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Criterion-related Evidence for Alternate Assessments in Reading and Mathematics

Thepurmpo< of this chgpter isto describe howinformation can be collected to provide criterion
related evidence suppoting the claims of studentsQskill, ability, or trait while usng specific
measurement methodsconduded in varying contexts. This typeof evidence is paticularly
important for alternae assessments to acquire any value-added interpretations Althoughcontent-
related evidence may provide doaumentation aboutachievement on standadsthat is ussful for
peer review and accountability, it begsthe question aboutthe effect of performance (or
proficiency) beyondthe statewide testing outcome itself.

Thefirst section provides an example of criterion-related evidence to illudrate the purpose for
conduding the present study; the second section extendsthis example into an andytic
framework; thethird section presents preliminary and selective results from astudy in middle-
school mathematics; and findly, two important caveats in practice are consdered.

A Definitional Exanmple of Criterion-Related Evidence

Mog skills, abilities, or traits are very complex condructs inferred from observing different
behaviorsin anumbe of different contexts. For example, thefollowing methodscould be used
to measure reading skills (with some of them quite familiar in both large-scale testsand in
classroons):
1. Readingwordsfrom an unfamiliar text outloudfor oneminute with a parent

volunteer
Oraly recallinginformation from afamiliar passage read indgpendently silently.
Orally responding to teacher questionsabouta story read to the class,
Answering multiple-choice questionson a pgoer pendl bubbk sheet in a state test.
Matching vocabulary wordsto definitionson aworksheet at the end of reading
period.
Pointing to pictures of objects on flashcardswhen a teacher names them on atest.
Sequendng information from a passage with sentence cardsin an adternae
assessment.
8. Reading a paragraph and then indgoendently summarizing it with acompostionin

class.
9. Predicting theendingto an unfinishedGstory in a small groupdiscussion.

arwn

N o

Notice tha thefirst word in each sentence focuses on a different behavior, tha the materials or
methodsrely on different measurement systems, and tha these measures are completed in
variouscontexts (condiiong. Theverbsrangefrom selected respongs (e.g., panting, matching)
to congructed respongs (e.g., oraly reading and recalling, explaining); the materials and
methodsgenerate different measures (e.g., wordsread per minute, answers to teache questions
obijects pointed to onflashcards); and the contexts (conditiong vary fromindegpendent work to
small and large group paticipaion. To wha extent are these behaviors-methodsconditions
related to each other and conveage as measures of reading?

Criterion-related evidence addresses the degree to which different measures (behaviors-methods
conditiong relate to each other. Sometimes, these variousmeasures are of the same or similar
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skills, abilities, or traits, and other times, they are of different skills, abilities, or traits. In thelist
above al of behaviorsrelate to reading as a broad condruct but differ in the specific aspects of
reading tha are beng addressed. Certainly they use different methodsand the condtionsvary
consdeably. We hopetha if reading is acohaent condrud, then students would be congstently
proficient across all ninemeasures (behaviors-methodsconditiong. That is, therelation (or
correlation) amongthe nine measures would be high. At the same time, we would NOT expect
students who are proficient in these nine measures of readingto be skilled at playing footbdl,
running 100 meters, or even on anotherN but very differentN academic skill such as calculating
theansver to math addition facts or estimating outcomes in science experiments.

Which behaviors should be sampled, which methods should be used, and wha contexts should
be consdered? And then, how should these behaviors-methodscontexts relate to each other and
how should they relate to other known behaviors-methodscontexts of reading?To answer these
two questions measurement systems need to be devised tha indude(a) some type of prompt or
stimulus (b) a methodfor recording performance, and findly, (c) ametric to affix a (numeric)
valueon ascale. All three components then need to be opeaationdized in a context tha allows
for comparable interpretationsacross students, to specific skills, or over timeto thelearning of a
student. Notice tha these stepsN the very opeationdization of the behavior-method-contextN
are where many of the problems exist. Basically, the behavior-method-context defines the
measurement system, which in turn needsto be congdered in making interpretationsof studentsO
skills, traits, and abilities.

Measurement methodsnecessarily mug be consdered when making inferences from
observations No performance or behavior can beinterpreted withoutconsdering the method
used in doaumenting the behavior and valuing it with reference to either (a) agroupof other
students (nom-referenced), (b) aspecific skill (criterion-referenced), or (c) prior peformance
ove time (individud-referenced). For this reason, the entire process (behaviors-methods
contexts) used in measuring behavior needsto be carefully monitored before any andyses of
outcomes can be conduded. Part of monitoring the process isto conneet it to other smilar and
dissimilar processes (behaviors-methodscontexts).

Collecting criterion-related evidence increases undestanding of therelationsamongvarious
skills, abilities, andtraits and the assodated measurement methods(behaviors-methods
contexts). In collecting criterion-related evidence, multiple skills, abilities, and traits AND
multiple measurement methods(contexts) need to be consdered. It is notgoodenoughto simply
measure oneskill, ability, or trait (e.g., predicting an outcome in an unfamiliar story) with two
methods(e.g., usng a multiple-choice respons on a bubbk sheet test completed independently
and providing respongsin asmall groupdiscussion in class). Nor isit sufficient to measure two
different skills (e.g., identifying the main character and predicting an outcome in a story) with
onemethod (e.g., usng amultiple-choice response on a bubble sheet test completed
indgpendently). Rather, both are needed.

Criterion-related evidence hdpsdeaermine both the integrity of theskills, abilities, and traits as
well asthe measures used to doaument performance; this kind of evidence becomes a critical
component of thevalidaion process. Using Kane® (1992)logic, validaion is aboutmaking a
clam (e.g., asking students to predict an outcome from a story reflects comprehenson) and then
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suppoting it with evidence, both procedural (describing the measurement methodsand contexts)
and empirical (statistically andyzing the outcomes). By doaumenting the behavior-method
context, procedural evidence is used to ensure thefind outcomes and interpretationshave reach
beyondtheimmediate measures. By statistically documenting paternsand relations empirical
evidence is usd to subdantiate these interpretations

Meaauring students with disabilities. For students with the mog significant disabilities, the
behavior, method and context need to be carefully consgdered. Thebehavior often is quite
limited or also indudes other interfering behaviors, students have alimited rangeof target
behaviors (actud congruct of interest) and often have competing and interfering access skills
(irrelevant behaviors tha are not of interest). ThemethodsN reflecting how measures are
developad, administered, and scoredN must beflexible to accommodae the disability. And
findly, the contexts mug beredlistic in reflecting trander from school to home and community.
To compoundthe problem, theempirical and statistical andyses often mug be conduded with
small sample sizes. At best, students with themog significant disabilities represent only 1% of
the student popuktion in schools, and they tend to be very different from each other in cognitive,
motoric, and sensory proficiendes and needs

With the appropriate procedures, we can then determinetherelationsbetween skills, abilities, or
traits AND measurement of behaviors-methodscontexts to doaument performance and
proficiency. Hopdully, we would find asimilar patern. For example, a student scores
congstently by displaying variousbehaviors measured with different methodsand in varying
contexts. This kind of evidence would be convergent. It isimportant, however, to aso consder
divergent (or discriminant) information to providea stronge validaion argument, in which
OrrelevantOinformation is foundto be unrelated. Together, these two types of evidence suppot a
validation argument necessary for aclaim or inference. If the patern of relationsamongthe
skills and methodsis not as expected, then inferences mug be reconsgdered and sources of
invdidity need to be determined. For ingance, it ispossible that unexpected paternsreflect
condrud irrelevant variance or condruct misrepresentation and unde-representation (see
Haladyna& Downing, 2004).

Multi-Trait, Multi-Method Analyses
Perhgpsthe best modd for undestanding criterion-related evidence comes from Campbdl and
Fiske (1959)in thar description of themulti-trait, multi-methodandysis. N. B. we trandate the
term QraitOto mean GkillOin this chapter]. In this process severa different traits are measured
usng different methodsto provide a correlation matrix tha should reflect specific paterns
(convegent or divergent or discriminant) tha are suppotive of the claim being made (tha is,
provide postive validaion evidence). An important perspective in this processis that

... each test or task employed for measurement purposesis a Qrait-method unit,0

aunit of a particular trait content with measurement procedures not specific to the

content. A fully rendeed andysisis needed so tha disconfirmationis possible as

well astheobviousconfirmation. If only onemethodis used, it isnotpossible to

disentangle peformance as a fundion of the method and trait. Thistwo

dimengond matrix provides reliability-related evidence (in each mononethod

block) and validity evidence (in each heteromethad-heterotrait blocks). dedly,

the patern of relationsreflects a systematic ordering or relationssuch that the
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highest values are foundwith the same methodsmeasuring the same traits, then
different methodsmeasuring the same trait, and finally different methods
measuring different traits: (Reliability is the agreement between two efforts to
measure the same trait throughmaximally ssimilar methods Validity is
represented in the agreement between two attempts to measure the same trait
throughmaximally different method<(p. 277).

In comparing varioustraits and methods a correlationd research designis used in which every
student is tested in every skill and with every method:

1. ReliabilityN same method-same trait

2. ValidityN different method-same trait (convergent within skills)

3. ValidityN different method-different trait (divergent across skills)

Thefollowing argument is made onthebasis of trait stability: Two different ways of measuring
the same thing should be more consstent than the same way of measuring two different things
Notice tha this argument can be made at different levels of specificity, whether thetrait is
consdered reading versus math or decoding versus comprenenson. Thiskind of andysis
assumes tha, for any given trait, mos measurement methodsare designed to berelatively robug
and not significantly influence the outcome. Of course, this assumptionis exactly what isbeng
tested. If the condruct of decoding dependsuponhow it is measured (the specific configuration
of behavior-method-context), then thecongruct itself may be sugpect and need to beredefined.

This andysis of relationswith other variables beginsto provide evidence for theargument (the
claim) and prevents it from becoming a tautology. Basically, a honological netOis established
in which variousmeasures are condructed, each purporting to sample behavior fromadonmain
and reflect alevel of proficiency of skill or knowledge When multiple measures convegein
sengble ways, then inferences (of wha is beng measured as well asinferences of performance
and proficiency levels) are suppoted. When the measures relate in ways tha are not sensble,
however, the claim needsto be adjuged and either the condruct (trait) redefined, the
measurement method redesigned, or the inference-interpretation reconsdered.

An lllugrative Sudy of Criterion-Related Evidence

Thelogic described aboverequires evidence to becollected at both levels of trait and
measurement method. Also notice tha it isimportant to actively provide negdive (diverging or
discriminant) validity evidence in this process. If two different measures (of the same trait) are
used and onereflects proficiency and the other does not, it may bein (a) thetype of behavior
(trait), (b) thedomain fromwhich themeasure is created (test specificationsthat definethetrait),
or (c) the scoring or judgnent of proficiency (which is afundion of the measurement method).

Following is atable describing three types of measures administered in a criterion validity study.
It isimportant to note that this study is nat afully rendered version of the multi-trait B multi
method matrix. Althoughwe assessed students on three traits (languaye reading, and
mathematics) and two methods(rating scales and brief condructed performance tasks), traits and
methodswere not fully crossed. Languayewas only rated but no peformance tasks were
administered, and reading and mathematics were assessed only with performance tasks but not
rated.
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In total, 62 students with the mog significant disabilities (selected by teachers) were tested
across severa different states. All students werein either grades 7 or 8 and were tested in the
spring of theyear. See Table 1.

Table 1. Measures Administered: LanguageRatings Reading and Mathematics Performances

Language Ratings

Reading Tasks

Mathematics Tasks

Mathematics Constructs

Expressive-

Labeling Objects
Expressive-

Relaying Information
Expressive-

Describing Action
Expressive-

Describing Events

Expressive Vocabulary
Receptive-

Attends to Others
Receptive-

Follows 1 Step

Command
Receptive-

Recognizes Objects
Receptive-

Recognizes Action

Needed
Receptive-

Recognizes Attributes

Signs & Symbols
Letter Naming
Word Reading
Sentence Reading
Passage Reading

Passage
Comprehension

Reading Tota

N

© ©

10.

11.
12.
13.
14.
15.
16.

Counting BMoney
Calculation BWord Story

M easurement B Compare
Lengths

M easurement Bldentify
Volume

Counting ®Number
Recognition

Counting ®Number
Recognition

Estimation DTime
Estimation DTime

Tables and Graphs B Reading
and Interpreting

Tables and Graphs B Reading
and Interpreting

Label Money

Label Time

Determine Probability Outcome
Selecting Division

Word Problem - Subtraction
Word Problem - Subtracting
Money

Money=
Tasks 1+2+11+16

Problem Solving=
Tasks 2+13+14+15+16

M easurement=
Tasks 3+4

Numbers=
Tasks 5+6

Time=
Tasks 7+8+12

Tables and Graphs=
Tasks 9+10

Probabilities=
Tasks13+14

Subtraction=
Tasks 15+16

Math Total

Because thefull study exceedsthe scopeof this chapter, only selected findingsare highlighted
here to illugrate thelogic of criterion-related evidence (usng different behaviors measured in
different ways and contexts and reflecting different metrics) and thelogic of convegent and
divergent evidence usang a multi-trait Dmulti-method correlationd andysis.

Themain findingsreflected an interesting relationship between the studentsCfacility with
language and ther reading performance as measured across al opeationdizationsof reading.
Notice tha students usng traditiond languaye consistently perform beter than those who are
only beginning to use symbols and tha these | atter students consstently perform better than
students who are pre-emerging or emerging. This relation became weaker, however, when
reading did notrequire words butfocused onideas (comprehenson). See Table 2.
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Table 2. Whatis the Relationship between Expressive Labding Objects Faality and Reading?

| Measure | | Pre-Emerge | Emerging | Beginning | Traditiond | Total |

Signs& Symbols-N 1 2 8 38

Average 4.0 1.0 6.1 136 117

Std Dev 14 4.5 39 54
Letter Naming-N 1 2 7 38 48

Average 20 20 151 193 176

Std Dev 2.8 6.8 15 5.2
Word Reading-N 1 2 6 38 47

Average .0 .0 6.2 127 110

Std Dev .0 5.1 6.8 7.3
Sentence Reading-N 1 1 7 38

Average 4.0 .0 99 138 127

Std Dev . . 8.0 6.5 7.0
Passage Reading-N 1 1 6 38

Average .0 .0 230 274 256

Std Dev 122 12.7 135
Passage Comprehenson-N 1 2 8 38

Average 20 D 3.0 44 4.0

Std Dev T 24 14 18

When the condruc of languageinduded a nonreading behavior, the differences between
students with varying levels of symbolic usage were not much different, as onewould expect. In
other words students who used traditiond symbol systems attended to others equdly well as
thoe who used emerging or beginning symbol systems. See Table 3.

Table 3. Whatis the Relationhip between Attending to Others Fadlity and Reading?

| Measure | | Pre-Emerge | Emerging | Beginning | Traditiond | Tota |
Signs& Symbols-N 1 11 11 26 49
Average 4.0 8.9 103 138 117
Std Dev 54 5.9 44 54
Letter Naming-N 1 11 10 26 48
Average 20 164 162 193 176
Std Dev 6.7 6.6 14 5.2
Word Reading-N 1 10 10 26 47
Average .0 115 112 112 110
Std Dev 1.7 8.2 6.9 7.3
Sentence Reading-N 1 11 9 26 47
Average 4.0 138 121 128 127

Std Dev . 7.8 8.1 6.5 7.0
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Passage Reading-N 1 10 9 26 46
Average .0 293 250 254 256
Std Dev 117 156 130 135

Passage Comprehenson-N 1 11 11 26 49
Average 20 3.3 31 4.7 4.0
Std Dev 18 2.2 14 18

When the skill was mathematics and notreading, large differences appeared amongthe students
with varying languagye communicative facilities. Students usng traditiond symbolsto labd
objects performed much better in math overall than those who were only beginning to use
symbols. Thislatter groupalso outperformed those who were pre-emerging or emerging.
However, for some reason, attending to others also was related to mathematics at least between
traditiond and beginning (and unlike in reading where it was unrelated across the varying
levels). The reason for this may bein thenature of the symbol system. While reading may have
sodal connogétions mathematics does not, clearly, however, this conjecture needs more
systematic research to ascertain the degree to which the claim can be suppoted. See Table 4.

Table 4. Whatis the Relationship between Language Communicative Fadlity and
Mathematics?

| Measure | | Pre-Emerge | Emerging | Beginning | Traditiond | Tota |

Labding Objects

Math Total-N 1 3 8 38 50
Average 10 13 5.0 94 8.0
Std Dev 12 4.2 34 4.2

Attending to Others

Math Total-N 1 11 12 26 50
Average 10 6.6 6.1 9.8 8.0
Std Dev 4.1 4.1 3.6 4.2

Findly, in looking at a QraitOwith high valence for both reading and mathematics, it appears that
thesize of astudent@ vocabulary is geneadly related to thar peformance in these subject areas.
Notice the sample size, however, when making this claim. See Table 5.

Table 5. Whatis the Relationship between Expressive Vocabulary and (a) Reading
Conprehension or (b) Mathematics Fadlity?

| Number of Words [0 [ 1-3]4-8 |9-15|16-25 | 2650 | 50-200| >200 |

Comprehenson-N 2 0 1 1 1 3 6 34
Average 15 5.0 0 40 10 3.3 4.6
Std Dev T 1.7 1.0 15

Math Total-N 2 1 1 1 1 3 6 34

Average 15 20 50 .0 130 1.7 5.7 9.6
Std Dev A 29 25 3.3
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Findly, when looking at therelation between reading and mathematics, it seemstha the two
congdruds are highly related. Thecorrelation beween variouscondructs within reading or
mathematics are no more highly related with each other than they are across reading and
mathematics. See Table 6.

Table 6. Whatis the Relationship Within and Between Mathematics and Reading Performanae?

Reading with Reading Total Math with Math Total Rdg Total with Math Total
Signs& Symbols .89 | Mongy .93
Letter Naming .91 | Problem Solving .88
Word Reading .93 | Measurement .79
Sentence Reading .97 | Numbers 81 .89
Passage Reading 97 | Time .85
Passage Comprehend .85 | Tables-Graphs .79
Probabilities .70
Subtraction T7

In summary, criterion-related evidence reflects the hypothesized relationsamong the same and
different traits usng the same and different methods To the degree tha the outcomes are
congstent when they should be (measuring the same thing in the same ways), reliability evidence
isbeng established. To the degree tha different measures of the same thing are consstently
related, convagent validity evidence is bang established. Findly, to thedegree that different
ways of measuring different traits result in low relations divergent validity evidence isbang
provided. This process usudly proceedsby clearly articulating the condruct being measured
(induding test content and specificationg and the method by which it is measured (providing
procedural evidence), aswell asusng severa different approaches to enaure thetrait-method
variance is not specific and can provide both convergent and divergent validity evidence.

Cawveats for Interpretation

First, criterion variables need to indudeboth those tha might (should) be convegentin addition
to those tha might (should) bedivergent. We induded both in our illugrative findings A
commonsense perspective would dictate that in looking at therelationship between language
and reading, onewould expect amodeate (convagent) relationdhip to exist between labding
and (receptive) reading tasks (Table 2). Indeed, students with more traditiond communication
facility performed highe than students with beginning communication facility in al reading
tasks, and in turn, this latter group peformed better than students with emerging communication
facility. Y et, we would not expect Gittending to othersOto berelated to reading (rather, this
variable should bethe same across thefour levels of communication facility). Indeed the
findingsin Table 3 indicate divergence from alinear trend, with the same levels of performance
onthereading tasks reflected across three levels of communication (emerging, beginning, and
traditiond). Both of these basic findingswere present in mathematics (Table 4).

Second, thetype of measures can be either categorical or continuous In ourilludrative study, we
used both: (a) the categorical variables induded some languagefacility variables (Iabding
objects and attending to others) and (b) the continuousvariables included both reading and
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mathematics tasks. Expressive vocabulary (Table 5) is somewha in the middle with a continuous
variable (number of words) organized into eight categories. Agan, we foundconveagent results.
Students with larger expressive vocabularies performed better in reading and mathematics.

Third, our measures had internd congstency tha was very suppotive of our congruds.
Referringto Table 5, in reading, the subtests correlated highly with thetotal test; likewise, in
mathematics, all subtests correlated highly with the total test. Unfortunaely, thetwo total tests of
reading and mathematics also correlated as highly with each other as the subtests within
correlated with thetotal test. Thisis the heart of amulti-traitN multi-method matrix in providing
both convegent and divergent evidence. Further research on therelationsof the subtests with
each other may hdp explain thisfinding. It is appaent tha students with skill in reading aso
perform well in mathematics, even thoughthe mathematics test was read to them and therefore
should not have been an interfering and confounding access skill.

Two find caveats may beuseful to consder when employing these resultsin a practical
application. With postive criterion-related evidence, it is possible for the measures to be
administered at different times, with onepreceding the other even thoughthe examples we
presented focused on two measures given at thesame time. Idedlly, teachers would begin to
develop formative measures tha they could use well before the alternate assessment given at the
end of theyear. In thisingance, we are consdering the validity evidence as predictive and hope
tha theearly peformance informationis congstently and highly related to thelater performance
information. Also, we focused only on measures of skills and not othe variables that mightbe
related to the development of those skills. We could have as easily consdered other measures
tha should berelated to thedevelopment of a skill or thedisplay of atrait. For example, we
could have measured the amountof ingructiond time and practice devoted to teaching
mathematics skills with the expectation tha it shodd behighly related to level of performance.
We aso could have measured the age of the student (as a proxy for ingructiond time) and would
expect the same high relationswith performance. With better information about contextud
variables, it is posible to manipulate oneand affect changein theother. Althoughthislogic is
correlationd and should nat be confused with causation, it does begin to lead to stronge research
designsas well as bring focuson variables tha can be manipulated by teachersin theclassroom
(e.g., spend more time to see growth).
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