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Table 3~1
Two 20-Word Spelling Tests
Test A
barogue feasible
: catarrh accormmodation
Giving Meaning to Scores - ordaehyse v
Jardiniers insignia
naphtha detarrent
discaernibie eucalyptus
fatiguing guestionnaire
sacrilegious rhythm
ricochet ignoramus
Interchangeability of Different Iypes L i citrus accrued
The Nature of afswfm of Norms .
Frames of Reference Quotients
Domins in Criterion- dnd Profiles when we have some standard with which to compare it, some frame of reference within which to
Norm-Referenced T?Sts Criterion-Referenced Reports ' interpret it.
Criterion-Reft erencgd }?al;.’la:on Norms for School Averages |
aluatic R s
Norm-Referenced Ev Cautions in Using No o Response Frames of Reference
Grade Norms A Third Erame of Reference: ite p :
Age Norms Theory The way that we derive meaning from a test score depends on the context or frame of reference
Percentile Norms Symmary n which we wish to interpret it. This frame of reference may be described using three basic di-
Standard Score Norms Questions and Exercises ensions, First, there is what we might call a temporal dimension: Is the focus of our concern
Normalizing Transformations Suggested Readings what a person can do now or what that person is likely to do at some later time? Are we inter-
Starines ested in describing the current state or in forecasting the future?
A second dimension involves the contrast berween what people can do and what they would
to do or would normally do. When we assess a person’s capacity, we determine maximum per-
nce, and when we ask about a person’s preferences or habits, we assess typical performance.
THE NATURE OF A SCORE . : a5k a p p : ypical perf mance.
) What does this score mean muin performance implies a set of tasks that can be judged for correctness; there is a “right
Quadra Quickly got a score of 44 on her spelling test. ¥ha wer. With typical performance there is not a right answez, but we may ask whether one indi-
ul ) : :
should we interpret it? caning at all and is completel _]s_r?spopses are Ilke those of most people or are upusual in some way. ,
Standing alone, the number has no m (now whether this numb hird dimension is the nature of the standard against which we compare a person’s behay-
etable. At the most superficial level, we do not Tven ercentage of the pos'sw.-b_} ome cases, the content of the test itsell may provide the standard; in some cases, it is the
ot : f 44 out of 44 or a very oW P
resents a perfect score 0

hat th e is 44 out of 80, 1 5 own behavior in other situations or on other tests that provides the standard; and in still
i t the scor , O

Even if we do know tha

such as 44 out of 100.

nces, it is the person’ behavior in comparison with the behavior of other people,
ven measurement is interpreted as being either oriented in the present or oriented in
€, as measuring either maximum or typical performance; and as relating the person’s

mce to a standard defined by the test itself, to the person’s own scores on this or other
ures. or to the performance of other people,

i £15 on:Te:
Lhenéonsider the two 20-word spelling tests 0 Table 3-1. A score O n T

i n wh
h (v different meaning from the same scote on Test Bgéd?eisacé ik
e on %’ A would not be outstanding n a second- or third-g : &
Co'rrem o 165t tes take Test B. You will probably find that not Héany 0 o
e e ?Sma rectly, When this test was given to a class of gra ugte 5 g
: t?lefie f\’;of)rsr;z;e of }tl;ne words cotrectly. A score of 150on Test Bis 2 g
spelle ' g 2
gmduat? Smdj;tst?li;dlll(;a;l:ﬂg;iﬁ;z gluadi); spelled 44 words l-forre;i'h
spelli\g giézior}ectly,has no direct meaning ot significance. The score.!

any instructional decisions in schools call for information about whar a student or group
an do now. Wakana Watanabe is making a good many mistakes in her oral reading,

1. instructional strategy that will help her overcome this difficuity, we need to deter-

of her problem. One question we might ask is whether she can match words with
msonant sounds. A brief test focused on this specific skill, perhaps presented by the
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_ : satisfactory achievement when compared with the students in other towns and school systems like Cen-
a2 terville. Performance is evaluated not in relation to the set of tasks per se, but in relation to the
Table 3~
A Focused Test
Test on Capitaiizing Froper NOUns

irectio S Rea(l =] pa ag a]:] |53 ‘) ation 1s COl e(:t al d t S WO‘dS T 18.{ beglﬂ a.s5e te ce

performance of some more general reference group. A test used in this way is spoken of as a
norm-referenced test, because the quality of the performance is defined by comparison with
the behavior of others. A norm-referenced test may appropriately be used in many situations

calling for curricular, guidance, or research decisions. Occasionally throughout this book, we
. will compare and contrast criterion-referenced and norm-referenced achievement tests with re-
: inoi her aunt helen. Her
asterday. She said she had gone to chicago, flinois, 10 869
We saw mary y :

spect 1o their construction, desired characteristics, and use.
¢ the conrad :
g On the way they passe
i ihe shore of lake m|ch19§”- ; irip, but she was
o tc%ol; Te\,r'vl;?errg ?nr;frf’: lgggle joseph works. Mary sald she hed enjoyed the TP
iiton hotel, - . .
glad to b back home with her own friends.

Some decisions that we need to make require information on what a person can learn to do. Will
Helen be able to master the techniques of computer programming? How readily will Rahim assitni-
late calculus? Selection and placement decisions typically involve predictions about future learning or
performance, based on the present characteristics of the individual. A test that is used in this way as a
predictor of future learning is called an aptitude test, Aptitude tests are usually norm referenced.

eal \;Vﬂka a l(i ' d 12 y Wil ethe O l er st ulel S W(]]k on other taSkS, Canhelp o de €
h S h
a e 4]

I some situations, our decision calls for an estimate of what a person is likely to do. The
 her problem. Here the test iisel selection of bus drivers, police officers, and candidates for many other jobs is best made with an
Y i pure ek X erfgmance : eye to aspects of the person’s personality or temperament. We would not want to select someone
ml?e Wh;t :T O oo hon Ty b waki\;ali - lass ha""’» mastery of the rul - with a high level of aggression to drive a large vehicle on confined city streets. Nor would we
A e might hildren in Wakanas ¢ . e
‘ e e de evideti
ot also want to know how | e e B o #
W? Hll'lgh;; proper nouns A focused test such as the onein Ta
on capiializin :

want people who have difficulty controlling their tempers carrying firearms and serving as keep-
e needed. At a broader level, wé 1y - ers of the peace. A measure of typical performance can serve as a useful aid in such situations,
; - vn on whether further teaching of Fhls skill is o : hool district is produg 7and these measures usually are also norm referenced.

tofmie 312: iiéoélurrent prograr in mathernatics in the ienggs etessct with national or regio ‘. Note that some of the most effective predictors of future learning or behavior are measures
ask wie ietration of a survey mathem :

satisfactory achievement. Administration 0

of past learning or behavior. Thus, for both computer programming and caiculus, an effective
predictor might be a test measuring competence in kigh school algebra, Such a test would meas-
is satisfactory.
~hools to make a decision on whether progress is satsiactory
5

ure previously learned knowledge and skills, but we would be using that achievement measure
do. we also face the issue » predict future learning. Any test, whatever it is called, assesses a person’s present characteris-
sk questions about how much a persorn cab : ) Aluating capacity frLa ics. We cannot directly measure a person’s hypothetical “native” ot “inborn” qualities. All we
Whenever we 15‘ t‘qon There are twWo fundamental purposes LOT eV lishments to can measure is what that person is able and willing to do in the here and now. That information
purpose 10 ig;ltreifagi:is t.o reach a suminary staiement gf %eaﬁ;ig: ;Ocrciﬁf purpose i ' ‘then be used to evaluate past learning, as when an algebra test is used to decide whether
ucationa : y eriod. £V

such as tiachel'sa;lsai;oie Ii%io?fidesg 1; 51121521%7 1(D)f student achieveimnent. By contrast,

suminative ev: *

P p 1o}
TIOTINS « A 211 a Co arison o Centerv es s lde s with Stl.ldEIL[S i t}le rest Of d e COU
p e CO bl eq Wl T
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Roxarme should get an A in her algebra course, or to predict furure learning, as when a counselor
' determine their students stren:gﬁ_‘h ust de?'lde‘ whether Roxanne has a reasonable ‘pl’obability of successfully completing calculus.
i, e i e Psmg tﬁﬂ;;ihose where they are doig poorly istinction between an aptltude_ and an achievement test often hes- more in the purpose for
weakmnesses, the areas where Ctlhefy f rjji?fu?:oﬂa is calied formative evaluation_. Test o e on o aputode and an achievement test often lis mior
i ose. to guide Tt : s . .
:;zrﬁs?; t:lfn?;rrfl or 1to sl%gllal\pe the course of instruction.

. f maximum performance test that describes what a persc.)nlha:igir:;i E;T
fhl-% type of maxl ¢ The oral reading test given to Wakana, the caplt? 17 f sharply co portant to realize that all achievement tests {(in fact, all tests) relate to a more or less well-

an aduevement.tes ; t given to the students in Centervilie are mustrauons 3 withrl;ﬂaé 1 domain of content. The mathematics survey test covers a fairly broad array of topics, while
and the mathematlcsttf SSE The test on initial consonant sounds is concerf: ena’s ckilt i 1 the Tules for capitalization is restricted to a narrowly defined set of behaviors, Thus, it is
tYPESEOf alii};{f}?rgig stzdeﬁt and no question is raisefil e Wheiezgihi perfo'rfrf.'&“l
spectiic s i The only queston 15, ] s
bzﬁﬁr 1?: W(t)}]isi :11: Téaitxl?’;fef 22? E;Ejei:j ieliltt;nis skill ;;2 cause of her difficulty h
enougn so tha

mains in Criterion- and Norm-Referenced Tests

ly appropriate to differentiate between criterion-referenced and norm-referenced tests by say-

ormer derive their meaning from a precisely specified domatn, while the latter do not. A

 mastery, within hise ed; norm-referenced achievement test will represent a very carefully defined domain,
- a : ; . C .
- ilarly, Wakanals teacher is concerned with the level ot m sz;.ch efined s Tis generally more diverse than that of a criterion-referenced test, and it has only a
§ Sirﬁ o %nghsh usage. Tests concerned with level of ;ﬂfStZ}’ because the (0 r of items covering a given topic or instructional objective. The criterion-referenced
cific skill m ) . ferenced tests, it
. criterion-reic
ain-referenced or el by the fest ex

caﬂeg_ donsltandard of performance on a specific <kill called for by
reacning a

st will represent a narrowly and precisely defined domain and will therefore cover its
i dard. Many, pethiaps .
1f and the domain of content it represents provide the stafy y, perh
et isi ‘his sott. )
ts needed for instructional decisions are of this s o ot glven to R
- conirast these tests with the mathematics su yC e ot
a . : - .
h'\éf]zrﬁzazt in Centervilie. Here, the concern 18 whether .
achie

miore thoroughly than will a norm-referenced test of the same length.
econd dimension to using information from an achievement test. In addition to

_ _tinction between criterion-referenced and norm referenced tests on the breadth
n-they cover, the second dimension relates to the way that the level, or altitude, of
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_ : sions. For example, decisions on what materials and methods should be used for additional in-
1 be either absolute or relative. The : struction in spelling with Elien and Peter might revolve around the question of whether they had
ference that a teacher or counselor draws from the score Calf the judgment is that when & stu- : reached the specified criterion of mastery of the third-grade spelling words. More crucially, in a
. i the test score. e -
udgment on the basis of S ith respect to the
teacher males ﬁ(l)% stfdents have gained a particuiar level of proficiency wit P
dent or group

sequential subject such as mathematics, the decision of whether to begin a unit involving bor-
d th terial, then the judgment is an absolute, rowing in subtraction might depend on whether students had reached a criterion of mastery on
ma , : , . . . .

content, the test represents they have mas[ﬁrz 1st ef[her that the students have mastered the ma-: a test of two-place subtraction that did not require borrowing.
’ isi che o . lted: .

» stery one. The decision rea : ! this type are called:

ma_stf”}’ ”En;n L?le r{mve not; degree of mastery is not an jssue. Decimni ?Sf . testyglat covers &
e ory 3 i z ns. The usual definition of a criterion-referenced tes
mastery decisions.

Although the two topics of domain referencing of test content and mastery-nonmastery deci-
narrow domain and is used for mastery decisions.

sions about achievement historically have been linked, it is important to realize that they are quite

different and independent ideas that have come to be treated together. It is also important to real-
. lative achievernent of ohjectives. Relative - ize that both exist in a sociopolitical context that invests them with normative meaning, What, for
By contrast, teachers can also use tests tO{ Jlﬁdgg rren:iévthat students have mastered. For ex. example, should a third-grader he expected to know about multiplication or spelling? The answer
. At tage ol tne do ) . e wh
es estimating the percen - ne to spelling whe
maStlery ‘;n\:jh::her mmay decide that students have mastered an objective relating to speling
ample, the iea

th.e Al SPE].l COIIELI‘.[ 19 DU.L Of 20 WOldS fI(Jm d. 1AL Bl.lt L]:le same teaChe[ fﬂlgl: L
C the (9

to this question depends on what is expected of second- and fourth-graders, and these expecta-
ing test to itd
information that the average student got a score of 14 on the speiling

tions put normm-referenced houndaries on what is taught in the third grade. Professional judgment

and many years of experience combine to define a reasonable domain of content and a reascnable
domain. We refer to decisions of this kind. level of performance. A test is then constructed to represent this content at this level.
. f the domain. .
ed about 70% mastery 0O " omain of contes
dents bad a;i'levement decisions, but the frame of reference is still the &
relative achiev

Given a test that is designed to represent a particular domain of content, the scores from that

het than the current exarminees. : tést may be interpreted strictly With respect to that content, ot they may be interpreted iI?l a

without regard to the performance of anyone O‘tther of these ways 10 Tepresent the level of | normative .frameworlf by comparing one person’s plerforman‘ce with that of others, Domalnn

The typical norm-referenced test uses net 15 called 3 NOFM GLOUP, OT HOTI sampl ferenc§d mterp.)retatlog means that the degree of achievement is asse‘ssed relative to the test itself
formance. Rather, level is referenced to a 1ar8§T gizepconclusion that the individual was perfo the instructional objectives that gave rise to the test. The evaluation may result in a dichoto-
normative interpretation of a score f:ould lead to ate reference group, but the same perform fiious jucllgmentlthat the person: has mastered.tl}e rgaterial apd is ready for further instruction, for
ingatavery high level compated with a0 amsryoign-referenced perspective. Conversely, a rt ication or hcgnsur'e, or for whatever decision is the object of the me.asurement. Or, the eval-
might fall far below mastery from the 1‘:.1”1],6 oo facts at the Jevel of 95% acouracy ord 1ation may re§u1t in a judgment of degree Qf mastery. The Iatter. approximates thilt.teachers do
grader who has achieved mastery of multiplic o ared with other ninth-graders. | W n.._hey.asagn grades, while the former is similar to a pass/fail decision or a decision to begin
would not show a high level of performance when p ew tiaterial. Many uses of tests constructed under the mandate of the No Child Left Behind Act
see Chapter 7) involve pass/fail decisions regarding mastery of the content expected of students

. ompletion of various points of their education, but the content definition is quite broad.
o t-the group of tests that are typically called criterion referenced, the standard, then, is pro-
RITERION-REFERENCED EVALUATION . d byithe definition of the specific objectives that the test is designed to measure. When the type
c . [ reference for interpreting test results from CCision to be made is a mastery decision, this description of the content, together with the level
lem of a frame ol re mie o
Wicandi?gzﬁcgc;iispg?]ﬁw mentioned earlier. One, criterion-referenced evaluatio
rather di

- criormance that the teacher, school, or school system has agreed on as representing an acceptable
: referenced testing, focuses on the pel'_fQ ; astery of that gbjective, provides an labsolute standard. Thus, the il]ustr‘ative domain—refler-
on the tasks themselves, while the other, noiﬂ o ot A of Table 31 1t we knew that .pf capltglzzatzon gf proper nouns in Table 3-2 is presumed to provide a representative
typical people. Consider the 20 spelh‘ng WEI. 5 ade spelling program and if we had .of.tgs_lfs calling for this speqﬁc competence. ?f we aecept thg sgmple of tasks as representative
ween chosen from the words taught m a ; 1r 8;)80/ correct represented an acceptable . € agree that 80% accuracy in performing thl; task is .the minimum accgptable performance,
some grounds (at this point unspecified} that nteod by dictation, with llustrative s core-of O out of 13 words ccrref:tly underl‘lned deflpes the §Mndng1 in an absolute sense.
performance in spelling when words are prese e tost s indicating that she had dlg:_ho__to_mous or mastery JuFlgment is made in a sociopolitical, hence normative,
we could interpret Ellens score of 18 co.rrEf:t‘Od +de spelling and Peters score of c_h__el_'. ot school has to decide what constiruzes mastery, and there are some not-
criterion of mastery of the words taught in thir —gftem sflected o a narrowly def . pr’es.gl.;.l_rgs_that affect such decisions. Most teachers define the level of achievement
indicating that he had not. Here, we have t?islt (;011 - riterion referenced in that (1) astery in such a way that an “appropriate” minimum number of students are
and we have a mastery test interpretation. T e es1 i (2) the form of pres s, Il:z.practme, this means that over a period of time the teacher develops a
drawn from and related to a Specmc‘mﬂmcgona with th;: defined objective, of how typical students will perform on his or her tests covering a course of
tasks and the Tesponse to them is setin ECC(]?: ﬁﬁf—e sexformance of cach studen T £sts grading practices, or passing standar@s are adjusted so that, in the long
performance acceptable fo.r ma;tery, :néallwc r:ferion-referen ced tests relate to': ber of students pass, which makes the settin
idine'd ior; i‘i:i?;: - gll;tf::éu‘: OEE z::hievement of specific behavioral objectives

omain s

e g of passing standards basically a

_(Se_ Shepard, 1984, for a discussion of setting standards in criterion-referenced
\ or Cizek and Bunch, 20086, for a discussion of standard-setting methods
are often (but not necessarily) used for mastery judgments.
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generally. A major area of controversy in education today 15 where the standards should be set for 73

| terval scale. The thi ich i
testing competence under No Child Left Behind. Many states are fi_nd'mg that unacceptably large - with Whic; Wezg:zi;fgﬁ:ﬁlihe mf&l Of'a o dcaond e, W oo 1
numbers of students do not meet the standards set in their legislation.) Loaves of bread on one side of a pi?z%fi;izaiaizdtﬁducatilogﬂ e thecntets o on 315 b
, ey will balance the contents of one 5-Ib
-Ib bag of

in the usual classroom test used for summative evalnation, such a standard operates indi- flour placed on the other side. © .
rectly and imperfectly, partly through the teacher’s choice of tasks to make up the test and partly _ that 2 Tb is twice 1 Ib Ber side. “No weight” is truly “no weight,” and units of weight can be added
through his or her standards for evaluating the responses. Thus, to make up their tests, teachers educational and c;h L{t we do not have that type of zero point or that type of adding in tha ed 50
pick tasks that they consider appropriate to represent the learnings of their students. No consci-; _ will not get a genlijjz ar?doglcal‘ measurement. If you put together two bd@WﬂVeTagegstudei tcase of
entious teacher would give spelling Test A in Table 3-1 to an ordinary high school group ot deficit is the result of the o e of bad spellers cannot jointly win a spelling bee. In some cas N Y}Cl)'u
Test B to third-graders. When the responses vary in quality, as in essay examinations, teachers set: logical and educational P_artlcular way we have chosen to measure the trait, but for man es, this
ctandards for grading that correspond to what they consider is reasonable to expect from stus; Basically, a o the deficit is a result of how we conceptualize tim trait itself Y peyeho-
dents like theirs. We would expect quite difierent answers to the question “What were the causes ¥, & Taw point score on a test is given normative meaning only by refeé-isrfg it o

some

type of group or gro
of the War of 18127 from a ninth-grader and from a college history major. or bad GIOUP OF gTOups called norm groups. A score on the typical test i -
However, the inner standard f the individual teacher tends to be subjective and unst bi ad in any absolute sense; it is higher or lower or b estis not high or low or good
owever, the et s andard © ¢ IndIvIaTs 4 ) ] unstab: late one persen’s score to a normative f ot etter or worse than other scores. We can re
Furthermore, it provides no basis for comparing different classes or different areas of ability, Suc person with a graded series of ative framework in two general ways. One way is to com h_
. . . w : . : ; ) ed series ol grou i ) pare the
a yardstick can giveno answers to suc':h questions as Are the ch.ﬂdren in Schpol’ﬁbetter in rea series usually represents a parti g 1 ps to see which one he or she matches. Each group in the
ing than those in School B?” “Is Jennifer better in reading than in mathematics? Is Jacob doi this approach is to prepai . CrU ;r ;ChOOI grade or a particular chronological age. A variant on
. o » i iocti : . aded s ’
as well in algebra as most n}nth graders?” We neeFl some broader, more umform ob]ectwel an Tesponses to arl essay questiong o et of ?vork samples such as samples of handwriting or
stable standard of reference if we are to e able to interpret those psychological and educati “samples and given th - Bach person’ product is then compared to the standard
measurerments that undertake to appraise some trait or to sUrvey compelence in some broad at The Secoi 3wy fosztrz i{)ﬂ;ﬁ i?mple it most closely matches, ard set of
. . . s . ; ative . X i
of the ;chooif cumct;lum‘ M;)st Ef th1ts); chapte; is d.evoted toddesdcnbmg and evaluating s falls in terms of the percentage of the roitaﬂdard is to fm@ where in a particular group the person
normative reference frames that have been used to give & standard meaning to test scores. ' mean and standard deviation. These %wo E;;;CIJJ: 51516d > Hdl temfas of position relative to the groups
he score of an indivi ; ches produce four main ' i
ivid _ patterns for int
) . turn, evaluating it advzilt’ which are shown schematically in Table 3-3. We next consideirpre}tlu'lg
N ORM_REF-EREN CED EV A-LU ATION : . o pive (U o f'igES and dlsadvantages. At the end of the chapter Wi ; 'eac in
: o aved antitative meaning to scores, a method based on th I —— third way
-respond in a particular way. This method has been g OE tl Z pzrobablhty that the exatninee will
. ven the label item response theo
ry or IRT.

The most commonly used frame of reference for interpreting test performance is based n
somewhat arbitrary standard defined by a particular selection of content and interpreted as
resenting mastery of that content dornain, but rather on the performance of other peopl rade Norms
represents a norm-referenced interpretation. Thus, the scores of Charlotta Cowen (47) ¢ ny trait that sh i
Galaraga (71) on the 80-item spelling test from Table 2-1 can be viewed in relation to-{ he next, we can TOWS a progressive and relatively uniform increase from one school grad
formance of a large reference group of typical sixth-graders or of students in differen de; in this senslz eigatfea set of grade norms or grade equivalents. The nofmglfjr -
grades. Their performance is viewed not in terms of mastery versus nonmastery or i Le! pation and Lh’e relatezvi?gg;;z‘;reIObttsl;lned by individuals in thar grade. Because schacg
: growth are both more or less continuous, grade norms

relative mastery of the subject matter, but instead as above average, average, ot below iy are e !

compared to the teference group; we need ways to refine that scale of relative perfort : Y xpressed with one decimal place. The whole number gives th

that all positions on the trait can be expressed in quantitative terms. . gives the grade, and the
In seeking a scale to represent the amount of the trait a person possesses, we - would

report Tesults in units that have the following properties: -

ves of Norms for Educational and Psychological Tests

1. Uniform meaning from test to test, so that a basis of comparison is provic Sl Type of Compariscn
which we can compare different resis—for example, different reading test
test with an arithmetic test, or an achievemet test with a scholastic aptit

2. Units of uniform size, so that change of 10 points on one part of the'sca
the same thing as a change of 10 points on any other part of the scale

3 A true-zero point of just none of the quality in question, so that we can.l i Percentage of group surpassed by

A Single a
: T : indivicual gle age or grade group to
think of scores as representing twice ds much as or two thirds ds much which individua! belongs

Same as above

Type of Group

Individual matched to group whose
performance he or she equals

Same as above

Successive grade groups

Successive age groups

: Number of standard deviati
| _ . mbe ions
The different types of norm referenced scales that have been developed:for avorage of g o

marked progress toward the first two of these objectives and thus satisfy the require o average of group
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imal i h within
decimal is the mont le. Tk
corresponding to that of the average child in

Tn simplest outline, t
resentative sample of pup

ishi de equiva :
score at each level, and then esmbhiil;gfriﬁ t;e ?owa Tests of Basic Skills (1TBS)—Form ], Level

reading comprehension test, such as o
¢, might be given in November to pupiis

the grade. Thus, 2 grade equivalent of 5.4 is read as performance
e . ,

the fourth month of the fifth-grade.

115 m EaCh OE a IlU.I[leI D[ COIlSECutlve IadES Ca]. L
la 1.
g ) ca

g the average
lents for the in-between scores. Thus, a

Grades 2, 3, 4, and 5, with the following results:

Grade Level

2.3
3.3
4.3
5.3

Average Raw Score

13
22
31
" 37

e

i W SCO
The testing establishes grade equn.ralents for r:cores
equivalents are also needed for the in-between .

i i ] ints may
i etimes intermediate poitl : N
e o e After interpolation, we have the following table

other times during the school year.

es of 13, 22, 31, and 37. However, grad
These are usually determined anthmet'lc
e established by actually testirig 4

Raw Grade gl'::e;v:e
Score Equivalent -
10 1.9 -
11 2.0 -
12 2.2 o
13 2.3 .
14 2.5 -
15 2.6 -
18 2.8 -
17 29 .
18 3.0 .
19 3.1 "
20 3.2 -
21 3.2 -
22 3.3 >
23 3.4

“Note; The most recent forms of this test series caloul
' i from these.

rive grads equivalent scores ‘ 2 ’

Sou?ce: fowa Test of Basic Skils® (TBS"). Copytight ©
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CHAPTER 3 Giving Meaning to Scores

Because raw scores on this particular test can range from 0 to 49, some way is nesded to
establish grade equivalents for the more extreme scores. Establishing such grade equivalents is
often done by equating scores on the level of the test on which we are working with scores
from lower and higher levels of the same test series, forms that have been given to earlier and
later grades. In this way, grade equivalents can be extended down as low as the first month of
kindergarten (denoted K.1) and up as high as the end of the first year in college {denoted
13.9), and a complete table to translate raw scores to grade equivalents can be prepared. (The
reading test of this particular edition of the ITBS actually is a muitilevel test that uses six over-
lapping sets of passages and items in a single booklet. In this way, sotue of the same items are
used for three different levels of the test, and the projection of grade equivalents is simplified
and made more accurate.)

If Jennifer got a raw score of 28 on this test, it would give her a grade equivalent of 3.9, and
this score could be translated as “performing as well on this test as the average child who has
completed 9 months of third grade.” Such an interpretation has the advantage of connecting the
test score to familiar milestones of educational development. However, this seductively simple
interpretation of a child’s performance has a number of drawbacks as well.

A first major question about grade norms is whether we can think of them as providing pre-
cisely or even approximately equal units. In what sense is the growta in ability in paragraph
reading from grade 3.2 to 4.2 equal to the growth from grade 6.2 to 7.27 Grounds for assuming

-equality are clearly tenucus. When the skill is one that has been taught throughout the school

years, there may be some reason to expect a years learning at one level o be about equal to a
- year’s learning at some other. And there is evidence thar during elementary school (and possibly
. middle school or junior high), grade-equivalent units are near encugh to equal tc be serviceable.

However, even in this range and for areas where instruction has been continuous, the equality is
only approximate. If, on the other hand, we are concerned with a subject like Spanish, in which
nstruction typically does not begin until secondary school, or in something like biology, for
vhich instruction is concentrated in a single grade, grade equivalents become completely mean-
ngless. In addition, instruction in many skills, such as the basic skills in reading and in arith-
ic computation, tapers off and largely stops by high school, so grade whits have little or no
ning at this level. For this reason many achievement batteries show a grade equivalent of
.0+ or 11.0+ as representing the whole upper range of scores. When grade equivalents such
5 are reported, these do not really represent the average performance of students tested in
iddle of the 12th grade, but rather they are an artificial and fictitious extrapolation of the
scale, used to provide some converted score to be reported for the most capable eighth-
inth-graders.
urther note of caution must be introduced with respect to the interpretation of grade
onsider a bright and educationally advanced child in the third grade. Suppose we
n a standardized mathematics test this child gets a score with the grade equivalent
This score does not mean that this child has a maslery of the mathematics taught in the
e The score is as high as that earned by the average child at the end of fifth grade, but
1gher score almost certainly has been obtained in large part by superior mastery of third-
1k The average child falls well short of a perfect score on the topics that have been
or her own grade level. The able child can get a number of addirional points {and
tly‘a higher grade equivalent) merely by complete mastery of this “at-grade” mate-
warning is worth remembering. The fact that a third-grade child has a grade equivalent
€5 not mean that the child is ready to move ahead into sixth-grade work. The grade
nly the reflection of a score and does not tell in what way that score was oblained.
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. 1d be needed to _ than there is in later years, 18
Reference to the content of the questions the child answered correctly wou .
eferen

points from first to second grade, 10 points from eighth to
¢ the child had sufficient mastery of fifth-grade material to be able to ninth.

reach a judgment tha

' de equivalents should not be used to make mas- : The main drawback of DSSs is that, unlike grade equivalents, they have no inherent mean-

e L e B ing. The values chosen for the anchor points are quite arbitrary. Meaning is given only by their

tery decisions. :on the comparability of grade equivalents from one school relationship to.the grade-equivalent scale. It Wa?uid be appropriate, for example, to say that a stu

oo o TeaS%n g que:;?:hiaz Cior ]};ehind) one’s grade level in language usage rep- dent who received a DSS of 255 was performing at the level of students in about December of
subject to another. Does being a 'y

( L Tdalj.oﬂ) as the same deviation in ari[hmetic con-~ th : . . . . l l
adVa C Q a . elr Dmth gra j B _
resent the same amount o emel rre

, developmental
: A it does not: standard scores are hard to interpret correetly and should be used with cauti
2 A good deal of evidence exists, which we consider later in this chapter, that A :
cepts? A go ;

. on, even though
i different rates, depending on in-school emphasis : they are reported by many test publishers. Test publishers whe provide DSSs always offer
Growth n difeent school ubjecte pocsec ?I 11_ETCOmpaﬁ;0n of a pupil’s grade equivalent in - normative information in other fortnats as well. For example, the process for reporting norm-
i his reason, the gl
and out-of-school learning. For t

‘te misleading conclusions _ referenced scores for the ITBS determines DSSs first because of their interval-scale properties
g nors, which ims e; mirformance of an individual to that of the and then provides tables for converting the DSSs to the other types of normative scores described
! ! e i i N . . ]
To surmmarize, gradz nlormls, wh;(;lzclffﬁ ;eima 13 in providing a framework for mterpretu_l[g in this chapter (with the cxception of age norms),
child at each grade level, are . A
al:em\cgaf:lemic accomplishment of children in elementary school. Porf .tglns 1:1111‘1'51 = eqzahty el
o ienient and popular, even though we cannot place great contidence
con : : . |
i nother. . a | | | | |

ety e 6 s t%acause they are based on the administr Ifa rait is ore that may be expected to show continuous and relatively uniform growth with age, it

Grade norms are relati?rely easy 0 fleterr;l::aiioi In the directly academic areas of achie ay be appropiate o convert the raw scom tats o i kel o growts il g,
groups already estabfl 15h?f 111@ tl‘f Sctiﬁa{;; gniore meaﬁ'mgful than is age level, for it is in relati common score scale. During childhood we cat obee
‘ isp
ment, the concept of grade leve ¢

Age Norms

rve continuous growth in height and weight, in
is li be interpreted and acted on. Ow rious indices of anatomical maturity, and in a wide range of perceptual, motor, and cognitive per-
hilds performance is likely to be interp : ; f - '
to grade placement that a childs p ‘ _ - mances. It makes a crude type of sense to describe an 8-year-old as being as tall as the average
the school setting, grade norms have little meaning,

year-old and having the strength of grip of

the average O-year-old, as well as the speaking vocabu-
ry of the average 6-year-

old. I the early development of intelligence and aptitude tests, raw scores
Developmental Standard Scores \ ttve representations of & ete typically converted into age equivalents, and the term mental age was added to the vocabulary of
i i i$ as norma : s . .
We have noted several problems with gradfe equivalen ot the amount of growth - mgntal tester and the genetal public alike, with occasionally L~1nfc.>r'tunate consequences. .
articularly that there is an implicit assumption o 11 clearly is | An age equivalent is, of course, the average score earned by individuals of a given age and is ob-
petformance, p year to the next. Because this assumption horz dtoil d by testing representative samples of 8-year-olds, O-year-olds, 10-year-olds, and so forth. In
developed a type of score sclale flha]tj is alncmemﬂ o >spect, it parallels the grade equivalent described earlier, And, as
1 interval scale, the Develop ;

in the case of grade equiva-
_ 4 major issue is whether we can reasonably think of a year’s growth as representing a standard
. Ve s : 3 ? .
Score Scale, dand (DSSs or $5s) ave based on normalized score distri d uniform unit. Is growth from age 5 to age 6 equal o growth from age 10 to age 11? And is
Developmental standard scores

. Many one year equivalent to growth in any other year on our scale? As we move up the age
he di ion of normalizing transformations later in this chapter any one year eq v v ’ \
ithi iscussion
within each grade (see the

hie scale metric, and the withi soon reach a point where we see that the years growth wnit is clearly not appropriate. There
o ine the scale , o 0int, some time in the teens or early 20s
osen arbitrarily to define ' . oo te e
s ol o grageg aTetii)}rlis are then used to locate other grade equivaients on this s
means and standard devia

ability being tested is equal from one
for many abilities, test publishers hgve . )
grades but provides a better approximation Lo an equ

when growth in almost any trait that we can

& Sl authors have chosen 1 fix a sale velue of 200 o it somdovn e s s e s ol ot of e

example, the Towa Tests of Basic Skills au L valute of 250 for eighth-graders OF g, , : ALY B g

lent to the median performance of fourth-graders aln ava d DSSs reported in the test 4 se_e.:m.e;f iear}lly to be much Ie;s than a years chanIg;:1 earlier on tlgia scal? Af; about age 14 or
. : uivalents an o Cept:of height-age ceases to have anv meanin - 10€ samme probdlemm of z flattening growth

thef sllflyring. The relationship between grade eq . | i sal-ag y & P 58

as follows: T

. varying only in the age at which it cccurs—and in abruptness, for any trait that we
course, individuals mature at different rates, soa given individual might stop grow-
5 7 a8 ) 10 ge or continue growing untl a later age. This illustrates the problem of using the
G K 1 =2 38 4 5 . thier m, f central tend th f an indivicual
rade 030 D50 260 268 o e measure of central tendency to represent the score of an individual )
DSS 130 150 168 185 200 214 227 — " tem Introduced by the flattening growth curve is most apparent when we consider
who falls far above average. What age equivalent shall we assign to 2 girl who is

¢

ivalents and DSSs: Equal chang in.) tall? The average woman never gets that tall at any age. If we are Lo assign any
is quite clear from comparing grade equivalen s comst - hypothetical ion of
One fact is quite clear fro A 1 DSS. The DSS scale is cons HVEnt some hypothetical extension of our growth curve, such as the dashed
equivalents do not correspond to equal changes - evervwhere on the 5¢ | Thisline assumes that growth after age 14 continues at about the same rate that
equal intervals (2 10-unit change has the same meaning everyw : et b

. 1 i = 14:0n this extrapolated curve, the height of 5 ft 10 in. would be assigned a
parison shows that there is a bigger change from year to year during the ear . ; e
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. , : : element;
, . cem ; acrgairlztd; v&.fhel;e gradfa norms have meaning, Or, we may be interested in personalit
itiude ca stll(cs or Whlch age or grade norms are wholly unusable. Or, the type of i }fr .
o :fgees(;e grz_::l;g/ ;(e)?;lllre Fthat we sliecify the group of interest mor?: narr(})]gzly tlrilnoir;
s. For exam i i
D e 2z on ol o o e ple, we may be interested in people who are all the
Each individual belon i
| gs to many different groups. An indivi i
" ! . : . Anindividual who is 18
. | : grasd(lmigo; 22: fﬂlomnig groups, but not to others: all 18-year-olds 18—year§$g:ss iclzl‘}dtl]:d?rzltg}?
‘ ‘ | . , 18-year-olds applying to college, 18-vear-old: i , ! s
| e, , 18-y s not applying te college, 18-year- -
Elzlsnagt t :ng{lLiiiue lcc_)lleges., 18~'year-olds attending public (or parochial) sc%hools );Tg TIBC%S -
e gmu ool in California. For some purposes it is desirable or necessary’ to definzetir_
part group more narrowly than is possible with grade or age norms. O i .
app 1;11 ¢ system of norms is the percentile norm system - One wversally
: | u e typical percentile i .
" - to compute percgntﬂes in élﬁ:;efgpﬁif‘:}?:?; ra:ilk, USESI th}? o ation that we used
‘ , ocedure is slightly diff; i
ggici:tig eto cgrf;espond to obtainable scove values, 1f a test has logiterr)is it zzn;e}ljérielngilfef o
core ;Ssu Hx:; ‘ fc; :tl;.ltllmbers from O to 10. There are only 11 possible values that percenzliirlrta;akz
o is test—one for each obtainable score—but it wouid still be possible to cal
e any num tho éaercennles. FOF example, one could compute, using the procedures des };:u(;
| : Chap , the 67 .4th percentile as well as the 67th and 68th. B I e
- ores would have correspondin, i et of anable
g percentile ranks. The normative interpretation of test scores

16 18 20 22 - : re. often uses percentile
ranks than [JEI’(ZE[][ﬂeS bec
: ‘Nh 0O 3 . s
1 . its, ase test I'ESUltS come in a lin ited mamber

Height in inches

10 12 14

Age in years )
The i .

. e Sggﬁil;r; fgi d;termmmg percentile ranks starts with a frequency distribution such as
height-age of about 16 years and 6 months. But this is a completely artificial and arbit, est measures isacoriti . We assume, a5 we did for percentiles, that (1) the undetlying trait
equivalent. It coes not correspond te the average height of 16%—year olds. It does not cott “ontinuum, and 3 3;0;;51(3?12 ;?}(1:101 EE[S e}"Va; te score fallsat the midpotut of an interval on

: ’ ained a given raw score are spread evenl
y through-

y e » U [O a \h h al. C d
tery BecauSE eal l raw score faHS at d 1€ 1M1 d].e Oi an Hltel’ﬁal -half Of the peo ].B m th.
:‘ ” 1 a‘TEI‘ag nroroun te y > p €

cue to be gotten from these extrapolated age equivalents that suggests their arbitrary natu
problem is even more severe here than it is with extrapolated grade equivalents. -

Age norms, which are based on the characteristics of the average person at each age:] :
vide a readily comprehended framework for interpreting the status of a particular indivi Percentile Ranks for & 10-Item Test

ever, the equality of age units is‘open to serious guestior, and as one goes up to adole _
y Cumulative Pearcentiia

adulthood, age ceases to have any meaning as a unit in which to express level of perfo S
. Frequency Frequency oo

ney and childhood and for characteristics that grow

norms are most appropriate for infa
the general development of the individual, such as height, weight, or dentition. General:He

velopment, such as the cognitive characteristics embodied in the concept of mental.ag
sufficiently universal pattern to be a useful normative indicator of status, but, in gene al

should not be used for cognitive characteristics beyond the elementary school year

patterns of growth of these functions depend too heavily on formal schaol experiert

been found to show the pattern of growth necessary for age norms to be appropriate..

60 o
59 o5
56 2
51 2
39 5
24 a0
1 19
10

5

o

1

Percentile Norms

We have just seen that in the case of age and grade norms, meaning is given 1o
score by determining the age or grade group in which the person would be ex:
often such a comparison group is inappropriate or Some other group would'b
example, we are frequently concerned with the performance of people who-ar

= e OB SO TN 1) —
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interval are considered to be helow the midpoint and half above. Even if only one person falls Figure 3-2
into a particular interval, we assurie that half of that person falls above the midpoint of the - ‘Normal curve, showing selected
terval and half falls below. percentile points,

To find the percentile rank of a raw score, we count the number of people who are helow
that score and divide by the total pumber of people. The number of people below a xaw scote
value inciudes all of the people who obtained lower scores pius half of the people who received
the score in question (the latter group because they are assumed to be in the bottom half of th
interval and, therefore, below the raw score). For example, to calculate the percentﬂe rank of : : =
raw score of 4 in Table 34, we would take the eight people who got SCOTes below 4 and hall o : Pso Pss
the seven people al 4. The result is (8 + 3.5)/60 = 115' /60 = 0.1917. In report'mg percentil norms. Likewise, an emp)
ranks it is conentlonal to round the answer to tWo decimal places an(_i muliiply by 100 to re well find it usefu=1 to aCCp Oyi:r who uses a test with a particular category of job appli
Enove the dec1m?:};).01r§ eX(f:ept 'iltg the extremes of the scale. The percentile rank that correspond: ular group of people Th‘;?;‘;;itz;eslultslover a period of time and prepare nogms ?(iptﬁizr; n;aY

o a yaw score of 4 1s thereiore 1= s y local norms wiil % . artc-

The major procedural difference between calculating percentiles, such as the median, 2n ' gzzzg:;sbg?ﬁ possibtlity (.jf specifying many diffeg;?tg;i;ﬂgliif til ? evcgzlil'uauon of new appli-
percentile ranks, such as those in Table 3—4, is where one staris. To calculate percentiles, rate compari a problem, in the sense of greater complexity, and e lff?rem uses of & test
specify a percent of interest, such as the 25th or 60th, and determine the answer, a point on parisons can be made. v a strength, in that more accu-

The seco - ,
continuous score scale, by the procedures described in Chapter 2. The values that corTesporn think of five nd pergmﬁe rank issue relates to the question of equali
these percentages need not be, and seldom are, whole points of score. When calculal bercentile s ?iriemﬂe points as representing the same amount qu%;a o { units. Can we
percentile ranks, we stait with a point on the score scale, an obtainable score value, and fin ale? Is the difference between the 50th and 55th Percentt'l ot tilroughou; the
ile equivalent to the dif-

the answer the percentage of the group that falls below the choset: sCOTE. E}eil:?zztbiz:iznf;he 90th and 95th? To answer this question, we must noti :
Percentile Tanks are very widely adaptable and applicable. They can be used wherever ar Sioure 21 of Chr 4 group O.f Péople usuaily pile up. Wej saw one hoi 1: e the way in which
propriaie normative group cat be obtained to serve as a yardstick, They are appropriate 0Ty, atly situation épter 2 This picture is fairly representative of th stogram of scores In
and old and for educational, counseling, of industrial situations. To surpass 90% of a refer ‘desl model o fSL,h ases pile up around the middle score values and te'lwag the. scores fall In
comparison group signifies & compareble degree of excellence whether the function being: Homn with th is type of score distribution, the normal curve Wasall offat either end. The
sured is how rapidly one can solve simultaneous equations Ot how far one can spit. Per on i Figureez‘St;niird deviation in Chapter 2 (see Table s aizolgon51d3f3d in con-
ranks are WLdely used and theu:. meaning is readily understopd. Were it not foF the two po Ss of test resulls d-' _ f; exact normal curve is an idealized mathematicallgurg 20 and s
next consider, they would provide a framework very nearly ideal for interpreting fest score Sl the oill istribute themselves in a manner that approxim: model, but many

The first issue that faces usin the case of percentile Tanks 1S specifying the norming grou Lo € prmg up of most cases in the middle, the tailing off ates_ anormal curve. You
what type of group should the norms be based? Clearly, we will need different norm groups fo by symmetrical pattem. ) g off at both ends, and the gen-
ferent ages and grades in the population. A 9-year-old must be evaluated in terms of 9
norms; a sixth-gracer, in Lerms of sixth-grade norms; arn applicant for a job as real estate
cerms of norms for real estate agent applicants. The appropriate NOIm group is in every ca
evant group to which the individual belongs and in terms of which his or her status is'to.
atedl. It makes no sense, for example, tO evaluate the performance of medical school app
a biology test by comparing their scores with norms based on high school seniors. if the of the it tham i
used by a mgdlcal schqol, the user must tind or devellop norms for medical school app L fimes ait than in the first. The same number of percentile poi

Hence, if percentile ranks are to be used, multiple sets of nOTmS are usually ne as much of the score scale when we are around th pofnts corresponds to
st be norms appropriate for each distinct type of group or situation in which the: und the 90th-95th percentiles as
used. This requirement is recognized by the better test publishers, and they provids
only for age and grade groups but also for special types of educational or occupatl
rions. However, there are limits o the number of distinct populations for which
can produce norms, sO published percentile norms will often need to be supple
test user, who can build norm groups particularly suited to local needs. Thus, a-givi
tern will often find it valuable to develop local percentile norms for its own pup i :
publishers will assist school disiricts with the developrent of local norms.) Suct o in the middle. Mary, who falls at the 45th percentile in ari
mit scores for individual pupils to be interpreted in relation o the local group;a ng,-shows a trivial difference in these two abpl‘ . arithmetic and at
may be more significant for local decisions than is comparison with national; ilities, whereas Alice, with re-

| igure 3-2, four points have been marked: ‘
gure -2, . ed: the 50th, 55¢h, 90th, a i
e EOH :itz :: ;r[zsstt tiz:.t his been rpeasured in a scale with eqﬁjl iﬁispegﬁznnl?s.
] anlélc; 56; of hezghF. Note that near the median, 5% cl}f the :mts
et o ot percentiles) fall in a tall narrow pile. Toward a'se's
. . ases (the 5% between the 90th and 95th percentiles) mile[re l1all
. rela-

entile units are typi

G ypically and systemati

ifference bet ing fi 4 atically unequal, relative to

Herer ween being first or second in a group of 100 is many 5116 raw score
imes as great

€ o e:between beil’l 50t]:1 aIld Slst Eq 38 p 3
: SELL e__q ual dlffEIEIlces 1 amount Of th.e tl‘ali 11’1 question A y i Lof etation o er-

les of 85
| 8 and 95, shows a larger difference—one that may be fmportant f
. nt 1or
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MAKING THE COMPUTER DO IT

Percentile Ranks

ximate percentile Tanks
yate wﬁh $pss. Unfortunately, the programs

for a set of raw scores,

Roth SPSS and Excel claim to compute appro

d fﬂe PEICentl r S d ffer nt a'yS, SPSS d ter nes tl:le Y l.k C)f Ea(_‘,h score v tl:le 5l
el ]E a].!.k 1 41 ¢ W bl mine

Ol { aa V1GES e y cases \;\;hfll []:le e]'S ar ()dd IlU.II}.be[ Of
* ] : . .
a d‘ d th a k b t.he Otal I’lumber [8) h : .
cases VV]th a glven Tank, this re the T4ac a e L £ case 15

duces a small error due to ¢ that the middle B
¢ divided in half, but the error is of little consequence. We mertuzfor; ;t bo; gand. ¥y
- hat you may get small differences when doing the computa
e e ks with SPSS, you must use

) . o
To obtain percentile ra / e
Transformation menu. You will see a screen like this:

i Class

ﬁ reating
& spelling
ﬁ snath

TIaIleeI ihe vaﬂables EO[ Wthll ou Wls]:l 1e] get petCeIltﬂE IaIlkS mnto [he Va]:lab!.e S,

then click on Rank Types. You will see this screent:

{he Rank Cases option on the ;

Click on the box for “Fractional rank as %,” click Continue, then click OK. The pro-
gram will create two new variables in your data file: one giving the rank of each score,
the other giving the percentile rank, but with the error noted above, The program cre-
ates two new variables for each variable analyzed. Bach new variable will have the same
name as the original variable, but preceded by an r for ranks and a p for percentile
ranks. If your variable name has eight characters, the last character will be dropped.
The new variables ir: the data file will have the labels “Rank of . . .” and “Fractional rank
percent of . . .”

To obtain percentile ranks using Excel, you must use the “function” option (fx or ).
One of the functions in the statistics list is called PERCENTRANK. If you select this
function, you will get a dialog box like the one shown below superimposed on your
data. You must supply the portion of the data table to be included and the score value
for which the percentile rank is to be computed. Here we have selected the 52 scores
(rows 2-53) for the variable in column G (Math score) and requested the percentile
rank of a score of 33. The program telis us that the percentile rank of this score

is 0.215.

but this is not a reliable way to correct the error. For example, the correct per-
{or a score of 33 in the data we have been using is 25.96 (13.5/52). The value
PSS is 26.92(14/52). As we have seen, Excel produces a value of 0.215 for a
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The fact that units on the percentile scale are systematically uneven means that this is an ot-

dinal scale. Larger numbers mean more of the trait, but equal differences in percentile rank do Pupil Mathematics Readi
not mean equal differences in the trait. Percentile ranks do not solve the equality of units problem ¥ eading Comprehension
that we encountered with age and grade equivalents. ' . ector 30 48

One of the consequences of this inequality of units in the percentile scale is that per- Jose 37
centiles cannot properly be (reated with many of the procedures of mathematics. For exam-.
ple, we cannot add two percentile ranks together and get a meaningful result. The sum or
average of the percentile ranks of two raw scores will not yield the same result as determin-;
ing the percentile rank of the sum or average of the (W0 raw SCOTEs directly. A separate table The mean and standard deviati
of percentile equivalents would be needed for every combination of raw scores that we might as follows: eviation for the mathematics and reading comprehensi
wish to use. Again, the better test publishers provide percentile rank conversion tables fot ' prehension fests are
all of the combinations of subtest scores that they recommend, as well as for the subtes :

themselves. \
Mathermatios Reading Comprehension
22.7 33.8
Standard Score Norms : S0 9.4

Because the units of a score system Lased on percentile ranks are so clearly unequal, we' 2

led to look for some other unit that does have the same meaning throughout its whole rang

values. Standard score scales have been developed to serve this purpose.
Tn Chapter 2 we beca

spread, or scatter, of a group of scores and standard scores or Z-scores as a way to express the

ative position of a single score in a distribution, The standard deviation is 2 function of the de

aiions of individual scores away from the mean. Any score may be expressed in terms @ (37 = 22.73/94 = +1.52

aumber of standard deviations it is away from the mean. The mean mathematics scote for nd for reading comprehension give

graders on the Tests of Achievement and Proficiency is 24.1 and the standard deviation i

a person who gets a score of 30 falls :

42

£an use S[and&l’d SCi p f ance or aq Hld V (] 1al O WO Lests
Let 115 see }}(]W WE ores (o com a i

‘ p ¢ perlorman i

O tlle pethIIIIaIIC < ()f th,e wo Hl.d‘l\jlduals ona Slngle test

111

On mathematics, Hector is 7 i

) .3 points above th i
reading ¢ ; . ; e mean. His Z-score is 7. -
s abo Et ;’rlfg}:e;enfswn, he is 14.2 poinis above the mean, or Z = 14 125/113]/9;ZJr + T on
_ all ol a standard deviation better in reading compreheﬁsion i’élati 1t.28}; Hector
- ve to the norm

me acquainted with the standard deviation (SD) as a measure o : b
group than in math i
ematics. For Jose, the corresponding calculations for mathematics gi
ive

(42 — 33.8)/11.1 = +0.74

us, Hector has done about
30 — 24.1 S . as well on mathematic _
241 0.60 sion; Vﬁ:’hlle Jose’s mathematics score is abotit one. 151 j:t}osefhas done on reading comprehen-
9.8 : FO;S score on reading comprehension, quarter of a standard deviation better than
SD units above the mean. A score of 15 would be 0.93 SD units below the mean. In stand ?iﬁpﬂg IT«VEI of excelle?nce 1s expressed as a number of standard deviati .
viation units, ot Z-scores, We would call these scores +0.60 and —$.93, respectively.: o lean of the comparison group. The Z-scores provide a standard lat_lOH units above or
A Z-score can be found in any score distribution by first subtracting the g use-nua ly the same meaning from one test to another. For aid i{m. ard unit of measure hav-
(M) from the raw score (X) of interest and then dividing this deviation by the st Hence represented by a standard score, see Table 2—5,' n Interpreting the degree of
deviation: S '
,_X-M
5D _
1f this is done for every score in the originlal fiistribution, the new di-stribqtion'oﬁ - _ MAKING THE COMPUTER DO IT
have a mean of zero, and the standard deviation of the new distribution will be: ' :
of the Z-scores will be lnegat'we,‘ i.‘ndicat'mg that the people with these s-?of(_aé..'f'.e'll . Standard Scores
mean, and about half will be positive. Most of the Z-scores (about 999%) will fall s either SPSS or Bxcel ¢
and +3.0. PSS be 0 compute Z-scores, but again the i
L . process 1s -
Suppose we have given the Tests of Achievement and Proficiency—Form G d q cause the program will compute a new standard score variabl??cfrh ezacil

the pupils in a ninth-gra
reading comprehension:

M the distribution ,
de class, and two pupils have the following scores ofi ta £ and save the new variable in your data file, To create a nesw stan

e. Y ) : W 5 pl SeleCt th i i V i b
fcllOw ]g C'I‘]' ] ] ]] !jp ear: ‘ Descrlpti‘ €s Optloﬂ fI‘OI‘ﬂ the Anal S].S
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(The convention is to round such converted scores to the nearest whole number, consistent with
the objective of making thern easy to use.) Because we have converted Hector’s scores on the two
tests to a common scale (M = 50, SD = 10), we can compare them directly and see that Hector
is somewhat better in reading comprehension than he is in mathematics. However, as we discuss

in more detail later, this comparison requites the tests to have heen normed on comparable
groups.

Converted standard scores are based on a simple equation that changes the size of the units
and the location of the mean. Tn symbolic form, the equation for the above transformation is

C=10Z) + 50

where Z is the standard score defined earier and ¢ is the co
formula is

ﬁ Fractional B ank Pe

nverted standard score. The general

where 5D, and M, are any arbitrar

« y standard deviation and any arbitrary mean, respectively,
h standard scores, then click on the “Save stan

. - : lected f i .
Select the variables for which you wis th the original variable name pretixed by R S

» i i f d1 th t iati ively, i hi
dardized values as variables” box. A new variabie wi bis program isthat it uses the poy The use of 50 and 10 for the mean and the standard deviation, respectively, is an arbitrary

7 will be created in your data file. The only problem Wﬂhthe 5 scores tather than the samp__l_é _’ - decision, We could have used values other than 50 and 10 in setting up the conversion inte con-

T i : - venient standard scores. The army has used a standard score scale with a mean of 100 and 2 stan-
wation estimate of the standard deviation in Compmlfﬁ%’ hut the error is consistent across in: ‘ ven Y g a
¥

: ~ : ird deviation of 20 for reporting its test results. The College Entrance Examination Board has
J s in Z-scores that are slightly too sma - dar
:;?N;l iﬂ;;i?iﬁ&i fn d for reasonably large groups is r;lot éagge -ertl-oig:f :ﬁﬁ?ﬁﬁﬁ ong used a scale with a mean of 500 and a stan}ciard deviation of 100 for reporting scores on the
V1 . d standard deviatio : AT, the Graduate Record Examination, and other tests produced under it auspices. The na
; : first compute the mean an _ - : ; P P vy
B fq\lll‘es EEiLfiitclztion opticgl (fx or L) and select Standardlzeirom the stTaﬁlstzlcz o s used the 50 and 10 system; intelligence tests generally use a mean of 100 and a standard
You must then use d the standard deviation. The Z-scar :

[ an
. mnted to enter a score, the mean, : | . | | | I
i Eﬂﬂ ﬂlnen ze pé:e E}m b B e e s YOT;ICZE-TI e ps; The scale of scores following a conversion such as this one is stretched out or squeezed to-
o o dnvtin l i ‘ ust compute each Z-score separa
iati ile the disadvantage is that you m
standard deviation, while

1ez (depending on whether the original standard deviation is smaller or larger than the new
1] describe an alternative way to obtain Z-scoves with Excel in the next box. : ) but the stretching is uniform all along the scale. The size of the wnits is changed, but it is
We will describe an

ged uniformly throughout the score scale. If the raw score scale represented equal units to

: with, the new scale still does, but nothing has been done to make unequal units more
i atly equal. Because the above equation is an equation for a straight line (y = ax + b), this
Converted Standard Scmfes . two matters of convenience: {1} They : o ) . . .
use of plus and mbnus signs, which way 5 PAOLICS 7 peopie do not generally lik i i thets onipinl orm oo o tand for any et et b, s Z.score, Th
volved with decimal points, W?mh mayl emii]zies We ca1;1 set rid of the need to Us eir original lorm an 0 stand lor any linear transformation of a Z-score, The
i tional qua . :
of themselves as negative or frac

) 5’ ) y - }‘ ONVEIL Tt COt tant Su(‘.h as 1O and WeICH 0[ en u ed for t .
Ol A 1 eve Z SCOTE l] some ¢ 1€ s ) 3 5 )
ts 11, ten us ] ]

. Then, for Hecto
f minus signs by adding a convenient constant amount, suclzl(; is 50
X i ‘ ave
the mathematics and reading comprehension tests, we wou

viation of 15,

’

monding Com _ MAKING THE COMPUTER DO IT
Mathematics . :

2! : Linear Transformations
Mean of distribution of scores . | .

g4 imple to get either SPSS or Excel to perform any linear transformation of a set of

SD of distribution 5. The easiest way to do it in SPSS is to use the Compute procedure in the
Hactor’s raw score 30 . meniu: You must first create the standard score variable as described in the pre-
lector's Z-50016 +0.78 et put the name you wish to use for the transformed variable in the Target
7 ccore % 10 8 1 . 1.enter the transformation equation in the box labeled Numeric Expres-
58 '

rant amount (50) nd the new variable will be added to your data file. The box below shows
Plus a constant amao
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« . o (T-reading), which has an SD of 10 and a
vartable called "reactng o readufli%z,t created the Z-score variable

compute a new
ey ’ ding test scores, Note that we

mean of 50, from the rea
“rreading” (Z-reading).

using the Fill command with the Down selection, we would get the desired transformed
standard scores for all pupils in column I,

i | Speliing Z-scoras |
S : Quickly 2 1 44 -2.17]
s atfen _ Mafs .1 .22 Ar A -1ss i
10 zreading+5l Watenate 2 i 2% 53 A T el
Herxes 1 i 25 w4 31 -0.61
Johanson 1 1 26 96 26 -1.38
Hlipseh S E— 2 21 B T ) R A

Mowdts 2 2 28 44 44 0.6

Roberls 1 1 20 &4 43 0.55

Hhmetic Lewls 1 2 29 45 34 047

.%Btk‘_lrg Woncertial COF Vautter Z 2 29 49 36 -0.25

. Henry 1 1 0 51 24 -0.47

Corwersion i Hanes 2 2 26 Er R

_ Current Date/Time Zoro ] 3 F] 3 0.0

& reading Garcia i 1 3 P I 7 A R S

f spelling Date Creation Rosiropavic 2 ? 31 31 081

Date Extraction Andrews 1L 1 32 43 0.55

inlm Feters 2 ] 3z 33 -0.58

Young 1 1 42 24 -1.60

Brovm 2 2 33 41 0.2

|G rtoralRank e e i e Covien 2 2 31 134
\ & Zscoefeading) [Zrea |igo lvanovich 1 2

. CQuin L e < -1 | Y]

) Stebbens 2 2
Westerbeke 1 2
Tank 1 1
aleen Ko 2

ormalizing Transformations

ed Normalizing Transformation

i is quite similar. First, you:

The procedure for wransforming variables in Excel 1{5 qmtz il;r;;i - Zasi'

i n compute the transtorme able. :

s the sindard score WS e pdard deviation of the variable to be transtol

do this is to determine the mean and stan e

ihed earlier. B
i i i mmpute the Z-scores as descri :
then wikte  funcion 1 o CZ foI; our 52 students in Table 21 are 38.17 an

equently, standard score scales are developed by combining the percentile ranks correspon-
1¢ [0 the raw scores with a linear transformation of the Z-scores that are associzted with those
entile ranks in the normal distribution, making the assumption that the trait being measured
mal distribution. (This is called an area conversion of scores. Because the complete
mation cannot be expressed by a strzight line, or linear equation, it is aiso called a

ar transformation.) Thus, in the mathematics test, we found that the percentile rank
0f 33 for the data in Table 2-1 was 26. In the table of the normal distribution (provided

meat and SD of the math score
spectively. The following screen s
Quickly. Her math score &
H2 computes her Z-score

ighting the remaining <
Eﬁguthi Down selection. (Ctrl+D
function in all cells of column

in any o
same procedure Lo obtain @ ; :
le. to convert the Z-scores In comm

¥

o & 1d insert the function ©

used for 1Q scores, we wou

of —

Iis in column H, clicking on the E
will accomplish the same resu
mputed the Z-scores;

ther linear transformation and put tl—le C-scad
n H into scores using the G
= (H2*15) -+ 100

< in cell G2, so the function “= Gz

2 17. Scores for the other stu

1L Once you have co

— 38.17)/8.84" Pl

dit menu, the Fill
It.) This pl

- s
hows the function for cornputing the Z-score: it

dents can be fofm_

ppénd'lx), the Z-score below which 26% of the cases fall is —0.64. If the distribution of
matics scores were exactly normal, this is what the Z-score of a raw score of 33 would be.
uently, to create an area-normalized version of this raw score, we would assign a standard

6% to a raw score of 33. Expressing this result on a scale in which the standard devi-
0 and the mean 50, we have

plete process of preparing a normalized standard score scale by the area conversion
finding the percentile rank for each obtainable raw score. The Z-score below
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istributi i hetituted for the raw
i 1 distribution falls is then su :

' ified percentage of the norma n falls | e e
et e ilij;mi; a Eet of Z-scores that yield a normal d.lstrlbuuon 1er t};etrgarr?sfgrmmon o
iforf% fbem'l dgour data. These Z-scores can then be subjected to a linea

ave obtaine ) -SC :
whatever mean and standard deviation are desired.

Normalized standard scores make sense whenever it seems likely that the group is a com-
plete one that has not been cartailed by systematic selection at the upper or lower ends. Fur-
thermore, they make sense whenever it seems likely that the original raw score scale does not
represent a scale of equal unirs but the underlying trait could reasonably be assumed to have z
normal distribution. Many test makers systematically plan to include in their tests several
items of medium difficulty and few easy or hard items. The effect of this practice is to produce
tests that spread out and male fine discriminations among the middle 80% or 90% of test tak-
ers, while making coarser discriminations at the extremes, That is, the raw score units in the
middle of the distribution correspond to smaller true increments in. the ability being measured

Bl ini ity 1 ion is the scale of!
ki g lzwi oqf normalized standard score gaming popullarlty 1111 ec:lluizitn e ring
A second typ wivalents, or the NCE scale. This scale is develope y gtg e normaliing

i ’ e stan
norn;at:su;;crﬂid T o o ot coin - ?Sesl;\?;;;dard deviation is th than do raw score units at the extremes. The “true” distribution of ability is pulled out into a

u . . ‘ . l i 1 5 P R . X )
ifgf at 21.06 rather than at 10. The reason for Cihoosmg th;i?ii: Erlgik of 1 and a score of 99 co Hat-topped distribution of scores. The operation of normalizing the distibution tevenen st
cale | i nids to & perc . . | ctiop
. in. which a score of 1 correspo : AN ! .
. 8“"35; - ercentile rank of 99. The relationship between 1\_ICES an{d %fszﬁonal s (PRs)
o i tcl)la grst cwo columns of Table 3-5. Most major publishers o1 e etional ach v
e ; : ' .
shownrglvitde tables of NCE scores, thus allowing for comparison of ren ig;:t ;;)D formance on 2
;ests ftests As these publishers note, however, the tests differ };n Ci\ e t:n g
ereln does ﬁot imply that one test could be substituted for anot nalr(.i s ﬂ,ﬂe O it
no ?} omparable, 50 unjess you know that two tests Werle1 norme
s, ’ i aufion.
groups, NCEs from different tests should bz cor?paretd Ilfwdl;rdcscore e based on am a5
: i il to develop sta
e now identified two ways : : e O
WenTZtandard deviation. In one, the Hnear trangformation method, Z
mean &

Stanines

A type of normalized standard score that has become quite popular for educarional tests is the
- stanine (a condensation of the phrase standard nine-point scale) score. The stanine scale has a
‘mean of 5, and stanine units each represent half of a standard deviation on the basic trait dimen-
_sion. Stanines tend to play down small differences in score and to express performance in
roader categories, so that attention tends to be focused on differences that

eiaflonsh [] bet“;reen the st ] are lal‘ge er]ough o
1 i Z SCOTES may be furthel‘tl‘a . matter. }1e r 1 : . ] : : ‘
f the Obser ed mean and Stal’lda d de 'atlol’l and T ng . . en | .
OTTI e(] ] St De g it l) Ed )}‘ L i Ky tan(lard devla{lo“. alld th.erl added t(). a._ : : e . i ine scale aIld llle l) z
i i anabltl'a new s ast two colut ET ] i grcentile ran 5:5] ]
YW h d d not Change the relatl“e diStanCES betweell SCOTES B.I'].d- ni g ased on pe Cerntlile ]nformau'cn 1€T, stanine st Ies
s e
bltl‘al’y e mean. ThlS metno 0es 551 ned 3 1 ussed ear

istributi :he other method, the area or normalizi t
o Shﬁpe . SC‘?reri:ﬁ???:\jlslegntzhzﬁs%ge: Zl-zcores to raw Scores, based on the petr}izﬁt
o per'cen't‘; et' 1 that falls below the Z-score. These aSS}gned Z-scoris are e .
o norme'd g ll;'tlo standard deviation and mean o a des1r§d sa?ale. The resu e
forlrln’f ; W:Ells;lmz éizztlrri)l;ution regardless of the shape of the distzibution of the raw scor
will form ,

The relationships between a number of the different stanidard score scales (after normal-
zation) and the relationship of each to percentiles and to the normal distribution are shown in
Sigure 3-3. This figure presents the model of the normal curve, and beneath the normal curve

1 scale of percentiles and several of the common standard score scales. This figure illus-

the equivalence of scores in the different systems. Thus, a College Entrance Examination
oard (CEEB) standard score of 600 would represent the same level of excellence (in relation

e common reference group) as an Army standard score (or AGCT) of 120, a Navy stan-

_ | score (or T-score) of 60, a stanine score of 7, a percentile rank of 84, an NCE of 71, or 2
Table 3-5 ivaienis, Percentile Ranks, and Stanines . ler 1Q of 115. The particular choice of score scale is arbitrary and a matter of conve-
Relationship Between Normal Curve Equivalents, i 1t is unlortunate that all testing agencies have not been able to agree on a common
PR Stanine : - it However, the important thing is that the same score scale and comparable norming
NCE 9 be used for all tests in a given organization, so that results from different tests may be
99 99 8 : ._ . . . L . :
90 a7 - 1er, we discussed the fmportance gf identifying an appropriate norm group, to allow in-
o2 a raw score using percentile norms, The same requirement applies with equal
80 2 6 e Wlsh to express a person’ characteristics within a standard score framework, The
70 5 from raw to standard score must be based on a relevant group of which the individ-
60 65 4 we are concerned can be considered a member. It makes no more sense to deter-
50 50 3 ering graduate student’s standard score on norm data obtained from high schoal
40 32 ) s than it does to express the same comparison in percentiles.
10 17 standard scores, like percentile ranks, base the interpretation of the individuals
8 1 o aer performance in relation to a particular reference group. They differ from per-
?g 3 : S1 they are expressed in units that are presumed to be equal, hence they repre-
1 E
]

The basic unit is the standard deviation of the reference group, and the
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INTERCHANGEABILITY OF DIFFERENT TYPES OF NORMS
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0.13%

Various types of standard score scales in relatipn fo P | .
Source: Sample items similar to those In the Differential Aptitude Tests. Copyright @ 19

Psych Corp/Harcourt. Reproduced by permission. All rights reserved.

individual’s score is expressed as a number of standard deviat.ion units above ot b
of the group. Standard score scales may be based on either a linear or an area (non
version of the originai scores. Different numerical standard score scales have ce
ent testing agencies. Standard score scales share with percentile ranks the p?oblc_

appropriate reference group.

72,

i

‘ D - - ~1SD 0 +1SD 425D
Standard -48D 38 2SD l |
Deviations i ] | ] l ! . .
! ' 30 ' 5 A % 99.9%
Cumulative percent 01%  23% 159% 500 % 8;417 9;{.37;//
Rounded 2% 16% 50% o A
i ] L |- || | I
Eomnlents S A A
qu 1 5 10 [20]3040506070{80| 90 95 | 99
Q Md Qs
|
{ 1 | | | 1 |
! i ] | ] | i | i | ] | ] |
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Q
@ | | 1 1 ] | 1 i ] ] 1 | i 8|0
£ 1 T-scores 20 320 40 50 &0 70
O
E | 1 L i 1 ] 1 | ] | ] | ! |
c% CEEB scores 200 300 400 500 800 700 800
[5]
& I I R N BIFU B I T
" | AGCT scares 40 GIO SIO 1c|>o &210 1?0 t
|
30 A0 50 B0 70 80 9C 99
NCEs ‘} 1l0 2|0 1 I 1 1 1 | } 1
§ i >tal4|5|617]8 9
& Percent 4% 7% |12%|17% | 20%{17% | 12% | 7% 4%
7] in stanine
«. | Subtests I | ] | | ]
28 1 4 7 10 13 16
o5 .
gﬁ Deviation l | I ] ] |
Qs 55 70 85 100 15 130
igure 3-3
P ercentiles and the normal curve.

Whichever type of normative scale
table will show the different possibl

are shown. The developmental standard sCores
are based on a group tested early in the third g
and a standard deviation of 21.06 to an eatly th

21 can be characterized ag follows:

Ha\j‘ng a D55 of 191 (200 is the mean for fourth
- Having 2 grade equivalent of 4.2

- Receiving an NCE of 66
. Receiving a stanine of 7.

L

2

j:. Falling at the 78th percentile in the third
5

is used, a t

-grade group

able of norms will he prepared by the test pub-
& Iaw scores on the test, together with the corre-

(standard scores in this publishers terminology)
.rade‘ The NCE score scale assigns a mean of 50
ird-grade group. Thus, a boy with a raw score of

-graders tested in the spring)

. Table 3-6
_. Vocabulary Norms for the lowa Tests of Basic Skills—Form A, Level 9, Grade 3 Fall Norms
Raw Stsaggrird Glrade Percentile Normal Curve
Equivalent Rarik Equivalent Stanine
0 121 K.2 1 1 1
124 K.4 1 1
128 K.6 1 1 1
132 K9 2 7 :
136 1.1 4 13 1
141 1.4 6 17 2
147 1.7 9 22 2
152 1.9 13 28 3
157 2.1 19 32 3
i61 2.4 24 35 4
164 28 29 38 4
167 2.7 34 41 4
170 2.8 39 44 4
172 3.0 43 48 5
174 3.1 47 48 5
177 3.3 54 52 a
178 3.5 58 54 5
: 181 3.6 61 56 6
183 3.7 65 58 6
185 3.8 68 60 5]

(continued))
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: pupils tested after 5 months in the fif
Table 3-6 (Continued)

h grade. Henry shows superior performance, hut how
does he compare in the two subjects?

From one point of view, he does equally well in both:
Eercontie Normal Curve . ke is just .1 full year ahegd in grade equivalent, But in ternis of percent_iles he is better'in
Raw Standard Gfade Rank Equivalent Stanine mathematics than in reading, that is, at the 74¢h percentile in mathematics compared with
Score Score Equivalent 5 the 65th percentile in reading. Will, on the other hand, falls at just the same percentile in
4.0 73 63 both reading and mathematics, However, in his case the grade equivalent for reading is 7.5,
20 188 o 78 66 ! and for mathematics, it is 6.7,
21 191 4 80 69 7 The discrepancies that appear in this example result from the differences in the variability of
) 194 4.4 86 73 7 performance and rate of growth in reading and mathematics. Reading shows a wide spread
23 197 4.6 76 8 . within a single grade group, relative to the mean change from grade to grade. Some fifth-graders
o4 500 4.8 89 80 g . read better than the average eighth- or ninth-grader, so a reading grade equivalent of 8.0 or even
o5 504 51 92 a5 8 9.0 is not unheard of for fifth-graders. In fact, a grade equivalent of 9.0 corresponds to the 89th
55 95 ‘ : percentile for pupils at grade 5.5 in this particular test series, Ten percent of fifth-graders read as
26 209 6.0 a7 90 o well as the average ninth-grader. By contrast, fifth-grader almost never does as well in marhe-
27 2186 6.7 90 99 9_' matics as an eighth- or ninth-grader—in part because the fifth-grader has not encountered or
28 226 ' 99
29 240 79 %

iverside Publishing Company. All rights reserve )
i j 2001, 2006 by The Riverside any. ‘ t
. ic Skis® (iTBS®), Copyright © s ; e cing cretouns
o I?Wﬂ TiS:an iis]rzsmducgd or transmittad in any form or by any means, electro:;:3 :r ::;SSion it
?a” i W(cjir oryby any information storags of refrievel system without thfa proper ,\;v;ij il ;)inqumes e
e o mgunless such copying is expressly permitted by federal copyrlght law.
lishing Gompany

’ g h gla ers are dO g d] erent
WMeadows, lllinot 0008
s ' 4
G ) g dO eight ]
sslon pay N verst

things. For example, fifth-graders are likely to be working with whole numbers and relatively
simple fractions, whereas eighth-graders will be studying decimals, complex tractions, and
geometry. A fifth-grader might well be able to read and understand an eighth-grade history book,

but very few could do eighth-grade mathematics. Thus, fifth-graders are mere homogeneous
th respect to mathematics than to reading skiils,

The preceding point must always be kept in mind, particularly when comparing grade

right child will often appear most advarced in reading and
guage and least so in mathematics and spelling, when the results are reported in grade equiv-

ts. This difference may result, in whole or in part, simply from the differences in the growth
tions for the subjects and need not imply a genuinely uneven pattern of progress for the
or this reason most testing specialists are quite critical of grade equivalents and express a
-prelerence for percentile ranks or some type of standard score. However, because they
to have a simple and direct meaning in the school context, grade equivalents continue to
opuldr with school personnel and are provided by most test publishers.

i ifferent ways o
From Table 3--6, it is easy to see that the diflerent syster}rlls of HO@; a};r;cﬁland e e yT
; 5 ther, movin .
i slate from cne to another, ;
ing the same thing. We can tran | i  back and forth <
Elfilsc?;%m receives an NCE of 66 in the third-grade group test;cllenrlagitsf o ag;anm-e;
ercen
ivalent of 4.0 corresponds to a p .
t of 4.2, A grade equiva : canke of 193 and |
}l?l?e different sirstems of interpretation suppott cne anotherlfor dlfsisten tpa ;’pwe > b
the different norm systems are not enftirely con o sttt
ever, el : o !
h Hlo;:lb'ect or trait to another. This inconsistency occurs begauseread e lunetions
o 0}'? Jmore rapidly from one year to the next, relative 1o the sp 3 2
or change

i is illustrated by the pai
i thematics. The phenomenecn is 1 . .
Comprehea{sﬁ: ;T? lzr;ied on the ITBS. It is assumed that the .thge boyz \gfﬁf;ottehs
Sh(zlwr; ilinmgnths in ’the fifth grade (midyear norms). John recellve tsc;);i: o0
enereojust average. His grade equivalent was 5.5, and he was close to _
W .

" i entiles
.(E?Jlr:::a::sgn of Developmental Standard Scores, Grade Equivalents, and Perc:

v.days of mental testing,
L at there was a need to co
\ tics :

Reading Gomprehension Matherma

he 8-year-old who had

after age norms had been used for a few years, it became ap-
nvert the age score into an index that would express rate of

an age equivalent of 10% years was obviously better than aver-
" Wil John Her oW much better? Some index was needed 1o take account of chronological age (actual
Type of Score John enty _ 1), as well as the age equivalent on the test {score level reached).
210 203 235 210 sponse to the need was the expedient of dividing a persons test age equivalent by his
LSS 8.5 7.5 5.5 : blogical age to yield a quotient. This procedure was applied most extensively with
Grade equivalent 52.5 65- - 53 sence, where the a
Percentile rank

ge equivalent on the test was called a mental age and the
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corresponding quotient was an intelligence quotient (1Q). Tn the 1920s it became commot:
practice to multiply this fraction by 100 (to eliminate decimals), thus giving rise to the general

form of the scale that is now so well known in education and psychology (see Chapter 12). How-
ever, quotients are subject to the same problems that bheset the age equivalent scores from which
they are computed, and when growth stops, the quotient starts to decline because chronological

part
pany
The

of The Riverside Publishing Com
is and Permissions Department.

]

age continues to increase at a Constant rate.
The notion of the 1() is deeply embedded in the history of psychological and educational

testing and, in fact, in contemporary American language and culture. The expression 19 test has
become part of our common speeck. We are probably stuck with the term. But the way that th

1Q) is defined has changed. 1Qs have become, in almost every case, normalized standard score
with a mean of 100 and a standard deviation of 15, and we should think of them and use them

in this way. These scores are sometimes referred to as deviation intelligence quotients, or deviatio
1Qs, because they are basically standard scores expressed as a deviation above or below a mear
of 100. The 1986 revision of the Stanford-Binet Intelligence Scale substituted the term standir
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age score for 1Q to reflect more accurately the true nature of the scores, and many other tests have
followed suit in dropping references to 1Q. _ £w
Unfortunately, the score scale for reporting 1Qs does not have exactly the same meaning fro S £28w
test to test. Different tests include different tasks as measures of inteiligence. Furthermore, t¢ g’ § 2 g &
may be normed at different points in time and use different sampling procedures. These diffs 2 £ £88
ences in procedure also lead to some variation in the norms and, consequently, in the dist goge §
tion of 1Qs they yield for any given school or community. A series of studies by Flynn { 55 4 2
1998) also suggests that there has been a long-term rise in 1Qs worldwide, dating at least 58 g =&
mid-1930s, which would mean that norms that are 15 to 20 years old are probably not Eorty
priate for use today. Such a change in mean performance makes it difficult to compare 2ESS §
over time or between successive test forms. We discuss issues related to intelligence’anc % E 5:;" § ]
used to measure it in Chapter 12. _ -~ SE: 2 2
- SEfzs
N S5k
E NEgES
PROFILES : 028°%
3 L : 29385
The various types of normative frames of reference we have been considering provide Fes : g 5 -E ]
expressing scores from quite different tests in common umits, so that the scores ca (| P i SE 23 £
ingfully compared. No direct way exists to compare a score of 30 words correctly'sp %3 5 o ;5
a score of 20 arithmetic problems solved correcily. But, if both are expressed ift EEQ E g
grade level o which they correspond or in terms of the percentage of some defin % S g =8
group that gets scores below that point, then a meaningful comparison is possible 55 8 S8 %‘
ferent test scores for an individual, expressed in a common unit of measure, ise 5388 E 8 g
profile. The separate scores may be presenited for comparison in tabular formb 5 s | % 24 ] o8
converted score values. A record showing such converted scores for several pu o . . i 8 Sg>pP
Figure 3—4. The comparison of different subareas of performance is made pict £x gv £ |IE, & B a = gzs g3
a graphic presentation of the profile. Two ways of plotting profiles are shown 1 i-g_J ég 28 18 128 Ils8 |18 ¢ |l T g -‘E o3
2 Jig 588232%
DraEaLl?
Lias858F

and Figure 3-0.
Figures 3—4 and 35 show part of a class record form and an individual profi

[TBS, respectively. The class record illustrates the form in which the data aré.re
the schools by the test publisher’s computerized test scoring service. (The pre
reporting of results takes differs from one scoring service (o another.) Four
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Figure 35 shows data for testings of a student in two successive years (fifth and sixth A second problem in interored - 101
grades). The so-called “developmental scale” referred to toward the left is actually a scale of grade ups and downs in the f'f eting profiles is that of deciding how much attention to ay t
equivalents (GEs). Thus, this pupil had a vocabulary grade equivalent of 3.7 when she was tested ' i prottle. Not all the differen pay [0
the first time. By the next year her grade equivalent on this test was 4.6, Similar growth of ap-
proximately one GE is shown for each of the other subtests, although the level of performance in
either year shows considerable variation from one subject to another.

The results show her scores generally to have been at or above the national average. An ex-
amination of her profile for the fifth-grade test indicates that she was strongest in capitalization;.
science, and reading comprehension skills and weakest in vocabulary and spelling, Some of the
hazards of paying a great deal of attention to small ups and downs in a profile can be seen in a
comparison of her performance on successive testings. Although the profile shows a relatively
consistent pattern of highs and lows over the years, relative superiority changes somewhat fro
one yeat to the next.

Figure 3-6 shows a second type of profile chart for the ITBS. Here, the scores for Eli
Johnson (see Figure 3—4) are shown for each of the separaie subtests of the battery. Note that:i
this case the different tests are represented by separate bars rather than by points connected - Interest in criterion
a line. The scale used in this case is a percentile rank scale, but in plotting percentile value cores has led test publishers to produce a
proprizte adjustments in the scale have been made to compensate for the inequality of pe i - , content. A well-designed test will inciude
centile units. That is, the percentile points have been spaced in the same way that they are:
normal curve, heing more widely spaced at the upper and lower extremes than in the m
range. This percentile scale corresponds to the scale called Percentile Equivalents in Figure 3
By this adjustment, the percentile values for an individual are plotted on an equal unit scale ' The report presented in Fi 37
given linear distance can reasonably be thought to represent the same difference in amou - number of items assessing (h tgi.rﬁ -/l
ability, whether it lies high in the scale, low in the scale, or near the middle of the scale. ' & that skill. The
same token, the same distance can be considered equivalent from one test to another.

In the profile in Figure 3-6, the middle 50% is shaded to indicate a band of average
formance for the norm group. The scores of this student have been plotted as bars that’e
from the left side of the chart. For this type of norm, the average ol the group constitutes th
chor point of the scale, and the individual scores can be referred to this base level. This t
figure brings out the individual’s strengths and weaknesses quite clearly. Note also tha
merical values for this student’s percentile ranks in the national norm group are given to
of the profile. In addition, this particular test publisher’s scoring service provides a narra

-referenced interpretations of test s

sts each subtopic for each test of the [T
number

terpretation of the profile. Such an interpretation can aiso help draw the attention of teach Ven more detailed descrinti eds
parents to noteworthy features of the students periormance. Because this profile is it tein analysis such as tl'zltjt'lﬁm of this lstu(%ent’s performance can be provided in an in-
serve as a repott to parents, there is also space for teacher comments. k  for math ¢ oncepts and estini Bstrated in Figure 3-8, which shows part of the class re-
The profile chart is a very effective way of representing an individuals scores,.bu esponds to an item. The iten @ lgn' EaCh,COIHmn represents a student and each row
must be interpreted with caution. First, procedures for plotting profiles assume that § response tlo the iterm fumbers are 8tven, organized by the skiil they measure. and
for the tests are comparable. For this to be true, age, grade, or percentile scores must: & item correct and an 15 mdlcate.d Hj it was Incortect (a solid dot indicates the’ St~
equivalent groups for all the tests, We usually find this to be the case for the subtestsof ' teacher can see that UP? dot indicates an omission). From the information on
tery. Norms for all the subtests are established at the same time, on the basis of test chose al ternative A fw(:%hg sséuailf;ts got item 23 correct, one student omitted the
’ LeT

group. This guarantee of cormparability of norms for the different component 1e'56s: e monly made errors such as al native ¢, and one chose alternative D, By lock-
most atiractive features of an integrated test battery. If separately developed tests:ar as afternative A, the teacher can diagnose particular skill
profile, we can usually only hope that the groups on which the norms were establ comparison purposes, percentages correct are
comparable and that the profile is an unbiased picture of relative achievernent in-di : and the school system, as well as this particu-
When it is necessary to use tests from several different sources, one way to b gives studentb

equivalent norm groups is to deveiop local norms on a common population an ‘as a whole ir};
ual profiles in terms of those local norms. _ rt compares the

Udents need extra work, For
: for the national norm group

;s:jetpt detaigl, but for examining the strengths and weak
atlon such as that provided in Fi .

: igure 3-9 may be more
pertormance of this class with that of the national no);m group
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105
the building, and the school system. The results
rect, are displayed both numeric
difference is less than 10%

. shown item by item in terms of percent cor-
ally and graphicall

¥. The two vertical lines indicate when the
and, therefore, probabl

¥ too small to be of interest. The results for
this class show a broad pattern of performance above the norm group in problem solving and
r g approaches and procedures with performance in other areas near the national norm. (Note that
o So gl the complete table for the class would contain similar information about items covering other
8 Co¢ .
fy 17 28056 skills and knowledge areas.)
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Table 3-8 | ¥ :
indiividual and Schooi Average Norms for the lowa Tests of Basic Skills—Form A, Fall Norms for an de o o whis by o o e 1
€ ipti [ . -
s o soucshcrtzitton of whgt 1S, ot a prescription of what shorl;cgsl;eproisenmd ety of wher v 1
Grade Percentile Rank Percentile Rank . Possibieg to cz;n?e] - Zﬂ _iﬂdication e foe Perfoﬂzaiigm%t e e
— — porertle ark. pare an individual or a class with other individy | lasset re§u1t5 o
als and classes with respect to
8.4 %9 i
z . - several reasons.
2 o % Normative S i }
o : Gorattve 1.clt’;resh(.}we Rela?we Rather Than Absolute Information. Th
6.6 79 : other clap P . acevement is as high as that of other pupils or wh h ot s her a2 -
o 7 .: - | masterEdsses. hut they do not tell us whether the basic conce tsvc:f fli b oo s igh a
55 g > : or whether the pupils read well enou 4 e e pens
5 » an income tax return. Furthermore
s _ might expect from gl] ,
52 » : Remember
e 34
40 24
10 i about bri
ou i ils ©
x o oot | :Efér;g all pupils “up to the grade norm.”
: 5 . en and enormous improvement in e
1.0 !

Source: lowa Test of Basic Skils® (ITRS®). Copyright @ 2001, 2006 by The Riverside Publishing Cormpany. Al rights reser
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half of the students testing “below grade level.”
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. app ‘

fen a te raisi 1
Jective, it may be more useful to develop test exercissgnfhrr;asmry e oo Tostruciona
5 that appraise that objecti
Jective, to agree on
['mastery, and to determine which students

For a test that assesses standing on some trait or competence in some area of kmowled
provide a basis for interpreting the scores of an individual or a group. Converting
any test taken singly into an age or grade equivalent, percentile rank, or standard e

an interpretation of the

ing together the set of scores for an individual in a common unit of measure;

expressing these scores
in different areas.

The average performance for a class, a grade group in a school, or the childr
grade throughout a school system may be reported similarly. We can then see thy
performance within the group on some single function or the refative performa
{0 each of several areas. Norms provide a frame of reference within which the:
viewed and bring all parts of the picture into a common focus. Now, what does th
and what should we do about it? .

Obviously, it is not possible, in a few pages, to provide a ready-made interprel
of scores that may be obtained in a practical testing sitvation. However, we ca .
eral guidelines and principles that may help to forestall some unwise interpretatl e i imple matter, and that

an others. Even

still be differences among individuals in their

it Must Be Evaluated Relative to Input.
e v;;ilu:flfoor of the group as it exists at ¢
~adonal eliort. But what of the input? Whe
€ notion of input is a complex and ra

level at which the individual is functioning on that particul: et o |
ts typically give a picture of ont
utput—of

he time of testing, after a period of exposure to

in a profile, brings out the relative level of performance Ofi.t. re did the group start?

ther subtle one. Qur conception of input should

HS or the Chlld pa I} S i
! N H a i i
. A ‘ e ='[:). k 5 eathlng and gl.lldance Of 1ea1 Iling,

. arental discipli
ultural resources in the home are part : e

of the input just as

» correspondingly, the appraisal of output

“unsatisfactory” i '
1y” is something we can do with only modest confidence
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Output Must Be Evaluated Relative to Objectives. The design, conient, and norms for pub-
lished standardized tests are based on their authors’ perceptions of commeon national curticular

objectives. The topics included, their relative emphasis, and the levels at which they are intro- . Billy Joe

duced reflect that perceived general national pattern. 1o the extent, then, that a given school -— , Mr. Jones Dr. Thompson
system deviates in its objectives and curricular emphases {rom the national pattern, as inter-; dig bor:'ow T : , i
preted by the test maker, its output at a given grade level can be expected to deviate from the Figure 3-10 Incision prologue

national norms. If computational skills receive little emphasis, it is reasonable to find that com- Scale of word knowledge
putaiional facility wili be underdeveloped. If map reading has been delayed beyond the grade '
level at which it is introduced into the test, it is reasonable to find that relative standing on that
part of the test will suffer. Unevenness of the local profile, in relation to national norms, shou For the tasks, th
always lead one to inquire whether the low spots represent failures of the local program as the abilit o1, the scale can be tho
achieve its objectives or a planned deviation of emphasis from what is more typical of schog left to quit ydl‘“?fqmremem of the item
nationally. Low performance that results from conscious curricular decisions would be much Ie qute diificul
case for alarm than a similar level of performance would be in an area of curricular emphas
Which of these conditions obtained will no doubt influence what is done with the [inding.
To the extent that individual states have uniform objectives for all districts within th For people. th
woundaries, well-designed standardized tests measuring achievement of these obiectives o by the tals) kspt }? ¢ }fiscale can be thou
are available through contract arrangements with test publishers. Several states now comn would get b lfat ft at person can just
with organizations that specialize in test development to have tests constructed accord Bet hall of the items correct.
specifications provided by the state board of education. Such tests usually are intended t
used at particular points in the educationai program, such as the transitions from elem
<chool to middle school, middle school to high school, and near the end of high school.
If these considerations and some of the caveats discussed in the next two chapters are
in mind, the teacher, principal, superintendent, or schoo!l board will be able to interpr
reported test results with increased wisdom and restraint. =

t on the right. The difficul
of the examinees will get the item correct. For a

a%:‘)ility of a correct response is 50%
different b-values or item difficulties,

Many of the recent developments in testing sterm from what has come to be called itefm. i i
theory (IRT), or latent trait theory. (We will use the terms more or less interchangea
otigins of this approach go back before 1910, and the basic logic of the theory was’
worked out by E. L. Thorndike and L. L. Thurstone in the 1920s (see R. M, Thorndike
the practical application of the theory has depended on the availability of computers. IR Zero point. As an exampl
in turn shaped the ways in which computers are used in testing, Let us look at the s '
ing developments that ster from the interactions of the theoretical models and the &
compuiers to implement them. Cur discussion will be in terms of cognitive abilities
response theoty can be applied equally well to personality measures and measures 9
logical traits. Additional defails are provided in Yen and Fitzpatrick (2006).

Latent trait theory assumes the existence of a relatively unified underlying't X
teristic, that determines an individuals ability to succeed with some particular | _t-..O;IE'hIP_ between ability level and
task. Possible attributes might be knowledge of word meanings, arithmetic tedso £rout, 1§§tead, is 2
visudlizing. We can represent the trait as a linear scale (as shown in Figure 3-10) FObablhtY of passt
tasks and people can be placed in an ordered sequence. The tasks in this exam - )
defined, and the trait is knowledge of word meanings. A given test may contain;
several such dimensions, but each item should be a relatively pure measuze ofo

. ___ainp_le, Celsius or Kelvin), By
thi S{;gle and the relative positio

o _WﬂI pass the item increases as their ability
Ot atest given to a group of people at Joe’s le

ught of as a scale of difficu} .
3, 50 the words in the ; iculty (we could also think of this

Ly of an item is defined as the abifi '
| e e ability level at which half
is called b. Thus, the five words

m characteristic curve shows that for an ite

llustration go from VEI'y easy on the

the point on the scale where the prob-
t0 be defined have five

f ability, his 6,
-yalues, the relative difficuity of the
tion, to remain nearly constant for

-siz i i

: fOercl units (for example, Celsius) or a different ZETO point

n,o o a given scale, the units are presumably equal through-
persen or task does not depend either on the size of the

e of our temperature-scale analogy,
¥

. bassing an item of z given difficulty i
question of probability. The form if the ;elftliloty bip benmeen

nship between

11. The graph in thliJs figure is
, and there is one such curve for
m of a given difficulty; the proba-
level goes up. Thus, if we include
vel of ability, about 25% would be
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Probability of correct response (%)
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[
0 ‘ 1 ] I tem 1 , Iltem 2
Biily Joe “incision” M. Dr. .
Two items of T
Jones Thompson i of equal discriminati ; -
P Figure 3-12 nation that differ in difficulty
Figure 311 ltem characteristic curves for items that differ in difficuilty

ltem characteristic curve for the meaning of the word incision.

different Jevels of ability i
_ ability is a function of th
Cottent thore Aty lon o1 the rate at which the probabilit i i
Chamcteﬁsﬁcgcum h }?bIIh{;Y Gltaphlcally, this rate of change canpbe seerllhstly fgemng e
o ractertc cu 50.(7 pz . a,f e;gwen to the slope of the curve is a. The a paiat e ;fﬁhﬁ g
. o point. Figure 3~12 sh . s e it
ol bt sve s ini. SNOWS curves representi i e
. wre - gt (hat di i
o ;[biflailtlnl dlslcrlmmgnon. The shapes of the two cur%reiielims e
parameters, ¥ levels required to have a 50% chance of getting th e e
. e item correct, are

able to define the word, while among, those at Mr. Jones' level, about 85% would be d
provide a correct definition. Turning things around, Joe could define about 25% of the
whose difficulty was the same as incisions, while Mr. Jones could provide correct definitio
ahout 85% of such words.

As we see from Figure 3-11, the probability of a person’s passing an item as a funet
ability level is expressed by & curve that is quite flat af the two extremes but rises steeply 4
the level that matches the difficulty of the item. The test item differentiates most eff
hetween those whose abilities are somewhat above and those whose abilities are somew
the difficulty level of the task, but nrovides very little differentiation among those who!
are very high or very low. Dr. Thompson and other people at her ability level would pas:
Al the items at the difficulty level represented by incision, and we would know that she.
verbal ability, but we would not know how high. We would need words in the diff
from prologue to tenet (see Figure 3.--10) in order to locate Dr. Thompson’s ability wit
sion, because these words are sufficiently difficult that she would not get ail of them

The trace line of an item is a characteristic of the item that does not depend 0
taking the test, but our ability to reveal the entire curve depends on applying the item
ciently heterogeneous group that people over the full range of ability are represent
iterns like incision only to people like Joe and Mr. Jones, we could enly see that p '
that falls between them. Because this range covers the difficulty level of the item (th ' }
ability dimension where 50% of the examinees would get it correct or the item’s b fl
sult would not be too serious, but if only people like Billy or like Dr. Thompsorn’ :
we would be able to tell very little abour the item. i

Fach item has its own characteristic curve that is defined by its difficulty
point, which is called its b parameter) and its discrimination. Discriminatio
the item to separate those of higher ability from those of lower ability. A wide
item discrimination is the correlation between score on the single itemn and s¢
set of itemns that measure the dimension. The ability of an item to allow for

%))
o

|
Joshua | Jacob
it
Itern 1
and ltem 2

Two it IFfi
items of equal difficulty that differ in discrimination

teristic curve f
: s for two items of equal difficulty that differ in diserimination
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this point, look at the two people who are
has a probability of about .25 of getting the
of correctly answering the item. However, o
Because the slope of the item characteristic curve, an
ability level, is lower, the difference in probability of a co
of 50%. The item does not differentiate between the tw

does provide some information over a wider range of ability levels.)

Tor items where examinees choose their answers from a set o

{true—false, multiple choice, and similar item forms called select-response items), the curve ha
a third feature, the probability of getting the item correct by chance, or guessing. This effec

is ceen when the curve flattens out at some probability greater than zero. The probabil
value at which the curve flattens out is called the ¢ parameter or the guessing parameter

Figure 3—14 provides an example of such a curve in which the value of ¢ is 20%. This is dif

ferent from the situation for Item 2 in Figure 3-13. In the latter case, although the graph de
ough for the trace line to reach zero, the curve is still descending, 1f p
ple of extremely low ability had been included in the sample, we should find an ability le
where examinees have zero chance of getting the item correct. This occurs when examin
must preduce their own answer
than selecting the definition from a list of alternatives. Item trace lines for items where t
aminees produce their own responses, such as short answer and definition items, can alw:
reach zero; those for select-response items never cat.

not go down far en

s for the items, such as writing definitions of words

Computer Adaptive Testing (CAT)

The most efficient measurement using the IRT framework requires that we be able to giv
person the items most appropriate for people at their ability level. Tt is this feature for %
computer is essential, and the technology for selecting which items to administer s keri
computer adaptive testing, or CAT. The rapid development and widespread availab
th item response theory to lead to the development of CAT:
tive testing, we mean the rapid adjustment of the difficulty level of the test tasks to.[
level of the person being tested. As we indicated eatiier, tasks that are much too difficult o
too easy give litle new information about the ability leve! of an examinee. For ex
knowing that an examinee who is an applicant for college admission could define. th
would tell us essentially nothing about whether the applicant was a promising candida
a word that any high school senior could be expected to know. We would also learn te
e if the examinee failed on fracedinous. Probably not ove high school senior in 100,
know the meaning of the word. (Webster’s Urabridged Dictionary defines it as “prodt
putrefaction [obsolere].”) We gain useful information by testing with tasks on whi

computers has combined wi

know in advance whether the examinee will succeed.

igure 3-14
-ffact of guessing on the item
haracteristic curve,

100

50

20

plotted on the ability contimuum. On ltem 1, Joshua
item correct and Jacob has a probability of about .75
n Item 2 the probabilities are much closer together,
d hence the correlation of the item with
rrect response is only about 20% instead .
o examinees as well, (However, ltem 2

f given alternative

CHAPTER 3 Giving Meaning to Scores

Ideally, in adaptive testing
whether the examinee can pass 't
difficulty for that age or grade gr
our best guess of the person’s ahi
§on’s ability level somewhat and
item. As long as the examinee co
the ability level and to raise the

Wwe start at a

makes it appro

' : orrect, and
a slightly easier item. With & sequence of

near the examinee’s abilit

estimate of this ability. el snd the
. Any given leve!
Ing, using perhaps half s man
for use with a complete a
include items that are app
that a

passes
record

he item. This point wou
oup, because in the ahs
lity level. Each correct

nrinues tc get items corre
difficulty ievel of the next
& level was close to the

we would lower our estimate sli

of precision in the estimate can be achieved by wel
¥ test items as would be tequired in a co
ge or grade group. This is because in conve

p te p [)1 d ECE:SSEIy IO]. C] lldE: ter 15
opria {[] eople o li el b )

g a 1]1?1185 it 1s I
e too eas} or tco hal’d [OI’ a glVe] examinee . II]. C()Il'v'entl(JIlal tes
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difficulty level at which we are most uncertain

Id usually be at an item of about 50%
ence of any special information, this is
Tesponse raises our estimate of the per-
present next a somewhat more difficult
(.:t, Wwe continue to raise our estimate of
item presented. If our initial guess was
examineel ability level, the examinee
ghtly and drop back to
ures, we would soen zero in with items
es and fathares would give a good final

priate to

and fail
of pass

I-designed adaptive test-
nventional test designed
ntional tests, in order to

proportion of the items are ar the correct level for

precise our estimates are in Chapier 4

. A truly effective procedure for .
fmding one item that is of most ap
nee’ ability level, This searching is

somethin
enough for effzctive testing. The ¢ el

. omplete pool
culty level and, if need be, by discrirﬁinatig;ol o

programined to adjust its estimate of the examinee

adaptlive testing must entail searchin
propriate difficulty,

’ g the pool of items and
glVen cur current estimate of the exami.

a computer can do efficiently and rapid]
s can be stored on a disk, coded bychlifﬁ)—z

only
item

evel and content category. The computer can be

,? ability level by an appropriate armnount after

ile. f the ]nte[‘es 11 oie al a ( 8) Imr P T y p
g p L t1 1 ppl aty S Of ) Qse theo a ld ada ve tes g S
. le es 115
3 g Of gladlllg pI‘OCBdUIGS between ClaSSES or sect

. ;:,d tcf) the creation of standardized tests such
. n or students from different schools. Tf so

use item response the

tons of a course. One of the motivari

: motivatin
as .the SAT was the desire for Comparf
ome items that had been calibrated by IRT

oty to achieve a common scale, called a
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universal seale score, for the different levels of the test. The American College Testing Program also e or a small number of carefully defined ob
ully detined objectives

Eses I;{T to create a common scale forfsevera?. different tests that have no items in commorn but nd for which standards of performance can be ei 13}’ ;tfflnCLard scores, and the term 19 is no longer
ave heen given to a common group of exarminees. . - : - techn i
e have determined th B ihealty val le for a suffici Cofiems @ empirically or logically derived. o ¥ eppropriate.
we have etermined the difficulty values on a common scaie Jor 4 st 1c1ept pool 0 1Lems,. Because many tests are designed o apprai If the norms available for a number of different
we can use items from that pool to do a number of nseful and interesting things. We outline objectives, and because meaningful bppralse sev-  tests are of the same kind and are based
: . ) eaningful absolute stan- On compara-

ble groups, all the tests can be expressed in compara
ble terms, The results can then be shown pictoﬁall .
in the form of a profile. Profiles emphasize score dig
ferences within the individual. When profiles are

us -
.Ed’ we must take care not to overinterpret their
minor ups and downs,

some of them here. .
ds of performance are not available for most tests, a

1. Fstimating ability level from any se of items. if the difficulty scale values are available fora score s generally given meaning by comparison

ait, an unbiased estimate (unbiased in a statistic with some reference group or groups. This method of

large pool of items measuring a common Ir _
sense, not in the social policy sense discussed in Chapter 5) of a person’s ability level on that tra gving a raw score meaning is called norm-referenced
tetation. The comparison may be with

can be obtained from any set of items drawn from that pool. The precision of the estimate will d

pend on the number of items, increasing in precision as the number of items increases. Tt will al eries of grade groups (grad No
depend on how closely the difficulty of the items matches the ability level of the person, wi eries of age grfu SP( grade norms) . rmshrepresent a descriptive framework for in-
. . . . . L a i i
accuracy increasing with the closeness of the match. But there will be no systematic error im t A sitigle group, in \Ehichgeet?;m) o sornlie larrlge:- ; score Qf an individual, a class group, or
estirnate in any case, assurning the probability of a correct response is not zero (or chance by what percentagepof thi Itnance fe Incli- can he Iﬁa d ggrﬁgﬂﬁon. Howgver, before a judgment
for select response items) or 1.0. In these two cases, the item gives no information about.t surpassed (percenti © g)roup the doing well con Wlether an individual or group is
s : ) 1ie norms Weil or poorly, allowa
person’s ahility. i . ) . ] nce must be made fo
_ . _ ' . ingle group, in which performance is indicated ability level, cultural background, and curricul '
2. Preparing equivalent test forms. By drawing from the pool sets of items having the 5 1e number of standard deviations the score is phases. The norm is merely an ’ e e
average difficulty value, the same spread of difficulty values, and the same average dis or below the group mean (standard score of Procrustes into which ev); average and not a bed
nation, we can prepare test forms that are equivalent in the sense that any given raw s _ (Norms of this type may be subjected to It describes the person’ Curgf[ne ffm be forced to fit.
signifies the same level of examinee ability, irrespective of the test form on which it is b - ar conversion to eliminate decimal noint to some specified compari pertormance, relative
. ) . o : . 7 ari
We could use the test forms to measure gains from instruction, giving one form before ~ ative values or to nonlinear translt?onn: An alternative to Fzradsi(iiri)i;?up. hods of
- methods of giving

insiructional period, and another after. Or, in situations in which test security or exa normali I :
uctional p , : : _ Lest ¢ Y or e normalize the score distribution.) meaning (o test scores is provided by item
copying is likely to be a problem, different forms could be given to individuals in alter theory and computer adapti Y response
S . El i
seats. 1f, for some reason, one test were invalidated for a person, an alternate, equivalenn mines the di fficulrt) ool Elrptlvi testing. IRT deter-
P * . 0 .
could be administered. : e as th items on a COntin}LUm ¢ Efaf?, %Em and places the
. o . . . ; UCh as the | ‘o vet ol ditticulty. Exami

3. Matrix sampling in testing. At times, a researcher may wisi (o cover Very com o o express th(g ;Vere developfid to get  placed on the same continuum in tgnns of tﬁle,es are
some domain of content and may not be interested in making decisions about speci egree to which indi- ity level. CAT is then used to select the ot
viduals but, instead, in assessing the performance level of a class, a school, or a-scho priate next item for an examinee. based o O}?‘t e

. . o : , n
tem. Tt is then not necessary that every test ltem be administered to every perso N pattern of past successes and failures. is or her
person can be given a fraction of the items, as long as each item has been given t0:50
people. The investigator can then think of the class or school or school system as ¢
ite “person.” Upon determining the proportion of items passed at known difficulty
ues, the researcher can estimate an ability level for the group, either with résped
complete domain or with respect to specific limited segments of that domain. Thisd : What liritad
e , . . : Hc s L , - imitations would national norms h
makes it possible to hold testing time within reasonable limits and yet to cover : " for use b ave
) - ¥ a county school systemmn in rural West

the domain of content in which the investigator is interested. Virginia? What might the local sch
: & local school syst
: and a norm-referenced do about the limitations? ysiem

rriative has certain advantages and cer-

. %at assumptions lie behind developing and
using age norms? Grade norms? Normalized

SUMMARY _Sra§§ received a raw score of standlard scores?
e ing Test (Form J} of ;
A raw score, taken by itself, rarely has meaning. A percentage of the domain they have If = Skiils: What ad ditiorﬁl intfl;i_ . In Figure 3-3, why are the standard scores
score may be given meaning by a consideration of  ative to a standard of performance:set ded to interpret this score? evenly spaced, while the percentile scores are
the domain of instructional content that the test is administered. These methods of givinl e e ore: unevenly spaced?
itermns represent. The performance of individuals or  a raw score are called criterion-refex 2 T alr?éf?:i‘for use - State A gives a baitery of achievement tests each
- obalm er use age May in the 4th, 8th, and 11th grades. The me-

groups can then be assessed either in terms of the tions. They are approptiate for
dian grade level in each subject in each district
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in the state is reported Lo the state board of ed- propose 1o study this situation further. What Hambleton, R. K., & Pitoniak 117

Lcation. Should these results e reported? 1 s0, additional information do they need? . performance stan darc?slaI, M. J. {2006). Setting  Nitko, A. J. {1984). Defini

what else should be included in the report? In 13. The third-grade teachers in1 Bigeity school dis- Educational measuremen;: (2 }1? L. Brennan (Ed.), test Iﬁ Y B lSflmng “criterion-referenced

what ways might the board use the results o rrict have prepared a 30-iem et L0 ASSESS THAS: Wesiport, CT: Pracger th ed., pp. 433-470). referenced t;est ;:O er (].Ed‘), A guide to criterion-

promote better education? What uses should texy of the basic muliiplication facts. What and, P W, & Dorans .N 1. (200 L Johns Hopkins Sifucmqn (pp. 8-28). Baltimore:
the board avoid? score should they accept as demonstrating equating. In R. L. B’:rer.m;aln (Eg)). Linking and  Petersen, N. S. KoleIllVe;iltY Press.

9. Ms. P takes pride in the fact that each year “mastery” of these facts? How should such a : ), Educational (1989), Scafing no? N J.. & Hoover, H. D.
she has gotten at least 85% of her fourth- score be determined? Linn (Ed), E d;icaé(r;g;g;ﬂand equating, In R. L.
grade class “up to the sorm’ in each subject. 14, What ate the advantages of reporting test d, P W, & Rubin, D. B. (Eds.). (198 pp. 221-262). New York: I\fjlasurgment (rd ed,
How desirable is this as an educational performance in terms of stanines? In terms o uating. New York: Academic Press 2). Test  Shepard, L. A. (1984). Settin ne ? cmillan
chiective? What limitaiions or dangers do normal curve equivalents? What problems r, H. D. (1984). The most appro lriat In R. A Berk (Ed.), A gfidpe Tt;nt}anf:e standards.
you see in it! from using each of these forms of normative r: measuring educational develGplzrlen(t3 L test construction (pp. 159498)6%&;0“4@( erenced

10. School Fhasa policy of assigning sransfer stu- repoit? : e;nentary schools: GEs. Educational M in the Hopkins University Press - Balidmore: Johns
dents to a grade on the basis of their average 15 Obtain the manual for some test, anl ent Issues and Practices, 3, 8-14. easure-  Thorndike, R. L. (1982). Apph'éd psych )
grade equivalent on an achievement battery. mformation given about nOTMS. R M. (1989). Certification of student com Houghton Miflin. yenometrics Boston
Thus, a boy with an average grade equivalent of s How adequate is the norming 16t o In R L Linn {(Ed.), Educational melzzi: Thomdi‘ke’ R. M, {19992). IRT and intelli
5 3 would be assigned to the fifih grade, no <ufficient information given for you 0 ent (3rd ed., pp. 485 514). New York: testing: Past, present, and future. In Se Elgence
atter what his age or his grade his previous a judgment? i millan. ' bretson and S. L. Hershberger (Iéd ) The new
school. Whal ate the values and limitations of b, Calculate the chance score (i.e., the scon . : _(1988)‘ Defining score scales in relation rules of measurement: What ever. e Ti?e it
such a practice! expected from blind guessing) for the fest ArEment error. Journal of Educational and educator should know (pp. 17—?;5%95)1(/6[ Iilogllit
11. The superintendent of schools in Riverview, note its grade equivalent. What limita Tem;m’ 25, 97-110. Wai NJ: Erlbaurm. S,
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below national nerms o an achievement of the test al the upper end of its rang 6). WEStport, CT: Praeger. N A M, (1986). The choice of scale for ed
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