬁ ‘. .
. When asked how a voltmeter- should be connected to a component. to ' 08-Care-2

. Jneasure the voltage avallable to. the component’, the student _
recalls that'a voltmeter should pe connected in parallel with the
¢lrcult component-ta measute the'voltage evallable to it by

respopding to that effect. _ o J

(o] .

Given a dlagram of a serles circult involving one devicey a ' 08-Core-3
. resistor, a switch, and a battery with all terminal connections R '
identified by letter and asked to describe the procedures to'use - -, ”
in this situation to detect and measure ,the voltage a¢ross the
named device, using such additional apparatus-as necessary,’ the
‘student appiies the procedures to deteect voltage -- ) connects
the terminals of an electricity me&swurer (voltmeter) to the two
terminals of the device and (2) nptes whether the meter pointer
moves when current is flowing in thHé circult, which is the slgn
that there 1s voltage — and the procedure to measure voltage --
reads the’ voltmetér scale pointer (if the polnter moves down ,
instead of up, he reverses the leads connecting the' voltmeter with

the device) -- by so responding and Indlcating the connections.
Given a diagram &f a complete circult containing two electrical 08-Core-4
meteps, one connécted in parallel with the circuit and the other . - .
connected in serles with the circult, and asked to designate each
of the meters as elther a voltmeter or an ammeter and to tell how
each 1s connected to the -circult -(in parallel or In series), the o

. student identifies the electriclty measurer (meter) connected in | .
serles’ as an ammeter and the electricity measurer (meter) L _ o

. connetted In parallel as a-voltmeter by gg%‘g]mg the function’of -
the meter and the type of circultry with which they are connected .
to the main circult. Vo '

P

’ -
LI

»

Given the ammeter reading in amperes, the Jvoltmeter reading in -~ _0B=Core-5.
volts, .and the time in seconds that a 1lght bulb recelves energy
and asked to calculate and report the energy recelved by the bulb,
the student applies the’ formula that e;LectEcal. energy equals ‘
amperes times volts tjmes time by the’ernergy glven to.
the light bulb and the -answer in néwton-meters.
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08-Core-6
- S

Given four’ fdnnulas involving current, voltage,. and time one of  w-
which 1is the formula for calculating electrical energy in a direct
current circult, and asked to identify the formula for caleulating

- electrical energy, the student classifiés volts times. -amperes

times time as the fbrmula for calculating electrical energy- by

08-Core-7

selectlig 16, ,
44 N DT T S At

When asked to name the thrée varlables he measures in order to
determine the.total amount of\ electrical energy delivered to S¢
component of a. complete clreuit, the student recalls that the !
.variables measured to determine the total amount of electrical.’
energy delivered to a circult component are current (or amperes)
battery voltage (or volts), and time:.(or seconds) the current
flows py =;gt;gg,those variables.

~

e

g
-

“ 08-Core-8

Given an.electﬁhcity measurer, voltage and amperage scales, a

timer, two test leads, and a prewired dircuit in which a battery

supplies electricity to operate two electrical devices comnected
in parallel and asked to measure the energy supplied to one device
for fifteen seconds and to show his measurements and calculations,
the student applies the rules: for connecting a voltmeter across
the terminals of the électrical device, connecting an ammeter in
series with one of the devices, measuring the voltage, amperage,
and time, and calculating the energy, using the formula voltage
times amperes tinmes time equals electricwl energy by reporting -
the measurements and the calculations within the range of +1 -
newton.meter. :

K 08-Core-9-

N
. \I
A\
5

When asked to state two reasons that scientists prefer to make -
observations in térms of quantities, the student recalles that -
numerical information alds in precise, unambiguous commu communication
and analysis by ;g§£5£L=gg:with both of those notions.

\

08—Ccre-10_ ’

..?

Given a 1list of filve operating electrical devices and asked to
indicate those in which.ele tricity produces observable work, the
student classifies the situations in which there is evidence of a
force being applied through a distanée because of the application
of electrical energy a3 situations in which electricity does
obser'vable woﬂg by selecting such examples. .

08-Core-11

"Given a voltmeter (electriCity measurer) , diagrams of botn a

|
|
|
|
|
| |
<~ ) ‘
|
|
|
|
|
|
. ¥ ’ hd |
parallel circuit sand a serles circult, and the equipment to
construct the clrecults and asked' to construct each circuit,
‘measure and report its ‘voltage across the entire circult, and
show the setup to his teacher, the student ggglies the rdle that )
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' -the voltmeter 1is commected in parallel to the circults and the
Cirule for meaBuring the valtage oy lnstallije the meter correctly
" *1in each circult and by reporting the .voltage across each circult’ .

correctly to within +1 volt. : R A

L 1 -

¢

* X r 3y - ’ A 6, - . o
Givén descriptions and diagrams of a completed serles. circult and " 08-Core-12
.&.cumpleted paralle] circult, each having a battery aAd four. - oy
. resistors, and askéd to explain WY “the ertes clrcult-has-gpeaber o, lo v, ]
. pesistance than the parallel circult, the student applies the o ‘
‘concepts that the current must flow.through all the resistors In ~
‘the serles ¢lrcult, whereas the current in the parallel circuit.
can flow directly and independently thiough -each one of the
resistors by responding to that effect. L -

4
L'l i

. . - i - - - : _
Given diagrams of & completed serles circult and a completed . "~ 08-Core=13
parallel_circuit,/each~con$isting of a battery and four resistors,
and asked in the case of the serles clrcult whether the'current
flows through each resistor by a separate path dr in sequence and -
whether the total resistance to current flow is less or greater

than that in the parallel circult, the student classifies a
multiple-resistor circult wired in serles as one .in which the

© “current flows through each resistor sequentially and im which the
“total, resistance 1s greater than in a parallel hookup of the same

- companents by selecting the alternatives that agree with thoge

\  concepts. : . -
- ' ' s .

K3 -~

Given a labeled dlagram of an electric motor mounted to-11ft 08-Core-14
" sinkers and asked to propose a procedure for using.the equipment |

shown to define operationally the electrical energy of a battery, R

the student generates a procedure for detecting the energy of a -
_battery by observing the work it does and for measuring that

energy by determining the amount of work 1t does in the glven
-system by ggating an operational definition which includes detec-

ting energy by the movement of the sinkers and measuring elther

(1) the total dlstance that the battery (motor) lifts a fixed

nurber of sinkers.before it stops 1lifting or (2) the number of

sinkers the battery (motor)-can lift a specified dlstance.

e —

Glven.a model for the transfer of energy from one location to Co w08-Exc Y1
another, using cannéd geods to represent energy, and a list of o
variables in the model's operation and asked to choose from the
11st of variables the element of the model which corresponds to
a yolt, the element which corresponds to an ampere, andthe
element, which corresponds to an electroparticle, the student
classifies a volt as corresponding to the nunber of cans a person
could carry at one time, an ampere as corresponding to the number d ”
of cans belng put down in each time unit, and an electroparticle

LR R R b
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as correSponding to the nunbergof persons ayailable to move the -
“cans by m Yhose- ¢lements of the model with those tems \

— av n \.

N

'k08—Exc 35-1 ~ Gilven a list of variables that may or.may not affect the power \
L -avallable to a 1ight bulb”and-asked,to choose the variables which  \
are factors in determining the flow of electrical power, the = -
student applies‘the principle that electrical power 1s. a function .

. : of the voltagp and the current by gg;ggting:the appropriate L
vl "'.“."'1/ et eme g enbrbies. e e o SRR s . e ree e Ly o

& " : - . e o

-~ 08-Exc 3H-2¢ .- Given 2 electricity measurers (a voltmeter and ankammeter) 1.
' .switch, 3 bulbs, 2 motors, 1 ISCS battery, 7 test leads, and a. e
diagram of a completed series circuit involving the battery which
y _ - operates one or more of the bulbs and motors and asked to set up
: o T the circult shown and to ‘calculate the power by taking the
< necessary current and voltage measurements, the student agplies
- the rules that voltmeters are connected in parallel tao the
e ‘ cireult, that ammeters are cormected in serles tothe circuit and
' that powér is the'product of woltage times "amperage by me
. - the appropriate voltage to within +1 volt and the ampera,
. within +0.2 amperes and gg;gg;ggigg:the power correctly
" S measurements . e

to _ .
mhis

A

L

'08-Exc 36-1 « Given the resistance the voltage, and the current along a wire in
. ’ " one toy and asked what the resistance of the same kind, size, and
. length of wire will be in another toy that is- identical except
e : ' that 1t has more batteries operating it and therefore higher
' L voltage and current and ta explain his answer in terms of the
electraparticle model, the student applies the principle that the
S C resistance of wires of the same kind, size, and length’ 1s the- same
) * Dby respondfhg that the number of electroparticles passing through
: . . ‘ the wire increases ard the energy oqveach electroparticle also
v : increases causing no-change in the oltage~current ratio;

!

08-Exé 37-1 \. Given a motor in worklng 00ndition, one’ magnet with the N—pole o
: vr’ e \“upright and the other magnet with the -S-pole upright, and asked to
7 : ~ \predict what will happen if one magnet is turned upside down and
L T : o explaln his prediction, the student applies the principle Jhat
s . - oke magnet's N-pole‘and one magnet's S~pole (or one taped end and
' on§ untaped end) must be positioned near the coils to attract and
repil the motor arm o that it 1s .under constant magnetic force .
‘which causes 1t to revolve -y pesponding that changing one of the = ' .

“ ‘magnets will cayse 1t to repel the arm coming toward it and =~ . . °
- attract -the arm going away from it and thus slow down or stop the., -
motor.
08-Exc 38~1' Given a. picture and a description of a motor-driven toy and asked
_ ; to deScribe\what neasurements he would need to make in order to
| Q . \ S ' 5 .
.ERIC - S -2-~.¢ ,
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determine how much wbrk the motor 1n the toy will do, the studentalf

. applies the principle that work is calculated by multiplylng force

times the ‘distance the force is_applied by pegpondihe that he. .
would make measurements of force anhd ‘distance. SR :

Glven the following statements: "You have learned about elegtric- - 08 Exc 39«1+ -
" 1ty from activities like the ones 1n your” text without too much _ . :
trouble. It was the explorers who had a hard time," and access to o - S
- Exetrsion 39 dand-asked what he has that thé ‘explorers ‘didn't  have =~ e e e
. . that makes his task easler, the student identifles as factors v ' L
vwhich make his task easler-than that of the explorers activities o W

" that have been pretested to be'sure they are safe, safety, tips, ) . .

. .experimental designs written out for him, equipment that 1s - . ] K L
\\ available, models.that have beén suggested, gpd the aceumulated o .
- body of scientific knowledge by stating the.notion of at least one g '
. of those factors. . . : T ? A
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. Given an-alr‘piston ‘and -asked to fill It with a certain amount of’ . 09-Cope-1-: ~.7
. water, the student manipulates the piston ir such a way as to fill. _ A Lo
1t with the speciffed amount of water by ingerting'the tip of the . ~ =
piston into thg water and. the plunger 'so that its.front T __—
- edge 1s on the specified maik (30.1 unit) and the chamber is - ' ' . Y
" completely f113&d with water and .contains no alr bubbles.® - ' T o

Y - . ! P

Glven a 6.0 cc éir'pist"dn'paifly"ﬁllé"d‘*with liqutd-ard asked how - ~> = 09-Core-2.:.- - ...
-jmuch 1iquld the syringe eontains, the student manipulates the alr o T

e

: phston to read its scale by peporting ‘the volume of the 1llquid e :
aceurately o within +0.1 cc. - . . - . .
‘Given a list of four changes in a's‘ubstanée; one of which is that .  09-Core-3 .
. an increase in volume 1s coincident wlth a-temperatureglncrease, :

and asked to- select bhe usual result of increasing the temperature | )
. of a substance, the student retalls that an incrtase in yolume 1s - ‘o
- cofneldent with & teimperature Increase by selecting the statement ' - -

to.that effect. - - N ‘
T . ' ' o ‘
- Given that a device 1s needed to fieasure a very small change in . . ° 09-Core=l
temperature-and yet provide easily distingulshable readings and a

1ist of four materials, including & solld, a liquid, and a gas,
. and asked which of the Substances 1is best to use in such a device, .
the student applies the concept that a gas has a greatér increase - .
in volume when.heated than does a solid or a liquld by selectdng . . . - N,

the gas as the best expanding substance for, the device. 7 :

Glven a diagram showing the locdtions of the f‘{i'eezing point of 09-Core-5

water on both a Fahrenhelt and a Celsius thermometer and asked to - ' ’

explalrl why the freezing polnt of water can be both 32° and 0°, ..

" the student ‘gpplles the concept that it 1s possible. to have
different scales based on different definitions to measure the
same phenomenon by regponding to that effect, N

[

=

L

-

Given a story in which two people make measurements.in body-part ' : O9—Cgr'e-6
units and dlsagree about’ whose ‘measurenient is correct and asked : '
what needs to be done to avoid.future confusion,;the student- .
applies the rule that to be standard, the units ofmeasurement o oLt
have to be agreed upon by regponding to the effect that a standard ’
or an agreed-upon unlt 1s necessary. :
ot B “ s

" When asked what unit 14 used by sclentists ‘and in ISCS for measur- - 09-Core-T '
ing temperature, the student recalls the degree Celsius as the _ _
standard wnit used ig ISCS for measuring temperature by paNing . ' *
that wit. - - | . ‘ - - :
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‘Given a picture of ‘a themometer rrar'ked in degr'ees Ceisius and .
" asked what happens to water when s temperature reglsters 0°C: and

100°C, .the student recall; that at 0°C water. f‘reezes and at 100°C

~ water boi’ls by Lgt;gg those facts. e .t

4 D. Im'.
- " T, ¥ T * ¥

09-Core-9

29 hd I

: Given a thernbneter calibrated.in Celsius units and asked to. "

measune the terrper'ature of -a substance,'the stuflent manipulates

the thermometer to find the tenperatme of the substance by ,

mpgm a reading on the .scale of the themmometer within- an
accur'acy of‘ +1.0 scale in‘terval /« ' .

Py

09-Core~10

&

’

When asked how -a ther'mometer which corrtains a liquid coni‘ined in -
a tube works, the student reecalls that the liquid expands as.
temperature incr'eases and contracts as- temper'ature decr'eases by

ﬁggggg;g to that effect S

v

: - it
When asked to explain why putting a ,jar' with a 1lid stuck on it

- 1intd hot’ water, wiil sometises cause the 1id to loosen, the

" student generates an-explanation based on the cdheepts thag mcst
. substances expand when heated and that .different substances expand

at different rates by regponding to the effect that the hot water

“ heats the lid and causes 1t to expand faster' than the ,jar, which .

’loosens it.

g
t

o

€
.-

When’ asked to give an Operational definition for the clﬁnge in the’

heat content of liquia water when the temper'attme change- 18 known$,
© the student recalls that an oper'ational definitlon for the chahge ~

4n the heal content: (ener'g;y) of 1lquid water includes multiplyirig
the hass of the water in- grams bg the number of degrees Celsiusr

that 1ts temperature czhanges by regponding to -that effect.

]

w®

-r - A

" Glven a known mass of water and the degrees Celsdus that the -

temper'atur'e of the water 1s raised im a glven period of time and
asked-to caltulate the rlumber 6f calories. df heat required to . ¥

_ .raise the mass that many\degrees, the student a applles the rule -

- mass
. mass ls ralsed by correctly Teporting the product in calories.

‘that the numbep of. caldries required to yalse a mass of water a

giver‘g?mber of degrees Celslus 1s equal tq@the product of the
water in’grams times the number of degrees Celsius the

£ ’
#

"~ 09-Core-14

Given a llst of four temper'atures in degrees Celsius and the
information that a glven mass of water 1s heated for a glven :
period of tlme. and asked to predict what the temperature will be’
if the mass 18 reduced. by half byt the time and the rate of ,

‘heating remain constant, the student applies the concept that’

given a f‘ixed amount of heat, the temper'ature of water varies

. . -~
K B 14 i
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inversely with’ the"amount of water being heated or that Fthe total

' heat in calories of & substance ig equdl to 1ts mass in grams .

tines the .change in temperature expressed 1n degrees Celsius by T
gggg g the response, that represents that relationship.

o LL

When asked what a thermometer measures, the student recalls that a’ .09-Core-15
E thermometer measures temperature by - egpogdigg to that efﬁect -

Rl

-

¥ -
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- Given a list of terms associated wlth heat and temperature . 0 09-Core-=16

. measurement. i ashed to chaose” the standard unit used in ISCS ' -

" for measuring heat, the student recalls that the unit in which .
‘heat 1s neasured in ISCS is ‘the calorie by g;egtggg that choice. .

¥

Glven a déscription of a model for heat which assumes that heat is _ 09-~Core-17
a substarice which can flow between objects and that 1ts quantity - L e
determinés the temperature of obJects and asked- to name two ob-; . -
servable properties of heat that are in agreement with the model, _
the stqdent classifies as two observable properties of heat in™ - '
agreement “with the. assumptiens of the heat-substance model that kK -~ R
‘heat’ can bd® transferred from one object to another -and that matber’ :
expands when heated and contracts when cooled by ggggdigg with

~the effoct of both of thbse properties.

3

=

GLven an . jllustratlon indjcating that heat flows £rom a burner andf. 09-Core-18 -
passes. through, a glass, beakér Into water which heats a test tuwe = -
-full of water which then expands and a 1llst of elght purported
‘character: stics of heat particle propertiles and behaviors and
. asked to stlect the four characteristics that are compatible with
the heat-substance ‘model, the student classifiles as the character- S o .
" 1stles of heat compatlble with the heat-substance model that the '
substanee must (1) take space, {2).have mass, (3) be made up of
tiny particles, and (4) b u‘[\)“able to move by selecting those four
' characteriotjcs and no others.

»

Given a descertLon of a sltuation inh whlch the nodel fOr heat -as 09-Core-19
a substance flowlng from hot objects to cold 1s challenged by the
supgestlon that there exlsts a cold substance which flows from
cold objects to cbdol off a hot. object and asked td defeat the =
challenge, the student generates the angument. (1) that ifdt were
~cold that was transferred, the dbject containlpg this cold
substance would be expected to contract as .the cold substance
flowéd out of 1t and the object got warm, and £he object recelving -
the cold substance would expand as 1t got cooler and the cold .
substance flowed into it or (2) that the object containing the .
cold substance would be expetéted to losé welght as 1t got warmer

by responding with either of those arguments .

—— - - . o
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Given that three pieces of' the same kind of netal are equal in °©
size and mass and asked'to predict the effects on the objects if :
one -1s.-cooled, one 1s heated, and’'éne remains’at:room temperature, -
‘the- student ggplies the rule that metals usually expand when -
heated and contraet when cooled b the. entry that is in
agreement with the following: the heated object will expand, the

: cooled obJect. will contract, and the one i'efhajning at room temper-

ature will remain unchanged. . . T ‘o

. - - ., Tes

) Given a list of characteristics relative to the boiling and‘f.‘reez-»

«« - Inappropylate far a 1iquld which is to'be used in a thermometers
-to measure water temperature, the gtudent gpplies the pringiple-

‘ that notion.

o - rl ’ b \ -
[ 4 S

t

ing polngs of llquids and asked which™ gharacteristics are

that the liquld used in a thermometer should not have a bolling
or freezing point in the temperature range in which he wishes to .
make his’ measurements by gelecting the- choices which agree with

[

09-Exo 41-1 -

« e

'gt,f

.Given diagrams of both Fahrenhelt and Celsius thermometers and ..

asked 1f a temperature drop of X degrees hhs the sape meaning in
degrees Celslus as In degrees Fahrenhelt, the student applies the

. principles that there are more unit intervals between the freezing -

and the boiling temperatures of water on: the Fahnenheit scale than
on ‘the Celsius gcale and that an X degree drop on the Celsiusg
scale 1s g;r-eater than an X degree drop on the Fahrenheit scale by .
Xesponding ‘with the. eff'ect of those pﬁnciples. '

09-Exc. 42-1 .

Bl
~

 When asked to define calome in terms- of water, the student

"r'ecalls the definition that a calorie is the amount:of heat it

takes to raise the temperature of 1 gram of water 1°‘ Cels:i:us by
w to that e‘f‘f‘ect. | = : .

09-kxc 43-1

- d § : - -
When asked at which temperatur'e hot or cold,, his system will need
to supply more calories to maintain nérmal body temperature and -
to explain his answer, the student applies the principie that the

w

- body needs: to supply more calories to maintaln normal:body temper—

ature when the temperéture of the environment 1s lower- by

W to that .effect.

e

09-Exc Ui-1

-

Glven that a fixed amount of heat 1s added to a flxed amount of
four glven substances whose- specific heats are stated and asked
which of*those would show the greatest temperature change, the
student’ clasgifles the Substance having the lowest spec¢ific heat .

as undergolng the g;r'eatest terrperatme change by s M that
subatance. ., s *

v
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Gdven: a diagram and a déscripgion-of a situation in which~four ¢ 10-Core-1
containers of varying tempera s are placed in contact with each N
" other and asked to indicdte the direction of heat flaw,:the - - -

. student applies the-rule that heat flows from hot. to cold objects
by lodicatine that heat flows from contalners of relatively hlgh:.
- temperatire into adjacent containers of lower temperature in all

" such cases.

* Given a description of a -s1tuation irr-whldd four contathérs of | . 10-¢6r¢—2;.
water, all of equal size but whose temperatures-vary, are placed :
<. in contact-with- each other in.an insulated box and asked to

4

- \predlct the temperdture of the water after equilibrium is reached, o | e
the-student applies the rules that heat flows from hot to cold ' :
materials yntil equilibrium is reached and that equllibrium | R

.. temperatures may be calculated by adding the water temperatures
of the contalners and dividing by the total number.ql contalners.

by selecting the response to that effect. -

ide -y

Given five entries, including the three stg%es of ‘matter, and ' 10-Core-3
- asked to choose theé state which 1s likely to be the poorest

*,__conductor of heat for a glven substanee, the student recalls that
"the gaseous state of a glven substance is the poorest conductor

of .heat by selecting it. , :
. " . —
Given a dlagram of three beakers, one containing a metallic solld, 10-Core-U
one a liquld,-and one a gas, all recelving equal heat and having
. thermomefers placed in contact with"the ‘materials at equal dis- .
tances from the hegt source, and asked in which of the three.cases
the thermometer will show a change in temperdture first and for
what ‘reason, the student applies the concept that, in general,
metalllie sollds are better conductors of heat than liquid or ¢
gaseous juaterials by gelectifiz the beaker.contalning the metalllc '
solld and gtatlpg the essence of the rule. - . “

¥
=y 3

Given as -a criticism of the procedures of Activities 20-7 and 20-§ 10-Core-5
that the balance 1s so crude that small increases in the mass of % - |
- the water -cannot be detected and asked to state a way to detect .«
such Increases in mass, the student generates the suggestion that:
a more delicate balance be obtained or that a larger massibe 3
" heated gp that more of the heat substance will be present and
therefoge’ can be more easlly detected by gfating the effect of one
of those hatlons. - . P R

. & o =ty

‘Given a descriptien of a situation ih which one of two objects of ", . 10-Core-6,
‘equal mass ls heated, a drawlng of an:ISGS equal-arm balance with, - - ‘

point, and a list of four possible balance posltions and askéd to

s

one of thegmasses attached to each arm, equldistant from the pivot .,

i
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. predict the position of the balance arm-after one of thé masses is .

.-heated, the student applies the.rule that the 'mass.of an objeét = -
\r'emains unchanged by heating by gelecting the response which

- Indlcates that the position of” th.g arm does not- ot}angeeas a resulg .

Lof. heating the mass. . : L

.

10-Core-7 -

' ¥
Given two theories —- one restricted and onée broader - applied to
a situation and the statement that the restricted theory 1s USed
to work &: specif‘ic set of problems and asked if the .broader theor'y
should be applied tq the:situation instead and to explain his
answep, the student, applieg the concept tffat a model 1s suitable
to a specific situation if 1t explains the observatlons- and -gan

_ betused for the purpose ‘Intended by mgg._qg negatively and

M the notion of the concept

- . ‘. t 7

10-Core-8

Glven a list of four possible soufces of s'cientif'ic; mdels and

asked to ldentify the origln of scfentific models, the student
recalls that sclentific models arefthought up by people by
e;Legggng the. entry reflecting t hotion

L 4

Given four statements. about the heat-as—energy model and asked to
select the best statement about the model, the student applies the
concept that scientific models are best described as useful _
explanatlons &nd as the bases for predictions by gelecting the
statement that agrees with. that concept

&

10-Core-10

=

" Given that-the'heat-as-ener*gy model 1s accepted by most sclentists

and flve Interpretations of what it means for a model to be _
accepted by sclentists and asked to select the best interpreta-
tjon, the student applies the concept that scientific acceptance
qf a model 1mplies that it explalns the cbservations made to date,
but” does not imply that scilentists feel that this model is an
exact representation of reallty or that no other model would
suffice by sglectlng the interpretation involving explanation of

obser'vations but not those implying the model to be absolute

L3

40-Core-11

s

]
Glven data about how many observations each of two models for heat.
can explain and asked to identify the better model, the student
dapplies the rule that the better of two models 1is the one which
explains more related phenomena by selecting heat-as-energy as the
better model and sigting the notlon of the nule.

V- 2

10-Core-12

Glven a dlagr'am and a descrlption oI‘ a situatlon J.n which an
object expands when heated dnd asked to explain the expanslon of «
the obJect using the heat—-substance model, the student applles -

the notion that heat substance itself takes up space and forces
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_the particles of matter inithe material being heated to mbve .
farther apart, thereby increasing the volume-of the neterial by
§§ating:the essencé of that notion :

. <

- L -

Giverr a dlagram and a description of a situation in which &n
~obJect expands when heated and asked to explain the expansion of
the object, using the heat—aswenergy model, the student applies
the concept that objects increase 1h vol&me when they are heated
becausé thg heat supplled tg the particles of matter causes the
- particles to vibrate faster, causing them to move farther apart
,and ocCcupy more space, by stating the essence of the notion.

Y

10-Core-13

e oy
b

u
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" Glven directions to touch two thingb before and after rubbing them

‘ together vigorously and asked to predict how.long the observed -
effect-will continue” if he continues to rub them together and to
explain his prediction in terms of the heat-as-energy model, the
_sfiudent-applles the heat-as—énergy model to the rubbing of two
objects by predictlng that the objJects will continue to heat up
as long as they are rubbed together and §§Q&lﬂg=that rubbing
causes the particles in the obJects to vibrate faster as long as
the rubbing continues ' .

[N
p]
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: .Given'a line representing a range of energy levels and asked to
locate- states of matter on the line according to thelr relative
..energy levels, the student applies the concept that for a glven

substance, the gaseous‘state has mere energy than the liquld state

and the liquld state has more energy than the solld state by

;gg;ggglgg:the relative poeition% of the three states on the line. .

'10-Core-15

Glven a‘'statement that there 1s more heat in a large quantity of
cool water than in a small quantity of hot water and asked to
explain why this is true, using the heat-as-energy model, the
student generate° the explanation that the amolnt of heat stored
1s.the total amount.of particle vibration and that in the large
quantity of cold water so many .particles vibrate that although
they are vibrating more slowly than in the- small amount of hot

water, the total amount of vibration 1s greater by regponding with

the essence of the notion. .
. [ )

ﬁ :

10-Core-16

When asked to usé the heat~as~energy model to explain how a therf
mometer works, the student-gpplies the heat-as-energy. model to

explain the rlsing and.falling of the 1liquid in the thermometer by

responding that when a thermometer 1s placediin hot materlals,
energy of motion lg absorbed (transferred) from the moving parti-

cles of the substance whose temperature lg belng measured, causing

the 1iquld particles of the thermometer to move faster and there-
fore farther apart, and that when a thermometer 1s placed in cold

'lO—Cbre—l7

. 10-Core-14
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materials,'the‘particles give?np energy to the material belng .

.. measured and vibrate less, thereby becoming closer together and
' occupying less space,-whighlreduces the volume of the liquid.

10-Core-18

Given data in graph form showing the input—output of amachine

which has a constant amount of energy supplied to it andrshowing
the output work plogted against the temperature change of the -
machine ‘and asked to explaln what 1s happening to the input energy
as the amount of useful energy decreases, the student generates

- the explanation that the increase In temperature is the reason fbrl

-

.the decrease in'usable ocutput energy bécause the machinb converts

more input energy into heat energy and less into output energy as ..
the temperature of thermachine increases by ggggogding to that

+10~Core~19

o

o Glyen 2 diagram and a description of an activity in which input

energy 1s greater than output energy and asked to explain the
missing energy in terms of the heat-as-energy model, the student
applies the concept that the ‘mlssing energy is converted by
friction into heat erergy, or particle vibrations, in sliding

. surfaces by s stating the essence of that ‘concept.

10-kxe 45-1

T

Given a description of‘bunk bed sleeping accomncdations and a

. heating element on or near the floor and asked in which bunk he

would be most likely to keep warm and to explaln his answer, the

; student a applies the principle that warm alr has more volume per

unlt- of mass than a corresponding mass of cooler alr by

that he will be warmer in the top bunk and with the principle thaﬁ
the warm alr has more volume per unit of mass and wilﬂ rise,
whereas the cooler alr will 5ink. N Dot

10-Exc 46-1

- I
Given four statements purporting to be reasons to discard a -
sclentific model and asked when a scilentific model 1s discarded,
the student applies the principle that sclentific models are
discarded when ngw, well-tested observatlons are made that do not
fit the modql, t 1s, when the modification of the model beglns

to cause Intemal contradictjons, by sglectlng the entry to that
effect.

10-Exc 47-1

Glven a temperature-time graph showlng changes in the state of
matter and asked to describe what is occurring during each time
Interval represented by each sectlon of the line. of the graph,
the student applles the concepts. that, during cooling the curve
 Slopes dowrward to the right or that durdng heatirig the curve
olOpeo upward to the riphtsand that durlng chahpes of state the

olopo 1s , 280 by S0 ;g;;gggﬁ;;; .
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-Glven three time-temperature graphs and asked to choose: the’gréaph  10-Exc 47-2
"that best represents the cooling of ‘a,pure substance through a : : -
change of state, the student applies'the principles that cooling
curves have a negative slope and that durding a phase charige there

1s no change in the temperature of a pure substance by gelecting - ‘
a curve which best fits the notion for a co'oling situation. T
Given a descriptidri of a sequence in which 'ene‘rgy is converted .- . . 10-Exc=i8-1 .

from one type to another and asked if all the enewgy has been

'~ converted to the type of energy described at the end of the
sequence and 1if not, where the lost energy goes or the galned ..
_energy comes from,.the student applies the rules that energy

: conversiox? always involves a loss of usable energy, that the total.
amount offenergy is never altered, and that some of .the input.
energy -1 .converted to heat energy by respgnding that the appar-

. ently lost energy has been converted into heat energy.

¢

Ny &




