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information c “cerning mathematics qﬂhcatioa documents analyzed at _ . _
the ERIC Clearinghouse for ghdence, Mithematiecs and Environmental -
' Education. These’ reports all into three broad categories, Research | fl ‘
revieva summarize and anajyze recent research in specifzblareas of . ‘ S o
o, mathématics education. Resource guides identify and analyze materials i o
and references for use by mathematics ‘teachers at all levels. Special '
_ fbibliographies announce the availability of docuaents and review the
//" literature in selected'interest areas of‘pathematics éducation. Reports
’ '_in each of thepe categories may also- be targeted for<specific snbpopula- ' /
tions of the mathematics education community. Priorities fo development .
of future Mathematics Education Reports are established by éEé Advisogy
Board of She Center, in cooperation with the National .Council of
Teachers of. Mathematics, the Special Interest Group for Research in -
Mathepatics Education, “the Conference Board of the Mathematical Sciences, _"' S
"and other ptofessional groups in mathematics education. Individual ) S \
comments on past Reports and suggestions for future Reports are ¢« ' )
alwaxs welcomed by the Associate Director. . ‘
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The phenomenon of lerge-ecale achievement teeting is not new,.but
Y
. current interest ‘is particularly . high as assessments proceed dcross -
the nation. Many persons are searching for sources of information on
these assessments. This document was therefore compiled to ‘serve as _
* a reference on assessments of achievement in pre-college mathematics.,r“*“#-
In Part I, the overall situation is concisely summarized with comments
on the history and nature of assessment and on the distinction between
progress assessment and minimum competency testing. A table indicates’
the status of assegsments in"the 50 states, In Part II, analyses from
one national assessment and one state essessment are presented
Final ) Y- | list of pertinent references from the ERIC database and
other sources is included: Thus, an indication of the ctirrent patterne‘

_and trends in the essessmnnt of metheme ical echievement is provided -
. . A. '_. Sy . o .
RN Patterns of Aégeséméhts oL Y . g ;
<. A, History end Nature‘of Assessmente of AChievemeot

L while achievement testing can bg "traced back tQ antiquity". (Coff-
man, 1969, p. 8), its modern origin§ in the United States are generally
considered to lie in 1897 with the research study by J. M. Rice on '
achievement in sbelling.- Studies on mathemegics echievement soon
followedy with Courtis (1909) amon§ the leaders. As early as 18&5
hqwever, Horace Mann recognized the need for conperative data. thet

could be provided by examinations —z’
T . . The recognition that a system of common ‘x‘minations : ‘
could be a means of raising standards within a state »
. ' syetem of education led to the establishment, in .
" B 1865, of the Regents Examinations in the Stete of '

. 'N%W‘York . -+ (Coffman, 1969, p. 8)

Aehieqemeﬁggteets have been recognized historically for their moti-

. vational quality, as well as fof providing a basis for assigning grades
and making selectjons. They are used to-form classes, to pnlace students,

"’ 20 evaluate 'curritulum as well as instruetion, to identify exceptional
children, and to interpret the schools to the community. However, their
most significant role is as an integrel patt of the teaching—learning
process: : - )

o Their use in providing teachers with feedback regard- .
ing, the effects of instructional procedures has been
recognized, in principle if, not often in practice.

(Coffman, 1969, P. 9) ")/ L

L]

a réetent conference on testing, four purposes €§r tedts. were identi-
f (Eyler and Ehite; 1979, p. 3):

.
] 4 N

(1) Holding teadhers, sehools, and schoal systemd eécounteble
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(2) HnRins decisinns concerning individual SCudents.'

v . : R ¢ .
(3) -Evaluating educationﬁl innnvations and experimental -
projects. | , . . T
(5) g;oviding guidance to teachers in the classroom. ‘
« For the past 15 years, there has. been an attempt "to estsblish a '

‘systematic base for a continuous study of the progress of education
within the United States" (Coffman, 1969, p. 9). In the National

" Assessment of Educational Progress (NAEP samples of test quéstions '
have been administered to samples of age groups. This item-samplipg
approach . . ) ' r

. -

differs nsrkedly from the typical one involving N ,
stahdardized achieyement tests in that the test , ° ot
item itself ‘becomés the unit -of. interpretation % <
-in a manner similar to that of the polling studies, ‘
. «°  and generalizations are related.to the achievement  ~ .
. 7* of broad subclasses of the population rather than o ’
o to individusl students, sp;§2ﬁie schools, or iden- ‘

L L

tifiable school systems. conceptiaqn is sb :
diffexént from the. typical ¢éne that there has been ' o
widespread misunderstanding, [but] the- development = -
. . . should provide educational policymakers with :
‘significant information for decisions of broad - .

- significance (Coffman, 1969, P. 9) ) . ".H; : - ny
‘ . - ) a ‘ A 1
. In addition to » testing programs in some individusl ststes use
the item-sawpling technique. Where a broad picttire of the status of . - !

achievement 1is desired,: it is mot necessary to have every child answer -
- every: item.( With Csref 11y controlled sampling of items and students,
inféfmaqion about the status of achievement for the total group or fOt.'
+ various Subgroups. can obtained. _However, whem specific ‘Information
" about individual children is needed then each child must answer all
items of interest. In-most local schaol testing progrsms“as tell as’

in some statewide testi programs, this latter type of testing pactern
1s follnwed . v

Ks_systemstic testi&g became a8 significant element in educstinn,'
concern grew about -the efflects- of misusing tests apd test data. .
L) . , ’ Nt :
) A standardized]test readily takes on an aura of s
scientific preiision far beyond that which its ,
creator would claim. ... Ebel (1964) has pointed
to the dangersof overintenpretsﬂon of test scores.
o0 . « . Clearly, it is not enough simply to have .
mastered fhe téchnécsl aspects of testing. It is
algo. necessary | to develop an understanding of the
context within which tests are used, to be aware
of limitations and possible misuses, and to weigh
a broad: range af possible -effects before deciding *
to use a particular context. (Coffman, 1969, p. 9) -
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Perhaps\it is particularly important to note that an achievement

. teet can prcvﬂde only a measure -of status at a particular time.

b3

- without . regard to differences in théir aehievement at some previaue

£
p

} ' be’ made cf the results. -

R N

.« .Xinterpretation cf achievement-test scores»in L.
' relation to educational progtams must of necessity
° involve, either explicitly or implicitly, the ' .
-collect.ion of' data at’ two points in time. A singleJ
' eampie taken- ‘at”a point in time cah give np evidence v ,
 of an "increase" in any attribute unless one is will-.
. 1ing to make an assumption regarding the status of the -
T student et some .prior point in time.. (Coﬁfmen, 1969,
p' 7) . . , : ".. -“

* [ : . -

ﬂnfortunat'ely, educators all too frequently Qccept as evidence of
achievement the penformance of students at. q;single point :in time

, The reault is that scthls are credited with produc-
. . ing high-quality output when the output depends : o
.  primarily on high-quality input, end pupils are o .
» . charged.with deficiencies in effort when they are
e sctually achiev at' normal’ levelsfin relation
"« to their sbiliti 8 and backgrcunds. (Coffmen,
a 1969, P. 7 1

' ’ L X .

.. " What should achievement tests dq} 'Gronlund (1968, pp. 4-11) -
lidts the following pcints. < I _ o S

(1) They stould measure arl& defined.iearniné outcomes,
1ogica11y deriued from instructicnal objectives.

{2) They shnuld méaeure an adeqﬁace sample of the Leerning
outcomes and subject-matter content J,neluded in .
instruction. - :

e‘ .

L] "

3 They should’ include the types of test items most appro-
S priate for measuring the desired learning outcomes.

-
.

' "_ (4) ‘They should be designed to fif‘i?e parcicular uses to
N A ( B ‘
(5) ~mhey should be made a8 reliable as possible and shauld

then be interpreted with caution. ¥ . ’ o

(6)_ They should be used to improve‘student lear;iﬁg.

- As test procedures and resuits are analyzed, such points'should be

congidered, both by those making broad decisions about educational
policy and by teachers planning forﬁgroups of learners. While not
limited to mathematics tests, they have ‘particular implicatiohs for
the assessmamt of mathematical 1earning. L -

‘ | A
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" been, pursued from the early 1900s.on, wi

-esseasmenf, but mahy ‘of the, p

e 8 o - . .-

Aswas poted earliet, testing of adhievement 1in'mathematics bas
th extensive use ‘of standard-
ized.testing in mathematics’.following the First World War. = The .

purposes have varied, ranging from ttempts simply to ascertain how

well children were .doing or what errbrs children were making, to the:
broader purpose f Washburne and the CommitEEe of Seven*during the

late 19208 tQ reséquérice ‘the 'curr{calum in terms of test findings.
. The NationeL ngitudinal’ Study of Mathematical Abilities wapthe
" first of the modé'

large—scale testing programs in mathematiics .
(Wilson et al.,’ 1 68-1972). * Planned and conducted -by the’ School/ .
Mathematics Study Group (SMSG), it was not' primarily goncerned t with’

xﬁcedures used- parallel those in laﬁer -
assessments. \ : .

.- | .
NLSHA was conceived as a study of the effects of
various kinds of mathematics textbooks on the learn-
1ng of mathematics, Schools were recruifed to. "'.
participate at the fourth-, seventhd ‘agd tenth-grede
levels and .students in these 1nftial.qamples were -
followed for five years, in order to,detect long-eerm
as well as short-term effects of curricule (Begle,-,_ o
1975). SMSG exerted no 1n§}uence on the choice of L
textbooks, nor were any tonsultant.services or = ' . -
materials provided. Data on various characteristics - ¢
of students and teachers were gathered, in addition ~
to cognitive and affquive scores. The mathematics
tests were constiruycted in terms of computa@ton, com-

»g prehension, application, &hd- analysis objectives: an
#Atem bank was'developed which has been used, in. S
- actuality or as a model, 'for myriad-other studies.' ,
(Suydam and OSborne 1977, p. 199 . ¢
At the time NLSHA was being planned the goal of a ﬁﬁtional
assesspent across educational levels and subjects was coming to
reality. The National Assessment of Educaxional'Proéress (NAEP),
conducted by the Education Commission of the States, began assessment
of various sybiect areas in the late 1960s. The first mathematics
assessment by NAEP'was conducted during 1972-73; the ‘second was cbm-
pleted in.1977-78. In Part II, data from thése two asdessments will
be presented. First however a more general point will be considered.

-
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. B.. Pr&gress Assessment snd Minimum Campeteney Testing

BRI

Not infnequently, discussions of progress assessment turn into
discussions ot minimum competency testing. Is ‘there a BIStinctinn,
or can the two terms be used interchangeably? — '~
. \ - LY
The distinctisn between these two types of evalugtion. ig often
fuzzy-—and oce&sionq}ly non-existent. Yet they do differ. While
minimumi competency -tests comprise one fprm of assessment, they possess,
certain features which distinguish them from. progtess assessments:

N +

R i - 8 Progness assessments are designed to determine the ‘
. - 'status’'of groups of children at one'point in time, C-
.+ and to.compare it with the status of similar groups
- .~ -at snother point in time. Sométimes gcores for indi-
. vidyals are “determined, and used by teachers to. help

individuale. ' But the focus is on how well --or
' poorly---the group of children,at, say, sixth-grade

" leyel, has achieved a spectrum of msthemstiesl objec-
tives. .

- ¢

‘o Minimnm competeﬁcy¥\33ting, on the other hand, is
desigmed to measure the scquisition of - specified
knowledge and skills to or beyopd a specified standard.
Each individual is expected to attain at least the
minimm standard, and ‘thus nstrate competency with
the knowledge and 8kills which, by one means o® anothex,
have been specified as "necesssry. Moreover, another
feature of minimum competency testding is' that the test

{ score may .be used to determine whether or not the indi-
‘ vidual {11l be promoted from grade to grade, or . ..
graduated, from high school. ‘/K/f | o '

"On this latter peint the definition becomes partieularly hm:y,‘ii
because it is not an aspect of- 811 programs termed minimum competeéhcy.
Thus, some states--for example, Massachusetts, Missouri, Nebraska,
and New Hsmpshire-~sre popular}y reported as hsving mipimum compe-
tency testing, but they do not use the test scores as a basis for

-graduation or promotion. Many persons-maintain, however, that this

is a key aspect of minimum competency programs. Tayler, for instaace,
argues: ' - ‘ - - '

. . ‘
Minimam competence is useful, not as a term with jni—

versally accepted meaning,” but rather as a term with S

~ specific meaning in a specific sitqstion, such as a °

- graduation’ reﬂuirement for a.particular school. Then,
minimum competence can be defined and' measured, and -
decisions can be made on the basis of whether a st dent"
can demonstrate the attainment of the particular mind-
mum competence. (Taylor, 1978, p. 89)

..‘ -




- It is important to note that in progress assessments, the focus
is on the status of a group of leatners.' Assessments are' used to .
survey trends in achigyement or to:detdet weaknesses in the cuPricu—
lum. Often, as in Minnesota, :

' Not every student is assessed at the grade levels
' where the Asdessment Program focuses, nor is every ‘;'
district included in each assessment. I ead, a -
* _ stratified sample is used, based onn five sizes and,
types of districts, and tqsulté from these groups
reported along with state results. /(Allen and

Sushak, 1979, p. I) 4
NN

"A’legislator from California, Leroy F Greene, State Asaemblyman
and Chairman of the Education.Commission, adds chis View:
Parents, comunities, and the legislature also want
to knpw'the cost and the bedefits QY the education
systey as a whole, and for this we'need state-level .
-assessment. ... State-level testing and assessment
~ program¢ should not identify aqy pupil participating
. in such assessment, but rather ;should serve as a tool
for measuring the educational prngness of schools,
school districts, and the state's education system.A
‘State level assessments are not a proper instrument
for 'diagnosing the needs of ah individual student or
 for determining whether a student should’ be promoted
retained, or graduated. (Greene, 1978, p. 7)

On the other hand, the emphasis in minimum cdmpetency testing is

. oh the individual student. The individual is affected by the .test:
. he or she 1s- labeled competent ‘ox 1 competent. Whether or 'not each
particular student will Be promoted or graduated is at stake.

*
E

The growth. of progress. ase:§séaat and in particular minimum com~
petency testing has’ ‘been reported/for some years by Pipho of the .
Eduqetion Commission of ghe S{ases. He noted that
What began es a s:ar:iing idea in California, Florida,
Oregon, and a handful ¢f other states in 1975 dnd 1976
has now arrived,k ig ﬁcme form in each state.’ As of =
March 15, 1978, 33/states had taken some type of
actipn to mandate/the Setting of minimum_competency |,
standards for elghentary and secondary students.  All
the gemaining szkteq either have legislation pending .
or legislative or state board studies under way. .
(Pipho, 1978, /pl) 585) - A S
L ‘ ) N TN
As of May 1979A 19 stg s'were reported as requiring students to. pass
a minimum competency/te t for graduation, whi1é others used it for pro-~
wotion from junior.high school te”high school or for ‘detetmining the’
need for remedial’ﬁutk (Newsweek, 1879, .P- 97). Some states have

\
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developed a high school gradustion test (e.g., New York), or a high

school equivalency test (e.g., California and Elorida) (ETS, '1977, " ‘.
P« 2). In other instances,-local school districts have taken the -
injitiative independent of staté action, often with«pressure frem . /
T 1ocal parent growps. - . _L—* . | Y . S '
. . ! o “ -~ L] -
Why have progress assessment and minimum compet testing swept \

the country"? "Mamy andlyses have ‘concluded that both-are  results of i
the movement toward accountability, which the publte‘demsnded increas- -

ingly during the 1970s.A The .rallying cry of "backsto the basics" led N .
. to a headlong rush’ into hinimum competendy testing. Clark and Thomson .
(1976, p. 5) cited the follgwing reasons for "the yublic 8 determinsx e,
tion to define the high school diplome”-- S o :
. g » : K ) .
y = Scores on the Scholastic Aptitude Test have fallen, T et ‘ ~
‘and the American College Testing program also reperted , . v
: a decline in the average scores of students applying . -,
. for college sdmission. E . ‘ . "

. - -
. =

—— . N e

- ¢ - Tbe National Assessment of- Educsticnsl‘Progress in d', e
- = 1975 reported a decline in some scores. T, ‘ /

- NAEP alsc reported in a nationwide survey of l7—year—
+ 0ld ‘students and young adults that many consumexs are
.not prepated to shop wisely because of their inability
to usé fundsmental mathematical principles such as

figuring with fractions og working with percents. . y ) ; -t

A

’ ,Another report cited vsried reasons for®the. support of mininmm
competency testing by different .groups (Miller, 1978 p. 5)¢

Psrents: they.fesr that children have been psssed through the
system withqut proper concern for developing the

" skills necesssry for success in adulthood.

1hxpayers tﬂey ask educatqrs to. explsin why educational costs

. _ are rising while enrollment and test scores decline.

? . .
Eqﬂoyers they are disappointed in the pool of applicants svsil- ™~

L .. able: many'employeesehsve difficulty with such tasks .
/..  as filling out' forms, answering telephones, and simple
computatio '

. OfficielSein institu
‘about the
theﬂdeed fq

s of higher’'learning?! they are unhappy
eqline in Scholastic Aptitude scores and -
r I™gmedial <courses for entering freshmen

ﬁiti&s of the sqhooll- they hope that .this 18sue will he P
create support'fcr rpstructuring the schools accord—

— ing .to their particulsr goals. L S

e’ - « ‘ K e ) e

[./ - ' Some persons-identffy a more complex reason for the call for pro- .- ,/
| e ficiency stahdards. They argue " that . : ’ ? : | oo

o . . B .
. . - e
‘ » R .




making process clear (Suydam and)esbdrne, 1977, p‘ 210)

/\' .
“.- ot ls:qereSponse to a. particular political and

L .‘Eistai stdmuli. -‘High réal property and personal |
" income tdx levels for some groups and the probleams
‘some Diddle. class kids have reading and getting into
T, proféssional schools lie behind’the cdy for agcount---
e &bility. The latter problem is really that the widdle
.'. .classes, cannot use the ptblic schools for the purposes .
to’whieH they are accustomed ... the meritocracy is

re from the rewards of advanced educatiop, (Kelley,
1977, PP~ 3—4) 4 , . R Lo P .

L .
-~

_ Others have similarly noted that political considerationg and financial~ﬂ
sions,

constraints are the major factors influéncing-administrative dec
For instance,” as a prelude to discugsion of mathematics testi
'l‘aylor [(1929) statkd: | .

. *
-

c_' Dollars from local taxds are getting ev%hﬁmore scarce.
. The pasgage of Propositiog 13 in Californih 13 a signal
that taxpayers are "fed up" with taxes in %eneral and

property c‘xes i particular _;Ihe effects of this so-
.+ called "taxpayer revolt" are be'ing severely ele by .
- school systems throughout the country. (p. 98) -

. He urges that fthere #s 'need for a systematic apprOach to\developing ~
.cost—effective programs- of instruction and testing, rather than making

"' educational decisions or a “crisis orientation," with the . cteation of

¢

crisis as one way to’ ger‘S decision" (p. 108)

) N

Fhrthermore, he is among the many educators who have warned of
potential harm"from minimum competency testing programs, at ‘least as
they are presently being mandated and implemefited. He points‘out
that many progréhs/were hastily conceived T

- \ : .oe
o *.with the naive assumpbions that higher achievement
could be legislated, that no special funds were needed
- for testing and remediatien programs, and that suit~- °
: ahle tests were readily available. (Taylor, 1979 . 98)

) In spme instances, educators have been bypassed as programs were ~
established. The patternkin Virginia is not totally unique:

tion was enacted, mandating the development of minimum competedcy

objectives and tests with which to assess them, with little integactdon
State departments of education’

and lecal school districts were -Wela vely short period of time ..

with educatfongl agencies in the state.

“to implement the leégislative man uegt®rs had.no direct role in

the decision—making'process, nor was the rationale/fér the, decision—

'
N *

A major difficulty connected with any competency program is the
matter of determining'whar a minimum level of competency is,

4

How much should a student master’ .What constifutes
"functional literacy”? How‘many competencies are

o~ . N4

12

ed&king ‘and more middle class chiMrer are excluded R

legisla—?

¢ ‘.
»
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.\-“g\g R ‘h? « o2, A felated concern is thst imposins an
A, T ar'b rar;r cﬁt-o§f~ will result in top many yoynggters .
. failing the- test, with the poor and winogities dost

. -u:" 'ﬂiredbly ,affected . . . Another dbjection voiced often:

e _is. that minimpm requirements will become “the maximum,

. ‘ . that levels of proficiency will be set 'solow that | .
- A._-‘?r e tEEy will become worthless.- GETS 1977, pp. —3) R

L. .
" As experience with‘minimum competen y testing increases‘ answers

. ments of education, ‘and’ schools is beécoming “more deliberate and con- *
siderste ss theacomplexities of testing and the other issues emerge“ '
~ (Taylor, 1979, PP« 98-99) , - -The- nked for incorporating intensive .
_ remedial instructinn.iﬁto programs s becbming clear.: achievement - of
~“ coipetency -cannot gimply b manEted . but musgt be developed through
longrrange planning. Therefore, spme ‘medsds .‘of attaining competéncy

. must gf available for those who- have’ fhiled to.demonstrate it on the
test. ¥ Fears that relatively low levpls of proficiency will become,
maximum standafds are still present, ‘bt also present is concern for:
readjustlng the curriculum to reflect the fundameﬂtal cnmpe;encieS'
that all: citizens muet have in today s——and tnmorrow s-wurld K

-9
The Positinn Paper on: Basic Skills, published by the National

Cnuncil of Supervisors of. Mathematics (NCSM), provides a basis for

such effofts. It was noted that, in many minimum competency state—

ments, "computaticn“ or "arithmetic" was stipulated. The NCSM

- cautioned against this narrow definition, .and prnposed that ten

° Problem solving . - T ' Q"@v“"

° Appljring mathematics to e\;e'ryday situations ' 1 ',

° Alert;ess to the reasonableness of resulta et

o Estimation and approximation - ‘

e Appropriate computational skilis‘ )

: j' : ofGeometry' _ . ‘ W C | " e
e Measurement o ‘ S

"

]

L

", - © Reading, interpreting, and constructing tables, charts,
' - and graphs

[ 4
o Using mathemat¥cs to predict

>

o Computer literaay

They noted that computation is an elément of each nf Qhese skills,
" but computational skills per se constitute only one of the tem skills
listed, Tyler and White (1979) therefore noted:

-

-

As mathematics teachers increasingly emphadize these
o other basic skills, tests used to assess their success
i_ . - . +in teaching.must contain -an appropriate selection of

- 1

3
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-~ te some concérns have appeared. Action In legisiatures, ‘state’ depart-:-'.

skills are bssic in mathematics:. - - . N .
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“ . : . -t /.'.. . ‘ - "
el ftems 1n these 6tﬁer erehs. Simrilar.needs exist : v

el'sevhere ip the turriculum. ' The more ‘broadly con- -
. ceived gkills being called for-in mathematics. and
- elsewhére are: often ones that reflect the\needs of
v adults fh analyring and solving practical’ problems

Simtlar objectivea~~such as the "ability-to solve * = =
e Practieal :prpblems involvdng computatinn and reading.

-

—are foynd .in a numbexr; of” the competency tests being RS

v devised by-the States.-'(p. 15) . =
.’ o o

Taylor (1979) gdde& that . ;'1 e

I'.

L ﬂnivérsal~agreément on minimum‘competence ﬁ%&easery o
.. for all citizens is. notiliksiy to be achieved If - o
o mi 5 mum competence ds to be defined, it should be
done‘at the ‘local Ievél, if the distinction
. bétween basic- skills and mi m competence is main-
- tained; the broad congept of ‘basic skills will not
\ - be narrowed or compromised'* (Tsylor, 1979, P 102)

. '[d'. P4
The NCSM Positibn Eaper alsoAco -ains a stetement about testing,

pointing out that, if properly concéiVed, conducted, . and interpreted

testing . can be educationally beneficial. /

Large—sca éh ting, whether involving all students

or a ra e, ¢ resulb in interpretations
which haye gneat*infléince on' currfculum, revisions

- and development. Test results can indicate for

,example that’ a particular mathemat {cal. topic is
being taught at the wrong time in.thé student's = ' '

development and that it might better be introduced
.later or earlier in the curriciiS;. Or, the results

might indicate that students are” confused about some

// topic as a result of inappropriate teaching proce- \'

dures. . In any case, test results should be carefully o
examined by educators with special skills in the area
af curriculum development (NCSM; 1977).
Prngress assessment, and minimum competency testing, are a fact
of the current educational scene. That there is considerable overlap -
and confusion. between the two tqrms shdbuld be apparent, Assessment
does not necessarily imply the setting of standerds, but neither does ™~
it guarantee that standards will not be set ‘or sanctions imposed on
students who do not meet those standards. . One of the most articulate
indictments of 1ess-than*careful testing is given by Shirley Hill,
president of the National ‘Council of Teachers of'Mathematics. -
, "~ The« public wants high test scorgs npw-—never mind what
we are testing and never mind its.potential for obso- =
» _ lescence. Just get higher scores than the. school
district down the road. Or be sure you make the year 's
Top Ten in Minimal Competencies ., . .Dramatic, rapid

. ) - - «r
¢ ' 14 . » + *

LA that confront them’ in their Jjobs and personal livgs. .o ~




we chose to
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. gains in scoreg should be a ‘d'an'ger signal. How ) ‘
- concqgérgced and~limiq‘h was the effortg* Doesg it T
concern itself with long-term retention apd appli~ :

L cation? At the expense of what else hawe.these ;

. . gains beentachieved? These questifns should be ,

4 . ‘asked, and,the means. employed should be carefully .
. examined. (1979, p. 2) ° T

C. Status of ‘State AsYesshentPrograms =~ . ' = -

. Gne of thé 6rigipai;gpals of this"fepor? was to presenéca clear
Pdcture of ithe status of mathematics achievement assessments across

‘the country., To accomplish this task, we turned to existing documents’

', that have reported. survey results and other compiled information
(e.g., ETS, 1977; Hawthorne, 1974; Rauffman, 1979; Olsey, 1977; Pipho,

1979; Porter and Wildemuth,’ 1976; -Suydam and Osborne, 1977), as well -
a8 reports from individual states. We anticipated collating informa- ,

~ tion on such factors as the type.of assessment (status or progress

-

~ assessment, or minimum coMpetency), the vehicle through which action
.was to be initiated (legislature, state department or board of educa-

tion, or local education agency), the years in which assessments were
conducted, the type of test used (standardized or non-standardized),

the grade or age levels 1nvolveg, dnd the number of, students tested.
- The task was not as simplé as it’ seemed. Not only is a great

deal of information™ inaccessible; even worse, many instances of con-

tradictaory information became evident. As one example of this, several

- documents stated that the Louisiana Assesgment did not include mathe-
"matics; however, we recovered frOm ERIC a report on the Louisiana
" Mathematics Assessment! Confusien over definitions of assessment and.

Eompetency testing we had anticipated; we didwot anticipate the great
difficulty in reconciling type of action, dates, levels, and other. -
factors. 1In fact, "reconciliation" 1is hardly an appropriate word: \we

had to use subjective judgment in an attempt to determine what con-. °

flicting information meant. (In the case of "level," we. simply, noted
alternatives cited.) In some cases, this judgment was correct; in
others, errors may be found. While some informatidn is "second-hand™
from the reports of compilers, other information was obtained directly
from documents from the individual states. Unfortunately, information
and documents from all states were not located or obtained. (Had we
resortéd to,our own survey to obtain the needed information, th
"percentage correct" might have been slightly higher. It should®be

LY

'notgd, however, that conflicting information ha8 arisen from previous

surveys. Apparently, perceptions of regpondents have differed-~-and
in some cases, a low return rate added to the difficulty of obtain{pg
accurate information.) ' .

-We could'merely have noted that confusion exists, and that to

obtain a precise, accurate indication of fhe status of achie?ement

assessments in/mathematics aeross the states is impossible. Instead,
esent the‘in{ormation that we have been able to glean.

I ] ¢ o

ry

L
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' The‘table that follows is incowmplete: the gaps are obvious. (Thus)
we did not,list dates‘'when we thought assessments were probably con-

. ducted; we listed only what we could verify.) ° Please do not forget
 that 1t might also contain incorrect: information, even though we
tried to. include only” that which was affirmed by several sources.ﬁ
In the reference ¢plumn are listed do s in the ERIC system from
which detailed information can be obtainzz, plus ‘selected ather ‘docu-
' ments included-in the list of references §n this publicatiom’. There
undoubtedfy exist otHer dgc?ments which: ”z were not able to locate. -
"~ Additional infbrmatinq,on progress assessment- may "be requested from -
the gtates (although not all have this nformation available for
distri‘but:lon) .« e . . ‘Z . "
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ASSESSHENTS IN.%:? STATES ’

¢

L

-
[

e

-' e L Lo T | - : | -,
State - -'l'ypel Action Gonducted. 1 Testz- Levels - N- ERIC. Reference Numbers3 '
'Mlabsma, - P/M 1 Staté = 1979 (pllot) N  3,6,9 7 systems :
' . , . . . "t s < ' (41638’) ‘ '_'. :
; PR ' - ) T " v : * " - . l‘
Alagka - 'O0/M, LEA 1977- - e 7 districts ¢
—— " O/A- . N 4,8
o .o & . ' . N N
- R . - T . = e NP L
Arizona - - o/M - State * 1976 . 8,12 _ .,1.*
‘ _ (35,8 12) .
0/A 1971~72 -8/N 8 35, 866 . BD 0777935 (1972)
| 1976 ;. 7 6 4,047 ED 08§ 710 (1974)
g, . 1974-75 - 5 o ED 147 348 (1977). .
N - ee alsg SE 028 932, 1976.]}
. Arkansas P/A  State/  1971-72 S 3,4,8,9 28 districts - .,
) | LEA °  1972-73 3,8 o - -
California " O/A Legis. 197475 . N 6,12 all . ’TQ: 022 767 (Kelley et al.,
1978-79 ‘ . 1968)
. . . 059910 (1977)
P: 124 592 (1975) -
* . - [ED 127 358 (1975)
) ) 1ED 129 594 (Hoffman and
- Tardif,.1976)
0/M LEA (1980) , [Spe also Califcrnia, 1963. ]
L r 3 ' - &
1p = Planning; 8 = Studying; O = Operating; M.= Minjffum Competency; A = Assgssment. ’
2 S = Standardized; N = Non—standardizéd.‘ . ‘
3 N = Needs assessment; O = Objectives; P = Progress asséssméht. | : ,
"Where no author is given, document is in References undgr name“of state. o : P




~
[ - =

19‘75) o

. .- . . , ‘ B . ] “ \ | | ‘ ) . . ) )
State . ‘Type ' Action _Conducted TLst; Levels ' - N . ERIC Reference Numbers
: ~IE2 2E ' — — —— — _.
.. Colorado * . O/M~  1legis./ "1971 < ; N 5 : P: 'ED 139 535 (Hennes, 1977)
) LEA - . T U .
oj% St - 1970, . N - 3,6,9,12 ED 050 135 (Helper, 1970)
-~ : : » N - : ‘
Connecticut 0/A  Legts./. 1976-37 . ~ages 9,"  all  P: [ED 166 019 (Ghiselin et al.,
- . . state 13;17 - o197 -t b
e | .. S LT ED' 166 020.‘(Rubenstein and
A | o .+ Ghiselin, 1977) ;
- B . - yd . ‘J; .'_‘_ .. S ‘ ‘ . ‘_,,."“t "-‘Jj ;_ .r
. \J S L P 7 ~ - " < Ty
Delaware 0/A , State 1970 8 1,48 ¢, 0: ED 100 057 {1975) -
A o, 1971, ‘ 1,4,8 ' | 104 945 (Wise et af.,‘
oot y - 1972 1,4,8 ~ ED 118 608 (Handrick, 1975
o T 1973l .1,4,8 i ‘ " ED 135 848 (1977) = -
T el 1974 ; 1,478 - '~ ° - ED 144 832 (Wall, 1977)
. 1975 1,4,8 . . Lo -
. D . ) N
o/M State 11 all ' /
» . : i A N
- ... - ° ,* f . o . : \ .
District of 0/A . . 1972 ‘N 1-9 all N: ED 104902 (1972)
Coluibia - S “ - - o
/M Cos 1979 (pilot% s 3,6,9,12 all’ < | _
ad . » . . .
Florida o/M Lggis. = 1971 TN A S | - i )
: » 1972-73 3,6, 9 . 'N: ED 100 045 (1972)
. . 1973-74 120,000 . .
' , | 1974-75 . 3,6,9 N
- / ¢ f 1975‘76 '3:538:11 ? i Fg
“~ . N : 5 - ‘
Gporgla 0/A N 4,8,11 all * N: ED 107 695 (1974)
o/M State - (1981) -9 - .
< L
19 20




L . . R . N » T -
E } f“ & - . } ) E ) . ' } . -A t'l ,‘ - c’ :
| State . ' Type Actioh  .Conducted  Test - Leveld W ‘
Bavait O/ . 1965=70  -§ 48 ! -\ - . |
: - ' o - -1970-71 - 4,6,8. 65,000 !
{ S . - 12 . 2t )
< S o ces
| 1971-12 N S
. . .SM  sStata.  (1983) ¢ : - f
T ' "; T . — . . . i
,Idaho ~ .. O/ . state/ 19728 .. N . . ., . =50% T '
Do e . LR . - v - - . . g
. i ip r ' C . . ) T - N .- ‘
Illinois  PO/M-  Legis./ . 1978 N .. 20-80%
| _Stat ] - L - ‘
— —t A State ' - —
. Indiana - - S/M ° State 1980 - N 3,6,8,10 2
— _ e ‘ . . D Lf A o .
.Iowa ', O/A LEA 7 1975-76“% S . 5.8 | P: ED 125 894 (Morrisop, 1976)
£ N F e . ~ ¥: ED 169 105 (McNully, 1978)
S/M  State - - ‘© . BT X
.1 ‘ . ) . ) : B ] ] . . - R . R - .
Kansas -  ,0/M  LEA - 1970 . N 3,5,8,10,12 - IR . ' |
- ' - B (3 © 5 L S -
P/A | Legis./ 1978 (pilot) N  2,4,6,8,11 - o , \
. - State ' ' (3 6,9 12) T .
. - . - ‘ " . , - '. * . . T
Kentucky o/f - stafe 1973 s ' 4 3,741 0: .ED 081 793 (1971) | |
. | | 8 3,389° - R
. | | _ 11 2,702 . S | |
' o Yoru < 8 7,226 %
B e 1975 ‘ 2 3,981 . \ e |
v ‘ 4 7,067 , - <
. . 8 7,076 ' - o
¢ ) . : 11‘ ' 6’019 [ . - .\ '
s * : :

P/M Legis./ 1978 8 3,5,7,10 . o ‘ N | a e l ‘

‘\ 021 ‘ . ‘ . qtate . | , \ (3:5:8:11) . . ; . . - ‘s ' \ 22
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State - Type fvfctiog \ Conduc:ed\. Test Levels r - N ERIC Reference .Numbers 4
Louisiana  O/A.  ‘Legis.  1974-75 N agesy, - . Pe .ED 141 119 (1976) A/
' . ‘ ' . - . ) - ;3!17 - ’. \"., : . . ’ ‘ e
- e C et . \ . , o . T ! Vi ‘
. Maine, . ~ 0/A ' Legis. 1977: N. B L L ot S
- * Lo < . S IR P EDIGZ 864 (1978)/* ’
Maryland - 0/A - Legis. . 1975-76 S,N’  .3,5.7,9 . ‘'N,P: ED 118 635 (1975)
o - .ov T Sl ., . . kD118 637 (1995) °
e 0/ . A CT3,5,77 ¢ , . 7 ED 118 638 (1976) *
o > . (3,7,93)  _P: D 135 865 (Convey et al. .(
e 3 S T (1977) | .
. J . . R . ED 158 238 (1977)
e R "
Massachusetts 0/A State 1974~75 N ages 9, 17,600  N: ED 109 769 (1971)
A ‘ S - , 1317 | g
Michigan 0/A  State  1970-71 N 4,7 o: Ep0s3 217 1oty ¥
‘ - 1971-72 4,7 o . " ED 059 255 (1971)
: 1972-73 4,7 320,000 _ ED 059 257 (1971)
- oo o 1973-74 3% A IS ED 073 139 (Donovan et al.,
.‘ . - 1974-75 1,4,7 1972)
o ] «  1975-76 1,4,7,10 = ° ED 104 897 (1973):
: . . 1976-77 . ] © ED 104 898 (1972)
T ‘. 1971-78 © -, ED 104 899 (1973)
1978-79, | o " ED 104-966 (1972) ‘b
, / . / ED 104 967 (1974)
,¥ ) : ED 111 832 -(Roeber :and .,
R . Huyser, 1975)
. ot . ED 120 216 (Dongvan, 1973)
” ED 120 217-(Dopovan et al.,
. | o 1973)
ED 120 218 (Mehrens, 1975).:
) ED 120 219 (Fisher et al.,
: 1973y - . -
51 ED 120 220 (1974)

ED 120 221 (1975) *
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.‘ - ‘ i -. Y ‘ " . . . . - . “_‘
\ £~ o . . ;.e . I el : " %
LT : Sti Wtign Condncted 4,;!'estf.( Leyels A Reference Nmera T
- . .y A -2 o, RN “.c or 120.225 '(Fisher et al., 1974)
};;Lchi‘an (cont )v’ e E T C ey R | , 120 226 (Roeber .et al., 1974)
- /\‘ L A - ) L o R ED 164 578 (Roeber and Brictson,
= R L ’ : T 1978) - '
R . | }. - . T . ,‘ﬂ e e . PR
L ) Lt N I r ., P: ED 117 173 (1975) - s
N - <L, YL . LA ) ED120242 (1974) - |
: - ’” ] ‘ f da’ f ) ED 127 131 (Zoet, 1974) .
Yo 9 a ‘ S w G T 127132 (Coburn et-al.; 1975)
N By r \; S @ ‘%127 133 (Beardsley et al., 1974).
: ' -« N & R S . [See also. Cohurn, 1979; McCormick,
- i ‘ﬁ L PG S LEZ l . ¥ -~ . ]
. Mignesota 0/A State 1971-72 " N Lage 9. “P: ED 084 657 (Pyecha, i973) -
' . v ) T e T13,17 L “ED 089 464 (Adams -and Johnson,
/ ) . N 1974-75 e, -age 9 12,000 , 1973) . “,
. o , . > age 13. 17,000 ED 137 541 (Ludemn{ 1976) © .
. . T s / - age 17 6,000 . .[Seg also Allen and Sushak, 1979.)
- . e A ; C e 4 . . - , “ .
) Mississippi S’M State 1971-74 ., . S . 5,8« ‘ )
L : 0 . L < r(4=9) : .
T : R a %E = —
' Missouri 0/A State . 1970-71 . N 4 8,04 . P:, ED 070 056 (%71) _
: ’ . - . b 8,266 ED 077 990 (1971) -
- : ot 8 all ’ ' S
’ 1974(-79 S & ’ o : .
, o | \ ‘t & -
. ’ 7 L
Montana 2 LEA T - 0 _En 062 212 °(1972)~
o - —— ~ —— ~
Nebraska O/A¢  State 1975 | N 5 until - all p: ED 166 250/251/252 (Kennedy, '
A mastery v 1978) '
- ‘-I-— - . ’ P a
. ) -
S L 26
'cf . o,

i
e
.
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Ahtion'

‘Condgcted - Test

- ‘ . « P ‘ ‘ Iﬂ . . : ) : N
‘Statel _ Type Levels _N_.. __ ERIC Reference Numbers
' Nevada . O/A 1971-72 3 . ( N: EDB 079 822 (Howard and Ogg,
C 1972-73 3 12,392 1971) T ‘
. = 4 2.315 e T BT ]
R 1973-74 ~ws 3 2,420 - o
e 7 2,750 , :
oM s. 1978 s 3,6,9,12 all ~ .
| . 3 . s | .
. % ) . . : ) ]
New Hamp®hire O/A  .State 1967 S 4,8,12 N: ED 097 352 (Schweiker, 197&)
L | ... 1978 (pilot) * N 4,8,12 -~ 7,500  "P: ED 039 147 (Austin, 1969) " |
.o - : : . [See also Austin and Prevost, 1972.})
New Jersey - O/A  State  1972-73 N 4,12 " P: ED 074 129 (Ascher, 1%3) ;
- , ' Legis.  '1975-76 4 96 , 000 . ED 097 396 '(Gurwitz, 1§74)".
. L 7 - 109,000 ED 127 352 (undated) ! -
1978 -y 3,609,11 . T
. . R N ' . '
New Mexlco O/A State 1969 S 5 - : N: ED 077 938 (Klein, 1972)
o 1973-74 - 5,8,122 70,000 ED 079 422 (1973
. 1978 . ... N 5.8.123 ' : - ED 095 631 (1974)
. (5,8,10,11) ' 3
. k™
New York O/A  State 1966-72 S 3,6,9 all P: ED 071 162 (1972)
' 1973279 | ‘ ED 080 591 (1973)
North’ /A 1973-74 S " 6 N:- ED 106 294 (1975)
Carolina *C 1974-75 3 5,000 'ED. 108 974 (1974)
1975-76 9 | ‘
O/M  Legis. = 1977 (pilot) 1,2,3,6, all
- 9,11 o .
8-
. _Nor;hﬂl?kota- LEA ~ i
~x c e .. 28
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State Type  Action -Conducted Test _ Levels N . ERIC Refetence Numbers -

Ohio . "O/A - Legis./ - N 4,812 ‘N: ED 096 745 (1973)
' - State . ‘ T ‘ Lel . .,
Oklahoma = P/A | Stacé"; 1977 (p;.ib:) o 3,6,9 (Reading) ‘ X : . , ‘<
4 - ‘ T, ¢ »2 (Surviwwl skills) .~ . oo
. < y; de— - '_- —r 4 - ,
Oregon . O/M State 1976 N 4 8,000 = N: ED 109 207 (Thomas, 1975)
: - . - : 4,7,11 .. .ED 139 664 (1976)
. o o .. [See also Clemmer, 1970.1
Pennsylvania O/A . Legis./ 1970 = N 5,8,11° ..0: ED 090 252 (Kendig, 1924)"
: : State : ‘ . ED 093 943 (Coldiron, 1974)
1976 N ‘ : P31 ED 068 471 (1971) A
e ED 166 198 (Kim, 1978) B
. PO F:\ [ LN f
o | . | - . o
Rhode. Isldnd . O/A -  State 1972 ~ N,S5° 4,8 4 S
- ' 1973 . 4,8 - .
¢ ) 4,8.11 . *
i o * — -
South - P/A . Legls. 1978 (pilot) ~ "4,7,9,11 ) . .
Carolina (3,6,117
* ' 1,2.3’6,8’11)
L ] . -
South Dakota O/A LEA S 3,6,9
Tennessee P/M State . (19_81) : N 8,10 :
) * (6151618!1]412)
Texas P/A . State 1971 . N 6 22,055  P: ED 071 879 (1972)
S . . o 1977-78 6,11 ' ED 164 591 (1978) v
. ] B ' "~ ED 164 625 (1978)
. ED 167 683 (1979),

ED 169. 133 (1978) .




Conducted

ERIC Reference Numbers -‘

»

State Test Level _N i
Utah " o/a, 1975 s 5 ¢ 4000  R: ED 079 825 (Campbell and
. ' 11 3,000 Forsgren, 1970)
1978 S 5 4,000 ED 169 119 (Ellison et al.,
» S - A 12 2,000 - 1978) -~ -
- . CU _1g ‘ [See also Utah, 1974 Ell:lsbn
Y OIM Scaté. (1980) . R 9 1 | L et 81.. 197‘5 1 ,
_ - % B
. Vermont OIH_ State 1978 k-# all . L o |
Virginia o/M Legi‘.‘ 1978 Ak—/E B all [See Virginia,. 1976. ]
‘£ K ”(]7'6:8310:11) .
Washington  O/A  Legis. 1971 s 4 6,763~ P: ED 086 725 (Brouillet, 1973)
o 6 6,881 “ ' ‘ '
. 1977 étslll - ‘ ' A r
- West Virginia O/A State s 3,6,9,11 \all ~0:7ED 166 234 (1978)
Wisconsin . 0/A State 1969 N O: ED 051 186 (Henderson et al.,
. : 1973 - S 3,7 1971)
'1977 S,N 4,8,12 ED 069 475 (Bénderson et al.,
| : § 1973) ‘

| P: ED 096 320/325/328 (1974)
& - [See also Coulson and Howe, 1977.]
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II. Trends in Mathematics Achievement

-~

In this section:\Qsﬁe from the two mathematics assessments com<
ducted by the National“Assessment of Educationel Progress will be
presented,-and apparent rends in mathematics achievement will be
identified. To provide i&ional infocmation‘on achievement trends,
an analysis of the mathematics.portion of the California Assessment
Program from 1975 to 1979 wiiliig cited. These data both supplement
and contrast with the NAEP date.'~

\\\".
- A

A. Trends in Mathematics AchieVement from the National o .
Assessment of Educational Progress* .- | -

The National Assessment of Edué&tional Progress (NAEP) has
completed two surveys of -the mathematﬁgs achievement of 9-,
13— and 17-year-old students, the first&conducted during the 1972-73
school year and the second five years later, during 1977-78, Des-
cribed here are changes in student performance in mathematics between
the 1973 and 1978 assessments. ' \

. Y

The 1977-78 mathematics assessmeht was designed to measure stu-
dents' abilities at four different cognitive process levels crossing
a variety of traditional mathematics content areas. These cognitive T
process levels are: (1) knowledge, (2%8kills, (3) uhderstanding and
(4) application. Major content areas assessed are ‘nupbers and numer- :
_ation; variables and relationships; geometry (size, Shape and posi- C .
tion) ; measurement; and "other topics," including probability and -
statistics, and ‘graphs and tables. For a more complete description
of the development of the 1977-78 mathematics aésessment,'refer to. _ _
Mg#hematias Objectives, Second Assessment (NAEP, 1978) N \g_ ' g &

}

The knowledge level of cognitive process involves recall of ‘Qcts
and definitions, and incl Bes such topics as number order; pla .
value; basic facts of ad ion, subtractionm, multiplication and¥ -
division; geometric figures; and measurement units. Skills involve
the ability to use specific algorithms and manipulate mathematical

 symbols. Included4n the skills level of cognitive proceés are com- .
puting with whole numbers, fractions, decimals, percents and inte- "

" .gers; taking measurements; converting measurement unitg; reading N\
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 understanding asked students to provide an
explanation or illustration of differefit mathematical knowledges
or skills, requiring a trangformation of knowledge but not the appli-~
cation of that knowledge to solve a problem. Application requires the
the use of mathehatical knowledge, skills and/or understandings--
typically in problem~solving activities. .

A}

r

*The following material is a reorganization of the NAEP report Cha
in ‘Mathematical Achievement, 1973-78, pp. l-ip. Essentially all -
material is quoted directly., e
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Measuring Changes in Achieéement‘

Testing conditions must be as nearly the same as possible in each
assessment to assure gn. accurate measure of changes in performance. .
National Assessment made every effort to hold 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 t¢ measure change were identical in wording and for-
mat in each survey, and time.allowed for.students, to respond was the

same. Comparable samples of young people were drawn fer each assass-
ment year, :

As previouély stated, identical sets of items were used in each
' assessment year to measure changes in performance. Overall changes
in mathematics achievement. were ‘based on 55 itém partg for 9-year-olds,
77 item parts for l3—year—olds, and 102 item-parts for 17-year-olds.
Between 2,100 and 2,500 students at each age responded to an item in
each assessment. Items were packaged 1in booklets, and any one student
~"completed only one booklet of about 45 minutes in length In 1977-78
there were 7 bookléts for 9-year-olds, 11- for 13-yegr-olds, and 12 for
17-year-olds. Approximatély 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 Qctober through December in
both the first and second assessments; 9-year-olds, in January and i
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 scoripg also remained consistent across assessment
years. * Approximately 20 percent of the items used to measuré change
were multiple-chaice. 'These were scored by an optical scanning ' .
machine;/ the same answers were scored corxect in each assessment - '
year. The remaining 80 percent of the items were open-ended, mean-
~ ing that respondents had to supply the correct dnswer. 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,
using the 1978 scoring guides, to insure that scoring of the two =~ -
sets of data was the same. |

Reporting the Data ‘
- Differences in average or item~level performance hetween assebs-
" ments are described as changes only if the differences are statisti-
cally significant at the .05 level; differences’ that are 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 négative difference shows that fewer people made’a correct
response in. the se¢ond assessment than the)first.

¥

*




Changes at Different Cegnitive Levels

- Hathematical Knowledge ' ' 4 .

Items assessing knowledge stressed recall _and recognition of , -
facts and definitions—including the names of pumbers, number order,
and the names of geometric figures. Average results for all items .
in the knowledge' section showed no appreqiable change fop any of 2
the three NAEP age groups. - ' !

However, exercises assessing knowledge of the metric system of 4

AR . measurement--one administered to 13~year-olds anid two administe

to 17—year—olds——showed very sdbstantial gains (26 percentage points
for the 13<year-olds' item; 12 and 15 percentage points for the 17-
year-olds' items). These gains were large enmough to affect substan-
’/tially the average results for all items. When the ghree metric
items were removed from the knowledge averages, both 13- and 17-year-
olds showed ‘decline in mathematical knowledge as summarized in Tablel.

¢ .

© - .

-

e -

TABLE 1. Chanées in Average Performen!tvon'MathematiceL'
Knowledge Items when Metric Items Were Omitted

Nymber of - Average Performance " Change in Average
Items. . - 1973 . 1978 Performance -
- Age 9 17 552 ... - 552 -1Z +°
| Age 13 ~ 15 67% 652 . - -2%* R
N . Age 17 16 63% 622 . -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 showed that 9-year-olds' skill levels -
did not change between 1973 and 1978. However, average skill levels

" of 13-—;?31,17—year—olds declined, with 17~year-olds showing the larger

- drop. esults for items measuring specific mathematical skills are
. . presented'in Table 2.
3 g , | B
”‘. + Figures do not total because of rounding.

I 35 ‘
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Understanding was not heavily emphasized in the firs: assess-- N
ment of mathematics, and thus there are relatively few iteﬁs L R
measuring changes in this area, especially for 9-year-olds. o ‘ Y S
Performance of 17-year-olds “declined on these items. The decline X
for 13-~year~olds is very close to significance at the .05 level . o
(p <.06) and perhaps should be viewed as a detline (Table 3). ’

-

~N

" TABLE 3. Changes in Average Performance on Mathematigs Ll
Understanding Items Assessed in 1973 and 1978 . E
Number R Change in ¢
of Average Performance Average
Items 1973 1978 Performance
“Age 13- 12 ‘ 52% 50% -2%
Y ) , ]
Age 17 13 62% - 58% ~4R*
. o/ ,

*Change is significant at the .05 level.

e / / 3 L |




_'Hathematienl Apg}ication -  '",,,2;: '.;‘.?i ‘A;‘ S s

-

\ .Hhthematicalfapplication invclves the use’ of'matheﬁaticel know-

‘ﬁledge,.shglls,and understanding to. solve ptoblems, Problem solving '
requires i&dghent~—the gbility to determine which facts,’ algorithms -
. or undef&tandings are relevan;-—as‘vell as the ability te .apply the“
".neeﬁed processes. N J e ,f

\_e : -} .. .
. . o
N

Hajor emphasis in_the application items vas on sotving typinal
 textbook werd or story problems, ' Some of these probleds involve the
use of geométry, measurement, pro¥ability. and statistice, or:graphs. .
" . and tables.' A small number of problems were classiffed as "non—,*”

ﬂ"f._vnutine,“ meaning that students most likely would not have encountered

‘si{milar problems in, mathematics textbooks and would have to- solve\them L
without benefit of prior experience ‘with similar broblems.aﬂxs_ N
All three age groups showed significant aﬁerage declines on the-
'.applications items (Table 4). - Nine~ and 13-year—olds resgondeﬁ to a
“relatively small “number. of items, 80 . reSults for them’ should %é inter-
T preted with some.caution..” . N . L DR

'l i

. . : o T
| o L SRy
‘TASLE'&. chenges in Awerage Performance on, Hathematics Appli—,

o,

e e cations Ltems Aasessed in 1973 and 1978 - :f° O o
T u..,- . ‘Number ) ' ,f : ﬁ% n ;:,' M;Eﬁenge“in -
“-f“" v, .of : Average Performance .. = ' Average
' - Items 197 . 1978 ... Perfogmance
‘Age9 T 9T ez a3 corx.
Age 13 * , r2 - a2m |~ 38% 0 -3mM
Age 17 - 25 33z 9% ~47*
B ‘ . ,T - - . ‘ N ‘ . ]
*Change ie significamt at the ,05 level. ..

+Figures do not total because of rounding.
- o, ’
‘ \ B b
Changes in Whole Number Arithmetic and Number Properties

* .

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

Nine-year-olds' performance did not change on two items requiring
them to write and order whole numbers.. Approximately 88 percent in
- each assessment correctly wrote "five hundred twenty-two' in numerical
form after~seeing and hearing it in the verbal form. About 85 percent
correctly ordeped 4 ﬁyn-digit numbers, several of which contained the
game digits in different places. Thirteen—year—olds were eyen more
successful on this task--around 96 percent of them correiffzgordered
the four humbers in each assessment.
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S ;Nine—year—olds"performance‘also did not change on several items
dealing with number theory.and the properties of numbers. Around 70
percent in each assessment could list two even numbers and 'two odd
pnunbers. ' 'About 60 percent knew that a number multiplied by one equals

ate

tsg}fﬁ“hnd,apéug‘haIf“knew that a nupber divided by one equals itself. “

. |. ,Figife’' 1 on the next page shows ekill levels in 1973 and 1978
' on. vafious 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-olMds and just over U
four-fifths of the 13-year-olds were successful in”1978. Nine-year-

- .olds improved between 1973 "and 1978 while 13-year-olds declined. Nine-,
";13-,§nd 17-year-olds' abilities to add the column of numbers with '
regrouping did not change appreciably over the five-year period. On

the subtraction item, which required students to regroup (borrow)

twice, performance.af 9- and 13-year olds did not change, but that

of 17-year-olds dropped by 4 percentage points? Ability to solve the
fimple multiplication item remained constant for'all three age groups;
however, l7-year-olds declined ‘in gheir ability to solve the more com-

plex multiplication item. Skill in answering a simple long division
‘exercise stayed about the same for both groups of teenagers, with 71 percent of
: . the 1l3-year-olds and 85 percent of the 17-year—-olds answering correctly in 1978

L Ony théfs/e' éxampleé, the whole nidmber cbmputational .skill_s of 9- and 13-~

‘'year<olds appear to have remained relagively stable. Seventeen-year-olds '

“may have lost some ground in their skills‘with'%nre complex- ¢computations.,

[N

» &=

Understanding of number theory and the properties of numbers and
operations were also assessed. Nearly 60 percent of the 13~-year-olds
and 75 percent of the l7+year-olds in each assessment identified a
general algebraic expression for an odd number. Apprbximitely 70
. percent of the 9-year-olds in each assessment understood that if R
aXb = 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-year-
olds in 1978 than in 1973 realized that -the relationships:of the two
variables given could not be:determined. In a problem’dealing with’
the transitive property of the relation "older than," 50 percent of'
the 9-year-olds, 72 percent of the 13-year-olds, and 81 percent of the
~ 17-year-olds chose the right answer in 1978, declines of S5, 10 and 5
: ‘ percentage points, respectively. Underdtanding that the associatiye
property-~for example, (a + b) + ¢ = a + (b + c)-~applies’ .
to addition and multiplication but not to subtraction or division alséd
decreased for the- teenaged groups. Id 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 1. Percentages of Corréct: Response on Whole Number Com— H -
. putation Items—1973 and 1978, Ages 9, 13 and 17 - -

- .

; , " Percerit of Correct Responss ’ . .

e

'Mhtiithemmof
21 and 54? '

Subtract 237 from

© e
. -

Multiply 2-659'&1 number
by 1-digit number —  °
with regrouping.

£

Mﬁhip!y:
. 6717
x402

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

“Indicates the ditference is sgruficant at the .05 level,

) .
.
)
- v X .

»

L Y - ’ f m: .

. A ) ,
(X AN
, n Performante in 1973 S8

AN Performance of 13-Yeur-Okh — 1978 -

*

A . ’ .
Parformence of §-Yasr-Olds — 1979 m Performance of 17-Year Oide ~ 1??[ .
o o (NAEP, 1979)
\'..J . . ‘/ T
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_FIGURE 2, Petrceantages of Correét Responses on Item About .Relation-
: _ships of Variables Assessed in 1973 and 1978 U
.. | ' d
If a> 5 and B 53, then ) .

. P ) ‘ ¢ ’ - Do ) . - B
S < xa equals b. e R

o a is greater than b.

‘fc:h“ﬁlis*greg:ef than a. . o .

@ there is not enough information to
. determing.tge relatioh‘between aand b. . .

© TI'wdon't know. ) o 7;; ’
. ‘ o . i
- ' ‘ “ - ,Percemt Correct. . _ . -
S 1973 , 1978 Change
.. Age 13 672 - Ts1x . -l0z#
. -Age 17 83% - 762 - - TZ%

&
- 0
. .

Whole~humber cpmputation is ,an important part of much prohlem.

gsolving. In the simplest .single=-step problems,only one arithmetic
operation is’ applied to the . problem._.-“. BRI

*Change is significant at the'.05 level. -~ . -

3

w}"ig\.u_‘e 3 displays 9~ and. 13-—year-olds' perfoimance'
on four single-stép word problems. Results for 9—year—olds declined
on’ the easier suh;ractien task but temded to improve on the more R

‘difficult problem, which requiréd subtractiqn of g three-digit number
" from a‘ three-digit number. - Thirteen-year-olds wé¥e considerably more
" proficient than 9-year-oids on the .samé subtraction problem; their

{
percentage of success also tended to improve. the numbeys in the .

subtraction word problem given to both 9- and l3-year—olds were alsp
presented as a strictly computational ftem. Approximately 50 percent

L.

'

of the 9-year-olds .in 1978 subtracted correctly on the computational .

item, compared with 38 percent correctly answering the word problem.

. The difference for. éijyear—olds was much smgller, with BS percent

correctly solving the ‘computational item and 82 .percent,’ the word
problem. - As sten in Figure 2,  9-year—olds' abilities on the word .
problems that requireq multiplication and division declined ra:her
sharply A , . .o : -

¥ . R . . oo
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. . - FIGURE 3, Percentages of Correct Response on Singlé-Step K
) - Word Problems—1973 and 1978, Ages 9 and 13
.. : . e e .
\. : ] ~ Percent of Correct Response - > -
¢ ¢ . ' ] .
“ _ 80 90 100
,f.'.““, <. . . ‘,-mmh —+ 4 ~4
- . * . ) -
" Word problems requiring: t
" Subtraction of a 2-cigit number . —
from ¢ 2-digit number — no regrouping. 5% |
) - . .
¥ . ‘
& . .
- ‘ “ « 2 @ I ; e & o IR . \
. : , - L T t s 2 i .
Subtraclion of a 3-digit number e ————
~ from a 3-digit number ~ with +3 ' ‘ : Yy _
~ Hgrouping. R A L O
| < X
Multiplication ofa 2-digit number
Wim. : . .
s v W
~ Division of 8 2-digit nymber - . :
hv‘ ‘dlﬂ‘lﬂmf—w“hm ‘12.
remainder,
, . ) Yndicates difference is significant at the .05 level. -. . .
- « * - - . i
, o S : Keys . . : ’ . ‘
a T . . 4 o ~ . : ‘. , 3 .
. R ' Performance in 1973 ’ ' b _ .
* . A - ‘ ‘ . ) o _ . -_T—.‘
- ’ Performance of 9-Yaar-Olds — 1978 ' . - -
| . B  pertormance of 13.vesr-OMts — 2878 3 f .
4 1. . . ' «fﬂ ) <
N - . -~ (m, 1979)




Multistep problems require more than one ope¥atiom for their
solution. Most of these were aliministered 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 kilbmeters. Seventeen-year-
olds' performance dropped considerably on this item. .

¢ .

l

4

FIGURE‘ﬁ; Percentaées of Correct‘Responées on Multi—
. step Problem Assessed in 1973 and 1978

- -

A car traveled eight kilometers_in five minnteé: At this
- speed, how many KILOMETERS could it travel in one hour?

-

R

Ansver _~(96 lkm) .-f_ -
Percent Correct ” | .
. 1973 1978 " Charige
Age 13 ] 31% 282 . = 3% ’
Age 17 65% 56% : =102% t

- *Change is significant at the .05 level.
tPigures do not total because of rounding,

\ ) : . ‘ f ' . “
. .

¢
.

Changes in Ability to Use Fractions, Decimalé, and Percents

. Several NAﬁP items megsuféd knowledge; skills,‘uﬁherstanding}and
abilities for rational number arithmetic—-work with fractions, deci- -

*

mals, and percents. . . :

. Items requiring the ordedng of fractions and decimals
seemed more difficult for teenagers in 1978 than in the previous
survey. 1In 1978, 52 percent of the 13-year-olde and 81 percent of

the 17-year-olds correctly selected a common proper f&gction falling -

between two given common proper fractions,  Performance on this item
dropped from the 1973 assessment--6 percentage points for l3-year-
olds and 4 percentage points for l7-year-olds. Relatively few
13~year-olds in either assessment--about 15 percent--identified a -
decimal number falling between two given decimal numbers. Forty-
six percernt of the 17-year-olds werg successful at this task in
1978, a decline of 7£percentage points from the previous assessment.

)

43

(
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When asked 'What does 2/3 of 9 eqﬁa}?", results declined
. appreciably from 1973 to 1978. Eighteen percent of the 9-year-olds
.could correctly compute the answer in 1973, but in 1978 only 13
percent could give the correct gnswer. 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 dtems measuring translation between forms of mathematical

- expression proved difficult for 9-year-olds. &Thirteen-year-olds

showéd some 1mprovement on these items over the five-year period. .
"Figure 5 presents an item.requiring translation from a pictorial

to a numerical form. Performance improved 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—yeag~olds answering correctly increased by 5 percentage

points.

FIGURE 5. Percentages of Correct Responses on Items Requiring

- Translation Assassed in 1973°and 1978

What fractional part of thig figure is shaded?

<

Ansver él/3?or 47/12)

4 -~

- Percent Correct
1973 . 1978 . Change

' Age 9 197 . 200 1%
Age 13 . 76% - . 8% - | syR4

/

*Change ig signifigdnt,at the .05 level. v
+Ff§ures do not tgtal 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. rformance of
, 9-year-olds did not change appreciably on this item, with approxi-
mately 11 percent in each assessment answering correctly, while
performance of 13-year-olds improved 8 percentage points, with 71
percent answering correctly in 1978, About one-fifth of the 13~
‘yaar-olds in 1978, a decline of 4 percentage points from 1973, deter-
mined the fractional part of the circle that is shaded in the fellowh
ing drawing: ) . : ;

- . . -

The following problem required 13~ and 17-year-olds to trans- .
late a verbal expression into a symbolic ome. About 17 percent at’
age 13 and about 46 percent at age 17 completed the translation <
successfully in each . assessment. -

- Carol earned D dollars during the week. She spent C
dollars for clothes and. F dollars for food. Write an
expresaion using D, C and F that shows the number of
dollars she had left. . ' ‘

. - Answer .D-(C+Elfor D-C-F
. Fewer l7-year-olds in 1978 were aware that percent represenﬁs
a number out of 100., Sixty-eight percent in 1978, 5 percent fewer
;han in 1973, identified a given percent as a number out of 100.

~ Nine-, 13- and 17-year-olds were asked to add fractional quanti-
ties of liquids pictured in tyo measuring cups. Students could simply
visualize the correct answer from the picture rather than go thyough
the process of adding fractions. About 13 percent of the 9-year-olds
gave th rrect apswer in each assessmedt year; the percentage of
~=~ 13-year=olds responding correctly dropped 13 percentage points, from
69 pertent in 1973 to 56 percent in 1978; apd the percentage of 17-

-

e "



‘exercises than on word problems using the same numbers.

~33-
. . : . . . ‘r‘ €

year-olds giving the right answer remained constant, at approximately
83 percent in each assessment. Percentages of success were consider-
ahl¥ 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 percent of the 9
13~year-plds, and 67 percent of the 17-year—olds added correctly on
this item. Students typically 'did bettet on computational skill
In this
case, students did much better when they could visualize the solu-
tion.than when the process of adding fractions was needed. -

v [ ]

‘ c6Seventeen—year-olds responded to a prohlem that required them -

mpute one-half of a mixed fraction. Their percentage, of '

auccess dropped substantially—-from 27 percent to 13 percent-—between

assessments. - -,

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

fifth of the 13-year-olds and just over half of the 17—year-olds

solved the following problem: ,

"4 hockey team won five af'the 20 games it played
‘What peraent of‘the games dtd it win? .

- _ ‘Answer,

(25%) ‘ -

v ' -
&, #

Seventeen-year-olds' performance declﬁ?ed 8- percentage points on. this
item.

When asked to calculate a certain percent of 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 declified 5 per-
centage points from its 1973 performance. Percentages of success
were similar to those for the previous problem (10 percent at age 13-
and 40 percent at 'age 17) on an item asking teenagers to figure the
amount of discount on the price of an item when the percent of dis-
count was given. Performance on this item improved by 3 percentage
points for 13-year-olds and did not change appreciably for 17-year-
olds between assessifents. Instead of #ultiplyigg, 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 the percent.

Sewer£1 multistep problems involved the use of pergent. Just

. over one-fourth of the 17-year-olds in each assessment correctly

calculated' the depreciated value of an object when given the petcent
of depreciation and the original price. ‘Very few l7-year-olds

. (sbout 5 percent in-each assessment) successfully determined the .

original price of an object when the sale price of the object and
the percent off were given. o

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 additional

e
ke
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. increments were given far fractions of a mile traveled and the
o : distance traveled was expressed in decimals.

.
- D
2w o=

Changes on Heasurement Items, Graphs, ‘and’ Tables. ' _ -

a ¢

b . : Mﬁasurement is another basic and essential use of mathematics.
: * Several items for 9-year-olds dealt with making measurements.' One ,
- item asked 9-year-olds to mark on a clock face a time that is an
‘ hour and 10 minutes later than that shown on another clock, Approx—
) imately 45 percent of the 9—year-olds 'drew the correct time in eaeh
* .assessment. o .

Nine-year-olds‘were asked several queatidns dealing with

assessment accurately gave- the length of time between two stated
~ times, when they could simply subtract the times and regrouping
was not pecessary. However, .they declined 14 percentage points,
from 43 pércent to 29 percent, in ability to give a ¢time eight )
‘hours later than a stated time, .This is a more complicated problem
, since the tlme period went past 12:00 a.m.; students could not
. ' 1mp1y add the hours to the original time.
: in another measurement problem, 9- and 13—year—olds used a
scale drawing and a ruler .to determine the distance between two
places. About one—quarter of the 9-year-olds and two-thirds of .
> the 13-year-olds gave the correct disﬁﬁnce, a decline of 5 percen-
tage points at each age from 1973.. Seventeen-year—olds also
answered a question about distapce repregsented on a scale drawing.
Forty-two percent in 1978 found the correct distance, a decline of -

. ‘ % percentage points from ].973 Y !

N o’

) §<g; Approxipately 35 percent of the 9-year—olds correctly estimated
tage points from the first assessment.

Changes in giowled§§ of measurement may reflect a shift toward
greater emphasis on the metric system in the schools' curricula,
As seen in Figure 6, knowledge of English unit relationshdps .
declined for all three ages, although the overall 'decline 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 between 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 uynit in-a list of
metric units, an imprsvement of 26 percentage points., Sixty-nine
percent of the 17-year—¢lds completed this task correctly, an
improvement of 15 perceqtage points from 1973. ®on another metric
exercise, in which 17-year-olds were asked to name the English unit
j N mdst nearly eqbivalent t¢ a metric unit, performance imprpved by 12
l : . percentage .points, to 71 \percent in the second assessment.

- \ - -~

measurenent of time. About one-third of the 9-year-olds in each o

the length of a given line segment in inches, a decline of 5 percen-—

oo
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v * FIGURE 6. Percentages of Correct Responses on Measurement
‘ . Items Assessed in 1973 and 1978
o . Pefcent' Correct
IR AN Age 1973 1978  Change.
A. Which is longer? _ )
2 feet .. . -9 83% 792 - 47% .
1 yard** S 13 - 94% 93% - 12
I don't know. - - 17 9N 96 - - 12
o ' B. Which is heavier? . - - ® . - -
‘. Lo 17 ounces** 9 362 297 - 72%
: : ' 1 pound - 13 72%- 632 , =10%%¢ .
. I don't know. 177 - " 86% . 84Z - 22
‘T, Which holds more water? - ‘;wﬁ\ : : ‘
, 3 pints ‘ . 9 ) 81X - 3%
2 quarts** 13 T 927 - 91% -.1%
I don't know. ] 17 952 ~ 937 . - 2Z%
. ' SN
’ R ':\n,. L%
i S
. ' < V.

. N . . ) \ . . \_:.‘-_\\ . -
- Many of the items assessing measurement skills for ‘tebnagers
' concerned conversigns between English units, Seventeen-year-olds
- " showed substantial declines on these items; 13-year-olds' perforﬁh@g
' also tended to drop) although their declines often are not statis—‘%;

tically significant (Figure 7). It is possible that this skill is.

g
‘ - { - el
“FIGURE 7. Percentages of Correct Responses and Changes in
< Percentages on Measurement Conversion Items
 Assessed in 1978

Age 13 . Age 17

’ - ) * -Percent Correct = Percent Correct
‘ . 1978 Change 1978 Change
- ' x inches = how many feet? .- 60% - ég . - - )
: x pounds = how many ounces? 33Z -1 567 -10Z*
X gallons = how many pints? 41% ~ 3Z 492  F14%%
« feet = how many yards? 437, - 3Z 597 - 8%*
Add pounds and ounces | 52% - 4% 702 - BZ*
" XChange is significant at the .05 level. Y
**Correct answer
g 1+ Figures do not total because of rounding
: . o o
’ N

B | 15
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receiving less emphagis than previously in the schools, and metric "ig‘%;

. units are receiving more attentien. . . | S
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Gta@s. Plntting 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 sdccessf&*ly plotted the point (3,2) on a graph. At .

- agae_17, about 20 percent correctly graphed the equation y = 2x+1,
Approximately 15 percent of the 17-year-olds determined the slope
of the line 2y = 5x - 8, and.about 12 percent gave the y-intercept
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 equation for a circle vith-the center located at the origin.

' L ¥

Seventeen-year—olds requnded to several items demanding

interpretation of information presented in-graphs, Forty-four A .
percent of them successfully determined the period of greatest _ s

profit from a graph displaying separate lines for income and o e o
expenses, a decline of 7 percentage.points from 1973. Performance

did not change on two items that asked students to use a grabph . e
YQexhibiting performance of Several | cars, in which speed is ont " ' o

axis, time the other; and the cars' speeds at given times are - ,

plotted as curves, : o ‘ S . e -

R4

- - T e

]
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ables. Quantitative informat:ton.is often presented 1ngraphs orin -

i tabular form, and it is important that students know how to read - P
information presented in this way. Nearly half the 13~year~olds 5
correctly used a table fo find proper ramounts of sales tax” for '

-yarious amounts—-only & slight decline ffom thenprevinus asgess— S
ment. Between 75 and 80 percent of the.17~year~elds used the: ° S
table correctly on these problems declining about 4 percentage A s
points from 1973. | ) ,p-« ) » _ . L . -

L] > - . -

Thirteen—year-olds improved 1n their*abilfty to read an’ aIY , oo
mileage chart--58 perceént did so, sneqessfully in 1978, an ircrease e

oY 6 percentage points. Seventeen—year—olds performance-did not . -
change appreciably, with about 65 percent of them using the, chart ﬁ>\\\ .

correctly. , e _ AN

Charts and tables can also be used to sclve problems. About . e,
one-fourth of the 13—year—olds hn§ one~half of the 17-year-olds '
found the gutritive values of ceryain foods listed “on .a chart and -
then empl&‘id that information in calcuIating nutritive values of - ‘.
a meal. Both teenaged groups declined on this item, with L3—year— , , ¢
olds dropping 8 percentage points and 17-year-olds dropping 6. ‘
About 10 percent at age 17 in‘each assessment correctly used a .
table~-showing automobile injurieb, pedestrian injuries, and total
qumber of injuries for different groups--to determine which group -
had. the highest number of pedestrian injuries per total injuries. = . — ¥




o

L

v . . -37-

Changes in Algebra ,
Skills in manipulatihg algebraic symbols include simplifying

expressions, solving equations and inequalities, plotting points
and grdphing equations. .Slightly more than one~fifth of the 13-
year-olds and just over half of the 17-year-olds in each assessment
.selected the equivalent expression for a/b = c/d (Figure 8). Both
13- and 17-year-olds declined in their ability to multiply 1/3 X a/2,
Relatively few 13-year-olds §13 percent in 1973, dropping to 10 .
percent in 1978) carrectly completed this task in either year; how-
ever, the percentage correct for l7-year-olds dropped rather sharply,
from 54 to 39 percent. Twentyrsix percent of the 17-year-olds in
"1978 correctly multiplied the binomial factors -of a quadratic ‘
expression, a decline of 7 percentage points from 1973. Around one-
fifth of the 17-year-olds in each assessment successfully gave the
binomial factors for a simple quadratic’of the form x2 + bx + c.

L4

FIGURE 8. Pefcentages of Correct Responses on Item About
# Algebx;aic Expressions Assessed in 1923 and‘197'8

.»equations. Seventeen”year-clds 3k111é‘3n this area appear to
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. ” *Taﬁle 5 d&hﬁiay&.lT-year-olds"prd{ic{%néy in solving sevepal "*“.

o’“ ‘.. 1,
- If a/fh = c/d » then which one of - the following statemencs
. is TRUE? ] .
- , c g 'S ... . .-. = : . n ’ e ‘ )
“ .s . ’l‘ : ’ . - ‘( > ('Y . . "y . ( : ."(‘ ‘A;’ d‘:. '
. .Q a/d = b/c . . RS ’ ’ . _.-'.' -_, ’,.‘ IR S
s> ce/b = a/d . P T R UL S
. ° * ... ) . LI . . i N , .
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¢+ TABLE 5. Percentages of Correct Responses and Changes in Percentages
‘ on-Items Involving Equations; Age 17 U i
- . — o oy N - __
t . . | ] Age 17 . iy _‘
~~N C . 1978 2hange
Find missing numerator in  ~ . | '\ -t
equiva{ynt_fraction. : 722 - - =10%*
What value of.x satisfies | f
X+ 6~ 14 = x + 27 v . U 0 -3X
Find solution set of
x2' - 5x + 6 = 0. ' 182 -2
" . Solve for x and y in a :
system of linear equations. - 6% . y

‘12

f*éhQnge ig significant at the .05 level.

(K} | ’ »

»

K

4

1 Changes in: Geometry

KE Relatively few itemﬁ‘éeasured ability to recognize geometric,
xfigures. changes on the
vof names of solids increased considerahly from ages 9 to. 13 to 17;
~at all thpee ages, motre sbhdents reeognized a receangular solid-
than a sphere or a cylinder. e e PR

‘items generally were slight.-

L Y ﬂJ e
A R ’ ' > c T

. Several items assessed understandingiof geometrio,pnineiples.‘

Recogaition

In bdth aseessments, ahout tﬁb-thirds of ghe 8—yeer~olds were aware

’that ‘if. 'one" side of a syuare is. @ certain length an adﬂoining side
 has to be the sgme length Giyen- the ﬁollowing f\ggure ‘ :

* 4
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P 2 X x by r 7 .
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. . vl . . .
! . - — - L. - .
. . . £
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anl £01d that it- iﬁMa square soparated inﬁd‘helves by a- 1ine parallel

to the basée, about a thifd of the lS—yearaolds and ~fust Svenm ;wo-fif;hs
of the 17-year~olds eorrectly gave the length off* line segmént sXY (2 .,

inches).

While pe

17-year-olds deqppe

rpantce bf’ lB—year—oIds did not change;. tha't . of ‘.'

9 peﬁcentﬂge pointsﬂ nAbout 30 percent of “the

L e . 3, . *
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13-year-olds and 19 percent of the 17-year-olds in 1978 gave 4 inches “
as the length of XY, perhaps an indication that they either did. not
read the question very carefully or did not realfze that the temrm
line segment XY goes not refer to the entire side'of the square. = S
Approximately half the 13-year-olds in both 1973 and 1978 .

\ _ correctly identified the line segment in a *circle that is twice

as long as the radius.  Manmy 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 Question, from 77

_percent in f973 ‘to 73 percent in 1978,

Seventeen-year-olds hgd difficulty with several problems
- requiring the applicacion of geometric concepts. Nearly 20 percent
in both 1973 and 1978 sqlved a problem involving use of the Pytha~ - :
gorean theorem to find -the missing side of a triangle. On another »
. problgm, the percentage correctly using the proportionality of- sim-
ilar triangles to find the missing side of a triangle dropped‘from
10 percent to 6 percent.

Seventeen-year—olds were asked to determine che circumference
of the follewing circle with center 0:.

. /.
- C . . v
X .. . _"‘
. \\ . : . ¢
[ J . ". " E, .‘4{ K
« L - . . e
> -0 " - ‘ . RN
J ) ' LA * . ‘ ‘ o 1
._".‘ ¢ : A . - \
‘ -',5‘ . $ o
: - ‘P: * ¢ . ’ ‘ ¢ ‘ \ .
. 2 | ‘ : . e
¥ .
° ." (3 .
S , .
[ - * RS o ¢
. .~ 3 !
T e . * .;. " o - - ! : : * . "“ e ‘ s ' .. ‘ ‘
: e R Twenty percent of them correctly answered 72, inches, a drop.of
PO ~7 '‘percentrage points from 1973. They aglso were asked to figure the
..., ., .number of cubic feet of concrete needed to fill an area measuring - )
: N 30 feet x 20 feet x 4 'inches. Nine percent were. successful in 19?8
e - compared with 11 percent -in the previous assessment. Nearly one- :
. fourth of the 17—year-olds 4in"'each assessment simply multiplied all -
; the numbers together, negleccing tc converc the numbers to the same® s
L units. : ' e T b A ' : |
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Changes in Probability and Statistics p A

Seventeen~year-olds respondé&d to several problems concerning
probability and statistics. Success was fairly low on an item -
involving combinations (5 perdent or less) and on another item
involving coin-tossing probabilities (an improvement from 2 percent
to 5 percent). Figure 9 shows two other items--one concerned with
probability and the other with combinations--on which performance
dropped about 5 percentage points. A-drop of 5 percentage points—-
18 percent to 13 percent--was also seen in 17-year-olds' ability to

~calculate a weighted average.

: .
' .

i

- FIGURE 9, Percentages of Correct Responses on Items Involving "
Probability and Combinations Assessed in 1973 and
1978, Age lZ

k4

23"4‘&56839,10

" For a party game each number shown above was painted on a

different Ping-Pong ball, “and the balls were thoroughly -~ —

mixed up in a bowl. Ij’a ball is picked from the bowl by
a bltndfblded person, what i3 the probabtlzty that the
ball will have a 4 on it?

Answer (1/5)

Percent Correct ‘ .
‘ , 1973 1978 Change
. | Age 17 " 40% 358 - 5%k
. _.\‘ o ) ‘ | P

A combinatiorr lock on a trunk has three dials, one showing
all 26 letters of the alphabet and the other two showing
the 10 digits 0 to 9. Assuming that a combination uses q,
setting on all three dials, howgnmary differeNt combina~

™ tione are posszble?

Anw’.er ' (2,600)

- \A L

-+ Percent Correct
1973 1978 , Change

Age 17 » 202 157 . - 5%

*Change is significant at the .05 level.
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'B. Trends in Mathematics Acffiévement from the California -~
Assessmem: Prograxr Grade S‘iﬁ*. :

‘me ‘Survey of Basic Skills.f Grade 6 was developed specifically o
- to nssess the students' attainment of mathematics skills taught c
through the sixth grade level in most California. schqols. The 160
questions on the Survey were designed to assess students' skills ¥n
the areas of arithmetic, geometry, melsurement, am:l» probability and

. statistics. Figure 10 illustrates the emphasis placed on ' .

. each skill area, in the total test.. In-the figure the skill area ‘of.

» 7+ arithmetic is subdivided ,into mumber concepts, whole numbers, frac-
oy .tions, - -and decimals. 'I’ne emphasis on each area in the test is

' L consistent with the géneral mathematics curriculum of most California :
N schools and the recommendations h Mathematics Framework for ) )
B * Cal ifornia Public Schools. - .
— *Q‘ ’ ‘ )‘ . ‘ * . . .
. ‘ ‘

‘Geometry
(20 items)

f ) R}
i - Md:iasuremnt ¢
L . and graphs ) .
Anthmetic « numbexg ) (32 items) . &
) (28 items) ) .‘ ' . .
- _ bxlxty and )
‘ ooy \ statistics
. Fractions 1’ (12 items)
) ¢ 1 (20 items) . v
o 2 ] { B . , .
- .0 Y LA ]
_ ' ey
R FIGURE 10., Skill area ‘emphases in, the 5 }rvey of Basw . '
ya _ ' " Skille: Wrade 6 . o o

. LN \
e ' : . . P
\ * EY

;_ . R ‘ : , Loy . . .
. ) * *Reproduced (with few changes) from Student Achievement in Califor&
s+«  S5r imols 1978 79 Annual Repnrt pages 86-93.
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o Hathematics Sco;ea for Grade Six l/) o ; o o | T
; : Table 6 centaina the sixth grade Surv x results ;er 1975 76 ‘

;hrough 1978-79. The, last ghree columns of the :able ahow the -
"+ changes $n scores over the same period. , ‘

L}

TA&LE'G. Mathematics Scores of California Sixth Grade Students ontthe'
Survey of Basic Skills: Grade 6 - '

-

- ——— : -

: S DA JAverage percent correct . Ghaag:" , "
: “Number of - :
Ski11 erea | | - _ — | 1973-76_1976-71 1977-18
o \ questicns | 1975.76  1976-77 1977<78 1978-79 to ‘to , te
. | S 1976-77 _1977-78 1978-79
. e ' ’ { N « , ' - ' ‘ @
‘ MATH, TOTAL 160 57.4 57.7 58.5 ©  39.0 | 40.3° . 40.8 0.5
. N ) “ - .
. Arithmetic . 96 [ 61.0 .61.0° 61.8  62.3 0.0 .  40.8  {0.5 .
R : | : . - - _ o
Nusber comcepts |- 28 | 65.4. 65.5  63.6  65.8° | +0.1 401 2 .
. f . . . ) . q ) , e , . . . ) .
-, Whole numbers 28 | 869 615 - 68,0 &84T | 4.6 405 Ao
Practicas - | - 20 | 49.6 430 0.6 3.3 | 0.6 4.6 407
Detimals - Y20 .3 - $7.8 .0 9.9 | #s sz s09
- L3 . ' . - . '- . )
Geosietry , 20 "s8.8  .58.5 ° 59.3  59.8 ‘0.3 4.8 #.5 -
Messurememt-and | | 32 52.1° S35 . Se.6- 53 | 414 09 00 ‘
:qui L : . ,f . - . .
) Probability and. 12 1 40.4 40.9  -41.6 .7 ' 0.5 4.7 . +40.1 B
statistics . . . . ' '
- .. . : B : N . ] . . \ )
- '
) ‘f- w . .. - i 7’ ~ ' B Y‘ .“v . ‘ |
5 .
b 3 A’ more aetailed-breakdown of skill area results for. the four-year

) per!UE-éppears in Figure 11. The following overall conclusions are
. . apparefit from the data in Tab{E.G and Figure 11.
* & The overall magpematics scores improve@ conaiatently
over the four—f&ar period. '

- L. ¢
a ~ -

+ e Qver the. four-year period, studernts registered che

e greatest gaims in the skill area of decimals {1
: general, and decimal computation in particulary The
area of measurement and graphs is the area in which

Lt students showed the next greatest "gains. The scores
for khowlﬁdge of facts and applications of .measure-
ment also increased. - ’

~ -

® ¢

‘s Scores in the ‘skill of number properties showed a
continuous and sighificant decliné over the four- ‘ v o~
year period. ‘In all skill areas except the ones
ment ioned above, studeNts showed small but consis-—

[ ' . tent gains over the period of four years.
l ‘ . " ‘ . .
;
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| égalysis and Interpretation of Skill Area Results

As in previous years, the Mathematics Assessment Advisory
Committee conducted an in-depth review of the mathematics results,
by skill area. The committee members judged thie 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 i’
student performance over a period of four years. )

Arithmetic. The arithmetic portion of the Survey consists of
a total of 96 questions in four skill areas——number concepts, whole
‘numbers, fractionis, and decimals. There was* an overall increase of
‘0.5 percent correct in arithmetic from 1977-78 to 1978-79 \
In. 1978-79 student performance in arithmetic showed an increase
in seven skill areas, and 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 dramatic decrease over the lasg. four years was
in nu?ber properties. .

-«

In the opinicn of the advisory committee, the continued decline
in the nunber properties skill is due to a decrease in the ‘emphasis
on these concepts in nehly adopted: textbooks and py clawsroom
teachers. The committee members jndicated a need to emphasize number
properties to improve students' understandingof mathematics concepts.
Example A is illustrative of the distributive property skill that
the committee believes needs more emphasis in the classroom.

L

Example A

4

Select thejcbrrect.name for the missiwg number:

. , Percent Correét:
3X26=(3X[]) +(3X6)

1975-76 40.9

1) o 2 " . R 1976-77-  37.8
. (12) © 6 - v . 1977-78 36.5
~ (34) e 20 1978-79 33.9
a ‘ (14) o 26 < .

(21) © None of these b

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. 1In particular, division
of decimals was identified 2s a skill needing more attention.
Example B is illustrative of this type of item.

r
Q {)8
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'5“~Exémp1e o | ' S

) 75 = 2.5 & . Percent Correct
: | 1975-76  26.3
83 g 3'3 * 1976-77  28.1
(29) "a» 30 - 1977-78 28.8
(3) ©300 1978-79  28.5/

. .

Although student performance has improved on applicatioﬁ items over

- the four-year period (significantly for decimal agplications), the

advisory committee determined that in general th area still needs
more 1nstructional emphasis. _ . .

Geometry. The geometry portion of the Surv ey, congists of 20

~questions. The average percent correct in the major skill area of

geometry increased 0.5 percent correct from 1977-78 to 1978-79.
Students infreased their average percent correct in six of eight
questions ‘concerning knowledge of facts; the-average percent
correct remained the samgion one question and decreased on the
other, On the geométric hpplications 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 krhowledge of geometric facts (+0.5) and geometric applications
(+0.6) as bpposed to the previous year, when most of the increase in |
geometry was attributed to gains in knowledge of facts (+1.3).
Example C is representative of the test items on which scores have
fhcreased. o

LY

P

Which of the fqllowing figures is divided Percent Correct
by a line of symmetry?

1975-76 5&,4
1976-77 57.0
1977-78 60.7
1978-79  62.4
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The scores in the geometry section seem to }ndicate*that teachers
have been placing greater emphasis on informal geometry over the
- past two years. S ’ .

In the judgment of the advisorf'conmittee. greater attention
needs to be given to formalizing informal geometric concepts, with
emphasis on using the appropriate vocabulary to demonstrate an

- unders§tanding of these geometric concepts. In particular, students ¢

need increased instruction in identifying. common geometric figures
and in describing their parts. .

£

Measurement anid graphs. The Surv x includes 32 items in the

'area of measurement and graphs. Fourteen are 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 dealing with reading and interpretation of graph
(11 items) and measurement of lengtp, aree, mess, volyme, and time
 (seven items) . .

In the overall ;ajor skill area of measurement 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 increased on ten of the 14 items involving know-
ledge of facts and on 17 of the 18 application items.

In the judgment of the adviscry committee, the continued
improvement ia this major skill area ‘iflects the increase in
instructional emphasis in CaPifornia c¥assrooms., The committee
noted that students seem to have difficulty distinguishing between
the concepts of perimeter and area. -For example, when given a
problem to ccmpute the area of a squard, ‘students most frequently

selected the fesponse that was the perimeter. ‘Example D-1is illus:

trative of this type of item. Lo - -
& L2 .’
Example D * )
e ¢ C
v Percent Gorrect
[) N ) '
) B | . 1975-76  19.9-
c : : 1976-77 20.1
] ~ _ @ 1977-78 22.1
) * ‘ i ‘ 1978-79 21.6
N 1
3cm } .

A side of the square is'3 cm. What
is the area of ‘the square?

(18) © 3 square cm ~
(11) O 6 square cm
(22) e 9 square cm
(49) O 12 square cm
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Probability and statistics. The sixth grade Surv z includes
12 items on probability and statistics. . Six of the items are re-.
. lated to simple statistical computation or based on an intuitive
- .approach to probability. The.other six items require the students
. to apply concepts of probability and statistics to solve probleums.
In the major skill area of probability and statistics, the
overal] percent correct score showed an increase of 0.1 from 1977-"
78 to }978-79 (41.6 to 41.7). -Seven items showed an inctease, and
five items showed a decrease. L .

The advisory committee continue to believe that, the scores in
. the probability and statistics area are far below what should be ex-
pected of all students. The lowest scores were found to be on items
involving simple tetrminology, such as "average" and "mean." Since
probability and statistical terms are used so freéquently in every-
day 1jife (for example, “chaneces of rain," “battiag averages, "median
- salary"), students:should be able to understand and use them: Ex-
» ample -E is a typical item using common statistical terminology.

*

' Example E , -
On a tmathematics test students- obtained | )
the following scores: Percent Correct
' 68, 75, 80, 86, 95, 1 S ' 1975-76  17.2
f 3, 100 ( 1976-77 13.7
What is the range of these seores? . 1977-78  12.9
(12) gn 32 " 1978-79 12.1 -
(.5) O 42 ~ S
(19) © ¢8
(26) <© 100 i :
(38) © None of these ' h * .\

The advisory committee recommended that gore emphasis' be placed
on classroom instruction in the application of the concepts and skills
in probabilixy and statistics since these scores are IQWer than those
‘bn any other section of the mathematics test.

®

l .

Summagy"ef the Committee's Conclusions and Recommendations i
. The members of the Mathematics Adsessment 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 continuatdon of the trends noted during the -

previous years. | -

h = ¥
The pattern of strengths and weaknesses discerned by the commit-

tee members in their analysis of the sixth—grade mathematics resultsis
summarized in Figure 12,
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FIGURE 12, Mathematics Assessment Advisory Commngee's Judgments. of
. Strengths and Weaknesses of Sixth-Grade Students in Math '
¢ ) - .on the Basis of Skill -Area Results on the Survey of Basic
- ' Skills: Grade 6, 1978-79
Areas of strength Areas in need of improvement
Computing (+, -, x, = ) whole .Dividing de¢cimals and applying:
numbers and simple fractions decimals
1 : ot - 4 ;
Adddng and subtracting decimals ~ Using formulas, such as those for
' - perimeter, area, and volume
b Recogn common geometric Co ' A
E shapes .. ' Understanding mean, median, and
r ' , range and computing pmbability -
Reading a simple bar graph of simple events '
o ‘ . - _ - -
' —_
. .
¥
14
. .
{ ’ i
@ LY
- . ,
- -~ »
- '8 .
LS
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C. Igends in Mathematics Achievement from the Califcrniaj;~

. Assessment Program: Grade Twelve¥*

-

The Survey of Basic Skills Grade 12 was developed to assess the
degree to which students have acquired. "basic" mathematics skills by
the end of the twelfth grade. A statewide committee compiled objec~
tives and reviewed ques:ions for inclusior in the test.. The 198
questions on the Survey were designed to assess students' skills in
the areas o ati:hm@tic, algebra, geometry, measurement and graphs,
aud proba ity and statistics. Figure 13 illustrates "the
emphasis siven to each skill area in ‘the total testsy In the fisure
the skill afea of arithmetic is subdivided inteo the areas of number’

‘concepts, whole numbers, fractiom, and decimals.

.
~ . .
. . R
-

Number
concepls
(28 ftems). ~

"Geometry
(24 items)

Fractions e
(26 items) ,,/

Measurement
(o _items)

€

Proba.

¥ bility
fand -
statistics
L(14 items)

/ 7 'Decimals
(22 items)

FIGURE 13. Skill Area Emphases in the Survey of Baszc
' '7 Skille: Grade 12° e

*Reproduced (with few changes) from Student Achievement in
California Schools, 1978-79 Annual Report, pp. 93-100, 9y

¢
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Table 7 contains the twelfth grade Survey results for\§915-75 IR
- through 1978-79. The last three columns- of the table show the - A

changes in.scores over the same pgfiod S . ’
* . - :

- . . C ks

N

TABLE 7. Mathematicafgcdkes of - Cglifarnia Twelfth.Grade Students on

the Survey of Basic Skills' Grade 12 _ &
2 o -z
, -h / , . . Avarsgs percent correct . 1 Ghange . P
k111 srea Rumber of = ' . 1975-76 1976-?1@3%_
- questions | 197576 1976-77 1977-78 1978-79 | _ to to to :
L - 1976-77_1977-=78 ' 1978-79
MATH, TOTAL 198 | 67.0 6.3  66.3 66.5 - ~—o\.1 0.0  40.2
Aritheetic 98 72.9 . n.r 2.2 - 7?97 1 -8 0.1 0.8
Nowber concepts | - 28 ! | 6.3 138 136 739 ° 0.8 © 40.1  d0.3
. ‘ NS . -
¢ . ihole nimbers 22 ' 30.1 80.1  80.1  80.6 00 . 0.0 '40.5
. o s _ . ‘ ‘ g .
« ' Fractions 26 | 66.0 665  g43 667 15 9.2 w04l
| | Decimals 2 |, ns 72 720 729 | . 0.6 - 0.8 ’\+o 9’
Algebra - 32 62.9  62.1 61.8  62.1 0.8 -0.3 403:\’
Ceometry” 2 62.7 62,1 61.8 618 | 0.6 0.3 0.0
Messurement asd | ‘30 ‘| 60.5  59.% 9.4 590 | -0 0.1 0.4
graphs ' . ‘ . g . .
' . .}*‘ . . . } - T .t
Probability and. 6 .| s7.2 . s6.9 $7.3 - _S1.4 -0.3 40.4 40.1
’ statisties | o o 1 ‘ ,

: .
< ' A
. . . . . ] .

] ~ *
. L3

A more~detailed breakdown of the skill area results for the

- four~year period is given in-Figure 14. The fbllowing overall con- :
fof—\ clusions are apparent from the data in Table-7 and Figure 14. /

. The overall.méthematics dchievement of Cﬁliforﬂia

- | ' twelfth grade students improved slightly in 1978-

: " after declining from 1975-76 to 1976-77 and rema

' iffg constant from 1976-77 to 1977-78.

¢ From 1975~76 to 1976-77 achievement declined in all
P skill areas except the area of whole numbers. The
greatest decline was in the area of fracticns. Ffom
1976-77 to 1977-78 the decline continued in the skill
‘areas of fractions, algebra, geometry, and measurement.
j’ _  However, the skill areas of decimals and probability

and statistics showed gains. In 1978-79, student
. Scores improved in all skill areas except two; the

) ; Q i‘ | . ' | 6;4
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'5‘cprrect in arithmetic from 19T7~?8 to 19 8-79

"5

scores‘in measnrement de¢1ﬁned; and the seores in ", 4.;

. *  geometry remained the ‘same as in the previous year. ) '
: N §o o . _._ .

»'In 1978—79 the 1argest gains were registered L.

" decimal compuchtiaﬁ follo%ed by'whole number com-~: .

putatinn and numher theqry.. S Ce e, . P
o ) ' - b * ( - ""f‘. - ‘. . .
Analysis and Interprenanidn of Skilk Area Resq;;g‘ o .$*i:7
1 - Pt e :'@ ’ \ . .'

sa.

oo As 4n previaus years the’Californta Mathémasics Assessqent :
,Advisory Commiittde conducced an in~depth review of- tHe'mthematiCS _

. résubts, ‘by/ skill .area. The committee members
of ‘student performdnce in’ light‘of the, difficul
‘ghe relative emphasis placeq. on each skill in'a

“and' the changes,iafﬁtudgnt petformance over the p rind of Soup

years. A

udged the adequacy
of ‘the questigns,
ical clasSroqp,.Q'

* A

‘M ‘m ‘_ -

r,r

Arithmetic.

The aritﬂhetic partinn of fhe ces consisxs pf -’:;

{;iQns. and deqimals._ There w&s am dvera incrﬁase 6

* -

SRR § - the perid& 197?—78 t§ 1978-79 student performanc

arithmetic ‘increased %in all ndpe subskills.‘ This is_the ¥ .
* time; since the initial aﬂmipistration of . the current vers on%Bf et O
.the Survey in 1975- 76 that scores in arifhmetic subskills have. -, 7 .

| uniformly improwed j#_*:‘ R L S I S P TR T,
. . :‘, . . 1- .\.“ e . - 7.-‘r .. '~. .-
, It was thb judgment af the adviso:y cammittee-fﬁat scores in - LT
) cﬁmputasion with whole numbgrs’ and decimals wete good whep the,,n‘ ff;!‘ o
testing began,:fn 1974-75 gnd that. they haQe improyed mofiegtly over. T
5 the four-year éeriod The  committee - felt that there was still 4 - A g o
o need for impfovement in-computacicn with fractiaqé " Example A*is ‘*‘f
.gh 111lhstrdtion of the type of. item on. which.spores have increaseﬁ; -
from 1975..75. through 1-9‘78-79.. B SR .;'_-. s .« e
fExample A L. \j_",.‘;_,,;._ o, ety e ,‘j‘“‘-, SR
R o 2t st — i Peégent Gorrect .. o
N ‘xz,ggg L d °",,'-""-‘-f?. 4+ fois-16 g4,y ¢
e P oo Tav | 1976-77 w7
(o 233,276 BRI N b §§§§.§§ | gg“:ﬂ:- FERE
7 (“5)c>2,173 P4 3,223,750 (88) oL o
¢ Q }- . e : & -" 3
L lﬂ‘ o . - . B ~ 3.
f ,"(’. . 3{1 w, A 2 ; v... N . R -0 :
| - l u.";,q . .;‘- . . N .c—l.::“;“’
. o MY “ o “p .- "l ' L. e . * * e [ Y. :, ..
. - , IS
Although 'studerft performanae has d Iined-slightly on agplina;ion S, '
«*items over the four-yqar peridﬁ (d decline of Q.7 percent'éorreqt), : L
" the oommittee,judgeg that the scorey in’applieations inuolvingawhele o .
numbers were still good but .that the scores Onﬁagpchgpions.invo&Vd . o
ing fractions and .decimals coﬂld be* 1mbfoveﬁ, R e T ‘
. . ) . ® = e . . c . - e . L ..‘"
', . 2 e A

<%
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. | Algebra. 1In the mdjor skill area of algebra, the scores showed
R T * a small but significant increase in 1978-79. ©n 17 of 32 items the

percent correct responses exceeded 65 percent., The committee is
‘7.0 encouraged by this report% particularly in view of the fact that

T ilr - about one~fourth of, the students taking the Survey had‘got taken .
SO fan algabra coj:§pf/ . (su‘ S

-

. *In .general, students do well an 'items involving simple equations .
- : in one unknown,. syﬁbolic graphing, simple line graphs, ,and coofainatgﬁ‘?—
I grsphing. tudents do poorly ‘on items involving word problems, .,(

L e e equations i two,unknowns, and graphs requiring two-§tep analysise _ .
"t . Example B 1}lustrates how students typically perfotmed on equation—.\v/‘f \\

§elwing questions. . N /’ “fn .
. T Ou:! " Example B ’h Al-m‘ . . - ~, ‘ . ,
L f‘i'?f_y- .. ;! —s ~ Percent Correct * - . -
e ._'..i R | .]’.f:r = 32‘; andy T 3t, then y.= 1975;75' 7 71.0 ..

R IR SR 197677 70,9
ERER R B ox  ex G% 1977478 69.9 -
. LS e N 1978-79  @0.% -
& .. " " , » * e " -“'#“.'..(‘1.2) "”. (Lz? RN ‘ (70) . ( 6) - \ ‘ 4
‘. '_ - ‘-- : o N ) F. 'Y B ‘_; * o . i‘ ‘t\ ‘ .‘ . :

.. N e S 2 . v
‘. o) . i o - e . © .. . . . s
« @ “ . . . | . . . .‘ .' - o

L Geomeggx, Ihe.geometry portion of the Survey consists of 24 °

P questio Half oY the guestions require students té identify’ basic

k T+  geomgtrig sets and figyres, and Ralf require them to- apply basic

SR . geometric knoylédge and concepgs. The overall average percemf correct .

RN _ <n. 1978-79 was .61.8; which was the sdme percent correct score as in, *:

. e - 1977~78 In the previaus two years, the scores had deciined by 0.3 SN

o and.O % pgrcent correct, respectively.- -‘.‘ o e R

R T . When 1978 79 stores were compared with 1977 78 scores, it was

T e noted thag of ,the 12 queseions-reqoiring studeq@s to identify geo—

Lt metric figures, the stores chreaséd qQn thfee questions, decreased . .

- . . oa seven,-and remained the same on two ., &me changes reflected L
e san over#ll decrease df 0 l "pexcent, eonxect from the previous year R

e T ~on khowledgé-of geometric facts, . - o R
e . i 3'9 o‘.g’,{'. ‘ - cy

s - ’ - Qf the lz,questions on gebmetric apglisations,_the scores

L o increasednon eight questions and decreased on four questions. These
. .+ * chdnges amounted, to .an. overall increase, ‘of 0.2 percent ‘cprrect from

T 1877+78 to. 1978-79 on geometriC"spplications.' In the previous two
years, the ‘Bcores igﬁthis ‘area "had decressed by ‘3. A end 0.6 percent S

é-correct, respectively ; . . ‘ o
- B “ - - T - ' \ \" * ’ "4 --' e -

T S
. . cL Tﬁe aﬂvisoﬁy committee observed Ehat the scores in geometry are,; ¢
. : S oﬂlonger declineng. Hohever, thé committee recommended that o - -
. .u "~ + * Tincreased curfieular emphasis be’placed. on applications of geomettic ot
v ‘relationships in seconderYUSchools. Example C illustrates @ 'typical

. - . “gkfll of thrf cype S R




N

@

1976-77  33.8
1977-78 °©  32.5

‘In the figure above, the lines AE and CD |
are perpendicular to AC. What is the -
distance from A ‘to E? L
(27) (33) (17) NI
©40 ft. & 52 ft. " 60 ft. & 65 ft.
O None of these ' ' '

_ (19

-

€

?~ #
Measurement. The Survey includes 30 items in tHe'area of

. measurement; 12 are recall or computation items requiring students
"to estimate, to convert from onme unit to another unit, and to per-
form arithmetic operations related to length, area, and time. The
remaining 18 items are word problems dealing with measurement-pf .
length, aréa, volume, time, and distance. A few .df these items
;requiie‘the‘student to convert within the metric system..

.. In the overall major, skilT area of measurement, students' scores
. showed a decline of 0.4 percent correct from 1977-78 to 1978-79. .
Studént scores on seven of the 12 recall or computation items- showed
- a decline, “four showed an increase, and the score on one remained
the same. Nine of the 18 application items showed a decrease, eight
items' showed an increase, and the score on one remained the same.

‘In the judgment of the advisery coﬁmittee, the continued decline
in flils major skill area reflects a decrease in instructional empha-
sis. The committee also noted that the items ipvolving measurement
and consumer mathematics showed a continued\signifiéana_déprease in

’ average percent correct. Example D illustrates an item assessing

consumer math-skills. + o . -
- 4' , . ' ‘ . - , ‘ J

L Etampie D , : ‘ ‘ . o .
BN : - . - 4
" - Al Percent Corrett

A housewife will pay the lowest price

per ounce fér rice if she buys: - '1975-76 39.6 .

oL X976-77 36.8

(10) < 12 ounces for 40 cents, . © 197378 *  36.2

. 1(9) < 14 ounces for 45 cents 1978-79 35.8
1 (36) a1 pound, 12 ounces for 85 cents | =~ - . '

(45) < 2 pounds for 99 ceants™~

.

¥

Percent Correct’

1975-76 - 36.5

1978-79 . 32.8

h
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Probability and statistics;.’The twelfth gradeiSurvez includes
14 items on ’'probability and statistics. In this major skill area,

" the average percent correct score for 1978-79 was 57.4,-an increase

ha

" " ‘ ‘ 'y ' )
- Summary of the Committee's Conclusions and Recommendations e

of 0.1 percent correct over the score reported in 1977~ 78

Six of the 14 items require students to compute the probability
of simple eyents, and such statisticé as the mean and median of a set
‘of numbers.” For these items the 1978-79 scores ,showed a small
, increase over the 1977-78 scores. The scores on the eight applica-
tion questions in 1978-79 were lower than the 1977~ 78 scores ‘on the
same questions. CoL :

The committee judged’ that mpst students have learned to .compute -
averages and know the term "mean" as an equivalent term. .In fact,
the scores on these items i show significant improvement. On the other
hand, only 17.4 percent of the students could answer correctly .an
item involving the median of a set of numbers: The commfttee felt
that because basic probability ard statistical concepts and termino-
logy'are common in day-to-day life, ¢lassrqom instruction should be
designed to emphasize applications of these concepts.

o

£

-

The members of the Mathgmatics Assessment Advisory Committee were
pleased to note a slight upward trend in mathédmatics scores for:the
first time in eight years--since the introduction of Iowa Tests of
Educational Development in 1969. The scores .improved slightly in all
skill areas ekxcept the skill areas of geometry and measurement. "-This.
.was the second year in a row in which the scores in decimal computa=
tiop increased significantly

e

1 . .
‘ The pattern of stféngths and weaknesses discerned by the .
committee members in their analysis of the twelfth grade math- results
is summarized in Figure 15, .

. . i Qe
$ ¢ . R 1Y -
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.FIGURE'IS.' Mathematics. Assessment Advigory Committee's Judgments of

"Strengths and Weaknesses of Twelfth-Grade Students in

Magh on the Basis of Skill Area Results on the Survey o
Basic Skills: Grade 12 1978-79. '

Areas'of‘strength

; Areas in need of improvement
X )

pp—

Computiﬁg whole numbers Computing with mixed fractions,
decimals, and percemts
Performing applications with : :
whole numbérs Performing applications involv-~
e ing fractions ahd decimals
Solving equations in one ' ‘

. mknown -+ Solving equations in two unknowns

Reading line and bar graphs Interpreting data from tables and

. graphs requiring two-step analysis
Reeogpizing common geometric '
terms and shapes Comprehend ing geometric relation—
_ A : ' . ships :
Computing with denominate numbers

- - | - *  Understanding mean, median, and

‘ ‘ range ‘and computing probability

N . . of events

ol
‘e

D. Conclusions About Matﬂematics Achievement

‘What conclusions can be drawn from the NAEP and California data?
In general,,the picture of mathematics achievement presented by these
two assessménts 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 perceént 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 computation with wvhole numbers seem to have
beeh minimal over the periods tested. California figures show no
change on whole number computation between tbe first, second, and

. third years of testing, and 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 with fractions
may be decldning. 1In 1973, 81 percent of the 17-year-olds tested
could find tyo-thirds of 9, in 1978 only 73 percent could eorrectly
do this multiplication, The California data suggests that while
computational ability with fractions has declined overall, the more
jmmediate trend may be more promising. It shows a decreaqe of l 5

L}

' .

71’ | 7
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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, how2ver, when 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 decimal computations, and scores for fraction appli-
_cations are 10 percent beloWw 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-
c:§§y for*fractions (1.3 percent). :

Furthérmore, NAEP data on achievement with percents (which 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 of games won by a hockey team which won five of twenty games
played. This was a drop of'8 percent from performanc€ on the same

problem in 1973,

Assessment data seems very clear on this _point: success in com-
putation does not guarantee success in applying the same computation
to a practical situation. Although schools have been successful in
teaching whole number computation, they have been only moderately
successful in teaching computation with decimals and even less
success ful 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 view of basic

arithmetic if they expect students to use what they are taught.
. , ¢

l
i
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