
, BD 104 809
-

110TiOR
TITLE
INST/TOTION

SiONS

,P.013 D.ATE
CONTRACT
NOTE

SE Op .604

Higgins, Jon L., , COmp. And' Others
Assessing Mathematical Achievement.
ERIC Information Analysis Center for S4Lence,
Mathewatic4, and Environmental Educatio , Columbus,

t

Nationil Inst. of Education OHM, Vashingion,
'

aec /9
.4 0-7B-0004

p.

9

)AVAILABLE FROM ,/ formation Reference Center (ERIC(IRC), The: IA1 a
S ate Iniveesitv, 1200 Chambers ed., 1rd Floor,'
"olumbus, OH 43212 (S2.50).

EDAs.OICE
bEscRIgTorts

IPENT,IFIERS

/ .

MF01/P:04 Plus PostItges.
j4"6:Au_,

*Achievementv Achievement tests *EAllittional
,

Assessme4: Educational Testing.; tlemintary Secoddary
Education; *Mathilkatics Educition; -pinimum ComPetenC:7
resting; *National Programs; National S4rVeys; Needs,
Assessmentf State .Programs: Sttte parriya 7 Testing:
*Testing/ Programs. . ,

alifornia A ssessment Progra m: *National : Assess xen.t
of Edhcationatl ,Progress -

,

Antrum' ; -

his. report was 'compi.led tp serme as a reference on '
a meats of achievement in Ores.cp]legy Pttern of
'Jmatheeatical. assessments are disCussed it terms of the Ur:story alp
nAtute of ,astestmeits,fif achievemen4 the relaticinship between-
aisgpsment and minimum competeucy testing, Ind thef.cdrren st!atus
'state assessment Erograzis..Trends in mithematicpinchAvemett are ;
'examined brpresentitlog of portions:of rjeports Of 'the National
AssesSeelt Of:Educational Progress anti the CalifAmA4 itisEissipant.5:

r..
gradeé .

six and twelve. Conclusión.S. drawn. Crom e xaminatf.oftt of these
asseSsmedt. data inclule: (1) Although sch.ollg h.ave bvft sUOCessff; im
teacaing whdle . number computation, they- have bielf- onlyi, Moderately
successful with, decimals and, Oen les slo6essfiak'in' teaching ',
computation with fractions: (,). :Students iho know !shew,1 to compute
frequently do mot know. uwbenn or "Where', tu comphte; (3) :Schools musf
broaden their veiw of basic arlttmetic if the/ expect .students to use
what .they: are' taught. An extensive .of referenbes is incLudei.
1mm

. .

**********4**4******'***************************************************
t

* Reproductions suppliea by !DRS are the.best that can tt made *

* . trom the original document.. .*

**,*k**********************************************Ip******************
Ala

al

.4



a

ke,

ONO

AV

*MCI

0'

MA1hEMAT1CS EDUCATWN REPORTS-
\

es 4

J a

Assessing Mathematicil,Achievement

compiled by

Joh L, Higgins
Margaret liCasee'n

Marilyn N. Suydam

I.

alt A

U S OE PARTMINT OP HEALTH,
IOW-ATM:PM 6 WELFARE
NApCINAL INSTITUTE CUr

IDUCATION -

THIS DOCUMENT HAS BEEN REPRO-,
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIIATION OR IGIN"
ATING IT POINTS OF VIEW OR osamions
STATED CO NOT NECESSARILY REPRE-
SENT OF F IC I AL NATIONAL INST ITUTE.OF
EDUCATION POSITION OR POLICY

"

a

;'
Clearinghouse for.$0enae, MatheMpticg,

'anti Environmental E2ucation
Vie Ohio S.titte University
College of Educatioa

.1200 Chimkvers Roaci, ThirOlpoe
.ColJecous,'Ohio 4321.2'

eNt

December 1979

1 In

S.

so

.14



Isthematic

information c

the ERIC Clearinghoupe for Iienc, Mfithematics and Envirm*ental

emetics Education Reports

ucation deports-are developed to disseminate,

cerning mathematics lineation documents analyzed at

Education. These reports

reviews' summarize and ana

all into three broad categories,'.Researqb.'

ze recent resenrch.in speciithJareas of .

mathematics education. aceource guides identify and analyze materials
"b

and references for use by mathematics teachers at all levels. Special

/bibliographies announce the availability of docuvents and review the
// litprature in 'selectea'interest areas of pathematics education. RepOrts

in each of theee.categories may alscebe targeted forspecific Tubpopulla-

tions of the Mathematics edUcetion community.' Priorities folE,development

of future Matheietics Education Reports are established by ERe Advisoryf

Board of ehe Center, in cooperation with the National.Council of

Teachers of Mafhematics, the'Special Interest Group for Research in

Mathepatics iducationv.the Conference Board ()fine Mathematical Sciences;

and other professional groups in mathematics education. Individual

comments on past Reiports and suggestions,for future Reports are

alwaylit welcomed by the Ass9ciate Bireator:
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I.

Assessin4 Mathematical Achievement

The phi-nownon of large-scale achievement testi4 is not new,,but
current interest Is particularly high as assessments proceed Across.
the nation. Many persons are searching for sources of information on
these issessmcnts. This document was therefore ommpiled to%aprve as
a reference on assesdments of achievement in pre-collegi

. In Part I, the overall sitnatiod is Cancisely'summaiized, witi; comments
on. the history and nature of Assessment and on the distinction between
progress asiessment ind minimum cdmpeteney testing. A table indicates
the status of assessments iethe 50 states, .In Part II, analyees from
one nationaa assessment and one state assessment are presented.
Finallyr.a list of pertinent references fiom the ERIC database aw
other sources is included; ThuS, an indication'of the ctirrent patterns
and trends in the assessment of msthema ical achievement is provided.

4' .

A

1.

I," PattVr4S of Atisesemint

A. Uistory and Nature of Assessments of Achievement

'ladle achievement testing cali bg "traced back to:amtiquity"..(Coff7
man, 1969, p. 8), its modern origin% iti the .United States are generally
considered to lie.in 1897 with the research study by J.-M. Rice
achievement in sPelling.. Studies on mathemacs achievement'soon
fpl1oWedvw1th Courtis (1909)'amonk the leadiers. Ai earay as-1845,
Nwever, H6race Mann recognized the need for comparativie data.tliat
could.be proilided by examinationd.

,
#.

_The IreCognition'that ilystem of comni4minations
6ould be a means of raising standards within a state
system of education led to the establishment, in
1865, of the iegents Examinations in the State of

'NeWlidrk . (Coffman$.1909$ P. )4

Achieyemekt,tests have been recognized-historically for their mot4.-
vational quality, as well as lot providing a basis for assigning,grades

.

and making selectpns. They are -used.to.form classes, to place students,
to evaluate'curvilulum as well as instruction, to identify exceptional
children, andto interpret the schools to the community. However, their
most significant role is as an integral p9it of the teaching-learning
process:

ThAir use in providing teachers with feedback regard-
.

ing.the'effeets of instructional procedUres has.been
recognized, in principle if not often in practice.
(Coffman, 1969, p..99

100

Ika retent conferenee on testing, four purposes flpr teAts were identi-
liid (Tyler and White', 1979, p. 3): . IN

.

(1) Holding teaehers, schools, and.school systeilui a)ccountsb1e.
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(2) MaitIng deeisiona câncerniag. individual titudePts.

(3) _Evaluating educationk innovations and expe imental
projects.

(4) troviaing 'guidance to teachers in.the clasiropm.
a

For the past 15 years, there has. been an attempt "to establish a
systematic base for a continuous study of the progress of education
within the United States" (Coffman, 1969, j). 9). 'In the National
Assessment of Educational Progress (NAFF1, !samples of test quéstionif
have been administered to samples of age groups. This item-samplipg
approach

-
,. -. of broad s bdlasset of-the-population rather than

to individu 1 students, spec ie schSols, or iden-

differtnt f om the,typicil. he that there has .been
Tiftieiable se ol sysiems. conceptipn, is ab

widespread. isundersianding, [bUt) tle-development
.. sbOtild rovide. educational policymakers with
.significant, tformation for, deeisions of broad
.significance (Coffman, 1969, p. 9) .

&
In adaitiop to tesfing prograMs in some individuallstates t;tie

the item-samfaing tech icipe. Where a broad pictUre.of the status of . .

achievement...is desired, ii is sot necessary to have-every child answer
everx!item.'. With earef lly controlled sampling of items and students,
information about the s atus of achievement for the total group or f6r

. various-subgroupLcan obtained. .However, when specific Information
about .individual childr n is needed, then each child must answer all
items 'of interest. In4ost local school testing programsigas'611,as'
in'some statewlde. testItg programs, this latter type of testing pattern

...
.is followed.

,

differs markedly from the typical one involving
stahdardized achie ement tests in that thi test .

item itsel beçOmiB. the unit.of interpretatiov
.in a manne similar to that of the polling studies,
and gener izations are related.to the' achievemene

-

f

A

As.systematic testing became a significant element in education,
concern grew about-the efffeceis-of misusing tests a pd test data.

1
111

A standardized test readily takes onsan.aura of
scientific preeision far beyond that which its .

creator would elaim. . . . Ebel (1964) has pointed
to the crangeisofoverinteri)retafton of test scores.

r

Clearly, it ii not enough simply to have ,
mastered Che tachn cal aspects of testing. It is
also necessary to àevelop an understanding of the
context within which tests are used, to be aware
of limitations and poesible.misuses, and to Weigh
a broad range of possible-effects before deciding
to use a part ular context. (Coffman, 1969, p. 9)

6

-
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Perhaps it. particularly imPortabt to note that an achievement
OA can provide only a measure-of.status,at.a particular time.

. interpretation of achievement-test sporeg,in
relation to educational Oragfams must of necesdity
involve, either explicitly o; iihplicitly, the
colliction of' data at two pointe ih time. A singed
sample taken at"a point in time cab give nO i'fvidence

of an "iiicrease in any attribUte unless.one is will-

. ing tO make an assumption regarding the status 'of the
student et some.prior point in time. (coffmad; 1969,

7)

UnfOitunately, edu ators all too frequently iccept as evidebce of
achieveMent the pe formance of students at. #:single point;in time
withoutregard to d fferences in thOir aohievement at some previma
poinc in hale'.

The.result is that'schale are credited with produc7.
ing high-quali y outPut when the pupput depends
primarily on hi -quality input, end pupil* are

,o

charged.with de iciencies.in,effdrt,wten they are
dctually achiev ar normal levels,:in relation
to their abiliti s-and, backgrounds. (Coffmen,'

1969, p. 7) .

Whit should achievement tests de .tronl nd (1904'iv. 4-11)
4lidts the following Points:

(1) They should measure early definetlearning.ouecomes,'
logically derived from iristructional objectives.'

(2) They sheuld'mdaeure an adelegate,sample of the kelarning
outcomeit and subject-matter content 4hc1eded in
instruction..

limy should'include the.types of test items most appro-
priate for measuring.die desired learning outcomes.

%-

.They shodld be designed to fit li he 'particular uses to

be'made of the results. -

a
e

(5) iThey should be made,SS reliable afrpossible. and shopld
then 1e interpreted, with caution.

(6) They should be used to improve studeni learning.

As test proceddres and results are analyzed, ouch points should be
considered, both by those making broad decisions about educational
pollcii and by"teachers planning for_groups of learners. While not
limited td Mathematics tests, they have particular implicatiobs for
the assessment of mathematical learning.

.

/.

k

10

r

4

4



#

As.Nas po ed earlier, testing.of acihiev&nent in:mathematics lias
been.Pursued f m the_earlY 1900s,Ont with extepsive, use'of standard- ,

ized testing in mathematicar.following the Firat World War. :The
purpose's haVe v ried, ranging framvttemilt's simply.to, ascertain how
well.children w re.doing or what eribrs children were.inaking, to the
broader purpose f Washburne and the Commiteee of Sevenduring the4 .

late 1920s t re equidce thelcurrfcrtlujn terms Of test findings.
The National, n itudinal Study of Mathematical Abilities waprthe
first of the rnodn large-scale besting programs ..in.mathemaeica .

(Wilpon et al.,'1 68-1972). ','Planned and conduCted-by the'School/.

,assessmen tht, but many'of. e,p cedures used.parallel those in
Mathematics' Study \Grotip (SMS it was noF primirily concerned wieh7

'

assesaninta. \

NLSMA was \conceived as a siudy of the effects of
various kinds of mathematics,textbodks on the learn-

.

Ins' of mathematics? Schoolg were recruited to a -.
4ilart1cipate, at the fOurth-, seventh-4, a4d tsnth-grade
levels, and'students in these initial 4amp1es nerel
followed for five years, in order to,detect.long-eerm
as well da short-terp effets of curricula (Begley,
1975). SMSG exerted no infpence-on the choice of
textbooks,, nor were any Consultant.services or
naterials provided. Data on various characteristics'.
of students and.teachera were gathered, in addition
to cognitive and affegsive scores. The mathematics Jr.

tests wert constructed in terms of computaion, com-
h prehension, application, mhd.analysis.objeectives: an
lAtem bank was'deveroped which has been used, in. ci
actuality or us a model,'for wriad-other studies.
(Suydam and Osborne, 1977, p. 1991

At the time NLSMA was being planned, the goal of a iletional
assessqent across educational levels and subjecti wis coming to
reality. The'National Assespment of Educational Progress (NAEP),
conducted by the Education Commission of the Siates, began assessment
of various smbject areas in the late 1960s. The firat mathematics
assessment by NAEP'was conducted during 1972-73; the second was 6m-
pleted in,1977-78. .In Part If, data from these two asdessments will
be presenttd. First, however, a more general point will be considered.

.
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B. c4ress AsseSsment and Minimlim Competency, Tgpting

Nat infrequently, discussions of progress assessment turn into
discUspiims'df.minimum competency testing. Is 'there a aistitietion,

..,

a'

.

I.

or can the twn ferms be used interchangeably?

The distinction between these two' types of evalu,tion.is often
:fuzzyand bccdsionV.I.9. non-existent. Yet they do differ. While
minimud competency tests comprise one form of assessment, they possess,
#certkin features which,distinguish them from.progress assessments:

41

2

"/ Progress assessments are designed to determine'the
'status'of groups of children at onepoint in time,

. and to..compare it with'the-status of similar grclups
st another point in time.. Sometimes qcores foi indl-
vidpals are'determined, and used by teachers to.belp
indivIduals. ..But the locus is on how willor
`poorlY. --the group orchildren,at, sey, sixth-grade
leyel, has achieved a spectrum of mathematical objgc-
fiveq. ;

0 Minimym competeicysting, on the other hand, is
designed to meaSure the acquisition of specified
knowledge an8 Skills to or beyond a specified standard.
Each individual is expected to attain at lefst thp
minimum standard, and 'thus ndtrate competency with
the kpoWledge and ikilla whi , by one peens orl another,
have been specified as "necessary." MoreoVer, hnother
feature of minimum competency testing iwthat the test
score may.be tided to determine whether or not the indi-
vidual Wl be promoted from grade to grade, or
graduated,from high school.

1}.

'On this latter point the definition becomes particularly hazy,
becaUse it is not an aspect of.h11 programs termed minimum competency.
Thus, some states7-for example, Massachusefts, Missouri, Nebraska,
and New HampshireL%-are popularly reported as having minimum compe-
tency testing, but they do not use the test scores as a basis for
graduftion.or promotion: Many perdons.maintain, howeve;, that this
is a key aspect of minimum competency programa. Taylor, focr instance,
argues:.

Minimium.compeeence is useful, not as a term with ni-
versally accepted mesning; but rather as a'term with
specific meaning in a specific sitmation, such as a
graduation' requirement ,for a .particular school. Then,
minimum competence can be defined and.measured, and
decisions can be made on the basis of whether a st4dene
can demonstrate the attainment of the 'particular mini-
mum competence. (Taylor, 197b, p. 89)



a

It is imporbant to note that in prbgress assessments, the focus
is on.the status of a group_ o leaitters: Assessments are ated to
survey trends in achisyement or todetA0t Weaknesses in the cuPticu
ium. Often, as in Minnesota,

11.

7

Not every student is assessed at the grade levels
where the As&sement Program focuses, nor is every 6,

district inclnded in each assessment. InOtead, a
stratified sample istused, based on five sizes and,
types of districts, and resaled from these groups
reported along ulth state results. /(Allen and
Sushak, 1979, p. I)

144
.

A'legislator frpm California, Leroy F. Greene, State Assemblyman
and Chairman of the Education. Commission., adds this

a

Parents, communities, and the legislattire also went
to know'the cost and the bedefits OY the education
system As a whole, and for this we'need state-level ..
'assessment. . . . State-Llevel testing and assessment
program0 should not identify a4y pupil participating
in such assessment, but rfitherfshould serve as a tool
for measuring the educational progxess of schools,
school diitricts, and the state's education system.
State level assessments are net a proper instrument
for diagnosing the needs of an individual student or
for determining whether a student should'be promoted,
retained, or graduated. (Greene, 1978, p. 7)

On tht'other hand,'the emPhasis in minimum competency testing is
on the individual student. The indiVidual is affected by the test:
be or she is.lAbeled competent'or incompetent. Whether or-not each
particular,student udll Se Promoted/or graduated is at.stake.

ft

Th \''bshiegrowth:of progress,ass ente and ih particular,minimum cmh-,
petency testing has 'beep reported/for some years by Pipho of,the
Eduation Commission. Of the.S6t/s. He.noted that.

Whac began-as a itar4ing idea in California, Florida,
Oregon, and a handful ylf other states in 1975 *nd /976
has mow arrived,i4 Some form in eaCh state.':As. of
March 15; 1978 33/states'had taken some type of
action to mandate/the aetting, of minimuM,competency
standads for eleMentary and secon4ary students.. All;
the emaining:states either have legislation pending
or legialativeior sEate board studies under way.
(Pipho, I978,/p4 585).'

s idere reported at Fequiring students to. pass
t for graduatiOn,,whI'll others used.it,for pro
chool torhigh gchool or for 6detemining the'

(NeWsweek-,1979,.p. 97). Some stares !l'ave

AA of May 1979 19,sta
a minimum competency/te
motion from junior.high
need for remedial pork

f / Ia I
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deVeloped a high school graduationtest (e.g., New York), or a high
school equivalency test (e.g., Californiasand FlOrida) (ETS,'197-7' ,

p, 2). In other instances,-local school districts have tsken,the
initiative-independent of stati action, often with-pressure frcim.,,,

- 1oCal parent groups.

3

I:.
Why hav6 progress ussessment and minimum coape,' testing "Iwept %

the country"? -Many anAlyses have'concluded that bollvari,results of
the movement toward accountability; which the public4demanded increas-
ingly 4pring the 1970s. Zilherallying cry of "back,to ihe basics" led"
to a headlong rush- intd lanimum competendy testing. Clark and Thodsork
(1976,,p. 5) cited the follpWing reasons for "ihe pUblic'S determin
tion to define the high school diploma4:-

1

Scores on the Scholastic
and the American College
a decline In the average
for collSge admission.

Aptitude Test have fallen,
Testing program also reported,
scoreh of Students applying

Tbe National Assessment of'Educational 'Progress in
1975 reported a decline in some scores.

r _

NAEP also reported in a nationwide sarvey of 17-yeair.
-old students and young adults that many consumsrs are
not prepatsd to shop wisely becauserof their inability
to tse fundamental mathsmatical principles such as
figuring with fractions oil working with percents.

,Amother report cited varied reasons ftord'the.support of minimum
competency testing by different groups (Miller, 1978, p. 5) :

Parents: they.felF that children have been passed through the
system without proper concern for developing the
skills necessary for success in adulthood.

tney aisk educators to explain why educational costs
are rising white enrollMent and test scores decline.

A

they are disappointed in thp pool of applicants avail-
able: many semployees9have difficulty with such tasks

Taxpayers:

Eaployers:
V

as filling oueformS, answering telephones, and simple
computatio

a -1

Officials institu
about the e

.theNeed for
.

avitibs of the s1qboo1l: they hope that.this iisue will heip /

create supportdfor rpstructuiing the schools accord-'
ing,to their particular goalS. '

s of higheratarningf they are unhappy 4
ine in Scholastic AptItude scores and-

edial .courses for enterinf freshmen.

.. . .

gome iersdhs..identAfy a more compls'x'readon for the call for pro- .-,
ficiency stahdards. They argue 'that t, .

.
) -

war-

S.

a.

f
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4 ft ta,4fraaponse to a particularTliTTekleial.
'High real proper y d

incillme.idrlevels for some groupd and.tbe problems
80 em addle...class kids"have reading and getqing into

..pFofdasionill-schools lie,behindethe cAr'for accotTt---
,

11111111$4.

i

1/2

. ability. The latter problem is really that the middle
. . .

eiggigAsItannot us ? the pqblic schools for the purposes
ta:whkel they areAccustomed d. . the deritocracy is
wOirking "and more midale class children are excluded
from the rewardbof.idvanced education (Kelley,
1977, pp. 34) . .

-

Others have similarly noted that poiaical considerations and financial
constraints are the major factors influencing administrative dqsAsions.
For instance; as a preltide-to diacu4sion of mathemati4 testinep

\ Taylor (19391 staAd: 1

.' .' Dollars-from local taxes are getting evitnAtmare'scare.,
The.passage of Prdpositiot 13.i.a.Californ0 1.? a si'gnal
thattaxpayers are "fed up" witA taxed:in igneral and
property idixes.in particular.The.effects Otthis so-
called "taxpayer revole.are being severely filt bY .

. school dystems throughodt the country. (p. 118)-
. ..

.

..ile urges that there is'need for a systematic approach to-Ndeveloping --
.cost-effective programs-of instruction and testing, rarher than making
educatidnal decisions on a "crisis orientation," with the eteation of
crisis asone way to'get a decision . ,

i
(p. 108). ,

.

Ot ..
40 .

.

'Flirthermore, be is among the many educators whO have warned of
potential harorfrom minimum competency testing grograms, at least as
they are presencly _being manciated and impleMented. He peintstout
that.many progrdWiere hastily conceived,

' . .

. . .
-With tUe naive assumptions that 'higher achievement
could be-legislated, that no special funds were needtd
,for testing and remediaticn programs, and that suit-. `

A able testt were readily availabfe. (TaYloreM79, R.98)
.

In some imstances, edutators have been bypassed as prâgrams were
eStablished. The Rattetn\in Virginia is not totall,.y unique:- legisla--
tion was enacted, inandating the development of minimum competency
objectives and tests with which to assess them, with little inte;action
with educational agencies in the state. Staxe departments of education
and local school districts weregiv - relat4ve1y short period of time

....-to implement the 1.4iislative man
.

uefirtrs had no direct role in
.

,

the decision-makinwprocess, nor was t.- rationale/fidr the,decision-
77, p. 210.,

. er ,
.

. .
. ,

. A major difficulty connected with any.competency program is the
matter of determining milat a minimum level of competency is.

4
4

How.much should aAtudent masteri Abair, constifutes
"functional lit'eracy"? How:many competencies are

11

It
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,ene4gh?.. ::A eelated' concern ts.that,imposihg an'
.ar.biira*y war result in too many .yoyngeteirs. '
failing the- test , ritiEl 'the poor and, vino rit ies aost

jaffected . . . Another objedt.ron voiced often

. that mihistam requfriments will become 'the miximum,
.that or proficiency 4411 be set soslow that .
they will bec6md fiET§,, 1977, pp-. 2-3)e.

. . ' *. . .

'mitt
,

As - erience_With-minimum tompetent testing increases,. answerd I-%
. , . ,

-,kte some aoncetnil hi;ve, appeared...4ction legisiatures, 'states.depart-.-'':
: menti o-f tedupation-u'an4" schools' is i'ecomitig ,um8re aelibera*and con- :
..si4etaee asö thel,comPlexit ies .o f ,teititig.and the ottlei7il;sues emeFO"

, (taylorc 1979: 1'0. 98-.99).- -The- nbe4. for incorporating intensive
resedyaI instruction. lAtb 'proirams is becbming .clear$ achievement -of

'aohpetency-cannOt pimply -ft manctated,;but muSt bp develOPed .thrcogh
longrringe planning. Therefore some :mei#s:of attaining competency
must Op available foi those wha. have' failed' ,-to demonstrate it on'the
tesi.1Fears that, relatively lour levels of profigiency will becoke.
maximum standards are still present, 'Mit also present is .concirn for
readjuiting the curriculut to reflect the fUndamOtaL competencies
that all -.citizens Must have in today'srand tomorrow's-,world. .

- . . .....,.
. ._., .

The Positljon paper oti.Wasic Skills, published by the kationel
. ..

Council of Supervisors of.Mathematics .(NCSM),! provides a basis fo,r.,
-

. such efforts. It WAS noted that, in mtuiy minimum competency state7
ments, "compUtatign" or "arithmetic" toss stipUlated. The NMI .

cautioned against this narrow definition, -and prOposed that ten
dkills are basic in mathematics:. . ...

. .

it

O Problem solVing- .
.

44. ,

* Applying mathematics ta everyday situations'

O Alertness to the reasonableness of' results

O Estimafion and ap;roicimtitin

Appropriate computational skills

-Geometry

O Measurement

O Reading, interpreting, and constructing tables: charts,
and graphs

O Usi.ng mathemat*Lcs to predict

O Computer literacy

they noted that computation is An element of each of ihese skills,
'bdt computational skills per se constitute only one of.the teir skills
listed. Tyler and (109) therefore noted:

As mathemstica teachers increasingly erriphaSize these .

other basic skillstests used to assess their success
.in teaching,must contain-pn appropriate 'selection of

1

1,

13
A

r

.
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item in these Othel"arehs....Similer.needs exist
erbewhereeip the burriculum. 'The more'broadly con-
ceived.skills being ,oalled for.in,mathematics. and
elsewhere are,ofted ones that.reflect the:needs of
'adults Oa analyzing and aolving practical problems
that confrdht iheir jolt's and pirsonal livss.
Sftalar'objectiyes--such as thtabilAty-to solve
praetleelzympblems involvXng.cmnputation and reading
--are feimd.in a numbenortbe Competency tests being
devised by.the Statep.-4(p. 1.5).

Taylor (1079). odba that

4
Universal a.ereiment Pia minimum competence'Aessary

'

for all'ciiizens ii.not1ik6.y to be achieved. If
minimum competence da to be defined4 it.should
doneiat'the-local level. The if the distinction
between.basic.skills and miiinüm compietence is masin-
tatned; the bto,44 convapt of'basic skills will not

\ be narrowed or compromised:- (Taylor, 1979, p. 162)
.

-

The NCSM Positibn Paper also covains a statemenp dbaut testing,
pointing out that, if properly concelVed, c6nductel, and interpreted,
teeting can be %educationally beneficial.

Large-sca ting, whether involving all students
e'or a ra svle, ca result, in interpretations
which have ereat'influ 'nce on,curriculum/revisions
and,develoOment. ,Tes psults can indicate, for
example, that'a particular mathemattcal topic "is
beihg taught at the wrong time in the student's
development and that it might bet er be introduted
later or earlier in the curriculu, Or, the results
might indicate that students areconfusd about some
topid as a result of inappropriate teaching proce-
dures. In any case, test results,should be carefully
examined by educators with special skills in the area
of curriculum development (NCSM; 1977).

Atm

Progress assessment, an4 ninimum competency testing, are a fact
of the current educational scene. That there is considerable overlap
and confusion.between the two terms shbuld 134 apparent. Assessment
does not necessarily imply the setting of standards, but neither does
it guarantee that itandards.will not be set'or sanctions imposed on

' students who do not meat those standards. . One of he most articulate
indictments of less-thaTp-careful testing is given by Shirley Hill,
presidentof the Witional Couneil of Teachers of%Mathematics.

:The.public wante high test scores now7-never mind what
we are teating and never mind its.ip otential for obso-:.
lescence. Just ger higher scores than the.school
district down'the mad. Or be sure you bake the year's
Top Ten. in Minimal Competencies Dramatic, rapi4

1 4
S.
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gains in.scorep shipuld be a hanger signal. How
concepirated and.liminell was the effort? Does.it
concein itself with long-terM retentton'ind appli-
cation? At.the expense of what else have.these
giins beentachieved? These questi6ns should be

, asked, and,the means employe4 should be carefully
examined. (1979, p. 2)

/

C. Status of-State Astlessident* Programs

,00e of the original.goals of this'report was to present a clear'
,gicture ofithi statua'of mathematicS achievement asseesments across
the country. To,adcomplish this task, we turned to existing documents
that have reportdd.survey results and other cdmpiled information
(e.g., ETS, 191'7;1Hawthorte, 1974;7Xsuffman, 1979; Oltiey, 1977; Pipho,
1979; Porter and Wildemutti,41976;-Suydam and Osbrirne, 1971), as well.
as reports from individual itates. We anticipated collating informa-
tion on such factors as ths type.of assessment (status or progress
assessment, or minimum coAlietency), the vehicle through Witch action
was to be initiated (legislature, state department or board of educa-
tion, pr local education agency), the.years id which assessments were
conducted, the type of test used' (standardized or'non-standardized),
the grade or age levels involved, And the number of,students tested.

-The task was not as simple as it'seemed.. Not only is a great
deal of information-inaccessible; even worse, inanY instances of con-
tradictory tnformation became evident. As one example of this, several
documents stated that the Lduisiana Assessment did not inelude methe-
'matics; however,. w recovered from ERIC a report on ;he Lduisiana

.

,Mathematics Assessment! Confusion over definitions of assessment and
'competency testing 4e had anticipated; we didot anticipate the great
difficulty in reconciling type of aciion, dates, levels, and other.

4

factors. In fact, "reconciliation"'is tiardlY an appropriate word: we
had to use subjective judgment in an attempt to determine wAgt con-y
flicting information meant. (In the case of "level," wp simply, noted
alternatives cited.) In some calei, this judgment was correct; in
others, errors may be found. While some informatidn is "second-hand" .

from.the reports of compilers, other informatipn was obtained directly
from documents from the individual states. Unfortunately, information
and documents from all states were not located or obtained. (Had wt
resortdd to,our own survey to Obtain the needed information, thk,
"percenta-ge correct" might have been slightly higher. It shouldo'be
noted, howevqr, that conflicting information haW arisen from previous
surveys. Apparently, perceptions of respondents have differed-s-and
in some cases, a lo4 return rate added to the difficulty of obtaining
accurate information.)

1

)

-We could'merely have noted that confusion exists, and that.to
obtain a precise, accurate indication of the status of achieftment .

Di

assessmenfs in

(

mathpmatics aerctss the states is impossible. Instead,
we chose to eseflt the information that we have been able io glean.

. x .

"

%
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a

.The"table.that follows is incftplete:' the gaps ate obvious. (Thus;
we did not,list dateswhen Vb thought assesOments wire probabl con-
docte4 we listed only whet we could verify.) 'Please do not forget
that it might also contain incorrect.information, even though we
tridd to. include onlPthat which was affirmed by several sources.
In.:ttie reference gplun are riited do s in the ERIC system from
which aetailed information can be obt ;ain , plus'selected other'docu-
Amin.; included in the list qf ;eferencesi0 this publication% There
undoulitidry iiit other d9cdments Which.4 v.Tre not abli to locate,
Additional informatioivon prOgress assessments may Ipe requestedjmn
the skates (although not all- have"this jtnformation available%for
.deistribution).

t

a
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State
. .

Alabam

.AS$gSSMENTS IN

,

Action Conducted

'Usti 1979 (pilot)

.14;

STATES

st 6 Levels ERICeRaferende Numbers
32

3,6,9 7 systems
(426%8) ,

a

a t

A1aka *0/M, LEA

0/A

1927.I.
4,8

4istricts

sf

Arizona State 1976

1971r-72

1974
1974-15 5

8,12 .

(30,8,12)

:8 35,866'
6 4,047

. Arkansas
. .. .

P/A State/ 1971-72 S 3,4,8,9 28 districts
LEA 1972-73 3,8

,

7 ,

: ED 077 95.(1972)
ED 08 710 (1974)

.0 ED X4 348 (1977) . .

ee als SE 028 932, 1976.1

California Oth Legis. 1974-75, N 6,12 all . 022 767 (Kelley et al.,
1978-79 1968)

059 910 (1977)
124 592 (1975)

ED 127 358 (1975)

1

ED 129 .594 (Hoffman and
Tardif,-.19-76)

0/M LEA (1980) e also California 1963.1

e

P wilanning; S = Studying; 0 . Operating; M.= Mir406ompetencv A .0 Asssment.

2 s - Standardized; N = Non-standardized.

3
N = Needs assessment; 0 = Objettives; P Progreps assessment.

Where no author is given, document is in References undpr name'of state.

1 7

Sq

p.

. 1

a

I.



WTI,. Action _Conducted

0/14- Legs./ "1971.
LEA

q/A /970,

Connecticut 0/A Legisa% 1976-77
...State

.

0/A State

-

Tst Levels'

R 5

N

ERIC Raference'Numbers

P: riD 139 ,f35 (Hennes, 1977)

ED 050 135 (Helper, 1970)

4
agea.9,* all, P: pp 166.619 (ahiselin et al.,
13;17

.

.e

1'976

1971 ,

1971
1973
1974
1975

1,4 Q
1,4,8
1,4,8

.1,4,8
1,41;8

1,4,8

4

"i

0/14 State all

District of 0/A
Co1ubbia

P/M ,

Florida

G orgia .

*: 1977) t

ED4660204 1Rubensteinalid
Ghigelin; 1977)

Cr: M.100 057j1975)
ED 104 945 (Wise et aL, 1975)
ED 118 608 (Handrickg A975
ED 135 848 (1977) k

. ED 144 832 (Wall, 1977)

41tt

1972 1-9 all RD 104 902 (1972)

1979 (pilot5\ S 3 6,9,12 all- 4.o
...,

4'?

0/24 L90is. 1971 41.10

1972-73 3,6*
1973-74 120,000

1974-75 - 3,6,,
'1)75-76 3,5,0,11

0/A 4,8,11 all

0/M State . (1981) - 9

N: RD 100 045 (19721

N; ED 107 695 (1974)

r

"ft

2 0



State .

kawaii
.

0/A

Action Xondutted Test Lave

196540 S 4,8 !

1970-71 4,6,84
11' *412

1971-72

State (1983)

65,000

WOIC 2efeiese Nutbers

P: 'SD 074 441 (197i)
(1972)ED 081 839

Idaho . State/ 1978
LEA

.

4,

Illinois P.-0/M" Legii../ ,1978

r
1 1 .Stete,

. Z

Indiana S/M State 1986 ',

1'

1
\

. Iowa

.

Kansas

0/A LEA

20-80%

3,6,8,10
4

1975-L70 S 5,8 .1.°F: ED. 125 894-(MorOsOn, 1976)
N: ED 169 105 (McNully 1978)

'S/H State .

. .

.0/M LEA 1970

P/A Legis./ 1978 (pilot)
State

3.5,8,10,12
(6,12)

2,4,6,8,11
(3,6,9,14

-Kentucky

.P/M

State

-

Legis./
State

1973

.k974
1975

1978

.

S 4

8

11
.4 8

2

8

11"

S 3,5,7,10
(3,5,8,11)

3,741
3,389
2,702
7,226

3,981
7,067
7,076
6,019

0: .ED 081 793 .(1971)

,

22.



Sta00

,Louisiana 0/A.

:Maine; 4 0/A

AP
Mary land

a/k

Massachusetts OtA

Michigan OM:

23

1

Action Conducte Test Levels

1,74-75

0

LLgis. . 1977:

Legis.
4-

19776 S,/),1"

*
,

State 1974-75
(

State 1970-71 N
1971-72
1972-73
1973-Y4
1974-75 -

1975-76
1976-77
1977-78

.

1978-79

S.

ages-p

)347

e.

-78114.

.

:1,567,9 .

4

ERIC Reference.Numbers

P. .ED 141.. 119 (1976)

.

.1..

- 0:1 ED1,16Z 864 (1978),/

'14P:-ED 118 635 (1975)

El) 118 637 (1105)
ED 118-638 0976)

_

715/

(347,9°,.11) P: ED 135 865 (Convey et a
(1977).

ED 158 238 (1977)

ages 9,, 17:600 N: ED 109 769 (1971)
13;17

o

4,7 0: ED 053 217 (1971)
4,7 ED 059*25 (1?71)
4,7 320 GOO ED 059 257 (071)

ED 073 139 (Donovan et al.,
1,4,7 1972)
1,4,7,10 ED 104 897 (1973))

. ED 104 898 (1972)
ED 104 899 (1973)
pa 104-966 (1972) 0
ED 104 967 (1974)
ED 111 832 -(Roeber,and

Huyser. 1975)
ED 120 216 (Donovan. 1973)
ED 120 217 (Donovan et Al.,

1973)

ED,120 218 (Mehrens,_1975),A

ED-120 219 (Fisher A al.,
1973)

ED 120 220 (1974)
ED 120 221. (1975)

es.



st- Ttpe )4pepti zCondicted
" /-

114chiltan (cont.)

a

.

reft

, 1- 41,

,

gest Leyels.-'k
yr-. 1 1.

at'

Referince Numbers

1241/4225. .(Fisher
1204226 (Roaber

ED 1.64 .578 -(Rogber
1978)

ED 117 Oa, (1975)
ED 120,242 (1974)
ED 127.131, (Zoet, 1

12Z ."132 -(Cobuin et- al. .1975)
127 133 (Beardsley -eit al., 1974).

[See also.boburai 1§7.9; Maótnick,

4

**t

et 'al;, 1974).
.gt al., 1974)
and Brictson,

I.

974)

8
r

Minna:iota 0/A
State

- :1971-72
.

/ 1974-75

CA

44.

Mississippi SIM State 1971-74
b.+.

1

,1,10:age.9

13,17
-ge 9
. 48e 1.3-

-. age 1.7

0,084 60 (Pjecha, 1973)
:ED 089 464 (Adam); -and Johnson,

12,006 .19Z3) -' 44.
17,000 1ED 137. 541 (Ludeman4 1976) g
16,800 (See also Allen and Sushak, 1979:)

r
A

MissOuri, 01A State 1'970-71

1974-79

..N4t
/4,1 4

8'

8,0p4 P: , ED 070 05.6 (1971)
8,2t6 KM 077 990 (1971)
all ".

Montana
4 4!.

LEA ,C): ,ED 062 212 '(1972)-'

Nebraska 0/A t State 1975 5 until all
mastery

ED 166 250/2511252 .(Kenne01
1978)

25

S.

AIN

tra''i-



Staie

Nevada

T5le

0/A

0/14

Action' Conducted Test Leveis'
4

ERIC Reference Numbers

1971-72
1972-73

1973-74 04/44

1978

1967

3
a
4
3
5
7 .

N: ED 079 822.(Howard and Ogg
.2,392 1971)
2,315
2,420
2,376'
2,750

3,6,4,12 all'
S.

-

Newilampshire 0/A .State -
1978 (pilot) N

4,8,12
4,8,4

New.Jersey 0/A State 1972-73
Legis. '1975-76

/978

,

New gexlio 0/A State 1969

1973-74
1978- .

5

5,8,.k2

N 5,8,

(5,8,1

New York 0 A State 1966-72
197379'

7,500
N: ED 097 352 (Schweiker, 1971)

"P: ED 039 147 (Austin, 1969)'
[See also Aust in and Prevost, 1972.3'

96,000
169,000
109,000

P:

.

ED 074 129
. ED 097 396
ED 127 352

(Ascher',

'(Gunwitz, 74)'.

(undated)

4

N: ED 077 938 (Klein, 1972)
70,000 ED 079 422 (19731

ED 095 631 (1974)
11)

all P: ED 071 162 (1972)

ED 080 591 (1973)

N:- ED 106 294 (1975)
'5,400 ED 108 974 (1974)

all

3,6,9 ,

North'
Carolina

0/A 1973-74
1974-75
1975-76

0/M Legis. 1977 (pilot)

S 6
3
9

1,2,3,6,
9,11

.North23#kota- .LEA



State

.0hio

k:* Oklahoma.

Otregon

Pennsylvanin

Rhode.IsIiind

South
Carolina

South Dakota

Tennessee

Texas

,

Type Action 'CondUcted Test Levels ERIC Refetence NuMbers

-0/A Legis./
State

N 428,6 'N: ED' 696 745 (1973)

e

.11/A Statè 1977 (pilot) ° 3,6,9 (Reading) Ar.

4 c
)2 (Survimnl skills

v.

0/M State 1976 N .4 8,060 9: ED 109 207 (Thomas, 19754
4,7,11 lkD 139 664 (1976)

pee also Clemne r 1970.]

0/A Legis./ .1976 5,8,11' ..0: ED 090 252 (Kendig, 1914)
State ED 023 943 (Coldiron, 1974

1976 .P: ED 068 471 (1971)
ED 166 198 (Kim, 1978)

0/A State 1972 N,S 4,8
1973 4,8

4,8,11

a

P/A Legis. 1978 (p'ilot). '4,7,9,11
(3,6,117

1,2,3,6,8,11)

0/A LEA, S 3,6,9

P/M State (1981) V 8,10
(4,5,6,8,11,12)

t I

P/A State 1071 . N 6 22,055 P: ED 071 872 (1972)
1977-78 6,11 ED 164 591 (1978)

ED 164 625 (1978)
ED 167 683 (1979)1
ED 169.133 (1978)-

30
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State Type Action Conducted

Utah 0/A. 1975
.

1978

1

,

0/K State (1980)

Vermont 0/M. State 1978

Virginia 0/M Legit 1978

4

Washington 0/A Legis. 1971

1971

West Virginia 0/A State

Test Level N ERIC Reference Numbers

i 5 4,000 N: ED 079 825 (Campbell and
11 3,000 Forsgren, 1970)

S 5 4,000 ED 169 119 (Ellison et p1.,
12 2,000 1978)

[See also Utah, i9 1 1974; Ellistm

-
k- 2 all [See Virginia, 1976.]
(1-6,8,10,11)

S 4 6,763
6,881

4,8,11

3,6,9,11, all

P: ED. 086 725 (Brouillet, 1973)

404 :'ED 166 234 (1978)

Wisconsin . 0/A State 1969
1973 s S 3,7
'1977 S,N 4,8,12

Wyoming 0/M StateN
Wt.

0: ED 051 186 (Henderson et al.,
1971)

ED 0694475 (HAnderson et al.,
1973)

P: ED 096 320/325/328 (1974)
[See also Coulson and Howe, 1977.]

.31
"IP .
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II. Trends in Mathemaiics Achievement,
-

\,, ,

in this sectionNaie'from the two mathematics assessmenii came
ducted by the National' sessment of .Educational Progress will be'
presented,,and apparent reilds in mathematigs achievement will be
identified. To provide *onal information4on achievement trends,
an analysis Of the mathema sceiv4 rtige of the California Assissment
Program fram 1975 to 1979 wit]: e cited. These data both supplement
and contrast with the NAEP date:!,,

A. Trends in Mathematics Adhieirement from the National
Assessment of Educational_Progress*

The National Assessment of EduAticinal Progiess (NAEP) has
completed two surveys of the mathemattRs achievement of 9-, ,

13-land 17-year-old students, the firstvanducted duzlng ihe 1972-73
school year and the second five years later,`. during 1977-78. Des-

. cribed here are changes in student performancp in matheTics between
ehe 1973 and 1978 assessments.

The 1977-7a mathematics assessmeilt was.designed to measure stu-
dents' abilities at four different cognitive process levels crossing
a variety of traditional mathematics conSent areas. These cognitive
process levels are: (1) knowledge, (240kills,' (3), Ubderstanding and
(4) application. Major content areas assessed are.nuMbers and numer-
ation; variables and relationships; geometry (size, Shape,and posi-
tion); measurement; and "other topAcs," including probability and
statistics, and'graphs and tables. For a more complete description
of the development of the 1977-78 mathematics adsessment, refer tó.
Mitematica Objectives, Second Assesiment (NAEP, 1978).%%

The knowledge level of cognitive process_involves recallof'kacts

and definitions, and incliles siich oopics as number order;silaoli.
value;,basic facts of addition, subtraEtion, multiplication ana
division; geometric figures; and measurement units. Skills involve
the ability to _use specific algorithms and manipulate mathematical
symbols. Includedin the skills levelof cognitive procelts'are cam-
puting with whofe numbers, fractions, decimals, percenta and inte-
,gers; taking measurements; converting measurement units; reading
graphs and tables; and manipulating geometric figures and algebraic
expressions. Understanding implies a higher level of Cognitive pro-
cess than simply recalling facts or using algorithms. Exercises
assessing mathematical upderstanding asked students to provide an
explanation or illustration of differefit mathematical knowledges
or skills, requiring a transformation of knowledge but not the appli-
cation of that knowledge to solve a problem. ApPlication requires the
th/ e use of mathebatical knowledge, skills and/or underatandings--
typically in problem-solving activities.

*

*The following material is a reorganization of the NAEP report Changes
in 'Mathematical Achievement, 1973-78, pp. 110. Essentially.all-
material is quoted directly,
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Measuring Changes in Achie4ement

Testing conditions must be as nearly the sedue as possible in each
assessment to asSure an.accurate measure of changes in performance.
Rational Assessment made every effort to hald conditions constant by
reading instructions' and items on tape to students and by using trained.
administrators, rather than classroom personnel, to conduct the assess-
ment.-:Items used to measure change vete identical in wording and.for-
mat in each sutvey, and timeallowed for.students.to respond wasithe
same. .Comparable samples Of young people were drawn for each asses's-
went year.

As previously statedt identical sets of items werp used in each
assessment year to measure changes in performance. gverall changes
in mathematics achievement.were 'based on 55 item partp for 9-year-olds,
77 item parts foi 13-year-olds, and 102 item-parts for 17-year-olds.
Between 2,100 and 2,500students at each age responded to an item in
each issessment. Items were packaged in booklets, and any one student
completed only one booklet of about 45 minutes in length. In 1977-78
there were 7 booklets for 9-year-olds, 11-for 13 -yiar -olds, and 12 for
17-year-olds. Approximately 17,000 9 -year-blds, 27,000 13-year-olds,
and'27,000 17-year-olds participated in the mathematics assessment.

thirteen-year-olds were assessed in October through December in
both the first and second assessments; 9-year-olds, in Jinuary and
February; and 17-year-olds, in March and April. Thus, the amount of
school experience for each age group was approximately the same in
each assessment.

Item scoring also remained consistent across assessment_

years. Approximately 20 percent of the items used to measure change
were tultiplechoice. "Tbese'were scored'by an optical scanning
mschinWthe same answers 'were acoted correct in each assessment
year. The remaining 80 percent of the items were open7ended, mean-
ing that respondents had to supply the correct answer. Scoring

. guides for open-ended items, which define categories of acceptable
-and unacceptable responseS, were revised in 1978. All 1973 responses
were rescored at the same time that the 1978 responses were scored,
uping the:1978 scoring guides, to insure .that scoring of "the m6
sets of data was t,he same.

Reporting the Data

-Differences in average or item-level performange between asse4s-
ments are descrited as changes only if the differences are statisti-
cally sIgnificant at the .05 level; differenceTthst ate not
significant at that level are-described as being "not appreciably
different." However, it should be remembered that changes may be
statistically significant but still not large enough to be meaning-
ful. A positive difference in performance for a certain average or .

item indidates that more people made a correct response in 1978 than
.in 1973; a n4ative difference shays that fewer people made'a correct
response in_thesecond asseisment than thefirst.

.
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Changes at Different Cognitive Levels

Mathematical Knowledge

Items assessing knowledge stressed recall...and recognition of.

facts and definitions--including the names ce numbers, number order,

and the names of geometric figures. Average results for all itemF

in the knowledge'section showed.no appreqiable charige'foy any of

the three NAEP a& groups.
4

However, exercises assessing knowledge of the metric apstem of '

measurementone administered to 13-year-olds mid two administe**

to 17-year-olds--showed v'ery sUbstantial gains (26 percentage points
for the 13.1year-oldsr-item; 12 and 15 percentage points for the 17-

year-olds' items). These gainF were large enough to affect substan-

tially the average results for all items. When the three metric

items were removed from the knowledge averages, both 13- and 17-year-

olds showed*decline in mathematical knowkedge as summarized in Table 1.

TABLE 1.
-

Changes in Average Performanft on Mathematical'
Knowleage Items when Metric Items Were Omitted

Nymber of
Items

Average Performance
1973 1978

ange in Average
Performance

Age 9
,

17 55% ... 55% -1% +'

Age 13 15 652 -2%*

Age 17 16 63% -2%* +

Mathematical Skills

Mathematical skills involve the ability to manipulate mathemati-
cal symbols or use:an algorithm--for example, adding a column of
numbers,'reading information from a table or solving a given equation.
Average results for skill items eb;wed that 9-year-olds' skill levels .

did not change between 1973 and 1978. However, average skill L,evels
of 13- a2A.17-year-olds declined, with 17-year-olds showing the larger
drop. "n:sults for items measuring specific mathematical skills are
presented in Table 2.

Figures Zo not total because of rounding.
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Change in
Averagk. Performance'. .Average

197; 1'1978 erformance

AgeOv . ' 21
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Age 13 ...., ,i
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..261
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51% 49i.=

55% t Uor .

. = N.
*Change ie gn c&nt at;the'.05 level
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Mathematidal Uodsitht:Ohdiri
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,
, ,

' f
Uidersbinding in2pLLe8 ti.Chrgher Jeel of cognitive irocehF 'than

recallinifacts,or*Ing.4kills. It id4p1ves the.alailpy tolgrasp :

the principles un4erlying various knov44ages'or ski1la.k thevertises
measuring understab4ing:pltenirequired studenti to trenerate kno*-:','
ledge or skills-fro6 ofte form to anotgei, for azainp3iei* s4stittrtiug '
one form of mathematical-expression foi another,. RF proNH.ding. .

an explanation or i1luetrat3on 4. a Vartie0favknow1e4ge or
skill. \ .\

"11%,'

.

Understanding was not heavily emphakized in,the first aibiss-
ment of Mathematics, and thus there are relatively few itkaMs
meaburing changes in this asea, especially for 9-year-oldi.
Peiformance of 17-year-olds declined on these items. The decline
for 13-year-olds is very close to significance at the .05 level
(p .06) and perhaps should be viewed as.a debline (Table 3).

TABU 3. Changes in Average Performance on Mathematics
Understanding Items Assessed in 1973 and 1978

'Age 13-

Age 17

Number Change in
of Average Performance Average

Items 1973 1978 Perf'ormance
_

12 52% 50%
6

13 .62% 58% :4%*

*Change is significant at the .05 level.

a
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'..Major,emphasis in:the dpplication itpms-was on sorving '.typkal
16mthook 'wird cir,storT'Troblems. Some of these,piable0s.invol4e the'

, use of geometry., measuremnt; prolfability. and *.ta.ViStic44'or4ritphs.2 i

..and tetiles.-:: A small number of.problems wtre classified As "non-
..todttne,'",meaning that.students mnst *ikely wouW, not have encoUntered
simIlar.problems 104.mathimatics'textbooks sand, Would hOve,to-solVethem
wichoutsbenefit,pf.\prior experience.with similzir imblems.',

. .. .. , .

'All three agegroups Allowed significant aiterage deOlines On the2
. .applications items (Table.4). -14Ine;... and 13-yeai-olds,reSponde4 fto a

telativeq"smaWnOmber of Iteia, ao.resUltt for them`shOulditifi inter-
. ., 0-

, prated wtth.sOmecaption.-

jiathematical Application,
a "2

4

Mathematical' application involves theuse of matheiatical know.- ,.
ledge, s14.1.114 and und.erstandini-to solve problems, Problem solving
requires. 4V4gment--7thggbility to determine ishich' facts,' algorithms

or undeifscandings are relevantasmwell as the ability, to apply the
neeflO processes.

TABU 4. Changes in Average*Performance on.Matatematits
, 4 cations-Items Assessed in 1973 and 1978 6 °

Number ). C ge In
clof Average Performance - Average

Items 1973 _1978 Performance

Age.9 9, 382 32%

Ate 13 42% . :382

Age 17 25 33% i9

'44*,

-4%*

*Changan; aigilifiaant at the ,05 level.

tFigures do not total because of rounding.

Changes in Whole NUmber Arlthmetic And Number Properties

Several items measured stuaeftts'' ability in whole number arith-
metit and grasp of number properties across the knowledge, skill, under-
standing, and application levels.

4.
Nine-year-olds'.performance did not change on two items requiring

them to write and order whole numberi.. Approximately 88 percent in
each assessment correctly wre5e "five hundred twenty-two" in numerical
form afterfseeing and hearinlit in the verbal form. About 85 percent
correctly ordexad 4 44o-digit numbers, several ofyhich contained the
asme digits in different places. Thirteen-year-olds-were even more
successful on this task--aiound 96 percent of them correct ordered
the four'numbers in each assesS.ment.
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,performence also did not change'on several items
dealimeWith.nUmber theorTand the properties of numbers. Around 70
percent-in-each:assesithent could list two even nuMbers and'iwo odd
umbersAbout 60 pertent knew that a number multiplied by,one equals
tseIf;'ands,about` Itafricnew that a number divided by one equals itself.

(mm the next page shows 61111 levels in 1973 and 1978
on various whole number computational tasks.. On the first item ("What
is the sum of 21 and 54?"), which does not require regrouping (carry-
ing), approximately three-quarters of the 9-year-olds and just over
four-fifths of the 13-year-olds were successful IA101978. Nine-year-
olds improved between 1973'and 1978 while 13,year-olds declined. Nine-

.13-,mnd 17-year-olds/ abilities to add the column of numbers with
regrouping did not Oange appreciably over the five-year period. 'On
the subtraction item, which required students pm regroup (borrow)
twicei, performance of 9-1 'and I3-year olds did not change, but that
of 17-yeir-olds dropped by 4 percentage pointe Ability to solve the
pimple multiplication item remained constant for%all three age groups;
however, 17.-yearoMlds declined In vheir ability to solve the more comer-
plex multIplication it'em. Skill in answering a simple long division
exercise strayed about the s;ime for both groups of teenagers, with 71 percent of
the IS-liar-olds and 85 percent of the 17-year'-o1ds answering correctly in 1978..

On these examples, thewhole ndtber computational skills of 9- and 137
year-Lolds appear to have remained relasively stahie. Seventeen-year-olds
Imal have lost some ground in their skills with more complex.computations.

Understanding of.number theory and the properties of numbers and
operations were also assessed. Nearly 60 oertent of the 13-year-olds
and 75 percent al. the 17-nrear-olds in each assessment identified a
general algebraic expression for an odd number. Apprbximately 70 ,

percent of the 9-year-o1ds in each assessment understood that if
altb = 84, then b X -a also equals 84, an example of the commutative
property of multiplication. Performance dropped on two items concern-
ing number relationships. As seen in Figure 2, fewer 13- and 17-yeaf-
olds in 1978 than in 1973 realized that-the relationphipslof the two
variables given could not be.determined. In a problem'deafing with'
the transitive property of the relation "older than," 50 percent of' ;

the 9-year-ol4s, 72 percent of the 13-year-olds,and 81 Percent of the
17-year-olds chose the right answer in 1978, declines of 5, 10 and 5
percentage points, respectively. Undergtanding that the as,soCiative
property--for example, (a + b) + c a + (b + c)--applies'
to addition and_multiplication but not to subtraction-or division also
decreased for the-teenaged groups. IA 1978, 48 percent' at age 13 and
64 percent at age 17 demonstrated this nderstanding, representing
"declines of 11 percent for '13-year-olds 10 percent for 17-year-
olds.
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FIGURE I. Percentages pf Correct :Response on 14bo1e Number Com
putation Itema.--1973 and 1978,.Ages 9,,13 and 17

Pewit of C01.491 ROVO*111

times
Pineentaew

*6'
Whit is the sum of
21 and 54?

43
71
75 .

+92.
a

Subtract 237 from
504.

Militiply 2-digit number
by 1-digit number
with regrouping.

-9*

0 10 20 50

.
7. .

80 00 100

1111 1111111/1 11 : 11 1 11 I 11111 1 1 11 1
(.1.A.ALLASA.tAdailla AAAAA

1111111 111:1s1111:.111::1::1::::1:411::::::11::iiii 12 111111 111 1111 1

11112!2121:::11: 11:;.1:11111 mu/ 1

Divide:
3-digit number divided
by a 2-digit number.

"indicates Me ddi2trgract is significant sr Mr .05

IIIIPerformance in 1973

mom of 11-Yast-Olde 19711

39

P.formsn of 13-Yeas-Olds 197*

Performance of 17-Year-Okfa 1979

(NAEP 1979)..
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EIGURg 2. PetcAntages of Corr,p0tAfsponses on Item.About.Re1ation-

ships ofyeriables Assessed in 1973 and1.978

Z.

If a >'5 and b S,5,.then

4.6
C=P N.a equals b..

'a is greater than b.

:(7.)..b.is'greater than.a.

MI there is not enough information tot
. determine.the relatioh betweei a and b..

r4don't know.

4

,Percent Correct.
1973 , 1978 Change

,
Age 13 671 57% -101*

Age 17 83% 761

*Change is signifioant at theh.05 level.

4,......,

4

Whole,tihmber computation is4ln important part of much problem.
solving. In the iiiMplest,singlestep problems,only one arithmetic
operation is appfied io the.problem.

-7-Figut e 3 dispi:ays. 9:- and. 13-year-olds'- perfoimance

on it.* single-step word problems. Results for .9-year-olds declined
,

on'tlie easier suhtraction task.but tepied to improve on-the mare .

. diffiCult problem,' which requitbd'sUbtr4ction of a three-digit number
froth n'three-digit,number. Thirteen-year-7o1ds wgfe considerably..more
prOficientithan.9-year-Olds'on the'.same subtractt$ problem; their

percentageNof sUccess also,tended,t6 improve. Ilhit nuMbers in the

subtraCtiOn,word woblem given to both 9- and 13-year-olds were also
presented as a strictly computatiOnal ,item. Approximately 50,percent

.
of the 9-year-olds'.in 1978 subtracted correctly op the cotputational ,

item, compared with 38 percent correctly answering the word problem.
The °difference for. -year-olds was much sqpiler, with 85 percent

(21_
correctly salving.t e 'computati&nal item alid 824ercent,! the word
problem.,-As sten in Figure 2,- 9-year-olds1 abilities on the Word

problems '.that required ,raultiplitatibn aria divisibn declined rather.

sharply. I
,

,

rs

1
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FIGURE 3. Percentages of Correct Response On Single-Step
Word Problems-1973 and 19789 Ages 9 and-13

Percent of Correct Response -

0 10 30 49
ki

Peicestare
1bons

Word wobbling renuiring:
Sub:realign of a 2-digit nurither
from 2-digit number no regrouping. -5.

Sititreitiob of a 3-digit nurnber
from a 3-digit number with
Fegrouoing.

Olt
faultiplication Cie. 2-digit number
by a 1-digit number with
riVittuPincl-

8

DiVisiCtil of a 2-digit number
by a I -digit number with no
remainder.
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Multistep problems require more than one operAtion for their
solution. Most of these were administered only to 17-year-olds.
The problem shown in Figure 4 can be solved first by dividing to
find the number of five-minute intervals in an hour and then multi-
plying the number obtained by.eight kiltimeters. Seventeen-year-
olds' performance dropped considerably on this item.

FIGURE 4. Percentages of Correct Responses on Multi-
step Problem Assessed in 1973' and 1978

A car traveled eight kilomiters.in five minutes. At this
. speed, how manY KILOMETERS could it travel in one hour?

Answer '(96 km)

Percent Correct
1973 1978 Change

Age 13 31% 282 - 32

Age 17 65% 56% -10%ht

*Change is significant at the .05 level.

fiFigures do not total becausg of rounding,. .

Changes in Ability to Use Fractions Decimals, and Percents

Several NAEP items measuied knowledge, skills, understanding, and
abilities for rational number arithmetic--work with fractions, deci-
mals,and percents.

Items requiring the ordelOing of fractions and decimals
seemed more difficult for teenagers in 1978 than in the previous
survey. In 1978, 52 percent C)f the 13-year-oIdg and 81 percent of
the 17-year-olds correctly selected a common proper fvction falling
between two given common proper fractions.. Performahce on this item
dropped from the 1973 assessment--6 percentage points for 13-year.7
olds and 4 percentage points foy,17-year-olds. Relatively few
13-year-olds in either assessment--about 15 percent--identified a
decimia number falling between two given decimal numbers. Forty-
six percettt of the 17-year-olds werig successful at this task in
1978, a decline of 7 percentage poiRts from the previous assessment.

1,7
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When asked 1What does 2/3 of 9 equal?", results declined
apbreciably from 1973 to 1978. Eighteen percent of the 9-year-olds
-coad correctly compute the answer in 1973, but in 1978 only 13
percent could give the correct qnswer. For 13-year-olds the per-
cent giving the correct answer declined from 56 percent to 49
percent; for 17-year-olds the decline was from 81 percent to 73
percent.

The atems measuring translation between forms of mathematical
expression proved difficult for 9-year-olds. #Tfiirteen-year-olds
shoWed some improvement on these items over the five-year period.

'Figure 5 presents an itemorequiring trinslation from a-pictorial
to a numerical form. Performance improv'ed substantially
between ages 9 and 13. While the percentage of 9-year-olds giving
a correct response did not change between assessments, the percen-
tage of 13-yeax-olds answering correctly increased by 5 percentage
po4nts.

FIGURE 5. Percentages of Correct ResponSes on Items Requiring
Translation Assessed in 19731and 1978

What fractional part of this figure is shaded?

Percent Correct
1973 .1978

Answer (1/3 or 4/12)

Change

Age 9 19% , 20% ' 1%

Age 13 762 82%

*Change is significant,at the .05 level. '

tFigures do not Ntat because of rounding.
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Similar reSults appeared on another item asking for translation

of a fraction from a pictorial to a numerical form. 4erformance of
.9-year-olds did not change appreciably.on this item, with approxi-

mately 11 percent in each assessment ansWeritig correctly, While

performance a 11-year-olds improved 8.percentage points,. with 71

percent answering correctly in 1978. About one-fifth of the 13-

'yelm-,colds in 1978, a decline of 4,percentage points from 1973; deter-

mined the fractional part of the circle that is shaded in the follow-

ing drawing:

a

The .following problem re4uired 13- and 17-year-olds to trans-
late a verbal expression itIto-a.sYmbolic 'one. About 17 percent at
ige 13 and about 46 Oercent at age 17 comPleted the translation ."

successfully in each-assessment.

-

Carol earned D dollars during the week. She spent C
doliorsjor clothes and. F dollars'fpr.food. Write an
expression using D, C and F that shows the number of
dollars she had left.

Answer D-(0+F) or D-C-F

Fewer.17-year-olds in 1978 were aware that percent represents
a number out of 100.1'Sixty-eight percent in 1978, 5 percent fewer
than in 1973, identified a given,percent as a number out of 100.

Nine-, 131, and 17-year-olds-vere asked to add fractional quanti-
-

ties of liquids pictured in tiro measuring cUps. Students could simply
visualize the correct answer from-the picture rather than go through
the process of adding fractions. About 13 percent of the 9-ygar-olds
gave theJorrect apswer in each assessmetitt year; the percentage of
13-yearlolds responding correctly dropped 13 percentage points, from
69 percent in 1973 to 56 percent in 1978; aod the percentage of 17-
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4

year-olds giving the right answer temained constant, at approximately

83 percent in each assessment. Percentages of success were consider-
ahlf lower for an item in which the same fractions pictured in the

item discussed above were presented as an addition skill item and

were not pictured--2 percent of the 9-year-olds, 35 percint of the
1,3year-9lds,and 67 percent of,the 17-year-olds added correctly on

this item. Students typically did bette i. on computational skill
exercises thin on word problems uslmg the same numbers. In this

case, students AA much better when they could visualize the solu-
tion.than when the process of adding fractions was needed.,

iSeventeen-year-olds responded to a problem that required them

to c6mpute one-half of a mixed fraction. Their percentage.of

success dropped stibstantially--from 27 percent to 13 percent--between

assessments.

Several one-step word problems dealt with percent. About one-

fifth of the 13-year-olds end just over half of the 17-year-olds
. solved the following problem: ,

A hockey taam,won five o ith e 20 games it played.
What percent of the games did it win?

Answer, (25%)

t_

Seventeen-year-olds' performance decli ed &percentage points on.this'

item.

When asked.to calculate a Certain percentof a given number in a
word problem, 15 percent at age_13 and 40 percent at age 17 were

successful in the second assessment; each age group declibed 5 per-
centage points from its 1973 performance. Percentages of success

were similar to those for the prev.ious problek (10 percent at gge 13.
and 40 percent at .age 17) on an item asking teenagers to figure the

amount of discount on the price of an Atem when the percent of dis-

count was given. Performance on this item improved By 3 percentage
points for 13-year-glds and did not change appreciably for 17-year-

olds between assesslints. Instead of dultiplyi4g, about 15 percent
.of the 13-year-olds'in 1978, subtracted the percent of discount
.from the original price, and another 15 percent divided the price
by.fhe percent.

Severdl multistep problems involved the use of persent. Just

.
over one-fourth of the 17-year-olds in each assessment correctly
calculatedthe depreciated value of an object when given the percent
of depreciation and the original price. 'Very few 17-year-olds

(about 5 percent in,each Assessment) successfully determined the

original price 6f-an object when the sale price of the object and

the percent off were given.

About 10 percent of the 17-year-olds in both 1973 and 1978 solved

a problem concerning a taxi fare, in which a base price and addiOonal

46
4



increments were giiren for fractions Of a mdle traveled and the
distance traveled was expressed.in decimals.

Champs on Measurement-ftems, Grapher, and'Tables.
A

MeasureMent is another basic and e'ssential Use of matheiatics.

/ Several item* Dor 9-yearolds dealtvith making measurements. ,One,
item asked 9-year-olds to mark on a clockface a time that-is an

hour and 1.0 minutes later thAn that shown on another clock. Approx-
imately 45 percent of the 9-year-olds'drew the cekrect time in each(

.assessment.

Nine-year-olds were asked several questicins dealing with _

measurement of tike. About one-thtrd of,the 9-year-ol4s in each
assessment accurately gave-the.length oftime between two stated
times, when they.could simply subtract the times:and regrouping
was net necessary. *However, they declined 14 percentage points,
from-43 percent to 2§ percent, in ability to give a time eight
hours later than a stated tinie. ibis is a more complicated problem
since the tiMe period went past 12:00 atudents could not
simply add the hours to the original time.

in another measurement problem, 9- amd 13-year-olds used a
scale drawin'il and e ruler.to determine thi distance between two
places. About one-quarter of the 9-year-olds and two-thirds of,

: the 13-year-olds gave the correct diseince, a decline of 5 percen-
. tage points at each age from 1973...Seventeen-year-olds also

answered a question about distance represented on a scale.drawing.
Forty-two percent in 1978 found the correct diatance, a decline of
percentage points from 1973.

Approximately 35 percent of the, 9-Lyear-olds correctly estimated.
the length of a given line segment in inches, a decline of 5 percen-
tage points from the first assessment.

Changes in Lowledre of measurement may reflect a shift toward
greater emphasis on the metric dystem in the schools' curricula.
As seen in Figure 6, knowledge of English unit relationshdps
declined for all Aree ages, although the overallidecline was not
as pronounced for the 17-year-olds. On several items dealing with
the metric system of measurement, 13- and 17-year-olds showed sub-
stantial improvements betWen 1973 and 1978. Sixty-three percent
of the 13-year-olds in 1978, compared with 37 percent in 1973,
correctly identified a 'kilometer as the largest unit in.a list of
lagetric units, an improvement of 26 percentage points. Sixty-nine
percent of the 17-year-e1ds completed this task correctly, an
improvement of 15 percetage points from 1973. 44bn another metric

exercise, in whfch 17-ye r-olds.were asked to name the English unit
mdst nearly eqhivalent t a metric unit, performance imprpved by 12
percentage_points, to 71 percent in the second assessment.

r

1 '7
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*FIGURE-6 Percentages of Correct Responses on Measureient
Items Assessed in 1973 and 1978

A. Which is lOnger

Age
Percent'Correct
1973 1978 Change,

2 feet '. -9 83% 79% -
1 yard** 13 94% 93% 7 1%
I don't know. 17 972 96% - 1%

B. Which is heavier? O.
17 ounces** 9 36% 292 - 72*
1 pound 13 72Z- 63% -10%*i

don't know. 17 86% 842 -.2%

Which holds more water?.
.3 pints 9 '40. 812 '- 31

2 quarts** 13 922'.:... 91% - 1%
I don't know,. 17 952 . 93% - 2%*

Many of the itets assessing measurement skills for

concerned conversi ns between-Englidh units. Seventeen-year-o

showed substantial eclines on these items; 13-year-olds' perfori
also tended to drop although their declines often are not stati4-
tically significant ¶1igure 7).. It is'possible that this skill ig
receiving less empha is than previously in thi school's, and metric

units are receiving nore attentiOn.

pagers

-FIGURE 7. Percentages'of Correct Responses and Changes in
-' Percentages on Measurement Conversion Items

Assessed in 1978

x inChes hOw,many feet?
x pounds Pillow many ounces?

ix gallons how many pints?
ft feet how many yards?
Add pounds arid ounces

Age 13 Age 17

.4^

. Percenteorrect. PercentCorrect
1978 Change 1978 Change

60%
33%
41%
43%f
52%

*Change is significant at the .05 leve1.
**correct answer

+Figures do not total because of rounding

18

- 3%
- 3%
- 4%

56% -10%*
49%
59% - 8%*
70% - 8%*
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traphs. Plotting points and working with graphs of equations proved

. difficult for most teenagers. Performance did not change appre-

ciably between assessments. APproximately 20 percent of the 13-
year-olds successfaily plotted the point (3,2) on a graph. At '

.agar17, about 20 percent correctly graphed the equation y 2x4-11

Approximately *15 percent of the 17-year-olds determined the aloft
of the line 2y 5x - 8, and,about 12 percent gave the y-interceet

of.this line. Five percent of them determined the equation of a
line when the x- and y-intercepts were given, and 3 percent gave
the equatien fof i circle with -the center located at the origin.

41.
Seventeen-year-olds respended to several items demanding

interpretation of information.presented in graphs. Forty-four
percent of th.em successfully determined the period of greatest
profit from a graph displaying separaee lines for income and
expenses, a decline of-7 peicentage points from 1973. Performine
did not change on two'items that asked students to use a grapli

,,_exhibiting performance of ears, in which speed is ont
c'axis, time the other;amd.the cars' speeds at given times aki
plotted as curves.

Iables. Quantitative informattonds Oftpn pre'sented In graphs or in
tabular form, and it is important that atudents know how.to read
information presented in this way. Netirly half the 13-year,..ol4s
correctly used a table to find proper.amoUnts of sales takfor
various amounts--only h slight decline ftoia the'etevious assess-:

ment. Between 75 and 80 percent of the ,17-year-olds used the. °

table correctly on these problems, declining ibout 4 percentage
pcants from 1973.

7.7

7

PI7

,.

Thirteen-year-olds improvcd n theii-ability to'read atvert
mileage chart-58 percent did so:.suotrifsfully in 1978, an increase
A 6 percentage points. Seventeen-year-olds' performancedid not
change appreciably, with about 0 pereeni of them using the,.chart

correctly. .

Charts and table's can alao.be used to siolV'i problemi. About
one-fourth of the 13-year-oldfOinci1 one-half of the 11-year-olds
found the Aptritive values of:tertiain foods listed'on a chart and'-'
then empld9W that informatiOn in calcuIatingiputritive values ef

a meal. Both teenaged groups decliqed on this item, with ;3-year-

\
olds dropping 8 percentage points and 17.-year-o1dd dropping 61,
-About 10 percent at age 17 ineach assessment corre&ly used a
tableshowing automobile injurie,' pedegtrian injuries,and total
-..ildmber of injuries for different groulDsL-to determine which group -.
had..the highest 'number of pedeS:t;rian.injuriqs per total injuries.

'4
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Cla'anges in Aliebra

Skills in manipulatihg algebraic fiymbo s. include simplifying
expressions, solving equations and inequalities, plotting points
and grdphing equations.. Slightly.more thih one-fifth of the 1-3-
year-olds and just over half of the 17-year-olds in each assessment
.selected the equivalent eipression for a/b c/d (Figure 8). Both
13- and 17-year-olds declined in their ability tti multiply 113 X a/2.
Relatively few 13-year-oids 413 perceht in 1973;dropping to 10
percent in 1978) correctly completed this task in'either year; ,how
ever, the percentage correct for 17-year-olds dropped rather sharply,
from 54 to 39 percent. Twentyrsix percent of the 17-year-olds in
1978 correctly i*.tltiplied the binomial factors'of a quadratic
expression, a decline of 7 peicentage points from 1973. Around cine-
fifth of the 1,7-year-olds in each assessment successfully, gave, the
binomial factors for a simple quadratic'of the form x2 + bx + c.

. at

'r

II

4

'
144

4114

FIGURE 8. Percentages of Correct Responses on Item About
A Algebraic Expressions Assessed in 1973 and,1978
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TABLE'5. Percentages of Correct Responses and Changes in Percentages
on.Items Involving Equations; Age 17

Age 17
1978

Find missing numerator in
equival,nt ,fraction. 722

What value'of.x satisfies
3x + 6 14 x + 2?

Find'solution set of
x2.- 5x + 6 O.

-

. Solve for x and y in a
system of linear equations- `122

a

34%

18%

n e

_ 62* ,

4ehange is significant at the .05 level.

:

a

.
.......

.

..
. .

1 Changes inl,Geometry
..

#

.4. Relatively fssa 'item! measured Oility to recognize.geometric,
.-Aigurls; changes OA theyitems géner4.1y:ire !light.. Recognitions
'..-of names.of sOl..i4s iiiCreased .. considerably- from ages 4 to.lito 17;

y:it all three apts., vote sbrud'ents:recognized a 'rectengulay soligd,

(---- : thati a sphere qr a C*Iinder. - ;... .. Y' , : . ,. .. .
., : . 1 .1 3 . 4.,

+4 , . , 9 -
. t I . . ...'t . 4 te..I.. Several items'assessed upderstanding44.geoMetri&prInciples:"

Ili] bisth asseSemenis, ab'aiiit t40-,t1irds of pie 07.Year-o1ds were aware
: 'that'ifoileside of a 47quar'e i.s:a certain' len0h; an adjoining iide

. . . ...
,has tobe the mme lengthy.. dirt. the followangMgure ,:'

,

.

4 N s 7

;

,

%

*

'
S.

a

'St

.4
34

A,

and 66],0 that it'JAa square separated infeilralves:hy a-line 'parallel'
to the basO, &out a thifd of the 13-year=-Olds and-hst avail io-fift.hs,

of the 17-yearvolds -correctly gave tile lengvh 01b.line sement,XY-(2.,

inches). While peldprmalice bf.1.3-yeat-olds Aid Rot thange; thSt.of
17-year-01as droppdg 9' petcentige points., Ablinit 30 p'ercentof'the

,

e4 14.

51
,

o

4
;

7 .
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13-year-olds and 19 percent of the 17-year-olds in 1978 gave 4 incfies "
.

as the length of XY, perhaps an indication that they either did.not
read the question very carefully or did not realize thet the term
Ube segment XY goes not refer to the entire side-of the-square.

Approximately half the 13-year-olds in both 1973'and 1978
correctly identified the line segment in altircle that is twice
as long as the radius: Many 13-year-olds apparently did not

'realize that such a line must go through the center,of-A circle.
Performance of 17-year-olds declined on this luestion, from 77
.percent in r973 -to 73 percent in 1978.

Seventeen-year-olds hpd difficulty with several problems
-requiring the application of geometric concepts. Nearly. 20 percent
in both 1973 and 1978 saved a problem involving use of the Pytha-
gorean theorem to find-the missing side of a triangle. On another
proble, the percentage correctly using the proportionality of-sim-
ilar triangles to find the missing side of a triangle droppedIrmo
10 percent to 6 percent.

Seventeeu-year-olds were asked to determine the circumference
of the following circle with center 0:-

.

'

,a .

31,/
-TWenty percent of them correctly Answered 72.inChes*-a drOp6of

% 7 perCentage points from 1973. They.also were asked to figure.the
: number of cubic feet of Concrete needed to Till an area. measuring
30 feet x. 20 leet.x '4'inches. Nine percent were_succesAful in 1978,.
compared With 11 percent-in the previOus'assessment. Nearly one-

,.,

fourth of the 17-year-oldsAn 'each assessment simply multiplied all
. .

the numbers together, neglecting to convert the numbers to the saMere

units
'

1. r

'a
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Changes in Probability.and Statistics

Seventeen-year-olds respond& to several problems concerning
probability and statistics. Success was fairly low on an item
involving combinations (5 peraent or less)* arid on another item
inliolving coin-tossing probabilities (an improvementlrom 2 percent
to 5 percena. Figure 9 shows two'other items--one concerned with
Oobability and the other with combinations-70n Which performance
dropped about 5 percentage points. A-drop of 5 ptrcentage points-,
18 percent to 13 percent7-,was also seen In 17-year,oldEr ability to
calculate a weighted average.

mad

FIGURE 9. Percentaget of Correct Responses,on Items Involving
Probability and Combinations Assessed in 1973 and
1978, Age:17

2, 3, 4, 4, 5, 6, 8, 8, 9, 10

Pbr a party game each number shown above was painted on a
different Ping-Fong pail,.and the balls were thoroughly
mixed up in a bowl. If a ball is picked from the bawl by
a blindfolded person, what i the probability that the
ball will have a 4 on it?

Answer (115)

Age 17

Percent Correet
1973 1978 'Change.

40% 352! 5%*

A combination.lock on a trunk has three dials, one showing
all 26 letrera of the alphabet dnd the other two showing
the 10 digits 0 to 9. Assuming that a combination uses a
setting on all, three dials, how4many differeft combina-

"Itivils are possible?

,Age.17

Answer .$(2,600)

Percent Correct
1973 1978 Change

20% 15% - 5%*

*Change is significant at the .05 level.

Olk



B. TretAg in Mathematics AcIfievement from the California

asessment Program: Grade S-kx*,

The Suryey of Basic Skills: Grade .6 was developed specifically

to assess the students attainment of mathematics' skills taught
through the sixth grade level in iliost California sch9ols. The 1§0 .

questions on the Survey were designed to assess students' skills 4na

the areas of arithmetic, geometry,. mehsurement, 'and- probability and.
statistics. Figure .10 illustrates the emphasii pladed on
each skill area, in the total teat.. In -the figure ihe skill area of
arithmetic is subdiVided sinto mumber concepts, whole numbers, frac-
.tions, and decimals. The emphasis on each area in tilt test is
consistent..with the general mathematics curriculum ot most California
schocils sand the recommendations 1 Mathematics Framework, for
California ttitilic Schools.

Arithmetic
Whole
number'.

(28 items) I

z

# /
I.

Fractions
(20 itemg) Decimals

(20 items

Measurement
aria graphs
(32 items)

FIGURt 10. Skill area 'emphases in. the S rvey of Basf,c
SkiZla: igrade 6

0

a

416

,41
*Repro'cluced (with few changes) fkom Student Achievement in, Califotenia-

. Sehriols: 1978-79 Annual Report, pages 86-93.
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Mathematics Scores fpr Grade Six

Table 6 contains the sixth grade Survey results fo4. 1975-76

'through 1978-79. The,,last three column's of,the table show the

changes in scores over the same period..

TAIILE 6. Mathematics Scores of California Sixth Grade Students onkthe'
. purvey of Basic 'Skills:. Grade 6v

.

114111. are _ -

-lumber of
juegtie"

*mirage percent correct , Chen
.

,

.

' 1975-76' 1976-77 19/748 1978-79
197-76t05,
1976-77

.t6773.970-:7-78
,

1977-78

19

1978-39

MTH, TOTAL
.. .

Arithmetic

Number concepts,

Wbo/i numbers

tractions.

.
Datimals

.

Coosetry

Nessuresiamt- and
izaPh4

?rebel:ditty and.
etatistice

-

160

96

28

28

20

20

20

32

12

..

57.4

61.0

65.4 -

46.9

49.6

56.3

98.8

52.1.

40.4

57.7

. 61.0'.

65.5

67:5

47.0

97.4

.58.5

53.5 ."

40.9,

i

58.5

61.8

65.6

4440

141.61'

59.0

'59..3

54.4 ^

-41.6

59.0

62.3

65.8

66.4'4

52.3

59.9

59.8

55.1

41.7 .

40.3 'it

0.0 ,

+0.1

41.6 '.

-0.6

+1 .i

`.1.3

+1.4

40.5

40.8

40.8

40.1

40.3

+1.6

+1.2

40.8

+0.9

40.7 .

.

40.5

4.5
40.2

+0.7

40.9
.

40.7

40.1

A'more aetailed.breakdawn of skill area results for.the four-year
perfOr4ppears in Figure 11. The followini overall conclusions are
appareEt from the data.' in Table 6 and Figure 11.

The overall matilematics scores improved conaistently
'over theIour-yEar peiiod.,

1

, 44

' Over the,four-year period, studerits.iegistered the
greatest gains in the Skill area of decimals iv
generra and decimal coMputaqon in particular. The
area of measurement and graphs is.the area in which
students showtd the next greatest gains. The scors
for khowltdge of facts arid aOplicarions of.measure-
,

ment also increased. * '

Scorei in 'the'skill of number, properties showed a
continuous and sidnifieant decline over the four-
yestr period. In all skill areas except the ones
mentioned 'above, studAts showed small but 'cdnsis-
tent gains over the Deriod a four years.
A



-a

141 0

72 u

0

ma*

ae a

511

54 0

S2 0

se

Student Performance in Arithmetic and Its Skill Amu

46 0

et
44# 0

a
42

40 0

11"

31

Asithoorfie (MUM
a._:_......__.,._......_......,-.--'.-...- o Declontis computation

0

ak .0" Dectonta spiificarios

41 Number Theory

Noother propos/1os

57i7o4r lumbers sifplicarioo
1.n/stint, COMPO 111s0

1mIc00104 44,0ertko

v

I 7 7 p576 77 1 77-75 1 5.79

Year

Student Performance in Probability and Statistic. and Its Skill Areas

('omputation

Probtbday wed voilealci MAO

Apr16.411.44

5 6

11.1....

1 5-76 6-77

Year

1477.75 19 5.7

72 0

70 0

61 0

6.0
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a
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le711-711
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Apptiumus
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Knooirdp of Nets

11775-76 1576-7
Year

4

1,77.711 1971.711

-FIGURE 11. Graphic Representations of Average Mathematics Scores and Changes in Scores on
the Survey of Basic, Skills; Grade 6, 1975-76 through 1978-79
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Analysis and Interpretation of Skill Area Results

As in previotie years, the Mathematics Assessment Advisory

Committee conducted an in-depth review of the mathematics results,

by skill arep. The committee members judged tHe adequacy of student

performance in light of the difficulty of the questions, the rela-.
tive emphasis on each skill in a typical classroom, and changes in

student performance over a period of four-years.

Arithmetic. The arithmetic portion td the Survey consists of

a total of 96 qUestions, in four skill aras--number concepts, whoj,e

numbers, fractions, and decimals. There was.an overall increase of

'0.5 percent correct inirithmetic from 1977-78 to 1978-79.

In_1978-7§ student perfOrmance in arithmetic showed an perease
in seven skill areas, am4 a decrease in two (number properties had a

decrease of 1.2 percent correct, and whole number applications had a

decrease of 0.1.percent correct). The most dramatic increase over
the last four years was in decimal computation, in which sixth grade

students registered'an'increase of 5.0 percent correct. Corres-
pOndingly, the most dramatl.c decrease over the last four years was

in number properties. . A

-

In the opinion of the advisory committee, the continued decline
in the nutber properties skill is due to a decrease in ihe emphasis

on these concepts in ndwly adopted.textbooks and oy cla'sroom

teachers. The committee members indicated a need to emphasize number

properties to improve students' understanding of mathematics concepts.
Example A is illustrative of the distributive prOperty skill that

the committed believes needs more emphasis in the classroom.

Example A

Select thebrrect name for the missimg number:

3 X 26 = (3 X 0) + (3 X 6)

(19) Cs 2

(12) C, 6

(34) a 20
(14) cz. 26.

(21) n None .of these

Percent Correa'

1975-76 40.9
1976-37 37.8

1977-78 36.5
1978-79 33.9

In whole number computation the advisory committee judged that

scores were good when the testing began in 1974-75 and that these

scores have been increasing significantly each year. The committee

also noted that although computation with fractions and decimals

has improved, the scores are still low. In particular, division
of decimals was identified es a skill needing more attention.
Example B is illustrative of this type of item.
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75 2.5

(50) 0:=1'- .3

(18) C. 3
(29) 'AO 30
( 3) C3300

Percent Correct

1975-76 26.3
1976-77 28.1
1977778 28.8
1978-79 28.5"

Although student performance has improved on application items over
.the fouryear period (significantly bar decimal Iplications), the
adviSory committee determined that in.general th area still needs

more instructional emphasis.

Geometry. The geometry portion of the Survey consists of 20
questions. The average percent correct in,the majOr skill area of
geometry inpreased 0.5 percent correct from 1977-78 to'1978-79.
Students ineieased their average percent correct in six of ,eight
questions-concerning kno ledge of facts; the-averagepercent
correct remained the sainelon one question and decreased on the
other. On the leometric pplications students increased their
average percent correct in eight of 12 questions and decreased
their average percent correct.on the other four.

The increase in geometry scores was almost equally,divided
between kfiowledge of geometric facts (+0.5) and geometric applications
(+0.6) as bpposed to the previous year, when most of the increase in
geometryas attributed to gains in knowledge of facts (+1.3).
Example C is representative of the test.items on which scores have
increased. 40

gxii[Ole

Which of the following figures is divided
by a line of symmetry?

Percent Co rect

1975-76 54..4

1976-77 57.0
1977-78 60.7
1978-79 62.4

ti
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The scores in the geometry section seem to Indicate-that teachers
have been placing greater emphasis on informal geometry over the
past two years.

In the judgment of'the advisoryccommittee, greater attention
needs to be given to formalizIng inform41 geometric'concepts, with
emphasis on using the appropriate vocabulary to demonstrate an
underétanding of these keometric concepts. In particular, students
need increased instruction in identifying:common geometric figures
ghd in describing their parts.

Measurement and graphs. The Survey includes 32 items in the
area:of measurement and graphs. Fourteen arg recall or computation
items- requiring,students to demonstrate an ability to estimate;
convert one unit to another; and'perform arithmetic operations,
related to length, mass, volume, and time. The remaining 18 items

are word problems aealinewith reading and interpretation of graphs
(11 items) and measurement of lengtp, areli mass, volume, and time
(seven items).

A 0

In the overall major skill area of Weasurement and graphs,
students' scores showed an increase of 0.7 percent correct from
1977-78,to 1978-79. Of the 32 items in measurement.and 'graphs,
student'scores increasei on ten of the 14 items involving know-
ledge of facts and'op 17 of ate 18 application items.

4

In the judgment of the advksory committee, the continued
improvement in this major skill area'rgflects the increase in
instructional emphasis in California erassrooms.c The committee
noted that students seem to have diffictlty distinguishint between
the concepts of perimeter and area. -For example. when given a
problem to compute the area oft a squari'students most frequently
selecteck the kesfbnse that was the perimeter. Example D.is Illus-

trative of this type of item. ,

It

Example D

4

A side of the square is.3 cm. What
is tfie area of,the square?

6.8) C) 3 square cm
(11) CD, 6 square cm
(22) dP 9 square cm
(49) c=)12 square cm

Percent Correct

1975-76 19.9-
1976-77 20.1
1977-78 22.1
1978-79 21.6

a.

&row.
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Pfambility and statistics. The 'sixth grade Survey inCludes
12 items on probability and statistics. ,Six of the items are re-,
lated to simple statistical computation dr based on an intuitive

.aiproach to. probsbiIity. ,The.other six items require the Students
to apply Concepts of probability and statistics to solve problems.

In the major skill area of probability and statistics, the
overaUjercent coTrect score showed an increase of 0.1 from 1977-'
78 to 8-79 (41.6 to 41.7). Seven items showed an inctesse, and
five items showed a decrease.

The advisory committee continues to believe that(the scores in
the probability and statistics area A.e far below what should be ex-
pected of all students. The lowest scores were found to be on items
involving simple terminology, such as "average" and "mean." Since
probability and statistical terms are used so friquently in every-
day We (for example, "chances of rain," rbatting averages," "median
salary"), stUdentsvshould be Mile to understand and use them; Ex-

, ample.E is a typical item using common statistical terminology.

ExampleE

A
On's bathematics test students-obtained
the following scotes:

68, 75, 80, 86,. 95, 100.

What is the range of these scores?

(12) 0 32
(.5) b. 42
(19) 'CD 18
(26) 4) 100
(38) 0 None of these

Percent Correct

1,975-76. 17.2
1976-77 13.7

- 1977-78 12.9
1978-79 12.1'

r

Tim advisory coniMittee recommer;ded thal more emphasis'be pieced
on classroom instruction in the application of the.conceOts and skills
in probabilixy and stat.istics since these scores are lower than those
bn any other section of the mathematics test.

Summary of the Committee's Conclusions and Reconmendations

The members of the Mathematics Asiessment Advisory Committee were
gratified to observe the increase in the mathematics scores of sixth
grade students from 1977-78 to 1978-79. The trend of increasing
scores in 1978-79 was a continuation of the trends noted during the
previous years.

The pattern of strengths and weaknesses discerned by the commit-,
tee members in their analysis of the sixth-grade mathematics results is
summarized in Figure 12.
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FIGURE 12. ,Mathematics Assessment Advisory Committee's Judgmentsof
Strengths and Weaknesses.of Sixth-Gradre Students in Math
.on the Basis of Skill-Area Results on the Survey of BaSic
Skills: Gradb 6, 1978-79

Areas of strength Arens in need of improvement

Compntini (4-, -, x, ) whole_ Dividing decimals and applying
numbers and simple fractions decimals

V.

It
4

Ad ng nnd subtracting decimals. Using formulas, such as those for
perimeter, aren, and volume

Understanding mean, median, and
-range'and computing.probability
of simple events

Recoin
shapes

common geometric

Reading a s e'bar graph

62
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C. ITends.'in Mathematics Achievement froM the Californis;;:
Assessment Program: Grade:twelve*

41

The Survey of Basic Skills: Grade 12 was developed to assess the
ciegree to which students have acquired "basic mathematics skills by
tht end of the twelfth grade. A statewide committee compiled objec-

tives and reviewed questions for inclusion) in the test.. The 198

questions on the Survey wereaesigned to assgss student0 skills in
the areasbg arithmetic, algebra, geometry, measurement and graphs,

snd probe ity sof statistids: Figure 13 illustrates'the
emphasis given to each skill fires in the total test% In the figure
the skill akealof arithMetic is subdivided into the areas of number'
concerits,, whole numbrs, fractio9s, and decimals.

Number
conceptsA

' (28 items).

Whole
numbers
(22 items)

Fractions
(26 items)

/-
'Decimals

-' (22 items)

4.

Algebra
(32 items)

'Geometry
(24 items)

Measurement
(30 items)

Probs.
bility
and
statistics
(14 items)

'FIGURE 13. Skill Area Emphases in the Survey of Baqic
Skilit: Grade 12"

*Reproduced (with few changes) from Student Achievement in
California Schools) 1978-79 Annual Report, pp. 93-100.

it
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HatbeMatiCs Scores for Grade Twelve

Table 7.contains the twelfth grade Sulyey resultp for4975-76
-through 1978-79. The last three columns.!ol the table show the
ehanges insscores over the sane period.-

I

TABLE 7. Hathematicsigcdres of'dlifornia TwekfthaGrade Studmits on
the.Survey of Basic Skills; Grade.12

i
,..

.Skill aria
Number of

quelitioni
.

. -
Average percent correct

.
?tinge f

1975-76 1076 -77 1977-78 1978-79
1975-76

to

1'1976-77

1976-

1977778

77-

1978-

.

, \
HAIN, TOTAL

.195
67.0 66.3 66.3 ,66.5 .....40.7 0.0 40.2,

Arithmetic 96 72.9 i 72. '72.2 411 , v0.8 40.1 40.5

Number cancept. 28 1 74.3 73. 73.6 73.9 4.8 40.1. 40.5 ,
4

Whole numbers 22 80.1 00.1 . 80.1 60.6 101G. , '0.0 '+O.,

Fractions 26 66.0 64.5 64.3 64.7 -1.5-0.240.4/
Nas

.

(

Decimals 22 .,..., 71.8 71.2 72.0 72.9
,

-0.6 40.8 A40.9

Algelbra 32 62.9 .62.1 61.8 62.1 -0.8 43.3 404,

Ceometry. 24 62.7 42,1 61.8 61.8 -0.6 4.3 0.0

Measurement aid 30 604 59.1 59.4 594) -1.0 -0.1 -0.4'

graphs /7 .0

Probability and. . 57.2 ., 56.9 57.3 _57.4 -0.3 40.4 40.1

statistics

_j14
i

an _.

A. more-detailed breakdown of ihe skill area results for the
four-klrear period is given in.Figure 14. The fbllowing overall con-
clusions are apparept from the data in eable,7 ana Figure 14.

The overall. mdthematics Achievement of CV.ifornia
twelfth grade students improved slightly in 1978-
after declining from 1975-76 to 1976-77 and rema
ilfg constant from 1976-77 to 1977-78.

From 1975-76 to 1976-77 achievement declined in All
skill aieas except the area of whole numbers. -The

greatest decline was in the,area of fractions. Fiom
1976-77 to 1977-78 the decline continued in the skill
\areas of fractionsi; algebra, geometry, and measurement.
However, the skill areas of decimals and probability
and statistics ghowed gains. In 1978-79, student
gcores improved in all skill areas except two; the

64

a
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, scores itt itte'astrement deslined'j and the scores, in
geometry remained .itlie-same as in the previous year.
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Algebra. In the major !skill area of algebra, the scores showed ,

a sogill but significant increase in 1978-79. On 17 of 32 items the

percent correct reeponses exceeded 65 percent. The committee is
encouraged by this repGrtl. particularly in view of the fact that

about one.-fourth sof the students taking the Survey fiad eiot taken.

in' algabra cours
.?. . : .

. ,.. Ini.general, students dp well on items involving stmple equations

. in one unknowns syttibolic,graphing, simple line graphs, And coofainat

I.
4, :-.

- .
. graphing:, §tudents 4do poorly 'on iteRs involving word problems, r:c

1 . .. a
equations 1,A tWe..unIcnoFns, afid graphs requiring twoStop analy-altev- .

.. -

t"; . .... Axapple 433.14,1tigerates how students typically perfo/emed on equation-'.; at0 ., .
.4° PrOdAT ilikt questions.' : ....:
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#

Percent ---Cii)rrect
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1975176 71.0

1976-77 70.9.

1977.-78." 69.9
108-79 a0..4
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Geilmetcy.r :Ate igeomeify-por:iion of the Survey consiSts of 24 .

questiOis. lialf o the.guestioftp require students td fdentify4basic

.
geontriv set' anci figgres, ana tialf require them to- apply basic

geomet.ric knosgled,ga and concep.ts. .The, overtali average perces4 correct.

7441.1978-79 was .61.E); siallich wa's the same percent correct scpee ,as in :4 :

-197748. In the previckus two years, the scores had declined by 0:3
4 and. U b pgtcent correct, p.sper,ive4y..

. ;

:-14hen=1,97849_d6res were compired 1.41.th 1977-78' scores.; it .was
- ,

, . ., .
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...
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* Of the 12 .questions-oen gebmetric apglicF4tions, .the scores ...

.- .
increason eight queStions.and deareased oti :four quastions. These, . .

ch4nges "amoditted. to , an- overall increase :iorf 0.2 percent cipr rect f'fiat

1977778t6.19,8-79 on geometrfC -;Pplicat%o,ns. In the Pigvious two4

:.
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. THe.advisory committee.ohseried ehat the scores in geometry. are..

.no*Ionger.)dettlivilig. Hokever, thi 'committee recommended chat ,,,
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e I

.

tns typ4e:

a

0.
0 4,

0.



Examp

41

e C

-54-

10

**Aiktt
N

20

UL
tt C

tt.

D
-In the figure above, the lines AE and CD.
are perpendicular to AC, What'is.the -

distance from A-to E?

(27) (33) (17) 4) .

040 ft. mo 52 ft. C)60 ft. 665 ft.
9None of these
(19)

a

Percent Correct'

1975-76 36.5
1976-47 33.8
1977-78 32.5
1978-79 32.8

Measurement. TheZurvey includes 30 item's in the'ares of
- ineasurimeni; 12 are recall or Axm tiputaon items requiring students ,

to estimates.to coniTert from one unit to another unit, and to per7
form arithmetic operations related to length', area, and time. The

remaining 18 items as.e word problems dealing with,measurement...pf
length, area, volume, time, and distance. A few .df these items
requiie the' student tO convert within the metric iYatem.

In the oveiall major skill area of measuremint, stUdeft&st scores
, showed a decline of 0.4 percent correct from 1977-78 to 1978-79.
Student scores on seven c3 the 12 recall or computation items- showecr

a

-. a decline,*feliir showed an increase, and the score on one remained
tIe .same. Nine of. the 18 application items showed a decrease, eight
items'showed an increaSe, and the score on one remained the same.

V.

'In the judgmeftt of' the advisory committee, the continued decline
reflects a decrease 1,11 'instructional empha-
noted that the items involving measurement
showed a continuedsignifidant,dacrease in
Example D illustrates an, item assessing

in Mrs kajor skill area
sis. The committee also
and consumer mathematics
average percent correct.
consumer math-skills. s

D

A housewife'will pay the lowest price
per ounce for rice if she buys:,

,.

(10)

.( 9)

(36)

(45)

,

C) 12 ounces for 4,0 cents.
c) 14 ounces for. 45 cents
40,1 pound, 12.ounces for 85

2 pounds for 99 cents'-,
cents

Percent Corr

*1975-76 39.6
X976-77 36.8
197,-78' 36.2
1978'-79 35.8



Probabilit7 and statistics, The twelfth grade Survey includes
14.items on'probab4iti, and statistics. 'In'this major skill area,
the average percent correct scbre for 1978-79 Vas 57.4,,an increase
.of 0.1'percent correct over the score reported in 1977-78.

Six ofthe 14 items require students to Compute the probability
of simple events,and such statistici as the, mean and median of a sef
'of numbers.' For these items.the 1978-79 scores.showed, a small

, increase over the..1.977-78 scores. T4e scores on the.eight applica-
tion questions in 1.978-7/ Vere lover than the 1977-78 scores'on the
same question's.

-
,The &mmittep judged"that most students have learned to-compute'

averages and kna; the'term "meae as an equivalent.term. .In fac,t,
'N. the scores on ,these itemsfilhow significant improvemenf. On the other

hand,only-17.4 perdent of the students could answer correctly .an
item tnvolving the median-of a set_of numbers; The coMmIttee felt
that because 'basic probability alCstatistical,concepts and termino-
logy'are common in day-to-day life, Classroom instruction shbuld 1?e
designed to emphasize applications of these concepts.

Summary of the Committee's,Condlusions and ReCommendations

The members of the Mathematics Assessment Advisory Committee were '

pleased to note a slight upward trend in mathematics scores for.the
first iime in eight yeart--since the introduction of Iowa Tests of
Educational Development in 1969. The scores.improved slightly in all
skill areas ekcept the skill.areas of geopetry and measurement. -.This
.was the second year in a row in which the scores in decimal computa-.
tiop increased significantly.

The pattern of str gths and weainesses discerned by the i

committee members in their analysis of the twelfth grade math rpsults
is summarized in Figure 15.
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FIGURE 15.' Mathematics. Assessment Advitiory Committee's Judgments àf
'Strengths and Weaknesses of Twelfth-Grade Students in
Malh on the Basis of Skill Area Results on the Survey of
Basic Skills: Grade 12, 1978-79.

Areas of strength

Computing whole numbers

Performing-applications with
whole numbers

Solving equations in one
trikmown

Reading line and bar graphs

Recognizing common geometric
terMs and shapes

. Computing With-denominate numbers

Areas in need of improvement
a

Computihg with mixed fractions,
decimals, and percents

Performing applications involv-
ing fractions atd decimals

Solving equations in two unknowns

Interpreting data from tables and
graphs requiring two-step analysis

Comprehending geometric relation-
. ships

Understanding mean, median, and
range aindhcomputing probability
of events

D. Conclusions About Mathematics Achievement

What conclusions tan be drawn from the NAY? and California data?

In general,,the picture of mathematics achievement presented by these

two assessments is complementary. Both agree that student performance

with whole number computation is quite high, ranging from 80 percent

for CalifOrnia twelfth graders to over 90 percent for,certain addi-

tion problems on the NAEP tests; A simple division problem in the
NAEP test was correctly answered by 85 percent of the 17-year-olds.
Furthermore, changes in compiptation',with wtole numbers seem to have

beeh minimal dyer the periods tested. California figures show no

change on.whole nuMber computation between tbe first, second,and
'third years of testing, ahd a slight 0.5 percent gain between the

third and fourth years.

Student achievement with fraction and decimal computation was

not as good, however. The average percent correct for problems
involving decimals for California twelfth graders was 73 percent;

for problems involving fractions,this percentage was 69 percent.

Furthermore, the NAEP data suggests that performance witti fractions

may be declaning. In 1973, 81 percent of the 17-year-olds tested '

could find two-thirds of 9; in 1978 only 73 percent could correctly

do this multiplication. The California data suggests that while
computational ability with fractions has declined overall, the more
immediate trend may be more promising. It shNs a decrease of 1,..5

71
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percent from 1976 to 1977, a decrease of only 0.2 percent from 1977

to 1978, and a modest increase of 0.4 percent from 1978 to 1979.

Thus, while improvement in computation with fractions is clearly
needed, the trend picture is far from hopeless.

The picture is less encouraging, however, wben one considers

scores on applications of whole numbers, fractions, and decimals,
For California twelfth graders' scores on whole number applications

are four percentage points lower than scores on whole number compu-

, tations. But scores for decimal applications'are 8 percent lower
than scores for dedimal computations, and scores. for fraction apRli-

cations are 10 percent beloiz scores for fraction computations.
These application scores have dropped slightly (0.4 percent) for
whole numbers and decimals (0.1 percent) and declined more drasti-

calfy foefractions (1.3 percent).

Furthermore, NAEF data on achievement with percents (wilich can

be considered a specific application of decimals) was disappointing.
In 1978, only about half of the 17-year-olds could compute the per-
cent ofgames won by a hoCkey team which won five of twenty games

played. This was a drop of'8 percent from performance on the same
problem in 1973. .

Assesseient data seems very clear on this...point: success in cam-
putation.does not guarantee success in applying the same computation

to a practical situation. Although schools have been successful in
teaching whole number computationsthey have been only moderately
successful in teaching computation with decimals and even less
successful in teaching computation. with fractidns. And students
who know "how" to compute frequently do not know "when" or
"where" to coMpute. Schools must broaden their vi,ew of basic
arithmetic if they expect students to use what they are taught.
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