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Decision Consistency

Abdract

Assessment and accountability systems tha incorporate locally developeal
information may face chdlenges demondrating reliability usng traditiond measures. For
many educators, these skills are beyondthe assessment literacy training they received.
However, withoutevidence of reliability, validity of theinferences made aboutstudentsO
performance is questionable. What practical methods are available that would provide
classroom educators reliability evidence to defend the use of thar studentsGscores on
these assessments? This pgper examines thefeasibility of a strategy for estimating
reliability by comparing results fromatraditiond interna consstency measure and a
propo%d decision consstency approach. Results are presented from andyses conduded

usng multiple mathematics assessments as an illudration.
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An Alternative Strategy for Estimating Decision Congstency Reliability

When local assessment information is used to inform state accountbility needs
districts may berequired demondrate thetechnical qudity of thar assessments.
Unfortunaely, few states have assessment literacy requirements for teachers or
administrators (Stiggens 1999) For educators withouttraining in measurement or
assessment literacy skills, these technical qudity requirements may be daunting.
Althoughthdr local assessments may beaigned to thedistrict@ curriculum and
ingruction, thelack of technical skills may force them to select commercial or other
externd assessments for thar students tha may nat beasindructiondly relevant. To add
credibility to theinformation districts provide new technical qudity strategies need to be
explored that allow districts to demondrate the utility of thar locally developeal
assessments for purmposes beyondthe classroom To the extent possible, an additiond god
istha any new strategies be psychometricaly sound, yet educator-friendly.

A technical areatha may beespecially chdlenging for educators is the concept
and common methodobgies for estimating score or decision consstency reliability in the
context of assessment. Traditiond strategies for estimating reliability may notbe efficient
as districts may lack thetime, money, or resources to meet the assumptionsof the
methods For example, very few school districts would develop multiple forms of atest
tha would notbe used for high stakes purposes. Thus an aternate formsreliability
calculation would not befeasible. Another methodblogy tha districts might consder isa
test-retest estimate of stability. However, in an eductiond setting, it may notbe possible
to re-administer an assessment after areasonéable interval withoutadditiond ingruction

or learning in the measured area of the content domain. For single administration
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assessments, estimates of internd consstency like KR20, KR21 or codficient alphatend
to be popubr choicesin the psychometric community (Traub, 1994) The utility of these
formulas to educators at thedistrict level to theingructiond process may notbereadily
evident.

Rationde for the Study

Brennan (2001)discusses the conaept of reliability in terms of replication of
scores. Althoughthisis generaly accepted within the measurement community,
replication aloneisrarely theend god of these andyses. Researchers genegaly want to
go beyondsmply observing replicated scores to making inferences aboutthe scores.
However, because the assumptionsfor traditiond reliability measures may notbemet for
criterion-referenced assessments, some researchers have soughtto extend this replication
concept beyond scores.

Pophanm and Husek (1969)were early critics of usng traditiond reliability indices
for criterionreferenced tests because of the perceived lack of variability among
examineesQscores. Althoughin redity thereis likely sufficient examinee variance to
estimate reliability usng these measures (Pophan, 1990) the concept appears
contradictory to many educators who have a mastery-learning orientation. If assessments
are condructed to measure a narow section of theability coninuum there may notbe
sufficient variability in studentsQscores to produc an acceptable interna congstency
value If thereisawideability rangein thetested student popuktion, this low value may
accurately reflect the confidence in the stability of the scores. However, if thereisa

narrow band of abilities amongthetested popuktion, an internd congstency measure
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may beingppropriate. In these situaions other methodsare needed to demondrate the
reliability of inferences aboutstudent performance.

An dternative strategy isto congder reliability as decision consstency where the
inferences made aboutthe decisonsabout performance on assessments are evaluaed.
Givenitsclose tiesto theidea of criterion validity, this concept is described in the
context of validation theory as being a Qlecision-based interpretationOK ane (2002) This
isin dight contrast to traditiond conaepts of reliability and thereplication of scores,
however, decision congstency can bethoughtof asthereplication of decisons Because
decisonsaboutthe scores are many times a god, andyses of this concept may be more
meaningful to educators.

Variousstrategies have been proposd for estimating decison congstency for
criterionreferenced tests. Some of these methodobgies are based on the assumption tha
there are multiple forms of the assessment. Cohen® (1960)coefficient kappaoffersa
methodtha calculates decision congstency as agreement between decisionsfrom two
measures and indudes a correction for chance agreement. Another strategy proposd by
Swaminahan, Hambleton, and Algina (1974)estimates the agreement between pass-fail
decisonsfrom aternae forms of assessments designed to measure the same condruct.

Additiond strategies have been proposd for estimating the decision congstency
reliability of criterion-referenced tests tha only require a single form of the assessment.
Livinggon (1972 proposd aformulathat estimated reliability as afundion of the
expected squaed deviation from the cut score. However, this valuemay not beespecialy
useful beyondillugrating how much better reliability is when compared to a cut point

tha isnotclose to themean (Livinggon, 2002) Subkoviak (1976)offered adecision
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congstency methodthat is appropriate for tests with dichotomoudy scored items and
estimates the probability of correct classification of pass/fail decisionsgiven a cut scores.

Breyer and Lewis (1994) suggested a simplified strategy for estimating decision
congstency by calculating the probability of correctly classifying examinees as masters
or nonmasters asif the examinees had taken two adternate forms of thetest. Livinggon
and Lewis (1995)also propo%d a single administration decision congstency methodthat
estimates the congstency of the decisionson alternate forms of atest and the accuracy of
thos decisionsrelative to the examineesCtrue score which is calculated usng an artificial
distribution estimated from the observed scores onthe single administered form of the
test. Huynh (19769 and Kane and Brennan (1980 have also offered alternaive
approaches for estimating decision congstency for criterion referenced tests. Many of
these methods though,may betoo chdlenging for individuds nottrained in
measurement and who do not see the utility in theexercise. Wha practical methodsare
available tha would provide classroom educators reliability evidence to defend the use of
their studentsOscores for making inferences about performance?

Oneconsderation may bean extensgon of asmplistic form of decision
congstency tha istypicaly calculated usng the percent of agreement between two
assessments designad to measure the same condruct (Traub, 1994. Althoughit may be
assumed that these assessments are written items or tasks, it may be possible to expand
the definition of an assessment. |f oneaccepts that ateacher® professiond judgment
abouttheabilities of his or her students within a content domain is an assessment, the
concept of decision consstency and its utility may be extended. This pgpe compaesthe

results of traditiond internd congstency and a proposed smplified decision consstency
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reliability estimates that are calculated usng teacher® professiond judgmnents aboutther
studentsOproficiency and actud studentsOperformance on mathematics assessmentsin a
conortium of Midwestern school districts.

Methods

Datafor this study were collected from 57 mathematics assessmentsin a
congortium of approximately 20 Midwestern school districts. Written assessments were
desighal to measure the state@® mathematics content standards and represent elementary
(4™, middle (8"), and high school (11™) levels. For the study, the conrtium selected a
representative sample of 75 or more students at each gradelevel from arepresentative
number of school districts (8-10). Reliability andyses were conduded usng a commonly
used traditiond internd consstency estimate, coeficient alpha(Cronbach, 1951) anda
propo%d decision consstency strategy (percent agreement) that uses teacher judgnents
of student proficiency level and awritten assessment tha empirically classifies
performance as the two assessments.

Andyses of decison congstency were calculated at two levels, proficient and
aboveand progressing and bdow classificationsand at four levels, beginning,
progressing, proficient, and advanced proficiency classifications This calculation was
conduded at two levels because proficient and aboverepresents students who have met
the standad the assessment was designed to measure and progressing and bdow
represents students who have not yet met the standard. The additiond level of andysis
was indudeal to examinewhethe decision congstency was equivalent acrossthedesired
proficiency classification categories. Results presented in the next section show the

comparison between the two methodsas different alternaives for demondrating
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reliability information. A Pearson correlation was aso conduded between the calculated
codficient aphaestimate and each decision congstency estimate to provide a broad
estimation of therelationdhipsamongthese methadologies.

Results

Theresults of andyses tha compared theresults of atraditiond internd
congstency measure and two levels of a proposd decision consstency estimate are
presented by gradelevel. Theschool districtsin this consortium designed an assessment
to measure each of the mathematics content standardsin numeration and number sense,
computation and estimation, measurement, geometry and spatia conaepts, daaandysis,
statistics, and probability, and algebraic conaepts. One of the 8" grade assessments was
designed to measure two of thedaa andysis, statistics, and probability standads
Andyses were conduded by assessment and gradelevel.

[Insert Table 1 Here)

Table 1 aboveshows theresults of the4™ gradereliability andyses. Coefficient
aphavauesrangefrom.30t0 .91. A reasonale target valuefor making groupdecisions
isan interna congstency valueof .70. Half of the assessments at this gradelevel meet
this criterion decisionrule. Thetwo level decison congstency andysis asked teachers
classify ther studentsinto proficiency categories of proficient and aboveor progressing
and bdow. These judgnents were matched agang theempirical classification of student
proficiency based on ther test peformance relative to a predetermined cut score. The
calculated levels of agreement ranged from .5910 .81, meaning tha on average, teachers
were able to classify ther students in terms of meeting versus not meeting the content

standad about 70% of thetime.
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A fourlevel andysis was also conduded to determinethelevel of agreement
acrossthefour desired levels of inference for the school districts (beginning, progressing,
proficient, and advanced). Thevalues for these agreement andyses ranged from .22 to
42.Note tha for thefour level andysesit was necessary to set three cut scores prior to
calculating the decision congstency values. For some assessments, there was inaufficient
information to allow for three cut scores to be set. These assessments are identified in the
4x4 decision congstency column as ONot AvailableO(N/A) and also apply to 8" and 11"
gradedata

The correlation between theresults of codficient dphaand thetwo level decision
congstency was .25, whereas the correl ation between the results of coeficient aphaand
thefourlevel decision consstency was .35. The correlation between thetwo level and
fourlevel decision congstency was .88.

[Insert Table 2 Here]

Table 2 shows theresults of the 8" gradereliability andyses. Coefficient alpha
valuesrangefrom.10to .96. All butthree assessments at this gradelevel meet this
criterion decision rule of .70 for minimum acceptability. Thetwo level decision
congstency andyses resulted in calculated levels of agreement ranging from .49to .81,
meaning tha on average, teachers were able to classify thar studentsin terms of meeting
versus not meeting the content standad about 70% of thetime. Thefour level andyses
resulted in values ranging from .16 to .55.

The correlation between theresults of codficient dphaand thetwo level decision

congstency was -0.15, whereas the correl ation between the results of codficient apha



Decision Consistency

and thefourlevel decison congstency was .45. The correlation between thetwo level
and four level decision congstency was .65.
[Insert Table 3 Here]

Table 3 shows theresults of the 11" gradereliability andyses. Coefficient alpha
valuesrangefrom .38t0 .93. Mog assessments at this grade level meet this criterion
decisonrule of .70 for minimum acceptability. The two level decision congstency
andyses resulted in calculated levels of agreement ranging from .65to .81, meaning tha
on average teachers were able to classify thar studentsin terms of meeting versusnot
meeting the content standard about70%of thetime. Thefourlevel andysesresulted in
values ranging from.27to .46.

The correlation between the results of coeficient dphaand thetwo level decision
congstency was .19, whereas the correl ation between the results of coeficient aphaand
thefourlevel decision consstency was .27. The correlation between thetwo level and
fourlevel decison congstency was.73.

Discussion

This study evaluaed thelevel of agreement between acommonly used internd
congstency reliability method and a proposd decision congstency strategy. A god of
the study was to determineif therelationship between methodswas sufficient to consder
usng theresults of the proposd decision congstency approach as areasonable proxy for
more traditiond methods Given its conoeptud ease and simplicity of calculation, the
method may offer educators apractical strategy for defending theuse of thar studentsO
scores for decisionsaboutproficiency levels within the context of mathematics

assessments.
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Althoughmany of theinternd consstency estimates were acceptable in terms of
genealy accepted psychonetric standads very few of thedecision consstency
estimates at either two levels or four levels were at minimally acceptable levels.
Correlationsbetween codficient alphavalues and decision consstency values were low.
It is noted that because internd congstency focuses specifically ontherelationsips
amongitems tha comprise the scores and decision congstency focuses specificaly on
thedecisonstha result from the scores, tha thereis not an expectation of a high
correlation between the methods However, these results suggest tha for this application,
the proposed decision congstency strategy did not produce values tha would suppot a
district® assertion tha decisionsaboutstudent performance on these assessments were
reliable. For this conortium, reporting ther internal consstency values would provide
better evidence of reliability of the scores, rather than relying on a decision consstency
approach to estimate thelevel of agreement between two assessments designed to
measure the same area of the content domain.

It was somewha surprisingto see tha thelevel of agreement between
dichotomousclassification of student performance (proficient and aboveor progressing
and bdow) was so low. Because these teachers had consderable experience with both the
content and the students they were predicting peformance, we expected to see highe
levels of agreement (85%+) for thetwo level decision. Althoughlower levels of
agreement were expected for thefour level decision, many of the calculated values at this
level ranged from 25%-33% which does not provide much suppot for thereliability or
validity of decisions At least factors may have contributed to these low values for both

thetwo level andfourlevel decison congstency andyses.
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First, thespecificity of the proficiency level categories may have been toovague
Similar to rubric development, review, and training activities tha are part of inter-rater
agreement studies, the specification of the proficiency levels with regard to thecontent is
critical to theproposd method If theproficiency level categories only reflect value
terms such as the QAdvanced student will be able to accomplish all mathematics tasks
without assistance,Oor the QProficient student will be able to accomplish most
mathematics tasks without assistance, Oteachers are till left to define Gill,00nog,Oand
Onathematics tasksObased on ther own varied experiences with curriculum and students.
This does not provide much guidance to the meaning of the proficiency category.

Better descriptionswould specify theknowledge skills, and abilities of the
advanced or proficient student relative to the subarea of the content domain of interest
and what distinguishes students in these proficiency categories from oneanother. For
example, in the8" grade, an advanced student for a given data andysis, statistics, and
probability standard may be able to conceptudly undestand and independently calculate
themean, median, and standad deviation. However, the proficient student may only
conceptudly undestand and calculate the mean and median. They may not conceptudly
understand standard deviation and may not be able to calculate it withoutnormal
assistance from theteacher.

Second, there may not have been sufficient items across thefull ability continuum
tha would alow for potential classification of students into multiple proficiency
categories. Because it was important for these districts to be able to classify studentsinto
four proficiency categories (beginning, progressing, proficient, and advanced), sufficient

items are needed on the assessments that reflect these four broad ability levels. This

12
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meanstha there needsto beitems/tasks on the assessments that measure beginning skills,
progressing skills, proficient skills, and advanced skillsif thedesire isto report student
performance in these three proficiency categories. In examining theraw daa, this appears
to beoneof the pervasive problems across the assessments reported in theillugration
above specifically asit appliesto thefourlevel decison consstency anayses.

Themajority of misclassificationsof students into proficiency categories resulted
from students beng classified into a highe proficiency category than theteacher
predicted, specifically, students being identified as QAdvancedOby their peformance on
thetest as oppo®d to the GProficientOlevel theteacher predicted. This suggests that
either theteachers congstently undeestimated the peformance of thar students or tha
thetest was not sufficiently representative of thefull ability coninuumsuch tha the
teachers§judgnents were empirically suppoted by the studentsOperformance on thetest.

It islikely tha thetests were not designed to provide sufficient information about
thefull rangeof studentsCabilities. This is not surprising because many classroom
teachers are accusomed to district adopted grading scales that many times use 60%or
70%as an arbitrary cut score for passing. Thereisalimited rangein remaining scale asit
runsinto acelling at 100%. Thus many educators bdieve if a student achieves a high
score on an assessment (95%-100%) then by definition, thestudent is advanced, even if
the student has not demondrated any advanced level skills on the assessment. Thesame
rationde appliesto each proficiency level classfication.

Third, it is also possible that judgnents were made about studentsOproficiency
level tha induded other factors beyondthe criterion-referenced definition of

performance. Because there were four levels of proficiency, it may beonly naural for an
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educator to think aboutthese levels as equivalent to thar classroomgrades of A, B, C,
and D. Induding this additiond informationin thejudgnments may introdue more
variability into the methodtha will lead to misclassifications Within classroomgrades,
there are factors such as studentsOeffort, homework performance, class participaion, and
classroombehavior that may influence grades, but may or may notrepresent criterion-
referenced performance in an area of the content domain. A student that does notturnin
thar homework or isdisruptive in class may have advanced skillsin an areatha is not
reflected in thar course grade Thealternaive situdionis also possible where a student
puts forth atremendouseffort and actively participatesin class discussions but has not
yet achieved proficient level skillsin agiven area.

Further research in the area of reliability methodsfor criterion-referenced
assessments would benefit from replication of smilar studies tha indudebetter
descriptionsof proficiency categories and have evidence to suppot tha assessments were
designed to measure the scopeof thedesired inferences. It is possible tha thedecision
congstency estimates reported in this study were underestimated because of the
limitationsof bath the assessments and the educators§judgnents. Another useful study
would beto examinethe proposd decision consstency methodin this studyin
compaison to some of the common decision consstency methodstha are also employed
by the measurement community.

Condusonsand Implications

This study can beviewed as oneattempt to devel op strategies tha may hdp to

bridge measurement theory and practice. The study isimportant for educators as it

examines therelationdhip of theresults of acommonly accepted internd congstency
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method and a proposd decision congstency strategy for estimating reliability. The
proposd method may beussful to school districts tha are required to demondrate
reliability evidence for thar local assessment systems, but may not have the
sophistication to use traditiond methods With greater attention placed ontesting at
variouslevels, it will continueto beimportant to provide evidence of therdliability and
validity of inferences made aboutstudent, school, district, and possibly state
performance.

This study examined thefeasbility of uang teacher judgnents as patt of a
proposd variation on decision consstency reliability. By exploring strategies tha
incorporate the valuable information tha educators possess, they are paticipantsin the
assessment process rather than outsiders. Themodel of decision congstency proposd in
this pgoer, then, may be seen as an effort to develop a strategy tha provides empirical
suppot for educatorsOprofessiond judgments and extendstheory on estimating reliability

for criterion-referenced assessments.
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Tablel.

Comparison of coefficient alphaand two levels of decision consstency for 4™ grade
assessments.

Assessment  Codficient Alpha 2x2DC 4x4DC Number of Items
411 74 .67 .33 31
412 91 .66 .26 45
413 .58 73 .34 33
414 73 .63 N/A 11
415 .30 .79 N/A 6
421 .83 .76 .39 37
422 g2 g7 42 20
423 .62 .59 N/A 12
431 .69 .65 .26 24
432 48 .69 27 23
433 74 .81 .38 19
434 .64 .67 .28 4
441 52 .76 .32 16
442 .76 g7 N/A 10
443 .83 .76 N/A 14
451 49 .64 25 16
46.1 71 .68 .26 20
46.2 .55 .59 22 7
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Tablel.

Comparison of coefficient alphaand two levels of decision consstency for 8" grade
assessments.

Assessment  Codficient Alpha 2x2DC 4x4DC Number of Items
8.1.1 .88 71 .34 10
812 .84 g7 .34 16
813 .84 73 37 15
814 .89 71 .38 40
821 .96 .80 .55 262
822 73 .80 48 16
823 91 g7 43 50
824 .82 g7 41 15
825 .78 g7 40 35
83.1 .85 71 N/A 40
83.2 .85 75 37 20
84.1 .85 49 .16 45
84.2 .87 g2 .33 46
843 .87 .64 27 16
844 .90 71 N/A 12
845 43 .78 27 12

85.1/85.2 74 .81 42 11
853 .87 .76 49 15
854 27 .84 .29 11
86.1 .86 .81 49 35
86.2 .93 .75 51 40
8.6.3 .10 .69 27 6
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Tablel.

Comparison of coefficient alphaand two levels of decision consstency for 4™ grade
assessments.

Assessment  Codficient Alpha 2x2DC 4x4DC Number of Items
1211 .83 75 41 13
121.2 .84 73 41 17
1221 .67 .75 44 15
1222 48 .81 N/A 8
1223 g7 73 .35 20
1231 .38 .69 N/A 14
1232 .68 g7 44 7
1241 .93 .79 40 18
1242 .70 .69 .36 5
1244 .85 74 31 7
1245 .90 g7 43 11
1246 .68 .79 N/A 5
1247 .64 .65 27 12
126.1 71 .76 46 6
126.2 .88 .76 45 32
126.3 .92 .75 45 16
1264 .78 .67 .36 11
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