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Intrct S

or almost 20 years, the National
Assessment of Educational Progress
(NAEP) has reported on the status and
progress of educational achievement in
the United States. Based on its surveys
of students at the elementary. jumor-high, and high-
school levels, "The Nation's Report Card” provides
comprehensive information about what students 1n
the U.S. know and can do in various subject areas
NAEP contributes information on students’ strengtis
and weaknesses i basic and higher-ordcr skills:
provides data comparmg groups of students by race/
ethnicity, gendcer. type of connmunity, and region:
describes trends in performance across the vears;
and reports relationships between achievement and
certain background vanables.

Context for Planning the
1990 Mathematics Assessment

In 1988, Congress passed new iegislation for NAEDP
which included — for the first time m the project's
history — a prowvision authorizing voluntary state-hy-
stale assessmerts on a trial basis. in addition to the
national assessments that NAEP had conducted smce
1ts incertion. Anlicipating this legislation. the federal
governmnent arranged for a special grant from the

-
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National Science Foundation and the Department of
Education to the Council of Chief State School Offi-
cers (CCSSO) i mid-1987 to lay the groundwork tor
state comparisons. Providing recommendations for
the 1990 mathematics assessment that refleet state-
level concerns was the purpose of the National As-
sessment Planming Project. conducted under the
auspices of the CCSSO.

he project had two primary responsibilities.
The first was to recommenc objectives for the
state-level mathematics assessment. and the
second was to make suggestions for reporting state
results. Because the legislation specifymg that the
state trial mathematics asscssment would be at the
eighth-grade level had not been passed by Congress
wh.n the National Asscssment Planning Project
began its work. and because the objectives had to be
coordinated for all grades assessed by NAEP —
fourth. eighth. and twelfth — the project developed
objectives for all three grades 1o be assessed m 1990,

Assessment Development Process

The National Assessment Plannmg Project patterned
the development process for the 1990 mathematies
objectives alter the consensus process desenbed
Public Law 98-51 1. Section 105 (E). wha h authorized
NAEP through June 30. 1988, The law stated that
“cach learming area assessment shall have goal
statements devised through a national consensus
approach. providing for actve participation ol teach
ers. curriculum speciabists, subject matter special
1515, local school admimstrators., parents, and mem-
bers of the general public.” Because the 1990 mathe-
maties assessment will produce state report cards i
addition to the national report card, the development
process was expanded to ensure cactul attention to

6 9




the formal mathematics objectives of states and of a
sampling of local districts, and to the opnmions of
practitioniers at the state and locai levels as to what
content should be assessed. Perhaps to a greater
extent than any previous NAEP assessiment, the
design of the 1990 mathematies assessment —
particuiarly the state trial assessment — depended on
the involvement and support of diverse contnibutors.
To guide 1ts efforts in developing recommendations
for state-level assessments m mathemauces. the
National Asscssment Planning Project’s Steering
Commuttee — whose members mehded policymak-
ers, practitioners. and ciuzens nommated by 18
national organizations — adopted a pohcy statement
on the purposc of state compartsons and the condi-
tions that should be niet. The statement follows.

The purpose of a state level studera acluerement
comparson is to provude data on student performance
o assist policymakers and edusators to work toward
the improvement of education. Sueh data can be use
Jul by encowraguig and contributing 1o « discussiont of
the qualityy of education and the conduions that
deternane .

State comparative achuevement data are usefud 1f they:

* represent pedjoranee based on a consensus of
what s unpourtont to leam.,

* use sound testng and psychometne proaciees:

* laice into account cifferent cucumstances wid needs
that states face: and

* are associated wuh feaaaes of school systems thed
can be unproved by policymedcers aned ecucators.,

A Mathematies Objectives Comnuttee - comprised
ol a teacher. a school adoumstrator. mathematics

ERIC L7
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education speciahsts from vanous states, mathemati-
cians, parents, and citizens — was created by the
CCSSO0 to recommend objectives for the assessment
based on these guidelines. The draft objectives,
together with a sct of sample questions. were distnb-
uted to the mathematics supervisor m the depart-
ment of education in each of the 50 states. These
specialists convened a panel that reviewed the draft
objectives and returned comments and suggestions to
the project stafl. Copics of the draft were also sent (o
25 mathematics educators and scholars for review.
Following the incorporation of comments and revi-
stons. the final recommendations of the Mathematics
Objectives Commiittee were approved by the National
Assessiment Planning Project Steering Commuttee.' A
hist of participants in these stages of the assessment
develonment process can be found on page 37.

he objectives were subsequentiy submitted

to the Nauonal Center for Echucation Statistics
(NCES). wluch forwarded them for review by
NAP P's governme board. the Assessment Policy Com
mittee (APC) The APC approved the recommenda-
tions of the National Assessment Plannimg Project
with minor provisions about the feasibility of full im-
plementation = The objectives wer » lurther defined by
NAEP's Item Development Pancl, reviewed by the
Task Force on State Comparisons, and resubnntted
to NCES for peer review. The penultumate draft was

Counad of Chich State Sciton] Othoas . Assessing Mathematu s we 1990 by
the Nationad Assossment of Lducanonal Progicss Washington DO Natiotal
Assessment Planning Project March 19RK

This action s contamcd i a statament sssucd by thie Assessiuent Poliy
Commntice s Exccutive Comtnittec on Apnl 29 1968 Tho recommendahons
were satihed by the full connmittec on Juike 18 1988 with two stipulations
hrst, that the objectings he so waghicd as to panmt 1cporting on tiaxds m
porformance and second with e gard to the use of Calonlator active s
and open responsc questions that the assessment be developed wattin the
resoutces avatlable for its adimmistiation

8
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then distnbuted to state representatives for com-
ments. The fmal objectives, presented herem. provide
specifications for the 1990 mathematics assessment
at grades 4. 8. and 12. In addition. NAED 1s preparing
a second booklet desenbing specifications for the
eighth-grade state trial assessment. to be pubhshed
under separate cover,

Assessment Design Principles

Scveral prineiples emerged dunng the discussions of
the Mathematics Objectives Commttee and became
the basis for structuring the framework for the 1990
assessment. One s that a national assessment
designed to provide state-level comparsons should
not be dirceted te the states’ “least common denomi-
nator.” measunng only those topics and skills mn the
objectives of all states and thereby discouraging
desirable curriculum development. Nor can it be
geared to the least common denominator of student
preparation: therefore. the objectives provide for
challenging questions at cach grade level For ex-
anple. some questions at the grade 12 level may be
appropriate only for college-bound students. The
assessment must also address the conceru that its
objcctives might be used to steer mstruction toward
one particular pedagogical or philosophical viewpomt
to the exclusion of others that are widely held.

No asscessment can measure evervthmg, In decid-
ing what topics and abilitics should be measuied. the
committee responsible for developimg the 1990 math-
ematies objectives was gunded by several considera-
tions: The assessment should reflect many of the
states’ curincular emphases and objectives: be melhi-
sive of what vanous scholars, practitioners, and -
terested citizens believe should be in the uirnceahnm,
and maintam some of the content of prior assces-
ments to allow reporting of trends in performance,

11
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ccordingly. the committee gave attenton to
several frames of reference First, it consid-
Zered states’ goals and concernis, as reflected
through anaiyses of state mathematics carmnceuhim
gndes and the recommendations of state mathemat-
ies specrahists. A report on “lssues m the Field.”
based on telephone mterviews with leadig mathe-
matics educators, and a draft assessment tramework
provided by a subcommittee of the Mathematics Ob-
Jeetwes Commttee also contributed to the develop-
ment process.

In generating its recommendations, the commuttee
drew upon the draft of the Cuwrneulior and Evaluation
Standards for School Mathematies developed by the
National Count it of Teachers of Mathematics ro-
duced through mtensive work by leading mathemat-
ics educators in the United Statgs. the reportas a
sigmficant statement on what mathematies should be
taught in the schools ¢

In devising objectives tor the 1990 assessiment, the
committee also gave dose consideration to the design
of the 1986 mathematics assessment.t The frame-
work for the 1986 assessment had seven conient and
five process arcas for a matnx of 35 cells, whose com-
pleatty mitittated egamst casy understanding. In
addion, given resource limitations. the weightimgs
assigned to vanious cells m the frantework left too few
questions in some cells to provide rehable measures
of students’ knowledge and skills, Thecetore, 1t was
decided that the outlme or matns guiding the devel-
opment of the 1990 assessment needed to be simphi-
ticd. and that necessary complesity conld be refiected

National Counal of Teachors of Mathamnaties Care codeon and L oaluanon
Stunidards for School Mathe matics [eston A Y National oot ol
Feachars of Mathomatics 1987

"Noaonal Assesstuent of Rducational Progrs s Mathematies Obpcctn e s
FOSS 86 Assossinant Princcton N National Assessient of Fduae o d
Progress Rducanonal festmg Service 19x/7

4 101 2




through the designation of speeific abihties and
topics in each content area.

A final principle recognized by the cominittee
drafting the objectives was that the application of
mathematics is far more holistic than a matrix 1m-
plies. The mathematics content areas and ability
categones described i these objectives are, #ncrefore,
not chserete or mutually exchusive, but rather highly
integrated.

ERIC
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Framework for the
Assessment

he framework for the 1990 mathemat-
105 assessment is organuzed according
to mathematical abihities and content
arcas. The mathematical abilities as-
——— scssed are conceptual understanding,
rrocedural knowledge. and problem solving. Con-
tent is drawn primarily from clemegtary and secon-
dary school mathematics up to, but not mcluding,
Caleulus. The content arcas assessed are Numbers
and Operations. Mzasurement, Geometry: Data
Analysis. Statistics. and Probability. and Algebra
and Functions.

The framework {or the 1990 mathematics assess-
ment s provided i Figure 1 idlustrating the relauon-
ship betwed » the three categories of matheinatical
abilities and the five content arcas included m tne
assessment. The weightings for these dimensions of
the framework are pres ated in the latter part of
this chapter. Descriptions of the two dimensions ol
the framework — methematical abilities and con-
tent arcas — are provided m Chapters 3 and 1.

respectively

14
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Figure 1
Framework for the 1990 Mathematics Assessment
Content Area

Data Analysts,
Mathematical | Numbers & Statistics & | Algebra &
Abihity Operatons | Measurement | Geometry | Probabilty Funstions

Conceptual
Understanding

Procedural
Knowledge

Problem
Solving

Distribution of Assessment Questions

The assignment of pereentages to various mathemati-
cal abiliies and content areas 1= an important feature
of assessment design because such "weighting”
reflects the importance or value given to these arcas
at each grade level, Over the four previous mathemat-
ics assessments, the percentade distribution of
gquestions in cach arca has changed, and these
changes continue in the new assessment. For 1990,
the CCSSO advisors were interested m ereating an
assessment that would be forward-thinking an.l
could lead mstruction: thus, more emphasis was
grven to problenm solving than in previous assess-
ments. Also, partucipants in the CCSSO process
advised that greater emphasis be given to Geometry
and Algebra and Functions, and less to Numbers and
Operations than m the past. The approammate per-
centage distnbution ol questions by mathematical
ability. content aica, and grade is provided in Tables
I and 2.

El{lC 13
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Table 1: Percentage Distribution of Questions
by Grade and Mathematicai Ab.hity

Mathematical Ability Grade 4 | Grade 8 | Grade 12
Conceptual Understanding 40 40 40

Procedural Knowledge 30 30 30

Problem Solving 30 30 36

Table 2: Percentage Distribution of Questions
by Grade and Content Area

Content Area B l Grade 4 i Grade 8 | Grade 12
Nurnbers and Operations 45 ,T 30 25
Measurement 20 5 15 15

Geometrv j _"56*
Data Anelys:s, Statistics  and Probabvhty i 6 o 77175”7*‘ 15|
Algebra and Functions - 11 10 “i 20 | s

It should be emphasized that the percentage
distributions presented here, and the hsts of sample
topics provided m later sections of this booklet, are
not intended to prescribe curriculum standards,
rather, they are designed for the purpose of con-
structmg a complete and ba'anced assessment
mstrument at cach grade level. An analvsis of stu-
dents’ performance based on the enure sct of items
allows NAEP to report on average mathematics
proficiency. In add.tton. analysis Hf p rformance on
subsets of items, corresponding to the content areas
of the assessment framework. permits reporting on
patterns of achievement on hive mathematics sub
scales: Numbers and Operauoas, Measurement,
Geometry: Data Analysis, Statistics, and Probaindity
and Algebra and Functions,

16
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Mathematical Abilities

LN

classified inte three categories. concep-
tual understanding. procedural knowl-
edge. and problem solving (see Figure 2).
L————"This classification 1, not meant to be hi-
erarchical, in that questions within any of the three
categorics may be relativelv complex or simple.
Problem solving mvolves mteractions between con-
ceptual knowledge and procedural skills at any grade
level, but what 1s considered complex problem solving
at one grade level may be considered coneeptual
wderstanding or procedural knowledge at a dilferent
grade level. The same concept or skill can be as-
sessed 1 a variety of representations, with tables,
pictures. verbal deseriptions, or »ther cues. The
context of a question thus heips to deternnne its

—I tudents’ mathematical abilities can be

categorization.
Figure 2
Mathematical Abilities

T -

RS 1
t blom
Solving

;
Q -
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Coniceptual Understanding

Students demonstrate conceptual understanding in
mathematics when they provide evidence that they
can recognize, label, and generate examples and
counterexamples of concepts; can use and interrelate
models, diagrams. and varied representations of
concepts: can identify and apply principles: know and
can apply facts and definitions. can compare, con-
trast. and mntegrate related concepts and principles:
can recognize. interpret, and ~pply the sigus, sym-
bols. and terms used to represent eoncepts; and can
interpret the assumptions and relations mivolving
concepls in mathematical settings. Such understand-
ings are essential to perforiming procedures in a
meaningful way and applying them i problem-
solving situations.

Abilities:

I Recognize. label, and generate examples and
counterexamples of concepts
2. Use models, diagrams. and syirbols (o represent
coneepts
. Identfy and apply principles.
Know and apply facts and definmtions
. Make connections among different modes of
representauon of concepts.
6. Comnpare, contrast. and itegrate coneepts and
principles
7 Recognize. mterpret. and apply svinbols to 1¢pre
sent concepts,
8. Interpret assumptions and relations mvolving
concepls.,

s

1]

Procedural Knowledge

Students demonstrate procedural knowledge in
mathematics when they provide evidence of their
ability (o sclect and apply pproprate procedures
correctly: veniy and jusufy the correctness of a

) ! 8
ERIC 16
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procedure using concrete modecls or symbolic meth-
ods: and extend or modify procedures to deal with
factors inherent m problem settings.

Procedural knowledge includes the various nu-
merical algonthi.s in mathematies that frave been
created as 100ls to meet specifie needs mn an efficient
manner. It also encompasses the abilities to read and
produce graphs and tables, execute geometric con-
structions. and perform noncomputational skills
such as rounding and ordering,

Abilities:

I Select and apply appropriate procedures correctly,
2 Verdy and justuify the carrectness of applications of
procedures.

Problem Solving

In problem solving, students are requured to use their
reasoning and analytic abilitics when they encounter
new situations. Problemn solving includes the ability
to recognize and formulate problems: determine the
sufficiency and consistency of data: use strateges,
data. models, and relevant mathematics: generate,
extend. and modify procedu.es: use rcasoning (i.c..
spatial, inductive, dednctive, statistical. and propor-
tional): and judge the reasorableness and correctness
of solutions.

Abilities:

1. Reeogmize and formulate problems

2. Understand data sufficiency and consistency

3 Use strategies, data. models. and relevant mathe-
maties.

4. Generate. extend. and modily procedures.

5. Reason (spatially, inductively, deductively. statisi
cally. and proportionally).

6. Judge the reasonableness and correctness of
solutions,

17
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Chapter

four

Con‘ent Areas

o conduct a meanmgful assessment of
i mathematies proficiency. it is necessary
to measure students’ abilities in various
content areas. Classification of topics
into these content areas cannot be
exact. however. and mevitably involves some overlap.
For example. some topics appearing under Data
Analysis, Statistics. and Probability mav be closely
related to others that appear under Algebra and
Functions Context can also deternine content area:
for example, a question asking students to compute
the arca of a geometrie figure may be considered
cither Measurement or Geometry, depending on the
representation of the problem.

The followmg sections of this chapter provide a
briel desceription of cach content area with a hist of
topics and subtopies iflustrative of those to be in-
cluded m the assessment. Usimg the topics provided
m the CCSSO report, the NAED Item Development
Panel generated hsts of subtopies This level of speci-

herty was needed to guide item writers and ensure
adequate coverage of the content arcas and abilites
to be assessed

Numbers and Operations

This content arca focuses on students” understanding,
of numbers (whole numbers, fractions. decimals,

20 18
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integers) and thew applhieation to real-world situa-
tons, as well as computational and estimation
sttitions, Understandimg numernical relationships as
expressed i ratios. proportions, and pereents s
emphasized. Students” abilities 1 estimation, mental
computation. use of calculators, grneralization of
numerical patterns. and venfication of results are
also meluded.

The grade 4 assessment should include guestions
requnmg the manmpuiation of whole numbers, sunple
fractions, and decumals. usmg the operations of
addition. subtraction, mulupheation, and division
The grade 8 assessnient should mclude questions
using whole numbers, fractions. decimals, signed
numbers, and nunbers expressed m scientific nota-
tion. In addition to the operations mcluded m the
grade 4 assessment, students at erade 8 should be
asked to demonstrate then abiinty to work with
clementary powers and roots.

Students participating i the grade 12 assessment
should demonstrate a detaded understandme of real
numbers — meludmg whole numbers, fractions,
decunals, signed numbers, rational and rrational
numbers, and numbers expressed m s cientific nota-
ton — and a general understandimg, of comples
nuinbers. The operations assessed at this grade level
imclude addition. subtraction. multiphceation, divi-
sion. powers. and roots.

Grade

Topic: Numbers and Operations 4 8 12

1. Pelate counting groupme and place value
A Whole number place value
b Roundimg wholo manbers
¢ Deamal place vahe
d Rounding deannals
¢ Order of nagmtude {estimation e lated

to place value) .
t o Saenthe notation o o

B1
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Topic: Numbers and Operations

Grade

4 8 12
2. Represent numbers and opetatuons usimng
models diagrams and <y mbaols
A Set models such as counters .
b Number hine models o
¢ Redion maodels (two  and three dunensionai) e o
d  Other models {e ¢, draw diagrams to
tepresent a number or an e neraton winte a
number sentence to it a sitaation ot descrtt, »
a situation o ht a number sentence) * o o
3. Read. write rename and compare numbors LA
4 Compute with numbers
a  Basie properties of operations ¢ o o
b Eifeet of operatnons on size and order ol
numbers * o oo
¢ Features of algorithms {e¢ ¢ regrouping and
partial products) ¢ o o
d Selection of procedure (e ¢ penal and paper
caleulator mental anthmetic) e o
¢ Apphcations e o
5. Mahe esnmates appropriate to a gnen sitnuation
a When to estiunate * o o
b What form to use
1 Overestimate * o o
n Underestimate ¢ °
m - Range of estimate o e o
¢ Apphcations ¢ o o
d Order of magmude (saentiic notation) e o
6. Venly solutions and deternmne the reasonable
ness of aresalt
a  Abstract settings LA
b Real world situations * e
7. Applv ratios proportions and percents i a
vatety of situations
4 Ratio and proportion
1 Meanmng of ratw and proportion e o
n o Sunple ratio L
m - Propottion * o
n Scdle e o
v Rate e o

22
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Grade
4 8 12

Topic: Numbers and Operations

b. Percent
1 Meamng of pereent
noopUsobg =1 (tind one enen the other taoy
m - Pereent change
v Percents greater than 190
v Percents less than |
vio Apphcations such as mterest disconnts

Prces, rates LA

8. Use elementan number theors
G4 Odd and even e o o
b Muluples mdve-ing LOM and dnasors

mcluding GCD

¢ Prime numbers
d Factonzation indudes prme tactonzation)
o Divisibality
{  Remamders
¢ Number patterns

Measurement

This content arca focuses o students” abiliy to

desenibe real-world objects using numbers, Students
should be asked to identify attributes, sclect appro-
priate units, applv measurement concepts, and
communicate measurement-related wdeas to others,
Questions shoukl be mcluded that require an ability
to read instruments using metric. cutomary, or
nonstandard units, with emphasis on precision and
accuracy. Questions requring estimates. measure-
ments, and applications of nicasurements of lengtl,
tme, money. temperature, mass/weight, arca. vol-
ume, capacity. and angles are also mcluded under
this content area.

The measurement concepts to be considered in
the grade 4 assessnient are length (perimeter). arca.,
capacity, weight and mass. angle measure. tine,
money, and temperature. At grades 8 and 12, these

21?3




measurcment concepts are length (permaeter and
circunnference). arca and surlace area, volume and
apacity, weight and nass, angle measture, time,
money. and temperature. At all three grades. stu-
dents are asked te work with customary. metrice. and
nonstandard units.

Grade

Topic: Measurcment 4 8 12

1. Compate objects with 1espect o a ginenattibute o o »

2. Select and use approprate measuienient
mstianients

4 Rider, meter stich ete (distance) e o o
b Protractor LI
¢ Thermometer ¢ & o
d Scales tor weight or mass ¢ o o
e Ganges e o o
3. Select and use appropiate vints of measurement
a lvpe ¢ o o
b Swize ¢ o o
4. Determme pevmeter area volune and st face
A1ea
« Pernimeter
1 Tnaneles LA A
no Squares ¢ o o
m Recianglos ¢ o o
n Parallelograms ¢ & o
v Dapesonds L
vio Other gnadnlaterars ¢ o o
i Combimations LA B S
vin - Other polvgons o & o
N Cicles ¢ o

b Area

1 Squuates

n Rectangles

m o Inangles

o Parallelograms

v lrapozonds

v Other quadtdaterals
it (ndles

vin Combinations
o Other polveons
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Topic: Measurement

¢ Volume
1 Rectangulai sohds
n Cvhnders
ur - Cones
N Evianuds
v Pnsis
v Combnnations
d Suitace area
1 Rectangular sohds
o Cvhimders
m Cones
v Pyiamids
v Pnisias
v Combinatiens

Estimate the size of an objoct o1 a mcasuroment
Apply common measurement formulas

Comvert from one moasuement to anothetr
within the same system

Deternune preasion accutacy and enon
a4 Sranhicant digns

b Swze of vt of meastenent

¢ ACCracy of measuremont

d  Absolute and relatine error

Mahke ardd read seale dioowmges
A Comett hon scale 1o actual measaronment
b Cemvart rom actnal measurament to scale

Geometry

This content area focuses on students knowledee of
geometne heures and relationships and on thewr
skills m worlang witln this knowledee  These skills are
important at all levels ol schooling as well as m prac-
tical appheations, Students need to be able to model
and visualize geometrie higtires i one, two, and thiree
dunensions and to communicate geometre wdeas In
additton. students stiould be able to use mformal
reasonmig to establish geometrie relationships,

ERIC 230
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Grade
Topic: Geometry 4 8 12
3. Desanbe compare and classity geomeitie houres
a Pomts hines seements and ravs ma plane

and i space

1 Parallel himes e o

n Perpenarcular i e o

- Skew hnes o »

o Dagonals e o

v Biscetors e 2

v Radius e o

v Diameter e o

vun Altitudes .

v Medhans .

b Aneles iy a plane
1 Intnangles and other polygons .
n Suppiementar
nr - Complementan
v Inaireles
v Rught aneles
1 Angle hisector
v Alternate intenor and corresponding
vin Vertical
¢ Inangles
1 General properties o tnangles .
n o Acute nght or obtiuse
e Egulateral
N Isosceles
v Scalene
d Quadnlaterals
1L Square ¢
1 Reetangle °
m - Paralleiogram
1 hrapesod
v Rhombus
¢ Other polygons

-
¢ & & o & o o o

® & o o o
® & A o o

1 Regular not regular v o
n o Conves, conca e °
in Intenor and extenor angle measures .

{ Three-dimensional sohds
1 Rectangular <olud
1 Prism
m o Perannd
i Cvhnder
v Cone
Vi Sphere

> & & o o o
® & o o o o
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Grade
4 8 12

Topic: Geometry

v Cucles
1 General properties of aireles LI
1 Secants tangents cbords ares cironm
~cribed and mscithed cncles .

2. Gnen desenptive mtormation visuahze draw
Jand construcet geometne heures
Jd Draw or sketch a ficrree et averbal

desenption LA B 4
b Straghtedee and compass constiuctions
1 Angele hisector e o
n A llme perpendicular to aenen hne that
passes through a given pomnt ¢ o
m A hn parallel to a enven hine that passes
through a given pomt ¢ o

¢ Gnena ficme wnte averbal descnipnon of
its ceometne qualities ¢ o

3. Investigade and prodict tesulis of combinme sub
dnrding and chanumg shapes (¢ ¢ paper tolding
dissectmg tling and rcaranging preces of solidst v e

4. ldentifv the relationship hetween o heure and
s oanage under a transtormation
A Motion ceometiy fintormal himes of syt

thips turns and shdes) LI S
b hranstormations (transhtons jotations
reflections dilations synmetinyg °

5. Describe the mitersoction ol iwo o1 moic geonic

friennres
A Iwo dimensional ¢ o
Lo Thiee dimensionad * o

€.t lassihv Beures e e nns of conetuenee anad sam
Loty and sntormadly apphy these e latonships LI

7 Apph coometne propatics amd relanonships i

soiving probloms
a Bomvoen mside onand onrsade L
b Pvthacorean relimonstap

VoSpraad neht tangles oo 1

WYo60 g 0 1S vnyg ¢ o

Cortoperties of sinudoany

1 Ratio and propornon .
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Topic: Geometry

1 8 12
d Prove conginence of tanckes 4
¢ Others ¢
8. Lstabhsh and oxplan ronmonslnps e olving
LEONW e conce pis
G Togn s &
b Intormal mndue ton st dediocion L
9. Represant problom simnations with ocometo
modeds and apply propetties of hanres ¢ o e
10. Represcnt commetie hoities aned proportie ~
aleehranay vsang contdinate < d vectons
a0 Ihistance formmla .
b Slope .
o Pardlel porpondhont a b s .
G Adpond tormmls °
¢ COTHe Sc oS .
t Neetors
1 \ddihion suhitas tion .
nooScdar sudnplicanon dor pradines .

Data Analysis, Statistics, and Probability

Fhis content arca tocuses on data representation and
analvsis across all disaiplmes and reflects the unpor
tarc e and prevadence of these acrnanes m our socely
Statisucal knowledoe and rhe abihity to mterpret data
are necessary shills m the contemporary world, Ques
nons <should cmphasize approprate methods lo,
catherme data the vistal exploration of data, and the
development and evaluation o veaments based on
data analvsis For grade o stadenis can be ashed (o
ke predictions ronr envon rosalt- and eaplun then

FCASONY,

°g
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Topic: Data Analysis. Statistics, and Probability

Grade

4 8 12
L. Read mterpret and make predic tions us iy,

tables and geraphis
a Read data . . e o o
b Interpret data . .. ¢ o o
¢ Solve problems and compute wath data L
d  Estimate usmge data . LI
¢ Interpolate o oxtrapolat . o o

19,1
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Orgamze and display dat cand mohe miloranc s

a
b
«
d
¢
{

O
g

lables

Bar 2raphs

Pictograms

I me eraphs . L e o o

Ciele eraphs o e

Seattergranis oo, . .
Ol

1 Stan and feat pliots \ e o

n Box ad whnsher plots , e o

o Onthers e

Suternine the probabihts of o simiple cvon
Sample space

K
H
{

d

t

Detiien of probabihin e o o
Ocdlas . . . e ¢ o
Eapectod v e o e
Countmg poncple fHormanimones and

combmations e o
Indepondent, depondont cvonn s ¢ o

Compute measutes of contrd tendeney andd

disparsion

K
)
(

d

Moan
[NERATE
Medhm
Modh

Recotze samphinge randomne s ad bry

data collection

t
¢

b

Given o sitnanon elonot s sons cos ot sl

I T
RTINS

Sainpie

bt

. o e
* [ ]
¢ o
* L[]
Por s lovtm oo b owe |
. .
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Topic: Data Analysis, Statistics, and Probability

Grade
4 8 12

6.

10.

11

12.

Recognize the use and misuse of statistics i

Our society

A Gwven certam srtuations and reported results,
wdentify laulty arguiments or msleading
presentations of thedata L 0000000 L

b Recognize appropriate uses of statistics

Estmate probabiities by use of sunalatons

Design a statisticat experiment to study a
problem and conmnumecate the ontcomes

Use formulas tor combimations  permuatations
and other counting techumcues to deternime the
munber of wans an event can ocouat

1t a hne o cunve to aset of d wa and use tns o
or cune to nake jredictions abouat the data

a  Cunrnve htang e

Iy Normal distnibution

¢ Frequenay distribation

d Bmonyd distnbution

Apph the basic concept of probabihity mcladine
mdepcndent/dependent exents, simple /com
pound evans and conditional probabiling

Usomeasutes of central tondenay cotrelat n
dispersion and shapes of distiibunons 1o des
cnibe statistical e latonsbips

a Standard doviation

Iy Varnance . ..

¢ Standard noaal hwonbuanion

d Corre! Gon coethaownt

¢ Conhdence deveg

toDeerees of freedonn

Algebra and Functions

This content arca is broad i scope. covenng,

RIS

nihicant portion of the erade 9 12 carrionloam, mclad
uig algehra, clementary funetions (pre caloulus),
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trigonometry. and some topics from discrete mathe-
maties. At the K-4 and 5-8 grade levels, algebraie and
functional concepts are treated i more mformal,
exploratory ways Proficiency in this content area
requires both manipulative facility  ad conceptual
understandimg. it mvolves the abibty to use algebra
as a means of representation and algebraie process-
ing as « problem-solving tool. Functions are viewed
not only m terms of algebraie formlas, but also n
terins of verbal dosenptions, tables of values, and

g1 nhs.

Algebraie expressions meluded 1 the grade 8
assessment mav be monomial. polvnomial, or ra-
tonal. and may mvolve one or more varwables, They
may melude svmbols lor exponents, radicals, and
absolhite vahue. Tn the grade 12 assessment., aleebran
eapressions iay siso be mononnal. polvnonal, or
rattional The coethicrents of the algebrawe expressions
may be rational, nrational, or complea. thev mav
uole one or more variables and miclide symbols for
exponents, radicals, loganithms, and absolute value,

Topic* Algebra and Functions Grade
4 8 12
P Dosanbe ontend and create awide vartoty
of pattarns and funcnonal rehimonships
4 Recognize prararns and soquiences LI
b Eatend g pattarn o tunetonal tdlationship LI
¢ Creatc anosample ol a pattern or tanevonal
tebittonship e o o
dDndasomd concept ob vannible L 4
2. Intarrddate svmbohe oxnpressions and vorbal soe
ments botvcon dierams and modods and b d
statement - botweon daer uns and noodcls
svinhohie telitionships L
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Topic: Algebra and Functions

Grade

4 8 12
3. Usenumber hnes and rectangulae coordinate
Systems
a Plot or dentity pomnts onca namber ine o
m a rectargular coordinate svstem ¢ o o
b Graph solution sets on the aonmba hine LI
¢ Waork with elementan apphaations nismy
coordinate s o ®
4. Sohe hnear cquations and meogquahine s
(Note The complexaity of equations and aneguah
ties wall vany deponding onc the cocthiae s am
ber of tenms oparations and solution 1)
a Solntion sers of whole mmbors L
b Solution <t~ of tational mnnbeors ¢ o
¢ Solution s s of ardaad pons LA
d Salution scrs ot teal e acinan
nnhers .
S, Perlornn aleehy e optrat s v ith e oo renbeors
and alvebrowe Cvprossions
A Addimons subtowcien ndphic v deorsaon e o
b Powers and roots L
o Muntiple oporton s toronpin nad oreber o
G ations) LA
dSubstitnag v osprosaon d Pl e L
s bgunvadent fomms fannphiy oo ovpom |
ared tactany LA
booSolviie o ot tor one vaaable LI

6. Reprosent funetions aed volaton s ba b
+

sentenees  orhal statennont s mode s b
ctaphis varnblos ol b RS TICIC NI PN a
couations vl tmshie oot modes
A the wiacde Flovor alecbn ne et ot non

CoTTeepts are Tre e peere inbaaad o

ot

Tory wav !

7. solve svstoms b agnnaon o e aditn

Heebr ucdhv and apdae i

8, b womethictiontye o el
Volook

bodnbrad snbicnon o e docne

32
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Grade

Topic: Alget-a and Functions

4 8 12

9. Represent problem sitiauons with discre e

stiactures

@ Tunte graphs .

b Matnces ©

COSeqiences .

d Senes .

¢ Recmane 1 lations °
10. Sobve pohvnonnal e quanons with 1cal and

comples roots alechrarcally and graphucall,

a Tactonmg e

b Graphing .

¢ badtor theorem °

¢ Svnthetc and lone dinasion .

¢ Lstination of toors d

EoSpeaal techimgues o guadiatic cgu cons

fadratie formatla cemph nng squate s .

11 Apph tuncoon notmon and tormmesdoes

o Bormany and pane .

b Composite hinctons e

¢ Tmverse °
12, Comparc cond apphy the e nc g dochy e

ond graptacal properie of banctions

a0 Absoitte vl d

b d

¢ Polviionmal *

T sponennad .

o loeariine d

U bogonomonu .
13 \pph mgenometine conopt s

oCendan tnncnon e and o i oy o 4

b Ko v oo .

o dnwenomotie whonton A

doApphcatons

o Giconnetnie probdon d
a0 Ponedhe teab v bt phy o nonnon e

Q 33
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Chapter
five
Development of

Cognitive Questions

Question Format

| the 1990 mathematics assessment will
include open-response questions de-

J signed to provide an extended view of
___—-,j students’ mathematical abilinies.,
Building on the recommendations from the CCSSO
report, the NAEP Item Development Panel will create
SOME open-response items 1o assess abilities that
cannot be measured usmg, multiple-choice questions,
These may include the abihity to articulate nathe-
matical ideas. estimate, generate mformal prools,
draw higures. or generalize relationships.

Some open-response questionis will be designed to
provide insight mto the ways m whaeh students think
about mathematics, tor example, students may be
asked to write i thew booklets the procedures they
uscd to arrive at answers to selected problems.
Although time-consumimg to analvze, these descrip-
tions can provide a better understandmy, of the wavs
m which students reach cortect and incorreet an
swers

At all thiee grades, questions allowimg, caleulators
will attenipt to assess not only the correct use of a
caleulator bhut also the ability to choose the appropri
ate computational method: that s, to decide which s
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the most appropriate method for solving a given
problem — calculator. paper and pencil. or mental
arithmetic and estimation.

Use of Calculators

Because the calculator 15 a tool often used for numer-
ical computations. mathematics assessments should
reflect the use of calculators in the classroom and
society at large. Calculators have been imcluded in
the NAEP mathematies assessments smce 1977-78.
[tems included in the 1990 assessment will be clasci-
fied in three ways: calculator-inactive items. calcula-
tor-neutral items. and calculator-active items. Calcu-
lator-inactive items are those whose solution ncither
requires nor suggests the use of a calculator, in fact,
a calculator would be virtually useless as an aid to
solving the problem. Calculator-neutral stems are
those in which the solution to the question does not
require the usce of a calculator. Given the option.
however, sonice students nught choose to use a caleu-
lator to perform numerical operations. In contrast.,
items classified as “caleulator-active” requure caleula-
tor use: a student would hkely find 1t alinost impos-
sible to solve the question without the aid of a caleu-
lator. Sample items representing these three catego-
ries of 1iteins arc provided m the Appendix.

As eurrently planned. some lourth-grade students
participating i the 1990 assessment will have the
use of a four-function calenlator and some cighth-
and twelfth-grade students will have the use of a
scientilic calculator. NAEP wul ensure that the caleu-
lators used by these students are comparable m
design and function. In addition. because students
may be accustomed to usmg calenlators different
from those used n the assessnient. students as-
sessed usmg caleulators will be provided an ortenta
tion to calculator use.
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Development of
Background Questions

| n additon to the cognitive questions,

“ the 1990 mathematies assessment will

‘ include a set of general background

i questions and a series of subject spect-
= fic background questions designed to

gather contextual mformation on students’ experi-

cnees in mathemates and thewr feelines toward the

subject. Three categories of mtormation will be repre-

sented m the tive-mimute section of mathemeaties

background questons:

* Lime spent studving inathematies,
* instructional experences in mathematies, and

* attitudes toward mathematies

The number. content, and format of background
questions i cach of these categories vanes according,
to grade level A set of backaround questions will be
repeated from previous assessments (o pertit an
anadysis of trends across trne i students exposire
to mathematies, mstructional experiences and
attitudes toward the subject

36
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Time Spent Studying Mathematics. Tinc spcnt on
task and mathematics coursework have been shown
to be strongly related to mathematics achievement.
Students participating in the 1990 assessment aie

asked to describe both the amount of mstruction they

receive in mathematics and the time spent on home-
work in the subject.

Instructional Practices. The nature of students’
mathematics mstruction 1s also thought to be related
to achievement.” Students are asked to report thewr
expericnee usmg various mstructional materials m
the mathematics classroom, including calculators.
models. and mampulatives: m addition. they are
requested 10 doseribe the mstructional practices ol
the:rr mathematics teachers For example, students
are asked how much tme they spend m a typical
mathematies class reading a textbook or histenmg to
teachers’ lectures compared with the amount of time
they spend working on projects or encaging i other
small group activities. Other quiestions ask students
to desenbe to what extent they practice commuini at
mg mathematical ideas - such as writing out expla
nations, jushifications, or proofs — m thewr mathe
matics classes

Senta Razen and Ivle Jones bis Dinbeadors of Proc dloge S odvcatiom
Scuncc wnd Mathermage s Y Proimn, Reown W st ton £ SN v o
Acadermy Prese 1ore
National Assossment of Fducanional Progiecs e Aot matues e porg
Cead Are Wer Moaammg Up 2 Prinecton NN tisnnl A ssinent of
Educational Progress Paucational Tostimg Semvn e 19%s
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Attitudes Toward Mathematics. Students’ enjoy-
ment of and confidence in mathematics and their
perceptions of the usefulness of the discipline to their
present and ruture lives appear to be related to
mathematics achievement.” Students are therefore
asked to report their involvement in mathematics-
related activities outside of school — for example.
their participation in mathematics clubs. fairs. and
competlitions. The assessment also includes back-
ground questions designed to highlight gender sterc-
otypes in relation to mathematics achievement.

Shela Toblas Steeeed roh Matks e iy Student s (rade 1o ¢ argiie tug

Mathematis Anacoy vew York FThe Caldege Torance Eaanmiaion Board
1987
oY=
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" Participants
in the

development
process

he National Assessment of Educational
Progress appreciates the efforts of the
many individuals who contributed to
the development of the 1990 mathemat-
ics assessment.

Speaial thanks are due to the National Assessment
Planning Project — particularly to the members of its
Steermg Commuttee and Mathematics Objectives
Commitiee — which provided 1ecommendations for
the assessment objectives State mathematics spe-
cialists and other consultants are also gratefully
acknowledged for thewr thoughtiul reviews i the dreft
objectives.

Wilmer Cody. director of the National Assessment
Plannmg Project. and project associate Marlene
Holayter are recognized for their contributions
throughout the objectives developmenit process. The
project was conducted under the auspices of the
Council of Chief State School Officers through 1ts
State Education Assessment Center. under the
leadership of center director Ramsay Selden.

The assessuient development proeess was nati-
aged by Ina Mullis. depaty director of the National
Assessment of Educational Progress, and Walter
MacDonald, NAEDP's director of test development. Fest
development consultants from ETS College Board
Test Development Division are gratetully acknowl-
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cdged for their efforts in developmg speaifications for
the assessment. Last but not least. NALD appreciates
the efforts of the Htem Developnient Panel, whose
members spent long hours wnting and reviewmg
assessment questions.

The National Assessment ol Educational Progress
extends its deep apprecration to all participants,

NATIONAL ASSESSMENT
PLANNING PROJECT

Steering Committee

Robert Astrup, National Education Association

Lillian Barna, Council of the Great City Schools

Richard A. Boyd, Council of Chiet State School
Officers

Glenn Bracht, Council for Anierican Private Educa-
tion and. National Association of Independent
Schools

William M. Ciliate, National School Boards
Association

Antonia Cortese, Anictican Federation of Teachers

Mary Brian Costello, Natonal Community on
Catholie Education Assoctation

Wilhelmina Delco, National Council of State
i.cgmslators

Nancy DiLaura, N.:tonal Governors’ Assod ation

Thomas Fisher, AsS0(1a1101 0 State Assessiment
Programs

Alice Houston, Association lor Supernvision
Curneulum Development

C. June Knight, National Association of Elementan
School Prineipals

Stephen Lee, National Assoctation of Secondeary
School Primerpals
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Paul LeMahieu, National Association ol Test
Directors

Glenn Ligon, Directors of Rescarcli and Eyvaluation

Barbara Roberts Mason, National Association of
State Boards of Education

James E. Morrell, American Assoctation of School
Admmistiators. Austin ndependent School Dis-
trict, Texas

Mathematics Objectives Committee

Joan Burks, Damascus High School. Danascus,
Maryland

Phillip Curtis, University or California at Los Atiee-
les. Los Angeles, California

Walter Denham, Cahfornia Departnient of Edviea
tion. Sacramento, Califorma

Thomas Fisher. Flonda Department ol Edncation.
Tallahassce, Flornda

Ann Kahn, The National Parent Teachier Assoctation.
Famrtax. Virgnna

Mu. y M. Lindquist, Colimnbus Colleee Columibus,
Georgla

Susan Purser, Wintten Juinor Hhigh School, Jackson,
AMississipg

Dorothy Strong. Chicago Public Schools, Chicago,
Hlmors

Thomas W, Tucker, Colgate Utiversity, Hanlton
New York

Charles Watson, Arhansas Department of Lduca
tion, Little Rock, Arkansas

R, 0. Wells Jr.. Rice Unnversity, Houston Fesas
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Appendix

Sample Questions

‘—-{ The first part of this Appendix contains

sample questions classified by content
area. mathemateal ability. and grade
level. These questions are i no way
== intended to represent the full range of
content areas and mathematical abihities mehided 1n
the assessment or to reflect the distribution of as-
sessiment items. The classifications ot questions into
the ability categories are a matter of the professional
judgment of the CCSSO Mathematics Objectives
Committee and the NAEP Item Development Panel:
however. there may be differences of opimon as to
how particular questions should be elassified. It
should also be noted that although a question may be
appropriate for use at more than one grade level, its
classification in terms of the abilities it requires may
dilfer at cach grade level.

The latter part of the Appendix contams a sceond
setof sample quiestions. representing, the three
classifications for caleulator usage desceribed n
Chapter 5.
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Mathematical Ability:
Procedural Knowledge *

Grade Level: 4

88+ 112+6=

(A 196
*(B) 206
(C) 260
(D) 1,692

Grade Level, 8

Which 1s the closest to 7 82 \ 5097

A} 04

B) 4
*C) 10

(D) 400

Grade Level, 12

3
4~ 10

12
210
8]
*(AY 210

(B)2.10 ‘

i
(€)y2-10
9

(D) 2+10

*Correct answers tor mulnple choce tems are mdi ated by an
astenish (%)
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Mathematical Ability:
Procedural Knowledge *

Grade Level: 4

88+ 112+6=

(A 196
*(B) 206
(C) 260
(D) 1,692

Grade Level, 8

Which 1s the closest to 7 82 \ 5097

A} 04

B) 4
*C) 10

(D) 400

Grade Level, 12

3
4~ 10

12
210
8]
*(AY 210

(B)2.10 ‘

i
(€)y2-10
9

(D) 2+10

*Correct answers tor mulnple choce tems are mdi ated by an
astenish (%)

ERIC o 45

Aruitoxt provided by Eic:




ERI

Aruitoxt provided by Eic:

Mathematical Ability:
Problem Solving *

Grade Level. 4

- {
T S [
} ~7 i s

| ~ A
- e -
| ! |
\ |
| Cravans Grlue i

The prices for cravons and glue are shown above Katie has 82 50
If Katie buys 3 boxes of crayons, what s the gieatest nuniber of
Jars of glue she can buv with the 1est of het monev?

Answer: Two

Grade Level. 8

A schedule of class pertods is to be prepared for Piiecrest Hhgh
School The school day will begm at 8 30 a my and end at 2 30
pm There will be 6 class periods all of the same length, and a
lunch pertod that 1s 30 to 60 munutes long Ten mmutes will be
dallowed for students to move from one class to the nest or to move
to or from lunch Prepare i the space below a schedule of tncs
for the school day that meets all requurements gnen above,

Answer: The schedule shown below is one possible solution.

School Day Schedude

Penocd Tune
First 830 am — 915amn
Sccond 925 am — 1010 am
fhid 1020 am 1105am
LUNCH I1Li5am -- 11 15 am
Fourth 11556 am 1240 pm
iith 1250 pm - 135pm
Sinth 145 pm 230 pm

Grade Level, 12

When a certam mumber s divided by 7 the remamder s -3 What
15 the remamder when 6 tunes that nuiber s dinvaded by 72

(A) 2 B3 (G I] (D)5
*Correct answers for multuple chowce items are ndicated by an
asterisk (%)
o
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Measurement i

Mathematical Ability:
Conceptual Understanding *

Grade Level: 4

Which of the following cauts would be best for measurms the
length of a pencil?

*(A) Inches
(B) Feet
(C) Yards
(D) Miles

Grade Level 8

The average height of the giris in a certam eighth srade class
could be

(/) 60 centuneters
*{B) 160 centimeters
{C) 300 centimeters
(D} 500 centimeters

Grade Level. 12

A floor plan of a house that has masimun leneth of 6§ feet and
width of 44 feet 15 to be diawn to scale onan 8-nch by 11 wnch
grid Which of the following scales will gnve the largest possible
scale drawing of the house on the gnd”?

(A) -]% inch = 1 foot

(B) = meh - 1 foo

()} —— mch =1 oot

(D) —mch =1 foot

*Correct answers for multiple chioce items are mdicated by an
astensk (%)

o 5 4 ?
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Mathematical Ability:
Procedural Knowledge *

Grade Level: 4

Note Ruler will be provided

Usmg the ruler vou have been enen, bind the distani e, 1 centine
ters, around the figure shown above

Answer: 20 centimeters

Grade Level. 8

It cach edae of a cubc has length 5 centimeters what 1= is volume
m cubic centmeters”

A) 15
) 25
M) 125

1) 150

Correct answars o multuple chowce tems are mdicated by an
astensk (*)

46 N
Q 4°
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Grade Level. 12

i0

I the width and length of the rectangle shiown above ate 6 and 10,
which of the tollowing 15 closest to the crcumlerence of the e

*A) 18
(B) 27
(C}) 36
(D) 60

*Correct answers lor multple chored stams are imdicated by an
astorisk ()

" ERIC
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Mathematical Ability:
Problem Solving *

Grade Level: 4

Centietens

B
Centimeters

What i1s the atea of the shaded figuie shown above”

{A) 8 square centimeters
*13) 10 square centimeters
(C) 12 square centimeters
{D) 24 square centiuneters

Grade Level. 8

3

The figure above <hows a prece of construction paper 1f the
unshbaded portion of the paperas romoved the area of the roniain
g shaded portion will be how many tmes as large as the area of
the portion removed?

A 2 B3 G4 Mo

*Conrect answers for multiple chowe itemns e idicated by an
asterisk (%)

["'l
Q 48 oU
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Grade Level. 12

Note Rulder will be provded
Use the ruler provided to find the arcam square contimeters ol
trnangle ABC shown abose

Answer: 17.3 (rounded to the nearest teath) square centi-
meters

ERI!

Aruitoxt provided by Eic:




Geometry

Mathematical Ability:
Conceptual Understanding *

Grade Level: 4

In the space below draw a cirdle mside a4 triangie

Answer: The figare shown below is one possible solution.

Grade Level. 8

If the trangle above 1S retlectod throndh the dotted Iine which of
the following shows the potleouon of the triangle”

‘NA (HA '[(A D i

Grade Level 12

Whnch figire cound be used to proce that the followme statc nent
15 NOT true”

.

i adl the Sides or angirc have cgqual lengths thon all of the
tenor angles have cqual mcasines

(A) {13} ‘((/ / {1
i

*Cotrect an~wers formuluple chowe toms are mdicatcd by an
asterisk (%)

ERIC
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Mathematical Ability:
Procedural Knowledge *

Grade Level: 8

B

In the figure shown above, AB s a line segment What 1s the value
of x”

*(A) 125
(B) 115
(€ 15
D) 35

Grade Level. 12

A B

In trangle ABC shownr above what s the degroo mecosure of L A

(A 20
*(B3) 40
€y 60
(D 80

*Corroct ansaers lor multple chowe are mdicated by an
asterish (%)

ERI!
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Mathematical Ability:
Problem Solving *

Grade Level: 4

A dog walks on a path that 15 alwavs 20 feet trom a pole Which of
the following could be a drawing ol the path?

*{A)
(B)
(@]
Pole
(1)
Pole

*Cottect answers tor multiple cboce ems we mdicated by an
asterish ()

El{llC 52 54
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Grade Level. 8

The sum ot the degree measures of the mtenot angles bl a triangle
15 180 Use thus fact to find the sum of the degree meastures ot
the iteror angles 11 the figure shown below

Answer: 540 . since the figure can be sub-divided into three
triangles as illustrated below.

Grade Level: 12

What s the maxmmunn atea of o sectangls wih serimeter 362

(A) 36
*13) 81
)y 324
(D) 1296

*Corrcct answars for mudtiphe chorce tems anc mdicated by an
astarsh (%)

ERIC 53
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ata Analysis, Statistics,
and Probability

Mathematical Ability:
Coneeptual Understanding ¥

Grade lLevel. 8 —_—

Thiee fan cons are tossad at the same tme What as the probabil
ity that one of the coms s a hoad and the other two coms are
tails?

I
A) -
tA) 5

Grade Level, 12

There are 5 Democrats ond 1 Repablcar ~ onca Sente comnntie
What 1s the greatest numbor ob wavs that a subcomnuttee can b
iormed that consists of 2 Domocrats and 2 Repubhoans?

(A} 2
(Bl 20
() 60
{D) 8O

*Conrcctanswors for multaple chowce tems are ndicatod in an
astensh (¢}

) 56
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Mathematical Ability:
Procedural Knowledge *

Grade Level 4

Club 1 has 250 members Club 2 has 175 menibers, Club 3 has

100 members, and Club 4 has 275 members On the end below .
4

fith 1 a bar graph that shows the mambership ot the cubs

MEMBERSIHIP IN TOV R (1L B

Answer:

ERIC

Aruitoxt provided by Eic:
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HOURLY TEMPERNTLRES

204
Is1-
[6-4-
14-}
124
f-1-
X
S

N

N

/

Temporature v Celsias

§] ¢ : : L
f H ' 0
00 1O (X3 126 2 th 3

Time

Accordiny to the graph shown above at what time was the
temperate re the highest?

(A) 800 (B3) 12 00 *C) 200 (D) 100

Grade Level: 8

What s the average tanthmetic meanj ot -1, 8 12, and 20°

Answer: 11

Grade Level. 12

Alocal newspaper publishes a woekh companson of the total cost
tor 20 rocany atems at 7 supermarkets Tollowmg ate the  osts al
the 7 supermarhets tor one weeh 81818 S17 03 <20 17, $16 71,
SO 1L 81703 and 820 92 Which of the following 1 NOT trie

tor these data”

{A) The range s 8318

(13} The modeas 817 03

(C) The medhan 1s 818 18

(1) The arthmetic mean i~ 817 61

*Cortect answors for mudtiple chiorce vems are ndicated by an
astensh (%)
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Mathematical Ability:
Problem Solving *

Grade Level: 4

/PN
%

When the arrow shown above i< spun, what are the chances that
the arrow will stop on a region labeled wath the leteer D2

Answer: 3 out of 8

Grade Level 8

Fax Rates for Countiy \
It voun taxable mcome 1S i
over  butanc over the tax s l
0 52 000 3 of net taxable mcoome
$2.000 S4 000 S60 + 1 of amount over 82 000
$1.000 K6 000 ST40 + 50 of amount ;mver 84 000
S6G 0300 S10 000 S210 + 60 of amount over 86 000
S10 000 SA80 + 7¢ ol amount over S10 000

How muuch should he poad iy tanes i Countiy X tor 1 tasable
meoome of 83 0002

Answer: $100

Grade Level 12

Let Phe tho vertex ot a recular 7 <ided polvgon What as the
probabibty that a diagonal drawn at tandom trom PP wall lorn

tnangle with two «ides of the pohgon?

{(A)
(B)

()

= e ~fte | —

D)

o

t

*Correct answars for mulhple chowe tems are mdicated by an
asterisk {*)

ERIC 57
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Algebra & Functions

Mathematical Ability:
Conceptual Understanding *

Grade Level: 4

1e7+2=2+[ |

Which numiber when placed i the boy shown above, will mahe
the number sentence tiue”?

(VI
“(B3) 11
) 13
(D) 156

Grade Level 8

It George has v ten dolla bills and y fne dollar bills which o the

tollowing gives the total amount of money 11 dollars that Georee
has?

(A) HO\y
1) 15wy
(C) 150y + )
M) 10+ Hu

Grade L.evel 12

On the axes provided bedow shotch the graph of 1 = cos(2y)
Hom vz Oton - 2~

A
A
4
; e + + #
’ g n in R
hl hl
l.»

“Cotrect answors for maluple chorce o are ndicated by an
astensh 1)
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The following que stion s to be solved with the and of o nonpro
crannnable soonitfic calculaior

T the hievre aboce b posnt s t6 o) didd @ na o wios sneaste

Answer. 0 695 radians (rounded to 3 decimal places)

ERIC 59
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Mathematical Ability:
Procedural Knowledge *

Grade Level: 4

J

1

;
On the number hne shown above point Pis located at what
number?

1 I ] ]
* - - 3= de
(A)12 (13)22 (C} 5 (D) 12

Grade Level* 8

H7+5xv=20 then vs

Answer: % or 2.6

Grade Level” 12

Hf(\ =20 -1 then fv+3) =

(A) 2n + 2

(B 27+ 16
)2V + 60+ 8
Y247 + 120+ 17

The following, question is to be <ohved with the aid of o HONP1o
grammable saientific caleulator

If v -~ 20 find x 1ounded to the neareat thousandth

Answer: 1.946

*Correct answers for multiple chowce ttems are mdicated by an

astensk (%)
62
60
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Mathematical Ability:
Problem Solving *

Grade Level. 4

On the first day Joe reads 1 page of a book on the second day he
reads 2 pages, on the third day he 1eads 4 pages and on the
fourth dav he reads 7 pages If Joe continues w read the bhuok
following this pattern, how mamy pages will he read on the sinth
day?

Answer: 16 pages

Grade Level. 8

\ \
() -7
| ~5
2 -3
3 -]
4 |
35 3

If xand y are related as shown i the table above wite an
aldebranc rale that shows the relationstup between vand y

Aunswers. y=2x-7

Grade Level, 12

Duning the first 3 hours of a 3.000 nulc trip, a plane is flowns at an
average speed of vnndes per hour At what average specd m nntes
per hour, must the plane be flown foi the temander of the
distance if the entire tnip takes 2 more hours”?

= 3
*(A) 1.500 - e

2

1 2
(B) —— —
1.%00 3

(C) i}‘_ 1 500

D) =
3% 1500

*Cotrect answers for muttiple chowce itans arc mdicated by an
astensk (%)

Q
Q J
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CALCULATOR CLASSIFICATIONS

Sampl« Questions

As described 1in Chapter 5. items may be classified as
“calculator-inactive.” “cdlculator-neutral.” or “calcula-
tor-active,” The solution to a calculator-mactive item
neither requires nor suggests the use of a calculator.
The solution to a calculator-neutral itemn does not
require the use of a calculator: given the option,
however. some students might choose o use a calcu-
lator to perform numencal operations, The solution 1o
a calculator-active item requires the use of a caleula-
tor. The followmg sanmple 1tems provide examples of
cach wvpe of caleulator classificanion

Grades, 8 and 12
Classification Calculator-macuve

The numbar of munites n 2 davs could be deternmnad by perform
me which of the tollowing operations”?

(A) Mustiplyimg 60 by 2
{13) Dividing 60 by 24
{O) Multiphung 60 Iy 21
(D} Dividing 120 b 21}
() Multiplvig 60 by 18

Plot the pomt {1 1o the e ctangular coordimate gnd <shown
below

Answer: Scored response

Cottect answors Jor mulnple chince oms are mdwcated by an
asterish {*)

ERIC o2 B
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Grades. 4 and 8
Classification: Calculator-neutral

Multiply 14
228

A}y a2

(1B) 362

(C) 372

*{D) 392
(E) 522

Grades. 8 and 12
Classification: Calculator-neutral

The fat content of w certam food product s known to be appro
mately 3 percent by werght Approanmately Low many ounces of
fat are n 2 172 pounds of this product’ (16 ounces = | pound)

A} 0075
B) 012
ey 12
B 75
() 120

Grades. 8and 12
Classification Calceulator-actne

Wihiat s the proshus tol 32 67 and 5 1o the nearest whole timber

Answer: 26,669 (scéred response)

Which of the followmg best approsimates the tadins of a0 e de
with circumderence 3072

(A) 387
1) 177
{Cy 5 ik
() 955

fCortect answars tor mmlaple chawe oms are ndicatod by an
astensh (4
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