Equating Student Scores across OCBA
Test Administration Modes

Introduction

Prior to conducting the standard setting workshops and reporting test scores for the OCBA
assessments in science and social studies, which were administered for the first time in spring 2015, an
equating study was performed to evaluate differences in item and test performance between the
online and paper test administrations, and to identify the linking constants necessary to place item
parameter estimates across modes on a common scale for test scoring and reporting.

A single, fixed operational test form was used to administer OCBA assessments online. In addition, a
nearly equivalent test form was constructed for paper-based test administrations. Although the paper
form was designed to be as similar as possible to the online form, online items that could not readily be
rendered for paper administration were modified or replaced. The common items between the online
and paper forms provided the basis for an equating study to examine the performance of items between
the online and paper modes of test administration. In addition to the operational test items, both the
online and paper tests included embedded field test blocks. Only operational items that were common
to both the online and paper forms were used as the basis for the mode equating study.

A matched samples design (Way, Davis, and Fitzpatrick, 2006) was used to equate ability estimates
between the online and paper test administrations. A covariate regression approach was implemented
to construct equivalent groups of students taking the OCBA assessments for both modes of test
administration. The regression analysis identified for each student a predicted raw score on the paper
OCBA assessment from previous year achievement on the OAA/OGT assessments, covarying individual
and school level demographic variables in the development of the prediction equation. The predicted
raw score distribution was used to identify two matched samples for each assessment to conduct the
mode equating study.

Matched Samples
The following procedures were used to define the matched samples between the online and paper test
administration modes.

1. For students participating in the paper test administration, spring 2015 OCBA raw scores were
regressed on previous spring achievement, individual level demographic variables and school level
variables. The previous achievement indicator was based on student test scores on the spring 2014
administration of the OAA and OGT assessments, where available. For some students taking the end of
course assessments, we obtained 2013 test scores on the OGT. The individual demographic variables
included ethnicity, gender, and English language learner (ELL) and special education (SPED) status.
School level variables included ratio of African American students, ratio of Hispanic students, ratio of
multi-ethnic students, ratio of ELL, ratio of SPED and average achievement as indexed by the 2014
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OAA/OGT scores. The ratio of group enrollment in schools for the demographic variables was
categorized as low or high by median split, while school level achievement was classified by quintile.
Variables were entered into the equation in a stepwise fashion so that only variables accounting for
significant variation in the prediction of 2015 OCBA test performance were included in the final
regression equation:
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where Yis the predicted 2015 OCBA raw score, Bn refers to the estimated regression weight for
covariate X,. The tables in Appendix A show the variables selected for entry into each of the regression
models and their estimated weights. The variables are presented in the order in which they were
selected into the models by the stepwise method.

2. With the obtained regression coefficients, the prediction equation was applied to all students
participating in OCBA across test administration modes, yielding a predicted 2015 OCBA raw score for
each student. Table 1 shows the correlation between the predicted and observed scores for all students.
As shown in Table 1, the correlation between predicted and observed scores are comparable whether
students took OCBA on paper or online. The graphs in Appendix B show the scatterplots between the
observed and predicted raw scores for both the online and paper tests.

Table 1. Correlatioabetween Predictedand ObservedRaw Scores.

Test Online Paper
G4 Social Studies 0.77 0.75
G5 Science 0.83 0.80
G6 Social Studies 0.84 0.83
G8 Science 0.81 0.79
American History 0.77 0.78
American Government 0.78 0.77
Physical Science 0.67 0.68

3. Using the predicted 2015 raw score distribution, the sample with the smaller number of students
(paper) was divided in 20 equal sized groups. The predicted raw score distribution cut points determined
by the equal-sized groups was used to divide students in the larger sample (online) into each of the 20
ability level groups. Within each of the 20 ability groups in the larger online sample, a random sample of
students was drawn, equal in size to the number of paper students in each of the predicted ability level
groups.
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Comparing the Matched Samples

The tables in Appendix C provide a comparison of the demographic and achievement characteristics
between the matched online and paper samples drawn for the mode equating study. For each sample,
the table presents the proportion of students classified in each demographic category, the mean and
standard deviation of test score on the spring 2014 OAA/OGT assessment, as well as the average
predicted raw score on spring 2015 OCBA assessment.

Note that the raw score summary is based on the complete set of operational items between the paper
and online version of the OCBA, and not the final set of linking items. Results indicate that the
demographic composition and prior achievement of the matched samples is quite similar and that the
matching procedure was effective.

Results
Table 2 shows the total number of operational test items per assessment, of number of common

items used for the mode equating study, and the size of the matched samples. As indicated in Table 2,
nearly half of the operational items were common across the online and paper-based assessment
modes. Although the online and paper test forms had a large proportion of unique items, the test
characteristic curves in Appendix E show that the distribution of test information across the online
and paper test forms was nearly identical, indicating the online and paper assessments measured
student achievement comparably across the ability distribution.

Table 2: Number of Common Items and Number of Students Administered the Common Form

Number Of Items Size of Matched
Subject Total Operational | Total Operationat Common
: Samples
Online Paper ltems
G4 Social Studies 45 57 28 32340
G5 Science 44 51 22 33620
G6 Social Studies 42 55 25 26180
G8 Science 45 48 20 26980
American History 46 55 28 24080
American Government 44 57 26 14140
Physical Science 45 51 25 25500

IRT parameter estimates were calibrated independently for the matched online and paper test
administration mode samples. Because the samples were matched for predicted achievement,
calibrations were centered on person abilities for both of the matched samples. Because samples were
selected to be equivalent, any differences in the resulting item parameter estimates are likely due to
differences in the mode of test administration rather than to possible differences between the
examinees.

The tables in Appendix D show the item parameter estimates resulting from the independent
calibrations of the matched sample online and paper test administrations, as well as the proportion of
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students responding correctly to each of the common items. Table 3 summarizes the observed
differences in the parameter estimates for the common items across mode. Table 3 shows the mean
difference between item parameters in the online and paper calibrations, as well as the mean absolute
difference between item parameters. Although the mean differences in the parameter estimates across
test administration mode are relatively small, when we look at the mean of the absolute difference
across mode, the differences are more pronounced, indicating that items are not consistently more
difficult in one mode or the other. The minimum and maximum values provide an index of the range of
differences and show that while some items may be substantially easier in the online mode, others may
be much more difficult when administered online.

Table3: Mean Item Parameter Estimate Differencésr Common Item®Between Matched Sample
Calibrations.

Difference Between Online and Paper Item Parameters (Donline-Dpaper)
Mean Mean Absolute Value

Subject Difference Difference Minimum Maximum
G4 Social Studies 0.016 0.193 -1.167 0.602
G5 Science 0.074 0.157 -0.378 0.419
G6 Social Studies 0.028 0.145 -0.280 0.665
G8 Science -0.104 0.171 -0.454 0.183
American History -0.084 0.217 -0.593 0.619
American Government -0.146 0.215 -0.662 0.319
Physical Science 0.086 0.132 -0.176 0.397

A linking constant was computed to bring the matched sample paper item parameters onto the matched
sample online scale. Linking constants were computed as the difference between the mean item
difficulties between the independently calibrated online and paper forms using all common items as
linking items. Table 4 shows the mean difficulty of the common test items resulting from independent
calibrations based on the matched samples from the online and paper test administrations, as well as
the linking constants necessary to bring the paper item parameters onto the online scale. As the linking
constants indicate, mean difficulty estimates of the common items resulting from the independent
calibrations of the paper and online assessments are reasonably consistent, especially for the lower
grades where the linking constants between the common items are near zero. Linking constants for the
grade 8 science and high school end of course assessments are somewhat larger, although notin a
consistent direction. Common items in grade 8 science and the end of course assessments in social
studies were somewhat easier when administered online, while common items in the physical science
assessment were somewhat more difficult when administered online.
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Table 4: Linking Constant®esultingfrom the Matched Samples Equating

Mean Item Difficulties Mean Linking
Test Online Paper Constant
G4 Social Studies -0.009 -0.025 0.016
G5 Science -0.334 -0.408 0.074
G6 Social Studies -0.407 -0.435 0.028
G8 Science -0.119 -0.015 -0.104
American History -0.293 -0.209 -0.084
American Government -0.055 0.091 -0.146
Physical Science 0.403 0.317 0.086

To help evaluate the impact of applying the equating constants derived from the common items to test
as a whole, Table 5 presents, for each test, the means and standard deviations of the ability estimates
for students in the matched samples as estimated from the OCBA operational bank parameters that
were used to score students’ tests. Operational item parameters were estimated on the complete
sample of online test takers following the spring 2015 administration of the OCBA and item parameter
estimates were centered on the first operational test form. Thus ability estimates reported in Table 5
are on the same underlying scale used to report operational test scores.

ODE has indicated that it will not maintain separate item banks for online and paper assessments. Thus,
for the matched paper sample, ability estimates were computed in two ways. First, ability estimates for
paper records are shown as computed from the same bank parameter estimates used to score the
online sample. This shows what the expected differences in performance would be if online and paper
records are scored using a common set of online bank parameters. For example, because the grade 4
social studies items were, on average, easier when administered on paper than online, when the
matched paper sample is scored using the bank item parameters, their ability estimates are somewhat
higher than those for the matched online sample.

Table 5 also shows ability estimates for paper records estimated from adjusted online item parameter
estimates, computed by applying the equating constant to the online parameter estimates. Again, using
the grade 4 social studies example, because the common items were, on average, easier when
administered on paper than online, subtracting the linking constant from the online bank parameters
places the paper ability estimates on the same scale as the online ability estimates. Applying the
equating constants to adjust the online item parameters generally results in ability estimates that are
more consistent between the matched samples, as expected. However, because differences between
the online and paper modes are not uniform across the ability distribution, there are some instances,
such as with grade 8 science, where the adjusted ability estimates diverge from expectation.
Nevertheless, application of the linking constant generally produces ability estimates that are consistent
across test administration modes between the matched samples.
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Table5: Mean OCBAperational Ability Estimatesbetweenthe Matched Samples

Test Online Sample . Paper Sample Sporadsing .
Online Parameters Adjusted Online Parameter

MEAN STD MEAN STD MEAN STD
G4 Social Studies 0.10 0.85 0.16 0.79 0.14 0.79
G5 Science 0.27 1.02 0.32 0.95 0.25 0.95
G6 Social Studies 0.59 1.01 0.62 1.05 0.59 1.05
G8 Science -0.17 1.00 -0.17 0.90 -0.06 0.90
American History 0.29 0.94 0.23 0.98 0.32 0.98
g:veer;:‘f:ent 0.20 0.89 0.12 0.95 0.26 0.95
Physical Science -0.60 0.86 -0.54 0.82 -0.63 0.82

Table 6 shows the percentage of students in the matched samples scoring in each of the OCBA
performance level classifications based on their operational test scores. Again, performance level
classifications for the matched paper sample are shown based on ability estimates derived from
application of the bank item parameters estimated based on the complete sample of online test takers,
as well as ability estimates based on application of the equating constant to the bank item parameters.
Again, application of the equating constant to the online parameters results in performance level
classifications for the matched paper sample that are somewhat more in line with those of the matched
online sample. Although again the adjusted grade 8 item parameters result in deviations from
expectation for the Basic and Proficient level performance standards.

Table6: Percent of Student€lassified irMeeting or Exceeding EadPerformance Leveh the
Matched Samples

Paper Sample Scoratking
Online Adjusted Online
Test Performance Leve| OnlineSample| Parameters Parameters
Basic 88 91 91
Grade 4 Social Studies | Proficient 69 75 71
Accelerated 29 28 28
Advanced 4 4 4
Basic 86 90 88
Grade 5 Science Proficient 60 60 57
Accelerated 36 35 35
Advanced 15 15 15
Basic 76 76 76
Grade 6 Social Studies | Proficient 59 59 59
Accelerated 34 35 35
Advanced 12 14 14
Grade 8 Science Basic 80 84 87
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Paper Sample Scoragking
Online Adjusted Online
Test Performance Leve|l OnlineSample[ Parameters Parameters
Proficient 60 61 65
Accelerated 37 33 37
Advanced 11 8 10
Basic 90 87 89
American History Proficient 73 70 72
Accelerated 37 36 39
Advanced 17 18 20
Basic 93 92 94
American Government | Proficient 72 67 74
Accelerated 20 18 22
Advanced 5 5 6
Basic 86 88 88
Physical Science Proficient 63 62 62
Accelerated 21 23 21
Advanced 4 5 4

Although about half of the items were common between the online and paper forms, because many
items were unique to the paper and online forms, we compared the results of the common item
equating approach with an equipercentile equating between the online and paper forms for the
matched samples. The figures in Appendix F show the cumulative frequency distributions for the
matched online sample scored using the online parameter estimates, the matched paper sample scored
using the unadjusted online parameter estimate, the matched paper sample scored using the mode-
corrected online item parameters, and the equipercentile equated paper scores, which fully recovers
the matched online sample distribution. As the figures indicate, the common item and equipercentile
equating approaches generally converge. However, there are some instances, including grade 4 social
studies, and grade 5 and 8 science, where the ability estimates diverge slightly for low ability students.
Nevertheless, convergence between the two methods supports use of the common item approach for
identifying a linking constant to adjust for any mode differences should ODE decide to apply an
adjustment to the online parameter estimates.

Conclusion

The mode equating study described in this document examined the comparability of item parameters
and resulting test scores from the online and paper administrations of the spring 2015 OCBA
assessments in Science and Social Studies. A matched samples approach was used to investigate
differences in the difficulty of test items and resulting ability estimates across test administration mode.
Independent calibration of common items between the matched samples indicated that while mean
differences in item difficulty between the two modes were generally small, some items performed quite
differently across modes with some items much easier when administered online while other items
appeared to be more difficult for online test takers.
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Equating constants were computed to place the matched sample paper item parameters on the online
scale. Because ODE does not intend to maintain separate item banks for the online and paper
assessments, we compared the performance of the matched online and paper samples scoring the
paper tests using both the online item parameters as well as adjusted online item parameters, which
applied the common item equating constant to the online item parameters. Application of the equating
constant to produce adjusted online item parameters generally brought the ability estimates of the
matched samples more in line with the expectation of equivalent achievement between the two
samples.

Because the equating constants were based only on the common items between the online and paper
assessments, we also evaluated the results of the common item equating with an equipercentile
equating approach. Comparison of the common item and equipercentile equating approaches indicated
general consistency between linked ability estimates between the two methods. Although there was
some slight divergence between methods for some assessments for estimates of low ability students,
convergence between the two methods supports use of the common item approach for identifying a
linking constant to adjust for any mode differences.
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Appendix A —Regression Models Used to Produce the Predicted Scores

Test Predictor Regression Coefficient| Significance (pralue)

upmxscal 0.107 0.000

uprxscal 0.137 0.000

Gender -1.807 0.000

Black -2.018 0.000

stratumé 2.063 0.000

stratum5 1.520 0.000

Grad? 5 Science stratum3 1.217 0.000
S(:‘:;‘:;e:%ia stratum 10.930 0.000
UPXXIEP -0.675 0.000

stratum4 0.475 0.000

Multiracial -0.578 0.000

Asian 0.856 0.000

Hispanic -0.878 0.000

stratum8 -0.490 0.000

UPXXLEP 0.497 0.017

upmxscal 0.131 0.000

uprxscal 0.124 0.000

stratumé 2.975 0.000

Gender -1.571 0.000

Grade 8 Science | stratum5 2.063 0.000
(Adjusted R Black -1.825 0.000
Squared=0.63) | Multiracial -1.158 0.000
stratum?7 0.662 0.000

Hispanic -1.018 0.000

stratum3 0.363 0.002

stratum4 -0.313 0.013

UPXXIEP -0.190 0.095

PP 0.230 0.000

stratumé 3.477 0.000

Asian 0.755 0.053

Gender -0.711 0.000

Physical Science ["jpyy ep -1.006 0.000
S(sl?;?;;idozl) stratum5 1.037 0.000
Black -3.533 0.000

stratum8 1.199 0.000

Multiracial -2.835 0.000

White -2.366 0.000

Hispanic -2.592 0.000
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Test Predictor Regression Coefficient| Significance (pralue)
stratum2 -0.416 0.005
Amindian -2.532 0.008
UPXXLEP -0.779 0.018
stratum9 0.309 0.031
upmxscal 0.122 0.000
UPRXSCAL 0.135 0.000
stratumé 2.836 0.000
Black -1.278 0.000
stratum5 1.432 0.000
Grade 4 Social | stratum3 1.090 0.000
Studies Gender -1.104 0.000
(Adjusted R stratum9 -2.161 0.000
Squar@=0.57) | stratum7 -1.503 0.000
stratum8 -1.279 0.000
White 0.711 0.000
Asian 1.058 0.000
UPXXIEP -0.444 0.000
UPXXLEP -0.702 0.001
uprxscal 0.189 0.000
upmxscal 0.117 0.000
Black -1.654 0.000
stratumé 2.374 0.000
UPXXIEP -3.020 0.000
Grade 6 Social | gtratums 1.231 0.000
(A(?jﬁ‘sifj . Gender 11.463 0.000
Squared=0.69) White 1.288 0.000
stratum?7 -1.826 0.000
stratum9 -1.823 0.000
stratum8 -1.814 0.000
stratum4 -0.968 0.000
Asian 1.512 0.000
stratum?2 -0.350 0.064
pp 0.316 0.000
Black -6.606 0.000
American stratum5 -2.636 0.000
?:%E;ngelgt stratum?7 -2.545 0.000
Squared=0.45) stratum9 1.553 0.000
stratum3 1.062 0.000
Gender 0.784 0.000
stratum8 -1.675 0.000
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Test Predictor Regression Coefficient| Significance (pralue)
stratum4 -1.047 0.000
Multiracial -5.108 0.000
UPXXIEP -0.872 0.001
stratuml -0.761 0.003
UPXXLEP -1.757 0.015
Hispanic -4.951 0.000
Amlndian -7.694 0.000
White -3.919 0.000
Asian -3.718 0.000
American History | pp 0.7176 0.000
(Adjusted R
Squared=0.44)
Multiracial 18.648 0.041

Note: The table below provides a description of the variables in the regression models.

Variable | Description

upmxscal | previous year Math scale score

uprxscal | previous year Reading scale score

UPXXIEP | special education

UPXXLEP | ELL

pp previous year scale score

Stratum

Number | Stratum Description

1 Rural - High Student Poverty & Small Student Population

2 Rural - Average Student Poverty & Very Small Student Population

3 Small Town - Low Student Poverty & Small Student Population

4 Small Town - High Student Poverty & Average Student Population Size
5 Suburban - Low Student Poverty & Average Student Population Size
6 Suburban - Very Low Student Poverty & Large Student Population

7 Urban - High Student Poverty & Average Student Population

8 Urban - Very High Student Poverty & Very Large Student Population
9 Community Schools

10 Chartered Non-public schools

11 JVS schools, special schools and other schools
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Appendix B - Scatter Plots of Observed and Predicted Raw Scores
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Appendix C—Comparison of Matched Samples

TableC1. Comparison of Matched SamplesGrade 4 Social Studies

the proportion of students
Demographic and Achievement Variables Online Sample | Paper Sample

Male 0.51 0.51
Female 0.49 0.49
White 0.74 0.74
Black 0.14 0.14
Asian 0.02 0.02
American Indian 0.00 0.00
Hispanic 0.04 0.03
Multiple Ethnicities 0.06 0.06
Limited English Proficiency (LEP) 0.03 0.03
Individualized Education Program (IEP) 0.10 0.10
Predicted raw Score Mean 33.10 33.10
Predicted raw Score Standard Deviation 7.49 7.48
Predicted Score Minimum 5.21 5.05
Predicted Score Maximum 57.03 57.41
Predicted Score Skewness -0.17 -0.17
Predicted Score Kurtosis 3.10 3.09
Average Previous Year Reading scale Scores 425.69 425.62
SD of the Previous Year Reading scale Scores 27.19 27.39
Average Previous Year Math scale Scores 426.30 426.59
SD of the Previous Year Math scaleScores 29.85 29.87

TableC2. Comparison of Matched SamplesGrade 6 Social Studies

Demographic and Achievement Variables Online Sample | Paper Sample
Male 0.51 0.51
Female 0.49 0.49
White 0.75 0.74
Black 0.14 0.15
Asian 0.02 0.02
American Indian 0.00 0.00
Hispanic 0.03 0.03
Multiple Ethnicities 0.05 0.06
Limited English Proficiency (LEP) 0.02 0.02
Individualized Education Program (IEP) 0.10 0.11
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Demographic and Achievement Variables Online Sample | Paper Sample
Predicted Score Mean 37.86 37.86
Predicted Score Standard Deviation 10.45 10.45
Predicted Score Minimum -0.06 -14.82
Predicted Score Maximum 76.52 78.93
Predicted Score Skewness -0.16 -0.17
Predicted Score Kurtosis 2.92 2.92
Average Previous Year Reading Scores 417.91 418.27
SD of the Previous Year Reading Scores 29.59 29.72
Average Previous Year Math Scores 417.63 417.72
SD of the Previous Year Math Scores 36.54 36.53

TableC3. Comparison of Matched SamplesAmerican Government

Demographic and Achievement Variables OnlineSample | PaperSample
Male 0.51 0.51
Female 0.49 0.49
White 0.82 0.80
Black 0.10 0.11
Asian 0.01 0.02
American Indian 0.00 0.00
Hispanic 0.03 0.02
Multiple Ethnicities 0.04 0.04
Limited English Proficiency (LEP) 0.01 0.01
Individualized Education Program (IEP) 0.07 0.07
Predicted Score Mean 32.23 32.23
Predicted Score Standard Deviation 7.80 7.80
Predicted Score Minimum 8.72 8.70
Predicted Score Maximum 48.06 49.68
Predicted Score Skewness -0.27 -0.26
Predicted Score Kurtosis 2.26 2.26
Average Previous Year Social Studies Score 60.65 60.96
SD of Previous Year Social Studies Score 23.49 23.35
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TableC4. Comparison of Matched SamplesAmerican History

Demographic and Achievement Variables Online Sample | Paper Sample
Male 0.50 0.50
Female 0.50 0.50
White 0.80 0.77
Black 0.11 0.14
Asian 0.01 0.02
American Indian 0.00 0.00
Hispanic 0.03 0.03
Multiple Ethnicities 0.04 0.04
Limited English Proficiency (LEP) 0.01 0.01
Individualized Education Program (IEP) 0.11 0.10
Predicted Score Mean 35.38 35.37
Predicted Score Standard Deviation 9.85 9.86
Predicted Score Minimum 13.98 13.98
Predicted Score Maximum 51.34 51.34
Predicted Score Skewness -0.24 -0.24
Predicted Score Kurtosis 2.03 2.03
Average Previous Year Social Studies Score 57.24 57.23
SD of Previous Year Social Studies Score 26.39 26.42

TableC5. Comparison of Matched SamplesGrade 5 Science

Demographic and Achievement Variables Online Sample | Paper Sample
Male 0.51 0.51
Female 0.49 0.49
White 0.74 0.73
Black 0.14 0.14
Asian 0.02 0.02
American Indian 0.00 0.00
Hispanic 0.04 0.03
Multiple Ethnicities 0.06 0.06
Limited English Proficiency (LEP) 0.02 0.03
Individualized Education Program (IEP) 0.10 0.11
Predicted Score Mean 31.66 31.67
Predicted Score Standard Deviation 8.25 8.24
Predicted Score Minimum 1.34 -5.86
Predicted Score Maximum 61.38 61.32
Predicted Score Skewness -0.16 -0.15
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Demographic and Achievement Variables Online Sample | Paper Sample
Predicted Score Kurtosis 2.92 2.91
Average Previous Year Reading Scores 434.23 434.38
SD of the Previous Year Reading Scores 31.49 31.40
Average Previous Year Math Scores 427.65 427.53
SD of the Previous Year Math Scores 35.77 36.04
TableC6. Comparison of Matched SamplesGrade 8 Science

Demographic and Achievement Variables Online Sample | Paper Sample
Male 0.51 0.51
Female 0.49 0.49
White 0.77 0.74
Black 0.13 0.15
Asian 0.01 0.02
American Indian 0.00 0.00
Hispanic 0.03 0.02
Multiple Ethnicities 0.05 0.06
Limited English Proficiency (LEP) 0.01 0.02
Individualized Education Program (IEP) 0.12 0.12
Predicted Score Mean 25.56 25.58
Predicted Score Standard Deviation 7.57 7.56
Predicted Score Minimum -5.41 -4.61
Predicted Score Maximum 57.82 58.68
Predicted Score Skewness 0.06 0.08
Predicted Score Kurtosis 3.05 3.03
Average Previous Year Reading Scores 426.86 427.09
SD of the Previous Year Reading Scores 26.38 26.60
Average Previous Year Math Scores 423.73 423.24
SD of the Previous Year Math Scores 33.10 32.85
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TableC7. Comparison of Matched SamplesPhysical Science

Demographic anddchievement Variabled Online Samplg Paper Samplg
Male 0.51 0.51
Female 0.49 0.49
White 0.77 0.73
Black 0.14 0.16
Asian 0.01 0.02
American Indian 0.00 0.00
Hispanic 0.03 0.02
Multiple Ethnicities 0.05 0.05
Limited English Proficiency (LEP) 0.01 0.01
Individualized Education Program (IEP) 0.11 0.11
Predicted Score Mean 23.80 23.80
Predicted Score Standard Deviation 7.06 7.06
Predicted Score Minimum 8.98 8.98
Predicted Score Maximum 40.32 40.23
Predicted Score Skewness -0.05 -0.04
Predicted Score Kurtosis 1.92 1.93
Average Previous Year Science Score 52.37 51.56
SD of Previous Year Science Score 28.00 27.86
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Appendix D —Comparing Common Item Difficulty Between Matched
Samples.

Table D.1Comparing Common Item Difficulty Between Match&hmples; Grade 4 Social
Studies

Online Paper
Iltem Difficulty Proportion Corrects Difficulty Proportion Corrects
i_15785 -1.34 0.76 -1.26 0.75
i_16019 0.34 0.43 0.36 0.42
i_16026 -1.09 0.72 -0.82 0.67
i_16070 -0.24 0.55 -0.14 0.53
i_16073 0.53 0.39 0.44 0.40
i_16213 -0.16 0.53 -0.41 0.59
i_16432 0.75 0.34 0.80 0.33
i_16441 -1.08 0.72 -1.17 0.74
i_16448 0.52 0.39 0.46 0.40
i_16452 -1.86 0.84 -1.95 0.85
i_16968 -0.87 0.75 -0.89 0.76
i_16980 0.54 0.33 0.26 0.41
i_17233 -1.63 0.81 -2.23 0.88
i_18259 -0.65 0.64 -0.70 0.65
i_18299 0.75 0.34 0.84 0.32
i_18324 0.08 0.47 -0.16 0.54
i_18337 0.31 0.43 0.44 0.40
i_18391 -0.47 0.60 -0.83 0.67
i_18396 -1.44 0.78 -1.74 0.82
i_18399 -0.26 0.56 -0.35 0.57
i_18400 0.71 0.35 0.55 0.38
i_18415 0.10 0.48 -0.07 0.51
i_18417 0.47 0.40 0.36 0.42
i_18420 0.97 0.30 0.98 0.29
i_18430 0.14 0.47 0.28 0.44
i_18434 0.35 0.42 0.39 0.41
i_18654 1.09 0.31 1.51 0.30
i_18670 0.06 0.49 0.21 0.46
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Table D.2Comparing Common Item Difficulty Between Match&hmples; Grade 5 Sciences

Online Paper
Iltem Difficulty Proportion Corrects Difficulty Proportion Corrects
i_15028 -0.53 0.61 -0.15 0.53
i_15600 -0.07 0.51 -0.20 0.54
i_15698 -1.04 0.70 -1.15 0.72
i_15767 -1.49 0.78 -1.60 0.80
i_15770 0.89 0.32 0.77 0.34
i_15898 -0.19 0.54 0.02 0.49
i_15914 -0.32 0.56 -0.58 0.62
i_15941 0.15 0.47 0.10 0.48
i_15948 -0.59 0.62 -0.77 0.65
i_16071 -0.19 0.54 -0.12 0.52
i_17496 -0.82 0.66 -0.94 0.69
i_17707 -0.50 0.61 -0.63 0.63
i_17716 -0.05 0.53 -0.15 0.55
i_17720 -1.00 0.70 -1.03 0.70
i_17725 -0.78 0.65 -0.89 0.68
i_17728 -1.78 0.82 -1.86 0.83
i_17744 -0.27 0.55 -0.41 0.58
i_17751 0.38 0.42 0.19 0.46
i_17771 -1.46 0.77 -1.30 0.75
i_17773 -0.08 0.52 -0.50 0.60
i_18451 1.19 0.39 1.04 0.41
i_18519 -1.01 0.70 -0.84 0.67
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Table D.3Comparing Common Item Difficulty Between Matched SampteSrade 6 Social
Studies

Online Paper
Iltem Difficulty Proportion Corrects Difficulty Proportion Corrects
i_16029 -1.46 0.77 -1.32 0.75
i_16030 -1.15 0.72 -1.25 0.74
i_16118 -2.17 0.86 -2.22 0.87
i_16122 0.53 0.39 0.58 0.38
i_16125 -1.45 0.77 -1.36 0.75
i_16126 0.15 0.47 -0.16 0.53
i_16245 -1.27 0.74 -1.64 0.79
i_16271 -0.21 0.54 -0.19 0.54
i_16351 -1.55 0.78 -1.36 0.75
i_16544 -0.70 0.64 -0.70 0.64
i_16558 -0.82 0.66 -0.97 0.69
i_16988 -1.90 0.88 -1.91 0.87
i_17006 0.59 0.33 0.67 0.32
i_17007 -0.03 0.51 0.11 0.47
i_17009 1.40 0.23 1.16 0.27
i_17257 -0.15 0.53 0.06 0.49
i_17262 0.02 0.49 0.15 0.47
i_17263 0.62 0.38 0.56 0.39
i_18234 -0.64 0.63 -0.58 0.62
i_18238 -2.88 0.92 -2.97 0.93
i_18247 -1.23 0.74 -1.28 0.74
i_18254 1.41 0.24 1.43 0.23
i_18356 -0.95 0.69 -0.84 0.66
i_18365 0.12 0.47 -0.54 0.61
i_18668 -0.28 0.56 -0.37 0.57
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Table D.4Comparing Common Item Difficulty Betwedviatched Sampleg, Grade 8 Science

Online Paper
ltem Difficulty Proportion Corrects Difficulty Proportion Corrects
i_15057 -0.88 0.67 -0.59 0.62
i_15058 -0.76 0.65 -0.35 0.57
i_15149 0.51 0.40 0.49 0.39
i_15791 -1.04 0.70 -0.69 0.64
i_15800 -1.04 0.70 -0.59 0.62
i_15803 -0.42 0.59 -0.61 0.62
i_16137 -0.70 0.64 -0.82 0.67
i_16139 -0.65 0.63 -0.30 0.56
i_16474 -0.06 0.51 -0.02 0.50
i_16478 -0.46 0.59 -0.23 0.55
i_16482 -0.28 0.56 -0.12 0.52
i_16510 -0.72 0.64 -0.63 0.63
i_16590 0.33 0.43 0.53 0.39
i_17376 -0.01 0.50 0.23 0.45
i_17478 -0.81 0.66 -0.72 0.65
i_17560 0.78 0.34 0.65 0.36
i_17630 -0.16 0.53 -0.14 0.53
i_17796 0.36 0.42 0.30 0.42
i_17832 1.15 0.29 1.27 0.27
i_18547 -0.18 0.54 -0.19 0.54
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Table D.5Comparing Common IterDifficulty Between Matched SamplesPhysical Science

Online Paper
ltem Difficulty Proportion Corrects Difficulty Proportion Corrects
i_15416 0.40 0.41 0.19 0.45
i_15417 0.70 0.35 0.62 0.36
i_15420 0.97 0.30 0.86 0.32
i_15447 0.96 0.30 0.77 0.33
i_15465 -0.12 0.52 -0.40 0.58
i_15474 -0.99 0.70 -0.90 0.69
i_15560 -0.06 0.51 0.10 0.47
i_17370 0.02 0.49 0.03 0.49
i_17373 0.65 0.36 0.53 0.38
i_17374 0.13 0.47 0.10 0.48
i_17426 0.59 0.37 0.43 0.40
i_17461 1.08 0.28 1.07 0.28
i_17482 0.93 0.31 1.11 0.27
i_17504 0.19 0.46 0.15 0.46
i_17516 -0.30 0.56 -0.29 0.56
i_17523 0.58 0.37 0.45 0.40
i_17529 0.51 0.39 0.40 0.41
i_17826 -0.01 0.50 -0.14 0.53
i_18483 0.74 0.34 0.70 0.34
i_18499 0.81 0.36 0.83 0.35
i_18508 1.13 0.21 0.92 0.24
i_18528 -0.11 0.52 0.02 0.49
i_18679 -1.65 0.81 -1.85 0.84
i_18686 0.08 0.48 -0.09 0.52
i_20675 -0.08 0.52 -0.37 0.58
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Table D.6Comparing Common Item Difficulty Between Matched SampteSmerican History

Online Paper
ltem Difficulty Proportion Corrects Difficulty Proportion Corrects
i_15762 -0.80 0.66 -0.21 0.54
i_15933 -0.79 0.66 -0.86 0.67
i_16043 0.05 0.49 -0.12 0.52
i_16048 0.03 0.49 0.17 0.46
i_16181 0.29 0.44 0.26 0.45
i_16321 -0.49 0.60 -0.18 0.54
i_17041 -0.01 0.51 0.07 0.49
i_17042 -0.84 0.69 -0.98 0.71
i_17953 -0.70 0.64 -0.11 0.52
i_17985 -0.24 0.55 -0.86 0.67
i_18002 -2.01 0.85 -1.45 0.77
i_18010 -0.51 0.61 -0.54 0.61
i_18022 -0.61 0.62 -0.30 0.56
i_18042 0.57 0.38 0.23 0.45
i_18051 -0.27 0.56 -0.11 0.52
i_18057 -1.45 0.77 -1.54 0.78
i_18058 -0.36 0.57 -0.43 0.59
i_18064 -0.13 0.53 -0.05 0.51
i_18069 -1.37 0.76 -1.69 0.81
i_18071 0.28 0.44 -0.07 0.51
i_18155 -0.58 0.62 -0.31 0.56
i_18176 -0.68 0.64 -0.51 0.60
i_18197 0.42 0.41 0.37 0.42
i_18603 0.53 0.38 0.68 0.34
i_18609 0.71 0.34 0.64 0.36
i_18613 -0.80 0.65 -0.50 0.60
i_18626 -0.05 0.51 0.02 0.49
i_18627 -0.29 0.56 0.29 0.45
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Table D.7Comparing Common Item Difficulty Between Matched SampieSmerican
Government

Online Paper
Item Difficulty Proportion Corrects Difficulty Proportion Corrects
i_15883 0.43 0.41 0.64 0.37
i_15884 -0.74 0.65 -0.52 0.61
i_15952 -0.30 0.56 -0.28 0.56
i_15954 0.71 0.35 0.68 0.36
i_15964 -0.32 0.57 -0.19 0.54
i_16056 -1.12 0.72 -0.98 0.69
i 16083 -2.43 0.90 -2.20 0.87
i_16090 -0.44 0.59 -0.14 0.53
i_16237 0.03 0.49 0.15 0.47
i_16269 0.35 0.42 0.52 0.39
i 16291 0.80 0.33 1.08 0.29
i 16293 -2.44 0.90 -2.07 0.86
i_16295 0.34 0.43 0.24 0.45
i_16343 -2.17 0.87 -1.78 0.82
i 16344 0.05 0.49 0.20 0.45
i_16466 -0.20 0.54 -0.23 0.54
i_16467 -0.28 0.56 -0.33 0.57
i_16845 0.37 0.42 0.30 0.43
i_17029 0.65 0.34 0.68 0.34
i_17031 0.38 0.42 0.54 0.40
i_17032 0.44 0.37 0.77 0.29
i_17034 1.46 0.19 2.01 0.13
i_17291 -1.14 0.73 -1.13 0.72
i_17312 0.04 0.49 -0.06 0.51
i_17321 0.01 0.50 -0.20 0.54
i_17776 0.00 0.50 0.11 0.47

27 American Institutes for Research



Appendix E-Test Characteristic Curves of Online and Paper Test Forms

Table EL Test Characteristic Curves of Online and Paper Test Fo®nade 4 Social Studies
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Table E2 Test Characteristic Curves of Online and Paper Test Fof@nade 5 Science
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Table E3 Test Characteristic Curves of Online and Paper Test Fofdnade 6 Social Studies
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Table E4 Test Characteristic Curves of Online and Paper Test Fo@rede 8 Science
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Table E5 Test Characteristic Curves of Online and Paper Test Fqiwmserican History
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Table E6 Test Characteristic Curves of Online and Paper Test Fqrwmeerican Government
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Table E7 Test Characteristic Curves of Online @Paper Test Forms Physical Science
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Appendix F-Cumulative Frequency Distribution s for Matched Sample
Online, Paper, Mean-Mean Equated Paper and Equipercentile Equated
Paper Test Scores

TableF.1 Cumulative Frequency Distributiorfsr Matched Sample Online, Paper, Medvlean
Equated Paper and Equipercentile Equated Paper Test Scdteade 4 Social Studies
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TableF.2 Cumulative Frequency Distributions for Matched Sample Online, Paper, Mdaan
Equated Paper and Equipercentilsquated Paper Test ScoreSrade 5 Science
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TableF.3 Cumulative Frequency Distributions for Matched Sample Online, Paper, Mdaan
Equated Paper and Equipercentile Equated Paper Test Scdeade 6Social Studies
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TableR4 Cumulative Frequety Distributions for Matched Sample Online, Paper, Mesiean
Equated Paper and Equipercentile Equated Paper Test Sc@eade 8 Science
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TableF5 Cumulative Frequency Distributions for Matched Sample Online, Paper, Mdaan
Equated Paper and Equépcentile Equated Paper Test ScoreSmerican History
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TableF.6 Cumulative Frequency Distributions for Matched Sample Online, Paper, Mdaan
Equated Paper and Equipercentile Equated Paper Test Scdkaserican Government
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TableFR.7 Cumulative Frequency Distributions for Matched Sample Online, Paper, Mdaan
Equated Paper and Equipercentile Equated Paper Test Secprdgy/sical Science
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