‘r . - \r-_
o L . DOCUMENT RESUNE . ' R
‘BD 127 198 . 7 - - 'SB 021 245’ \
© TITLE - / Naticpal Assessment of Bducational FProygress. The ,
Pirst HNationmal Kgsgfslent of Hathematicsec An
. Overview. . C
. .I£ST;TQ OR Rducation Commission Qf the States, Denver, Calo. .

National Assessment of Bdutational Progress. .
SPOBS AGENRCY National Center for 3ducation~Statistics“TDBBi), ’

: ¥ashington, D.C. ‘ SRR
»* " _ REPORT ¥O HAEE-04-M2-00 oL R -
: PUB DATE oct 75 : e e T -
", -~ HOTE 64p.; Contains small prigt in Pignres .

AVAILABLE PROM Superintendent of Documents, U.S. Goyernment Pripting
. Office, Washington, D.C,-ZOBOZ_(Hathelatics Report ,
Number 04-¥A-00, $1.25) AN /
. ‘ ’
ZDRS " PRICE MP-$0.83, HC<$3.50 Plus Postage.* ~. . v
DESCRIPTORS *Educational Assessment; '*Pducational Research; AU
Elementary Bducation; Evaluation; Higher Educatiom; -
’ Matbematical Concepts; *Mathematics; Mathematics. - ° .
Education; *National--Surveys; Secondary Bducation;
*Student Ability ' -

* . \ . :
IDENTIPIERS HAEP; *Natignal Assessament of Educational Progress;

: R%fiifsg—gggd:ts ) t ‘ Y
. ) 0 * \ . ! !
AB§TRACT ’ R \ S L :
, : -This$ report summarizes the regults'cf a natiogiide.
surjey qf{the'lathelatiqal'aﬂilitf f young Americans at four age
levéls: 9-yearrolds, 13-year-olds,.17-year-olds, and young adults’
. ges 26-35. The study yas conducted during the, 1972-73 school ‘year 'by
o he \National Assessssa® xf Educational Erogres§ (EAEP)..The, -
- Mathematics assessanent .included six major content areas: numbers and
' numeration, measurement, geonetry,‘tariables and relationships,
. probabidity and statistics, and consumercmathematics. Rach chapter
... . summdrizes results forsome content area and indicates, trends in .
. ability il]ustrated by results for selected exercises. .Concepts from
© all content areas are usually introduced at the elementary level and
are then reinfcrced and expanded at higher age levels. In additionm to
age levels, the assessment also provides results for the following.
groups within the national population: sex, race, region of the _
_ country, level of parental education, and size and type of comsunity.
" Results for the different population ‘groups are not given for each’
. cofitent area but are discussed in the data summary from all content
. areas. fAuthor/H)’ N : . T : v

P

-4

}*g**********g;*********#**g******************i*****t****##*****g¥*****
* Docyments acquired by ERIC include many informal unpiblished *
* materials not available from other séurces. EFIC makes every effort *
* to obtain 'the.best copy available. Hevertheless, items of marginal *
* reproducibility are often encountered and this affects the guality *
* of the microfiche and hardcopy reproductions ERIC makes available *
* via the ERIC Document Reproduction Service (EDES). EDJS is not *
* responsible for the quality of the original document. Reproductions *
* *
* *

supplied by EDRS are“the best that.can be made from the original.
*********:****************************3*g**********#********#**t#****

N

o . . . .




s DEPARTMENT OF HEALTH
EOUCATION & WELFARE
HATIONAL msu‘wte OF

R EougaTION ‘- ;

TS DOCUMENT HAS BEEN REPRO-
OUCED EXALTLY A RECEIVED FROM:
THE PERSON OR O'aGAmzA‘nON omc.,_'n-
ITING 1T POINTS OF VIEW OR OPINIONS
$TATED 0O NOT NECESSARIDY REPWE.
Sé'c'cf"".zmn NATIONALANSTIrUTE OF
eoucﬂwms-fm or soLiCy




NA'I'IONAL ASSESSMENT OF EDUCA'HONAL PR'OG&ESS
o A Prk)]cct of thc Edu&atlon Comxmssmn-\of 1he States ‘

v . , ' v
. .
J‘h:h !. Uoore]r‘ Covenor of um Virginaa, Chaxrman. Education Con;mxmon of the,Smes
Rendéll H, Plerce, Execunubuecror, Eduoarwn Gommzmon of the State: )
- “Ray Forb}at, Direttor, ’\anonol 4ummenl o .

k%

Ass’e‘ssmgnt Réports

. N - ‘: - .
196970 Assessment .
Scienge | S :
National Results, July 1970 . . RN
Results by sex, region and size of commu% Aprl 1971

Results By color, parental education, size and type of qommumty, .
balaneed résu]ts,Mxy 1973

. ‘ . | M ) .
Rxhonal Results, November 1970 2 ‘
Results b}osex, Tegion and size of cdmmumty, July 1971 N

R&nﬂts by color, parental educahpn, size and type oicommumw May 1972

. -
)

National Resuits, November 1970 ‘
* Results by sex, region and size' of community; Aprl 1971
- Writing Mechanics, February 1972 - . s
Selected Essays'and Lettets, November 1972 < : y
Results by cclor, parental educat:on size and type of’ commumty, sex tndC /
Tegion for ob;et:uvely scored exefeises; May 1&73 N
- \ - " ,
< .. <

19:6—71Ass’mmem e

02-GIY General Information Yearbook—A description of Nahonal Asse ent s
me‘thpdology wlt.h special attention g)ven.to Readlng and Li m Mxy 1'972
R . . bl ‘.' NEEA y, b
- R_e‘adm e ¥
02-R-01 } - Understanding Wordsind Word Rehtlonshnps, Apnl 1973 - \
02-R-02 \\ anhtc Materials, June 1973 - . N = ’

- 02-R-08 ‘Written Directions, May 1978 - N Lo : " ": )
02-R-04 tReference Materials, July 1973 . . "

02-R-05 . - G!éamng'Sigmf cantFacts From Passages, May 1973’ v
. Ft Mam Ideasand Ommutnon, July- 1973 _j

62-Ri07 Drawmg‘lnferenees, August 1973 -:.

~ , 02-R-08 Crfitical Reading, May 1973

T Q2-.R-09 - Reading Rate’ud Comprehensxon, Decembg: 1972

02-R-20 _ Released Ekercuec, July 1973 -

02-R:30 ~ Recipes, Wrappers, Reasoning and Rabq A ngﬂt of the First 'Readmg

: . - Assemsmént, April 1974 .
02-R-00 . Shmmxry Data, July 1974 I -~ g R

- ‘Literature ot "\ N B ‘
U 02101 Undqth.udm;}mmnttwe Langutge, March 1973
. 02L-02° Responding to Litersture, $pril 1978 |\, -
02-1203 Rccoqunn‘: Literary Works and Charactérs; April 1973 .
'O?fb-04 . A Strvey of Readiity Hablts, May 1923
-Je-1-20 ,  Released Exerchies, April 1973~ .
02-L-00 Snmmary Data, June 1973 | “ Lt

JContxnued, Inside Bock Cover)




| .. Official National Assessment Reporfs
\ ’ tConnnueH’From 7nszde Front Cover).

. .-"

a \ . . . - B .,

oo
P 1-72 Aasessmmt . . ' - -

63!04—61\‘\ General ihfonnauon Yeubook—A aescnpuon aof hﬁonﬂ Mments
; . methddology, with special attention mven}o Muste, Social Studm Science
N <+, and Mathemntxes, Deéembe: 1974 .
. 5 S _— ‘
Soclal Studies 7, i
. 03-85-01 Political Kﬁowiedge anq Amwdeo Decembrr. 1973

- 03-88-02 . , Contempetrary Sogial Isugs, July 1974

03-55-00 The F’xrst Socxal Studx Assessment An quxwgw June 1974.

- . g._

Lo ., 3 R
" Music ¢ T N e .
03-MU-01 The First hgtxonal Ass&smen‘g of Musical PerformanCe Fe’brutry 1974
03-MU-02 A Perspective on the First Music Aswsment, April 1874 ..
03’-!:!0-03 An Assessment of Amtude&Toward Music, September 1974~
l 03-MU-00 The Fh;t ‘rlus:c Asessment An Overview, August 1974, "
- -v .

lbl..«-—.3 -\ssefsment- . - Lt . T

t
.. Méthe maat "
04-MA-01. \qu Fundzm Selected Results Fiom ghe First National
- of MatLemam:, Janunryh;975
04—MA-02= Consutﬁer Math Selected Results From the First Nahoml
. T+ Assessment of Mathematics, June 1975 '
04-M.A-00 ’I‘hc First hahoml Assessmen; of Mathematics: An OVemew October 1975
, .
' ‘ Science ' : .
\’\/0-‘.-8-01. Selected Results From the National As&ssmenbs of Science:

- > Energy Questions, May 1975 ¢ 2
¢ 04-S-02 Selected Results From. &e ational ents of Sc:ence -
1 ) " Scientific Principles an dures, Al 1975"
Q4-S-03 " Selected Results From the National ments of Science:
.+ Attitude Questions, Octbber 1975 - C
1 04-S-00 \ National Assessments of ience, 1969 an 73: A Capsule Description
o . of Changes in Sciente Achiévement;-Eebyuary 1975 - .

N, s - \ . '- o *

. . i - o A ) o .

ational Assessment reports should be ‘o\rdered dxr;ctly from the Superin-

f¢ndent of Documents, U§. Governpent, Printing Office, Washington, D.C.

20402. A NAEP Publicafions List, contdining order numbers and other
informanon to facilitaté ordering. is available free at the address below, ™y

A

3
¢

NATIONAL ASSESSMENT OF EDUCATIONAL PROGRESS N
A Project of the cation Corpmission of \‘the.States
* \.Suite 700 ‘
186 Lincoln Stteet
Denver, Colarado 80203




. .e
., - .
.
F3 . “n
- .
. ‘ ¢ .
-
¢ %
-\ . 3 -
- * -
%
. .
~ con
.
i
-
- .
— < .
9,
.
.
- 2
-4 -
.
- ’

b4 .
. ~
N .

- " .THE FIRST NATIONAL ASSE

Mathematics
3

[
Y

An Overview

Y

. {
SSMENTOF‘MATHEMATICS:T e s
n |

Report Nc. 04:MA-00

= . .
1
s
12
\ .
) 8 . =~
. .
s
» » .
a
v ‘. h
~
. .
.
.
y -
<
- .
13
I
) [}
o *
Ay
+
L N
: .
. ~
\ P
- -
<
[ ‘
. -
. .
-3
- .
¢
. .
‘. % . »
f .
d N
. . \
> -
s =

.
»
- A}
’
-7
. - .
. 00
¢ * - Y
.
*
. z
.« 7
® N . ° .
. . .
b ’
]
< N
. .
L

v M
L}
e
i
s -
! 3
f .
.
N . .
.
.‘ ~ ‘
. .
s
- .
4
4 .
¥
K
.
' .
Lt o . «
\ ". £y
. e < ~ . " -
g .
- . ’
. .
- .
R v e
U .
K
N
.
<
-~
\ ,
-
-
¢ !
N !
» ' i
‘e
Ay ]
i
.
. 1
.. \
- - . '
- R

]

SERIC -

. pat

. -

B

L~




M - - * n
4 kd ) T MO : LN ¢
‘ o4 . e v b - . t R "
- ' * ’ - — ¢ -
' $ : ¢ ‘.
: . /' * < t \
v P f [P .
: ’ .« . \ .- -~
| . A | 4 -
] . N. . r's
) \
~ ) . . LI
- L4 \
i N / .
‘- - * ‘ * . ‘T b
. .
* e ‘ . I > : ~
\
- ' .
% Is .
. - <
‘ - - \
v L 2
.. ‘
»” M . -
. . Y 4 -
- - . L

‘\

.

- . NATIONAL ASSESSMENT OF EDUCATIONAL PROGRESS l SRIPIL A

- [} ,‘. J. - . .; ’ . - - .,
4 rl » 0 - *
-~ . * - N ‘. .
. . E . ol ) &
< ;‘ " . . ot - . ™ T e . .*
. .Y T ¢ -0 . MR e . )
. _Roy H. Forbes™ - o, George H. \Johnson
, . = Director s A Associate Director
- * v , - T~ A
] ¢ . » , . ’\7 \‘ N
o - £ . s
. . . Ly -
i , ' - v .
* ] a ¢
/ | 2 Al A ' - R .
| ' / | ‘
N . 3
\\ . . . '
’ o - ; ”
] . / . .
. L} .
® A . ‘
. - /’ ’ * .
L] I * .. -
* H / - .
i R . ‘e TR )
v -'\ oy - Y 4 ]
<. - $ * . ~ g v -
oL 4 . . * . . - % -
- N . . ’ .
. 4 . ¢ i ‘, . ]
’. - : * * - \ ' ) 4
. ‘ & )
. * ’ . . . '
. 3 - .
¢ . \' . :\ ‘ ) \
. DR _ - \ .
> & . This publicatibn was prepared apd ‘produced purguant to agreemeénts with the National
N +° *  Center for ucation Statistics, Qffice of the

. ) Departmént bf Health, Education, and

" . Corporation
L Education.

Assistant Sécretary for Education, . R

_ Welfare, with addifional funds from the Carnegie . .

f New York and the Ford Foundation's Fund for the Advancement of '
statements and views expréssed herein db not nécessarily reflect the

) position and ‘policy of the Office of the Agistant Secretary for Educafion or other *.
v * grontors, but are solely the responsibility of the National Assessment of Educational . .
4 * Progress, a proiect.%the Education Commission of the States. R L
- . \ ) R . .. Y
. . - * N f . . ' N
\ . . \ "" \. f .
. a. . . - -
N 14 kY . * 4
s ,“ < - B [N .,‘ <. . o .
B . . <« ” \ . \ . . . .
) - . G- )
E lk\l‘c & " .- . ' - ‘\\\-- ' - 3 -
' v, T . ' * oz




P K ’ . .
. . * ’ ~
.

......................... L. V-
............................... Lo
. ! S
, FOAREWO'RD_...- .......... e P T
ACKNOWLEDGMENTS .. ... ... ... S o N i,
©INTRODUCTION 2.7 . 5o% e o\me s il UL xiii .. ,
’ CHAPTERI NumberSand Numerat\}b I T I -
NumeralSystems.\.............,.....‘..‘._..si..'_'.:..,.’:1 - -
‘. - Numbér'Systems and TbeuPropertxes A R SRR R ; .
e Set Theory - ]b ..................... e ‘e 6 : e .
Do, * Opeations Wxth Real Numbers AnthmeﬁcConTbutaﬁon..,. g RN AR - T
-  Sumfnary L:...loen s MEERR [ S S
~ < T .- . . > Yo L W
.'CHAPTER 2 Messuremegt . . oo oo e e I
e R.ep:esentatweb Year-Old Exercises . .% . .; ... e oo St 1 . o~ .
. T Use of Mwsurementinstmments e e e me e Lar iy o
. oW Comparison and Conversion of Measurement Units . . . .. ... L0120 B
"t " . Metric Gepmetry R T U S 12 -
s Summary L UL S PR R
- v / g ' i . - T T . N LR ;'- - .' ‘7"”" ) D
CHAPTER3 Geomeuy ............... SRS RSP .15 N —
. . ",' Identification of Geometric Figures . ......... SR RTINS ¢ Y4
¢ . Geometric Caqugétlons ...... e o ete e e .0 -7
~ " UseofaProtractor .. .. ..... ... PP NI |
. ' " Conmstruction . ....... e e s e e e ae e .17 - )
. . SUMMATY . . v o v v v v v v e e NN e ~7\. e
.- A Y " - . , . .s ‘ ‘ . ) \ -
. . CHAP'I'ER 4 Vanables and Relat’lonshlps ......... e AP |- R -
\ oy . Algebraié¢ Expressions R R T IR 19 , - &
\ LT Equatiohs.and Inequalities , . . . . . . .. e e g e e e e s 20 .- ' .
Relations, Functions and Graphs e ey e e R T -21 S
N R SpeclalTypsof Functiéns: Exponents and Trigonometry . .." ... T..220 ¢ .
Ma{hematwalLoglc.‘.._\ ..... Mg ches e e, 28 2
. Sun;mary R R e e P ... 26 o .




y P > ‘o -~ P
. .
=z .-
> r - -
~ ® <
’ - . - .
- - o
” o~
- - hd » .
. ,
I3 1 .
L) P 0 a

. CHAPTERS Probablhty and Stzmstlcs e .,
. . Probablhtyovaents..........«...'..'..
Permutations and” Combmanons B
Statistics . =~. . .vw_, <. .. ... ..... "

- Summary ,......‘:.._.._..

. _ . GHAPTER 6 Consumer Mathematics . Wl

c ) . Consumer Situations . ................
e Tax&s,...,.....'... ;

. \ . Stmulated Consumer Transac;l;lc;ns. . . o
. Reading and Interpretmg Graphs and Tabl&s
- Summary,

']

, CL CHAPT,ER? Summary "

P I A T

L ! Repomng Groups . e

- o
¢ v
. N Group lefeienc% F{om ‘thre National Percentage
L4 .
© "Group Perfompance § . .. ... .. ... ... .
. e Conclusxon.....,.......'.........
- . e " N - ‘., *
L N . A . . . . . »
. ¢ ’ re (\ " . )
. ' . . ‘Y Ly .
3 - LI -
. Y A . s .
N ’ VY . . AN t . .
. . -, . oS . co- <
. . - : . . . /l)‘"
. . . . . « .o
, . L ‘l - S
. - ' . : .
s B . P ,‘3’ . ¥4 2
&~ . e &~ .
q ol e : 4 * ] h
e . % ’ d A, o
.. ., R o . - s . . ~ ”,
“ FR . . .
v . * . >
R . . w L&
N R . LA °.
AN e N - e
. o e o A N v - .
v - s » . " P N ‘
P S P .
. ‘.\, A - . . .
.v‘ , . - P s .
- ‘*,'- - RN * N
. - e T e
H DR §
v ) P S
- - .‘0
~ ’ ® S . . f
. . A\l
s T - ‘ % e e
- . K -
* ¢ . - b
. ' ‘. ;l
. . . r
l . t oy - . ’ -~
. . - R - 6 -
L] 4 °
. 12
'y -~ . .
. ¢ S ¢ 1]
\v’ - .
. ‘ , <!
B
. R —' \
. s . N . . »
. . . e ¢ v . : .
»
. . e @ . -
N . . * A
i A - $- * . ~ s
.. -
- ¢ . 'S . ’ ’ . v .. - PR
. . . . . - . v r. - [ . - .
* : » . * ‘j < . o ! ~ g
N [ * . t 3 N DRI .. N
‘ o s - . . . . v
. [ . * ) . * . :
L - . ~
. ' ’ ‘ : ; [ ‘. ) .
> . . . ¢ BN . 0 sy
) , . ' A 1 s R R -
. [ , » . 8‘ . . /
B . [ . . ~ -
. 4 3 R " . AN ¢ q < "
y .
. . ) .! P . ’ kd ’ '
. ] - .

ERIC - "L o .

,
,

. . . . ~ e > . . .
r [ » s +




) .} : e ‘{ [ - '—; -
. * -\"/ .d M h . 1\.
. . Z’ ) ¢ ’
LIST OF FIGURES AND EXHIBITS 3 ,
_.', e ‘ . - " 5( %
"l. . . . « ' . . . . ’ . . . .4 l
FIGURE 1. Results for Selected Exercxses Numeral Systems . . - . . . T S
~ v - E ' -~
. ] N »
- FIGURE 2. Results for Selecteh Exer&ses Propemes of ’ R .
o Whole Numbers . . . . ... TIIRE & T ... 8 - v
Co E)&HIBI‘{’ 1. 9-Year-Old Exerclses About Represeltatlon of . - | .
: - Ftactxons e R A R o T
? " L e ‘ =~ f . ot
) FIGURE 3. "Rest,}lts for Selected Exercises: Raﬁional Numbers e 5, o
" FIGURE‘4. Res.ultS'fo.r_S‘elect,ea Exercises: Set Theory . . R ... 8 R
A e ’ " . . ¢ - ‘
v FIGURE 5.. Results for Selected Exejcises: Geometry ~ vl
. Identxfxcatxon of‘Geomemc Flgures e e e SIS T
) FIG RE 6. “Hesults for Selected Exeréises: Geometric 4+, . : )
. ql‘a‘txons ...... e R AU DA ¥ | :
. - h v. -
PO FIGURE 1. Results for Selected- Exefcfes .Algebraic =~ » L T
e T Etpressxons ...................... RIS e e 2 )
[ . . 4 N -
o~ FIGURES. ‘Results for Selected Exercwes Equatmnsand - . A
N Inegualmes S A Yo f e e e e e e e 21 - N
r . N 3
N \EXHIBIT!Z Exercise-and Results Graph ofanEquatmn J 22
. - St -
;. Ny FIGUREQ Results for Selected Exercises: Exponenhal and : A
‘ f iI‘rlgonometneFuncnons .............. Ve et e e .24
- . =t EIGURE 10 Raxﬂtsforselecced Exercxse§ LOgiC v o oy % LRI
. * ’.’ 4 *
‘ SO FLGURE 1'1 Results for Selected Exercises: Probabihty e : “‘, . B v
) of.‘Events .................. g DI 287 ° L
. : D 2 : T SEET )
SR («\ FI/GURE 12 Results for Selected,Exercxs% Permutatxons L . . = N
o w zdeombmatxons TP SO M g e O e N (’7 .. 29 e
a0 : -, -, TS v ot e
hcu’am 13. Résnlts for Selected Exerclses Statlstxcs e e 800 R
' A S :
i - \ v 8 ’ .
- . FIGURE 14. R&mlts for Selected Exercises: ConSumer e e T oA 7
O T Situations . . . . . ... Ghr e N TEELE )
. . ! . W’ -~ o b .
0 : 2 ) » }_:,\ ) : - . 'a ] . . . . " . R “ , .
x ‘ N ~ ’ v’ ::‘ ‘ P . L v -
: A - K ' ' S ' -‘ * o ' .; .‘:' \l
, ) v 9 . . . . . _ Vs . ..
. ) : O e
i [y L - o : :{g ‘ o




< ‘\ Exerc1sesby Slze and Type of Commumty ............. w..1... 51

oL .. v . . - .
- . " . - ’ : s. . .‘ . . d -
c o v P [ . T . . v y - [
~ - * < . N .
N ’ o\FIGURE 15 Results for Selected Exercxsps Taxes' R S 36 .
S &, ] ”» . . - .
I \GURE 16. Results for Selected Exercises: (Samulated : . . o
' Consumer Transactions ... ............... ....... ...... 37 ,
N X EIGURE 17. Results for Selected Exercises: Readmg and ‘ ’ IR
) Interpretmk Graphsand Tables . ... .......... . " ....38
° EXHIBIT 3.. National_Assessment Geographic Reglons ....... e e 43
. EXHIBIT 4. Samiple Graph: leferenc{as From National ,- . -, .
. Percentag&s ofSuccess . . .......:...... P .. Q.-. ce e 44
ek ‘\ :
) j FIGURE 18. Differences From Nataonal Performance on all Math .
! . ExerCB&sbySex CRERERE I SRR R R IR 46 -
- ' FIGURE 19, Differénces From National Performance on all Math - '
Exercrses by, Race. . .. cov s e e .48
) M - . l
. GURE 20 ' Differences From NatzonabPerformanee on all Math - |
- erc1§esbyReglon *K ............. e e e e e e e n .. 49
”, o \  FIGURE 21 Differences From National Performance on all Math 3 )
E ercxses by Parental Education ....... e e e e e 50 '
; « 'FIGURE 22 Differences From National Performance on all Math




‘ . v': V4 N \ & - }
- - : . -~ . k4 . y ) N ‘ ‘)
A . w Q e . -~ ‘/
- . . ™ N . . . .
< N . : : ’
. ‘ ot . T .
T ) . LIST OF TABLES LT ) : e
. o ' ~
) ; . | ‘
." “PABLE 1. Whole-Number Computatlon ....... "_ ....... N D 7
e TABLE2. Exercise and Results: 9-Year-Old Word: Problem . ......... 7
- Al ~
. "TABLE 3. Exercise %nd Results: 13-, 17-Year-Old and Adult
.t kw\grd PrOBIEM . o e v v oo e 8 i
\‘ ’ TABLE 4. Median Percentages of Success — Numbets anid ‘ -
<Numeration ExXercise} . ... ... o L 8 P
TABLE b. ' Medi{m P -41tages of Success on Overlap EX%‘CIS&S -
Numbers and Nume BIOM o v v v ep e e e e e e 9
TABLE 6.- Percent Qorrectly Reading Vartous Interval Marks
, . onaRuler ... . 4.0t /L ....... . et 12
. B . ' i ! i
TABLE 7. Exercises/and Resylts Measui'elmmt Com;[)ansons T 12 >
e . TABLE 8." Results f¢r Five Exercises About Corive/rs:'ion AF . )
. Units: Ages 13,17afd Aduidt . . <. ... oo ofe e e R 12 -
- TABLE 9. Median and Ovgrlap Median Percen -es of Sugcess - : i
. Measurement Exercises /.. .. .. NN ST L e e e 13
- . » TABLE 10. Percentageyof Con')!ct Responses to Questxon . TN
’ ot “Wl:(atnsthe Name o Thls:“f\lxé’" . e .,; ................ .15 AN
. 'TABLE 11. Medid nd Ovetlap Median Percentages of Success — -
. ./ Geometry Exerci ;‘,;/ £ .%.'._. Cepee j .. 18 /
" TABLE 12. 1’7rcentag%‘<3“_f Success for Typical Logic Exercise . . :..% " .28 ~ te
L) . .
TABLE 13. Medmn and berlap Medidn Percentages of Suecess — .

P Vanables and Relationsti ps Exercwes ......... Cemr e b e 26
) - i )
F TABL'E 14. Median and 0ver1ap Medlan Pexg:enba‘gés of Suiccess — ) .
. ProbabmtyandStatlstrcs‘Exércnses T S POV ) |
" . ‘\ . ) c o,
TABLE 15. Exercise and Results for CostCoxppmlson Item .. .ec .o .., 840 .
. TABLE 16. Median and Overlap Medum Percentages of Success — . - ¢ T
‘Consumer-Mathematics Exermsbs Il e e e e e . 5 39 -




o . ST, I Y . i ".
’ ' . ’ :‘ R : ~1// *
) TABLE 17. Rank Order of Median National Percentages ’oy
=~ ContentArea.............,................. .. 41 .
‘@ \ TABLE 18. Overlap Median Nataox;al Percenta%es by Content Area .. .42
TABLE 19. Mal$Female Median leferénces From National ( ; -
Performance by Content Area . .". ...% .. ........54 .. ...45 i
. ¥ s « . * . v v, ’o ) N
N TABLE 20..Black-White Median Differences From National ’
e Performancepy Content Area . .. ....,........../ ., ... 47
. - . . e\ .
/ i s ¢ . v . - R . \d
. N 6 rd . * .
. i - . J
, X
- t * » ) . *
. ' o« ’
l -' ot M N ) -
, : -
i : ~ ! ¢ ’ R
N ” . ' ) vt /:_. - 1
, v - P ad
\ \
i A\ )
\\ o . K ’ * . .
| . - e ‘I' \
' o’ “
b iy
[ : '
C R ‘
i & ‘ .
j - . . » ‘
7 . o Y
i
\ .
N - . o
. \' » * \,‘.‘
» ~ ‘ -
s . >
l »>
. ’ . \ . ' -t /
[ D ‘ '\. \ ’
‘N ' . R .
X . . N e
,: ) . ) : - "\ . N . ‘ .;‘:
. . ' Ll F ! ~5 .
. . IS \‘ . ) ;‘;_:
+ . 5 s
. At . LD \ -4t i
ERIC : T e T . I
\ ' ‘ - . . I . . . ) . R
N L) . N A v




. . -

The National Assessment of Educational Prog-
. ress (NAEP)1s an mformauon'gathenng proy-
ect that surveys the educational attaingents
of 9-year-olds, :3-year-olds, 17-year-olds'and
adults (ages 26—35)1n 10 learjung areas: art,
career and occupational develépment, citfzen-

) {

' .. Each assessment 1s "the product "of several,
. years work’ by a great many educators, schol-
ars and lay persqns from.all over the country.
Imtially, these people design objectives: for
each area; proposing specific géals that they

. * feel Amencans should be-achieving in the

' course of ther education. -\fter‘careful re-

views, these objectwés are then given to

exercise (item) wnters whose task it 15 to

NI '- § * create’ measurement tools appropnate ¢o the
L, ob]ectwes g .-
. ( ) -
o N « ‘ S ¢ ' s
’| . = - - N .-
4 . "ot =
Lt . £ [ ’
’ . 'S s
- . - ,k ¢
. he ..) \ ) R
. ' e e ? v
. ' o
. ', L"
» [ , . ", -

- Shlp, htératire, mathematics, music, reading,

" saichce. social studies and wnung. Different

a learning areas are assessed every year, and all .

ot areas are pgnodically reassessed .1n ordér to
J‘, B measure educational change. . .

4

.» FOREWORD -

-

-
v

When the, exgrgises haﬂe passetl extensive

" reviews. by subject- -matter specialists angd I
measrement experts, they are administered
to probability.samples from various age levels.
The people™who compose these samples are
_chosen in such a way that the resulfs of their
assessmént can be: generahzed to an entire -
natiopal population. That is, on ‘the basjs of
the performance of about 2,500 9-year-olds ’ -
on a given exercise, we can generalize about
the probable performance of all 9-year-olds in
&he natlon . .
\Tatxonal Assessment also publ;shes a’ general
mformatmn yearbook “that describes all major, . ..
aspects® of the Assessment’s operation. The, +

. reader who desires more detailed information
about how NAEP defines its groups, prepares

" and Jseores its exercises, designs its samples
and Yanalyzes ‘and reports its results should
consult the General Informatzén Yeubwk;

Report 03/04-GIY. '
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Dunng- the 1972—73 school year, the Na-
tional Assessmenf of Educational Progress
(NFAEP) conducted 2 nationwide survey of the
mathematical ability of young Amencans-as
four 3ge levels — 3-year-olds, 13,yqar-olds,
17-yearolds and young adults ages 26—35.!
Th¢, mathematics assessment ncluded six
major conten{ areas: numbers and numera-

‘romuonships, pfobabifity and statistics and
consumer mathematics. These conteht areds

_ covered ,most of the topcs ordmerily taught

in general mathematics ‘classes’ and some Qf
the* condepts - encountered .1 elementary

matics courses beyond elementaryalgebra. -
Fhus report grovides an overview of results far
the_entire mathematics assessment. The intent
of this volume 1s not.to provide an exercise-
by-esercise review of fesults, but to indicate

* trends 1 ability ilh:tsvrated by results for

sejected exercises,

Each chapter summarizes -results for one
content area. The arrangement of the content
areas 1n this report does nof signify their
relative importance or the order in which they
commonly appear in a school currictlum.
Concepts from all the content areas are
usually 1stroduced at the elementary level and
are then reinforced and expanded as students
‘maturé Fos example, in geometry, 9-year-
olds might be explted to name a rectangle
and a triangle, while 17.year-olds and adults

might be asked to apply the Pythagorean .

theorem. ° .

YThe reader desiing wnformation about specific

National Assemment  data-collection procedures

should consult the Gereral Information Yearbook,

‘Report 03/04-GIY (Washington, D.C. Government
by

+ Pnating Office, 1974)

t, geometry, vatiables and.

" algebra, Very feW exercises required méathe- |

xiii

NTRODUCTION -

[N -
J

The mathematics cyrriéulum,:hl.ce that of
many other leamning® areas, underwent sub-

. "stantial revisions in the decadé of the sixties. .
New terms were introduced; topics 'such as

algebra and geowetry were presented in the

, elementary grades, and the reasoning behind °

_mathematicak operations was explained to
students, National Assssment took account

of these revisions in planning its’assessment . |
" afid meisured achiev¢ment in both “modern- -

math” and’ t“tgaditional-math® topics and .

‘terminology. The exercisés concemed with
modem-mtath concepts indicate the ‘number
of people familiagwith such.concepts, but thg.
assessment data are nat intended: to support
‘omparisons of curricula or teathing methods.

~

In designing the measﬁ;emént instruments for . _

the mathematics assessment, National Assess-
ment inchuded sorge variations from ths typi-

though the -majority -of the exercises were

exercises were used to elicit responses that
would be difficult o observe in a group.
situation. In mathematics, these exercises

“cal papertand-pencil mathematics test. TAR T

printed in beoklets and administeret tof*
* groups of 8 to 12 people, some exercises wére
. given on an individual basis. . “Individual”

were often used to observesthe processthata- .

person used to solve a problem,

K
¢

Many of the mathematics exercises were

open-ended (fill in the blank) rather than
multiplechoice. The responses to the open-
ended. exercises werg 'tabulated . in various
scoring categories. These categories revealed
percentages of people making particular errors

and thus provided some diagnostic informa-

tion about common mathematical mistakes.

Responses that could not be placed ip any of

the error categories were, placed in a category )

* called “othet Tuiacceptable.” Respondents

were instructed to write the words “[ don’t




kiow"” on the answet.hne r to fillan the oval
beside the I don’t know" choice if they felt
they did not knowsthe answer to a problem.

Approximately one-half of the exercises
-, administered in a learning area for a given
assessment year are released or made available
for publication. The pareleased exelf::lses are
kept securemthatlﬁeycanbereass&ssedma
future assessment to mezsure changes 'in
ability levels. In ,thxs"répont results for both

released and umgeleased exercises are dis- .

ewsSed; however, actual exercise text appm
only for rel%sed exercises.

National Assessment reports national percent-

ages of success for 9-year=lds, 13-year-olds :

.

17«yea.r-olc'is and young adults.” 'I:he Assess- . ~

A ' . <0l

ment also provides results for the followmng -. |
groups within the national population: sex, -
race, teglon of the country, level of parental ",
education’ and size and type of community,
Results for the different population groups

are not given for each.content area but-are.
discussed in the summary of .data fiom all
cqntent areas (Chapter 7). =, | , .
This report presents a general pjcture of .. v
performance for the different -age levels and - .
populationy groups for the entire niathematies . ».
assessment, Readers should consult the math-
emata(s selective reports ‘and-the mathematics
teshnical volum&c for additional mformatxon

. . . .

A} "c'
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‘ . —~ 'NUMBERS AND NUMERATION - .. ’
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Numbers . pravide a- means for quantifymng .  Several exercises assessed 9.year-olds’ ability *

objects n a ymiform fashion. Numeration is = to deal with place value, Seventy-fivé percent’
.the system ysed- for nammg, and organizing of thenation’s 9-year-olds corrdetly selected 6
numbers, {For example, alfpough different ~ ‘when asked, “Which digit is in the 10s place,
words and symbols can be +d identify ©  in 4,263?" Sirilarly, 74% of the 9-year-olds
the coneept“three,” the fdea of threeness identified 700+ 60+ 2 as the- proper expan-

i rémains ‘the .same. Dhffetent systems of num- sion of 762. A larger percentage, 87% at age °

 bers hawing specific ‘properties.bave alybeen. =~ 9, wrote a -threedigit number in Arabic -

defined; The properties of a number- system . nusnerals after hearing it expressed verbally.
help to*explain the reasons for the."'rules” of -° - : ' .

mathematical operations .} that ‘pgr;icular .Respondents at the «three upper age levels | .
) system. ' A B . . .were requested o use numerals with- a base -
S R ".* ' .other.thah 10. Fortyiwo percent -of ‘the )
. ~The first' sectiorff of this pter concerns 18-year-olds} '50% of- the 17-yeat-olds and” * -,

furperal systems:he second, n ber systems . 38% of the adulfs chose the correct meaning
ve | and their properties; the third, se¢ theory. The . - of 28.in a base:Q system.-Cldriging a base-10
' foifth section describey .computation, gnd . - number to a base5 number,proved .more .
-*" .. provlemdohihg kills, which- \lemand the - difficult, with 18% of the 13-yearolds, 14% .
S apphcation of the concepts ideluded in-the = of the ' 17:yedr-olds ‘and 6%. of the adults - R
5 first. three sections, Restlts for repeesentative - giving_ the correct answer: In thig {nstance, "o
» Y e‘xe{Ci‘Ses "neasunng abliltles, Wi : [zumm ‘o perceﬂtag&‘of )Smwss Were ﬁghest atﬁge'is Lt e 3
. » - :'gnd-humeration.are discussed in this chapter, - and droppedsﬁé@eésive_l’y at the two upper'age, °

-

. and results far-ell 'exp;cisés in-thie numbers & Jdevels. . ‘ . s 2
: and mumeration content area arg summarized o o, ‘ AN Lt
. atthe conclusion of the haptet. .~ + - ¢ = .~ The, exercises irf this~ sectioff% indicats - that - ", .
i et P i approximately 75% ‘of.the 9-yearolds wgpe | g
PN IPARPIS R MRS .ajje to use concepts of place value: Familiar- . . ~
e ot 'Nemers Systems ¢ .+ "ty with basps other thag 10 was not wide- X . -3

4

. B L o s - spread, particliarly at the afult level. Figure 1 .
.. ' Different.methods of *“naming’ numbers have provides a 'quick“comg.ﬁson ofresults onthe * .
is

‘« * bee useiT_x‘rg different culfures over the years. Exefeises discuséed in section. PR
== 1 /Pi% numezal syStem- is g positional system . i < ‘ ¢ T - »
“ A - “wpbn multiples of 10. This.geans.that . e D ‘
= N, # > “the'position of each numeéral affects its vaiue. .. Number Systems and Their Praperties
" for eiample, the humerat'l équals 1 when S .- . - . . .
IR A lérgted in the 1s column; the'same numerdt '~ Whole Nathbers ,  *” A A

s . - ‘éGhals 10 when placed in the ~10{ &olumn. . S _— .
‘s .. After students learn the numerals from:) to 8. - ] After students learn,the principles of the~

P they can génerate the symbols or-{larger . ‘decimal-plack-value Rumeral system,they be- .
- s kY M ', ¢ .y N SN, h #
’ » * puinerals uding the concepts of place valge. ", gin to study the propeplies of nymber sys- -
? o e P L / ’ -~(“ ' ' - o
’ .h‘ .-‘ "T ‘ “ ', . ' ; . :‘ M o~ . “'..' . = . ‘Q‘ * '

vy, RO TR S




. . ‘ FIGURE 1:fesults for Selected Exerclses: Numeral Systams
. Ce , v | Co e

{.

wiuch dugnt «n {08 place

".- properties concern operations, with whole
numbers — for example, the clasure, associa-
tive, commutative and distributive properties .

for addition and. muitiplication. R

.

" Over 80% of the 9-year-lds and over 95% of
the 13-yearolds successfully answered three
questions about number order. Eighty-two

+ . percent of the 9-yegr-old§ and .96% of the
13-year-olds knew titat 3,000,000 was greater~
thian 800,000;'86%.£,it"age 9 and 97% at age 13
knew- that 3,200 was greater than 3,000 and
86% of the 9.yearolds and 98% of the
13-year-olds arranged fouf two-digit numbers

- in the proper order. . :
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“-' L tems. The system of whole or countings -~ Several’ exercises dealt with identification of-
‘ numbers is' the»first sysfem encountered, " odd, evensand prime numbers. Seventy-eight
" Some properties.of:.this system include the-, -percent of the 9-year-olds were able to write  «
P _ method of ordering numbers ‘and the exis- . at least one even number, and 72%.could give
=", - tence of.odd, even and prime numbets. Othter at least ond* odd number, Idertification of

prime numbers (numbers evenly divisible only
"by themselves and one) was easier for 13- and
-year-olds; than’ for 9-year-olds and adults, v
iverr a choice of four numhers; 8% atage9, .
58% at age|13, 69%. at age 17.and 20% at

. adult.con'edly indicated the priine numb_er.‘ ‘

Y7y o

Other assessinent it.eins,_é;ncemea properties * *
of operations with whole nuimbers, Mast 9-,
« and 13-year-Glds were familiar with the_addi-

™~

iive and  multiplicative properties of zero. .
‘«. Ninety-four ercent -of the 9-year-olds and . .
3_98% of the 13-year-olds successfully added

-zero and & given number; 88% at age 9 and -
e ¢ 94% at age 13|correctly subtracted zero from

-
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age 13 were able to multiply a nudnber by
zero.

At age 9, 73% indicated that they -ufxderst.ood
that mumphmtxon, is a form of addition;
answering comectly that- 3x5 equals,
3#3+3+3+3. Over80 attheupperthree
.age levels (82% at age 13, B8% at age 17 and
86% -at adult) and 42% at age 9 knew how to

* use addition to check a subtraction problem,

= a given number; and 81% at age ¥ and 95% at |

showing some knowledge df the relationship .°

. between addmgn and subtractlon

Flgure 2. shows results for the exe.rczs&s
discussed above. Percentages of success were
hlgh for the order properties and ldentxty
Properties ffwhole numbers and lower for =
identjfication of odd, even and prine num-

b:qs. [ ‘ _ ‘,...‘ :
. o "y . .

~ * ~

Rau'onal Numbers

-
. -
-

Another number system mtroduced in- tle
elemeptary grades is th& system of rational -

¢ . Tumbers* Rationgl numbers dre numbers of

the form ath where b # 0. These nutabess can*
be““expressed as frdctions, terminating br -
_¥epeating decimals of percents. At the 9-year:
old level, students 'fearn .that- fractions, are”

parts “of a whole; ‘they begin to appreciate * -

«

- relative sizes*of frastions, and titey also learn

'how tor represent fractions 'in numerical

. 7 symbols. At the upper age levels,.additional

methods” of* representmg rational numbers —
" decimals and percents — are mﬁ-odu(;ed, and
propert:&; ahd operatlons for, ranon&l num-
" bers are discussed. . . :
Nme yeax-o!ﬁs answered several qu&etlons of
the type shown in Exhlbxt 1. o

R - ly : ) -
s

'I‘hn'ty-om.f percent of the 9- yea;—olds correct-
" ly identified 14 of a rectangle 2/6 ofa circle
‘and .2/5 of a circle. Slightly more (37%)
) named 4/8. of a rectangle. However, only 18%
eorpectly Jabeled 1/3 of a rectangle. Twenty-_
five percent of the 9-year-olds answered all of
“the first four examples acceptably; 60% did
not answer any of the four xtemvorredtly

»

EXHIBIT 1.9-Year-Old Exercises About
Reprmnuuon of Fractions . -

What fractional pan of the fiQure be!ow 1S shadcd"

%

ANSWER ___"*

.
? » . .
- ~. . P
\

" Sixty-five perce\t of “the I&-year-o;lds and .

81% of the l'l-year-olds su gessﬁmy selected
the proper reduction -of 49/5 (9 2/5). The
9-year-old percentage of succ&ss on this exer- «

cxse was low (dbot;t 7%) . -

R&spondéqts were a]scr asked to app}y the
order property- to- fractional numpbers. Nine-
teén percent of the 13-year-olds 39% of the
1:7-year-olds and -36% of the adults knew that
3/16 was closer to 5/32 than to 1/4, 5/16 or
3/8-Tiftysix percent of the }3—yea.r-olds and.
83% &F the 17-year-olds werg'svecessful when
.- requested: to identify the {raction betwesn
.two given fractwns . .

¢

v
[N

Representatxom of rational n
. mals_and, per@nts was assessed
older age’ leyels, The decimal .3333. .

: succesfu‘ﬂy translated as 1/3 by 12% at age .

13, 41% at age 17 and 52% at%dult About’
two-fifths of the 13-year-olds-and two-thirds

*f the 17-year-olds correctly gave the percent *
. eqmvalenttd 1?5 (20%

In addition, respondents determined the prop-
-er order for several sets of decimals, Close to

 85%.0f the 13-year-olds and over 90% of the

17-year-olds and adults correctly- 'selected 50 ...
* as gredter than 0:5,°0.05 arid 0.005. Percent.
ages of success were lower — 51% atage 13,
75% at, age 17 and 4% at .adult — for
ohoosmg 0.022 as being smallgr than 2 002,

“0.22 or 0202, Figure 3 shows results for the -

solected exercises mvolvm=g ratxonal nymbers.

-
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FIGURE 4. Results for Selected Exercises: Set Theory *°

%

Ll Set theory prowd&e 3 language for organizing

and expressing mathematical concepts Know-
ledge of the tefminology and properties of
sets is useful in understanding the properties
of aumber systems, and forms a foundahon
t‘or learning mote advanced mathematxcs, for
example, topology, advanced algebri’ or calcu
lu¢. Exércises about sets included in" .thé

mathematws assessment were focused upon
set Mmmology and simple mampulatlons of
sets. - . e

.
»

.
J

Nearly half of the Q}earolds correctly an-

e swered that there were four eléments in the

fouowmg‘wset ‘{6, 3, 2, 7]. Forty-three per-
tent at age 13 and 55%.at age 17, but only 5% -
at ages 9 and adult, .successfully listed the

“-union of two sets~"The intersection of two

sets of numbers was correctly given by 59% of '
the 13-year-olds and 71% of the 17-year-olds.’
Approximately one owt of five 9.year-olds

. properly stated thé mtersectxor; of two sets of

school children. Figuté 4 presents resulgs for* ,
the four age levdls for t.h'ase exerclse§ about,
sets. -, '

A ” Age9 . - &
how many slements in set R ’ e .
, * “ . Age 13. Y
.::. . . 3
33, As Y2 .
1. s
Adult -7 .
ynion of two.sets "
Y . N ... .‘
.
» ~ )
K4 . . 0 .(;
* intersaction df two sets eves0e ” )
o eqeee e oo-nu.oo---.vcouuc.uonouumooooococccocuoc. sesvtese - N . e
s ........l.“..‘....". ....... b444 b4 o e
4 [4 M PO r X3 * .
intersaction of two sots ) g
. of school chitdrer » v . r - 1
" - - * 3 5 *
~ :_f Ll $ i 'y —t ! I L PR 3 —— -
- , v L 4 t L] . i - A d ) Ll . .
. 0 10% ‘20% s - 30% . 40% 50% - 60% . 70% 8ok . ?Q‘x 100%
’ - s ’ .
.
. . . S - ’ '_".
T Set Theory -+ Operations With. Rea] Numbers —

AnthmetlcComputanon : .
Students m use the propértxes of number
sy.stems afid the principles of set theory n *
leamning to add, sublract, multiply and di-

. vide — first vn;h whole numbers, later \\’vlth

rational numbers and integers. While dew?elop )
ing co iputational skllls students also learn .
problemsolying techmqu&e 50 thal,,the‘y can
apply mathematus m vanous sxtum

1. an j .
_“Results for thé comp&tatlow exer&m m’the 5.
-matliematies assessment-.are summarized fonef- .
ly in tlis overview, readers deswring more .
detgiled data on results for mathematics
computation should consult the .report Math_
Fundamentals. Selected” Results From the °..
. First, National Assessment "of Mathematzcs L
Report04MA01 O s i

’Responde.nts at al age le‘vels solved four ¢ |
problems using each .of the four computa- )
tipnal operations with whole numbers. The
problems and fesults for each age tvel appear

.. in Table 1. The Tesults show that Q-year-(c;}d
29
~

had dxffidﬂty vthh multxphcahon and

LA
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* ¢ olds success{ully 3dd

.
- . 4

I _ TABLE.}. Whgle-Number Computation .

third and fourth grades, but that they were

\ more successful, with additign and subtrae-

* , \ ‘tion. Nearly 80% of the 9.year-elds solved the .
e " \*

addition problem (which tequired renaming

or carrying), arid more than half shccessfully

completed the subfraction problem with re-

naming (borrowing). Nedrly 90% of the 13-

ear-olds_and over 90% of -the -17-year-6lds

d adults corxectly answered the addition,

. subtraction and division problems; percefit-

akes of success were slightly lower on ‘the
multiplication problem given.

S T - .

‘en-, 17-year-olds and adults completed

tions using .integers, fractions, deci-

- mals an¥ perc

" olds and*p¥¢

tee-fourths of the 17-year:
two negative integers.
Multipheation, of tXo negative integers proved

ts. Two-thirds-of the 13-year- .

. .
.
» . -

. Al . . N

’
- .
o ‘ . LS
- -

* more diffictlt: 39% at dge 13 and 68% at age ‘o
17 gnswered orrectly, The additional 48% of

.o Y Aged Apeld Ageld 2Adut ! " the 18.year-olds and 24% of the 17-year-olds
o aa -~ multiplied correetly. but gave the wrong sfgn et
. . ,. % for their answer. Voo .
35 : T C -
RalA In Gomputing with unit fractiogs (fractions _
. - - osn 91t 973 T with, 1 as the numfa%ator),“m% of -the 13- -« *
. ‘ .S o vearold€ and 66% o the*17-yeat-olds added
“ B subimact veoe- tWo- fraictions accurately. Resujts were higher
, ~ . - . o ~ for multiplying two-unit fractions, with 62%
Y I © at age 13 4% at age 17 answering
. \__‘lt ' . . - correctly. In working with deoimals, 60% at = ."
R, ; o tss caee e age 13, 8% at age 17 and T4% af adult . ' ]
N c T , ' - subtracted 23.8 from'62.1 correctly. Percent- . °
. C ‘uluply N ages of success for multiplying two decimals
‘ " were- 48%.'for 13yearqlds’ and 73% for’
- . 17-year-olds. An a;lditz’onal 26% at age 13 and Lt
. :, ‘ _ 16% at age 17 multiplied correctly but mis- 3 os
2 ¥ 83 o 8§ . 8l placed the decimal point. e L L.
* N “ * . i ‘ . : M ‘
*..D Diade: Y . .- Responderits also MWS to .
s ! s : solve word_ problems. X" typi 9.year-old ’
. : eyt problem is presented in-Table 2. Fortysix
5o 15 89 93 93, . "=+ percent of the 9.yearlds determined the -
‘ e . ’ ~ necespary. aperation and multiplied 3x7T -
All tour problems , N correcMly. . - . " L ' .
Lorrest 68+ 78 72 R Pt e :
: . ‘. . e nf ! hd
\ " {ssensk inducates,corrzct answer. e — L . , LD
B — — _* / TABLE2 ExercisapdResults: fest ~ "o f
ston, which are not genérally- taught until the ?'Yilfom Word Prolilem . '.,~. Tl

- . , . .
to orbit the earth in x'space capsule
If he drinks three pints of watereach
be needed -

>

“An astronaut 1s
for seven days,
day,how many pints of drinking water will
for the'trip? o0

P N XX

- 5
. .

e X Ageg. E d

,Respondents answenng 21 or21 ’pints‘ 46%

* Ayterisk indicates correct answer, - S

. ~ L

Table 3-presents a typical problem for the
three older age lévels. In this problem respon-
dents had to divide the speed by the distance
travéled to, find the answer. Approximately
one-third of the "13-year-olds ahd. two-thirds
of the )7-year-olds:and adults solved this "
problem correctly. ’

7' ol .
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. _ TABLE 3 Exercive £nd Results,’
: ' S E 17-Year-Old and Adult Wortl Problem

Jf John drives at" an average speed of 50 miles an
hour how man) hours will it take him to drive 275

. . TAstensk mg'calu correct answer.

.t tPercentages do not total 1007 as all}e.sp:ms:

.y . categones arg not shown,
A

[ mﬂs’ .. ! A
- - R - . . -
T Age 13 Age 17~ Adult
‘e s ” heo. . v-. T 1 ’ . .
’ﬁ;hms‘omm.s:: . -
s hrs SS.etc® . 33 637 6~
P 5" Wrote dowh.pm}:wem nght ‘ 2
Z o+ ne'o. mcorreut answer 15 7 12 ¥
: ;‘. B r .‘ - i
v . S
A .:\nswenng:v)and s, \‘. .
. Shrs,ang 15, N '&. 11 4 is

s
s - 0y
3 o
-

. e ~  Sumymary
A Numbers and numér&tlon include many of the
< p concépts necessary for understanding “'basic™
‘mathematies” Lack of abili ity with these con-
. cepts, creafes a  serioys handicap’ in using
L * mathematics m-everyday ilfe -

Percentages of success spaftned .a wide range

. on these exercises — from close to 100% on

. * ‘'exercises such as 3+ 0 and 3 -0 to under 3% .
-

?

on e\eruses about ordenng fiactions and
using bases other than 10. People appear to
have a good grasp of simple addkion and
subtractlon skalls, espec1ally at the 17-year-old
and adult Jevels. Percentdges of _correct re- .
sponsés were lower on exercises requiring
other skills, such as solving word problems or
. computing with percehts )

Tables 4and 5 dlsplay summary statistics for
all exercises included in the numberg and
‘\ nurperanon content area. Summary statistics
. cannot give a complete picture of ability ina
content . area because’' by \helr nature they
§  Sumumarize data, removing particular cases and
>pec1f1c exceptions in order to describe the
‘whole in -a geheral fashion. However, the
f statistics presented do provide a rough gauge
of relative abilities for* the various age levels.
, <

Table 4 shows the medlan percentages for all -
exercises assessed for a particular content area
at an age level. The median percentage 1s the
number above and below which half the
percentages lie when percentages of success -
for all the exercises are arrange@ in rank
order. In Table\§ median percentages are first
shown' far all exercises included 1n the num-
bers and numeraton content area. Then,
median percentages. for all exerciges In the

. \ \\

Ad »
N v

N -
L, (]

. . . v

‘o

A Wt ‘.,

- k)

. . )
. Numbers #nd numeration tentire chapter)
-+ median percentages of success

ERIC R

,

TABLE 4. Median Percentages of Suce

ess - Numbers and Numeration Exercises*

" Age 9 Age 13 Age 17 Agult

LN

707 65\7 ¢

. ,\'umbe'r of exercises summarized "4 £56) (74) (44) \ ¢
. hd 0. . .
. - » L J .
. . . . /Q
. Numeral systems and properties of number , o
.« . systems (Sections 1 and 2)  median s 2 / T, \ A \ )
percentages of success . 63 58 . 65 42 \ \
. L . . . > A Y
o Number of exercisés summanzed* . 36y b (29) ey -
Operations with real numbers (Section 4) - " <l . - RN
. median percentages of success \ 30 64~ 77 Y\ 75 ) « V)
’ . .
'Numher of exerclses summarized (.\5 I (40) f41), (27) ' X
. % -
* . *Exercises on.set theory were not summanczed. thus, axem:c totals for Secuions 1. 2 and \
‘ : / 4 do not equal the total for the entre chapier. v h . ‘\
\ . s .
. N 1
Y : '
. 8 s N
4 .
: \ . !
[\ }
Q ~
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first two séctions in the chapter— Numeral
Systems and Properties of Number Sys-
tems — and for all exercises in the fourth
section — Operations ‘With Real Numbers = )
are presented so that relative performance in
the two areas can be seen. Exercises on set
theory were not summarized separately due
to the small number of these exercises in the
mathematics assessment.

\) L)

It must be remembered that different exer-
cises were assessed in the different sections of
the numbers and numeration content area,’
and the exercises may not have been of %
identical difficulty. Thus, the median percent ¥
ages should be used as an indication of %’
relative performancg, not as absolute figures 3
representing a fixed ability level." 3

»

@y

Table 5 displays median percentages of suc-
cess on ‘‘overlap” exercises. National ‘Assess-

ment uses the term overlap to designate

exercises assessed at more than one age level.,
Thus,. in computing the overlap medians,
\dentieal exercise pools are considered for the
two age levels being compared. Since the
composition of the exercise pool is held
constant, comparisons %f age-level perform-
ance can be made. : .

Neither the overall medians nor the overlap
medians ' standing alone adequately describe

1

.

perférmancg. The medians provide a picture
of abilities for.each age but cross-age eompari-
sons canrot be made as the exercises are not
identical. The overlap medians, .in contrast,
show perceptages of succéss for tdentical
exercises, but the exercises included are not
necessarily repyesentative of the overall ability
_level ut each age. The 9.year-old, median
percentage reflects their ability with all Q-
year-old exercises; -the overlap medians d
not. Readers should consider.data from bot
tables in evajuating performance on the num-
bers and numeration exercises. '
- % -
As indicated in Table 4, 9-year'oldé displayed
greater facility with the purberal systems and -
properties‘of number systems than with com-
putation. At_the 13- 4nd 17-year-old levels,
the advantage was' wi computational skills. -
Adults dlearly showed greater ability on the
. computation exercises an on the numeral. °
v and number systems exeradises. ) .

. This does not mean that 13-, 17-year-olds and
adults cannot ¢ount or write numbers as well
as 9-year-olds. Retf»pondii".'L at the upper age
» levels had greafer diffidwlty with items on.
. representation - and orderirig of decimals and .
fractions and in working with ‘different bases,’ '
items that generally were not\\administere'd at

ged. - o

' * e s \
TABLE 5. Median Percentages of Success on'Overlap Exercises — J v
Numbers and Numeration* ,
-+
. ‘ & Age9 - Age 13 Ee 13 — Age 17 Aged7/— Adult '
- > ) -
Numbers and numeration —~ median . . .
percentages of syccess 29% 80% 51% 2% | 69% \ 63%
, ) % ) ‘ ' \ ‘
Number of exercises summarized  (43) (43) (67 (67) (43) (43)

7ol

T
*Numbers of overlap exercises were not sufficient for geparate analysis of numeral

\\ systems, properties of number systems or aperations with real numbers.
: ¢
¢ (% =
- &
A *
. ' \
¢ - L,
; .
by b b [
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In working with severai other units of meas-
.urement, shghtly over two-thifds of the 9-

* »

-

>t - -

< box having different internal. and extemal
™ dimensions. The difference was in units of

1 -

-

oy, ‘e .
, CHAPTER 2 )
| « . ’
i .. °
. 7 MEASUREMENT X
> ] - \
/ ’ We use measurement to quanti‘fy many things year-olds determined the amount of money ,
) In our world, from the simplest to the most equaled by‘one quarter, two nickels and four :
_ complex. The child using a ‘ruler is deter- * pennies;.44% of the 9.year-olds and 84% of
: . mung the number of units in a given ‘the ‘13-yedr-olds, correctly gave the number of
= distance; the scientist calculating the distance quarts in a gillon. .
to the moon 1s doing the same thing, although t S . o
. the units aredefined differently and the ' T : PN
distance cannot be “measured” directly. Use of Measurement Instr::ments. .
The measurement exercises that formed part '  Nine-yéar-olds and 13year-okls were asked to
of the mathematics assessment included read two measuring instruments — a, thermo-
recognition of various types of measurement ieter and a tuler. On both exarcises, percent-
units and theur relationships, use of measure- . ages of success varied according £o the size of".
ment instryments, CORversion of quantities the gradations involVed. When shown'a model -
. .from one unit tQ andther and application of "of a thermometer indicating a temperature
i metnc geometry. The .exercises concemed that was 2 multiple. of 10, 92% at.age 9 ‘and
i measures of time, temperature, weight, 96% at age 13 read the temperature corréctly.
. . * . « e
length, capacity and area. : _ However, results were lower — 19% for age 9
. : ! "and 55% for age 13— when respondents had |
i ’ . " to use gradatiohs.of twa degrees. -
S Representative 8-Year-Old Exercises’ ) o e T
- ) . ‘ . The size of the iterval§ used.alsp affected
Two 9-year-old exercises concemed measure- " performance on reading aruler. Nipe-year-old
ment of fime, one involving calendar time;the . and 13-year-old respdndents were shown four
other, clock time. Forty-five percent of the marked’ points on a ruler. Naming the four
_ 9-year-olds correctly gnswered that the date - ‘points required the aBilityj ‘to read whole -
one week after July 4 is July 11. One-fourth inthes, half inches, quarter inches and eighth
of the 9-year-olds knew +that the amount of inches, ' Percentdges of Success®on each of
' time between 4:25 and 5:00 was 35 minutgs. s these categories are. shown_in Table 6.
. . . . Respondénts at ages 9and 13 also measured
. Nine-year-olds- were also asked to tell time the width and length of a board. The task
when shown a model of a clock, Ninetysix proved easier when the distance to be’meas-
. percent of the 9-year-olds. accurately gavethe ured was under 12 inches; the difficulty was
* time when the clock was et on the hour. “greater whén the distancé was over 12’ inches
App-roximate]y 80% were successful When.the - ‘dnd the .ruleg had to be moved. Results for
‘time shown lwas half past the hour, and 74% .  -°this exertise are also shown in Table 6.
. were able set the clack to indicate 15 > .. i -
minutes past the hour. . Respondents at all four age levels used a ruler,
. ~ " to determine the thickness of the bottom of a




N .
- "‘ . ) x
’

-

. . TABLE 6. Percent Correctly Reading Vinous .
' Interval Marks on a Raler

\- . \ .

N

€ meas-
: urement units. Respohdenis were asked 2o
. ‘. determine which of two amounts, gitén ifi..
. B dxfferent umts was larger for five© ty'pes of
measurement.” The exercise and; resylts are

_shown ‘in Tablé 7. The s‘elatxensh;p between

feat and ‘yards- was most ‘obviods for respon:

. dents &¢.the-three upper dge levels. Nine-, 13-
** - and 17-year-olds had the most difficulty with

. levels, examined the abxhty to com

JFlet>yards ' 32 "54'3 97% gan ¢
. 'ﬁntwﬁa:ms . 8 ‘;2 94" 95
':\';ckels:drmcc .93 &
. chl.u-;nonﬂ;§ 04. 99 .
' ~  Qunces- poxind:§ ;85 <92

M ’ hd - . . ! . '.
. : .. . . L/g/;gel%.
. .

Read whole utches 847, 93
. Read half inches 60 83
. e Read quarter inches B 14 sS4
Read eighth inches 1 .25,
. Measured widtf of board
. twholé 1nches under 12) © R2 91
. A ’
Measf.u-cd lerigth of bo.u‘d
- (whole inches over 12) L 47 73
whole mchas Eighteen percent at age 9, 43%
s . % atage'l3, 60%-at age 17 and 64% at adult.
N . feund ‘the correct dtffexe.nce D
tat . FORA -
~+ Comparison.and Cor'wer;sion&of ' g
: Measurement UnItS
- . ‘One exei’cnse adrmmstered at ail four age ‘

. " the relatmnshlp of pounds and ounces.

0 U TABLE7 Exergisés andResults s - . -
' t~ " ~ . Measurerient Comparisons, =~ - .
-= ‘ o Aged agel13- Tage 17 ',;"Agulﬁ' _

.

.

Several items dealing with conversion of units
were. adminjstered at ages 13, 17-and &dult.
_-Units of time, weight, length and capacity
" wete included. Results for these exercises,
which mcluded units of time, weight, length
and éapacity, are shown in Table 8. As the
table mdicates, the ability to- convert umts
with the exception of the ‘months and years
exetcise, was qmte snmlar for different types
of measurgs.

VI

- - N, - -

TABLE.S Respilis for Five Exercises’About
Conversmn of Umts' Aga 13,17 and Adult

..,

A

gc 13QAge 17 Adult’®

?Omonthb ‘x»eaﬁx ’ O R ) ..
'ﬁonxhs o T8% QT 9% . *
‘. L N St . o .

Vumtxcr of ounccsun given ¥ .y - tes .

) numbcs of pounds S 43 I 64,773 :

umber o% )ard\_m gn.cn MR,

number of feet ~ .. 47 »65 ‘66
\umber of pﬁ'ﬁs n ﬁwm TN ', - {, o ‘

nuﬂzbe. ofgaﬂ«%':f.; 4.7 Coee 68 .
677 claser to 84" \hart - -'--. oRD

to 66, T2 or 90nches ' ° | -'45 .66 @S T
. Lo~ [N ’. D .{ e .
‘. ' ,! . v 1 o, o : s
- T o T s
" v . ’ . "-a v >
N g . N Y - .. 5 N N
- .. > » ,'.' ~ .::' )
~ Yoea ". ’ ' - T S e
. ap e L ) .... .
LR Memc Gebmetry ., e Lt

Respondents also used geometnc fotmulas to _ ,
. calculate ‘measurements. Seven parcent.of the = |7 ;.
13~year-o]ds and shghtly over :25% of the

17 -yedr-olds and: adults correctly found thew, ., ..
area of a square W;th a perimeter of 12, zpches~ o~
Swenteen-yearofds and adufts Averg’ mére. -/

successful in us,mg a geometric formula to

find the. fumber of gillon cans of paint |

needed 40 coyérva 48footx‘10 foot areq :
‘when. one ean covered 25Q square. feet,
Twofifths of the'17.year-olds and three-fifths s
",of the ‘adults correctly stated that two tans of .
pamewouldt\zneeded R LT -

"4
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Summary

Respondents seemed farly successful m ‘ap-
plying measurémeft® concepts. Median per-
centages of success ahd overlap medians are
shown in-Table 9. As discussed 1, Chapter 1,
. overall medians for all the measurement-exer-
cises should not be compared across ages since
the exercises given to each age level wére not
Jdentical. Overtap medians.do provide a megns

for age-level compansons but are not a com-

plete ‘picture of each age level's performance.
~ The two statistics should Be considered to-
{ gether.
t N P
" The median percentage of 65% for 17-year-
olds indicates that on hf of the 29 exercises
admunistered to 17-year-olds; gver 65% of the
respondents answered comrectly. For adults,
* on half of the 29 exercises admhnistered, over

73% responded correctly. The overall medians -

and ovetlap medians for 17-year-olds and
adults are the same because the 17-year-old

and adult 1tems in this contént area wefe:

identical.

Nine-year-olds were most successful with

simple mampulations of ‘measuring instru- -

ments. Over 90% could read-a thermometer

.
l‘ Za x

[}
13

set'at a multiplet of 10 degrees and se{ a-clock
to an even hour; 84% could use a ruler to
make a measurement in whol&iliches-' Per-
centages of correct resppnses were also -high
", for comparisons of pints’ ajid quarts, nickels
and dimes and feet and yards. The 9-year-dlds
had considerable diffjculty in using a.ruler to

. neasure quarter and eighth inches. >

Patterns of success at age 13 were similar to
thpse ‘for 9-year-olds Over 90% correctly
compared quantities ‘of pints and quarts,
nickels and dimes and feet and yards. Ninety-
three- percent .successfully. "used g ruler to
measure in ‘whole inches, and 83% correctly
measured half inches. Thirteen-year-olds'also
— . found measuring to eighth inches trouble-

some,
Y Q . !

. On the majority -of the measurement exer-

. cises, adults held an advantage over 17-yeat-

olds. Adult*performance was furthest above’

+that of 17-year-olds— 20, percentdge

_ points —on the problem about the number of

~...cans of paint needed to, cover a certain area.

Adults were also generally more successfyl in

making conversiens from ope type of unit to
another. 5 ° .

. '

« -
h 4 -~

—~%

’ N

of Success =

P TABLE 9. Median.and Overlap Median Persentages
. r Measurement Exercises .
’ Age 9 Age13 # Agel? - Adull
Meduan percenta"ges of success.-* .~ 467 63% 65% ( . 739
- d T, " d - : et
\umbes of exercises summanzed . ¢ (35) (39 29 29) -
£ . s . L
' . Age9—Age 13 Age 13— Age17 Aged7 — Adult
" Overlap median percentages , ‘ ‘
of success ’ 457 73%  J8%T 8% . 65% 3% -
N \umber of exercises summanized  (22) 2 ¢19) {19) 29 29)
- ¢ Y
K> . . *
6 8 * L d‘ )
v, * b N
Pl !- . r . \ )
: l SRR 13 i -/
i L
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CHAPTER 3 . .
! GEOMETRY . . L

TABLE 10, Percentages of Correct Responses to ..

! ~ Geometry m pnmary grades consists .
Question “What is the Name of This Figure?” ¢

manly of learning the names of vanous:
shapes and figures and understanding the

. concept of two- and three-dimensional space. Age9 - Agel3  Agell  Adul

-

Students m _the upper elementary grades . <Circle -* 7 96% = 95% 97% * 91%
. apply formulas to cdlcilate perimeter, area . ot ”,
) and volume. They. also use instruments such . Tnangle - . 88 - 89 ".92 89
a5, the straightedge, compass and protractor to - ] . .
construét and measure geometric figures. - Cone L 7 .
Secondary school ‘students may o® may not Cylinder 3 7 24 53 " s
study geometry further ‘depending on the - ’ : -
* mathematies courses_ that they taket The Cube et 4 23 41 .52 °
* National Assessment of Educational Progress i ) " .
. (NAEP) mathematics assessment was concem- Sphere 2L _46 4 -
i ed ‘mainly with the informal _geometry en: * Ellipse I 11 10, o
' countered in the elementary grades prior to ) : ’ N .
e _ fptmal geometry courses. Thus, no geometric . - >
, proofs were included arid few exercises re- ‘ -t ¢
’ quired skills from specific geometry courses. identify parallel lines "when shown several
. - ‘ ' different configurations ,of lines. However,

. . only 18% at age 9 successfully drew a line.
*  |dentification of Geometric Figures ’ <.

pargllel to a given line.

Respondents at all four age levels were askéd
to supply the correct geometric nemes when
shown actual models of eight geometric fig-
ures, Percentages of correct responses for the
various objects aré given in Table 10. At all
ages, percentages of success were highest for

Approximately half of the 18-year-olds and-
_three-fourths of the 17-year-olds demonstrat-

ed that they knew the relationship between

the radius -and the diameter of a- circle -

(d=2r).

1 s

About one-third of the 9~yéar-olds; were able¥
to identify a right angle when-given the 'S

.. naming the circle.

LI 3

. Nine-year-olds were, also asked to idenﬁfy

. drawings of a rectangle and a triangle. About
three-fourths of the 9-year-olds identified a
drawing of a rectangle ‘when alternative’
choices included a parallelogram, a trapezoid .
and a triangle. Slightly less-(72%) of the
9-year-olds properly named a triangle.

A

Almost half of the 9-year-olds were able to

alternatives right, acute end obtuse. Forty -
three percent of the 13-year-olds and 73% of _
the 17-year-olds\stated correctlythat there
are'90° in the angle formed by the hands of a,

tlock-at 3 o’clock. : ' PR

“on the géometric; -

Figure 5° compares .
i uding the exercise) , '

identification ex 4
shown in Table 10,

i T~
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FIGURE §. Rusults fof Selected Exercises: _-Geomen—y_'-

Identification of Geomethc Figures

figureop te .

- v

Exghteen percent of the 17 year-o}as and 2 %

of tha adults xﬁd S0 succ&ssfully

L &
" . f . L Y LS
identsfy g rectangle ""I _-Ag'esi
- N AQ' 13
- -
1 : Age 17
dentity atrangle 2. “ 1 - . R
) A ¢ d N ¢
dentify pacallel lines . X
draw parallel lines , .
. ’ < “ ., )
dismetyr—= 2 (radius) Seres
| b::otooooooccoooouJoo.oonmooouooooooocuocoFooooooono:o:zEE::::i .
X » ’
1dentity a right angle ! I \ .
90° in angle of clock st . L .:"". ‘ et !
3 o'elock . =::.”..‘¥ & -0503..::..0oooohﬁooooo‘ooc.oooooooo::o::i:? ’ N
- [ * - { 3 : . 3 ) 'y .1 r ’L‘ 3t & 1‘ ‘-' .
T / 0 g% | 20% -3% ) 4% [ S0% , 60% .. 70%  80%  90%  100% °
. N . ) ~ ’ "y
/ v : Yoo . . 4 ‘
L -Gpometrrc Calculat:ons L e —o :
Nme-yea.r-o]{b had difficulty with the’ eoncept k2 ~ o
‘of perimetér in & word problem Only 7% . - ke BB - -
figured out how much fepée would Ye needed . . . .
to enclose a 9-foot x 5-foot ‘garden. Forty- s L -
‘three pertesit of the 9-year-olds added 9 and 5 e 1o "’
, dot an*ﬂ.ﬁsvzer of T4, and 16% respongea with /.. . : .
“I dan éknow oo r ‘ ) s : . i
/ : e : )
Seventeen-yeands ahd ‘adults were asked " - 1
ﬁnd‘the a-of the‘shaded portion df th¢ - .

rdéponded that it would take three cubes to
fill the ¢rate. Nine, 13- and 17-yedr-olds were
shown-a picture of a rectangular solid marked
off in cybes and asked, to determine the total
number of cubes 4t contained. Six percent of
the. 9-year-olds, 21% of the 13-year-olds and' .
43% of the 17-year-olds did so successf
Fourteen perce t{at age 17 and 21% at
correctly mlcv7la‘ted & volume mn c:xb: .

“ob
%
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" FIGURE 6. Results for Setected Exercises: Geometric Calculations
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when nwo dimensions were given incfeet and

one in inches. Figure §.displays results for the ’

geometric-calculation exercises. ‘

-
> . .
. Al

"+, Use of a Protractor

-

et

" Thirteen-year-olds, 17-yearolds ind adults®
. used a protractor to measure two acute angles

and bne, obtuse ahgle. On the two acute
. angles, perbentages Of siccess

36% for 13-year-olds, 57% "and 60% for

17-year-olds and 47% and 48% for ‘adults,

Percentages of success on the obtuse angle

were the following: 31% at age 13, 52% at age

17 and 44% at adult. .

¢ Construction . -

Thirteeq-year-old and 17-year-old respondents

were asked to perform a geometric construc-

tion — bisecting an angle-using a straightedge
o . N . y

.
’

es of success were 33% and .

N - i
and compass. Ten percent of the 183.year-olds
and 37% of the }7-year-olds made an ade-
quate comstruction; 55% of the 13-year-olds
and 80% of the 17-year-olds responded with
“I'don’t know.””,

Lo, .
N ~ Sunimary . ,

idéntification of familiar geometric figores

= seemed. the .easiest par} of the geometry
assessment for respondents. course, some

figures were a good deal more familiar than

* others, The circle and the triangle were ‘most

“often named correctly by aikage levels, while
the cube, the sphere and the ellipse proved

) ;hore difficult to identify atall ages." , /. °

Respondents were generally;more successfil A
at recogpizing the name ofa figure in alist of °

- muitiple<choice alternatives than in recalling...

the name when shown a model of the .ﬁg'&te.
For example, 21% at age’ 9, 66%, at age 13,

e -

s
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82% at age 17 and 81% at adult cormectly
selected cylindér from a list” of alternitives
when asked the question, “Which geometric
figure is shaped most like a (familiar object)?”

* 'In contrast, 3% of the 9-year-olds, 24% of the .
13-year-olds, 53%, of, the }7-year-olds and” ¢
56% of the adults named & cylinder when
showd a plastic gnodel-of the figure.

. i

Some o} the metric geqmetry, exercises proved
-difficult for respondents. The majority of
9-year-olds were 'not ‘able £6 solve the area and
voluthe problems included in the assessment:
under 50% at age 9 got any of these problems
right Thirteen-year-olds also had difficulty in
cal¢ulating volume. Although 83% knew that
three oneiinch cubes would fit into a crate .
17 x 17" x 3", when shown pictures of the
respective sizes Hf the figures, only 21%
correctly determined the volume of a rectan-
gular solid "'marked in cubes. Forty-three
percent at ag;a 17 found the volume of the

- -

e - e~ .
_ rectangular solid; however, less than onefifth
at,age 17 and. 21 to 26% of the. adults found -
the area of the shaded border shown on’ page
16 and correctly figured a volume 1n_cubic
¢ feet, - C )

.
. - .

- As in previous chapters, median percéntages
of suctess and dverlap percentages of success
.are presented {see Table 11) to give ap idea of-
overdll performanee’in the geometry content
area at each age level and to allow some
comparison of relative performance, of the age

<levels. As explained in ‘Chapter ], extremé
care must -be used in interpreting these num-
bers. Both the overall and the overlap medians
should be considered in evaluating perform-
anee. It also must be remembered that these
numbers represent success on the National
Assessmerit geometry éxercises, not success
on the entire gubject-lnatter area defined as
“geomet.gy.” -,

. LY
« . TABLE1LIL ;!edian and Overl:p Median Perventages of Success,—
. Geometry Exercises
SRR ‘ Age9 Age13 "t Agel? ) 'r ’ Adult
Median percentages of success 28% S:I% . , 5% - 33%’ '
. Number of exercises summarized (39 ] AN YD) '(9_:7.)' ) o .(29) o .

» . B ~
LI .
]

Age9 —Age 13 Age13—Agel7 Age 17 — Adult

Y

Overlap median percentages 2 _ . .o T
of success, . 28% , _98% 47% ‘;70%.x 60% 53%
F °* , ) PEN i "N )
N Number of exercises summarized  (27) 27) .. (29) (29 * (29). - 10N
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VARIABLES AND:

%

- . .
2 . . ¢
' - CHAPTERE - \
RELATIONSHIPS

The study of variablés and relationships pro- -
wnides a foundation for the study of higher
mathematics. Vanables are negessary to talk
about general rather than particular cases. The,
relationships between variables are tmportant
"1 developmg logical mathematical systems.
Topics included in the area of vanables and
relationships are algebraic expressions, equa: '}
‘tiohs and mequalities, relations, functions and
graphs, exponents and tngonometry and
mathematical logic. The problems are general- )
ly of the type that would be found in
prealgebra or elementary algebra courses. The
National Assessment of Educational Progress
(NAEP). digfnot assess advanced mathematical-
subjects — for example, matrix algebra‘, vector °
algebra_ or calculus —due to the relatively
small number of people exposed to such
subjects in the schools.

"Although some ideas involving’ variables and
therr relationships are taught in-the early
elementary grades, vanables and their rela-
tionships see usually not studied in. depth
until students .enter prealgebra and algebra
Yourses. These courses are generally firsts
available at the seventh- and eighth-grade
levels. Thus, the assessment exercises concen~
trated upon 13-year-old, 17-year-old and. ~
adult skills in using variables and relation-

ships.

4

-

N -
A number of exercises were administered only
to 17-year-olds. Thirteen-year-olds were not
expected to haye leaned the required skills,
and it was anticipated that adults might

“become discouraged if confronted by prob-
lems that “théy had forgotten how to solve.
The exercises given only to,17-year-olds were
designed to discover what students khew and
could do near the conclusion of their high
school career. B

-
>

g

k.

19

33

5 * Algebraic Expressions
In stadying algebra, students must in éffect
learn an entirely new language. They discover
. that a vérjable serves'as a replacément for any
element of a given set. They can then mani
late these ‘variables and perform -an metic
operations. |

~ ‘

in answer to the question “If y dollars are
shared equally among four boys, how many
dollars does each boy receive?” 12% of the
13.year-olds, 43% ~Qf the 17-year-olds and-
33% -of the adults correctly responded with -
4y, or an equivalent form. Approximately
one-fifth of the 13-year-olds and half of the
17-year-olds cprrectly gave the algebraic ex-
pression for the cost of two pounds of apples
at ad per pound.and one pound of pearsat p¢e
per-pound (2a+ p, a+a+p, etc.). Fourteen
percent of the 13-year-olds, 51% of the
17-year-olds and 27% of the adults success-
fully multiplied two fractions, one of which
included a variable. At age 17, 29% apparent-
ly understood the relation of thg parenthesis
-and_the negative sign, success i
ing the following expression —
(r+5)-{r-s)—to find the answer 2sars +s.
. Ope exercise askéd respondents to substitute
a value for a variable to find a value of a
second-iegree equation (if x =3, x?-1=9). .
Percentages of suctess_for .13- and-17-year-
olds and adults were 45%, 75%.and 48%,
respectively. Two exercises desling with high-
' er-ofder equations, orfe requiring multiplica-
tion, the other demanding factoring, wére
- administered only to 17year-olds. Thirty
percent completed the multiplication success-
fully; 20% gave the correct factors. Figure 7
shows percentagas of success on the exercises
about using algebraic expressions.

N~ -

. -

¢ -
. -
»

’
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. . FIGURE 7. Results for Selected Exercises: Algebra_iE Expressions 1 -
o . . . , ¥
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multiply two fractions

fxa3 x?-13=2

multiply to obtain 2nd- el
degree equation 43444

-« factor 2nd-degree equation

-~

<

v
. L]
L]
/ e & ' h'S 3
22 T T

70% © 80%  o0%

Equdyons an;i Inequaht?és
t

The ‘complexity of equanons and mequahtn&s
ranges from-filling in the missing number ina
-simple open sentence to factoring quadratlc
equations’ and beyond. As with many of the
other ,topics in he ‘m
the doncepts of equations and inequalities arq,
introduced in the elementary grades and
amplified in later mathematics courses.

Ninewyear-olds were asked to give the number

that makes the following open sentence true:
3+ 0 =10. Ninety percent were able to do
s0.'A sunilar equation, x - 3= 7, was solved

P )
.

ati¢s assessment, '

LN

- olds in solving tite equation 3x - 3 = 12; with

by 49% at age 9, 85% at age 13, 94% at age 17~ ,
and 81% at adult. _ Sgventeen-year-olds were
considerably more’ successful than 13-year-

75% of the 1Tyearolds and 89% of the
13-year-olds correctly answering 5. | T

A more oomphcated equatxon requinng use

of the additive inverse to group quantities on f',
either side ,of the equal sign, was solved . \
corfectly by #8% of the 17-year-olds ar'd.25% - .

of the adults, Half of the 13-yedr-olds, 70%, of
“the 17-year-olds and over half the adults
,(56%) correctly determined that if x <4
x+7 must be less than 11.




Thirteen- and 17-year-olds were asked to
. convert Fahrenheit temperatures to Centi- |
grade- given the following information: using
_ the formula F =9/5 C + 32°, what is C when
. F=171°? Respondents not only had to substi-
| tute into the formula ‘but had to use the -
additive and multiplicative inverses to 'solve
the equation. There was a substantial differ-
ence in skill on this exercise between ages 13
and 17. Two percent of the 13-year-olds and
24% of the 17-year-olds gave the correct
answer (25° C), a 22-percentage-point differ-
ence. Percentages of sucggss for each age level
on the exercises described in this section
appear in Figure 8. -

'3or2+1.

R
. “
Relations, Functions and Graphs

Seventeen-year-olds showed their’undersland-
ing .of fupctional notation in answering the
question, “If f(x)=x+1, f(2) = ?” Two out
of five 17-yéar-olds correctly answered either

‘ LI a

A number of exercises concernied graphing of
equations. Exhibit 2 shows an exercise asking
respondents _to identify the graph of an
equation. Under 15% of the 18-year-olds and
less than half of the 17-year-olds identified
the proper graph. ‘About one in five of the
17-year-olds was able to write the equation

.
_ FIGURE 8. Results for Selected gxercim:‘iquaﬁom and Inequalities
. ’ hd .
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EXHIBIT 2. Extrcise and'Results' ‘Graph of aarEquazioD . R
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for a horizontal line with a y-intercept of 2,
and one in five was able to draw a graph of a
given equation. Seventeen-year-olds Were also
asked to give the slope and y-intércept of a
particular equation when no graph was
shown. Sixteen percent suecessfully deter-
mined the slope and 12% gve' therproper
y-mtercept .

Exponents and trigonometrie functions are
special classes of functions having properties .
that sét them apart from other functions.

&

36 s S

Exponential expressions are xepresented
graphically by curves rather than hnes, The
. trigonometric furf‘c;txons are the ratigs of
'certam sides Qf; nght tnangles to specxﬁ,ed

. ot.her sxdps‘ : o

The more sophxstxcated exponentxal and’ tngo-
nometric functions are generally taught in
intermediate ‘hlgebm, which is not studied by

ority of'hlgh school students.-Results
st:u?dkﬁtsn]uated in. light of that fact. )

.

" Several National Assessmerd eﬁcerclses dealt .

" with the meariing of exponential expressions. *
" Fifty percent-of the 13-year-old§-and 74% of
the 17.year-olds correctly stated that 43 =64

7.
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‘ or 4x4x4. Percenté\ges.were lower for less-
. ¢ormmon expressions such as a number to the
zero-power (17% at age 13 gnd 28% at dge.
17), a number to a fractional power (19% at
age 17) and a number to a negative power
130% at age 17).'Respondents were also asked
to\ give a value for a numbér expressed in
sadatific notation, Thirtyseven percent of
the 1 3-year-olds. 62% of the 17-year-olds and
fythe adults correctly chose 360 as the

value &f 3.6 x 102. ° .
- Other exercises measured the abihity under-
stand rad signs and take square roQts. At

ages 13, 1\ *and adult, 37%, 75% and 60%,
respectively \were able to give the square.root
of 16. Respondents had more difficulty in
finding a square root that was not perfect.

Half of ‘the }7-yeir-olds{and shghtly more - '

than one-third of the aduRs correctly deter-
mined that 3.2 was closer to the square root
~ of 10 thad
: olds and adults were also-asked to use a table
of square roots. Seventeen percent of the
17-year-ids and 18% of fhe adults located
the square root of a two-digit number. A
. . smaller number, 8% at age 17 and 12% at
adult. found the square root of the same
number expressed in hundreds (two zeros

added to the two-digit number).

Questions about trigonometric functions were
asked only of 17-year-olds. Around 11% of

thr&~common- trigonometric finctions. Per-
) s .

centages of success on ‘exercises, concerning

N . exponents and. tngonometry are found in

-

o ! A S . "
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. Mathematical Logic

"7 . Mdthematics is a logical system Wwith each new
part of ‘the systam building upon what went
- before: Formal 15gic is concerned with the
" truth.or falsity of statements and the effect
that thé’ fox# of 'a statement has upon its

truth or falsity. Informal logic, the type that
-smost people are familiar with, involves the use
. ' " of an orderly process of reasoning to atrive at
.. a problem’s 's_o_lutior"x. Natioral Assessmént

2.5, 2.7 or 3.8. Seventgen-year- .

theéz-year-olds were able to identify each of *

Figure 9. _' . .

S
r

measured respondents’ facility with nformat”
logic. considering mainly- their abiity to |
determine relationships between vario@ts state-
mer}is. ‘ . ’

. A typical example of a logit exercise and
results for the exercise appear in Table 12.
'Hdlf the 17-year-olds and slightly over half
the adults determined the proper relationship. -
One need not know any specific “rules” of
logic to solve this problem,-but one must .°
rigorously elimihate any alternatives where
there is not enough information to determine

. the absolute truth or falsity of the statement. ,

A logic problem administered only to 13-
year-olds concerned the relative ages of child-
ren. The problem was the following: “‘John is
4 years older than Ellen and Ellen is 11 years
younger than Monica. Monica is 12 years old.
How old is John?” Seventy:one percent of the
13-year-olds answered correctly that John was
5. A.similar unreleased exercise about relative
ages ‘using inequalities‘ (greater than, less than)
. rather than actual numbers ‘'was answered
1 correctly by 54% of the 9.yeat-olds, 81% of -

A

.

e ’ * i
-~

TABLE 12. Pergentages of Success for Typical |

Logic Exercise .

. Which one of the statements below follows logically
from the statement. All good driters are alert™? )

3

’

. Age 17 Adult .
* ¢ Allalert persons are good o _
drivers. . . - 23% 269 -
é Some alert persons are not . - . : '
.» good drivers. - ] R T
€ A person who is not 2 good
* « driver is not alert. 14 9
@ A person who is not alert &
is not a'good driver. - 50. 56-
* & 1don't knoy. 2 1
. A N [y
No response +* +*f 7.

")’hQ equals rounded percents less than one. .
#Figures may not add to 100% due to rounding error.

o
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° FIGURE 9. Resuits for Selected Exercises:
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all good drivers aty alert

Age 9 .

Age 13

find Jo‘hn's e

’

-

- ‘4
determing rd;tN’t’ﬁc

Age 17 *
Adutt

s ]

A4
\

the 13-year-olds, 84%mof the 17-year-olds and
75% of the adults. Percentages of success on
logic exercises are-presented in Figure 10..

te Summary
At all three age levels, respondents did best on
the logic exercises and on solving simple
- equations apd inequalities. Thirteen-year-olds
had more diffieulty *in solving equationis in-
cluding multiplicatjon than those simply using
addition and sub®action. Thirteen-year-olds

did not seem particularly familiar with manip-.

_ ulation of variables. Twenty-one percent suc-’

-cessfully stated 'the price of two pounds of
apples at a¢ per pound and one pound of
pears at p¢ per pourd in symbdlic form; 14%
were able to multiply ‘two fractions, one of
which had a variable in the numerator, and
12% correctly expressed y dollars divided
equally among four boys. '

Adult performance followed a pattern similar
to-that of the-3-year-olds, with tie highest
percentagés of success on solving simple equa-
tions anid inequalities and problems in logic.
Adults showed_ greater ability than 13-year-

.—___olds on two' exerises about manipulating

sy mbpis;.27% of theradults successfully multi-
"phed.the two ctions, and 3'3% correctly

&

I

oy

expressed y dollars divided equally among
four boys.

Seventeen-year-olds experiencad the most dif-
ficulty with exercises that were not assessed
at the other two age lewels — exercises on
quadratic equations, zero, negative and frac-
tional exponents, logarithmic functions and
grap equatians. Their performance on the
othér exercises showed the same pattern as at,
the™ther ages although percentages of success
were generally higher. .

-
»

o provide a generalized summary of results
for variables and their relationships, overall
ians and overlap medians are presented in
able 13. These summary statistics are subject'
to the limitations discussed in Chapter 1, page
9. The overall medians.give a feel for how
well an age level dM on all exercises; the .
overlap medians provide & comparison of age
performance of different age leveis on identi-
cal exercises.

\
\

* As is evidént from Table 13, nearly all of the

13-year-old and aduit .exercites were also
administered at age:17. Seventeen-year-olds
had a distinct advantage on these Soverlap”™
exercises; the overall rhediaf for 17-year-olds
was lowered by those exercises admintistered
only to 17-year-Qlds. * ~ -
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v i of Sugccss — Vanables ind trionships Exercises

. ~ Age 13 Age 17

Median percentages of sucress 39
Nuamber of exercises summanzed (28)

.

. .
. : Age 13~ Age 17
I -
. . - S
' Overlap median percentages .o
K of success 39 67 ¢ 647
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drawing a fourth queen? Any good gambier

| What are the chances of roliing a.seven}?}/

"; knows that he/has to use probabihty dheis ’
to win more often than he lases, although he .
may not cal it by that name. Businessmen ,

/

. and gove?ment officials use probabihity and
o

statistics €0 “‘gamble” on a different level —
for example, to.predict next year’s sales or to
‘estimate where government allocations will be
_ needed. .

- Although probablhéy and sEatlstlcs are closely ,
,allied, they are not one and the same thing. -

Probability concerns the chances of an uncer-,
tain evéx{& happeﬂm'g.{Statlstlcs 15 often sepa-
ratad 4nto two categones, descmptive and
inferen
cludes methods bf describing large quantities
of data; mferential statistics uses concepts of
probability fo draw conclusions about a large

group from a smaller subset or sample of that

“ .group' : - \ .

. * * Probability of Events’

Students often become acquamted:wﬂ prob-
ability tArough sumple expérments such as
fupping a.’ cour or spmning a sginner. After
they have empineally determimned..the ratio of
the occurrence of a gven event to the total
namber of chances, they discover the general
prninaples for determyhing probability.

When shown a sputner wjth several different

folared sections, 40% at age 9, 55% at age 13

* and 66% at age 17 correctly stated that the

- .color' that oecurred the most often on .the

spinner . would be most likely to be' spun.,

Respondents scemdd to have sorme difficulty
XN . * R

¢

statistics, - Descniptwve, statistics -

-

‘/CQAPT‘ﬁ/RS. coe '

PROBABILITY AND STATISTICS

me recognizi;lg that the number of attempts
does not affect the probability of a particular
occurrehce. When asked to determine. the °

" probability of a certain outcome for a fairly

low number of spins of a spinner, 23% of the’
9.year-olds, 35% of the 13-year-olds and 50%
of the 17-year-olds gave the correct-answer;
however, only 1% of the 9-year-olds, 6% of
the 13-year-olds and 18% of the 17-year-olds
gave the correct answéf when the number of
attempts was increased three and one-third
times. ) o

Several ‘assgssment exercises involved ‘the
probabilities of eoin flipping. Of.course, cqin -
flipping is an excellent example of prokability a
because for each event there are ohly two
passible outcomes, heads or, tails, and ‘only
one can_occur. Fifteen’ percent of the 13-
year-olds, 27% of the 17-year-olds and 36% of
the adults stated that there is a 50-50 chance
of getting “heads” on thé fourth toss of.a

coin if three previous tosses have resulted in®

two “heads” and one" “tails.”” Asked the
probable result if several coins were tossed at

the same time, 41% at age 9,55%-at age'13" |

and 63% at age 17 correctly determined that
half the coins should show heads.and half
tails. A.more difficult” problem involyed .the
chances of all‘the coins tossed showing theg -
same results. Only 3% of the 17-year-olds and *
5% of the adults answered this problem
correctly? N
Two exercises coficerned the, possibility of
selecting a particular object from a varied
assortment. Approximately 1 in 10 (11%)"at
age 13 correctly stated that there wasa 1 in 6

* . chance of drawing a red button first from an

assortment of one red and five black buttons__

A
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T‘v-venty-sewn ‘pertent at age 13, 49% at age*

717 dnd 53% at adukt correctly determineq the
. -chances -of draying a particular ping pong ball

KR

from an assortment, .

L ’

Figure 11 shows resuits fsz-the exerpiies ——~ _line, 30% of/the 13-year-olds, 47% of the
Of sues===_ 17-year-ol

discussed 1n thxs‘secno'n.' Percentag

cess for, these exercies—were

more uian two-thirds of the

responded correctly;? any of these
e

and mos S percentage of
sponses “asc:o‘\g;de\rably Tower. ™\

L \

Permutations and Combinations

-

hgh; no
ndents
sercises

=

N

-

A permutation 1s the number of different .
arrangements. that can be made of a certaim, .
number of elements (either some or all) of as\
'set. A combination, on the other hand, 15 ot -
concerned with the arrangement or order of |

the elements but merely with the number of
different combinations that can be.made from
a specific number of elements of a gven set.
For example, the number of ways three
people can arrange “herhsélves in going
through 2 hne 1s a permwsation, The number
of gamas five basketball teams have ta play iri

-~

A cSmbination problem similar to the exam-

- cent at both age levels got the problem right.

 20%" of the adults evidently squared the.
‘ number of elements in

~ 19% of the 17-year-olds and 17% of the

[

~An exercise administered only to 17-year-olds

order that each team plays all the other teams
once s a combination.

In answer to the questidn about the possible
pekmutatic:y( three people going through a

and 23% of the adults correctly
answered that there were six arrangements.

concerned factorials,” which are used to solve
permytation and combination problems. A
small percentage of the 17-year-olds, 4%, gave
the proper value for a- number written in
factoridl notation (eg., 3! = ?).

ple_about the basketball teams was admin-
istered to—17-year-olds and™adults. Five per-

Twenty-fotr percent-of the 17-year-olds and

number of-elerpents to reach their answer; 9%
‘at age 17 and\15%at adult divided the
~Another question
concerned the number of combinati )
sible on a combination lock with

answered successfully. Eighteen percent at age

e, . FIGURE 12. Results-for Selected E‘xergises: Permutations and Combinations -
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. ¥ 17 and 29% at adult responded with “I don't
* know.” Figure 12 displays results for these
. J exercises. Simiar to rpsults for the previous
' . gection, yde

es of success are not high,

Statistics /

‘Exercises 1n this section mvolved defimtion of,
some elementary statistical terms. The statis-
tics: taught in elementary. and secondary
schools are prnmanly descniptive statistics;

inferential statistics are not ordinarily intro-

" duced until the college level.

I

“Thirty-eight percent of the 13-year-olds, 66%

of the. 17‘year-'olds and 69% of the adults
properly computed a simple average. Nineteen
t at age 17 and 38% at adult solved a

. problem using a weighted average. Median did .
N not seem to be as familiar a term as average; -

- 12% at age 13, 15% at age 17 and 18% at
adult Correctly 1identified the median of a
senes of numbers. . L

’

R 4

~

In another ée litional exefcise, 69% of the
17-year-olds q 66% of adults correctly
selected the group showing|the widest range
for a giwen characteristic Percentages of

suc these exefcises pppear in Figure

13. L )

= | —
\\,;‘_‘ B Summary .

Respondents did not appear_extremely famil-
iar with concepts of probability and statistics.

"Resiilts were under™30%. for all exersises
. summarized in this sectiom~ . em\

’ ’ \
Thirteen-year'olds had therr greatest percent<__ .
age of correct responses, 55%, on two proba. \

. bility exercises: choosing the color most
likely to be spun and determining how many
"“cvins Wwould probably come up the same if a

. - humber of coins were tossed at the same time.

Sevénteen-year-gifls and adults did best on the
question about’the widest range for a given

* ., charactenstic and on determining a simple

»dcmrf‘y a3 mechian

~ - [}

3
average. ; -
& A v L N .
L % FIGURE 13. Results for Selected Exercisas: Statistics
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be on exercises about chances or probabilities. . As
Adult performance was close to‘orbelaw that Median percentages of success “""/ 3
of 17-year-olds ‘on exercises about permuta TN - . .
. tions and combinations. \ _“Numbgr of exercises summanzed 17 . (1’1 Lo
Table 14 predents median percentages and N Age 17 — Adult
overlap median perc es for 17- ="' - ‘
and ag ulm Th per e:etag £ 1; rl yfgt-olds Overlap median percentaged .-
ts. e number o -year-oid exer- of success . s 29% 32%
cises was'.too small to allow meaningful .
summaries. y Number of exercises summarized’ (12) -~ 12)
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.On ‘most of the pmbabmt); and statistics - -

exercises, adulis Qad a shght afvantage over
17-year-olds. The. adult advantage tended to
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TABLE 14, Meduan ;nd Overlap Median Percentages
of Success — Probability md Statistics Exc:czses
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. percents, to make measurements

. ~ CHAPTER® . .

£ 3

. cONSUMER MATHEMATACS

In tumes such as the present, when ncome

never seems to keep up with the nsing rate of -

inflation, the consumer mgqre than ever needs
mathematical skills, Comparing the advan-
tages of cash and credit purchases, computing
umt costs and determining quantities to buy
are all common apphcations, of consumer
mathematics. Many of the mathematieal skills
needed, such as the ability to compute, to use

vert measurement units; have been cussed

. 1 previous chapters. The exercises presented -
_ here deal with situations that might be en- -

counte?gd by the consumer. All of the 1tems
are 1n word-problem format, so a person must
determine the’ process to use before beginning
calculations. ,

Also included in this chapter are exercises
involving graphs and tables. Graphs and tables
provide ¢ information «0on 2 wide variety of
subjects, from the stock market to sports
statistics. The alert consumer should be able
to-read and interpret such mformation.

The consumgr-mathematics exercises were
adminstered primarily to 17-year-old and
adult respondents, First, the situations were
not considered particularly relevant to 9-and

13-year-old concpms;. second,’ many of the
necessary mathematical skills are first intro-’

duced 1n the upper elementary grades and
proficiency at ages 9 and 13 would not be
expected.!

-~

' Results for selected cons'umertnthemmu exercises
are, presented in this chapter. More detailed data on
the consumer-fathematics exercises are-found in the
report Consumer Math Selected Results From the
First Agtional Assessment of Mathematics, Report
04-MA-03 (Washington, D.C. Government Printing
Office, 1975).

[ \ i

to con-

Consumer Situations .

Several exercises required respondents to
make cost comparisons. For example, in one
wem the cash price for an automobile
{$2,850) and the credit pnce (§400 down and
$80 per month for three years) were given
and respondents had to determine how much
more would be paid using credit. Fifty-six
percent of the 17-yearolds and 68% of the
adults correctly replied that the, difference
was $430. . oo

Approximately one-half of the respondents at
age 13, three-fourths at age 17 and close to 9
out of 10 of the adult respondents correctly
stated the prite difference between a 10% and
a 15% discount on a $100 item. Fifty-six
percent of the adults correctly figured the
difference between a 3% and 4% sales tax for
a car costing $2,760.00. s

A typical supermarket cost-comparison item
appears in Table 15. At all ages (13,17
and adult) the majority of respondents picked
the largest size as having the lowest cost per
ounce. Thirteen percent of the 13-yeaf-olds
and 10% of the 17-year-olds evidently
thought that lowest price per ounce meant
lowest price.

A similar exercise ihvolved comparing unit
costs for various-sized cans of tuna fish. After
making a round estimate about which can
would \be the .best Buy, respondents were
asked give a specific cost-per-ounce esti-
mate for each can. Forty percent of the

"17.year-olds and 45% of the adults correctly

determined the can that sold for the lowest
cost per ounce, 46%,at both ages 17 and aduit
incorrectly selected the largest. can as selling

’ »




TABLE 15, Exercxse and Results for
Cost-Compapson Item

A housewife will pay the lowest price per ounce for
nce if she buys it at the store which offers

.
-

Age 13 Age 17 Adult

O 12 ounees for 30
cents. 13-% 10z 1

O 14 ounces for 45 °
cents.* : s 9 8

s

@ 1 pound, 12 ounces .
« for 85 gents, 23 34 39

O 2 pounds for 99

cents, 46 46 4"
 ldon't know, 6 3 4
No response «t +* A

*Plus equals rounded percents less tharn one

*Figures may not add 10 100% due 1o rounding error

for the lowest cost per ounce. Respondents

were more successful in making specific unit;

price estimates for each can. For 17-year-olds

and adults, percentages of correct responses ,

were 66% and 75% Ior the smallest can, 63%
and 66% for the medium-sized can 4nd 55%
and 59% for the largest can. Figure 14
provides a companson of results for the
exercises discussed above,

-Taxes
Taxes are a fact of lfe for most adult
Amencans. Although’they cannot be avoided,
everyone should be able to calculate his taxes
50 as not to pay more than his fair share.

National Assessment asked adults to use a
poftion of the federal income tax tables to
determine the correct tax on a given mcome
for a marmed couple claiming three exerp-
tions. Fifty-five percent, or slightly gver haif,
resp‘q\nded with the correct tax, About 10%

’

s

used the table for two rather than three

exemptions and another 1 3% responded with
“I don’t know.’”’ Although not all Amencen

adults use the Jederal tax tables, 1t appears””
. somewhat- surpnsing that 45% of the adults

ages 26—35 have difficulty n readng tax
tables intended for their use,

. ,
Thirteen-. 17-year-old and adult respondents :

used a sales tax table to find the tax on
several different amounts. When asked to‘mve

the tax on an amount hsted on the table,

one-half ‘of the 13-year-olds. three-fourths of
the 17-year-o)ds and four-fifths of the adults

. were able to do so, However, when asked to
" - gwve the tak for a¥ amount higher than thosé

listed on the table, 7% at age 13, 30% at age
17 and 60% at adult were successful. )
A question on property taxes was answered .
correctly. by 40% of the 17-year-olds and 56%
of the adults. In this problem, thé tax per
$1.000 of assessed value artd the' assessed
value of a house were given, and respondents

. determimned what the tax would be. Figure 15

displays results for these tax problems,

Simulated Consumer Transactions

A number of assessment items were dw‘gned
to simulate consumer situations more closely
than could be dote with paper-and-pencil
items, For example, 9- and 13-year-olds were -
asked to make change for a purchase; 17-
year-olds and adults were asked to balance a
checkbook and fill out a time card. ,

The 9- and 13-year-olds were told to prete\nd
that they were sales clerks and that the

. ‘customer” (the assessment administrator)

wanted to buy a softball. Twenty-six percent
of the 9-year-olds and 72% of the 13-year-olds
returned the correct change from two dollars.
(The price of the item was slightly over a
dollar.) ‘ . '

Nearly onethird of the 17-year-olds and
almost half the adults.correctly calculated a

] .

S
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‘week’s pay from a time card showing i is.and
-out times ‘and an hourly rate of pdW¥ An
additional 48% at age 17 and 42% at adult
used a correct procedure but made a mistake
in calculation. People seemed to know how to .
use a time card but apparently needed to
exercise greater care m completmg computa-
tions. o 1

'Y &

Seventeen -yearold and adult respondents »
were asked to balance a checkbook. Each

respondent received a bank statement, a

check register and cancelled ¢hecks. In recon-

ciling the statements, a subtridwion error and

a deposit error had to be corrected, and

service charges and an outstanding check had

to be included - Respondents were also asked

whether they had ever had a checking account,
and, if so, whether thejhad ever balanced a

checkbook. ~

Sixteen percent of the 17-year-olds stated

that they had a checking account at some

time, but only 9% of the 17-year-olds had

actually balanced their own account. Among

the adu]ts 87% had or had had a checkmg

' . 3

_The small number of 17-year-olds having

. account and 729& stated that they had bal-
anced a checkbook "

-

actual experience with balancing a checkbook
‘undoubtedly accounts for thelr low percent-
ages of success on this exercise.'1% of all
I'fiyear-olds gave the correct balarice. Sixteen
percent of the adu]ts balanced the check- *
book — a substantial increase over the 17- -
‘syearolds but still not a large percentage®
considering the humber who'had at some time
balanced a checkbook. Figure 16 shows per-
~formance levels on these three exercises.
] >

Readmg and Intépretmg Graphs and Tables.

_ Graphs and tables are often used in news-

papers and popular ‘magazines to simpli
presentation of large amounts of data. Th

data may cover any subject — economic fo@: —— C
casts, medical research, sports statistics, to :
name a few, The consumer must understand

how to read and interpret graphs and tables or * B

the data will not be useful to him. : 3

.
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Bar ‘graphs, pictographs (using symbols) and
line graphs were included in the assessment.
exercises. Ninewear-olds read a bar graph
showing weights of several children and chose
the child weighing most, the child weighing-
" least and the child weighing closest to a

spectfied amount. Eighty-nine percent cor-.
rectly identified the heaviest ck}i!d; and 4%, - .
the lightest child: Finding the varfosest to a ¢

income and expenses for several years: 50% of -
the 17-year-olds and 58% of the adults chose
the right year. The largest number of incor-
Tect responses — 38% at age 17 and 24% at
adult — were the year in which both income
and expense were Righest, indicating that
some respondents may have had difficulty
with the.word profit.

specific number appeared more difficult, with - . Respondents at the upper. three age levels

61% of the O-year-olds selecting the right

child: ~ .-

‘e .

Thirteen-year-olds saw .a pictograph that
showed the rural populations of nine regions
in the United States and’ were asked to name
the two regions with the largest rural popula-
tions. Seventy-nine percent at age 13 correct-

ly named the two regions; an additional 13% -

“correctly named the one region with the
largest rural population. -

Respondents at ages 17 and ault used a
pictograph depicting federal education grants
for a five-year period to determine the year, in
which grants dropped. Seventy-seven percént

of the 17-year-olds and 78% of the adults *

selected the correct year. The 17-year-olds
and adults were less successful at determining
the year in which the largest profits were
made when shown a }m’é graph displaying

used a mileage table, of the found in
road atlases, to find the distance befween two
cities. Fifty-one percent of the 13-year-olds,

'64% of the’17-year-olds and 71% of the adults

gave the correct distance. A fairly prevalent
mistake, made by 15% of the 13-year-olds,
91% of the 17-year-olds and 16% of the
adults, was%o attempt to subtract the.entries
for the two cities in somé manner. Results for
these .exercises on reading and interpreting
graphs and tables appear in Figure 17. :

Summary )

1t is difficult to summarize performance on
_ the consumer-math exercises as the exercises
were all quite different and demanded differ-
ent types of skills. There wag no one type of
exercise ‘upen which people did better or, »
worse than others although percentages of
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. success tended to be higher on exercises such
* as reading sales tax from a table and lower on
those requiring cotnputation with percents.

. #

The following exampies illustrate the range of
success for each age level and also provide
some indication of relative levels of perform-
ance across age levels. Thirteen-year-old
‘results ranged from 43% to 54% on four
'exercises about reading sales tax from a table.
One out of four 13-year-olds correctly deter-
; ) mined which package of rice had the lowest
cost per ounce, but under 1 in 12 g‘:)
figured out the money amount of adisc
- that was' shown as a percent of a totdl
' amount ‘

"+ At 2ge 17, results on the sales-tax exercises

/

/

went from 75% to 79%. Approximately one-
third of the 17-year-olds correctly chose the
rice package with the lowest price per ounce
and 36% were able to give the money amount
of the discount.

Adult percentag&s of success went from 78%
to 82% on the sales-tax exercises, Thirty-nine
percent of the adults selected the rice package
with the lowest unit cost/and 66% (two-
thirds) gave the correct amount qf discount.
T

Seventeen-year—old performance was above
that of ,13-year-olds, and adult performance
was higher .than that of 17-year-olds on the
majority of the consumer-math items. Median
percentages and overldp median percentag&a
are shown in Table 16. )

.
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TABLE 16. Medun and Overlap Median Percentages of Success —

" Consumer-Mathematics Exercisés

t

Median percentages of success

-

- Number of exercises summarnized

Overiap median percentages
of success

Number of exercises summanzed

A2

|
Age 13
49%

ti4) r

Age 13 — Age 17

41%  66%

a2, 12

Age 17

'
\

Adult

% 62%_

(41)

Age 17 — Adult

54% 61%
(34) (34)




. CHAPTER 7
' ' SUMMARY

__ We have seen how young Americans perform the content areas, with the single exception

n varous branches of mathematics. How do that 17-year-olds had greater success on num-

we evaluate their abilities? First, we can bers and numeration. The pattern of results

examme their performances in the different was similar for adults although their perform-

content areas. Second, we can observe the ance in consumer math was slightly better

. results for the various population groups, than that for geometry. A caution is in order.

noting which groups consistently deviate from Again, sets of exercises are not the same and

national levels and the extent pf their devia- thus, the ‘medians are not absolute numbers

tion. To dete e the brancges bf mathe- that can be compared. The numbers are
matics 1n which people experienced the great- * meamngful only insofar as the reader recog- -

est and least success, the six content areas nizes and take cognizance of their limita-

_ were .ranked by median percentages of suc- tions.
- gess. At all ages, people did best on measure-

ment and numbers and numeration. Relative What do these numbers mean? They simply

performance on each of the content areas is mean that on the exertises the National

shown in Table i7 Assessment of Educational Progress (NAEP)

’ designated as ‘“measurement,” people did

. Nine-year-olds, 13-year-olds and 17-year-olds considerably better than on exercises desig-’

showed the same relative performance on all nated as ‘“variables and relationships.” The

l,§ “ ’
, . D

TABLE 17. Rank Order of Median National Percentages by Content Area

Age 9 Age 13 .Age 17 Adult
Measurement CT 46% 63%. . 65% 73%  ~
Number of exercises summarnized (35) . (35) . (29) (29)
Numbers and numeration 38 60 70’ . 65
Numbér of exercises summanzed (74) (86) * (74) (44) -
) - ot
PR Geometry 28 51 57 53 .
o ° Numpber of exercises summarized (39) (37) 37 (29)
Consumer math * 49 T 54 . 62
. Number of exercises summanized (14) (34) 3 1)
Vanables and relationships * -39 38" 49
L Number of exercises summnfanzed N (28) (50) 24
Probabiity and statistics * * 27 32

Number of exercises summarized an -t a)

*There pvere not enough exercises in this content area for a meaningful summary. .

41
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exercises ¢hosen by NAEP represent th
coritent area to the best of our abihty;
however, they may not be in acCord with the
reader’s concept of s,he content area.

In z;damon to wwmparing results for content
areas, we can make age-level.comparisons
using overlap medians to examine perform-
ance at consecutive age levels on identical
exercises (see Table 18).

From ages 9 to 13 and 13 to 17 there was, as
would be expected, an iicrease in perform-
ance at the older age levels. The greatest
increase from age 9 to 13 was in the' numbers
and numeration content area. From age 13 to
17, the greatest jump was in the section
dealing with vanables and relationships. The
difference 1in performance between 17-year-
olds and adults was not 4s consistent. Adults
held an.advantage on measurement, consumer
math and probability and statistics. Seven-

”

Repo&ting Groups

In addmon to reporting natnonal performance
levels, National $ssessment, provides resulés
for vanous groups within t,h’e national popula-
tion. Results are reported for sex, race, region
of the country, size and type of community
and level of parental educ’tion. The differ-
ences in achievement among these groups

weakness in American education. .

provide an indication of areas of strength and .

The N atlonal Assessment réporting groups are .

defined as follows: .

v

Sex

4

Results presented for males and females.
. /K Coy

* ’
Race

teen-ydar-olds showed the” greatest advantage : '
iIn  vanables and. relanonshlps they also Currently, restlts are reported for blacks and
outperformed adults n geometry and In whites. .
umbers and numeration. t - > .
| ) -
r
L d
< \
¢ M ‘ '\ LA *Y
TABLE ]8 O‘erlap Medxan National Percentages by Content Area !
!
[ - '
. Age 9 — Agm.S Age 13— Age 17 Age 17— Adult
Numbers and numeration 297 7+ 80~ s1v 0 12 . 69 637
Number of exercises summarnged  (43) (434 (67 ' (67) 1 (43 (43)
» : . -
Measurement 45 - 73 59 78 635 TI ™ -
Number of exercises summanzed,_(22) (22 (19~ 19 (29) (29
Greometry : ‘ . 28 58 47 70 60 53 K
Number of exerctses summanzed | (27) (275 (29) (29) (29) () I -
.o [P “
. Consumer math * * ‘ 47 66 LY ) 61
Number af exefises summanzed (12) a2 134), (34
. Vanables and relationships ¢ . * 39 ¢+ 67 '64 49
! “Number ot exercises summanized . (24) (24) QD Qn
- '-\--‘7;_ . M
’ Probability and statisties .-t * «. * o 29 32, .
» Number of exercises summanze§ (12) (12)
. .
. o \ . ’
- . *Number ot éxercises was not sufficient for suminary purposes.
. » !
. t
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Regton ‘ . ~High metro, Areas n or around cities with a

A population greater than 200,900 where a h.tgh
The country has been. dinded jrto four proportion of thé residents are upprofessxonal s
regons — Southeast, West, Central and North- - or managenat positions. . .
east. The states that are included in each )
regxon are shown mn BExhubit 3. -0 Low metro. Areas m or around cties with a
. populanon greater than 200,000 where a hlgh
’ ) ,proportion of the residents are on welfare or
Parental Education w not regularly employad
. Four categones of parental education are Extreme rural. Areas mthapopulauon under
" defined by National Assessment. These cate- 10,080 where most of the re&dents m
gones m'elude: (1) those whose parents have | farmers Or farm workers. ‘
had no hlgh school education, (2) those who . : .
have at’ least ope parent with somé high Urban fringe. Commumties wifkin the metro-
"« school education, (3) those who have at least pobtan area of a city with a population
+  -one parent who graduated from high school (greater than 200,000, putside the city limits
and 14) those who have at least one parent and not in the high- or low-metro groups.

who has had some post- hlgfx school education,
A : ¢ Main big city. Communities with¥p the city

1

) Size and Type of Community ! limits of a city withsa populajon over
. 200,000 and not mcluded in the hlgh- or
T Community types are identified both by the ' low-metro groups. .«
size of the community and by the type of ‘
employment of the majonty of people mn the " Medium city. Cities with populations between
community. 5\ _ , k‘ 25, 000 and 200,000, .
. . &

\ .
EXHIBIT 3. National Assessment Geographic Regjons
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1

Small places. Communities with a population
of less than 25,000 and not iBthe extreme-
rural group. . ",3

4 ,
Results for each of the reporting grojps are
discussed 1 terms of difference m the
national performance. Thus, some oups will
naturally be above the national level and
others below. However, if certan groups
consistently perform above or below the
nation, this may be evidence of educational
dispantits, which mught bear further investiga-
tion. . -

L 4

Group Differerices From the
. National Percentage .
In a given set of exercises (e g.. all mathema-
1cs exerfises), a group‘éachlevement can be
summahzed convement]y by examining 1ts
differences from national percentages of suc-
cess. If a group's percentage 1s lower than the
national percenfage, the difference 1s express-
ed as a negative number; otherwise, it is a
positive number. For example, if 70% of the
nation’s 9-year-olds eorrectly answer a given
exercise while 73% of the 9-year-olds in the

.

‘/ exercise differences.’ Th

Northeast correctly answer the same exercise,
the Northeast difference is +3.

If we wish to-discuss Northeast performance
across .a number of exercises, the single most
. useful numbeK1s the median difference. How-
ever, a more complete picture of a group"s
typical performance emerges from exammna-
tion of the entire range’ of differences or,
more conveniently, the middle 50% of the
group summary
exhibits in this chapter/depict not only the
median differences for-each group, but the
range including the middle 50% of the exer-
cise differences as well.

Since different sets of exercises were present-
ed to individuals of different ages, the number
of exercises or exercise parts for which group
differences have been computed vanes across
the fqur age levels,

Exhibit 4 presents a sample plot of group

differences at age 9. Differences on all exer-
"cises included range from +12 to -14, but

since only the middle half of the differences

are shown, the bar is plotted from only +3 to

-7. The median difference, -3, is indicated by
. the horizontal line crossing each bar. '

EXHIBIT 4. Sample Graph. Differences From National Percentages of Success

12 . -
10
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- E’ 8 Extreme upper 25% of exercise
. Q differences
§ 6
' 3 4 s Lo
)f 2 ) N " ) - 3
s | . / National l:.vd of performance
3 0 e
. H ? Middie 50% of exercise differsnces N ’
e E —2 M - : \
] <1 Median ditfersnce from national \
‘:' -4 : level of performance . :
§ - J - ) “e b
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. [o]
-710 } Extreme lowsr 26% of exercises .
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'S s B <
. _14 i * ‘!
J z' G .
€ ¢ d [
] .
: 44 .
. \ N L] ’ /
\ - N . . )




- - ~.
Group Performance " tage over females on the measurement and
) g ' geometry content areas while av the adult
Sex * level, the divergence in male and female
performance was largest for the geometry and
Male and female mathematical abilities for thevanables and relationships content
_appeared much the same at ages 9 and 13, but areas. - T
by ages 17 and adult, males exhibjted’ a - ) L.
definite advantage. This advantdge increased Figure 18 displays the median difference and
;n all content areas from age 17 to adult. the range of différences for\nala ahd fermales
Table 19 presents,the median difference of on all the mathematics egelcises at each age
male and female percentages from national level, ‘ ; .
percentages for each of the content areas and o . )
r all the mathematics exercises. At ages 9, Although the generalizdtion ‘dges not hold -
13 and 17, males showed the greatest advan- ‘  true in every case, meles and ffmales tended
[ ¥ . . .
’ TABLE 19. Male.Fema\e Medun Differences From Natn&nd Pecformance
. tent Arex " *
Age 9 Age 13 Age 17 Adukt
. RN
Overall ' . : .
Male 07 0.4 23 T 54
Female Q7 0. 2.2 -5.0
Number of exercises summanzed 1163) Qi , 7 1245) 179
. . . & N -
\umbers and nymeration L K ot
© Male T‘ . 06 0.5 1N 4.4
_ Female . gs, 0.4 14 4.1
\umber of exercises summanzed 74, . (86) 174) © (44
Medsurement . ’ ) \
Male 1.7 21 42 ° ¢ 4.1 .
Female -1.6 2.2 -3.6 3.8
Number of exercises\summanzed (35) (35) 29) (29) o
. Geométn - »
. Male 1.0 LS 48 “%.5
Female . \ -l (kl -1.4 4.6 6.1
. Number of exfroises summanzed |, /" 39) 39 37 (29)
- \'ax.'ubl:s and felauonships . -
: , © 02 1.2, 6.4
0.2 2.2 / 6.0
" * L (28) (50) (21
* * 1.5 49,
-1.5 4.6
Number of exeraises summanzed  ~ . an Q)
Consumer math ‘ L ’
Male * 02 2.6 4.8
Female 0.2 2.6 4.4
Number of exercises summanzed (14) “(39)

(41)

* Phere were not énough exercises in this content area for @ meaningful summary.

)
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to have fadility with ditferent types of exer-
cises. Females were best at completing strictly

computational exercises in which the opera-
tion to be used was given in the problem. At

the upper age levels, this advantage extended
to calculations with rational numbers. Males,

on the other hand, showed the greatest .

advantage at ages 9 and 13 in using a ruler and
a thermometer at the-smaller intervals and in
making measurement gonversions, The male
advantage at ages 17 and adult was most
.marked on exercises about using metric units,
using a protractor to measure angles and
figuring area and volume, s :

Rm{_‘

Blacks were at a disadwantage in &l areas of
the mathematics assessment, a disadvantage

.

" ‘that was more marked at the upper age levels, ,

The difference in black and white perform-
ance was greatest at ages 9, 13 and 17 on the
measurement secﬁon, the sechton 1 which

national median percentages were, in general,

highest {see Table 17). At the~1 3-year-old arid

. adult levels, the differences for the consumer-

mathemétics content areas were quite sumilar

- fo those for the éasuremént.content area.
Table 20 give{ median differences in group

performance for blacks and .whites in .each
content area for each age level. It shquld. be
remenibered that, although tht differenée
black and white performanoe is least on the

probability and statistics .exercises, national -

performance on these exercises was lower,
restricting the size of possible differences.

Figure 19 dispﬁys the médmnﬁ?ffefences and

distribution’ of the black and white group
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. TABLE 20, BlachWhite Median Diffesences From National Performance
] N : by Content Asea . D e
N . . . -
. .. . Ageq Agel13 ' _ Agel7 - Adult
o ‘Overall . e L
Black -12.9 ".18.5 210° 245 .
Whute . 29 39 «. 40 %9
Number of exercises summarized (163) ,- (21 1) (245} {179)
Numbers and numeraton !
Black -14.9 179 208 -22.8
‘. White 33 . 37 EN 32
Number of exeréises summanzed 74 (86) (74) (44) ye
Measurement ..
Black. -17.0 222 24.3 . <254 ¢
White 3.6 4.1 49 4.3 :
Number of exercises summanzed (35 (35) © (29) 29)
Geometry ) . .
. © Black . . -5.6 -19.8 v 226 -23.7
White ) 1.3 39 . .40 4.0
Number of exeraises summahzed (39) (37 637) 29)°
Vinables and relatfonshups e : -
' Black ¢ .18.3 -17.5 -22.6
* Whte - . 40 3.4 - 3.4
Number of exercises summarized (28) (50) Q@n,
. Probat;ihty and statistics - .
Black * v -12.7 -16.5
- White - - ‘ 24 ° 27
' . Numbeg of exercises summanzed VAo an (12)
‘ - Consumer math ’7 *
" Black . R L -21.0 223 -25.6
. White R 5.2 4.0 4.2
Numlver of exercises summanzed (14) (34) “@n -
\. .. \
*There were n_o.i.enough exercises in this content area for a meaningful summary.
13 b N

. . . >
a - - ’ * > ' M

_differences from national performance for » 38+19. Pn exercises such as identifying an
each exercise in,_,theJmath/ematf@ assessment. ellipse or conyerting from degrees Fahrenheit .
Y. 3 ‘ to degrées Centigrade, the national 13-year-

. v . ! ; . S . .
. The types of exetcseﬁ/ that each grotp did-* old lével of performance was under 5%. Thus,
' well and. poorly on are not sQ clearly defined on such exercises the black deficit could not .° ee

as in the male-female differences; however,
sofne: abservations can be méde. Black per-
formarice tended_ to be clésest to that of tile
"nation when 'nhtiqn\al' percentages were very
low ot vety‘high {,e., very easy ox yery'hard

- be more than 5 percentage points. [

Black G-year-olds performed furthest below
the nation on identifying half inches marked
* on a ruler and on drawing hands on a clock to

exercises). For example, black lh-year-q'l\as " °_repr&§éhf s specific time; black 13-year-olds
*  were fairly sticcessful (8 to 5 .percentsge .,  shayeq: large (over 30-percentage-point) defi- .
paints below whites) on such things as identi- * +“cits on exexéises about setting a thermometer,

* fying a tircley adding 3%0 gngd - adding idenitifying 3/4 .inch marked on 2 ruler ang .
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FIGURE 18. Differsnces From National Performance on all Math Exercisas by Race

-
Age 9 Age 13 Age 17 Adutt Lt
, .
‘-
. ; . _
o . -
‘ . w .
w w LY w
LY ‘ -
9 — o
S -
>
) R
£ <4 8 b » * K .
- ‘ !
/ .o, -® - ’
10 < -
- o b : : .
[4 N
- B )
v N .
’15 L J - \ .
B
- [
20 4~ )
L] - - . -
2% 1 . 4
- -.- 3
"3-0 -
B = Black Lo
' W-Whm .n * . *
'0 = National tevel of performance
~ = Medisn ditference . « ,;
- a ° 4 .
. 3 3 t s
giving geometric names for common shapes, Region r

Black 17-year-olds and adults had consider-
able difficulty cempared to whités in giving
geometric names for common shapes, convert-
ipg feet to yards,- figuring square feet and
using map'scales, - e

) J

o g Te

Patterns of difference in regional performance
shifted somewhat with the age of the respon-
dents. Performance in the Southeasf was
below that of-the Qégop at all age levelsin the

W
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mathematics assessment (as it has -been in
most learning areas, .assessed by National,
Assessment’), but -the diffe;fnce whas smaller -
at the adult level “than for the school-age:

. groups.~ In -contrast, performance in * the

»". Northeast was above the nation at ages 9,13

’ and 17 but became very close to the national
level for,aduits. . ‘ o

*

The difference in sé¢hool-age and aduit per-
formance was not as noticeable in the Central
and West regions. Adults.in the €entral region
showed a smaller advantage above the riation

fUpdate on Education A Digéct of the National
Assessment of Educational Progress (Denyer, Colo.:
Education Commission of the States, _1975).

\

than did their 9-, 13- and 17-year-old.counter-
parts; Western adults -performed above the

 natignal level while 9-, 13- and 17-year-olds |
living in the Wést did n,o( Figure 20 displays =

the median difference and the range of
differences from national performance on all
mathematics exercises for each region at each

age level,

Parental Education

Nzgtioﬁa.l Assessment uses the Jevel of eduta-
tion attained by one’s parents as one-form of
socigeconomic -measure. Results from pre- '
-vious assessments have “ihdicated that the
education level of one's’ parents is related to
-one’s own af:ademic achievement, *

. 0}

-

P ]

FIGURE 20. Differences From National Performance oh il Math Exercises by Region "
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Figure 21 4hows median differences and the
range of differences in performance on all
gathematics exercises for- each’ parental.
education group at each age level. At all ages,
performance was below that of the nation for
both those with neither, parent having any
high school education amg for those with one

or both parents having some high school |

education without having graduated. Those
with at least one parent who graduated from
high school performed very close to national

levels and those.with~at least one parent

havihg some type of post-high school educa-
tion performed conmstently above natxpna]
- levels. ) .

I3

. School-age respondenfs in the noJugh-school-.

'educatlon and " some- high-school-education
groups” dropped further below the nation at
ages 13 and 17. A similar pattern was evident

for the graduated-high-school group. Perform-

ance of the post-hxgh-school _group, which was
above that .of the nation at all age lévels,

. showed an increase from ° age 9to 13 and a

fairly consistent level from age 13 to 17

Results for adults differed somewhat from the
pattern for 9-, 13- and 17-year-olds. Adults 1n
the two lower parental-educgtion groups gen-
erally were not as far below the national level
as their 13- and 17-year£ld counterpasts. The

4

FIGBURE 21. Differences From National Performance on sll Math Exercises by'Par;ntal Edu'c_atnon
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graduated- -and post-hgh-scheol adults
showed a better performance relative to the
nation than did 13- and 17-year-olds in these
groups. . o
Size and Type of Community .

As another indicator of respondents’ back-
grounds. National Assessment identifies seven
different commumty types. Three extreme
types of commumty —high metsopohtan, low
metropolitan and extreme rural — are defined
by size of community and type of occupation
of the majonty of people 1n the communfty.
1See the section entitled Reporting Groups.

. - page 42 for complete defimtions.y '

.
.. .

-

Figure 22 presents the median difference and
the range of differences in performance for
each of the community groups at each age
level. The high-metropolitan respondents per-
formed above the nation at all age levels:

however, the advantage was not as marked for '
9.year-olds. The advantage above the na\zjo’n‘/\/
for the highemetro respondents WiEwirtually )

dentical at the three upper age levels. The
low-metro group results were substantially
below those for the nation at all age levels.
Median .differences for 13-,.17-year-olds and
v adults were quite similar, but the deficit for &

the low-metro 9-year-olds was .smaller than _ _

for the other age levels. Results for the urban !
fringe were consistently above those for the ¢

nation, while those for the extreme-rural and «
Y

FIGURE 22. Ditferences From Nauonal Performance on all Math Exercises by Size and Type of Communrty
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alr-big-city groups were consistently
elow, . .

. Conclusion

assessment, National ' Asgessment described
the status of the mathematicdl abihties of

certamn groups of people at a particular point

i time, The data describe the conditions that
existed; they do not supply value Judgments
regarding those condmons

After surveying the data, we can make some

. generalizations about American mathematical

abilities. People tended to do best on skills

* such as ordering numbers, completing compu-

tations and ‘ making measurements, They

“In presénting ziata from the mathematics

showed less ability o the areas of variables -

and relationships and probability” and statis-
tics. This raises the following questions: How
‘much mathematics does the average citizen
need to function adequately in today’s world?
Are variables and relationships or probability
and statistics that relevant to the ordinary
person’s needs? Such questions immediately

generaxte other questions. Who is the “average °

citizen”? What does “function ‘adequately”
‘involve? These are philosophical issues that
can only be answered in light of each reader’s
background and . experience. However, such

B U 3 GOVERNMENT PRNTING OV P1CC 1073 481 773109 Seq 8
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questions should be' kept mn mnd when
evaluating the 1mphcatlons of National Assess-
ment data,

v

The dispanties in gr performance also
raise questions to be i::%tigated. As in other
learning areas assessed' ¥ National Assess-
ment, blacks, persons living in the Southeast,
persons whose parents had httle or no high
chool education and persons hving in low-
metropolitan commfumties performed consis--

. tently below the nation as 2 whole. Are these
differences. in performance ‘inevitable? The
differences in _performancé between the
‘various regional and. parental-education,
groups decreased at the adult level, however,
for blacks and females the differences increas-
ed for the 17-year-old and adult respondents.
Are the- schools acting to change or to
reinforce estabhshed patterns of group per-
formance? :

"

.National Assesément hopes that 'readers will .

use the data.compiled In the mathematics
assessment to ask additional questions about

‘4

the_effectiveness of mathematics education

and to institute research into factors nfluenc-
ing achievement. Data on present abili$y levels
can be used to monitor changes in mathema-
tics performance and to establish a reference
point from which to chart future directions m-
American education.




