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_Z%T,Eﬂi.‘éf."éés?‘.‘%.‘éi“é#L’?&'R”?f.‘ S Um.vers:.ty of South I‘londa . R -
—'1‘ o Clanm.ng novelty for a techm.cal ptrocedure in evaluatlon is a dangerous
o A bu51ness. ore often than not, what seerns to be an mnovat::.on todav is 1n .
g cpeEe reallty a redlscmzery of “some onoe-often—used—-but—-nou—lost techmque mose e
é S of us in evalJatlon can "ake but a sad case for our skill as ardruv.tsts, g B ;_/ R o
“\l ’ 4 -

: or perhans we sgould taLe adclitlonal course work in the hlstory of educatlon.
S : )

. \"

o T*O @Emrales come readJ.ly tO minds: ‘I‘he edtmatlonal assessxrent novement ” '

’ anrl c:rlterlor‘r referenced testmg It cannot be demed that 1arge scale edma—-.‘ ?

' _t:.onal assessnents have enjoved mdemread grmrth 1n popular:.ty durmg the past

[ ,
few years From Dr. "‘vler 'S 1eafiersh1p m.th CA?* has oome a v:.tal and promlsmg '
natlonal as’sessnent nrograml %ta;_e departrrents of ecucats.on have, in just' .'j :

B a few short ﬁears, moved from ooen re51.>tanoe to large-—scale oomparat:l.ve ." '

‘ :assessment, tc» the mvestment _thousands, 1f not mlllons, 1n the:l.r own assessment

pirogram _“-Txl ge school c'ustrlcts too, are now contract:l.ng W:Lth the major ‘_'- 3

testing '.ccmpames to de51gn an:'! conduct dlstrict-mﬂe assessments. One would DR
~ .suspect that these latter act1v1t1es are mm:ecedented, and a natural outgrow!:h T
'o{:'_,the‘hatiohal and statemde assessnent prograns fut some day%‘men You

fmd yourself in a good 11brary wi rith -an hour to klll, plck up the 1916

3 : S Yearbook of th Jat.lonal Soc:.ew for- the Gtudy of _,ducatlon. In 1t you w:.ll

o fmcl the report of a dlstrlct-mde assessment, conducted by Elwood P.: Cubberly

f

'for Salt Lake Clty :Ln the nrev:.ous year Are the modern assessments dlfferent?
: Certa.mlv. But hardly to a degree that would suoport a. cla:.m to umovatlon

.o

. - | "I‘he case for novelty of crlterlon-—referenoed test:mg was cealt a serlous blOW = _'r

' Cin 1972 by Peter Mras:.an anct George Hadaus, 1n an artlcle 1n l'ieasuretrent 1n

: _{Eﬂucai:ion They c1.te a 19]8 statezrent by _J.L. _Thomdﬂce, defz.mng the tlfference B
2 ‘: \ f-_betueen crlterlon—referenoed and nomr-referenced testmg, and then mte the use
B of criterlon-referenced neamma*\ent in a 1916 s‘-uoy by the Boston Publlc ‘Schools. . |
: \)‘ - 1 - e e . ] ~.,' . ;‘ LLE e wT (O - - . I \ ,-
:E ' Presented at the 1974 Annual Meetmg of the ﬁmerlcan Ec?ucatlonal Research ;_'; Loy
i Assoc1at:Lon, Chicago, IIMmods. o Il e el e




'[‘he Boston study (by F. ‘T Ballow) J.S also reported in the Fifteenth Yearboo}
o ,. of the Nat:.onal Soc:.ety focr the Study of Aucat.mn, 1nterest.1.ngly tJ.tled o
'_ ,. Standards and Tests for the Ileasurement of the Efﬁclencg of Schools and
:'»Qchool Systems S . L .

o

- ‘Ilth th:.s background of clamed J.rmovat:.on rent asunder, 1t J.S mth some | .
' trepldatlon that T pu:opose mo relatlvely new tools for evaluation studies. Iet |

: e N
7 me: say at the outset that’ ne:.ther represents entlrely new technology Just pro-

\______,,L
e T

oedures that haven tbeenused to a great deqree :anast evaluat.lon stud:.es.

-'jUnless I haven‘t found the rlght volume of hz.story. AR T i
- ‘I‘ne Natlonal Test—-}:‘quatlng Stndy :m Readlng “ore: comnonly known -ag the ,w
- _'Anchor'f'estStuiv wascoupletedml973 AsreportedmanAERAsfmposrmn B
o ’_‘_-held last year, (Bianduni 1973« Iovet, 1973; Jaeger, 1973) the Study R
: o -prcducec. tables of soore—ooxresporxieme bemeen the elght read:.ng con‘prehension Sy
“and. vocabulary tests most w:.dely used in the Umtei States When the fmal
‘:'report on the Sl:udy 1s released by the Uj Offlce of Educat:.on later thJ.s N
-  year, two tames of tables should be mos\t usean for educat:.onal evaltnt:l.on PURTRRER
' f-';f"stud_les. F:Lrst are tables that show e;u:.valent raw soores for indlvn.dual -
B '- .puplls for eaeh of u~erzty-elght pa:.rs of readmg oorm;nehensron and vocabulary
S | tests.: The structure of these tables 15 ehcwn J.n 'I‘able 1._ A second se[.:t of |
o equ:.valency tables, nearly :,denta.cal in structure, shcws equ:.valent rem—scoref

'means for schools)on each of the menty—elg‘lt paJ.rs of tests. Separate tables‘ T o
are prov:.ded by ‘the St\ﬂy for nﬁnri.dtals and groups of pup:f.ls m grades four,ﬂf R

b
) Mo Lllustrate the use of ’mchor Test Study results 1n educatrogil evalu—7 S

| ."-ﬂat:l.ons, cons:.der four de919ns pvoposed by Andrew Porter in an AL‘RA paper
| ”-dellvered 1ast year (Porter, 1973) . Cons:tstent w:.th Porter' s paper 1 mn
lahel these de51 S Case I and Case II and mth:.n each des:.gn, spec:.fy 7
}"‘;.Sz.tuatlon A and Slb.:atlon B Case I represents the rarely-occurring _
".'evaluator s dream where:.n umts of. analys:.s are randcmly ass:Lgned to an -

| U J’perimental group and a oontrol 91'0119 - An obsenrat:.on on a vanable of J.nterest. Lo
s r:ede atathe outset of the e:merln)ent, the tz'eatment to be P R




.evaluateﬁ is apnl:.ed to the expermental group, and a flnal ob.,ervatlon ,f,/’ ;. |
:ls then made onbot-_h the experlrfental gmup and the corrtrol gi\i)up "‘hls 1s/. s
. nothlng more than the randomzed pre—post, mo—-gmup des:.gn suggested by
e 'Canpbell ana Stanlev (1963) 'I'o use the.Anchor Test Study results mth tms :
: -. d%l‘-gn, th- Va.rlabln observed at ﬂqe outset of the experunent, at the end of

0’)\. S

the experment, or at both tmIes mnst be reau.ng carsprehens:.on or read:.nc o

o :vocabulary Porter's Case II represents the nbre“frequent simatlontmerem
'_uru.ts of analys:.s are ass:.gned to an exoerlxrerital grouo or to a cormanson
' groun J.n some ptmaoseful (non-randcm) wav. Ac:am, pre-treairent and post—-

) treatment daservatlons are made on botn groups, S0 we have a me—mst two—group/ _

. des:.gn W:Lthout randcm assmgment. _

N SJ.tuatJ.on A occurs when tne teats used for pre—treaﬁnent measurement and B ';'7_ T

post-treatnent measurenent are pa.ral’ eT and °3.tuat1.on B occurs when dlfferent,

A=

o e

- or non-parallel, measmements are na.e pre-treatment and nost-treatment. HI‘Ilese
des:.gns are shown in the Ca:mbell and Stanley notam.on :Ln Table 2. |
Porter exammed the ef:_lclency of four analys:.q strategles for each of

' these des:.gns, . Analys:.s of covarlanoe w1th a ranoom oovarrate, analysn.s of -

i{

s vanance w:.th an m:’!ex of response as the dependent varlable, repeated measures

v analys:.s of var:anoe, and analysm of oovananoe w1th est.uuated true—scores ’

o

’_,' g ~:’.

_as a random oovarlahe

6 For Case I - Sltuatlon A des:.gns (random ass:.gmrent and use of parallel:

\‘.\_ N . N

- pre—~ and post—tests) p analysm of varlance on the dependent varlable vPo.:t— '

teet score mlrms mttnn—group rellablllty tJ_mes praf-test score (an 1ndex of o

response) was - Found to be Ene most eff:.clent analys:r.s prooedure/ '1'0 be o
' efflc:r.ent, th:.s nrooedure reqlnres that the rellablhty of the pre anid post o
| '_--neasm:'es be kxwm Yn‘hen rel:.ab:.l:.ty is not kmwr', analysm of covar:.ame

'vusz.ng pre—test soores as a oovarlate is recomrended by POrter

When puplls are. the units of analyms, the. Anchor Test Studv tah_les of \ Lt

AN



R P P o P '
' ' s\.ore-corresponderte focu:dlvmuals can facn_ln.ate use or um smater .LGS B /
recomended by Porter Prti-test measures and post-test measu:es can consist ',,-

, . of scores ‘on any of the elght readmg awp:rehens:.on tests or any ot‘ th° elght ‘ L
| vocabulary tests ecuated in the Anchor Test ntuc’y Prmr to analy515, the
o },soores oF J.rxilvz.dual pupils must be converted to scores on a s:anvle test,,/ ..
o | us:.ng the equat:.no tables. e '} ,. BRI .. o o _
' ‘I‘he procedure for convers:.on of scores 1s un.te s.mpl Fn:st, the test
used J.n the f:.nal analys:.s must be selected lcg:.cal cno:.ce lS ‘ | |
S '.:the testffor wh:.ch the largest num‘ber of data are avan.labl Oonve.rsmn |
':_vil_of scores ﬁ:'om one test to another adds-an error of equatmg to the .
ammresent error of measurement Althouch the standar‘l _rror of eﬁuatlng
- 1s typlcally one-fourﬂ'x to one—half a raw-score co_nt (ccamared to standard e
errors of neasurenent typlcally in the range mo to four raw-score po:.nts) ’ B .4
| the two tvnes of errors are cmulatJ.ve and/snould best be mimmized. _Once -
L '.Jthe tect to be used in the analysas has been selected the Anchor Test Study |
-,;".tables are used to corvert s\.cres cn tll Cn.hel tes*s/to sc:re:: o ‘ | ;
cn the analys:.s test. If test results €or puplls are ava.Llc.ble/J.n raw—score Ll
kform, the Anchor éest Study tables ¢an be used d:.rectly.-_ If results are
. | avallable only in’ scme standard—-score form (such as percenta.le ranks or

_grade equ:.valent unlts) ‘ publ:.shx“' nonns must be used to convert back

.

. to: equ:.valent raw scores, prlor to mmg the Amhor Test Study equat:msg tables& o
s 'l‘he Anchor Test Study pu:ov:Ldes precise. est:mates of parallel-forns test: ”‘j:'.ma_ 'ﬁt{
IR retest"%or ‘the elght reaco.nc comorehens:Lon and vocabulaxy subtests

' the expenmental andcontrol gmups usedmthe evaluatloncanbe assumd bo

be equal :m heterogenelty on these measures to Lhe nat:.omude populat:l.ons of

L fourth flfth, 'or sucth-gracers, the Anchor Test rellabllz.ty est:n.mates can
S Aﬂjbe used w:.(t.h the analys:.s of vanance on :..noex qf resnonse If scores on -

g | d_fferent tests are converte\. to soores on a. smgle test, the rellabz.llty of

Loe .
A . )
Lo i
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the nooled measures m:.nht be estlmatea from a we:.ghted averaqe of the ‘;-fel'--;. '

' rellabllltles reported 1n the Z\rx:hor 'I.'est Study 'I‘he we:.ghts to be agal:.ed
u vaould equal the proport.;ons of soores ava:.lable on each test eauated '4 oo ’ - .'-_:-. .
4 ot *Although thlS procedure would generate some error, the test—retest reh.abllltles

T

c:l.ffer by no mor.e than 0 08 across tests, and for the coxmrehens:. subtests e . L
i used WJ.th m.tp:.ls J.n grade f:.ve, dlff ov_no-more thar»-0.0B —the errer sheuld———ﬁ

: n‘-r-“-x«—m S A2 g

the*:eforebe nu_mmal .. BT S oy T e
S i lg t_,._-_rfc__e_/_fz« w””“’-er\ff—‘ t'——f‘w\
o ‘hen schools are~used as- uni:ts of analys:.s ina Ca.,e I- SJ.tuatlon A

evaluat:.on r’es:.gn, the ’\mnor Test Study equatmg tables for school means mlqht

prove use;.ul Procedures for conversion of scores would be 1dentlca1 to
those used w:Lth the tables for 1nd1v1c“uals It 1s a. seem.ng paradox of

class:.cal test theory that the rellabllltles of grbup means are no 1arger SR

e i
A . %

than the rellabllltles of J.mlmdual’écores* nrov;ded 1rxi1vn.duals are randomly

/“— “a a551gned to groups standard error of ma.surerert is m:t.ler for grouo mean : ,

- soores, but that is of o consequence for the analy51s of var:.ance on. an 1ndex
\‘“’/of/ resnonse. : GJ.ven the assumpuon of randan ass:.grment then the snchor Test i

E Strudy rel:.abil:.tv est:unates mlcﬂlt Stlll e useful when schools ars um.ts of )

| For Case I- Sltuatlon B éesa.gns, Porter recomrends use of a{nalysm of

- -cwarlance wn.th pre—test scores. as the covarlate._ Thls is .;c:memhat ]ess " |

- efflclent than analysls of‘varlance oh an J.ndeh of resoonse, part:.cularly when" T
f,._sample s:.zes are small Howevgez;,ﬁs;hen the pre—test and post-test measm:es are |

'_dJ.fferent, the rec:ress:.on coefflcient of nost-test aﬁ‘pre—test w:.ll 'orobably . e

':be mﬂmown/ma] 1ng the ANOVA procedure less eff:.c:.ent. : Uslng tIL Anchor Test

R —

f‘_f‘__—“shzdy equatmcv tables, scma fonrerly Slmatlon 3 desmns m:.ght be oonverted to_ o

sltuatlon A des:.gns F‘ight dlfferent test.:. could he used as pre-treatnent or’

post—treatment neasures, anc. a Sltuatz.on A ces:.gn would obtam, m‘ov1deo the s

pmporﬂon of scores obta:med on each test was aprmox:mately me sawe :Eor :

the pre—treat‘nent and po:.t—treatment measurements. Thu., the Anchor 'I'est Study'_’-" -
o P b _ o _

.o '\_).-




. -"u'eabtent measure as the oovariate, is often the methoo of choice. ’m L

; alternative contender m Case IT~ SituatJ.on A des:.gns is: analys:.s of variance

Ty

’

tables would pemit use oF a HDIP eFfiCient gnalys:.s gn:'ooed\n'e

For both Case II - Situation A and Case II m‘ <‘ituation B deSJ.gns, Porter ’

'_ 'argues that analysis of cmrarianoe, w1th estmated true soorgs on the pre-

!

. oF gain_scores.--—‘mis method—is—best—only—whenwthe pre—test—and oost—test

"."measure the san/\e variable wrth equal reliability B ini Case I, the Anchor )
Test Study results might pel:mit the u. of this smpler analys orooedure _' | .
where 1t would otherw:.se be infeaSible If reading oomprehension were measured
:usmg any of the eJ.ght Anchor: Test Study subtests, the assurptions neoessa.ry

.,- to use ANOVA of cain scores - would ptrobably be: met, pm\rided equal proportions

- of pmils received the same- subtest as a- prre-test and a post—test._ Pupils' '

“ soores on the eight covptrehensmn subtests would be o_omrerted to scores

: on a s:mgle subtest us:Lng the Anchor '"est Studv equating tables, just as _
:‘described for Case \I de‘iqns If 1t is necessary to use analys:.s of oovanance

- test soore as the covariate,v_ the_‘_reliability est.,mates

provided by the Andnr Test Stlxiy might agaln prove usefu]_ The ary Vs

oontrol groups have var\lanoe equal to that of the populations of fourth

flf‘th or s:.xth—graders in\ the nation. If a variety of Anchor Test Su\dy

v_"subtests ‘are used in the evaluation, the reliability of scorres in the

- described above ‘l‘he parallel—forns test—retest reliabilities provided by

: -_the Anchor Test Study are the tyoe needed to properly estmate true-soores

one the oovariate e T o
"1 . N )

\\.

R A

E sanplmg theory. Although sampl:.ng theory has been w:.dt/aly applied m
o . soc:.oloqcal studies agricultural research and population surveys, 1t is- not

.___':‘.asstmption is’ that l:he test scores of m:pils ass:.gned to the experimental anif o
o oonvertec. score pool could be G.Jtl."“"‘ﬂ&ﬁ vsing tne xeighted aver el pa.ooedure e

g A second tool that dererves more. use hen 11- gets in 'rnluation smd.es 1.s



o R \ ‘.' ’ °
- . T . oftcn use.] to advantace J.n educatlonal evaluatlon.. I'm not c‘j munq tmat ve ' :
’ always collect measm:ements on entJ.re populatlons, but that we ther 'use :

s:urple random samplmg In 1963, Cronbach promsai that evalunta.ons oould |
_ be conducted nore eff:.c:.ently J.F Samples of puplls oompleted d\_fferent samples ;
i_';_,._rl_r_ oF test items ' Matr:.x,sanplm_ls_mr used m_NatJ.onal Assessment,_ani mr_~ - r:mw
o 1ncreasmg nurrbers of statew:.de assessments. Alex Law w:.ll cescr:Lbe one such
= g anpllcata.on later in. thJ.S program. : '*Je:.ther nzatrlx samplmg nor sophlstlcated
& ‘_ exammee—sanplmg des:Lgns have been used to great advantage 1n local assessments B
B or evaluatmn programs, and then.r datalcollecta.on eff:.c:.ency has suffered for
L

the omss:.on. S - T T Tt Y

-7

For evaluatlons that mvolve populat:.ons exoeed:mg t‘rfree h\mdred um.ts of

analys:.s (elther ouplls, classrocms or schools) ,. atrlxsarrplmgand respon. o
dent samall!‘g should e oons:.dered Leelther too s _' : : - _'
mlnute dlscussmn, ao I 11 merely call your attentlon”to work on matnx sanplmq |
by %emaker (1970, 1971) and Bunda (1973) reported m the Journal of _duca- D

ki

' tlonal I‘Leasurement and to my own work ‘on exammee samnl:.ng, rexﬁrtec. at thJ.s /

; -."f-,-j' e meet:mg last year (Jaeger, 1973) To promde a glance at the latter work
S &y i
L Table 3 sho:«rs the numbers of sucth—orade pup:.ls that would have to be sarrpled

1n order to est:tmate the mean read:.ng achlemnt :m a school chstr:.ct w1th :
1180 s:xth—graders, w1thln 0 2 grade eqm.valent umts w1th 95 percent oonfl-'?\ﬂ-v",- - \
\ dence Pequlred sample s:.zes are shown for seventeen dlfferent samplmg anc o
est:mat:.on procedures. It 1s clear that s:mole raneom samplmg 1s far from i L

beJ.nq the most eff:.c:.ent nrooedure. If you'd lz.ke more detalls, I'd be happy o

toserrlyoutheentJ.re naper \ ) ’

ol ‘_‘ Havmg begun mth the content:n.on that not much is really new in the. ,
PR IERENEP \ "~a}/

technology of evaluatlon, I ve trled to show how mo relatwely ol tools

i e

/
oould be used in new ways Although the technology of test equat:.ng 1s decades
‘/]i//jts use:on a rat_onal scale :Ln the Ancho* Test. Study may' ell have produced a. .;,“’
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e . _.I.:“_‘._':‘ 'l ‘
. ';'Table’ 3: Sizes of Samples Required ek Estimate hean Reading Achievement: , ‘
. withih + 0. 2 GrJde n.quivalent Units with 95" Percent: Confidence * N
P
% Sarwplinr and Fstiratinn T’rocec‘uro ' O _-Reﬁired Sa’mple-ﬁize i
; At / R :
S Simple ‘Randon’ Sampling (SRS) i 2. 106 pupils’ - T
" Stratified. Sampling by Lorge~Thorndike | S S W T
R . Ability Test Scores - Six Strata. I S L R R G
T : : ; - " 7 e
. g . Proportional Allocation (Strat-prop)‘ 264pu"pils' _. E
g Optimal Allocation (Strat-opt) :215‘:13“'1;11';:\\3@'5 R
Lmear Systematic Sampling' . O o o co o
T TN ' = L e
.‘ :\ Alphabetioforder (LSS-—alpha) - < 59.-‘pupile** .
o fan Increasin Order of Lorge-Thorndike P S e
\'_ Scores (LSS-—inc) ... < 59 pupdlgkx o[t L
\ \‘, ' Increasing Order of "of Lorge-—Thorndike L N N
} ﬂ ‘Scores; \End Corrections Used (LSS--—E c. ),/" <. 59 pupilgk* . - ¥
‘ Order Reversed iin Alternate Strata/) (LSS-—O R) < 59 pupilg*#
Cent:rally Located Systematic Sa:rples QCSG) o '<_<__ 59 'pupils**"- : ,
Balanced Svstematic Sampling (RSS) ' _ 118 pupils . * L
Single Stage Cluster Sampling, AL " oL . . “; e
}i-k ) Unbiased Estimation\Schools Used as - R S
e _Clusters (RSC-schools-unb) ‘ 1041 pupils - - o
S “Ratio Estimation, Schools Used as . g S
Clusters (RSC-schools~rat) . ‘ -394 pupils o .
N »,"'_“Probabilities Proportio‘hal ‘to\School =« . - R Y
_ Enrollments, Schools Used as "\ = - L e e SR B
o Clusters (PPS—scho@ls) o _\*- . - ©577.pupils . .. /_"
Probabilities Proportional o Fif\th-—Grade : N S S
SCAT ‘Score Totals, Schools Used .as- . - N o . R .
, Clusters (PPES-schools} \d | © 236 pupils = = T \
' Unbiased' Estimation, Classrooms Used = IR e
\.as Clusters (RSC—class-unb) R _*-\ _ . 865 pupils_ ) ,
" Ratio’ Estimation, Classrooms Used ds ol Tt
. ‘_".‘Clusters (RSC clas rat) .2_6__2_,__pugils. e R
Probabilities Proportional to Classroom . _
. Enrollments, Classrooms. Used as Clusters R [
_ (PPS-class) = o L 314 pupilg . i
. -'Probabilities Proportional toy .Lorge—’l‘horndike BN ot o
Score:Totals, Classrooms Used -as Clusters e R
(PPES-class) R Ch e - | fpupils_» a i
*M:deity data, population size = 1180 sixth—grade pupils. '
’ **Five percent is the smallest sampling fraction investigated ‘Smaller sa_mpling o
g zctions might provide acceptable precismn for these sampling methods. S
I:KC . 0 L S . . L : ”‘.._ “.A . '\




