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Validity Evidence Based on the Internal Structure of the Interim Assessment

Evidence of internal structure validity extends from the relationships among test items
and test components. These relationships should be consistent with the construct that the
assessment istended to measurthat is, the component structure of the test should imitate the
theoretical model of the construct under consideration. This paper will discuss the analyses that
were conducted to evaluate these relationships and the internal structure of the interim

assesments.

Research Questions

This study was conducted in part to address these research questions:

1. What is the reliability of the interim assessments?
2. lIs the structure of the interim assessnsra given gradsimilar to the structure of the

summative asssmentt the same gradmsed on its content specification?

Method

Three types of analyses were conducted. Item statistics were calculated and analyzed to
evaluate the accuracy of test scores. These calculations included both Classical Test Theory
(CTT) and Item Response Theory (IRT) statistical values and comparisons. Item statistics were
also used to evaluate the reliability of the interim assessntlatss, coefficient alphadjusted
reliability estimatesandreliabilitiesbased orsimulation datavere examined for each interim
assessment. Factor analysis was used to evaluate the component structure of the interim
assessments. Four different structural models were analyzed for each interim assessment to

reflect the fouitiered structure of the Kaas mathematics curriculum. The first level in this
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structure is the content area, which in this case is mathematics. The second level consists of four
standard®number and computation, algebra, geometry, and probadmldystatistics. The third

level cansists of one to four benchmarks per standard. The fourth level consists of one to eight
indicators per benchmark. The first structural model was unidimensional, reflecting the content
area of mathematics. The second structural model was-&aftor modg reflecting the four
standards. The third structural model reflected the benchmarks tested at each grade level. The

fourth structural model reflected the tested indicators for each grade level.

Assessments

The analyses were conducted on both interim assessment scores and summative
assessment scores fpades 3 and 8. The scores analyzed were collected during the academic
year extenohg from fall 2010 to spring 2011. For each grade, three interim assessveeats
administered at different tinfgeriodsand one summative assessmegasadministered at the
end of the academic yedihe three interim assessments were named Falll, Fall2 and Winter
according to when they were administerédchassessmentagbuilt to assess the entire tested
curriculum The interim assessment content specifications were based on the same content
specifications as the summative assessments, thereby reflecting the four levels of the Kansas

mathematic curriculum standards.

Grade 3 The content specification structure and the item counts for grade 3 mathematics
interim and summative assessments are presented inIl dlflese data show that the interim
assessments contain approximately the same proportion of items for eadotirdithe

summative assessment

Table 1
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Content Specification and Item Counts for Grade 3 Mathematics Assessments

No. No. No. No.
Indicator Level ltems ltems ltems ltems
Fall 1 Fall 2 Winter Sum.

Content Standard Benchmark
Level Level Level

Compares and

Orders Numbers 3 3 3 5
Number Sense Uses Mathematical 3 3 3 7
Models
Number
and Bill and Coin Value 2 2 2 4
Computation
RealWorld Addition
and Subtraction 2 2 2 6
Computation Problems
Multiplication and 2 2 2 3
Division
Patterns Multiplication 3 3 3 5
Patterns
Algebra
Math
Functions Number Patterns 3 3 3 5
Gleometrlc Geometric Figures 2 2 2 4
Figures
Geometry ReatWorld
Measurement 3 3 3 6
Measurement
) . Problems
and Estimation
Telling Time 3 3 3 4
Probability Number of Possible 3 3 3 4
Outcomes
Data
Statistics Statistical Measures 3 3 3 7

The grade 3 assessment has four standards, eight benchmarks, and 12 indicators. Each

indicator is represented by two or three items on each interim assessment and by three to seven
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items on the summative assessment. Each interim assessment contains, 3hideime

summative assessment contains 60 items.

Grade 8 The content specification structure and the item counts for grade 8 mathematics

interim and summative assessments are presented in Table 2. These data show that the interim

assessments containpapximately the same proportion of items for each indicator as the

summative assessment.

Table 2

Content Specification and Item Counts for Grade 8 Mathematics Assessments

Content Standard Benchmark . No. No. No. No.
Level Level Level Indicator Level ltems Items Ite_ms ltems
Falll Fall2 Winter Sum.
Number Sense Products and 3 3 3 5
Quotients
RealWorld 3 3 3 5
Number Rational Number
Problems
Systems
g'r‘:é“ber Real Number 3 3 3 3
Computation System
Math RealWorld 3 3 3 6
Problem
Computation Computatios
Computations
with Rational 3 3 3 5
Numbers
Variable, Representations
Algebra Equations, anc of ReatWorld
9 Inequalities Problems 2 2 2 6
2 2 2 4
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Linear Equations

Functions Linear 3 3 3 6
Relationships

Models Models 3 3 3 3
RealWorld 3 3 3 4
Geometric Geometric
Geometry Figures Problems
Pythagorean 2 2 2 4
Theorem
Algebraic Coordinate Plane 3 3 3 7
Geometry
Predictions 3 3 3 5
Probability
Data CompouncEvent
Probabilities 3 3 3 3
Statistics Central Tendency 3 3 2 5

The grade 8 assessment has four standards, 10 benchmarks, and 15 indicators. Each
indicatoris represented by two or thréems on each interim assessment and by three to seven
items on the summative assessment. Two interim assessments contain 42 items each, the third

interim assessment contains 41 items, and the summative assessment contains 71 items.

SampleCharacteristics

Themathematicenterim assessmemtas available for students enrolled in grades three
through eight. In order to offer accurate scores and maintain relatively short tests;stagalti
fixed length, adaptive design was used for the interim assesdfaehttest consisted of three

stages or parts, called testlets. Student responses to the items on each testlet determined that
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studentOs subsequent testlet assignments. The structure of the mathematics interim assessment is

shown in Figurel.

Figure 1. Interim Assessment Test Paths and Samples

Interim A ssessmentThe structure of thimterim assessmentakes it possible for
examinees to navigatd different test paths. Onlstudents who took thest pathconsisting of
the hardest testletgere included in the analyses discussed in this paper. This test path was
chosen because a large percentage of students who took the interim assessnassignaithe
three testletencluded inthis path. For third grade, the percent of students who were assigned to
this test pathvas27% for Falll, 49% for Fallzand 57% for WinterFor eighth grade, the
percent of students who were assigned to this patl®ador Falll, 31% for Fallzand 23%

for Winter. This test path way is ithered circle in Figure 1.
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The sample sizes for grade 3 three interim assessments,@@&6eol Falll, 2678 of
Fall2 and 2058 of Winter. The sample sizes for grade 8 three intassessments were 897 of
Falll, 1956 of Fall2 and 140 of Winter. The descriptive statistics of the scale scores for these
samples and also for all the students who took the any interim assessments at these grades are
shown intables 3 and 4. These datadlude sample size, meand standard deviation (SD) of
all students who took interim assessments (Total) and the same statistics for students who took

the hardest test paths (Sample) for gsétland 8.

Table 3

Grade 3 and Grade 8 Interim Assessment Scale Score Descriptive Statistics

Grade Interim Sample Size Mean SD
Assessmen Total Sample Total Sample Total Sample

3 Falll 3,774 1,036 58.463 82.153 20.326 6.989
3 Fall2 5474 2,678 70.146 84.904 18.848 6.986
3 Winter 3,587 2,058 77.937 87.998 15.593 6.417
8 Falll 4,656 897 55.749 79.261 16.640 6.685
8 Fall2 6,359 1,956 60.124 78.874 16.991 7.211
8 Winter 5,066 1,140 63.944 83.991 16.684 5.537

The scale scores of the group of students who took the hardest tests (sample) have
smaller standard deviations and higher means when compared to the group of students who took
any interim assessment at the same grade. This finding is likely relatecyendrally higher
andmoresimilar abilities of the students in the sample who were assigned to the hardest test

path.

Summative AssessmentThere are two summative samples for each grBde first

summativesample includes all studem#o had summative assessment sc@idssample)and
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the secondummativesample includes studentdo had both a summative assessment score and

at least one interim assessment scores at the same grade (part sample). The numbers of students
in this sample doot necessarily match the numbers listed in Table 3 because students listed in
Table 3 may have taken the interim assessment in one or more administration windows. For
grade 3, 3R75 students had summative assessment scores (total sampled1@naf Bese also

had at least one interim assessment score (part sample). For gra@3B sBidents had

summative assessment scores (total sample),,&id 8f these had at least one interim

assessment score (part sample).

The summative asssment has a laagample size, which stronglffects the
confirmatory factoranalysis model filndices, especiallthe chi-squarestatistic The reason for
choosing the second summative sample is to make the summative seorpkmilar and
closer in sizéo theinterim sample andlso toconstrain the effect of the large sample size on

model fitindices
Analytic Procedures

Item Statistics and Reliability. The same analyses were conducted for every sample to
evaluate the accuracy of the interim assessmerddests for grade3 and8Both CTT and IRT
item level statistics were calculated. For CTvglues were computed to estimate item
difficulties and pointiserial coefficient correlations were calculated to evaluate each itemOs
discriminating value. Sinca oneparameter logistic model was used, IRT thresholes (b
parameters) were estimated and used to evaluate item difficultieseifEme statistics were
calculated based on interim assessmsardentesponsesl hesummary tablefor these statigts

areshown intable 4 and.
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Item statisticdased on interim assessment respowsgs comparetb item statistics
based ormprior year pilotdata The items on the interim assessments were field tested on the
summative assessments one yeHorethe implemetation of the interim assessmentbe
same statisticksted previously werealculated for thééems when they were administered
during the embedded field test@ktlitems.These statistics were compared to the item statistics
calculated based on imba assessmestudentsésponsed-or each item statistithe
correlationbetweerthe value based on interim assessment data and the value based on pilot data
was computedevery statistic hathreeresultingcorrelations corresponding to each of the¢hr

interim assessments and one pilot test for each gnddeh are shown itables6 and 7

Three ways were used to evaluate the reliability of @aterim assessment. First,
coefficient alphg! 1) was calculatedSecondthe reliability adjusted farange restriction was
estimate by the following formulgMendoza & Mumford, 1987)

L1 l!;!ﬂ(!! !!)l!

! 1"#$%&

where! ; is the adjusted reliabilityn Table 3the SD of sample iessthan the SD of students
who took the interim assessmamwhichresuledin a small coefficient alphd {), andindicated a

restricted range of scores.

Third, the reliability(! 3) was calculated bas@oh simulated student responses and
corresponding estimated abilities for the simulated studeets$ be the number of pre
determined ability levels, whicerealso used for simulating response data. ififeability
level, ", has a weighty, which is the probabilitgf this ability levelexisting in the population

from which pilot data were collecteN; replicationsweregenerated of-th ability level The
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replications were generated Blonte Carlo simulatiomising theadaptivedesign and item bank
of the interim assessment.thetaestimate , was calculated after every replication. For
example[ is the estimate df, from thej-th replication Then the reliability is the proportion of
true variancgTV) of ability levels to the total variance, which is the sum of ability level true

variance and estimation error variance (EV):

slg)

It 1

- :Z!:![!!Zi!!!(r!"! ) ! !Z:!!!(rr‘—!!)!!”!

Confirmatory Factor Analyses. Therewerefive samples for every grade and analyses
were conducted omach ofthese samples. The five sampd¢®ach grade wethe samples of
students who took thiaree interim assessmsmindthetwo summative assessmeritgat is, the
entire sample of students who had summative assessment scores, and the subset of these student
that also had at least one interim assessment. Sdwenalytic tool used in this step was
confirmatory factor analysis. There were four models examined for every sdin@lgrst
model to be testedasunidimensional, reflecting the notion that mattatics performance
relied on a single latent construct. The second med@ala fourfactor model with the
assumption that eadf the fourstandard alignedwith a different latent trait. The third model

explorad whether different benchmarksightfor grade 3 andenfor grade 8orresponddto
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different latent traits. The fourth model expldrghethereachindicator corresporetito

different latent traitsThe graphic representations of these foodeis are presented in Figures
2-5 using grade 3 Fallhterim assessment as an examyple.expeatdthe interim assessment

to have thesamestructure as the summative assessment becausee¢hegeveloped based on

the same content specificatiohISREL was used for estimation.
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Figure 5. Indicator Level Model of Grade 3 Fall2.
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Results

The results will be presented correspagdo the method section in two parts. The first
part is the results afem statistics and reliabilitgnd the second part is the results of

confirmatory factor analyses.

Item Statistics and Reliability

Item Level Statistics The men and standard deviation (SD) bép-values (P), point
biserialcoefficient correlations (Phsand bparameters ()f all the items in everinterim
assessmerare in Table 4or grade 3andin Table 5for grade 8

Table 4

Item Level Statistics of Grade 3 Interim Assessments

P Pbs b
Falll Fall2 Winter Falll Fall2 Winter Falll Fall2 Winter
Mean 0.704 0.719 0.767 0.211 0.244 0.247 -2.795 -2.336 -2.513
SD 0.192 0.183 0.171 0.103 0.113 0.132 2.827 2.212 1.828

Table 5

Item Level Statistics of Grade 8 Interim Assessments

P Pbs b
Falll Fall2 Winter Falll Fall2 Winter Falll Fall2 Winter
Mean 0.670 0.665 0.743 0.235 0.251 0.214 -1.519 -1.585 -2.441
SD 0.215 0.202 0.190 0.131 0.107 0.123 2.106 2.040 2.109

When interim assessments were administeleserto when the summative assessments
were administered, it is likely that examinees mastered more knowledge by the administration
dates of the interim assessment administration and that their levels of knowledge at this time

were more similar to their levetd knowledge when the summative assessments were
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administered. Thyshe items appear to be easier for students during administrations that occur
later in the school yealWhile the ps risal consistently as expectgtthe ks are most difficult in
Fall 2rather than Fall dbf grade 3. The ps of grade 8 Falll and Fall2 are very similar and the p

of Winter is higher than Fall10s and Fall20s. Thegoadsf 8 decrease as expected.

In order to verify that the items used on the interim assessments perfarequeated,
their item statistics were compared to the item statistics based on pildIluatorrelations of
p-value (P), poinbiserialcoefficient correlation (Pbsand b parameter (b) between interim

assessmentsO and the pilot testi® Table 6for grade 3 and Table 7 for grade 8.

Table 6

Grade 3 Item Level Statistics Correlation between Three Interim Assessments and the pilot test

P Pbs b
Falll Fall2 Winter Falll Fall2 Winter Falll Fall2 Winter
Correlation 0.72 0.94 0.96 0.39 041 0.55 0.73 091 0.95

Table 7

Grade 8 Item Level Statistics Correlation between three interim assessments and the pilot test

P Pbs b
Falll Fall2 Winter Falll Fall2 Winter Falll Fall2 Winter
Correlation 0.90 0.93 0.95 0.21 0.39 0.10 0.89 0.93 0.95

The pilot test calculation results represent the results of the same items being
administered to a different group of students on the prior year summative assessment. The item
statistics from the interim assessment administrations were compahedtent statistics from
the embedded field test data by calculating correlations. The correlation for each statistic

increased across three interim assessments except théigenall coefficient of the grade 8
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Winter interim assessment. This means teaha interim assessment administered pergod
became closer to the summative assessmenptmed the interim assessment item level

statistics became more similar to the summative assessment item level statistics. For example,
the correlation of tlee grade 3 interim assessmevigues increase from 0.721 of Falll to 0.962

of Winter.

Coefficient Alpha. Table 8 presents (1) the coefficient alpha for each interim assessment
containing the items included in the hardest path, calculated from the ias@ssment sample
(2) the reliability of each interim assessment after the range restriction corrbased on the
coefficient alpha from the interim assessment sapaple (3) the reliability of each interim
assessmenbased on simulated data

Table 8

Interim Assessments Reliabilities

Grade Interim Test Coefficient Adjusted Reliability Based on
Assessment  length Alpha Reliability Simulated Data
3 Falll 32 0.40 0.72 0.87
3 Fall2 32 0.56 0.76 0.87
3 Winter 32 0.58 0.77 0.87
8 Falll 42 0.64 0.83 0.91
8 Fall2 42 0.67 0.79 0.91
8 Winter 41 0.57 0.81 0.91

Coefficient alpha is not very higlespecially for grade 3 interim assessmgdmgsause of
the restriction range of scores. This finding is supported by small standard deviations, which are
shown in Table 3. The proficiendgvelsof the students in the sample are more similar when
compared to albf the studentsvho took the interim assessmenbhis is also the reason for

providing the reliability after the range restriction correction &edeliability estimatedased
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onsimulated dataThe reliabilitybased on simulated datnds to overestimate the reliability
(Personal communication with Dr. Rob McKinley).Tédjusted reliabity and reliability based
on simulated datef these six irgrim assessmendse high that is, they alare0.85, which
provides evidenceof the accuracy of the test scorBsconclision, the summary statistics of item
level statistics, correlatianand reliabilities provided evidence that the items on the interim

assessment have the ability to provide accurate test scores.

Confirmatory Factor Analyses

Confirmatory factor analysis was used to evaluate the structure of the interim assessment.
Fourmodels were tested. The first model was unidimensional, the second model for each grade
tested for four factors, the third model tested for eight factors in graddt8nfactors in grade

8, and the fourth mode¢sted for 12 factors in grade 3 and 1&des in grade 8

There were a few items on the interim assessments that appeared to be quite easy for a
very large portion of the population. These items displayed higiiyes, that isp > 0.97, and
therefore, contributed very little information to aiagtor analytic model. Theseems were

removed from certain models to allow the estimation to converge.

Loadings andResiduals The loadings andesiduals of four models are presented in

tables 9, 10, 11, and 12 using the grade 3 Fall2 interim assessment as an example.
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Table 9

Loading and Residuals for Each Item from the Grade 3 Fall2 Content Level Model

Latent Construc Item

Equated Estimates

Standardized

Loading (SE)

Residuals(SE

Loading Thetd

ltem 1

ltem 2

Item 3

Item 4

Iltem 5

Item 6

Item 7

Item 8

Item 9

ltem 10
Iltem 11
ltem 12
ltem 13
Iltem 14
Iltem 15
ltem 16
Iltem 17
ltem 18
ltem 19
ltem 20
ltem 21
ltem 22
ltem 23
ltem 24
ltem 25
ltem 26
ltem 27
ltem 28
ltem 29
Item 30
ltem 31
ltem 32

Math

0.021(0.010)
0.045(0.009)
0.012(0.009)
0.074(0.010)
0.070(0.009)
0.006(0.006)
0.011(0.005)
0.005(0.004)
0.064(0.007)
0.028(0.006)
0.016(0.006)
0.057(0.010)
0.118(0.011)
0.134(0.011)
0.139(0.012)

-0.045(0.012)

0.105(0.011)
0.020(0.004)
0.038(0.009)
0.018(0.006)
0.111(0.012)
0.011(0.012)
0.204(0.012)
0.149(0.012)
0.134(0.012)
0.129(0.012)
0.049(0.010)
0.153(0.012)
0.095(0.012)
0.133(0.012)
0.178(0.012)
0.189(0.012)

0.181(0.005)
0.139(0.004)
0.149(0.004)
0.154(0.004)
0.133(0.004)
0.054(0.001)
0.041(0.001)
0.030(0.001)
0.088(0.002)
0.055(0.002)
0.055(0.002)
0.157(0.004)
0.201(0.006)
0.207(0.006)
0.230(0.007)
0.239(0.007)
0.188(0.005)
0.032(0.001)
0.146(0.004)
0.059(0.002)
0.228(0.006)
0.214(0.006)
0.198(0.006)
0.220(0.006)
0.227(0.007)
0.216(0.006)
0.158(0.004)
0.225(0.007)
0.235(0.007)
0.231(0.007)
0.205(0.06)

0.210(0.006)

0.049
0.118
0.031
0.185
0.188
0.027
0.054
0.027
0.210
0.121
0.066
0.141
0.255
0.282
0.278
-0.092
0.235
0.108
0.099
0.074
0.227
0.234
0.417
0.302
0.271
0.268
0.123
0.307
0.193
0.267
0.366
0.381

0.998
0.986
0.999
0.966
0.965
0.999
0.997
0.999
0.956
0.985
0.996
0.980
0.935
0.920
0.922
0.992
0.945
0.988
0.990
0.995
0.949
0.945
0.826
0.909
0.927
0.928
0.985
0.906
0.963
0.929
0.866
0.855

*Note: item 16 had a negative loading across four models.

21



INTERNAL STRUCTURE INTERIM ASSESSMEN

Table 10

Loading and Residuals for Each Item from the Grade 3 Fall2 Standard Level Model

Equated Estimates

Standardized

LatentConstruct Item Loading (SE) Residuals(SE Loading Thetd
ltem1 0.031(0.012) 0.181(0.005) 0.073  0.995
Item 2 0.057(0.010) 0.138(0.004) 0.152 0.977
Item 3 0.015(0.011) 0.149(0.004) 0.038 0.999
Item 4 0.084(0.011) 0.152(0.004) 0.211 0.956
Item 5 0.094(0.010) 0.129(0.004) 0.253 0.936
Eﬁg‘ber ltem 13 0.124(0.013) 0.200(0.006)  0.267  0.929
Computation  'tem 14 0.135(0.013) 0.207(0.006) ~ 0.284  0.920
Item 15 0.115(0.014) 0.236(0.007) 0.229 0.947
Item 16 -0.047(0.013) 0.238(0.007) -0.097 0.991
Item 17 0.140(0.012) 0.180(0.006) 0.313 0.902
Item 25 0.138(0.014) 0.226(0.007) 0.279 0.922
Item 26 0.143(0.013) 0.213(0.006) 0.297 0.912
Item 6 0.007(0.007) 0.054(0.001) 0.031 0.999
Item 7 0.014(0.006) 0.041(0.001) 0.070 0.995
Algebra Item 18 0.022(0.006) 0.032(0.001) 0.124 0.985
Item 19 0.045(0.012) 0.145(0.004) 0.119 0.986
Item 27 0.055(0.013) 0.158(0.004) 0.136 0.981
Item 28 0.196(0.025) 0.210(0.011) 0.394 0.845
Item 8 0.075(0.012) 0.025(0.002) 0.430 0.815
Item 9 0.008(0.007) 0.092(0.003) 0.026 0.999
Item 10 0.004(0.005) 0.056(0.002) 0.016 1.000
ltem 20 0.214(0.034) 0.014(0.014) 0.876  0.233
Geometry
Item 21 0.004(0.011) 0.240(0.007) 0.009 1.000
Item 22 0.007(0.010) 0.226(0.006) 0.015 1.000
Item 29 0.022(0.011) 0.243(0.007) 0.044 0.998
Item 30 0.025(0.011) 0.248(0.007) 0.049 0.998
Item 11 0.005(0.006) 0.055(0.002) 0.021 1.000
Item 12 0.087(0.010) 0.153(0.004) 0.218 0.952
Data Item 23 0.098(0.012) 0.230(0.006) 0.200 0.960
Item 24 0.286(0.013) 0.160(0.007) 0.582 0.662
Item 31 0.093(0.012) 0.228(0.006) 0.190 0.964
ltem 32 0.357(0.015) 0.118(0.010) 0.720 0.482

*Note: item 16 had a negative loading across four models.

22
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Table 11

Loading and Residuals for Each Item from the Grade 3 Fall2 Benchmark Level Model

Equated Estimates

Standardized

Latent Construc' Item Loading (SE) Residuals(SE Loading Thetd
ltem 1 0.032(0.011) 0.181(0.005) 0.075  0.994
Item 2 0.051(0.010) 0.139(0.004) 0.135 0.982
Item 3 0.017(0.010) 0.149(0.004) 0.044 0.998
Item 13 0.136(0.012) 0.196(0.006) 0.294 0.914
Number Sense
Item 14 0.155(0.013) 0.202(0.006) 0.326 0.894
Item 15 0.158(0.013) 0.224(0.007) 0.316 0.900
ltem 25 0.147(0.013) 0.223(0.007) 0.297  0.912
ltem26 0.136(0.013) 0.215(0.006) 0.281  0.921
Item 4 0.053(0.011) 0.157(0.004) 0.132 0.983
. tem5 0.178(0.014) 0.107(0.005) 0.478 0.772
Computation
Item 16 -0.03Z(0.014) 0.240(0.007) -0.066© 0.996
Item 17 0.255(0.019) 0.134(0.010) 0.572 0.673
Item 6 0.027(0.010) 0.053(0.002) 0.117 0.986
Patterns Item 18 0.036(0.008) 0.032(0.001) 0.198 0.961
Item 27 0.121(0.025) 0.146(0.007) 0.303 0.908
Item 7 0.014(0.006) 0.041(0.001) 0.069 0.995
Functions ltem 19 0.052(0.012) 0.144(0.004) 0.136  0.981
Item 28 0.207(0.035) 0.205(0.015) 0.416 0.827
Geometric ltem 8 0.070(0.015) 0.025(0.002) 0.402  0.838
Figures ltem 20 0.229(0.047) 0.007(0.021) 0.939 0.119
Item 9 0.084(0.008) 0.085(0.003) 0.276 0.924
Item 10 0.044(0.006) 0.054(0.002) 0.184 0.966
Xr‘f;s“reme”t ltem 21 0.124(0.014) 0.224(0.007) 0.254  0.935
Estimation ltem 22 0.134(0.013) 0.209(0.006)  0.282  0.921
Item 29 0.103(0.014) 0.233(0.007) 0.208 0.957
Item 30 0.156(0.014) 0.224(0.007) 0.313 0.902
Item 11 0.021(0.006) 0.055(0.002) 0.089 0.992
Probability Item 23 0.266(0.015) 0.169(0.008) 0.544 0.704
Item 31 0.222(0.014) 0.187(0.007) 0.456 0.792
Item 12 0.085(0.009) 0.153(0.004) 0.213 0.955
Statistics Item 24 0.280(0.015) 0.164(0.008) 0.569 0.676
Item 32 0.384(0.019) 0.098(0.013) 0.774 0.400

*Note: item 16 had a negative loading across four models.
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Table 12

Loading and Residuals for Each Item from the Grade 3 Fall2 Indicator Level Model

24

Equated Estimates

Standardized

Residuals
Latent Construct Item Loading(SE) (SE) Loading Thetd
ltem 1 0.042(0.013) 0.180(0.005) 0.099  0.990
Comparisons and Orders ltem 13 0.159(0.016) 0.190(0.007) 0.344  0.882
ltem 25 0.174(0.017) 0.215(0.008) 0.351  0.877
ltem 2 0.062(0.011) 0.138(0.004) 0.166  0.973
Mathematical Model ltem 14 0.170(0.016) 0.197(0.007) 0.357 0.873
ltem 26 0.155(0.015) 0.209(0.007) 0.321  0.897
Bills and Coins Value ltem 3 0.013(0.016) 0.149(0.004) 0.032  0.999
ltem 15 0.132(0.145) 0.232(0.039) 0.265  0.930
RealWorld Addition and Subtractior €M 4 0-111(0.031) 0.147(0.008)  0.277  0.923
ltem 16 -0.066'(0.020) 0.236(0.007) -0.134¢  0.982
Multiplication and Division ltem5 0.181(0.015) 0.105(0.006) 0.487  0.763
ltem 17 0.261(0.021) 0.131(0.011) 0.584  0.659
ltem 6 0.029(0.009) 0.053(0.002) 0.124  0.985
Multiplication Pattern ltem 18 0.034(0.008) 0.032(0.001) 0.189  0.964
ltem 27 0.126(0.024) 0.205(0.015) 0.313  0.902
ltem 7 0.014(0.006) 0.041(0.001) 0.068  0.995
Numerical Pattern ltem 19 0.053(0.012) 0.144(0.004) 0.137  0.981
ltem 28 0.207(0.034) 0.205(0.015) 0.416  0.827
Geometric Figures ltem 8 0.070(0.014) 0.025(0.002) 0.402  0.838
ltem 20 0.229(0.044) 0.007(0.020) 0.939  0.119
ltem 9 0.073(0.010) 0.087(0.003) 0.241  0.942
RealWorld Measurement Problem |tem 21 0.120(0.017) 0.226(0.007) 0.244 0.940
ltem 29 0.088(0.015) 0.236(0.007) 0.178  0.968
ltem 10 0.052(0.007) 0.053(0.002) 0.221  0.951
Time Recognition ltem 22 0.163(0.016) 0.200(0.007) 0.343  0.882
ltem 30 0.211(0.018) 0.204(0.009) 0.423  0.821
ltem 11 0.020(0.006) 0.055(0.002) 0.084  0.993
Possible Outcomes ltem 23 0.266(0.015) 0.169(0.008) 0.542 0.706
ltem 31 0.223(0.014) 0.187(0.007) 0.459  0.789
ltem 12 0.086(0.009) 0.153(0.004) 0.214  0.954
Statistical Measures ltem 24 0.281(0.015) 0.164(0.008) 0.570  0.675
ltem 32 0.383(0.018) 0.099(0.013) 0.773  0.402

*Note: item 16 had a negative loading across four models.
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The loadings and residuals of each model have similar patterns across the different
samplesThe more detailed models, that is, those containing more latent constructs, indicate
stronger relationships between the latent constructs and the items, which is demonstreted by
completely standardized loadings increasing and residuals decreasing as the number of latent
constructs increases. For example, the loadings of the content level model are lower than the
loadings of the benchmark model and the residuals of the céewehmodel are higher than the

residuals of the benchmark model.

The differences among loadings and residuals across different models provide evidence
that the internal structure of interim assessment complies widathecontent specifications of
thesummative assessmeiihe higheloadingsof the indicator level model indicate that the
items on the interim and summative assessments are focused on the concepts and skills

delineated by the tested indicators and their item specifications.

Latent Construct Correlation s. The latent construct correlations of each model are
higher from the summative sample than from the interim assessment samples. This could be a
result related to the larger sample of students who had summative assessment scores or to the

longer test length of the summative assessment.

Standard Level ModeThe correlations between the latent construct according to the four

standards are presented in Table 14 using the grade 3 Fall2 interim assessment as an example.
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Table 13

Correlation Matrix from the Grade 3 Fall2 Standard Level Model

26!

Number e_lnd Algebra Geometry Data
computation

Number and 1.000

computation

Algebra 0.848 1.000

Geometry -0.020 0.101 1.000

Data 0.463 0.278 0.117 1.000

The correlation between timeimber and computation standard and the algabradard

from tensamples is highdor these dat#éhan the correlation among other standards. In some

samples, the correlation between the geometry standard and the algebra standard is high too,

such as grael8 Falll, grade 8 Fall2, grade 8 summative part sample, and grade 8 summative full

sample.

Benchmark Level ModeThe correlations between latent constsuaccording to the

benchmarksire presented in Table 14 using the grade 3 Fall2 interim assessment as an example.

Table 14

Correlation Matrix from the Grade 3 Fall2 Benchmark Level Model

Number
Sense

Computation
Patterns

Functions
Geometric
Figures
Measurement
& Estimation

Probability
Statistics

Number Compu Patt Func Geometric Measurement Proba Stati
Sense tation erns tions Figures & Estimation bility stics
1.000

0.289 1.000

0.386 0.115 1.000

0.715 0.462 0.383  1.000

-0.019 -0.016 0.085 0.063 1.000

0.770 0.218 0.291 0.650 0.088 1.000

0.662 0.263 0.396  0.581 0.056 0.708 1.000

0.351 0.230 0.124  0.200 0.101 0.272 0.257 1.000
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The correlations between the number sense benchmark and other seven benchmarks are
higher than the correlatiotetween other benchmarks for the five samples in grade 3. The
correlation between the measurement and estimation benchmark and the probability benchmark
is high across these five samples. However, these results do not indicate that the correlations
betweerthe benchmarks in the same standards are higher than the correlation between the
benchmarks in the different standards for the grade 3 samples. The coselatmgthe
computatiorbenchmarkthevariable, equations, and inequalitenchmark, théunctions
benchmarkand the models benchmark frdive samples of grade &e allhigher than the
correlations among other benchmarks. The correlations among the number sense benchmark, the
number systems benchmaskd the computation benchmark are dlgih fromtwo summative

samples of grade 8.

Indicator Level ModelThe correlations betweeatent constructs accordingitadicators

are presented in Table 15 using the grade 3 Fall2 interim assessment as an example.
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Table 15

Correlation Matrix from the Grade 3 Fall2 Indicator Level Model

Bills. R-W. Multi R-W
Cmp& Math. & Add. 2 " Multi. Nos Geo. Measr Tell Pos. Stat.
Ord. Model Coins & . Ptn. Ptn. Fig. " Time Out. Mea.
Div. Prb.
Value Sub.
Cmp.
& Ord. 1.000
Math.
Model 0.692 1.000
Bills.
& 0808 1.064 1.000
Coins
Value
R-W.
Add. 0.531 0.795 0.593 1.000
& Sub.
Muli. 264 0248 0068 0303 1.000
& Div.
Multi.
Pt 0.275 0.236 0.810 0.445 0.085 1.000
:;It?f‘ 0.647 0.587 0.886 0.837 0.417 0.377 1.000
Sigo' -0.034 -0.053 0.115 0.017 -0.017 0.081 0.063 1.000
R-W

Measr. 0.696 0.839 1.601 0.456 0.252 0.204 0.744 0.095 1.000
Prb.

$ﬁ:e 0.478 0.360 0.803 0.297 0.146 0.302 0.504 0.072 0.701 1.000
CP)?E 0.557 0.560 0.873 0.598 0.231 0.391 0.579 0.056 0.894 0.488 1.000
l\S/ltea;' 0.286 0.382 0.269 0.169 0.222 0.120 0.200 0.101 0.252 0.243 0.258 1.000

Most correlationdetweerindicators in the same benchmarks are higher than the
correlations between indicators in different benchmarks for theiffement samplesThe similar
patterns of latent construct correlations across the interim assessments and the summative
assesment provide eviaee that the internal structuoéthe interim assessments camfis to

the internal structure of the summative assessment.
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Model Fit. The fit indices that this study interested in include chi squ&yeréot mean
square error of@roximation(RMSEA), 90% confidence interval of RMSEA (RMSEA 90%
Cl), nonnormed fit ndex(NNFI), comparative fit index (CFJ)Akaike information criterion
(AIC), andConsistent Akaike's informationiterion (CAIC). This study aims to compare the
patten of model fit indices of four models across different sasolénvestigate whether the
internal structures of the interim assessment confirm to the internal structures of the summative

assessment.

Content Level ModeThe fit indices #, RMSEA, RMSEA 90% CI, NNFI and Clof

the content level nael are presented in Tablé.1

Table 16

Content Area Level Model

Grade Sample Sg?z‘z'e Ifefnfs #2 df p RMSEA zg”cysoECAl NNFI  CFI
3 Fall 1036 32  1281.899 464 <0.01 0.042 %‘_%‘zi 0.286 0.332
3 Fal2 2678 32  1985.157 464 <0.01 0.035 %‘_%%?; 0.605 0.631
3 Winter 2058 32 1524409 464 <0.01 0.034 %‘_%%t 0.692 0.712
3 SumPrt 3419 60  3636.912 1710 <0.01 0.018 %‘_%112 0.873 0.878
3 SumAll 31275 60  27722.803 1710 <0.01 0.024 %‘_%22‘2 0.965 0.966
8  Fall 897 42 1628718 819 <0.01 0.034 %‘_%%t 0.711 0.725
8  Fall2 1956 42  3627.387 819 <0.01 0.041 %‘_%j% 0.610 0.629
8  Winter 1140 41 1851612 779 <0.01 0.039 %‘_%‘Z 0.610 0.630
8  SumPrt 2671 71  7365.265 2414 <0.01 0.030 %‘_%23% 0.844 0.849
8  SumAll 31631 71  85602.405 2414 <0.01 0.039 %‘_%%% 0.965 0.966

The RMSEASs from the ten samples are all inQt@4-0.05range and indicate that this

model has close fit from the ten samples. The relative fit indices, NNFI and CFl, from the
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interim assessment samples are not very high, less than 0.85, and could not provide evidence
that this model has good fit. The NNFI a@#l from summative part sample of both grades
indicate that this model has mediocre fit, and the NNFI and CFI from summative full sample of

both grades indicate that this model has close fit.

Standard Level ModeThe fit indices #, RMSEA, RMSEA 90%CI, NNFI and CF) of

the standard level model are presented in Tahle 1

Table 17

Standard Level Model

Sample  # of RMSEA

Grade Sample Size ltems #2 df p RMSEA 90% ClI NNFI  CFI
3 Falll 1036 32 1139.619 458 <0.01 0.038 (())(())34)151 0.397 0.443
3 Fall2 2678 32 1733.668 458 <0.01 0.035 %%3347' 0.664 0.690
3 Winter 2058 32 1054.742 458 <0.01 0.026 %%2242; 0.824 0.838
3 SumPrt 3419 60 3381.285 1704 <0.01 0.017 (())(())11; 0.882 0.887
3 SumAll 31275 60 22604.367 1704 <0.01 0.021 %%2211 0.972 0.973
8 Falll 897 42 1509.237 813 <0.01 0.031 %%23% 0.750 0.764
8 Fall2 1956 42 3367.951 813 <0.01 0.040 (())(())34)1&; 0.643 0.663
8 Winter 1140 41 1370.768 773 <0.01 0.027 %%22% 0.781 0.794
8 SumPrt 2671 71 6364.413 2408 <0.01 0.027 %%226; 0.875 0.879
8 SumAll 31631 71 75496.522 2408 <0.01 0.037 %%336; 0.969 0.970

The RMSEASs from the ten samples are all in the range from@0&BLand indicate that
this model has close fit from the ten samples. The relative fit indid¢is| and CFI, from the
interim assessment samples are not very high, less than0.85, and could not provide evidence that

this model has good fit. The NNFI and CFI from the summative part sample of both grades
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indicate that this model has mediocre fit, amel NNFI and CFI fom the summative full samples

for both grades indicate that this model has close fit.

Benchmark Level ModéThe fit indices #, RMSEA, RMSEA 90% CI, NNFI and Cl

of the benchmark level model are presented in Tahle 1

Table 18

Benchmark Level Model

Grade Sample Sggg'e Ife%fs #2 df p RMSEA '3('\)’!)/80'55‘ NNFI  CFI
3 Fall 1036 32  748.690 436 <0.01 0.027 %‘%23”6 0.709 0.745
3 Fall2 2678 32  810.181 439 <0.01 0.018 %‘%12% 0.897 0.909
3 Winter 2058 32  656.908 439 <0.01 0.016 %‘%11?5 0.932 0.940
3 SumPrt 3419 60 3163.956 1682 <0.01 0.016 %‘%116; 0.895 0.900
3 SumAll 31275 60 18098.892 1682 <0.01 0.019 %‘%11% 0.977 0.979
8  Fall 897 42  1288.996 774 <0.01 0.027 %‘%23”6 0.806 0.825
8  Fall2 1956 42  1965.072 774 <0.01 0.029 %‘%‘?ﬁ 0.825 0.843
8  Winter 1140 39  1055.686 657 <0.01 0.023 %‘%22% 0.844 0.861
8  SumPrt 2671 71  5565.467 2369 <0.01 0.024 %‘%22% 0.898 0.902
8  SumAll 31631 71 59772.120 2369 <0.01 0.032 %%%i 0.976 0.977

The RMSEASs from the ten samples are all in the range from@0&Land indicate that
this model has close fit from the ten samples. The relative fit indices, NNFI and CFl, from the
summative full samples fdooth grades indicate that this model has cfiais&€he NNFI and CFlI
from other samples indicate that this model has either mediocre fit or acceptable fit except the

grade 3 Falll interim assessment sample.
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Indicator Level ModelThe fit indices #, RMSEA, RMSEA 90% ClI, NNFI and Clrbof the
indicator level model are presented in Tal®e

Table 19

Indicator Level Model

Grade Sample Sggg'e Ife%fs # df p RMSEA ';('\)/'O/SOECAI‘ NNFI  CFI
3 Falll 1036 29  506.538 322 <0.01 0.023 %‘%1297 0.785 0.829
3 Fall2 2678 32  611.119 398 <0.01 0.015 %‘%11?; 0.920 0.936
3 Winter 2058 31  551.070 368 <0.01 0.016 %‘%11?2; 0.915 0.933
3 SumPrt 3419 60 2870.454 1644 <0.01 0.015 %‘%11”(; 0.911 0.917
3 SumAll 31275 60 13248.424 1644 <0.01 0.016 %‘%11% 0.984 0.985
8  Falll 897 42 923557 714 <0.01 0.017 %‘%12?1 0.914 0.929
8  Fall2 1956 42  1186.179 714 <0.01 0.018 %‘%12% 0.925 0.938
8  Winter 1140 37 700481 551 <0.01 0.015 %‘%11?3 0.936 0.947
8  SumPrt 2671 71 4625710 2309 <0.01 0.020 %‘%1291 0.924 0.929
8  SumAll 31631 71 32977.018 2309 <0.01 0.023 %‘%2235 0.987 0.988

The RMSEASs from the ten samples are all in the range from@0&Land indicate that
this model has close fit from the ten samples. The relative fit indices, NNFI and CFl, from
summative full sample for both grades indicate that this model has clo$aditNNFI and CFlI
from other samples indicate that this model has mediocre fit except the grade 3 Falll interim

assessment sample.

In a nutshellthe model fit of the same model from summative samples are better than
from the interim assessment samplesdose there are more items for summative assessment

which improve the model fit. The model fit indices from the same sample present that the model
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fit is getting better from content level model to indictor level model as the number of parameters

estimatedncreasesGenerally, the best fit is found at indicator level models.

RMSEAs, RMSEA 90% CI, AlCGsand CAICs are used to compare the model fits of

different models on the same sample. The comparison will be conducted for each grade.

Grade 3 Table 20 andable 21 are the RMSEAs, RMSEA 90% CI, AJ@ad CAICs of

four models fronfive grade 3 samples.

Table 20

Grade 3 RMSEA and RMSEA 90% Confidence Interval

RMSEA RMSEA 90% CI
Falll Fall2 Winter SumPrt SumAll Falll Fall2 Winter SumPrt SumAll
Content 0.042 0.035 0.034 0.018 0.024 0.039 0.034 0.032 0.01F 0.024

0.044 0.037 0.036 0.019 0.024
Standard  0.038 0.035 0.026 0.017 0.021 0.035 0.034 0.024 0.01# 0.02%
0.041 0.037 0.028 0.018 0.021

Benchmark 0.027 0.018 0.016 0.016 0.019 0.024 0.016 0.013 0.016¢ 0.019
0.030 0.020 0.018 0.017 0.019
Indicator 0.023 0.015 0.016 0.015 0.016 0.013 0.013 0.013 0.014 o0.016

0.027 0.017 0.018 0.016 0.016

The RMSEASs decrease from the content level model to the indicator level model as the
number of parameters increases. The same pattern was founfiviea glde 3 samples.
However, the RMSEA 90% Cls of the summative samples are smaller than the interim
asessment samples. The differences between the RMSEA of the content level model and the
RMSEA of the indicator model of the summative samples are smaller than the interim
assessment samples. The RMSEA differences of the summative samples are not aa®bvious

the interim assessment samples.
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Table 21

Grade 3 AIC and CAIC

AIC CAIC
Falll Fall2  Winter SumPrt SumAll Falll Fall2  Winter SumPrt SumAll

Content 1421.986 2120.357 1669.281 3876.912 32329.320 1802.346 2561.450 2093.568 4733.365 33451.389
Standard 1274.850 2116.298 1235.029 3721.847 25687.016 1690.869 2598.744 1699.093 4621.122 26865.188

Benchmark 952.411 978.430 838.406 3531.362 20430.713 1499.178 1612.502 1448.319 4587.653 21814.598

Indicator 730.664 905.295 807.941 3291.416 14721.531 1402.237 1801.265 1656.516 4618.917 16460.738

The AICs decrease from the content level model to the indicator level model as the
number of parameters increaséBe same pattern was found in each of the five grade 3 samples.
The CAICs decrease from tkentent level model to the indicator level model as the number of
parameters increases from the grade 3 Fall 1 interim assessment sample and the grade 3
summative full sampleBut the CAICs of the benchmark level motek the smallest CAICs
from the graé 3 Fall2interim assessment sample, the grade 3 Winter interim assessment sample

and the grade 3 summative part sample

Grade8. Table 22 and Table 23 are the RMSEASs, 90% RMSEA Cls, Adad CAICS

of four models fronfive grade 8 samples.

Table 22

Grade 8 RMSEA and RMSEA 90% Confidence Interval

RMSEA RMSEA 90% CI

Falll Fall2 Winter SumPrt SumAll Falll Fall2 Winter SumPrt  SumAll

0.03% 0.046 0.037% 0.029 0.039
0.036 0.043 0.041 0.031 0.039
0.028 0.038 0.025 0.026 0.036
0.033 0.041 0.029 0.027 0.037
0.024 0.028 0.026 0.023 0.032
0.030 0.031 0.026 0.025 0.032
0.013 0.016 0.012 0.019 0.023
0.021 0.020 0.018 0.021 0.023

Content 0.034 0.041 0.039 0.030 0.039

Standard  0.031 0.040 0.027  0.027 0.037

Benchmark 0.027 0.029 0.023  0.024 0.032

Indicator 0.017 0.018 0.015 0.020 0.023
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The RMSEASs decrease from the content level model to the indicator level model as the
number of parameters increases. The same pattern was founfivie glde 8 samples.
However, the RMSEA 90% Cls from the summative samples are smaller thamé ametim

assessment samples.

Table 23

Grade 8 AIC and CAIC

AIC CAIC

Falll Fall2 Winter  SumPrt  SumaAll Falll Fall2 Winter  SumPrt  SumAll

Con 1817.758 3721.030 2286.291 8399.882 117488.551 2301.879 4273.637 2781.472 9378.292 118817.940
Std.  1681.048 3477.987 1601.345 7266.619 104205.269 2202.963 4070.066 2132.758 8286.369 105590.829
Ben 1540.532 2328.029 1298.126 6307.861 80128.074 2288.610 3176.676 2040.896 7596.330 81878.748

Ind.  1279.991 1555.959 988.705 5268.822 40555.002 2376.013 2799.325 1906.600 6970.704 42867.389

The AICs decrease from the content level model to the indicator level model as the
number of parameters increaséBe same pattern was foundfive grade 8 samples. The
CAICs decrease from the content level model to the indicator level model as the number of
parameters increaselhe same pattern was foundfaur grade 8 samples but nottime grade 8
Falll interimassessment sample. The standard level model has the smallest CAICs among four

models from this sample.

RMSEAs and AlCsndicatethat the models with more parameters have bettewvliich
means the indicator level moddlave the best model fitSince CACs penalize the effect of
manyparameterghis statistic might not be useful for evaluating the model fit of indicator level
models.Therefore, it may be inaccurate to draw any conclusions about which model had the best
fit whenthe model with the smallesiCs andthe model with the smalle§tAICs are different

within one sampleHowever, he similar patterns of RMSEAs and AICs and CAICs across four
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models were found in the interim assessment samples and the summative sanghigeowide
strongevidence that the internal structuwfethe interim assessments confortmshe internal

structure of the summative assessment.

Discussion

This study provide validity evidenceaboutthe internaktructureof grades 3 and 8
interim assessmestfrom theaccuracy of interim assessment scoresthedtructure of interim

assessmestHowever, thergveresome limitations:

1. Only the students who took the hardestpath were includedlhe conclusions
of this study could not be geralized to other students who took other path way.
The same analysis should be conducted on the students who took other test path.

2. Only grade 3 and 8 interim assessments and summative assessments were
examinedThe conclusions of this study could not be generalized to students in
other gradesT'he same analysis should be conducted on the students in other
grades.

3. The model fit indiceg¢AICs and CAICs) did not givehesame answer to the
guestionabout which moeel has the best fit among four models. More

investigations on finding the best fit model should be conducted in future.
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