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A bstract

A linkage betw een scores on two te sts  th a t do no t m easure the  sam e underly ing con

s tru c t is called a  concordance. T his paper discusses the evaluation and  app rop ria te  uses of 

concordances. A conceptualization  of score equivalence in term s of a  la ten t variable model 

for te st scores is presented. Tw o factors involved in evaluating th e  quality  of a linkage 

of two scores are discussed: 1) the in itia l com parability  of the scores, and  2) w hether 

com parab ility  is desired for scores of individual exam inees, or for score d istribu tions. It 

is concluded th a t  the only app rop ria te  use of concordant scores of individuals is in s itu 

ations where em pirical evidence exists th a t  the inferences m ade using concordant scores 

and the  inferences m ade using th e  actual scores are not too different. T he use of concor

d an t score d is tribu tions is likely to  be less problem atic than  the  use of concordant scores 

of individuals. Still, evidence should exist th a t a concordant score d istribu tion  does not 

differ greatly  from th e  d istribu tion  of th e  actual scores in any popula tion  in which the 

concordance is used. Exam ples are presented to illu stra te  the  evaluation and  appropria te  

uses of concordances.
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Suggestions for th e Evaluation and U se o f C oncordance R esults

T he focus of th is paper is on issues involved in evaluating th e  quality  of a concordance, 

and th e  app ro p ria te  uses of a concordance. T he first section discusses concepts of score 

equivalence in th e  contex t of a la ten t variable model for test scores. These concepts are 

used to  d istinguish  am ong various types of linkages, including concordance, and  are useful 

in considering th e  quality  of a linkage. In  the  second section the  concepts developed in the 

first section are used to  discuss the  evaluation of concordances, and th e  app rop ria te  uses 

of concordances.

Score Equivalence

In th is paper the te rm  test will denote a set of specifications th a t describe how to 

build te st forms. A te st form consists of a specific set of item s th a t m eet a set of test 

specifications. Test specifications include inform ation abou t the  type and  conten t of item s 

011 a  te s t form, as well as adm in istra tion  conditions. T he developm ent of test specifications 

is p a rt of a  process th a t involves the  m ore general steps of defining a dom ain and a 

fram ework of particu la r content w ithin the dom ain to  be assessed (Feuer, Holland, Green, 

B erten thal, & H em phill, 1999).

T his paper deals w ith  the  case in which the responses of exam inees to  item s on a 

p articu la r te st form are tran sla ted  into a  d iscrete univariate te s t score. A linkage between 

two scores is a  function th a t  transform s one score (denoted Y )  to  a tte m p t to make it 

com parable w ith  the  o ther score (denoted X ). A linking function is applied to values of 

score Y  ob ta ined  by individual exam inees w ith  the  in ten tion  of using the transform ed score

Y  as if it were score X . T he linking function can also be applied to  a d is tribu tion  of Y  

scores w ith  the in ten tion  of using the transform ed score Y  d is tribu tion  as if it were a  score 

X  d is tribu tion . This paper only considers linkages for observable te st scores. Linkages of 

la ten t variable d is tribu tions (e.g., Bloxom, Pashley, N icewander, &; Yan, 1995; W illiams, 

Rosa, M cLeod, Thissen, & Sanford. 1998) are  no t considered.

An im p o rtan t factor in evaluating the  quality  of a linkage is the  in itia l com parability  

of the  two scores for which a linkage is sought. W hether two scores are m easuring the  sam e 

underly ing variables (m easuring th e  sam e th ing) along w ith  the  concepts of first and second 

order equity  (Lord. 1980; M orris, 1982) are  used in this paper as a m eans of evaluating the 

com parability  of two scores. A t one ex trem e two scores can be m easuring th e  sam e th ing  

and in add ition  be close to achieving first and  second order equity  as defined below. Scores
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th a t m eet these conditions will be denoted closely equable scores. A t the  o ther ex trem e are 

scores th a t  are not m easuring the sam e th ing, which will be denoted  nonequable scores. In 

between these two extrem es are weakly equable scores th a t  are  m easuring the  sam e thing, 

b u t come from forms th a t are no t designed to be parallel, so it is expected the  scores will 

deviate m ore from first a n d /o r  second order equity  th an  closely equable scores. These 

th ree types of score com parability  represent th ree useful reference points on a  continuum  

representing the  degree of sim ilarity  between th e  scores to  be linked.

The established term inology used to  describe the  linking of closely equable and weakly 

equable scores are equating  and calibration , respectively (Linn, 1993; Mislevy, 1992; Feuer, 

Holland, Green, B erten thal, & Hemphill, 1999; Kolen & B rennan. 1995). T he term inology 

used to  refer to linking nonequable scores depends on th e  m ethod  used to com pute the  link

ing function. W hen regression is used to com pute the linkage function the  resu lting  linkage 

has been term ed prediction  (Linn. 1993; Mislevy, 1992; Feuer, Holland, G reen, B erten thal, 

& Hem phill, 1999). W hen equipercentile m ethods are used to com pute th e  linkage function 

the linkage is term ed a  concordance (M arco & A bdel-F attah . 1991; H ouston & Sawyer, 

1991; D orans, Lyu, Pom m erich, & H ouston, 1997). W hen th e  linkage function is com puted  

using m ethods involving m odera to r variables the linkage is term ed s ta tis tica l m oderation  

(Linn, 1993; Mislevy, 1992; Feuer, Holland, Green, B erten thal. &; H em phill, 1999). Mislevy 

(1992) also uses the term  s ta tis tica l m oderation to  refer to concordance (which is called 

case 1 s ta tis tica l m oderation). In th is paper the term  concordance is used to  indicate a 

linking of nonequable scores regardless of how the linking function is com puted.

A nother factor in evaluating the quality  of a linkage is th e  level a t which the  score 

com parability  is desired. T he quality  of a linkage can be evaluated a t two levels: 1) indi

vidual exam inee scores, and 2) score d istribu tions. C om parab ility  of individual exam inee 

scores would imply com parability  of score d istribu tions, b u t it is possible a linkage could 

resu lt in a high degree of com parability  of score d istribu tions while no t providing a high 

degree of score com parability  for some individuals. For instance, it is always possible to  

develop a link function th a t results in alm ost perfect com parability  of distributions in one 

popula tion , no m a tte r how incom parable the two scores are for individuals.

T he next two subsections discuss the com parability  of individual scores and  score 

d istribu tions, respectively.

Comparability of Individual Scores

For two tests  X and Y  assum e there is a la ten t random  vector 0  th a t  accounts for all
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the system atic  varia tion  of the  scores on the two tests. T he  variables in th e  la ten t random  

vector &  are a union of th e  la ten t variables m easured by tests  X and  Y.

Let X  be the random  variable representing the score on a form of te st X, and Y  be 

the  random  variable representing the score on a form of te s t Y in a  p articu la r popula tion  

of exam inees. T he function th a t  gives the true  score of X  as a function of 0  (a realization 

of <9) is tx (0) — E ( X  | 0), and the function th a t  gives th e  tru e  score of Y  as a  function 

of 0  is Ty{0) =  E ( Y  | 0). Two scores are said to  m easure the  sam e th ing  if th e  tru e  score 

on one is a function of the tru e  score on the o ther (i.e., given one true  score the  o ther true  

score is uniquely determ ined), otherw ise they  are said to m easure different things.

If t ( Y )  be an  increasing function th a t  transform s score Y  in an a tte m p t to  make it 

com parable w ith  score X ,  th en  th e  deviation from equity  for scores X  and t ( Y)  (the actual 

and  concordant scores) a t x  and 0 is:

w here F # ( x  | 0) is the conditional cum ulative d istribu tion  function for X  given <9 =  0 

(P r [*  ^  | 0J), and (*̂  | 0) ^  th e  conditional cunrulative d is tribu tion  function for

t ( Y)  given 0  — 6  (P r[£(F) <  x  | 0]). If D E ( x , 6 )  =  0 for all x and 0 then  equity  would 

hold for scores t ( Y)  and  X .  Lord (1980) showed th a t equity  cannot be achieved even 

for scores m easuring th e  sam e th ing  unless th e  two scores are parallel or bo th  scores are 

perfectly  reliable. If equity  cannot be achieved for scores m easuring the sam e th ing , it also 

cannot be achieved for scores m easuring different things.

By assum ption , all the  system atic  variance in Y  and  X  is accounted for by &.  T hen, in 

add ition  to  the m arginal d is tribu tions of t(V ) and X  being identical for all 0  if D E ( x , 0) =  0 

for all x and  0, the associations of X  and  t ( Y)  w ith  any o ther variable will be identical. 

Consequently, if th e  deviation from equity  is zero for all x and 0, then  any inferences using 

t ( Y )  would be the sam e as those using X . An evaluation of th e  com parability  of two scores 

should focus on how close to  zero the  deviation from equity  is, which indicates the  ex tent 

to  which inferences m ade using X  and  t ( Y)  tend  to  be th e  same. The deviation from 

equity  being zero for all x  and  0 is an ideal th a t  cannot ever realistically be fully m et, no t 

a criterion to  be judged as being m et or not.

T he deviation from equity  for th e  first two m om ents of the conditional d istribu tions 

given in E quation  1 (first and second order equity) cap tures im portan t aspects of score 

com parability . T he deviation from first order equity  for scores t ( Y)  and X  a t 0  is

D E ( x 10) =  Ft(Y) ( x \ 0 ) - F x { x \ e ) , ( i )

E[ t ( Y)  | 8] -  E \ X  | 0], (2)
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where the first expected value is over the conditional d istribu tion  of Y  given (9. and the  

second expected value is over th e  conditional d istribu tion  of X  given (9. T he first expected 

value in E quation  2 is equal to  th e  true  score corresponding to  the  observed score t (Y) .  

and th e  second expected value is equal to  th e  tru e  score corresponding to  th e  observed 

score X . E quation  2 is the  difference in the true  scores corresponding to  t ( Y)  and  X . T he 

deviation from second order equity  for scores t ( Y)  and X  a t 6 is

a 2[t{Y)  | 0 \ ~ a 2[X | 0}.  (3)

E quation  3 gives the difference in th e  conditional m easurem ent errors for scores t ( Y)  and 

X.

Unless the scores to  be linked are parallel, no function t exists such th a t  even the 

deviation from first order equity  is zero. Therefore, the com parability  of t ( Y)  and  X  

should focus on how close the deviations from first and second order equity  are to  zero.

Two cases of score com parability  are distinguished when scores X  and  Y  m easure the 

sam e thing. One case is when the te s t forms are designed so th a t the  deviations from bo th  

first and second order equity  for scores X  and Y  should be sm all (e.g., scores from two 

forms produced from the sam e specifications and designed to be parallel). In th is case 

scores X  and Y  will be referred to  as closely equable, the linkage of X  and  Y  is called an 

equating, and t is called an equating  function (Linn. 1993; Mislevy, 1992). In th is case t 

serves to  fine tune th e  score Y  so th e  deviation from equity  of t ( Y)  and X  is less th a n  the  

deviation from equity  of Y  and  X.

A nother case occurs when the  forms are designed to  m easure the sam e th ing, b u t are 

not designed to  be parallel, so it is expected th a t scores X  and  Y  will deviate m ore from 

first a n d /o r second order equity  th a n  closely equable scores. For exam ple, scores on two 

forms produced from the sam e specifications, b u t contain ing different num bers of item s, or 

scores designed to  m easure the sam e th ing  bu t a t different grade levels. T he scores X  and  Y  

in th is case will be referred to as weakly equable. A te rm  used to  refer to  a linkage between 

weakly equable scores is calibration  (Linn, 1993; Mislevy, 1992). The term  calibration is 

generally reserved for linkage of weakly equable scores using m ethodology involving la ten t 

variable models. T he te rm  vertical equating or vertical scaling has been used to  refer to 

linking weakly equable scores designed to  be used a t different grade levels.

T he above discussion considers score com parability  for two specific forms of two dif

ferent tests. In m any cases a  function t is com puted th a t is applied to  scores from a variety  

of forms th a t are already equated. T he  d a ta  used to develop such a t are typically  equated
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scores from a group of exam inees who have taken a num ber of different forms of each test,. 

T he  degree to  which the converted score on te st Y is com parable to  a score on te s t X will 

be form -dependent because forms will no t be perfectly  equated  (i.e., deviations from equity 

will differ for different pairs of forms). For exam ple, the  concordance between A C T  and 

SAT is developed using equated  scale scores for the two tests. A com plete evaluation of the 

quality  of the  A C T and SAT concordance in term s of deviations from equity  as described 

in th is section is com plicated by th e  fact th a t  the  concordance is based on m ultiple forms 

of th e  A C T and  SAT, w hereas the deviations from equity  probably  depend on the  forms 

considered.

Comparability of Score Distributions

Let Fy( x)  and Fx( x )  be the m arginal cum ulative d istribu tion  functions for Y  and 

X  in a p articu la r popula tion  (m arginalized over the la ten t vector 0 ) .  W hile no linking 

function t can be found th a t  results in equity  of the individual scores X  and  Y , if X  and

Y  are continuous random  variables a function t exists such th a t

Ft{Y)(x) =  Fx ( x ) , (4)

for all x.  E quation  4 will hold for a function t th a t  transform s Y  such th a t the  percentiles 

of t ( Y)  and X  are equal (the /> th  percentile of a  continuous random  variable X  is the 

value x  such th a t  Fx{ x)  =  p / 100). This function is the equipercentile function given by

tev(y) =  Fx [ F - 1(y)}. (5)

T he definition of the  equipercentile function only exists when Y  and  X  are continuous 

random  variables. In th e  case considered here where te s t scores X  and Y  are discrete 

an equipercentile function can be defined by continuizing X  and  Y  (Holland & Thayer, 

1989). Since there  is more th an  one way to  continuize X  and Y  a  unique equipercentile 

function does not exist when the random  variables are discrete. T he m ost com m on way of 

continuizing X  and Y  in order to  com pute an equipercentile function is to  spread  ou t the 

d iscrete density  using a  uniform  kernel (Holland Sz Thayer, 1989; H anson, 1993).

T he score given by the  equipercentile function is only called an equated  score when 

applied  to  scores th a t  are closely equable. W hen th e  equipercentile function (or any linking 

function) is used to  link two scores th a t are nonequable the  score produced by th e  equiper

centile function would be called a concordant score ra th e r th a n  an  equated  score. T he 

d istinction  betw een the equipercentile function producing an equated  versus concordant;
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score is no t relevant from the s tan d p o in t of the d is tribu tion  of scores. In o ther words, the 

equipercentile function makes the m arginal d istribu tions of two scores identical w hether 

or no t th e  scores are closely equable, weakly equable, or nonequable.

If the  equipercentile function is com puted using d a ta  from a single group design (w here 

a group of exam inees takes b o th  tests), or a random  groups design (where random ly 

equivalent groups of exam inees each take one of th e  two tests), then  it will only function 

to  convert th e  d is tribu tion  of Y  to  be th e  sam e as the  d is tribu tion  of X  in the  population  

from which exam inees were sam pled. In practical settings the  equipercentile function may 

be used to  produce a concordance used w ith  individual scores. In th is case th e  d istinction  

between concordant and equated  scores is im portan t, as discussed in the  previous sections.

T he equipercentile function m ight also be applied to  d is tribu tions of Y  from different 

popula tions th an  th a t for which the  equipercentile function was com puted. Let F \ ( x  \ z) 

and Fy { y  \ z)  be cum ulative d istribu tion  functions for the  conditional d istribu tions of 

X  given Z  — z and  Y  given Z  — z.  where Z  is a variable which takes on values that, 

are indicators of different popula tions of in terest (e.g.. males or females, different sta tes , 

or different schools). If an equipercentile function is com puted for popu la tion  Z =  zq 

(to(y) — F x [ F y 1{y \ zo)]) then  it will generally not be the case th a t

for z ^  zo and all x.  T he left side of E quation  6 gives the deviation from equity  of score 

d istributions; which can be w ritten  as

w here g(0 \ z)  is the  conditional density of &  given Z  =  z,  and S  is the  region over which 

the density  of &  is non-zero. E quation  7 can be w ritten  as

since it is assum ed th e  random  vector 0  accounts for all the  system atic  variation in Y  and 

X .  From  E quation  8 it can be seen th a t the deviation in equity  of score d istribu tions will 

depend on how close the deviation from equity for individual scores in E quation  1 is to 

zero. T he deviation from equity  of score d istribu tions can be close to zero as long as the 

deviation from equity  of individual scores is no t too far from zero for values of th e  la ten t

F ta(Y){x I z ) -  Fx ( x  | z) =  0 (6)

(8)
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variables for which th e  density  g(0 \ z)  is large. T hus, the  deviation from equity  of score 

d is tribu tions  will likely be closer to  zero th an  the deviation from equity  of a t least some 

individual scores.

Methods of Computing Linkage Functions

M islevy (1992) and  Linn (1993) have identified five types of linkages: equating, cal

ibration . prediction, s ta tis tica l m oderation , and social m oderation. T he first two linkage 

types correspond to  linkages for closely equable and  weakly equable scores, respectively. 

T he last th ree types of linkages all refer to  linking nonequable scores, and  are distinguished 

by the  m ethod  used to  com pute the  linking function. For instance, p rediction is a  type 

of linking produced when regression is used to  com pute the linking function. S ta tistica l 

m oderation  is a type  of linking produced when two scores are s ta tis tica lly  linked through 

a th ird  m odera to r variable. Judgm ents abou t the  com parability  of perform ance on two 

tests are used to  create a linking function in social m oderation. The approach taken in 

tliis paper is to  d istinguish  linkage types by th e  characteristics of the  scores to be linked 

(closely equable, weakly equable, or nonequable) ra th e r th an  th e  m ethod used to com pute 

the linkage function.

Evaluating and U sing Concordances

T his section discusses app rop ria te  use of linkages for nonequable scores. Linkages 

for nonequable scores will be referred to  as concordances regardless of w hat m ethod is 

actually  used to  com pute th e  linking function. P revious sections m ade the  d istinction  

between applying a linking function to  scores for individual exam inees versus applying a  

linking function to  a score d is tribu tion  for some group. T he nex t two sections discuss the 

evaluation and  app rop ria te  use of concordance results for individual scores and  score dis

tribu tions. respectively, using concepts concerning the  quality  of a  concordance described 

in th e  previous section.

Evaluation and Appropriate Uses of Concordant Individual Scores

O nly if the deviations from first and second order equity  given in E quations 2 and  3 

are b o th  close to  zero will t ( Y)  and  X  be called interchangeable in the  sense th a t  for a wide 

range of purposes sim ilar inferences would be m ade using e ither X  or t (Y) .  T he deviations 

from first and  second order equity  are w ritten  in term s of a la ten t variable model. A way 

to  evaluate a concordance using deviations from equity  would be to  collect d a ta , estim ate  

the  p aram eters  of a la ten t variable model using th e  d a ta , and com pute the  differences in 

E quations 2 and 3 as a function of the la ten t variables using the  p aram eter estim ates.
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These results could be com plex to  evaluate, especially in th e  case of nonequable scores 

where equity will depend on a vector of la ten t variables.

Since zero deviations from first and second order equity  are ideals ra th e r th a n  achiev

able goals, the question of evaluating equity  becom es a question of how close to  zero the 

deviation from equity  needs to  be in order to  say th a t a concordant score can be used 

interchangeably w ith th e  ac tua l score a t the  individual level. In th is p ap er it is assum ed 

th a t th e  deviation from first and  second order equity  should be close to  zero over the  la ten t 

variable range where m ost exam inees fall in order for two scores to  be used interchangeably, 

a lthough “close” is no t specifically defined.

D orans and H olland (2000) suggest evaluating the  degree to  which a linkage function 

varies across different popula tions to  assess th e  degree to  which it is app ro p ria te  to  use the 

linkage between two scores. T he m easures of popula tion  invariance in th e  linkage function 

presented by D orans and  H olland (2000) only depend on observed variables —- no la ten t 

variable model is involved. T he crite ria  discussed by D orans and  H olland (2000) depend 

on the ex ten t to which Fy ( y  \ z)  and Fx( w \ z)  differ for different popula tions z.

Using the concordant individual scores t ( Y)  in place of the  scores X  can result in 

different inferences being m ade when the deviations from first and  second order equity  are 

not small. T he g reater the deviations from first and  second order equity  are from zero 

th e  g reater the chance of inferences using t ( Y)  being different from inferences using X.  

I t is likely, due to  the fact th a t  Y  and X  are nonequable, th a t  there will be significant 

deviations from first or second order equity for t (Y)  (no m a tte r  w hat transfo rm ation  t is 

used). I t will in general not be app rop ria te  to use individual concordan t scores t ( Y)  in 

place of individual scores X  when X  and Y  are nonequable.

T he only condition under which it may be app rop ria te  to  use individual concordant 

scores is when there is specific evidence th a t the inferences to  be m ade using the  concordant 

scores are likely to  be valid. If the  concordant score t ( Y)  will be used to  m ake inferences 

in pla,ce of the actual score X , evidence of the appropria teness of using t ( Y)  in place of X  

would involve the use of d a ta  from exam inees who have taken  b o th  Y  and  X  to show the 

inferences using t ( Y)  are highly sim ilar to  the inferences th a t are m ade using X.

For exam ple, one use of a SAT to  A C T concordance would be to  concord SAT cutoff 

scores to be used w ith A C T scores. Since the concordance of SAT to  A C T is com puted 

using an equipercentile function, th e  percentile rank of a SAT cutoff y c should be ap

proxim ately th e  sam e as the  percentile rank of th e  corresponding A C T score x n. w here
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t ( yc) — x c. I t is no t the  case though  th a t  th e  same  exam inees would be classified above 

the  cutoff using a SAT score as would be using an A C T score. Therefore, if a  college w ished 

to  transfo rm  an SAT cutoff to  be used w ith  A C T  scores, evidence would be needed th a t a 

high proportion  of exam inees would be classified the  sam e way w hether the ir SAT or ACT 

scores were used. A way of evaluating th e  appropria teness of transform ing  cutoffs using 

concordances is to  use probabilities of consistent classification a t a cutoff using concordant 

and ac tu a l scores. These probabilities of consistent classification are denoted  consistency 

rates.

For a concordant score t ( Y)  th e  conditional consistency ra te  for observed score x given 

la ten t variable value 9  is

C R ( x , 9) — A ( x , 9) +  C ( x , 9) — 1 — [ B( x , 9) +  D ( x , 0 )],

where
A{x,  9) =  P r (X  >  t { Y)  >  x \ 9)

B(x,  9) =  P r(X  >  x , t { Y )  <  x \ 9)

C( x , 9 )  =  P r (X  <  x , t ( Y )  <  x \ 9)

D( x ,  9) =  P r { X  <  x,  t ( Y)  >  x \ 9 ) .

These four p robability  regions are depicted  graphically  in F igure 2. T he deviation  from 

equity  given by E quation  1 can be w ritten  as

DE ( x ,  9) -  B( x,  9) +  C(x,  9) -  [C(x,  9) +  D(x,  9)} 

— B( x,  9) — D (x , 9) .

Therefore, the conditional consistency ra te  can be w ritten  in term s of the  deviation  from 

equity as

CR( x ,  9) =  1 -  [DE{x,  9) +  2D(x,  9)}.

T he consistency ra te  is th e  expected value of conditional consistency ra te  over <9:

E 0 [CR{x,  B)] =  E e [A(x,  6)} + E g [C(x,  0)] = 1 -  E 0 [B(x,  0)] -  E e [D(x,  6)} .

C om pu ta tion  of consistency ra tes  requires a group of exam inees who have taken  bo th  

tests . For a value of score X  (say ico), let yo be a value of score Y  such th a t  t(yo) =  xq. 

T he consistency ra te  corresponding to  xq is the p roportion  of exam inees whose score on 

X  is g reater th a n  or equal to  x$ and  score on Y  is g reater th an  or equal to  yo? or whose
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score on X  is below .To and score on Y  is below y 0. This is the consistency of classification 

using cu tpo in t Xq on score X , and cu tpo in t yo on score Y  given by the  concordance.

Tables 1 and  2 list the  consistency ra tes for some of the  tests for which the  equiper- 

centile concordance has been done. For each of these exam ples, th e  half-at-or-below  defi

nition of percentile rank was used to  com pute the concordance (see Pom m erich, H anson, 

H arris, Sconing, 2000, for a discussion of various ways of defining percentile rank). Table 

1 gives the consistency ra tes  for the  A C T M athem atics test and  four A SSE T M athem atics 

tests and  the  A SSET W riting Skills te st (the A SSET tests  are designed to  be used for col

lege placem ent), based on an A SSET to  A C T concordance w here concordant A C T  score 

points were established for each A SSET score po in t (consistency ra tes  for five concordances 

are presented in Table 1). T he values listed are the  consistency ra tes  for the concordant 

A CT M athem atics score given a t the left and an A SSET score. For exam ple, bo th  and 

42 and 43 on the  A SSET num erical skills te st concord to  an A C T m athem atics score of 

18. The en try  of 0.78 in th e  A SSET num erical skills column of Table 1 corresponding to 

an A CT m athem atics score of 18 m eans th a t  78% of the  exam inees tak ing  bo th  A CT and 

A SSET had bo th  an A SSET score g reater th an  or equal to  42 and  an A C T score g reater 

th an  or equal to  18, or had bo th  an A SSET score less th a n  42 and  an A C T score less th an  

18.

T he blank entries in Table 1 correspond to scores w here the re  was no concordant 

equivalent (i.e.. no concordant A SSET score was equal to  th a t A C T  score). T he correla

tions between each A SSET score and the  A C T M athem atics score are given in the  last 

row. A ppropriately, the lower the  correlation, the  lower the m inim um  consistency ra te  

across A CT score points. Also note th a t, as expected, the  W riting Skills te s t generally 

gives the  lowest consistency rates and  has the lowest m inim um  consistency ra te .

Table 2 lists the consistency rates for two separate  forms of the  A C T com posite. T he 

d a ta  consisted of s tuden ts  who had taken the  A C T A ssessm ent on two national te s t dates, 

the  first tim e in April and again the following O ctober. T his tab le  gives an idea of the 

largest consistency rates th a t  can be expected.

Consistency rates need to  be in terpreted  w ith caution  due to  factors th a t  m ay result in 

the consistency as reported  in the  tables being higher th an  it actually  is for some purposes. 

F irs t, a consistency tab le  is, in a s tric t sense, only app rop ria te  for the popula tion  from 

which the sam ple used to  construct the tab le  was taken. T he  consistency results may 

not hold for a group th a t is qu ite  different from the popula tion  for which th e  tab le  was
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constructed . Second, the consistency ra tes  are typically  com puted  using the sam e d a ta  

used to  com pute the  concordances, which m ay resu lt in th e  consistencies being overstated . 

A b e tte r  assessm ent of consistency would be to  com pute the consistency tab le  using a 

cross-validation sam ple, different from th e  sam ple used to  construct the concordance.

Consider the  case in which a consistency tab le  is com puted for an A C T to  SAT 

concordance th a t  shows a high level of consistency. T he inference th a t is validated  by the 

consistency tab le  is th a t  of a concordant A C T  score being used in place of a  SAT score to 

determ ine w hether an exam inee’s SAT score is g reater th a n  or equal to a  p a rticu la r cutoff. 

T hus, an exam inee’s A CT score can be validly tran s la ted  to  be e ither g reater th an  or equal 

to  the SAT cutoff or less th an  th e  SAT cutoff. If the concordance were being used for a 

college adm ission process which included a cutoff on SAT scores it would lie app rop ria te  

to  use th e  inform ation for A C T -tested  app lican ts th a t their SAT scores obta ined  from the 

concordance were either g reater th a n  or equal to or less th a n  th e  SAT cutoff. It would 

not be app ro p ria te  to  use th e  A C T -tested  ap p lican t’s concordant SAT scores, ju s t w hether 

those concordant SAT scores exceed the cutoff or not.

A nother exam ple of how inferences to be m ade from a  concordant; score could be 

validated  is given by th e  following hypothetica l situa tion . Suppose two forms of a  te st are 

used as a  pretest; and postte st to assess change. We w ant to  assess change for exam inees 

who have taken the p re test, bu t have taken a different te s t th a t  is no t parallel to  the  pretest; 

in place of the posttest;. T his s itua tion  was sim ulated  using d a ta  on 84,260 exam inees who 

took th e  A C T A ssessm ent bo th  on the O ctober 1998 and April 1998 test dates. T he gain 

in R eading scale scores for individuals betw een A pril and  O ctober will be used as the 

s ta tis tic  of in terest. T he effect of using an O ctober Science Reasoning scale score in place 

of an O ctober R eading scale score to  assess R eading scale score gain from April to O ctober 

will be exam ined. B oth  th e  Science Reasoning and  R eading te sts  are passage-based . Scale 

scores on th e  Science Reasoning and  R eading tests  have a fairly high correlation (0.75). 

which is com parable to the correlation for some tests  for which concordances are com puted.

A random  sam ple of 1500 exam inees from the to ta l group of 84,260 exam inees was 

used to  com pute an  equipercentile concordance from the  O ctober Science Reasoning scale 

score to  the  O ctober R eading scale score (scales scores on bo th  the  R,eading and Science 

Reasoning tests  range from 1. to  36). A concordance tab le  was created  th a t  gave concordant 

R eading scale scores corresponding to  each Science Reasoning scale score. In addition , 

th is estim ation  sam ple of 1500 was used to com pute a linear regression to  pred ict O ctober
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1998 R eading scores frorn O ctober 1998 Science Reasoning scores. T he perform ance of 

these concordances for the  purposes of using O ctober Science R easoning scores in place of 

O ctober R eading scores for assessing gain in R eading scores was evaluated using a  cross- 

validation sam ple of 1500 (the exam inees in the  estim ation  and cross-validation sam ples 

were m utually  exclusive).

F igure 1 presents plo ts of the  gain in R eading scores as com puted using th e  A pril 

and  O ctober R eading scores (actual gains), and as com puted using the  A pril R eading 

score and the  concordant O ctober Science Reasoning score (concordant gains). T he top 

plot in F igure 1 gives results using, concordant Science Reasoning scores com puted  using an 

equipercentile function. T he bo tto m  plot in F igure 1 gives results using concordant Science 

Reasoning scores com puted using regression. T he num ber of observations a t each poin t in 

F igure 1 is roughly indicated by the  size of the p lo tted  symbols. T he  th ree sym bol sizes 

indicate 1-5 observations, 6-10 observations, and  g reater th a n  10 observations (w ith larger 

sym bols corresponding to  more observations). T he line in each of the  plots represents an 

identity  line, on which the  points would fall if the concordant and ac tual gains were the  

same.

T he spread  of concordant gains a t each level of ac tual gain is ra th e r  large. For instance, 

a t an actual gain of zero the concordant gains range from ab o u t -10 to 10, which is abo u t 

as wide as the range of values observed for th e  ac tua l gains across exam inees. T hus, an 

exam inee w ith an ac tua l gain of zero m ay have a concordant gain th a t  is ab o u t as low as 

the  lowest ac tual gain or ab o u t as high as th e  h ighest ac tual gain. T he s tan d ard  erro r of 

m easurem ent for th e  R eading te st is ab o u t 2.5 scale score points, so the  s tan d a rd  error 

of th e  difference in two independent adm in istra tions is abou t 3.5. T he  spread  of gains of 

concordant scores a t each level of ac tua l gain is large relative to  th e  spread th a t  would be 

expected based on m easurem ent error in th e  A pril and  O ctober R eading scores. For the  

concordant scores based on b o th  an  equipercentile function and regression, th e  concordant 

gains are shifted tow ard zero from the actual gains a t the  extrem es. So individuals w ith 

high (positive) actual gains will tend  to  have lower concordant gains, and individuals w ith 

low (negative) actual gains will tend  to  have higher concordant gains. T he results in Figure 

1 suggest th a t it would not be app rop ria te  to  use the individual concordant gains in place 

of the  ac tua l gains.

One procedure th a t  has been used to  m inim ize th e  possibility of incorrect inferences 

being m ade when using concordances w ith  individual scores is to  repo rt a range of scores
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ra th e r th a n  a single concordant score. For exam ple, in 1989 an E nhanced A C T was in

troduced  and  a concordance tab le  was developed which gave concordan t E nhanced ACT 

scores corresponding to  original A C T scores (an exam ple in the nex t section contains more 

details concerning th e  E nhanced A C T  and  original A C T). Besides a concordant E nhanced 

A C T  score a t each original A CT score, a range of E nhanced  A C T scores was also provided. 

I t was recom m ended th a t  the  Enhanced A CT score ranges be used when an individual ex

am inee wished to  know approxim ately  how they  would score on the  E nhanced A C T given 

the ir score on the original A CT. T he  use of score ranges m ay help to  m inim ize inappropri

a te  inferences being m ade if it is likely the concordance results will be used w ith  individual 

scores.

An exam ple in which a  range of concordant scores could be used in applying con

cordance results to  individual scores for p lacem ent purposes involves a tw o-stage decision 

rule based on a “decision zone.” A SSET is a te s t designed for college placem ent decisions. 

Suppose a school has a cutoff score of 42 on th e  A SSET W riting Skills te st for adm ission 

into the s tan d ard  English course, and  a concordance is available th a t associates a range 

of A CT English scores w ith each A SSET W riting  Skills score. A decision zone stra tegy  

allows use of the A C T English score to  place s tuden ts  who have A CT scores, m inim izing 

the num ber of A C T -tested  s tuden ts  who would also need to  take ASSET. Suppose th a t 

an A SSET W riting Skills score of 42 corresponds to  a  range of A C T English scores from 

16 to  18. An exam ple of a decision zone rule would be to  place a s tu d en t w ith an A CT 

English score of 15 or below into the  rem edial course, and place a  s tu d en t w ith  an  A C T 

English score of 19 or above into the s tan d ard  course. S tuden ts  w ith an A C T English score 

in the decision zone of 16, IT, or 18 would take th e  A SSET W riting  Skills test, and  would 

be placed based on the ir score on th a t test. T his m ethod  requires more testing  th a n  ju s t 

using the concordance to  ob ta in  concordant A SSET scores from A CT English scores, bu t 

it leads to fewer incorrect placem ents due to  differences between th e  tests. In the  above 

exam ple, only those s tuden ts  who scored 16-18 on th e  A C T  English te s t would re test w ith 

A SSET and be placed using the ir A SSET scores, those who scored less th a n  16 or g reater 

th an  18 would be placed using the ir A C T English scores.

Evaluation and Appropriate Uses of Concordant Score Distributions

E quation  8 shows th a t  deviation from equity  of score d is tribu tions is the average of the 

deviation from equity  of individual scores. T he deviation  from equity  of score d istribu tions 

will likely be closer to zero than  the deviation  from equity  of at; least some individual
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scores. Hence, using concordant score d istribu tions is po ten tially  less prob lem atic  th an  

using concordant scores for individual exam inees. T he appropria teness of using concordant 

scorc d istribu tions for a p articu la r popu la tion  depends on the  ex ten t to  which th e  deviation  

in E quation  6 is zero for th a t  population.

A use of concordance as applied to  a score d is tribu tion  is the  com puting  of norm s. 

An exam ple of th is  is th e  concordance developed to  allow norm s to  be com puted for the  

E nhanced  A C T Assessm ent. In 1989, A C T  in troduced  w hat was then  called the  E nhanced  

A C T A ssessm ent, which was the  first m ajo r revision of the  A C T  A ssessm ent since its in tro 

duction some 30 years earlier. Because of the  changes in conten t, particu larly  th e  add ition  

of the R eading and Science Reasoning tests  and  th e  re tirem en t of the  Social S tudies R ead

ing and N atu ra l Sciences R eading tests, scores on the  original A C T  (adm in istered  before 

O ctober 1989) and the E nhanced A C T (adm inistered in O ctober 1989 and  la ter) could not 

be considered interchangeable. However, there  were substan tia l sim ilarities in the  two as

sessm ents: in form at, in overall difficulty, in the ir close ties to  the  high school curriculum , 

and in their purposes. T he E nhanced A C T and original A C T were sim ilar enough th a t it 

seemed reasonable to a tte m p t to  m a in ta in /e s tab lish  a linkage betw een scores on the  two 

tests, b u t the  tests  were dissim ilar enough th a t th e  linkage would need to  be trea ted  as a 

concordance.

I t  was determ ined  th a t the p rim ary  purposes of such a concordance would be gener

ating  norm s. One set of A CT Assessment; norm s are generated  for the  g rad u a tin g  class 

in a  given year, using the m ost recent set of scores for all g rad u a tin g  seniors who were 

adm inistered  the A C T Assessm ent. As the  E nhanced A C T  was in troduced  in O ctober of 

1989, it was possible some seniors g rad u a tin g  in M ay of 1990 would have m ost recently 

taken th e  A C T as jun iors (prior to  O ctober, 1989). In order to  include those stu d en ts  

in the  g raduating  class norm s, th e ir original A C T scores would need to  be linked to the 

E nhanced  A C T A ssessm ent score scale. C oncordance tab les were developed linking the 

original A CT to  the E nhanced A C T using a nationally  represen tative sam ple of exam inees 

from a s tudy  conducted  in the  fall of 1988. An equipercentile function was used to  com

pu te  the  concordance tab le  giving the E nhanced  A C T  scores corresponding to  the  original 

A C T scores. T he concordance was applied to  th e  d istribu tion  of original A C T  scores for 

m em bers of th e  1990 g raduating  class who had  only original A C T scores (i.e., d id no t test 

as seniors) for the purpose of including them  in the  g raduating  class norm s. T he appro 

priateness of th is procedure depends on how well E quation  6 is satisfied for the  population
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of A C T -tested  s tuden ts  in the 1990 g raduating  class who did not te s t in the ir senior year, 

when using the concordance developed w ith  the  fall 1988 nationally  represen tative sample.

T he  appropria teness of using concordant score d is tribu tions for a p articu la r popu lation  

depends on th e  ex ten t to  which E quation  6 holds for th a t population . Evidence th a t 

E quation  6 approxim ately  holds in a num ber of populations sim ilar to  the one in question 

could be used as evidence th a t it is app rop ria te  to  use th e  concordant d is tribu tion . On 

the  o ther hand, cau tion  would be needed in applying the  concordances com puted from a  

sam ple pooled across in stitu tions to  individual in stitu tions, especially w hen the group of 

s tuden ts  a t an in s titu tio n  differ g reatly  from the  full sam ple. See Pom m erich, Hanson. 

H arris, and Sconing (2000) for a discussion of th is topic.

D iscussion

T hree levels of com parability  between two scores Y  and  X  along a continuum  of 

score com parab ility  were described: closely equable (the scores are m easures of the sam e 

tiling and are from forms th a t are designed to  be parallel), weakly equable (the scores 

are m easures of the sam e th ing  b u t are  from forms th a t  are  no t designed to  be parallel), 

and nonequable (the scores do not m easure the  sam e th ing). A linking function t ( Y)  

transform s Y  in an a tte m p t to m ake th e  deviation from equity  of t ( Y)  and X  sm aller than  

th e  deviation from equity  of X  and  Y, although is unlikely th a t the  deviation from equity 

of t ( Y )  and X  will be substantially sm aller th a n  the  deviation from equity  of Y  and X.  

For th is reason it is argued th a t linkage types are m ost clearly d istinguished by the level 

of score com parability  of the scores to  be linked (e.g., closely equable, weakly equable, 

nonequable). T he m ost com m only used categorization  of linkage types (Mislevy, 1992: 

Linn, 1993) mixes level of score com parability  w ith  the procedure used to com pute the 

linking function (th ree of the  linkage types correspond to  different procedures for linking 

nonequable scores).

In th is  paper th e  te rm  "concordance” is used to  refer to  a linking function com puted for 

nonequable scores. T he deviation from equity  for nonequable scores was presented which 

defines th e  ex ten t to  which when com puting a concordance of Y  to  X  it is appropria te  

to  consider t ( Y)  in terchangeable w ith  X  for individuals. T he deviation from first and 

second order equity  is unlikely to  be small when X  and Y  are nonequable, no m a tte r  w hat 

linking function is com puted. T h is is a  widely accepted conclusion (e.g., Angoff. 1964; 

L indquist, 1964). For exam ple, it is p robably  in general no t app ro p ria te  when using the 

A CT to  SAT concordance tab le  (or the SAT to  A C T concordance table) to tre a t concordant
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scores of individuals as in terchangeable w ith  ac tual scores w ithou t considering random  and 

system atic  errors in the  concordance.

I t  is only app ro p ria te  to  use individual concordant scores in situa tions w here em pirical 

evidence exists th a t  th e  specific inferences to  be m ade using concordant scores t ( Y)  will not 

be too different from th e  inferences m ade using X . Some exam ples were presented of the 

types of em pirical investigations th a t  m ight be carried ou t to verify th a t concordant scores 

result in valid inferences being m ade. S eparate  evidence of the  validity of using individual 

concordant scores needs to  be obta ined  for each inference for which the  concordant scores 

are to  be used even if such validity evidence exists for th e  ac tual score. T h is is in con trast 

to  equating  in which a high level of equity  exists, and  equated  scores are deem ed valid to  

use for a wide range of inferences for which validity evidence for th e  te s t in question exists 

(an equated  score is used in terchangeably  w ith  the score it is being equated  to).

T he deviation from equity  for concordant score d istribu tions will be sm aller th an  

the  deviation  from equity  of individual concordant scores. T he use of concordant score 

d is tribu tions is likely to  be less problem atic th a n  th e  use of concordant individual scores. 

Still, it is im portan t to have evidence th a t  the  deviation from equity  of score d is tribu tions is 

approxim ately  zero in any popula tion  for which the  concordance is used th a t  differs greatly  

from the  popula tion  in which the  equipercentile concordance function was com puted.
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Table 1
Consistency Rates for ACT Mathematics and ASSET Tests

Concordant ACT 
M athem atics 

score

ASSET test

Numerical
Skills

Elementary
Algebra

Interm ediate
Algebra

College
Algebra

W riting
Skills

11 0.99 0.99
12 0.96 0.97 0.98 0.97
13 0.91 0.91 0.95 0.98 0.91
14 0.84 0.84 0.90 0.95 0.85
15 0.77 0.76 0.83 0.92 0.76
16 0.75 0.72 0.77 0.89 0.70
17 0.75 0.72 0.73 0.83 0.68
18 0.78 0.75 0.73 0.80 0.69
19 0.83 0.79 0.75 0.77 0.73
20 0.87 0.84 0.78 0.77
21 0.89 0.87 0.81 0.77 0.79
22 0.91 0.91 0.86 0.78 0.84
23 0.93 0.93 0.89 0.79
24 0.94 0.95 0.91 0.82 0.90
25 0.96 0.96 0.94 0.85 0.92
26 0.97 0.98 0.96 0.87 0.95
27 0.98 0.99 0.97 0.90
28 0.98 0.93 0.97
29 0.99 0.99 0.99 0.95 0.98
30 0.96
31 1.00 1.00 0.98
32
33 0.99

Correlations 0.70 0.62 0.66 0.72 0.52
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Table 2
Consistency Rates for ACT Composite on Different Test Dates

ACT Composite Consistency Rate
10 1.0
11 1.0
12 1.0
13 0.99
14 0.98
15 0.97
16 0.95
17 0.93
18 0.91
19 0.90
20 0.89
21 0.89
22 0.89
23 0.89
24 0.89
25 0.90
26 0.91
27 0.92
28 0.94
29 0.95
30 0.96
31 0.98
32 0.99
33 1.00
34 1.00
35 1.00
36 1.00
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Equipercentile Concordant Scores

Actual Reading Gain 

Regression Concordant Scores

Actual Reading Gain

Figure 1. Actual Reading Gain Versus Concordant Reading Gain Using October Science Scores.
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Observed score on X  

Figure 2. Probability Regions for Conditional Consistency Rate.










	00001
	00002
	00003
	00004
	00005
	00006
	00007
	00008
	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	00017
	00018
	00019
	00020
	00021
	00022
	00023
	00024
	00025
	00026
	00027
	00028
	00029
	00030
	00031
	00032
	00033



