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1. INTRODUCTION AND OVERVIEW OF RELIABILITY AND VALIDITY EVIDENCE

The South Dakota Science Standards were adopted by the South Dakota Board of Education (BOE)
in May of 2015. As a result, the South Dakota Science Assessment (SDSA) was administered to
students in grades 5, 8, and 11 during the 2021-2022 school year in order to measure students’
mastery of the new South Dakota Science Standards. The SDSA was administered online using an
adaptive test design. Accommodated versions of the tests were available for each grade, including
braille, Spanish-language versions, and Data Entry Interface (DEI) forms. Table 1 shows the
complete list of summative tests that were delivered for the first year of operational administration
in 2022-2023.

Table 1. 2022—-2023 Operational Assessment Modes

Language/Format Assessment Mode Grade
English Online 5, 8, and 11
Spanish Online 5, 8, and 11
Braille Online 5, 8, and 11
English Large Print /Data Entry Interface (DEI) Paper 5, 8, and 11
Braille/Data Entry Interface (DEI) Paper 5, 8, and 11

Given the intended uses of these tests, both reliability evidence and validity evidence were
necessary to support appropriate inferences of student academic achievement based on the SDSA
scores. The analyses to support reliability and validity evidence that are reported in this volume
were based on reported test scores, including those for the online English-language version and
the accommodated versions of the SDSA.

The purpose of this report is to provide empirical evidence that can subsequently be used to support
a validity argument for the uses of and inferences from the SDSA. This volume addresses the
following five topics:

1. Reliability. The reliability estimates are presented by grade and demographic
subgroups. This section also includes conditional standard error of measurement
(CSEM), classification accuracy (CA), and classification consistency (CC) results by
grade.

2. Content Validity. This section presents evidence showing that test forms were
constructed to measure the three-dimensional South Dakota Science Standards with a
sufficient number of items targeting each area of the test blueprint.

3. Internal Structure Validity. This section provides evidence regarding the internal
relationships among the subscale scores to support their use and to justify the item
response theory (IRT) measurement model. This type of evidence includes observed
and disattenuated Pearson correlations among discipline scores per grade. The IRT
model is a multi-dimensional model, with an overall dimension representing
proficiency in science and nuisance dimensions that consider within-item local
dependencies among scoring assertions (see Volume 1, Section 5.1, Annual Technical

Evidence of Reliability and Validity 1 South Dakota Department of Education
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Report). In this volume, the evidence is provided for the presence of item cluster
effects. Additionally, confirmatory factor analysis (CFA) was used to evaluate the fit
of the IRT model and to compare it to alternative models, including models with a
simpler internal structure (i.e., unidimensional models) and models with a more
elaborate internal structure.

4. Relationship of Test Scores to External Variables. In this section, evidence of
convergent and discriminant validity is provided using observed and disattenuated
subscore correlations both within and across subjects.

5. Test Fairness. This section details how fairness is an explicit concern during item
development. Items are developed following the principles of universal design (UD),
which provides access for the widest possible range of students. Test fairness is further
statistically monitored using differential item functioning (DIF) analysis in tandem
with content reviews by specialists.

1.1 RELIABILITY

Reliability refers to consistency in test scores and can be defined as the degree to which individuals’
deviation scores remain relatively consistent over repeated administrations of the same test or

alternate test forms (Crocker & Algina, 1986). For example, if a person takes the same or parallel

tests repeatedly, they should receive consistent results. The reliability coefficient refers to the ratio

of true score variance to observed score variance:

of

Pxxr = oz
Another way to view reliability is to consider its relationship with the standard error of
measurement (SEM)—the smaller the standard error, the higher the precision of the test scores.
For example, classical test theory (CTT) assumes that an observed score (X) of an individual can
be expressed as a true score (T') plus some error (E), X = T + E. The variance of X can be shown
to be the sum of two orthogonal variance components:

of = o} + of.

Returning to the definition of reliability as the ratio of true score variance to observed score
variance, we can arrive at the following theorem:

2 2 2 2
_JT_Jx_UE_l Of
Pxx1 = 3 =—>% = 1——
Ox Ox Ox

As the fraction of error variance to observed score variance tends to zero, the reliability then tends
to 1. The CTT SEM, which assumes a homoscedastic error, is derived from the classical notion
expressed above as gy./1 — pxx’ , where dy is the standard deviation of the scaled score, and pyy-
is a reliability coefficient. Based on the definition of reliability, this formula can be derived as
follows:

2

_ OF

Pxx' =1— 52
X
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2
9 __
— =1—pxx’,
Ox

of = 05 (1 — pyyr), and

o = ox+/ (1 — pxx’).

In general, the SEM is relatively constant across samples, as the group dependent term, gy, can be
shown to cancel out:

2 2
op = ox+/ (1 = pxx’) :UX\/(l—(l—j—g)) =0X\/%=JX Xz—izaE.

This shows that the SEM in the CTT is assumed to be a homoscedastic error, irrespective of the
standard deviation of a group.

In contrast, the SEM in IRT vary over the ability continuum. These heterogeneous errors are a
function of a test information function (TIF) that provides different information about examinees
depending on their estimated abilities.

Because the TIF indicates the amount of information provided by the test at different points along
the ability scale, its inverse indicates the lack of information at different points along the ability
scale. This lack of information is the uncertainty, or the measurement error, of the cut score at
various cut score points. For the derivation of heterogeneous measurement errors in IRT and how
these errors are aggregated over the cut score distribution to obtain a single, marginal, IRT-based
reliability coefficient, refer to Section 3, Reliability.

1.2 VALIDITY

Validity refers to the degree to which “evidence and theory support the interpretations of test scores
entailed by proposed uses of tests” (American Educational Research Association [AERA],
American Psychological Association [APA], & National Council on Measurement in Education
[NCME], 2014). Messick (1989) defines validity as “an integrated evaluative judgment of the
degree to which empirical evidence and theoretical rationales support the adequacy and
appropriateness of inferences and actions based on test scores or other modes of assessment” (p.13).
Both definitions emphasize evidence and theory that support inferences and interpretations of test
scores. The Standards for Educational and Psychological Testing (AERA, APA, & NCME, 2014)
suggest five sources of validity evidence that can be used in evaluating a proposed interpretation
of test scores. When validating test scores, these sources of evidence should be carefully
considered.

The first source of evidence for validity is the relationship between the test content and the intended
test construct (refer to Section 4, Evidence of Content Validity). For test score inferences to support
a validity claim, the items should be representative of the content domain, and the content domain
should be relevant to the proposed interpretation of test scores. To determine content
representativeness, diverse panels of content experts conduct alignment studies, in which experts
review individual items and rate them based on how well they match the test specifications or
cognitive skills required for a construct (for details on the item development process, refer to
Volume 2 of this technical report, Test Development).

Evidence of Reliability and Validity 3 South Dakota Department of Education
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Technology-enhanced items should be examined to ensure that no construct-irrelevant variance is
introduced. If some aspect of the technology impedes or advantages a student in their responses to
items, this could affect item responses and inferences regarding abilities on the measured construct
(refer to Volume 2, Test Development).

The second source of validity evidence is based on “the fit between the construct and the detailed
nature of performance or response actually engaged in by examinees” (AERA, APA, & NCME,
2014, p.12). This evidence is collected by surveying examinees about their performance strategies
or responses to specific items. Because items are developed to measure specific constructs and
intellectual processes, evidence that examinees have engaged in relevant performance strategies
to correctly answer the items supports the validity of the test scores.

The third source of evidence for validity is based on internal structure, which is the degree to
which the relationships among test items and test components relate to the construct on which the
proposed test scores are interpreted. Dimensionality assessment, goodness-of-model-fit to data,
and reliability analysis are possible analyses to examine internal structure (refer to Section 3,
Reliability, and Section 4.2, Independent Alignment Study

Evidence of Internal-External Structure It is important to assess the degree to which the statistical
relation between items and test components is invariant across groups. DIF analysis can be used
to assess whether specific items function differently for subgroups of examinees (refer to Volume
1, Section 4.4, Annual Technical Report).

The fourth source of evidence for validity is the relationship of test scores to external variables.
The Standards for Educational and Psychological Testing (AERA, APA, & NCME, 2014) divides
this source of evidence into three parts: (1) convergent and discriminant evidence; (2) test-criterion
relationships; and (3) validity generalization. Convergent evidence supports the relationship
between the test and other measures intended to assess similar constructs. Conversely, discriminant
evidence delineates the test from other measures intended to assess different constructs. To analyze
both convergent and discriminant evidence, a multi-trait multi-method matrix (MTMM) can be
used. Test-criterion relationships indicate how accurately test scores predict criterion performance.
The degree of accuracy depends mainly on the test’s purpose, such as classification, diagnosis, or
selection. Test-criterion evidence is also used to investigate predictions of favoring different
groups. Due to construct underrepresentation or construct-irrelevant components, the relation of
test scores to a relevant criterion may differ from one group to another. Furthermore, validity
generalization is related to whether the evidence is situation-specific or can be generalized across
different settings and times. For example, sampling errors or range restrictions may need to be
considered to determine whether the conclusions of a test can be assumed for the larger population.
Convergent and discriminant validity evidence are discussed in Section 5.2, Convergent and
Discriminant Validity.

The fifth source of validity evidence is the fact that intended and unintended consequences of test
use should be included in the test-validation process. Determining the validity of the test should
depend upon evidence directly related to the test; this process should not be influenced by external
factors. For example, if an employer administers a test to determine hiring rates for different groups
of people, an unequal distribution of skills related to the measurement construct does not
necessarily imply a lack of validity for the test. However, if the unequal distribution of scores is

Evidence of Reliability and Validity 4 South Dakota Department of Education
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due to an unintended, confounding aspect of the test, this would interfere with the test’s validity.
As described in Volume 1, Annual Technical Report, and in this volume, test use should align with
the intended purpose of the test.

Supporting a validity argument requires multiple sources of validity evidence. This enables one to
evaluate whether sufficient evidence has been presented to support the intended uses and
interpretations of the test scores. Thus, determining the validity of a test first requires an explicit
statement regarding the intended uses of the test scores and, subsequently, evidence that the scores
can be used to support these inferences.

2. PURPOSE OF THE SOUTH DAKOTA SCIENCE ASSESSMENT

The primary purpose of the SDSA is to yield accurate information on students’ achievement of
South Dakota’s Science Standards. The SDSA measures the science knowledge and skills of South
Dakota students in grades 5, 8, and 11. The South Dakota Department of Education (SDDOE)
provides an overview of the SDSA at: https://doe.sd.gov/Assessment/science.aspx. Information
about the South Dakota Science Standards is available at: https://doe.sd.gov/contentstandards/.

The SDSA supports instruction and student learning by measuring growth in student achievement.
Assessments can be used as indicators to determine whether students in South Dakota have the
knowledge and skills that are essential for college education and careers.

South Dakota’s educational assessments also provide evidence for the requirements of state and
federal accountability systems. Test scores can be employed to evaluate students’ learning progress
and to help teachers to improve their instruction, which in turn has a positive effect on students’
learning over time.

The tests are constructed to measure student proficiency in accordance with best practice as
described in the Standards for Educational and Psychological Testing (AERA, APA, & NCME,
2014). The SDSA is developed in accordance with the principles of universal design (UD) to
ensure that all students have access to the test content (refer to Volume 2, Test Development, for
a description of the SDSA standards and test blueprints in more detail; refer to Section 4, Evidence
of Content Validity, for additional evidence of content validity). The SDSA test scores are useful
indicators for understanding individual students’ academic achievement of the South Dakota
Science Standards and evaluating whether students are progressing in their performance over time.
Additionally, both individual and aggregated scores can be used for measuring reliability of the
test (refer to Section 3, Reliability, for more on the reliability of the test scores).

The SDSA is a criterion-referenced test that is designed to measure students’ performance on the
three-dimensional science standards in South Dakota schools. As a comparison, norm-referenced
tests are designed to rank or compare all students with one another (refer to Volume 2, Test
Development, for the SDSA standards and test blueprints).

The scale score and relative strengths and weaknesses at the discipline level are provided for each
student to indicate student strengths and weaknesses in different content areas of the test, relative
to the other areas and to the district and state. These scores serve as useful feedback that teachers
can use to tailor their instruction. To support their practical use across the state, we must examine
the reliability coefficients for and the validity of these test scores.

Evidence of Reliability and Validity 5 South Dakota Department of Education
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3. RELIABILITY

Reliability indices based on the classical test theory (CTT) are not appropriate for science
assessments for two reasons. First, in spring 2022, the SDSA was administered using an adaptive
test design. Each student could potentially get a unique set of items, whereas CTT-based reliability
indices require that the same set of items be administered to a large group of students. Second,
since item response theory (IRT) methods are used for calibration and scoring, the measurement
error of ability estimates is not constant across the ability range, even for the same set of items.
The reliability of science is computed as follows:

_ ¥V csEM?
p=[o? - (E2EEL)) o2,

where N is the number of students; CSEM; is the conditional standard error of measurement
(CSEM) of the overall ability estimate for student i; and o2 is the variance of the overall ability
estimates. The higher the reliability coefficient, the greater the precision of the test.

The marginal reliability of science for the overall sample is reported by grade in Table 2. The
overall reliability ranges from 0.85 to 0.88. Due to the new structure of the test, Cambium
Assessment, Inc. (CAI) explores the relationships between reliability and other important factors,
such as the effect of nuisance dimensions (refer to Section 5 of Volume 1, Annual Technical
Report). It is found that if the local dependencies among assertions pertaining to the same item are
ignored, the marginal reliability will increase. Ignoring local dependencies can be achieved either
by computing the maximum likelihood estimates (MLE) ability estimates under the
unidimensional Rasch model, or by setting the variance parameters to zero for all item clusters
when computing the marginal maximum likelihood estimation (MMLE) ability estimates under
the one-parameter logistic (1PL) bifactor model (refer to Section 6 of Volume 1, Annual Technical
Report). Therefore, by ignoring the local dependencies, which are substantial for many item
clusters, the reliability coefficient is overestimating the true reliability of the test. Note, however,
that local dependencies are also present to some degree in traditional assessments that make use
of item groups (e.g., a set of items relating to the same reading passage). Traditional assessments
typically do not account for local dependencies, and therefore, reported reliability coefficients may
be overestimating, to some degree, the true reliability for these tests. The reliability coefficients
are also reported for demographics subgroups and reporting categories in Appendix 4-A, Student
Demographics and Reliability Coefficients.

Table 2. Marginal Reliability Coefficients

Grade N Reliability
5 10,605 0.88
8 10,744 0.87
11 9,474 0.85

Evidence of Reliability and Validity 6 South Dakota Department of Education
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3.1 STANDARD ERROR OF MEASUREMENT

The computation method of CSEM is described in Section 6.4 of Volume 1, Annual Technical
Report. Figure 1 presents the average CSEM for each scale score. The lowest standard errors are
observed near the proficiency cut score (the middle vertical line) for grades 5 and 8, which is a
desirable test property. The CSEM at each scale score is reported in Appendix 4-B, Conditional
Standard Error of Measurement.

Figure 1. Conditional Standard Errors of Measurement
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3.2 RELIABILITY OF ACHIEVEMENT CLASSIFICATION

When student achievement is reported in terms of achievement levels, the reliability of classifying
students into a specific level can be computed in terms of the likelihood of accurate and consistent
classification, as specified in Standard 2.16 in the Standards for Educational and Psychological
Testing (AERA, APA, & NCME, 2014).

The reliability of achievement classification can be examined in relation to classification accuracy
(CA) and classification consistency (CC). The first term (CA) refers to the agreement between
classifications based on the test taken and classifications that would be made on the basis of the
students’ true scores if, hypothetically, they could be obtained. The second term (CC) refers to the
agreement between classifications based on the test taken and classifications that would be made
on the basis of an alternate, equivalently constructed test form.

In reality, students’ true abilities are unknown, and students are not administered an alternate,
equivalent form. Therefore, CA and CC are estimated based on students’ item scores, the item
parameters, and the assumed latent ability distribution as described in the following sections. The
true score is an expected value of the test score with measurement error.

For student j, the student’s estimated ability is 9]- with an standard error of measurement (SEM)
of se(éj), and the estimated ability is distributed as §]-~N (Hj,sez(éj)), assuming a normal

distribution, where 6; is the unknown true ability of student j. The probability of the true score at
achievement level [ (I = 1, -+, L) is estimated as

A~ ~

cu—0 6,-0 ¢y —9,-)

- < 0; = Y = ol )
pip =pcy < 0; <cyp) p< se(9;) = se(8;) s se(6;)

=p (é] —ACUZ < 0] —AHJ < 9] —ACL1> —® <0] —ACL1> _® <é] —ACU1>’
se(f;) ~ se(8;) ~ se(6)) se()) se())
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where c;; and cy; denote the score corresponding to the lower and upper limits of the achievement
level [, respectively.

3.2.1 Classification Accuracy

Using pj;, an L X L matrix E4 can be calculated. Each element E4y; of matrix E 4 represents the
expected number of students at level [ (based on their true scores) given students from observed

level k, and can be calculated as
Egpg = Zpl]- ek Pjl»

where pl; is the jth student’s observed achievement level. The CA at level [ is estimated by

_ Ean
CAl - Nk D)

where N}, is the observed number of students scoring in achievement level k.

The CA for the pth cut score (CAC) is estimated by forming square partitioned blocks of the matrix
E 4 and taking the summation over all elements within the block as follows:

CAC = (X% 271 Eara + Xkeps1 Zizp+1 Eart) /N,
where N is the total number of students.

The overall CA is estimated from the diagonal elements of the matrix:

tr(E4)
—

Table 3 provides overall the CA and the CA for the individual cut scores. The overall CA of the
test ranges from 74.78% to 75.57%. The individual cut score accuracy rates are high across all
grades, with the minimum value being 87.71% for grade 11. It denotes that we can accurately
differentiate students above and below each cut score. The CA for demographic subgroups is
presented in Appendix 4-C, Classification Accuracy and Consistency Indices by Subgroups.

CA =

Table 3. Classification Accuracy Index

Overall Cut Score Accuracy (%)
Grade o
Accuracy (%)
Cut Score 1 Cut Score 2 Cut Score 3
5 75.57 92.44 90.22 92.69
8 75.25 92.50 88.46 94.18
11 74.78 92.82 87.71 94.20
Evidence of Reliability and Validity 9 South Dakota Department of Education
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3.2.2 Classification Consistency

Assuming the test is administered twice independently to the same group of students, as with
accuracy, an L X L matrix E; can be constructed. The element of E is populated by

Eciy = X-10ji0jies

where p;; is the probability of the true score at achievement level [ in test one, and pjy is the

probability of the true score at achievement level k in test two for the jth student. The classification
consistency index for the cuts (CCC) and overall CC were estimated in a way similar to CAC and
CA.

CCC = (ZL Z?zl Ecp + Zé=p+1 ZlL=p+1 ECkl)/Na
and

cc =
N
Table 4 provides the overall CC and the CC for the cut scores. The overall CC of the test ranges
from 65.04% to 66.70%. The individual cut score consistency rates are high across all grades, with
the minimum value being 82.85% for grade 11. In all achievement levels, CA is slightly higher
than CC. CC rates can be lower than CA rates; the consistency is based on two tests with
measurement errors, but the accuracy is based on one test with a measurement error and the true
score. The CC for demographic subgroups is presented in Appendix 4-C, Classification Accuracy
and Consistency Indices by Subgroups.

Table 4. Classification Consistency Index

Overall Cut Score Consistency (%)
Grade . o
Consistency (%)
Cut Score 1 Cut Score 2 Cut Score 3
66.70 89.33 86.27 89.73
8 65.99 89.33 84.05 91.64
11 65.04 89.83 82.85 91.63

3.3 PRECISION AT CUT SCORES

Table 5 presents the mean CSEM at each achievement level by grade and includes
achievement-level cut scores and associated CSEM. The CSEM at each scale score is reported in

Appendix 4-B, Conditional Standard Error of Measurement.

Evidence of Reliability and Validity
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Table 5. Achievement Levels and Associated Conditional Standard Errors of

Measurement
Grade Achievement Level Mean CSEM (S?::Itesgcc:’::e) CSEM at Cut Score

Level 1 10.67 - -
Level 2 9.65 477 9.85

> Level 3 9.79 508 9.67
Level 4 10.66 527 10.04
Level 1 13.26 - -
Level 2 12.01 773 12.44

8 Level 3 11.63 810 11.74
Level 4 11.72 836 11.48
Level 1 12.06 - -
Level 2 11.04 1,073 11.31

" Level 3 11.01 1,102 11.03
Level 4 11.18 1,134 11.01

4. EVIDENCE OF CONTENT VALIDITY

The knowledge and skills assessed by the SDSA are representative of the content standards of the
larger knowledge domain. In this section, we describe the content standards for the SDSA and
discuss the test development process and mapping SDSA tests to the Standards for Educational
and Psychological Testing (AERA, APA, & NCME, 2014). A complete description of the test
development process can be found in Volume 2, Test Development.

4.1 CONTENT STANDARDS

Test blueprints were developed to ensure that the test and the items were aligned to the South
Dakota Science Standards that they were intended to measure. A complete description of the
blueprint and test construction process can be found in Volume 2, Test Development.

Table 6 presents the disciplines by grade, as well as the number of operational items administered
to measure each discipline.
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Table 6. Number of Items for Each Discipline

Grade Discipline Item Clusters Stand-Alone Items
Earth and Space Sciences (ESS) 18 31
5 Life Sciences (LS) 13 29
Physical Sciences (PS) 17 35
ESS 14 23
8 LS 18 41
PS 15 30
ESS 11 22
11 LS 20 43
PS 16 23

4.2 INDEPENDENT ALIGNMENT STUDY

While it is critically important to develop and strictly enforce an item development process that
works to ensure the alignment of test items to content standards, it is also important to
independently verify the alignment of test items to content standards.

The Wisconsin Center for Education Products and Services and WebbAlign served as an external
evaluator and conducted an alignment study in June 2022. The purpose of the study was to examine
the extent to which the SDSA item pool represented the South Dakota Science Content Standards
as represented by the test blueprints in terms of range, complexity, depth, and breadth. The results
of the alignment study are presented in Appendix 4-D, Independent Alignment Study Report.

In summary, study results suggest that the overall SDSA item bank for grade 5 had the capacity to
fully meet all alignment criteria agreed upon and used in this study. For grades 8 and 11, study
results suggest these item banks have the capacity to fully meet all alignment criteria except that
items addressed at least 90% of standards for Range of Knowledge Correspondence—Population.
It was concluded that the relative weaker Range of Knowledge (Population) for grades 8 and 11
item banks could be fully resolved with the addition of at least four items to the middle school
item bank and six items to the high school item bank. SDDOE as well as CAI Content experts
were informed the study results and have plans to expand the item bank for future administrations.

5. EVIDENCE OF INTERNAL-EXTERNAL STRUCTURE

In this section, the internal structure of the assessment is explored using the scores provided at the
discipline level. The relationship between the discipline scores is just one indicator of the test
dimensionality. The SDSA is calibrated with the Rasch testlet model (Wang & Wilson, 2005). The
testlet model is a high-dimensional model, incorporating a nuisance dimension for each item
cluster (and stand-alone items with four or more assertions), in addition to an overall dimension
representing the overall proficiency. This approach is innovative and quite different from the

Evidence of Reliability and Validity 12 South Dakota Department of Education



South Dakota Science Assessment 2022—2023 Technical Report: Volume 4

traditional approach of ignoring local dependencies. Validity evidence on the internal structure
will focus on the presence of cluster effects and how substantial they are. Additionally,
confirmatory factor analysis (CFA) is used to evaluate the fit of the IRT model and to compare the
model to alternative models, including models with a simpler internal structure (i.e.,
unidimensional models without cluster effects) and models with a more elaborate internal structure
(refer to Section 5.4, Confirmatory Factor Analysis).

Another pathway is to explore observed correlations between the discipline scores; however, as
each discipline is measured with a small number of items, the standard errors of the observed
scores within each discipline are typically larger than the standard error of the total test score.
Disattenuating for measurement error can offer some insight into the theoretical true score
correlations. Both observed correlations and disattenuated correlations are provided in the
following section.

5.1 CORRELATIONS AMONG DISCIPLINE SCORES

Table 7 presents the observed and disattenuated correlation matrix of the discipline scores. The
observed correlations range from 0.62 to 0.72, and disattenuated correlations range from 0.96 to
1.00.

In some instances, the observed correlations were lower than one might expect. However, as
previously noted, the correlations were subject to a large amount of measurement error at the
discipline level, given the limited number of items from which the scores were derived.
Consequently, over-interpretation of these correlations as either high or low were made cautiously.
After correcting for measurement error, the correlations between the discipline scores became very
high. The dissattenuated correlations were close to 1, supporting the use of a psychometric model
that did not include a separate dimension for each of the three disciplines.

Table 7. Correlations Among Disciplines

Grade | Discipline Eartgc?::czgace Life ?Ic-:ise)nces Physic?::g;:iences
(ESS)
ESS 0.72* 0.96 0.96
5 LS 0.68 0.70* 0.96
PS 0.68 0.68 0.70*
ESS 0.65* 0.98 0.98
8 LS 0.65 0.69* 1.00
PS 0.66 0.69 0.69*
ESS 0.62* 1.00 1.00
1 LS 0.67 0.69* 1.00
PS 0.62 0.67 0.62*

Note. The values for cells shaded on the diagonal are marginal reliabilities for each discipline. Below the cells shaded on the
diagonal are the observed correlations, and above the cells shaded on the diagonal are the disattenuated correlations. The
disattenuated correlations larger than 1 were truncated to 1. * Indicates that the correlation is statistically significant at p <.05.

Evidence of Reliability and Validity 13 South Dakota Department of Education



South Dakota Science Assessment 2022—2023 Technical Report: Volume 4

5.2 CONVERGENT AND DISCRIMINANT VALIDITY

Collectively, Standard 1.16—Standard 1.19 of the Standards for Educational and Psychological
Testing (AERA, APA, & NCME, 2014) emphasize practices to provide evidence of convergent
and discriminant validity. It is a part of validity evidence demonstrating that assessment scores are
related as expected with criteria and other variables for all student groups. However, a second,
independent test measuring the same science construct as the SDSA, which could easily permit for
a cross-test set of correlations, was not available. Alternatively, the correlations between subscores
were examined. The a priori expectation is that subscores within the same subject (e.g.,
correlations of science disciplines within science) will correlate more positively than subscores
across subjects (e.g., correlation of science disciplines with reporting categories within
mathematics). These correlations are based on a small number of items; consequently, the observed
score correlations will be smaller in magnitude as a result of the larger measurement error at the
subscore level. For this reason, both the observed score and the disattenuated correlations are
provided.

Observed and disattenuated subscore correlations are calculated both within and across subjects.
The pattern is generally consistent with the a priori expectation that subscores within a test have
higher correlations than correlations between tests measuring a different construct. The
correlations between reporting categories from science, English language arts (ELA), and
mathematics assessments are presented in Table 8 through Table 10. The cells shaded on the
diagonal show the reliability coefficient of the reporting category.
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Table 8. Correlations Across Subjects, Grade 5

Subject NSL::::):':t:f Reporting Category Science ELA Mathematics

ESS| LS | PS R w L |RES| CP |PMD| CR

Earth and Space Sciences (ESS) 0.72*| 0.96 | 0.96 | 0.88 [ 0.79 | 0.85 | 0.86 | 0.84 | 0.93 | 0.90

Science Life Sciences (LS) 0.68 [0.70*| 0.96 | 0.89 | 0.81 | 0.87 [ 0.88 | 0.82 | 0.91 | 0.88
Physical Sciences (PS) 0.68 | 0.67 | 0.70*| 0.88 | 0.79 | 0.87 [ 0.85 | 0.84 | 0.92 | 0.88

Reading (R) 0.64 | 0.64 | 0.63 |0.74*| 0.86 | 0.91 [ 0.93 | 0.79 | 0.88 | 0.86

English Language 10.546 Writing (W) 0.57 | 0.58 | 0.56 | 0.63 [0.73*]| 0.83 [ 0.85 | 0.79 | 0.86 | 0.83
Arts (ELA) ’ Listening (L) 0.58 | 0.58 | 0.58 | 0.63 | 0.56 | 0.64*( 0.89 | 0.78 | 0.86 | 0.84
Research (RES) 0.62 | 0.63 | 0.61 | 0.68 | 0.62 | 0.61 [0.73*| 0.80 | 0.88 | 0.86

Concepts and Procedures (CP) 0.67 | 0.65 | 0.66 | 0.64 [ 0.63 | 0.59 | 0.64 | 0.89*| 0.99 | 0.97

Mathematics Problem Solving, Modeling, and Data Analysis (PMD) | 0.65 | 0.63 | 0.64 | 0.63 | 0.61 | 0.57 | 0.62 | 0.78 | 0.69* | 1.00
Communicating and Reasoning (CR) 064 | 062 | 0.62)0.62 059 |0.56 | 0.61]0.77 | 0.72 | 0.70*

Note. Cells shaded on the diagonal represent the reliability coefficient of the reporting category. Observed correlations are below the cells shaded on the diagonal;
disattenuated correlations are above. The disattenuated correlations larger than 1 were truncated to 1. * Indicates that the correlation is statistically significant at p
<.05.
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Table 9. Correlations Across Subjects, Grade 8

Subject NSL;E:):':tgf Reporting Category Science ELA Mathematics

ESS| LS | PS R w L |RES| CP |PMD| CR

Earth and Space Sciences (ESS) 0.65°| 0.97 | 0.98 | 0.86 | 0.79 | 0.85 | 0.81 [ 0.85 | 0.94 | 0.87

Science Life Sciences (LS) 0.65 10.69*| 0.99 | 0.89 | 0.81 | 0.87 | 0.85 | 0.85 | 0.94 | 0.87
Physical Sciences (PS) 0.65 | 0.69 |0.69*| 0.89 | 0.81 | 0.85 | 0.86 | 0.86 | 0.94 | 0.88

Reading (R) 0.60 [ 0.64 | 0.64 |0.75°| 0.90 | 0.93 | 0.92 [ 0.81 | 0.91 | 0.84

English Language 10.634 Writing (W) 0.54 | 0.57 | 0.57 | 0.66 [0.72*| 0.84 | 0.88 | 0.81 | 0.87 | 0.82
Arts (ELA) ’ Listening (L) 0.53 [ 0.56 | 0.55 | 0.62 | 0.55 | 0.60* | 0.89 | 0.80 | 0.88 | 0.83
Research (RES) 0.54 [ 0.58 | 0.59 | 0.66 | 0.62 | 0.57 | 0.69*( 0.77 | 0.86 | 0.80

Concepts and Procedures (CP) 0.64 | 0.66 | 0.67 | 0.66 | 0.64 | 0.58 | 0.60 [0.87*| 1.00 | 0.99

Mathematics Problem Solving, Modeling, and Data Analysis (PMD) | 0.62 | 0.64 | 0.64 | 0.65 | 0.60 | 0.56 | 0.58 | 0.78 | 0.67* | 1.00
Communicating and Reasoning (CR) 0.57 | 058 | 0.60 059|056 |0.52]|054]0.75]0.70 | 0.66*

Note. Cells shaded on the diagonal represent the reliability coefficient of the reporting category. Observed correlations are below the cells shaded on the diagonal;

disattenuated correlations are above. The disattenuated correlations larger than 1 were truncated to 1. * Indicates that the correlation is statistically significant at p
<.05.
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Table 10. Correlations Across Subjects, Grade 11

Subject Nsutr:;eer:t:f Reporting Category Science ELA Mathematics

ESS| LS | PS R w L |RES| CP |PMD| CR

Earth and Space Sciences (ESS) 0.62*| 1.00 | 1.00 | 0.87 | 0.80 [ 0.83 | 0.82 [ 0.85 | 0.90 | 0.83

Science Life Sciences (LS) 0.67 10.69*| 1.00 | 0.89 | 0.82 | 0.85 | 0.84 | 0.87 | 0.91 | 0.85
Physical Sciences (PS) 0.62 | 0.66 [0.62*| 0.86 [ 0.81 | 0.83 | 0.82 | 0.87 | 0.90 | 0.86

Reading (R) 0.59 | 0.64 | 0.58 | 0.75*| 0.88 | 0.93 | 0.94 | 0.80 | 0.83 | 0.80

English Language 0404 Writing (W) 0.54 | 0.58 | 0.55 | 0.66 [0.74*| 0.85 | 0.90 | 0.82 | 0.83 | 0.81
Arts (ELA) ’ Listening (L) 0.50 | 0.54 | 0.50 | 0.62 | 0.56 [0.59*| 0.91 | 0.78 | 0.81 | 0.77
Research (RES) 0.54 | 0.58 | 0.54 | 0.67 | 0.64 | 0.58 | 0.69*| 0.79 | 0.82 | 0.77

Concepts and Procedures (CP) 0.63 | 0.68 | 0.64 | 0.65 | 0.67 | 0.56 | 0.62 | 0.89*| 0.95 | 0.94

Mathematics Problem Solving, Modeling, and Data Analysis (PMD) | 0.59 | 0.63 | 0.59 | 0.60 | 0.59 | 0.52 | 0.57 | 0.75 | 0.70* | 0.94
Communicating and Reasoning (CR) 0551059056 |058]|058]|049]|053]|0.74 | 0.65 ]0.69*

Note. Cells shaded on the diagonal represent the reliability coefficient of the reporting category. Observed correlations are below the cells shaded on the diagonal;
disattenuated correlations are above. The disattenuated correlations larger than 1 were truncated to 1. * Indicates that the correlation is statistically significant at p
<.05.
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Additionally, the correlation is computed among the overall scores for the three tested subjects:
ELA, mathematics, and science as shown in Table 11.

Table 11. Correlations Across Spring 2023
English Language Arts, Mathematics, and Science Scores

Grade N ELA & Mathematics ELA & Science Mathematics & Science
5 10,546 0.79 0.81 0.79
8 10,634 0.78 0.78 0.78
11 9,404 0.78 0.76 0.78

5.3 CLUSTER EFFECTS

The SDSA is calibrated with the Rasch testlet model (Wang & Wilson, 2005). The testlet model
is a high-dimensional model, incorporating a nuisance dimension for each item cluster in addition
to an overall dimension representing the overall proficiency. Section 5 of Volume 1, Annual
Technical Report, presents a detailed description of the IRT model. The internal (latent) structure
of the model is presented in Figure 7. The validity evidence on the internal structure presented in
this section relates to the presence of cluster effects (i.e., nuisance dimensions) and how substantial
they are.

Simulation studies conducted by Rijmen, Jiang, & Turhan (2018) confirmed that both the
item-difficulty parameters and the cluster variances are recovered well for the Rasch testlet model
(Wang & Wilson, 2005) under a variety of conditions. Cluster effects with a range of magnitudes
were recovered well. The results obtained by Rijmen et al. (2018) confirmed earlier findings
reported in the literature (e.g., Bradlow, Wainer, & Wang, 1999) under conditions that were chosen
to closely resemble the assessment. For example, in one of the studies, the item location parameters
and cluster variances used to simulate data were based on the results of a pilot study.

CALI examined the distribution of cluster variances obtained from the 2019 IRT calibrations for the
entire Independent College and Career Readiness (ICCR) item bank.

For elementary school, the estimated value of the cluster variances of all operational, scored items
ranged from 0 to 5.13, with a median value of 0.38 and a mean value of 0.78. As a comparison,
the estimated variance parameter of the overall dimension for South Dakota elementary school in
2021 was G5p = 0.78.

For middle school, the estimated value of the cluster variances of all operational, scored items
ranged from 0 to 2.47, with a median value of 0.43 and a mean value of 0.57. The estimated
variance parameter of the overall dimension for South Dakota middle school in 2021 was G5, =
0.47.

For high school, the estimated value of the cluster variances of all operational, scored items ranged
from 0.07 to 2.58, with a median value of 0.43 and a mean value of 0.52. The estimated variance
parameter of the overall dimension for South Dakota high school in 2021 was 65, = 0.49.
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Figure 2 through Figure 4 present the histograms of the cluster variances expressed as the

proportion of the systematic variance due to the cluster variance for each cluster (computed as

__ 9
students. The variance proportion shows the relative magnitude of the variance of a cluster
compared to the variance of the overall dimension. For instance, if the variance proportion of a
cluster is larger than 0.5, then the cluster variance is larger than the overall variance; otherwise,
the cluster variance is smaller than the overall variance. For all three grade bands, a wide range of
cluster variances is observed. These results indicate that, for all grades, cluster effects can be
substantial and provide evidence for the appropriateness of a psychometric model that explicitly
takes local dependencies among the assertions of an item cluster into account.

), where 692513 is the variance estimate of the overall proficiency of South Dakota

Figure 2. Cluster Variance Proportion for Operational ltems in Elementary School
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Figure 3. Cluster Variance Proportion for Operational ltems in Middle School

Middle School
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Figure 4. Cluster Variance Proportion for Operational Iltems in High School
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5.4 CONFIRMATORY FACTOR ANALYSIS

In Section 5.3, Cluster Effects, evidence is presented for the existence of substantial cluster effects.
In this section, the internal structure of the IRT model used for calibrating the item parameters is
further evaluated using CFA. In addition, alternative models are considered, including models with
a simpler internal structure (e.g., unidimensional models) and models with a more elaborate
internal structure.

Estimation methods for CFA for discrete, observed variables are not well suited for incomplete
data collection designs where each case has data only on a subset of the set of observed variables.
The linear-on-the-fly (LOFT) test design results in sparse data matrices. Every student is only
responding to a small number of items relative to the size of the item pool, so data are missing on
most of the manifest variables for any given student. In 2018 and 2019, a LOFT test design was
used for all operational science assessments inspired by a three-dimensional science framework,
except for Utah’s assessments. As a result, the student responses of these other states are not readily
amenable for the application of CFA techniques.

The 2018 Utah operational field test for science made use of a set of fixed-form tests for each
grade. Therefore, the data for each fixed-form test were complete, and the fixed-form tests were
amenable to CFA. The Utah science standards, even though the standards are grade-specific for
middle school, were developed under a framework similar to the one developed for the Next
Generation Science Standards (NGSS), and a crosswalk was available between both sets of
standards.

Utah is part of the Memorandum of Understanding (MOU), and many of the other states that
participate in the MOU also use the middle school items developed for and owned by Utah. Taken
together, analyzing the fixed science forms that were administered in Utah in 2018 can provide
evidence with respect to the internal structure of the SDSA.

In 2018, Utah’s science assessments comprised a set of fixed-form tests per grade, and all items in
these forms were clusters. The number of fixed-form tests varied by grade, but the total number of
clusters was the same across forms within each grade. However, some items were rejected during
the rubric validation or data review and were removed from this analysis. All students with a
“completed” status were included in the CFA. The percentage of students per grade that had a
status other than “completed” was less than 0.85%. Table 12 summarizes the number of forms
included in this CFA, the number of clusters per discipline (range across forms), the number of
assertions (range across forms), and the number of students (range across forms) for each one of
the grades.
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Table 12. Number of Forms, Clusters per Discipline (Range Across Forms), Number of
Assertions per Form (Range Across Forms), and Number of Students per Form

(Range Across Forms)

Number of Clusters per Discipline in each
Number Form Number of Number of
Grade | of Fixed Assertions | Students per
Forms Earth and ' ' Physical per Form Form
Space Life Sciences Sci
f ciences
Sciences
6 3 2-3 2-3 2 74-83 6,804—6,881
7 6 2 5 2 83-89 3,822-3,890
8 3 2 2 6-7 93-100 5,061-5,104

The factor structure of a testlet model, which is the model used for calibration, is formally
equivalent to a second-order model. Specifically, the testlet model is the model obtained after a
Schmid Leiman transformation of the second-order model (Li, Bolt, & Fu, 2006; Rijmen, 2009;
Yung, Thissen, & McLeod, 1999). In the corresponding second-order model, the group of
assertions related to a cluster are indicators of the cluster, and each cluster is an indicator of overall
science achievement. Because assertions are not pure indicators of a specific factor, each assertion
has a corresponding error component. Similarly, clusters include an error component indicating
they are not pure indicators of the overall science achievement.

CAl used CFA to evaluate the fit of the second-order model (described previously) to student data
from spring 2018. Three additional structural models were included in the analysis as well. In the
first model, there was only one factor representing overall science achievement. All assertions
were indicators of this overall proficiency factor. The first model was a testlet model where all
cluster variances were zero. In the second model, assertions were indicators of the corresponding
science discipline, and each discipline was an indicator of the overall science achievement. This
was a second-order model with science disciplines rather than clusters as first-order factors. This
model did not take the cluster effects into account. In the last, most general model, assertions were
indicators of the corresponding cluster, and clusters were indicators of the corresponding science
discipline, with disciplines being indicators of the overall science achievement.

For the sake of simplicity, the models in the analysis are referred to as the following:

e Model 1—Assertions-Overall Science (one-factor model)

e Model 2—Assertions-Disciplines-Overall Science (second-order model)

e Model 3—Assertions-Clusters-Overall Science (second-order model)

e Model 4—Assertions-Clusters-Disciplines-Overall Science (third-order model)
Figure 5 through

Figure 8 illustrate these four structural models. Model 1 is nested within Models 2, 3, and 4. Also,
Models 2 and 3 are nested within Model 4. The paths from the factors to the assertions represent
the first-order factor loadings. Note that all four models include factor loadings for the assertions,
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which is different from the calibration model for which all the discrimination parameters of the
assertions were set to 1.

Figure 5. One-Factor Structural Model (Assertions-Overall Science): Model 1
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Figure 6. Second-Order Structural Model (Assertions-Disciplines-Overall Science):
Model 2
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Figure 7. Second-Order Structural Model (Assertions-Clusters-Overall Science):
Model 3
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Figure 8. Third-Order Structural Model (Assertions-Clusters-Disciplines-
Overall Science): Model 4

Overall
Science

_— F T
’ N, N
Physical Earth Life
Science Science Science
D D / D D\ / D
/ / \

AS | - | AS AS || AS AS | | AS AS || AS AS |- | AS AS | - | AS
I I e e
E E E E E E E E E E

Evidence of Reliability and Validity 24 South Dakota Department of Education



South Dakota Science Assessment 2022—2023 Technical Report: Volume 4

5.4.1 Results

For each test form, fit measures were computed for each of the four models. The fit measures used
to evaluate goodness-of-fit were the comparative fit index (CFI), the Tucker-Lewis index (TLI),
the root mean square error of approximation (RMSEA), and the standardized root mean residual
(SRMR). CFI and TLI were relative fit indices, meaning they evaluated model fit by comparing
the model of interest to a baseline model. RMSEA and SRMR were indices of absolute fit. Table
13 provides a list of these measures, along with the corresponding thresholds indicating a good fit.

Table 13. Guidelines for Evaluating Goodness-of-Fit*

Goodness-of-Fit Measure Indication of Good Fit
CFI > 0.95
TLI > 0.95
RMSEA < 0.06
SRMR < 0.08

*Brown, 2015; Hu & Bentler, 1999.

Table 14 through Table 16 show the goodness-of-fit statistics for grades 6-8, respectively.'
Numbers in bold indicate those indices that did not meet the criteria established in Table 13. Across
all grades and models, the following conclusions can be drawn:

e Model 1 shows the most misfit across grades and forms.

e Across forms, Model 3 generally shows more improvement in model fit relative to Model 1
than Model 2 (i.e., higher values for CFI and TLI and lower values for RMSEA and SRMR).
This means that accounting for the clusters results in a higher improvement in model fit
over a single factor model than accounting for disciplines.

e Model 4 does not show improvement in model fit over Model 3. Fit measures remain the
same (or had a difference of 0.001 or smaller in very few cases) across forms for Models 3
and 4. Hence, including the disciplines into the model (when clusters were taken into
account) does not improve model fit.

e Overall model fit for Models 3 and 4 decreases with decreasing grades. For grade 8, all fit
indices for Models 3 and 4 indicate good model fit for all three forms. For grade 7, all fit
indices for Models 3 and 4 indicate good fit for two out of the six forms, and the degree of
misfit for the other four forms is small. For grade 6, all three forms have fit indices above
the threshold values for at least one of the absolute fit indices for Models 3 and 4.

! For very few assertions per form and models, some error variances were slightly below 0. For grade 6, 1-2 assertions
per form and model had error variance below 0, with the lowest error variance being —0.027. For grade 7, Forms 1, 2,
5, and 6 each had one negative error variance for a single assertion in Models 3 and 4, with the lowest error variance
being —0.099. Form 4 had one-to-two assertions with a negative error variance in each model, and the lowest error
variance was —0.102. For grade 8, there were no assertions with a negative error variance in any of the forms and
models.
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The amount of misfit is small for the RMSEA but more substantial for the SRMR for
two out of the three forms.

Table 14. Fit Measures per Model and Form, Grade 6

Model Form CFI TLI RMSEA SRMR
Model 1 Assertions-Overall 1 0.995 0.995 0.106 0.163
Science 2 0.997 0.997 0.093 0.148
(one-factor model) 3 0.995 0.995 0.109 0.161
Model 2 Assertions-Disciplines- 1 0.996 0.996 0.089 0.144
Overall Science 2 0.998 0.998 0.078 0.128
(second-order model) 3 0.997 0.997 0.087 0.135
Model 3 Assertions-Clusters- 1 0.998 0.998 0.065 0.107
Overall Science 2 0.999 0.999 0.056 0.095
(second-order model) 3 0.998 0.998 0.067 0.104
Model 4 Assertions-Clusters- 1 0.998 0.998 0.065 0.107
Disciplines-Overall Science 2 0.999 0.999 0.056 0.095
(third-order model) 3 0.998 0.998 0.067 0.104

Note. Numbers in bold do not meet the criteria for goodness of fit.

Table 15. Fit Measures per Model and Form, Grade 7

Model Form CFI TLI RMSEA SRMR

1 0.892 0.889 0.060 0.074

2 0.938 0.936 0.083 0.109

Model 1 As;ertions—OveraII 3 0.940 0.939 0.052 0.065

Science

5 0.939 0.937 0.093 0.119

6 0.898 0.895 0.056 0.071

1 0.908 0.906 0.055 0.073

2 0.962 0.961 0.065 0.088

Model 2 Assertions-Disciplines- 3 0.950 0.949 0.048 0.063
Overall Science

5 0.959 0.957 0.077 0.103

6 0.906 0.903 0.054 0.070

1 0.938 0.937 0.046 0.072

Model 3 Assertions-Clusters- 2 0.974 0.973 0.054 0.082
Overall Science

4 0.977 0.976 0.041 0.072
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Model Form CFl TLI RMSEA SRMR

5 0.975 0.974 0.060 0.089

6 0.932 0.930 0.046 0.072

1 0.939 0.937 0.045 0.072

2 0.974 0.973 0.054 0.082

Model 4 Assertions-Clusters- 3 0.967 0.966 0.039 0.055
Disciplines-Overall Science

(third-order model) 4 0.977 0.976 0.041 0.072

5 0.975 0.974 0.060 0.089

6 0.932 0.930 0.046 0.072

Note. Numbers in bold do not meet the criteria for goodness of fit.

Table 16. Fit Measures per Model and Form, Grade 8

Model Form CFI TLI RMSEA SRMR

Model 1 Assertions-Overall 1 0.929 0.927 0.043 0.060
Science 2 0.959 0.958 0.042 0.056
(one-factor model) 3 0.943 0.941 0.052 0.074
Model 2 Assertions-Disciplines- 1 0.934 0.932 0.041 0.060
Overall Science 2 0.963 0.963 0.040 0.056
(second-order model) 3 0.950 0.949 0.049 0.072
Model 3 Assertions-Clusters- 1 0.953 0.952 0.034 0.057
Overall Science 2 0.974 0.973 0.034 0.054
(second-order model) 3 0.970 0.969 0.038 0.064
Model 4 Assertions-Clusters- 1 0.953 0.952 0.034 0.057
Disciplines-Overall Science 2 0.974 0.974 0.033 0.053
(third-order model) 3 0.970 0.969 0.038 0.064

Note. Numbers in bold do not meet the criteria for goodness of fit.

For Models 3 and 4, grade 6 shows some degree of misfit across all three forms according to the
measures of absolute model fit, especially for the SRMR. Further examination indicates that the
lack of fit could be attributed to a single item that is common to all three grade-6 forms that are
part of this factor analysis study. When this item is removed, only two forms have
two or more clusters per discipline. The fit for both forms improves drastically in Models 3 and 4,
with all fit measures excepting the SRMR for one form meeting the criteria for model fit. The
SRMR value that exceeds the threshold value does so barely, with a value of 0.083. Table 17 shows
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the fit measures for grade 6 after removal of the item causing misfit. Note that, unlike Models 3
and 4, Models 1 and 2 still do not meet the criteria of model fit after removing the item.?

Table 17. Fit Measures per Model and Form—Grade 6—One Cluster Removed

Model Form CFI TLI RMSEA SRMR
Model 1 Assertions-Overall 1 0.977 0.976 0.094 0.130
Science
Model 2 Assertions-Disciplines- 1 0.986 0.986 0.072 0.106
Overall Science
Model 3 Assertions-Clusters- 1 0.992 0.991 0.057 0.083
Overall Science
Model 4 Assertions-Clusters- 1 0.992 0.991 0.057 0.083
Disciplines-Overall Science

Note. Numbers in bold do not meet the criteria for goodness of fit.

Table 18 shows the estimated correlations among disciplines for Model 4 (third-order model). The
correlations are all very high, ranging between 0.913 and 1.0. The high correlations between the
disciplines in Model 4 indicate that, after considering the cluster effects, the disciplines do not add
much to the model. This may explain why Model 4 does not show an improvement in fit compared
to Model 3. Overall, the findings support the IRT model used for calibration.

Table 18. Model Implied Correlations per Form for the Disciplines in Model 4

Grade Form Discipline ESacrit;‘n?:g(si (SEpSag)e Life ?Eise)nces

1 Physical Sciences (PS) 0.999 0.941

Earth and Space Sciences (ESS) - 0.940

6 9 Physical Sciences (PS) 1.000 0.964
Earth and Space Sciences (ESS) - 0.964

3 Physical Sciences (PS) 0.975 0.923

Earth and Space Sciences (ESS) - 0.947

1 Physical Sciences (PS) 0.983 0.947

Earth and Space Sciences (ESS) - 0.937

7 ) Physical Sciences (PS) 0.978 0.972
Earth and Space Sciences (ESS) - 0.951

3 Physical Sciences (PS) 0.955 0.936

Earth and Space Sciences (ESS) - 0.966

2 One assertion per model in form 1 and one assertion on three of the models in form 2 had error variances below 0,
with the lowest error variance being —0.027.
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Grade Form Discipline Esacrit:nizg (SEpSag)e Life ?I(-:ise;nces

4 Physical Sciences (PS) 0.938 0.913

Earth and Space Sciences (ESS) - 0.973

5 Physical Sciences (PS) 0.931 0.944

Earth and Space Sciences (ESS) - 0.965

6 Physical Sciences (PS) 0.941 0.928

Earth and Space Sciences (ESS) - 0.967

Physical Sciences (PS) 0.971 0.971

! Earth and Space Sciences (ESS) - 0.970

8 ) Physical Sciences (PS) 0.956 0.958
Earth and Space Sciences (ESS) - 0.935

Physical Sciences (PS) 0.966 0.978

3 Earth and Space Sciences (ESS) - 0.988

5.4.2 Conclusion

The models with no cluster effects provided the highest degrees of misfit across forms and grades
(Models 1 and 2), indicating that the cluster effects need to be taken into account as additional
latent variables. On the other hand, once the cluster effects are accounted for, a single science
dimension is sufficient (Model 3): including additional dimensions for the science disciplines (Life
Science, Physical Science, Earth and Space Sciences) did not improve model fit and the
correlations among those three dimensions are very high (Model 4). Model 3, with a single overall
dimension for Science and additional latent variables to account for the effect of item clusters,
provided the best balance between model fit and parsimony.

Overall, the findings support the use of the Rasch testlet model as the IRT calibration model and
the reporting of an overall score directly computed from all the items a student took. Because
there are enough items within each discipline in the test blueprint, discipline subscores can be
reported at the individual level although they may not provide much unique information from the
total score for most students. However, many stakeholders often desire information about student
performance in addition to a single overall score. Note that it is not uncommon to provide
subscores at the individual level even when the assessment is essentially unidimensional in a
psychometric sense. For example, based on the dimensionality analyses for the Smarter Balanced
Assessment, there is evidence suggesting “no consistent and pervasive multidimensionality was
demonstrated” (Smarter Balanced Assessment Consortium, 2016, p.182) yet individual claim
scores are routinely reported in addition to overall ELA and Mathematics scores.
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6. FAIRNESS IN CONTENT

The principles of universal design (UD) provide guidance for developing tests that minimize the
impact of construct-irrelevant factors on assessments of student achievement. UD enables access
for the widest possible range of students. The following seven principles of UD are applied in the
process of test development (Thompson, Johnstone, & Thurlow, 2002):

1. Inclusive assessment population

Precisely defined constructs

Accessible, non-biased items

Amenable to accommodations

Simple, clear, and intuitive instructions and procedures

Maximum readability and comprehensibility

NS kWD

Maximum legibility

Test development specialists have received extensive training on UD and apply them in the
development of all test materials. In the review process, South Dakota educators and stakeholders
verify adherence to the principles of UD. More details on how to reduce construct-irrelevant
variance through universal design and on training on the principles of universal design are
described in Section 2, Item Development Process That Supports Validity of Claims, as well as
Appendix 2-C, Style Guide for Science Items, of Volume 2 of this technical report.

6.1 COGNITIVE LABORATORY STUDIES

In 2017, when the development of item clusters for the states that are part of the MOU started,
cognitive lab studies were carried out to evaluate and refine the process of developing item clusters
aligned to three-dimensional science standards. Results of the cognitive lab studies confirmed the
feasibility of the approach. Item clusters were completed within 12 minutes on average, and
students reported being familiar with the format conventions and online tools used in the item
clusters. They appeared to easily navigate the item clusters’ interactive features and response
formats. In general, students who received credit on a given item displayed a reasoning process
that aligned with the skills that the item was intended to measure.

A second set of cognitive lab studies was carried out in 2018 and 2019 to determine whether
students using braille understood the task demands of selected accommodated three-dimensional
science-aligned item clusters and were able to navigate the interactive features of these clusters in
a manner that allowed them to fully display their knowledge and skills relative to the constructs
being measured. In general, both the students who relied entirely on braille and/or Job Access With
Speech (JAWS) and those who had enough vision to read on-screen text with magnification were
able to find the information they needed to respond to the questions, navigate the various response
formats, and finish within a reasonable amount of time. The clusters were clearly different from
(and more complex than) other tests with which the students were familiar; however, the study
recommended that students should be given adequate time to practice with at least one sample
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cluster before taking the summative test. The study findings also proposed tool-specific
recommendations on accessibility for visually impaired students. The reports of both sets of
cognitive laboratory studies are presented in Appendix 4-E, Science Clusters Cognitive Lab Report,
and Appendix 4-F, Braille Cognitive Lab Report.

6.2 STATISTICAL FAIRNESS IN ITEM STATISTICS

Differential item functioning (DIF) analysis was conducted with other states that field-tested the
items for the initial item bank. A thorough content review was performed in those states. The
details surrounding this review of items for bias is further described in Section 4.4 of Volume 1,
Annual Technical Report, along with the DIF analysis process for the SDSA.

7. SUMMARY

This report is intended to provide a collection of reliability and validity evidence to support
appropriate inferences from the observed test scores. The overall results can be summarized as
follows:

e Reliability. This result provides various measures of reliability at the aggregate and
subgroup levels, showing that the reliability of all tests is in line with acceptable industry
standards.

e Content Validity. This result provides evidence to support the assertion that content
coverage on each test was consistent with the test specifications of the blueprint across
testing modes.

e Internal Structural Validity. This result provides evidence to support the selection of the
measurement model, the tenability of model assumptions, and the reporting of an overall
score and subscores at the reporting category levels.

e Relationship of Test Scores to External Variables. This result provides evidence of
convergent and discriminant validity to support the relationship between the test and other
measures intended to assess similar and different constructs.

o Test Fairness. This result provides evidence that items are developed following the
principles of universal design, which enables access for the widest possible range of
students. Evidence of test fairness is provided statistically using DIF analysis in tandem
with content review by specialists.
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Student Demographics and Reliability Coefficients

Table 1-A-1. Marginal Reliability Coefficients by Demographic Subgroups

Group Grade 5 Grade 8 Grade 11
All Students 0.88 0.87 0.85
Female 0.87 0.85 0.82
Male 0.89 0.88 0.87
African American 0.84 0.85 0.83
American Indian/Alaskan Native 0.84 0.82 0.78
Asian 0.86 0.87 0.89
Hispanic 0.86 0.86 0.85
Multi-Racial 0.88 0.86 0.82
Pacific Islander 0.81 0.82 0.82
White 0.87 0.85 0.84
Limited English Proficiency 0.76 0.74 0.67
Special Education 0.87 0.82 0.78
Economically Disadvantaged 0.86 0.85 0.83

*Subgroup is not reported due to small size (N < 10).
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Table 1-A-2. Scale Score Summary by Reporting Category, Science Grade 5

Reporting Category Mean SD Min Max Reliability SEM
Physical Sciences 499.68 32.53 400.14 599.99 0.70 17.48
Earth and Space Sciences 499.97 33.77 400.14 599.99 0.72 17.50
Life Sciences 499.01 36.01 400.14 599.99 0.70 19.51

Table 1-A-3. Scale Score Summary by Reporting Category, Science Grade 8

Reporting Category Mean SD Min Max Reliability SEM
Physical Sciences 799.52 38.70 700.31 899.97 0.69 21.44
Earth and Space Sciences 798.50 36.58 700.31 899.97 0.65 21.42
Life Sciences 797.03 39.65 700.31 899.97 0.69 21.89

Table 1-A-4. Scale Score Summary by Reporting Category, Grade 11

Reporting Category Mean SD Min Max Reliability | SEM
Physical Sciences 1,102.92 33.73 1,000.3 1,199.74 0.62 20.58
Earth and Space Sciences 1,099.77 31.54 1,000.3 1,199.74 0.62 19.38
Life Sciences 1,100.16 35.78 1,000.3 1,199.74 0.69 19.70
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Conditional Standard Error of Measurement
Table 1-B-1. CSEM at Each Scale Score, Science Grade 5

Science Grade 5

401 1 15.53
403 1 17.22
406 1 17.45
409 1 15.26
411 1 15.63
413 1 14.89
414 1 14.61
416 1 13.93
417 1 13.91
418 1 14.54
419 1 14.03
420 1 14.54
421 1 13.98
422 1 13.26
423 1 13.95
424 1 13.87
425 1 14.66
426 1 13.26
427 1 14.12
428 1 13.38
429 1 13.70
430 1 13.01
431 1 12.30
432 1 13.18
433 1 12.82
434 1 12.43
435 1 12.53
436 1 12.49
437 1 12.38
438 1 12.26
439 1 12.30
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Science Grade 5

440 1 12.17
441 1 12.02
442 1 11.86
443 1 11.93
444 1 11.84
445 1 11.50
446 1 11.39
447 1 11.52
448 1 11.50
449 1 11.11
450 1 11.19
451 1 10.96
452 1 10.95
453 1 11.10
454 1 10.75
455 1 10.95
456 1 10.79
457 1 10.57
458 1 10.57
459 1 10.49
460 1 10.55
461 1 10.46
462 1 10.45
463 1 10.38
464 1 10.21
465 1 10.30
466 1 10.19
467 1 10.11
468 1 10.15
469 1 10.16
470 1 10.11
471 1 9.96
472 1 10.08
473 1 9.96
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Science Grade 5

474 1 10.05
475 1 9.92
476 1 9.89
477 2 9.85
478 2 9.88
479 2 9.84
480 2 9.76
481 2 9.81
482 2 9.74
483 2 9.75
484 2 9.72
485 2 9.66
486 2 9.64
487 2 9.70
488 2 9.71
489 2 9.60
490 2 9.63
491 2 9.66
492 2 9.55
493 2 9.59
494 2 9.57
495 2 9.59
496 2 9.59
497 2 9.59
498 2 9.58
499 2 9.58
500 2 9.58
501 2 9.58
502 2 9.54
503 2 9.60
504 2 9.55
505 2 9.59
506 2 9.64
507 2 9.59
508 3 9.67
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Science Grade 5

509 3 9.58
510 3 9.74
511 3 9.64
512 3 9.74
513 3 9.67
514 3 9.78
515 3 9.81
516 3 9.82
517 3 9.76
518 3 9.80
519 3 9.77
520 3 9.79
521 3 9.92
522 3 9.89
523 3 9.87
524 3 9.95
525 3 10.05
526 3 9.93
527 4 10.04
528 4 10.10
529 4 10.15
530 4 10.12
531 4 10.23
532 4 10.23
533 4 10.22
534 4 10.22
535 4 10.27
536 4 10.37
537 4 10.51
538 4 10.54
539 4 10.46
540 4 10.60
541 4 10.50
542 4 10.59
543 4 10.56
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Science Grade 5

544 4 10.65
545 4 10.74
546 4 10.80
547 4 10.83
548 4 10.88
549 4 11.03
550 4 11.15
551 4 11.00
552 4 10.99
553 4 11.11
554 4 11.28
555 4 11.21
556 4 11.38
557 4 11.25
558 4 11.45
559 4 11.55
560 4 11.41
561 4 11.58
562 4 11.71
563 4 11.81
564 4 11.76
565 4 12.16
566 4 11.78
567 4 11.80
568 4 12.12
569 4 12.69
570 4 12.22
571 4 12.44
572 4 12.19
573 4 12.73
574 4 12.10
575 4 12.82
576 4 12.53
580 4 13.03
581 4 13.51
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Science Grade 5

582 4 13.26
583 4 13.20
584 4 12.51
585 4 15.14
586 4 14.00
587 4 12.87
588 4 13.99
589 4 13.33
591 4 14.86
593 4 15.11
594 4 15.20
596 4 15.01
597 4 15.98
600 4 18.20
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Table 1-B-2. CSEM at Each Scale Score, Science Grade 8

Science Grade 8

700 1 26.24
704 1 17.87
705 1 15.99
707 1 16.74
708 1 17.33
709 1 15.80
710 1 16.03
712 1 15.11
713 1 15.77
714 1 16.10
716 1 15.44
717 1 15.57
718 1 15.00
719 1 15.21
720 1 14.76
721 1 15.10
722 1 15.00
723 1 14.56
724 1 14.59
725 1 14.70
726 1 14.47
727 1 14.34
728 1 14.53
729 1 14.60
730 1 14.24
731 1 14.00
732 1 13.84
733 1 14.05
734 1 13.90
735 1 14.03
736 1 13.87
737 1 13.73
738 1 13.81

Conditional Standard Error of Measurement 4-B-7 South Dakota Department of Education



South Dakota Science Assessment 2022—2023 Technical Report: Volume 4

Science Grade 8

Sole [ Achmmement | cse
739 1 13.69
740 1 13.73
741 1 13.63
742 1 13.52
743 1 13.56
744 1 13.41
745 1 13.47
746 1 13.34
747 1 13.35
748 1 13.29
749 1 13.15
750 1 13.22
751 1 13.19
752 1 13.13
753 1 13.14
754 1 13.06
755 1 12.93
756 1 13.03
757 1 12.99
758 1 12.91
759 1 12.87
760 1 12.83
761 1 12.80
762 1 12.70
763 1 12.74
764 1 12.66
765 1 12.67
766 1 12.57
767 1 12.67
768 1 12.55
769 1 12.47
770 1 12.38
771 1 12.54
772 1 12.38
773 2 12.44
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Science Grade 8

Sole [ Achmmement | cse
774 2 12.45
775 2 12.37
776 2 12.35
777 2 12.39
778 2 12.32
779 2 12.22
780 2 12.28
781 2 12.31
782 2 12.27
783 2 12.25
784 2 12.11
785 2 12.17
786 2 12.09
787 2 12.13
788 2 12.13
789 2 12.01
790 2 12.02
791 2 11.95
792 2 11.99
793 2 11.92
794 2 12.01
795 2 11.93
796 2 11.93
797 2 11.92
798 2 11.92
799 2 11.90
800 2 11.85
801 2 11.86
802 2 11.84
803 2 11.79
804 2 11.81
805 2 11.84
806 2 11.79
807 2 11.77
808 2 11.78

Conditional Standard Error of Measurement 4-B-9 South Dakota Department of Education



South Dakota Science Assessment 2022—2023 Technical Report: Volume 4

Science Grade 8

Sole [ Achmmement | cse
809 2 11.82
810 3 11.74
811 3 11.71
812 3 11.69
813 3 11.72
814 3 11.66
815 3 11.75
816 3 11.67
817 3 11.61
818 3 11.71
819 3 11.63
820 3 11.64
821 3 11.62
822 3 11.60
823 3 11.54
824 3 11.52
825 3 11.66
826 3 11.62
827 3 11.59
828 3 11.55
829 3 11.57
830 3 11.55
831 3 11.51
832 3 11.50
833 3 11.44
834 3 11.59
835 3 11.53
836 4 11.48
837 4 11.52
838 4 11.44
839 4 11.54
840 4 11.60
841 4 11.49
842 4 11.56
843 4 11.61
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Science Grade 8

Sole [ Achmmement | cse
844 4 11.63
845 4 11.68
846 4 11.55
847 4 11.54
848 4 11.55
849 4 11.65
850 4 11.69
851 4 11.71
852 4 11.77
853 4 11.70
854 4 11.67
855 4 11.60
856 4 11.73
857 4 11.90
858 4 11.59
859 4 11.66
860 4 11.80
861 4 11.85
862 4 11.64
863 4 11.82
864 4 11.77
865 4 11.78
866 4 11.70
867 4 12.02
868 4 11.90
869 4 11.83
870 4 11.81
871 4 11.83
872 4 12.01
873 4 11.93
874 4 11.95
875 4 11.91
876 4 12.18
877 4 12.53
878 4 1217
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Science Grade 8

Sole [ Achmmement | cse
879 4 12.25
880 4 12.24
881 4 12.74
882 4 12.32
883 4 12.33
884 4 12.63
885 4 12.56
886 4 12.43
878 4 12.17
879 4 12.25
880 4 12.24
881 4 12.74
882 4 12.32
883 4 12.33
884 4 12.63
885 4 12.56
886 4 12.43
888 4 12.66
889 4 12.40
890 4 12.73
891 4 12.76
892 4 12.48
893 4 13.06
894 4 12.35
895 4 13.01
896 4 13.23
897 4 12.91
898 4 12.91
899 4 12.39
900 4 13.71
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Table 1-B-3. CSEM at Each Scale Score, Grade 11

Science Grade 11

1,000 1 29.56
1,011 1 15.69
1,012 1 15.68
1,013 1 17.02
1,014 1 16.53
1,015 1 15.57
1,017 1 15.26
1,018 1 15.03
1,019 1 14.66
1,021 1 14.73
1,022 1 14.34
1,023 1 14.49
1,024 1 14.46
1,025 1 14.51
1,026 1 14.21
1,027 1 14.57
1,028 1 14.26
1,029 1 13.76
1,030 1 13.63
1,031 1 14.04
1,032 1 13.88
1,033 1 13.83
1,034 1 13.62
1,035 1 13.72
1,036 1 13.38
1,037 1 13.40
1,038 1 13.11
1,039 1 13.35
1,040 1 13.21
1,041 1 13.27
1,042 1 12.69
1,043 1 12.85
1,044 1 13.05
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Science Grade 11

1,045 1 13.02
1,046 1 12.79
1,047 1 12.72
1,048 1 12.49
1,049 1 12.54
1,050 1 12.47
1,051 1 12.35
1,052 1 12.33
1,053 1 12.19
1,054 1 12.00
1,055 1 12.02
1,056 1 12.08
1,057 1 12.03
1,058 1 11.74
1,059 1 11.85
1,060 1 11.85
1,061 1 11.62
1,062 1 11.72
1,063 1 11.55
1,064 1 11.59
1,065 1 11.48
1,066 1 11.42
1,067 1 11.37
1,068 1 11.43
1,069 1 11.48
1,070 1 11.36
1,071 1 11.31
1,072 1 11.30
1,073 2 11.31
1,074 2 11.18
1,075 2 11.18
1,076 2 11.18
1,077 2 11.19
1,078 2 11.10
1,079 2 11.24
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Science Grade 11

1,080 2 11.14
1,081 2 11.05
1,082 2 11.06
1,083 2 11.10
1,084 2 11.09
1,085 2 11.01
1,086 2 11.04
1,087 2 11.08
1,088 2 11.01
1,089 2 10.98
1,090 2 10.92
1,091 2 11.02
1,092 2 10.92
1,093 2 11.01
1,094 2 10.97
1,095 2 10.94
1,096 2 10.98
1,097 2 10.97
1,098 2 10.97
1,099 2 10.98
1,100 2 10.97
1,101 2 10.95
1,102 3 11.03
1,103 3 10.95
1,104 3 11.01
1,105 3 10.96
1,106 3 11.06
1,107 3 10.95
1,108 3 10.97
1,109 3 10.94
1,110 3 11.00
1,111 3 10.96
1,112 3 11.02
1,113 3 11.00
1,114 3 11.05
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Science Grade 11

1,115 3 11.03
1,116 3 11.02
1,117 3 10.97
1,118 3 11.01
1,119 3 11.06
1,120 3 11.06
1,121 3 10.97
1,122 3 11.02
1,123 3 10.96
1,124 3 11.10
1,125 3 11.00
1,126 3 11.09
1,127 3 11.07
1,128 3 11.04
1,129 3 11.04
1,130 3 11.02
1,131 3 11.07
1,132 3 10.99
1,133 3 11.10
1,134 4 11.01
1,135 4 11.08
1,136 4 11.05
1,137 4 10.88
1,138 4 11.13
1,139 4 11.09
1,140 4 10.93
1,141 4 10.90
1,142 4 10.94
1,143 4 10.95
1,144 4 10.96
1,145 4 10.90
1,146 4 11.12
1,147 4 10.93
1,148 4 11.08
1,149 4 11.02
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Science Grade 11

1,150 4 11.13
1,151 4 10.99
1,152 4 11.03
1,153 4 10.92
1,154 4 11.05
1,155 4 11.10
1,156 4 10.93
1,157 4 10.97
1,158 4 11.25
1,159 4 11.13
1,160 4 11.06
1,161 4 11.00
1,162 4 11.15
1,163 4 11.16
1,164 4 11.15
1,165 4 11.44
1,166 4 11.12
1,167 4 11.07
1,168 4 11.12
1,169 4 11.57
1,170 4 11.29
1,171 4 11.61
1,172 4 11.50
1,173 4 11.76
1,174 4 11.40
1,175 4 11.31
1,177 4 11.65
1,178 4 11.98
1,179 4 11.79
1,180 4 12.10
1,181 4 11.66
1,182 4 12.49
1,183 4 11.69
1,184 4 11.74
1,185 4 11.87
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Science Grade 11

1,186 4 12.44
1,187 4 12.20
1,188 4 12.08
1,189 4 12.38
1,190 4 12.12
1,191 4 12.20
1,192 4 11.86
1,193 4 12.10
1,194 4 12.67
1,195 4 12.80
1,196 4 13.81
1,197 4 12.48
1,198 4 12.80
1,199 4 13.01
1,200 4 13.55
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Classification Accuracy and Consistency Indices by Subgroups

Table 1-C-1. Classification Accuracy by Demographic Subgroup

Group \ 0‘(';)";‘" By Cut (%) By Level (%)
tovel2 | fteveld | Leveld | level1 | Level2 | Level3 | Leveld
Grade 5
All Students 10,598 75.57 92.44 90.22 92.69 85.91 75.61 59.82 81.54
Female 5,195 75.17 91.97 89.87 93.09 84.86 75.63 59.87 80.93
Male 5,403 75.96 92.89 90.55 92.30 86.89 75.59 59.78 82.03
African American 337 76.75 89.06 91.65 95.88 87.08 75.44 59.93 69.39
American Indian/Alaskan Native 1,228 80.01 88.25 94.12 97.53 88.16 74.30 59.89 75.50
Asian 200 73.35 91.89 89.83 91.40 79.38 76.80 60.04 79.25
Hispanic 855 77.53 90.54 91.73 95.09 87.08 76.71 59.82 78.06
Multi-Racial 641 75.32 91.47 89.62 93.98 86.57 73.46 59.42 80.30
Pacific Islander 15 76.33 91.81 86.76 97.51 75.50 77.27 54.20 85.27
White 7,322 74.63 93.62 89.39 91.36 84.37 75.85 59.83 82.11
Limited English Proficiency (LEP) 501 80.94 86.12 95.99 98.78 86.81 76.42 58.82 64.96
Non-LEP 10,097 75.31 92.75 89.93 92.38 85.79 75.57 59.83 81.56
Special Education (SPED) 1,746 81.30 89.20 94.91 97.07 88.68 75.02 59.39 82.20
Non-SPED 8,852 74.44 93.08 89.29 91.82 84.18 75.71 59.85 81.49
Grade 8
All Students 10,694 75.25 92.50 88.46 94.18 85.48 74.24 64.48 81.68
Female 5,255 74.46 92.60 87.41 94.33 84.57 74.44 64.15 80.06
Male 5,439 76.01 92.40 89.47 94.05 86.23 74.02 64.82 82.91
African American 328 79.84 89.76 92.43 97.58 87.84 74.62 65.80 85.36
American Indian/Alaskan Native 1,108 80.74 88.71 93.63 98.35 87.65 75.46 64.22 81.58
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Group N O\(/;)r)all By Cut (%) By Level (%)
Legi; 2 Leé/sl{ 3 Leé/sl{ 4 Level 1 Level 2 Level 3 Level 4

Asian 142 75.97 92.30 90.16 93.41 84.19 76.81 65.74 75.86
Hispanic 815 77.80 90.33 90.43 96.96 87.94 74.42 62.96 82.12
Multi-Racial 559 75.71 90.84 89.67 95.10 84.66 74.36 64.66 81.36
Pacific Islander 16 73.76 87.87 87.58 98.20 83.55 68.77 60.90 -

White 7,726 73.95 93.52 87.22 93.09 83.73 74.00 64.54 81.74
Limited English Proficiency (LEP) 399 83.51 87.75 96.06 99.66 89.26 75.67 58.92 68.32
Non-LEP 10,295 74.93 92.68 88.16 93.97 85.05 74.19 64.50 81.71
Special Education (SPED) 1,253 81.95 87.95 95.26 98.70 88.64 73.41 62.63 81.59
Non-SPED 9,441 74.36 93.10 87.56 93.59 84.08 74.32 64.53 81.68

Grade 11

All Students 9,468 74.78 92.82 87.71 94.20 83.09 69.76 73.14 82.54
Female 4,695 73.99 92.58 86.76 94.60 81.92 70.02 73.14 80.71
Male 4,773 75.56 93.05 88.65 93.81 84.00 69.45 73.14 83.66
African American 304 74.92 89.11 88.33 97.42 85.02 68.08 70.99 80.30
American Indian/Alaskan Native 742 75.87 86.46 90.75 98.61 84.56 69.35 70.62 79.46
Asian 163 75.42 92.75 87.62 95.00 85.05 69.40 72.48 86.90
Hispanic 627 76.55 90.88 89.66 95.96 85.32 70.96 73.28 78.52
Multi-Racial 437 74.63 91.53 87.17 95.89 79.52 70.04 74.34 86.05
Pacific Islander 15 72.43 85.08 90.53 96.79 84.37 65.21 63.02 -

White 7,180 74.50 93.90 87.23 93.33 82.15 69.79 73.25 82.55
Limited English Proficiency (LEP) 247 80.56 85.19 95.39 99.95 87.28 68.84 64.34 99.13
Non-LEP 9,221 74.62 93.02 87.51 94.05 82.62 69.78 73.17 82.53
Special Education (SPED) 868 78.76 85.87 93.95 98.89 86.26 68.98 72.61 85.43
Non-SPED 8,600 74.38 93.52 87.08 93.73 81.79 69.84 73.16 82.51
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Table 1-C-2. Classification Consistency by Demographic Subgroup

By Cut (%) By Level (%)
Group N Overall (%)
tevel2 | feveld | Leveld | level1 | Level2 | Level3 | Leveld
Grade 5
All Students 10,598 66.70 89.33 86.27 89.73 77.18 67.16 48.44 72.99
Female 5,195 66.16 88.69 85.87 90.25 75.55 67.57 48.36 71.83
Male 5,403 67.22 89.94 86.65 89.24 78.71 66.71 48.51 73.93
African American 337 68.20 84.86 88.08 94.19 79.85 67.14 48.45 53.96
American Indian/Alaskan Native 1,228 72.47 83.57 91.75 96.45 83.82 64.79 47.08 60.22
Asian 200 63.79 88.72 85.47 88.02 72.42 64.96 50.10 69.15
Hispanic 855 68.82 86.51 88.10 93.13 80.16 68.87 47.20 64.59
Multi-Racial 641 66.72 88.11 85.79 91.57 78.54 65.75 47.41 72.24
Pacific Islander 15 66.48 88.33 81.63 95.71 73.21 70.70 32.03 81.98
White 7,322 65.49 90.95 85.12 87.88 72.75 67.49 48.68 74.16
Limited English Proficiency (LEP) 501 73.43 80.65 94.06 98.23 82.28 66.84 44 .37 36.90
Non-LEP 10,097 66.36 89.76 85.88 89.31 76.54 67.17 48.50 73.12
Special Education (SPED) 1,746 74.09 84.76 92.81 95.88 84.95 65.06 45.41 74.90
Non-SPED 8,852 65.24 90.23 84.98 88.52 72.86 67.50 48.68 72.84
Grade 8
All Students 10,694 65.99 89.33 84.05 91.64 77.19 65.53 53.58 70.23
Female 5,255 64.98 89.43 82.70 91.84 75.52 66.01 53.21 67.44
Male 5,439 66.97 89.23 85.36 91.45 78.58 65.00 53.96 72.41
African American 328 71.39 85.22 89.28 96.27 82.91 65.65 51.15 70.36
American Indian/Alaskan Native 1,108 72.71 83.78 90.91 97.51 83.70 65.73 48.81 61.01
Asian 142 66.34 89.12 85.72 90.57 77.86 66.36 52.27 69.24
Hispanic 815 69.24 86.29 86.75 95.49 81.58 65.94 50.66 66.97
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By Cut (%) By Level (%)
Group N Overall (%)
Legi; 2 Legi; 3 Legi; 4 Level 1 Level 2 Level 3 Level 4
Multi-Racial 559 66.64 87.17 85.63 92.94 76.88 65.23 53.94 70.49
Pacific Islander 16 64.71 82.32 84.66 97.07 78.69 57.59 52.45 18.39
White 7,726 64.41 90.79 82.42 90.11 72.83 65.48 54.08 70.63
Limited English Proficiency (LEP) 399 76.42 82.48 94.19 99.48 85.46 66.67 34.14 57.86
Non-LEP 10,295 65.59 89.59 83.66 91.34 76.31 65.49 53.72 70.25
Special Education (SPED) 1,253 74.83 82.95 93.40 98.12 85.14 62.91 46.72 73.69
Non-SPED 9,441 64.82 90.17 82.81 90.78 73.99 65.81 53.84 70.13
Grade 11
All Students 9,468 65.04 89.83 82.85 91.63 72.09 58.85 65.79 68.29
Female 4,695 63.91 89.49 81.52 92.13 68.76 59.68 65.80 63.40
Male 4,773 66.15 90.17 84.17 91.13 74.90 57.89 65.79 71.61
African American 304 65.87 84.67 84.43 96.12 77.09 58.88 60.46 67.47
American Indian/Alaskan Native 742 66.89 81.20 87.12 97.91 77.25 59.89 59.39 56.84
Asian 163 66.48 89.76 83.09 92.89 71.55 61.08 63.85 77.58
Hispanic 627 67.24 86.87 85.45 94.21 78.88 60.03 64.70 60.44
Multi-Racial 437 64.50 88.08 82.04 93.61 69.52 59.32 66.53 65.97
Pacific Islander 15 64.60 80.48 87.11 96.49 76.99 56.82 54.54 45.33
White 7,180 64.62 91.33 82.16 90.40 68.88 58.52 66.31 68.70
Limited English Proficiency (LEP) 247 72.96 79.13 93.48 99.89 83.31 57.35 44.63 88.15
Non-LEP 9,221 64.83 90.12 82.57 91.41 70.99 58.89 65.89 68.27
Special Education (SPED) 868 70.39 80.24 91.32 98.29 81.17 58.34 59.02 57.45
Non-SPED 8,600 64.50 90.80 82.00 90.95 68.83 58.90 66.01 68.44
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Executive Summary

A content alignment analysis was conducted in June 2022 to provide information about the
degree of alignment of the South Dakota Science Assessment (SDSA) for Grades 5, 8, and 11
with the corresponding South Dakota Science Standards as pertains to fulfilling requirements as
stated in Federal statute. The SDSA used a particular state-vetted subset of items that were
part of a Shared Science Assessment Item Bank. The item bank is managed by Cambium
Assessment (CAl) and is shared by multiple states. The initial group of participating states
agreed to share items through a Memorandum of Understanding (MOU) that detailed a
commitment to shared content, leadership, ideas, and methods.

The South Dakota Department of Education requested an item-level content analysis of the
entire operational SDSA item bank as of the Spring, 2022 administration. A total of 321 items
and item clusters were included in the analysis. ltem-level data were already available for 150 of
those items, which were reviewed in a 2019 content alignment analysis that included panelists
from 10 of the MOU states. The remaining 171 items from the SDSA item bank were included in
a content analysis conducted in June 2022 by panels of expert educators in Pierre, South
Dakota. The results described in this report include alignment-related characteristics of the
overall SDSA item bank followed by test-event-level findings. Alignment is reported according to
nine criteria agreed upon by participating states, including South Dakota, to be used to evaluate
alignment of the assessments with corresponding standards.

Study results suggest that the overall SDSA item bank for grade 5 had the capacity to fully meet
all alignment criteria agreed upon and used in this study. The SDSA item bank for grades 8 and
11 weakly met South Dakota’s expectation for inclusion of items that addressed at least 90% of
standards (Range of Knowledge Correspondence - Population) but study results suggest these
item banks have the capacity to fully meet all other alignment criteria. The weak Range of

Knowledge (Population) for grades 8 and 11 item banks could be fully resolved with the addition
of at least four items to the middle school item bank and six items to the high school item bank.

Item-level results were mapped onto actual SDSA test events sampled from each of grade 5, 8,
and 11 to yield test-event-level content alignment results. The SDSA was adaptively
administered in SY2021-2022. For each grade, test events were randomly sampled from at or
near cut scores for Levels 2 (below proficiency), 3 (at proficiency), and 4 (above proficiency).
This sampling allowed for information about alignment of test events generated across
proficiency levels. All test events analyzed were found to be fully or acceptably aligned with
corresponding standards.
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The SDSA was found to have had the overall capacity to generate test forms that were fully or
acceptably aligned with the corresponding grade band standards. This finding included
consideration of the results of the item-level analyses of the overall item bank, sample SDSA
test events, and SDSA blueprints. The evidence to support these findings includes:

e The SDSA blueprints identified South Dakota’s intended sampling across reporting
categories (as relates to Categorical Concurrence, Range of Knowledge (breadth) for
individual test events, and Balance of Representation (emphasis)).

e Overall, the items within the SDSA item bank met South Dakota’s expectations (as
relates to Use of Phenomena, Dimensionality, Consistency of Cognitive Engagement,
and relationships with scoring assertions).

e The SDSA item bank fully or weakly met the state’s expectations for Range of
Knowledge across the tested student population.

¢ An analysis of three sample test events from each of grades 5, 8, and 11 found that all
test events were fully or acceptably aligned with corresponding standards, based on the
criteria agreed upon by South Dakota and used in this analysis.

The SY2021-2022 Assessment Technical Report was not available at the time of this writing. If
aggregate data from all administered test events within South Dakota show that the blueprints
and item selection algorithm yielded test forms as expected, it would further strengthen the
argument for the capacity of the item bank to generate fully or acceptably aligned test forms.

Panelists identified specific items that did not meet one or more alignment-related expectations,
and warrant revisions or removal. Even for items that panelists agreed met alignment-related
expectations, many editorial suggestions were made to correct errors found in text and
graphics, improve clarity, and/or address scientific inaccuracy. This extent of editorial issues is
typically not observed in a high-stakes operational assessment and included issues that could
potentially affect student scores. Of the items flagged, most are stand-alone items associated
with just one or two scoring assertions. Because of the relatively limited interactions, a single
stand-alone item contributes proportionately minimally to a student’s score. While these items
are recommended for revision in ongoing item bank maintenance, they were generally not
considered a significant threat to the alignment of test events.

Overall, however, panelists found that items and item clusters were meeting state expectations
for assessment tasks to require integrated engagement with at least two (stand-alone items) or
three (item clusters) dimensions specified in the targeted standard in order to make sense of a
phenomenon. With just a very few exceptions, items required student cognitive engagement
consistent with the expectations of the standards. ltems were spread across the domains of
Physical, Life, and Earth and Space Science, with no standard(s) overemphasized in the item
bank. Overall, panelists found that the large majority of scoring assertions reasonably reflected
inferences that could be made based on student interactions and corresponded to the
expectations within the targeted standard.
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Introduction and Methodology

The alignment of expectations for student learning with assessments for measuring students’
attainment of these expectations is an essential attribute for an effective standards-based
education system. The critical role of alignment in the success of Framework-influenced science
standards was called out in the very first chapter of A Framework for K-12 Science Education:

“The committee recognizes that the framework and subsequent standards will not lead to
improvements in K-12 science education unless the other components of the system —
curriculum, instruction, PD, and assessment — also change so they are aligned with the
framework’s vision.” (NRC, 2012)

In the context of statewide summative assessments, content alignment is defined as the degree
to which expectations (standards) and assessments are in agreement and serve in conjunction
with one another to guide an education system toward students learning what they are expected
to know and do (Webb, 1997). As such, content alignment is a quality of the relationship
between expectations and assessments and not an attribute solely of either of these two system
components. Content alignment describes the match between expectations and an assessment
that can be legitimately improved by changing either student expectations or the assessments.
As a relationship between two or more system components, content alignment is typically
determined by using, at minimum, multiple criteria described in detail in a National Institute for
Science Education (NISE) research monograph, Criteria for Alignment of Expectations and
Assessments in Mathematics and Science Education (Webb, 1997). The corresponding Webb
methodology used to evaluate content alignment has been refined and improved over the years,
yielding a flexible, adaptable, effective, and efficient analytical approach. Some version of this
alignment methodology has been used to analyze curriculum standards and assessments in
nearly all states to satisfy or to prepare to satisfy the Title | compliance as required by the
United States Department of Education (USDE). Modified and/or expanded versions of this
alignment methodology have been used for studies of multi-dimensional assessments,
computer adaptive tests (CATS), interim assessments, alternate assessments, for studies
intended to inform vendor internal continuous improvement, and for other purposes. Evidence of
content alignment is a critical component of a validity argument that student scores from an
assessment can reasonably yield the intended inferences.

The study detailed in this report was conducted for the South Dakota Department of Education
and was coordinated and facilitated by the WebbAlign program. WebbAlign operates out of the
Wisconsin Center for Education Products and Services (WCEPS), a non-profit organization that
strives to extend the reach of innovations developed at the University of Wisconsin Center for
Education Research (WCER), including the Webb alignment methodology.

Overview of South Dakota Science Assessment

The South Dakota Science Assessment (SDSA) administered in SY2020-2021 was comprised
of items drawn from a larger science item bank that was managed by Cambium Assessment
(CAl). Some participating states agreed to share items through a Memorandum of
Understanding (MOU) that detailed a commitment to share content, leadership, ideas, and
methods. The overall shared science item bank includes items owned by CAl as well as items
owned by particular states. Regardless of ownership, all items followed the same test
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development and review processes. Each state uses its own assessment blueprint and a
particular state-vetted subset of items from the shared item bank. All states’ science standards
are Framework-based but some include adjustments from the wording or scope of the NGSS
PEs. The South Dakota Science Assessment used items from this same item bank but South
Dakota participated independently and was not a part of the MOU as of spring 2022. The SDSA
item bank included stand-alone items and item clusters for elementary, middle, and high school
sciences that were grounded in NGSS performance expectations (PEs). Results as relates to
South Dakota standards that differ from the NGSS are noted in Findings.

Item Structure Each stand-alone item and each item cluster within the item bank was designed
to address a single standard (performance expectation). (Note that throughout this report, “item”
may refer to both stand-alone items and to item clusters.) Both stand-alone items and item
clusters were intended to be based on a specific real-world scenario and focused enough to
require students' application of multiple dimensions of the standard in order to make sense of
the phenomenon presented. Stand-alone items were intended to require application of two or
three dimensions while item clusters were intended to require application of all three dimensions
of a standard. ltem clusters are multi-part items that include an extensive scenario, typically
involving text, illustrations, data shown in a variety of formats, short animations and other
features. Item clusters have between several and up to around 20 different student interactions.
Item clusters are typically, but not always, presented on-screen via two panels. One panel
provides the stimulus. The other panel contains the instructions, prompts, and answer spaces
for the student interactions. Stand-alone items present a more concise scenario and include, at
most, several student interactions. Items included many different types of interactions. All
interactions were machine scorable.

Scoring Assertions Each stand-alone item and item cluster was associated with a set of binary
(trueffalse) narrative scoring assertions, which constitute the scoring rationales for items. Each
assertion is intended to describe a piece of content knowledge, skill, or ability (KSA) that is
related to the targeted standard and that the student is expected to have demonstrated by
successful interaction with the item. In general, an assertion states the student’s action(s) within
the item that provide(s) evidence for the corresponding inferences about student KSAs. Per
assessment design, the number of scoring assertions for an item varies, depending on the
evidence that an item can yield based on a student’s response. The vast majority (89%) of
SDSA stand-alone items had one or two scoring assertions, with up to five scoring assertions,
maximum. SDSA item clusters had an average of nine scoring assertions and up to 18 scoring
assertions, maximum.

Blueprints and Delivery SDSA blueprints separated items by the domains of Life Sciences,
Physical Sciences, and Earth and Space Sciences. Each domain was further divided into sub-
domains according to the Disciplinary Core Idea (DCI) arrangement of the standards. Blueprints
specified the length of the test and the minimum and maximum number of items that could be
included on a test event by DCI organization of the standards per domain. SDSA blueprints
specified that each standard was represented on a test event by no more than one item cluster
or stand-alone item. In general, blueprints specified that a test event could include no more than
one item cluster or two stand-alone items that targeted standards within the same DCI sub-
domain. Test events were administered online and used an adaptive item delivery in which the
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item selection algorithm chooses items based on content value toward blueprint fulfilment as
well as a match-to-ability based on student responses to previous items. In other words, each
item is selected based on its contribution to meeting the blueprint specifications as well as
student ability, given the items that have already been administered.

Study Design

The South Dakota Department of Education requested an item-level content analysis of the
entire operational SDSA item bank as of the Spring, 2022 administration. A total of 321 items
were included in the analysis. ltem-level data were already available for 150 of those items,
which were reviewed in a 2019 content alignment analysis that included panelists from 10 of the
MOU states. The remaining 171 items from the SDSA item bank were included in a content
analysis conducted in June, 2022 by panels of expert educators in Pierre, South Dakota. The
full set of items included in this report is shown in Table 1. While both stand-alone items and
item clusters may require multiple student interactions, the unit of analysis was the overall item
or item cluster.

Table 1. SDSA Item Bank Operational Items, Spring 2022

Grade Item Type Total Operational Items SDSA, Spring 2022
Grade 5 Steﬁll;i(laczne 735*
Grade 8 StaC:S-S:Iec:ne ;51
Grade 11 StaC:S-S:Iec:ne %
Total 321

*one item not included for review

Item-level results were mapped onto actual SDSA test events sampled from each of grades 5,
8, and 11 to yield test-event-level content alignment results. The SDSA was adaptively
administered in SY2021-2022. For each grade, test events were randomly sampled from at or
near cut scores for Levels 2 (below proficiency), 3 (at proficiency), and 4 (above proficiency).
This sampling allowed for information about alignment of test events generated across
proficiency levels.

The overall study was structured to answer four key research questions:

1. To what extent do the stand-alone items and item clusters satisfy the measurement target
claims (standard and scoring assertions) identified in the CAl metadata?

2. What DOK - Category of Engagement (cognitive complexity) is required for successful
completion of each interaction within a stand-alone item or item cluster and how does the
DOK distribution within the SDSA item bank compare with the DOK distribution within the
South Dakota Science Standards?

3. To what extent do the stand-alone items and item clusters satisfy the claim that the
assessment is phenomenon-based?

4. To what extent was the SDSA program likely to generate test events that were aligned with
corresponding grade-level academic standards, considering depth and breadth (specified in
ESSA) as well as other alignment criteria agreed upon and used in this analysis?
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The results reported here pertain only to the issue of alignment between the South Dakota
Science Standards and South Dakota Science Assessment. Note that an alignment analysis of
this nature does not serve as external verification of the general quality of the standards or
assessments, but rather, the focus is on the degree of alignment.

Panelists

Twelve educators completed the content analysis of the grade 8 item bank and then split into
two panels to complete the analysis of the grade 5 and grade 11 item banks. Information about
participating panelists is provided in Appendix F. Along with the Study Director, WebbAlign
brought two experienced group leaders to facilitate the SDSA panels. Per South Dakota
specifications, state officials were responsible for recruiting qualified expert educators with
content expertise as panelists for the in-person alignment institute. State officials reached out
directly to a wide range of districts and individuals in efforts to recruit from diverse populations
across the state, with consideration for race/ethnicity, socioeconomic, and regional factors
(urban/suburban/rural). State officials also recruited carefully to ensure adequate content
expertise across science disciplines and grades.

All panelists were expected to have the following qualifications:

thorough knowledge of their discipline (be subject matter experts)

thorough knowledge of the South Dakota Science Standards

experience with Framework-based science assessment considerations

experience in the appropriate grade band(s) science education based on South Dakota

Science Standards

e experience with the SDSA test design or willingness to review the test design and released
item samples in advance of the in-person work

e willingness to express professional opinions, and listen to the professional opinions of others;
willingness to agree, disagree, persuade, and be persuaded; maintain collegial, respectful,
and positive professional environment

A sequential account of the alignment study procedures is provided in the sections that follow.

Training and Coding

Appropriate training of the panelists at a content alignment institute is critical to the success of
the project. A necessary outcome of training is for panelists to have a common, calibrated
understanding of the DOK - Categories of Engagement language system, a shared
understanding of the structure, including dimensionality, of the standards, and a shared
understanding of the coding processes and associated evaluative steps.

During the morning of the first day of the content alignment institute, panelists received an
overview of the assessment, the purpose of their work, the coding processes, the use of online
interfaces to view items and record data, and general training on different evaluative steps,
including calibration on the DOK - Categories of Engagement definitions for science. The
general training at the alignment institute was crafted to contextualize the origins of DOK -
Categories of Engagement (as an evaluative tool used to inform alignment studies of standards
and assessments) and purpose (to support consistency in differentiating between and among
categories of cognitive complexity through content analyses), and to highlight common
misinterpretations and misconceptions to help panelists better understand and, therefore,
consistently apply the language system.
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In advance of the study, panelists were provided with pre-reading materials including
descriptions of the evaluative steps in the coding processes and definitions of the four DOK -
Categories of Engagement for science. Through interactive and participatory training on-site,
panelists reviewed the definitions and worked toward a common understanding of the difference
between and among each of the categories of complexity. Training was designed with
consideration of core tenets of contemporary learning theory, including recognition of the critical
importance of engaging prior understandings, as people’s existing ideas greatly influence how
they make sense of new ideas and construct knowledge (Posner, et al. 1982; NRC, 2000; NRC,
2005). As such, activities elicited panelists’ ideas and presented opportunities for panelists to
grapple with these existing ideas as well as consider if and how their existing ideas fit with
(possibly new) ideas presented. Background information was shared about the overall
conceptual model of complexity and the epistemology in which the model is grounded. Through
facilitated activities, panelists also worked to differentiate concepts such as cognitive
complexity, difficulty, and multidimensionality as well as the idea of sophistication of
performance across the K-12 learning progression as described in the standards. As part of the
training, panelists practiced assigning DOK - Categories of Engagement to sample tasks that
were selected to foster important discussions to promote improved conceptual understanding of
the tool. Explicit clarification was provided related to potential misinterpretations of the tool to
evaluate complexity. Calibration on the concept of complexity is critical for alignment analysis
work as evaluation of the extent to which an assessment addresses the “depth” of the standards
(i.e. cognitive complexity) is a central expectation of the alignment evidence required per ESSA.

An alignment analysis of the South Dakota Science Assessment - Alternate (SDSAA) was
conducted concurrently with the analysis of the SDSA, and much of the SDSA and SDSAA
panelist orientation was conducted together. Panelists’ responses from study evaluation forms
suggest training was effective (Appendix F). Panelists were asked to rate on a 1-10 scale the
extent to which the in-person orientation along with pre-reading materials helped prepare them
for the work. Fifteen out of the 16 panelists who completed the evaluation (94%) ranked their
preparation between 7-10, with most ranking the preparation as 9-10 (63%).

After separating into SDSA and SDSAA panels, group leaders facilitated more extensive
introductions and set the tone for a collaborative, respectful, professional work environment in
which panelists were expected to share and adjudicate dissenting professional judgments. For
panelists to make reliable judgements on the degree to which an assessment task measures
student performance as relates to a particular assessment target, they must have a shared and
thorough understanding of the assessment targets. Therefore, an analysis of assessment
targets is a necessary component of any study that examines the degree of content alignment
of assessments and expectations. This need is augmented, however, in the context of
Framework-based and multidimensional standards, for which there is recognition of a lack of
consensus for referents as pertains to alignment analyses (e.g. Fulmer, et al, 2018). In this
case, individual standards were defined as the assessment targets. Panelists calibrated their
interpretation of the standards as pertains to the complexity of each as well as what is (and is
not) intended for a statewide summative assessment. The standards analysis by grade-band
panels is a necessary component of a content alignment study but also, importantly, fosters
thorough, nuanced, and calibrated understanding of the standards by panelists. Consensus
DOK - Categories of Engagement were then entered into the online data collection system, the
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WATV2. The consensus Category of Engagement values for all standards are summarized in
the Findings section of this report and listed in Appendix A. Additional information about the
tool itself is provided in Appendix E.

Panelists also calibrated their understanding of what would be considered an appropriate
manifestation of the three-dimensional standards in the context of an on-demand summative
assessment. Similarly, panelists worked to build a common understanding of other evaluative
considerations, such as the expectation for students to make sense of a phenomenon in their
work, i.e. that students were expected to figure something out rather than answer a question
that simply uses a phenomenon as a context.

Next, panelists started into the analysis of the SDSA items. All SDSA panelists worked through
the Grade 8 items and item clusters to calibrate their coding. Panelists first coded these
items/clusters independently and then adjudicated as a large group, discussing any differences
in interpretations. Group leaders facilitated discussions and adjudication if needed, and
communicated any specific decision rules that arose. Group leaders also provided instruction
and clarification on appropriate coding procedures and best practices for effective recording of
comments in the WATV2. This initial calibration work was conducted to promote consistency in
coding both within and between the two panels for each grade band.

Panelists were instructed to work through each stand-alone item and item cluster as if they were
the student. Then, they were to determine what the item measured, i.e. what students needed to
know or be able to do in order to successfully respond to the question. Panelists considered
whether a student’s correct response to the stand-alone item or item cluster would allow for a
reasonable inference about the student’s proficiency as related to one of the standards for the
grade band. As panelists worked, no internal metadata were visible. After independently
identifying a standard that they thought the item addressed, panelists then were instructed to
compare their independent assignment with the standard as given in the internal (CAl) item
metadata. If the internally coded standard was appropriate, they recorded it in the online data
entry system. If panelists did not think that the internally coded standard was appropriate, they
were to discontinue coding for that item or item cluster. It was considered a necessary condition
that an item or item cluster reasonably address the internally coded standard. Only in that
context could panelists complete coding, i.e., consider if the phenomenon was appropriate,
decide if any parts of DCI element(s) were missing, evaluate the scoring assertions, etc.

Panelists also worked individually to assign a DOK - Category of Engagement to the stand-
alone item or to an item cluster. Panelists were instructed to consider the Complexity of
Engagement required by each student interaction and to record the highest Category of
Engagement that was included to ensure that coding captured the full scope of the complexity of
the interactions within a stand-alone item or item cluster (defined as the unit of analysis).
Panelists responded to two additional questions about each item or item cluster: one about
dimensionality and another about use of a phenomenon. The evaluative questions, details about
each criterion, and notes on the recording of responses for these two questions were included
within the coding instructions (see Appendix F).
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Panelists were instructed to focus primarily on the content alignment between the standards and
the assessment items and item clusters provided. However, panelists were able to provide
qualitative input or feedback on the standards and on the assessment items and clusters by
writing a note in the appropriate text box in the WATv2 data collection tool. Panelists could
indicate whether there was a Source of Challenge issue with an item—i.e. a technical or content
problem with the item that might cause the student who knows the material to give a wrong
answer or enable someone who does not have the knowledge being tested to answer the item
correctly. After a panelist completed coding all of the assessment items and item clusters within
a batch, the WATV2 offered a set of debriefing questions to answer for each study. These
questions solicited feedback from the panelists about assessment items as a whole and
provided a space to record any topics that were not captured in the item-level coding data.

If needed and as time allowed, the results for each study were adjudicated after all of the
panelists completed coding a batch of items. The adjudication process helped to ensure that the
coding by panelists did not include spurious data and that the codes entered were those as
intended. For example, adjudication can correct errors, such as if a panelist accidentally entered
one standard but meant to enter another standard. Group leaders facilitated conversations
about items or item clusters for which panelists differed significantly on data entry for one or
more evaluative step(s). When these substantial differences in coding occur, it sometimes
indicates a data entry error. If data are entered as intended, then it suggests that panelists are
either interpreting some aspect of the evaluation process in very different ways or are
interpreting the particular assessment task in very different ways. For standard assignment, only
data entry issues were addressed in final adjudication as any clarifications or discussion of
differences in perspective on standard selection were addressed as needed as panelists moved
through an item batch. Panelists did not conduct adjudication specific to the evaluative prompts
for Use of Phenomenon or for the evaluations of the relationships with Scoring Assertions, but
sometimes discussed these codings in the context of overall discussion of an item. Overall,
adjudication was conducted to foster full and appropriate interpretation of the assessment
items/clusters and to ensure that panelists had coded the items/clusters as they intended.
Panelists were not required to change their coding after the discussions. Panelist agreement
statistics were computed after adjudication and are included in the Findings section of this
report.

Data Analysis

Results of the item-level analysis are reported for the overall item bank as well as for sample
test events and include suggestions for areas in which improvements are needed. For the
analysis of item complexity, the final reported value was found by averaging the DOK -
Categories of Engagement values across all panelists. Any variance among panelists was
considered legitimate, for example, with the reported DOK - Category of Engagement for an
item falling somewhere between the two or more assigned values. Such variation could signify
differences in interpretation of an item or of the assessed content and/or a DOK - Category of
Engagement that falls in between two of the four defined levels. Standard deviations are
reported in the tables provided in Appendix B, which give one indication of the variance among
panelists. Majority coding (at least 7 of 12 for Grade 8 and at least 4 out of 6 for Grades 5 and
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11) was used to determine whether the criteria of Dimensionality and Use of Phenomena were
met as well as for the two evaluative questions related to the Scoring Assertions.

The results from this study pertain specifically to the issue of alignment between the South
Dakota Science Standards and SDSA program and sample test forms that were analyzed.
While some feedback is provided on aspects of quality, the degree of alignment is the focus of
the discussion in the results. The 24 items (out of 321) that were flagged for review, revision, or
removal are tabulated in the Findings section of this report and identified individually in
Appendix C.
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Alignment Criteria Used for This Analysis

After input from and discussion with representatives from all MOU states as of 2018, the nine
alignment criteria detailed in Table 2 were agreed upon to be used to evaluate and report on the
degree of alignment of standards with state assessments drawn from the overall shared science
item bank. Anchored in the states’ intended claims, specific cutoffs were assigned to each
criterion using defined decision rules about what was considered acceptable. The rationales for
all decision rules were provided to allow for a process that was as transparent as possible.
Individual states could modify these levels of acceptable alignment as warranted for particular
state circumstances. For example, adjustments were made for a state that used a high school
biology assessment instead of a high school science assessment that sampled from across all
domains. Similarly, decision rules and cutoffs for acceptable alignment must be appropriate to
the context of the SDSA, to confirm that the assessment in some way measures student
performance as intended by the South Dakota Science Standards and within the intentions of
the state’s assessment design. For example, breadth needs to be considered from the
perspective of an individual student (by test form) as well as for an overall student population
(by item bank capacity along with aggregate data from all administered assessments). In
addition to depth and breadth (specified in ESSA), criteria were included that corresponded to
the specific intents and claims of a Framework-based and multidimensional statewide
summative assessment. For example, in the context of the SDSA, the structure of how students
are to know, engage, and think about science is very relevant to how the measurement of
knowledge should be designed. The degree to which the three-dimensional engagement as
expressed in the standards was captured on the assessment is reflected in the
Dimensionality/Structure of Knowledge Comparability criterion. A content analysis was also
required to provide evidence of the Use of Phenomena as well as the relationship of scoring
assertions to the standards and to the student interactions, relevant to the specifics of the
assessment design. South Dakota officials reviewed and discussed the proposed decision rules
for determination of acceptable cutoffs for each alignment criterion and approved each; no
modifications were proposed for use in the evaluation of the SDSA in 2022 (Table 2). In the
case of criteria which South Dakota expected to be met for all items/clusters, a 90% cutoff was
used to allow some leeway for human error and differences in professional opinion.
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Table 2. Consensus Alignment Criteria for SDSA with South Dakota Science Standards, 2022

Criterion Intended Claim/Inference Acceptable Cutoff
1. Use of Items/clusters require students to | At least 90% of items/clusters are
Phenomena engage multiple dimensions of the | considered phenomenon-based by a
standards (“use science”) to make | majority of panelists (e.g. at least 4 out
sense of phenomena. Each item/ | of 6 panelists).
cluster is grounded in a stimulus
that meets the test development
criteria for a phenomenon.
2. Item clusters require students to At least 90% of clusters are considered

Dimensionality/
Structure of
Knowledge
Comparability

demonstrate integrated
engagement with the three
dimensions of SEPs, DCls, and
CCCs in the targeted standard.
Stand-alone items require
integrated engagement with two
or three of the dimensions
specified in the targeted standard.

three-dimensional by a majority of
panelists; at least 90% of stand-alone
items are considered multi-dimensional
by a majority of panelists.

3. Categorical
Concurrence*

Test events have the potential to
yield sufficient evidence to make
inferences about student
knowledge, skills, and abilities
(KSAs) as relates to each
reporting category.

A test form will include at least six (6)
opportunities to respond to items that
target the standards within each
reporting category, two (2) of which are
item clusters (per SDSA blueprint.) For
the item bank, content categories
concur with the standards’ categories.

4. Consistency of
Cognitive
Engagement

The assessment elicits work that
is as cognitively demanding as the
expectations in the standards.

While some interactions may be DOK
Category 1, no items/clusters should
include only DOK 1 interactions.
Proportions of items/clusters with DOK
2 and 3 opportunities reflect grade band
standards. Some aspects of DOK
Category 4 Standards will be assessed
but the full scope of DOK 4 standards is
expected to be assessed in the
classroom.

5. Range of
Knowledge
Correspondence
(Population)*

State-specific claims will be
considered against aggregate
data from all administered test
events in the state in conjunction
with a comparison of independent
assignment of standard with
internal vendor metadata.

At least 90% of Standards have the
potential to be assessed across the
student population.

6. Range of
Knowledge
Correspondence
(Individual)*

Test events assess an
appropriate breadth of the
standards, as defined by the
SDSA blueprint. Assessed
standards are sampled across
topics within each reporting
category for individual students.

Test forms analyzed meet blueprint
specifications for Range. Blueprints are
expected to specify sampling across
topics (or other sublevels for each
reporting category).
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Table 2 Cont’d. Consensus Alignment Criteria for SDSA with South Dakota Science

Standards, 2022

Criterion

Intended Claim/Inference

Acceptable Cutoff

7. Balance of
Representation*

No standard is targeted more than
once on any test event.

A standard should not be
targeted more than once on a
test event; each stand-alone item
and item cluster should target a
different standard.

8. Relationship of
Scoring
Assertions with
Student
Interactions

In aggregate, the Scoring
Assertions for an item/item cluster
appropriately represent the
inferences about student
knowledge, skills, and abilities
that can be made based on
successful interactions with an
item/cluster.

For at least 90% of all
items/clusters, a majority of
panelists consider a large
majority of the Scoring
Assertions (at least ~75%) to
appropriately represent the
inferences about student KSAs
that can be made based on
successful interactions with an
item/cluster.

9. Relationship of
Scoring
Assertions with
Standards

In aggregate, the Scoring
Assertions for an item/item cluster
appropriately represent the three-
dimensional expectations of the
targeted standard. (At least two of
the three dimensions for stand-
alone items.)

For at least 90% of all
items/clusters, a majority of
panelists consider a large
majority of the Scoring
Assertions (at least ~75%) to
appropriately represent the

expectations within the
corresponding standard.

Student scores on the SDSA were not used to make specific claims about:

e Engineering Design (ETS) standards or engineering.
e Science, Technology, Society, and the Environment Connections
e Nature of Science

Details on the criteria used for determining the degree of content alignment between standards
and assessments are provided on the following pages. For each criterion, the cutoffs for
acceptability are defined. If overall results met these defined cutoffs, the criterion was

considered to be met. For criteria related to Use of Phenomena, Dimensionality, Range, and

Scoring Assertions, a criterion was considered to be “weakly met” if results fell within 10% of the

expected cutoff.

4-D-13



Reporting Categories

Study results for each of Grades 5, 8, and 11 are reported by the domains of Physical Science,
Life Science, and Earth and Space Science. Consensus DOK - Category of Engagement values
for all standards are given in Appendix A. All standards were included in the analysis with the
exception of South Dakota Science Standard HS-LS4-7. This standard was not included in
SDSA blueprints for the SY2021-2022 administration.

Total number of standards by grade:
e Grade 5 science standards: 42
e Grade 8 science standards: 52
e Grade 11 science standards: 64

In the descriptions below, the term “standards” may be used as an umbrella term, to refer to
expectations in general.

1. Use of Phenomena The SDSA was intended to be phenomenon-based, meaning that
items/clusters required students to engage multiple dimensions of the standards (“use science”)
to make sense of a phenomenon. Per test development criteria, a phenomenon was expected
to be based on a specific real-world scenario, reflect grade-appropriate content and complexity,
and be focused enough to require students' application of a SEP in the context of a DCI and
CCC. While stand-alone items could be two or three dimensional, they were still expected to
require students to use multiple dimensions of a standard to make sense of a phenomenon. To
meet this expectation at the item level, a majority of the reviewers on a panel (at least 7 of 12 for
Grade 8 and at least 4 out of 6 for Grades 5 and 11) must have considered the item or item
cluster to have met the test development criteria for a phenomenon, as indicated in their
independent coding. To meet this criterion at the item bank level and test event level, 90% of
items must have been coded affirmatively by a majority of panelists. A 90% cutoff was used to
allow some leeway for human error and differences in professional opinion.

2. Dimensionality / Structure of Knowledge Comparability All SDSA assessment items were
intended to be multi-dimensional, meaning that items/clusters required a student to engage with
and interweave two or three dimensions of the standards to make sense of phenomena. For an
item cluster, successful completion of the task was expected to require students to engage with
the specific three dimensions identified in the corresponding standard, at minimum. (NOTE that
the particular DCI, SEP, and CCC of a standard are not expected to exist in isolation of other
DCls, SEPs, and/or CCCs in the context of a task and consequently, items and item clusters
may have included multiple SEPs or CCCs, etc.) For a stand-alone item, successful completion
of the task was expected to require students to engage with at least two of the specific three
dimensions identified in the corresponding standard. To meet this expectation at an item level, a
majority of the reviewers on a panel (at least 7 of 12 for Grade 8 and at least 4 out of 6 for
Grades 5 and 11) must have indicated in their independent coding that an item cluster required
student engagement with all three dimensions of the standard or that a stand-alone item
required student engagement with two or three of the dimensions. To meet this criterion at the
item bank level and test event level, 90% of items must have been coded affirmatively by a
majority of panelists. A 90% cutoff was used to allow some leeway for human error and
differences in professional opinion.
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3. Categorical Concurrence The South Dakota Science Standards were organized by the
content categories of Physical, Life, and Earth and Space Sciences. Each of these categories
was further divided by content (DCI organization). An important aspect of alignment between
standards and assessments is whether both address the same content categories. The
Categorical Concurrence criterion provides a very general indication of alignment if both
documents incorporate the same content. The criterion of Categorical Concurrence between
standards and assessments is met if the same or consistent categories of content appear in
both documents. Overall Categorical Concurrence at the item bank level is reported for
informational purposes. For a particular test event, this criterion was judged by determining
whether the assessment included items targeting standards from each reporting category.
Grounded in calculations based on a procedure developed by Subkoviak (1988), it is typically
assumed that an assessment would have to have at least six items for measuring content from
a reporting category for a minimum acceptable level of Categorical Concurrence to exist
between the domain and the assessment (Webb, 1999). The number of items (six) is based on
estimating the number of items that could produce a reasonably reliable score for estimating
students’ mastery of content on that subscale. Of course, many factors must be considered in
determining what a reasonable number is, including the reliability of the subscale, the mean
score, and cutoff score for determining mastery. A cutoff of six items per reporting category was
consistent with South Dakota expectations as reflected in the SDSA blueprints and was used in
this analysis. Because both stand-alone items and item clusters included multiple student
interactions, actual Categorical Concurrence within each domain is greater than the item count.

4. Consistency of Cognitive Engagement (DOK - Category of Engagement) A Framework
for K-12 Science Education and the resulting NGSS both emphasize a conceptual shift in
science standards, related to the complexity of student engagement with science concepts and
scientific thinking (NGSS Appendix A, Conceptual Shift #4). As a central conceptual shift,
attention must be given to determine if and in what ways different types of student cognitive
engagement (i.e. cognitive complexity) are being interpreted both in the expectations and the
assessment. Consistency of Cognitive Engagement between content standards and an
assessment indicates alignment if what is elicited from students on the assessment is as
demanding cognitively as what students are expected to know and do as stated in the
corresponding standards. The DOK - Categories of Engagement tool is used to guide content
analysis for the purpose of differentiating between and among the different types of complexity
of cognitive engagement required by learning expectations and tasks. For consistency to exist
between the assessment and the reporting categories, as judged in this analysis, two conditions
applied. First, no items or item clusters should require only DOK - Category 1 Cognitive
Engagement. While it was considered acceptable for some interactions within an item or item
cluster to be Category 1, successful completion of an item or item cluster could not require only
Category 1 work, per South Dakota expectations and consistent with the intent of Framework-
based standards. Second, the proportion of items and item clusters with Category 2 and
Category 3 opportunities should reflect the proportion of DOK - Category 2 and Category 3
expectations in the Performance Expectations. Category 4 expectations, which are complex
tasks that require extended time (such as the “sustained investigations” expected by the
Framework) are not expected to be appropriately or authentically assessed in an on-demand
context. All of the items and item clusters in the SDSA Item Bank, therefore, were expected to
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provide opportunities for cognitive engagement within DOK - Category 2 and Category 3.
Although this was expected for all items/clusters, a 90% cutoff was used to allow some leeway
for human error and differences in professional opinion. To meet this criterion at the test event
level, no items were to be DOK 1, and the items within each domain should include at least one
opportunity to engage at DOK 3.

DOK - Category of Engagement for Science The Category of Engagement descriptions help
to clarify how different types of complexity are represented in the sciences and are summarized
below. Full descriptions for science as well as an explanation for the relationship of each
Category with the expectations of Framework-based standards are included in Appendix E.

Category 1 includes tasks such as recalling facts and terms, recognizing structures or
properties, reproducing standard scientific representations, or performing routine procedures.
The Framework and NGSS documentation specify that Category 1 type expectations are not
intended as assessment targets. For example, NGSS Appendix C calls out “...a huge transition,
from a focus on knowledge itself to a focus on putting...knowledge to use—a transition that in
and of itself necessitates a corresponding leap in rigor” and notes that new standards “focus on
understanding rather than memorization” (NGSS Appendix C, 2013). Because “[p]erformance
expectations are the assessable statements of what students should know and be able to do”
and are intended “to make clear the intent of the assessments” (NGSS, 2013) it can be inferred
that no standard should be considered to expect only Category 1 type work. While an explicit
goal of Framework-based standards is to promote a shift away from assessing students on
Category 1 types of tasks, resulting standards recognize that students will indeed need to
engage with Category 1 tasks in the context of broader work to make sense of a phenomenon.
For example, although “[n]o part of the NGSS specifies the student outcome of defining a gene
— it is...implicit that in order to demonstrate proficiency on MS-LS3-1, students will have to be
introduced to the concept of a gene through curriculum and instruction” (NGSS Appendix B,
2013). Similarly, students will need to use particular tools and protocols, and learn new terms.
Overall, students may need to develop fluency with Category 1 expectations but they are not
appropriate as overall summative assessment targets, per Framework and NGSS. Because of
this clear expectation within the standards, it is critical that educators and assessment
developers can consistently differentiate between Category 1 and Category 2 tasks.

Category 2 tasks require students to connect ideas and make sense of relationships and
interactions between and among concepts and ideas, anchored in evidence-based thinking. The
conceptual understanding emphasized by Category 2 expectations are reflected in multiple
places in Framework and NGSS documentation. For example, Appendix A conceptual shift
number four states that “[{jhe NGSS focus on deeper understanding of content as well as
application of content” (NGSS Appendix A, 2013). Appendix C also underscores this key shift,
noting that “the NGSS focus [is] on understanding rather than memorization” (NGSS Appendix
C, 2013). This, in turn, reflects the Framework committee’s intent to “give time for students
to...achieve depth of understanding of the core ideas” (NRC, 2012). A core overall goal of
Framework-influenced standards, including NGSS, is for students to demonstrate knowledge-in-
use as they make sense of phenomena, consistent with many Category 2 types of expectations.

Category 3 tasks involve abstract, analytical, hypothetical, critical, evaluative, original (to the
student), and innovative thinking, including crafting reasoned scientific arguments based on
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evidence. Category 3 expectations are reflected in the Framework committee’s intent to “give
time for students to engage in scientific...argumentation” (NRC, 2012) and goal of supporting
students as they “discove[r] new knowledge, solv[e] challenging problems, and generat[e]
innovations” including addressing “problems not previously encountered” (NGSS Appendix C,
2013).

Category 4 tasks expect at least the complexity of Category 3 but require extended and iterative
sensemaking, corresponding to the “expectation...that students generate and interpret evidence
and develop explanations of the natural world through sustained investigations” or that students
“carry out empirical investigations in order to develop or evaluate knowledge claims” (NRC,
2013). While subcomponents of Category 4 tasks may be represented in an on-demand
assessment, they are more appropriately and authentically assessed in the classroom.

5. Range of Knowledge Correspondence (Population) In the context of the SDSA, the
criterion of Range must be considered for the overall tested population as well as for the
individual student. The item-level analysis was used to determine the degree to which the
claims within the item metadata could be substantiated. These findings can be considered
alongside aggregate data from all administered test events in the state (when available; at the
time of this writing the SDSA Technical Report for SY2021-2022 was not available). South
Dakota expected at least 90% of the standards within each domain to have the potential to be
assessed across the student population.

6. Range of Knowledge Correspondence (Individual) Traditionally, Range of Knowledge at
the test event level is calculated against the full scope of a set of assessed academic standards,
and a test form is expected to sample the knowledge, skills, and abilities from at least half of the
full set of standards. In the context of the South Dakota Science Standards, it is not reasonable
to consider the full range of grade-band standards across multiple disciplines as the referent,
both because of the vast scope of the standards as well as because the standards are intended
to foster deep engagement with science versus broad coverage of topics. Instead, state
stakeholders defined what was appropriate and reasonable for assessment on an individual test
event. The intended range was then codified in the test blueprint, which served as the referent.
For SDSA reporting categories and assessments to be aligned, the breadth of knowledge
expected on the test blueprint should be comparable to the breadth of knowledge sampled on a
test form. In other words, the span of knowledge expected of students by a reporting category
(as defined by a test blueprint) should correspond to the span of knowledge that students need
to correctly answer the assessment items. Because the test blueprint served as the referent,
fidelity to blueprint specifications can serve as evidence for meeting this alignment criterion,
interpreted in the context of the results of the item-level content analysis (if they provide
independent verification of internal metadata for targeted standard). Test blueprints were
organized by domain and by DCI, and specified the expected range of sampling within each DCI
as well as across all DClIs within the domain.

7. Balance of Representation In addition to comparable depth and breadth of knowledge,
aligned reporting categories and assessments require that knowledge be distributed in the
intended proportions. The Balance of Representation criterion, as applies to the test-event level,
specifies that no standard is targeted more than once on any single SDSA test event.
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8. Relationship of Scoring Assertions with Student Interactions Each stand-alone item and
item cluster was scored with a set of binary (true/false) narrative Scoring Assertions, which
constituted the scoring rationales for items. Each Assertion was intended to describe a piece of
content knowledge, skill, or ability (KSA) that was related to the targeted standard and that the
student was inferred to have demonstrated by successful interaction with the item. In general,
an Assertion stated the student’s action(s) within the item that provided evidence for the
corresponding inference about student KSAs. Panelists were instructed to carefully read
through each individual Scoring Assertion and then consider whether or not the Assertions, in
aggregate, adequately reflected reasonable inferences about student knowledge, skills, and
abilities based on their work on the assessment item or item cluster. Panelists could find that
one or more of the Assertions slightly misstated, overstated, or understated the inferences that
could be made but to code this criterion affirmatively (“Yes”), panelists needed to agree that a
large majority (~75%) of the Scoring Assertions described a direct inference that could be made
from the student’s correct responses. To meet this criterion at the item bank and test event
level, at least 90% of all items/clusters within each domain must be coded affirmatively as
represented in panelists’ independent coding. Although South Dakota expected this criterion to
be met for all items/clusters, a 90% cutoff was used to allow some leeway for human error and
differences in professional opinion.

9. Relationship of Scoring Assertions with Standards As scoring rationales, the Assertions
were expected to appropriately reflect the assessment targets (i.e., the standards). This
evaluative point was intended as a cross-check to “close the loop” on the measurement chain of
reasoning for each item or item cluster. If an item (or cluster) adequately targeted a particular
standard, and the Scoring Assertions appropriately reflected inferences about a student’s
successful work on the item (or cluster), then it would be expected that the Scoring Assertions
circled back to the standard, and adequately reflected at least two (for stand-alone items) or all
three (for item clusters) of the three-dimensional expectations therein. To meet this expectation
at an item level, a majority of panelists must have indicated in their independent coding that the
Scoring Assertions, in aggregate, represented the expectations explicit within the corresponding
standard. To meet this criterion at the item bank and test event level, at least 90% of all
items/item clusters must be coded affirmatively. Although South Dakota expected this criterion
to be met for all items/clusters, a 90% cutoff was used to allow some leeway for human error
and differences in professional opinion.

Source of Challenge and Panelist Comments The Source of Challenge criterion is used to
identify items with issues that can cause a student to answer the item correctly or incorrectly for
the wrong reason. Bias and sensitivity issues, as well as technical issues and errors, could all
be considered a Source of Challenge problem. These types of issues are uncommon on high-
quality operational assessments as they are typically addressed during test development.
Panelists were instructed to document any Source of Challenge issue. Panelists could also
leave comments about each item. After coding each item batch, panelists were asked to
respond to debriefing questions. Responses to these questions provide qualitative and holistic
feedback about the item bank and the alignment relationships between the standards and the
items.
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Summary Findings: Standards and SDSA Item Bank Characteristics
by Alignment Criterion

The results and a discussion of both the standards analysis and the item-level analysis of the
overall item bank are presented in this section. In order for student scores on an assessment to
support the intended inferences about student achievement (as represented within the Scoring
Assertions) as relates to the South Dakota Science Standards, there must be a close underlying
relationship between and among the standards, the assessment items, and the Scoring
Assertions. The results of the standards analyses therefore provide context that can support
interpretation of the results of the item-level analysis.

In general, the SDSA items for all grade bands met the state’s expectations although specific
items (four item clusters and 20 stand-alone items) were flagged for Source of Challenge, for
not meeting one or more alignment expectations, and/or for needing editorial corrections
(Appendix C). These items should be closely reviewed and some unquestionably warrant
revisions or removal. Overall, however, panelists found that items met states’ expectations
(detailed in the previous section).

Overall, the item-level analysis found that the SDSA item bank for each grade band showed the
capacity to generate aligned test events as summarized in Table 3 below. In Table 3, a “YES”
indicates that the cutoff for the criterion was met (as specified in Table 2 and described in the
previous section of this report). If results fell within 10% of the cutoff, the criterion was reported
as “WEAKLY” met. For all grades, cutoffs for criteria were met or weakly met.

Table 3. Overall Results by Alignment Criterion and Grade, SDSA Item Bank as of Spring 2022

Was the criterion met for each grade?
Criterion Grade 5 Grade 8 Grade 11
Use of Phenomenon YES YES YES
Dimensionality/Structure of Knowledge YES YES YES
Categorical Concurrence YES YES YES
Consistency of Cognitive Engagement YES YES YES
Range of Knowledge (Population) YES WEAKLY* | WEAKLY**
Balance of Representation YES YES YES
Relationship of Scoring Assertions with Student YES YES YES
Interactions
Relationship of Scoring Assertions with Standards YES YES YES

*For the middle school Life Science domain, this criterion was unmet. If considering the full set of middle school
standards, this criterion was weakly met.

**For the high school Physical Science domain, this criterion was unmet. If considering the full set of high school
standards, this criterion was weakly met.

The grades 8 and 11 item banks need to be supplemented if South Dakota expects them to
have the capacity to assess at least 90% of the standards. This issue could be fully resolved
with the addition of at least four items to the grade 8 item bank and six items to the grade 11
item bank. Item bank weaknesses for Range are not considered an alignment concern early in
program development, but rather can be a focus for ongoing improvement.
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Item Bank Characteristics by Alignment Criterion

1. Use of Phenomena Based on the item-level analysis of the overall SDSA item bank, and
with the exception of several items flagged for revision or removal because all interactions were
DOK - Category 1 (Appendix C), all items were considered by a majority of panelists to meet
South Dakota’s expectations for being phenomenon-based. (If an item is coded as DOK -
Category 1 in its entirety, it indicates that the item did not require a student to interact with the
phenomenon presented, and therefore means that even if a specific real-world scenario was
presented, it did not meet the full set of expectations for Use of Phenomena.)

2. Dimensionality / Structure of Knowledge Comparability Panelists considered
dimensionality from several perspectives, as dimensionality of items was related to their
assignment of standard, their evaluation of items’ Use of Phenomena, and their evaluation of
relationships with Scoring Assertions. With the exception of items that did not meet one or more
other criteria (e.g. were considered Category 1) all items were considered by a majority of
panelists to meet South Dakota’s expectations for dimensionality: item clusters were found to
require students to demonstrate integrated engagement with the three dimensions specified in
the targeted standards. Stand-alone items were found to require students to demonstrate
integrated engagement with two or three of the dimensions specified in the targeted standards.

3. Categorical Concurrence Overall results as pertains to Categorical Concurrence of the item
banks by grade and domain are summarized in Table 4. For each grade and domain, the total
number of items is given.

Table 4. Number of Shared Science Assessment Items Included in this Report by Domain and
Grade Band Based on Item-Level Analysis of Overall Operational Item Bank, Spring 2022

Number of SDSA Items by Grade and Reporting Category
Grade 5* Grade 8* Grade 11***
PS 41 30 25
LS 36 40 59
ESS 40 29 20
TOTAL 117 99 104

*For grade 5, item 367 was listed but not found in item bank. One PS item and one ESS item were flagged for
revision or removal.

**For grade 8, one PS item and one LS item were flagged for revision or removal.

***For grade 11, five LS items and one ESS item were flagged for revision or removal.

The vast majority of standards were represented by items within the overall item bank even
when taking into account any items flagged by panelists for review. South Dakota Science
Standard HS-LS4-7 was not included in SDSA blueprints for the SY2021-2022 administration.
All standards with no corresponding items are listed in Table 5. If a standard had one
corresponding item but that item was flagged by panelists because it did not meet one or more
of the evaluative criteria, then the standard was listed as unrepresented.
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Table 5. Unrepresented Standards in SDSA Operational Item Bank (as of Spring, 2022) by
Grade and Domain Based on Item-Level Analysis of Item Bank (321 ltems)

Standards Not Represented in the SDSA Item Bank by Grade and Domain
Domain Grade 5 Grade 8 Grade 11
All standards MS-PS1-1 HS-PS1-8
represented MS-PS2-4 HS-PS2-3
MS-PS2-5 HS-PS2-5
PS HS-PS3-2
HS-PS4-2
HS-PS4-3
HS-PS4-4
All standards MS-LS1-1
LS represented MS-LS1-5 :g:tgl:g
MS-LS1-7
MS-LS4-2
5-ESS2-1 MS-ESS3-3 HS-ESS2-3
ESS HS-ESS2-4
HS-ESS3-3

4. Consistency of Cognitive Engagement (DOK - Category of Engagement) The last two
columns of Table 6 show the distribution of standards at each DOK - Category of Engagement
next to the distribution of assessment items (both stand-alone and item clusters) within the item
bank at each DOK - Category of Engagement by grade band. This allows for a broad-stroke
look at the overall complexity of the items within the item bank for each grade in relation to the
overall complexity of the standards. All standards were judged to have a complexity Category of
2, 3, or 4. Across grade bands, the vast majority of standards were considered DOK - Category
2 (70% to 76%). Between 16% and 23% of the standards for each grade band were considered
DOK - Category 3. The remaining standards were considered DOK - Category 4 (5% in
elementary; 6% in middle school; 14% in high school).

Although no items or item clusters were expected to include only DOK - Category 1 interactions,
a very small percentage of grades 5 and 8 items (4 items total; <2%) were identified as such.
While this information can be used for ongoing improvements to the item bank, it is not
considered a threat to the alignment of test events with standards. Items and item clusters were
found to be DOK - Categories 2 and 3, corresponding proportionately, overall, to the complexity
of the grade-band standards. The item cluster structure used this assessment, along with the
multiple types of information provided within the stimulus and the multiple types of student
interactions possible, provided opportunities for students to engage in a wide variety of complex
tasks. The results of the item-level analysis suggest that the item bank has the capacity to
generate test events that meet the criterion of Consistency of Cognitive Engagement, which
expects the assessment to elicit work that is as cognitively demanding as the expectations in
the standards.
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Table 6. Standards by DOK - Category of Engagement Compared with DOK - Category of
Engagement Distribution of ltems within the Overall SDSA Item Bank, Spring 2022

DOK - Standards % Items %
SDSA \ To;al . Catagory of gumber of I(E:ategory of é:ategory of
Grade umber o Cognitive tandards pgagement r_lga:qem_ent
Standards Enaaaement by Level Distribution by Distribution
Sk Level by level
2 32 76 90
Grade 5 42 3 3 19 A
2 37 71 72
Grade 8 52 5 1 03 ve
2 45 70 84
Grade 11 64 5 hp 16 s
4 9 14 0

5. Range of Knowledge Correspondence (Population) Range of Knowledge for the student
population shows the breadth of standards represented within an item bank. The total set of
standards was identified by the SDSA blueprints for each grade. Table 7 shows the total
number of standards by grade and domain next to the number of standards not represented.
The rightmost column shows the percentage of standards with one or more corresponding items
by grade and domain. South Dakota expected at least 90% of the standards to have the
potential to be assessed across the student population.

Table 7. SDSA Item Bank Range of Knowledge Correspondence (Population) by Grade and
Domain, Spring 2022

Domain by Total Number of Number of Percentage of Stand_arc_ls
Grade Standards Standards Not Targeted by Items Within
Represented SDSA Item Bank
Grade 5
PS 17 0 100%
LS 12 100%
ESS 13 1 92%
Grade 8
PS 19 3 84%
LS 19 4 79%
ESS 14 1 93%
Grade 11
PS 24 7 71%
LS 24* 2 96%
ESS 16 3 81%

*included in SY2022-2023 assessment; 25 LS standards total
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For the Grade 5 item bank, all but one standard was represented within the item bank. For
Grade 8, three Physical Science standards, four Life Science standards, and one Earth and
Space Science standard were unrepresented in the item bank. For Grade 11, seven Physical
Science standards were unrepresented in the item bank along with two Life Science and three
Earth and Space Science standards.

Based on the results of the item-level analysis, the SDSA item bank for Grade 5 met state
expectations to include items that address at least 90% of the corresponding standards. The
SDSA item bank for grades 8 and 11 weakly met this expectation overall, but did not meet the
expectation for Grade 8 Life Science domain nor for Grade 11 Physical Science domain. This
issue could be fully resolved with the addition of at least four items to the middle school item
bank and six items to the high school item bank. Two of the new or added middle school items
would need to address unrepresented Physical Science standards, and the other two items
would need to address unrepresented Life Science standards. For high school, five of the new
or added items would need to address unrepresented standards within the Physical Science
domain and one item would need to address an unrepresented standard within the Earth and
Space Science domain. Item bank weaknesses for Range are not considered an alignment
concern early in program development, but rather can be a focus for ongoing improvement.

6. Range of Knowledge (Individual) Range of Knowledge at the individual student level is
addressed in the test-event level findings.

7. Balance of Representation In addition to comparable depth and breadth of knowledge,
aligned reporting categories and assessments require that knowledge be distributed in the
intended proportions. Results of the item bank analysis show that items were reasonably
distributed among the targeted standards. Between one and nine items were found to
correspond to each of the represented standards; no standard was overemphasized in the item
bank. Overemphasis applies only in circumstances when one particular standard is represented
in excess of all others.

8. Relationship of Scoring Assertions with Student Interactions Panelists’ independent
coding met expectations for this criterion: with a few exceptions, a majority of panelists agreed
that the Scoring Assertions reasonably described the inferences that could be made based on
successful student interactions with the assessment for over 90% of all items. For just one
Grade 5 item, two Grade 8 items, and three Grade 11 items (<2% of items overall), independent
coding did not yield a panel majority agreement with the Scoring Assertions as related to
student interactions.

9. Relationship of Scoring Assertions with Standards Panelists’ independent coding met
expectations for this criterion: with some exceptions, a majority of panelists agreed that the
Scoring Assertions reasonably reflected the expectations of the corresponding standard. For
four Grade 5, five Grade 8 items, and 12 Grade 11 items, (<7% of items overall) independent
coding did not yield a panel majority agreement with the Scoring Assertions as related to the
targeted standard. However, some of the disagreement was due to panelists marking the
Scoring Assertions as not reflecting the standard if not all three dimensions of the standard were
addressed, instead of considering if the Scoring Assertions reflected the two dimensions that
were addressed (for two-dimensional items) as per coding protocol.
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Source of Challenge and Item-Level Comments The Source of Challenge criterion is used to
identify items with issues that could cause a student to answer the item correctly or incorrectly
for the wrong reason. Bias and sensitivity issues, as well as technical issues and errors, could
all be considered a Source of Challenge problem. Across grades, 16 items were flagged with
Source of Challenge issues (Grade 5 item 379, Grade 8 items 126, 173, 577, 678, 682, and
Grade 11 items 199, 216, 359, 476, 492, 497, 559, 564, 565, 668). Issues identified included
inclusion of content outside of a standard’s assessment boundaries, unclear directions,
graphics, or response modes, and errors in graphics or text that could affect at least some
component of student responses. Panelists included some comments related to Source of
Challenge in their notes as well. For some issues and topics, multiple panelists left similar
comments. All comments should be reviewed and considered, including those made by an
individual panelist, as one person may have noticed something that others did not. Many of the
issues identified have straightforward resolutions, including slight adjustments and corrections
to errors, after which the items would be expected to be appropriate and viable. Some of these
issues require larger-scale reconsideration of the item or item cluster. Panelists also wrote notes
about many items. Some notes included actionable suggestions for item improvements. Panelist
notes also contain comments and feedback, including many commendations. These notes may
be helpful to identify exemplar items that can be used as models for future item development.

Items Flagged for Review and Revision or Removal All items flagged for Source of
Challenge, along with eight other items that did not meet one or more of the alignment
expectations are itemized in Appendix C. Items that panelists identified as having weak
connections between Scoring Assertions and the full scope of a standard were not included in
this list, provided that no other issues were identified and that the item was considered to
address a core component of the standard. This was consistent with state expectations as it
was considered acceptable for an item to address only two of the three dimensions of a
standard, for example. It is recommended that South Dakota and CAI review and revise or
remove the items flagged and included in Appendix C. Inaccurate graphics and other science
issues should be prioritized for resolution. However, the total flagged item count does not
exceed the cutoffs established for this study. In general, states agreed that when an expectation
was intended for all items, a 90% cutoff would be used to allow some leeway for human error
and differences in professional opinion. When aggregating items that did not meet one or more
expectation(s), the proportion of items still falls under this threshold. Panelist comments can be
also be used to inform revisions that could help limit excess difficulty in items. The full text of
panelist comments was provided to states and to CAl but redacted for public release.
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Summary Findings: Alignment of SDSA Test Events with
Corresponding South Dakota Science Standards

Test-event-level alignment findings are given on the pages that follow. Across forms, any
alignment weaknesses affected only a small proportion of the scoring assertions (<10%), and
the overall test forms were still considered acceptably aligned. The consistency in test-event-
level findings suggests that the SDSA Item Bank was operating as intended.

Cutoffs for Each Alignment Criterion for Individual Test Events:

For individual test events, acceptable alignment for Categorical Concurrence, Range of
Knowledge (Individual), and Balance of Representation was defined by the blueprint.
Categorical Concurrence and Range of Knowledge (Individual) were considered met if the test
form was consistent with the cutoffs used in this analysis (Table 2), weakly met if the test form
fell short by no more than one item cluster or two stand-alone items per criterion and domain,
and unmet if the test form fell short by more than one item or two item clusters per criterion and
domain. The Balance of Representation criterion for test events is binary and was either met or
unmet.

For individual test events, a reporting category was considered to have met the criterion of
Consistency of Cognitive Engagement if the domain had no stand-alone items or item clusters
with only DOK - Category 1 interactions and reflected the distribution of complexity as
expressed in the standards, meaning the domain included at least one item with one or more
interactions at DOK Category 3. This expectation was considered weakly met if results fell short
by no more than one item per domain. Weakly met indicates that the criterion was nearly met,
within a margin that could simply be due to error or reasonable variation in reviewer coding. The
criterion was considered unmet if results fell short by two or more items per domain.

For Use of Phenomenon, Relationship of Scoring Assertions with Student Interactions, and
Relationship of Scoring Assertions with Standards, test events met the criterion if at least 90%
of items were coded affirmatively (see Table 2), weakly met the criterion if results were within
10% of this cutoff (i.e. at least 80% of items met expectations).

Cutoffs for Overall Alignment of Test Events with Standards:

Typically, a summative assessment test form has been considered fully aligned with
corresponding standards if no changes were needed and acceptably aligned if it needed
between one and five items revised or replaced. This widely accepted decision rule was
grounded in the context of a typical multiple-choice test form of around 50 items that were
generally equally weighted. Five items therefore constituted approximately 10% of the test form.
If between six and 10 items (more than 10% and up to 20% of items) needed revision or
replacement, the test form was considered to need slight adjustments. If a test form needed
over 10 items (greater than 20% of items) revised or replaced, it was considered to need major
adjustment. These decision rules did not apply in the context of the SDSA, which included multi-
part items and item clusters that vary in the number of associated Scoring Assertions. Most
SDSA stand-alone items had one or two Scoring Assertions, with up to five Scoring Assertions,
maximum. SDSA item clusters had an average of nine Scoring Assertions and up to 18 Scoring
Assertions, maximum. Because items vary in their contribution to a student’s score, the
approximate percentage of Scoring Assertions affected by unmet alignment expectations was
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used to categorize the degree of alignment for a test event. The same typical decision rules
were applied, as described on the previous page, but in the context of the Scoring Assertions.
Therefore, a test form was considered fully aligned if no changes were needed and acceptably
aligned if it needed revisions or replacements corresponding to up to 10% of the overall Scoring
Assertions for the test form. A test form was considered to need slight adjustments if it needed
revisions or replacements corresponding to between 10% and 20% of the overall Scoring
Assertions for the test form, and to need major adjustments if it needed revisions or
replacements corresponding to over 20% of the overall Scoring Assertions for the test form.

To determine the overall percentage of affected Scoring Assertions, the exact number of
Scoring Assertions was used for any specific item(s) that required revision or replacement. For
test forms that needed the addition of one or more items that offered DOK Category 3 cognitive
engagement, a per-item estimate was used of 4% of the total Scoring Assertions for the test
form. This estimate was based on an average item cluster, comprised of three parts and
associated with nine Scoring Assertions, and an average test form, associated with 71 Scoring
Assertions (SDSA, Grade 5), 84 Scoring Assertions (SDSA, Grade 8), or 83 Scoring Assertions
(SDSA, Grade 11). When an item cluster was rated a DOK - Category 3, the opportunity for
Category 3 cognitive engagement generally corresponded to one part of a multi-part item.
Therefore, inclusion of a Category 3 opportunity can be considered equivalent to at least around
three Scoring Assertions, approximately 4% of the total scoring assertions for a test for each
grade. These decision rules allow for an overall categorization of the degree of alignment that
takes into account the varying contribution of items to a student’s score. For example, a test
form would be found to need slight improvements if it needed replacement or revision of three
items, each of which was associated with multiple Scoring Assertions such that the total number
of Assertions was >10% of the overall set of Assertions for the test form. Another test form,
however, would be found to be acceptably aligned if it needed replacement or revision of three
items, each of which were associated with a single Scoring Assertion, as in that case the overall
proportion of affected Scoring Assertions would only be approximately 3-5%.

Alignment Results: Sample Test Events

Alignment findings are reported for three SDSA sample test events for each of Grades 5, 8, and
11. For all grades, test events included six item clusters, two per domain, and 12 stand-alone
items, four per domain. In order to provide information about alignment of test events generated
for students across a range of achievement, test events were randomly sampled from at or near
cut scores for Levels 2 (below proficiency), 3 (at proficiency), and 4 (above proficiency) for each
grade.

Overall test-event-level alignment results are summarized in Table 8. Based on the cutoffs for
the alignment criteria agreed upon and used in this study, all SDSA test forms analyzed would
be considered fully or acceptably aligned with corresponding South Dakota Science Standards.
The approximate numbers of replaced or revised items necessary for full alignment are provided
for each test form. However, because items vary in their contribution to a student’s score, the
approximate percentage of affected Scoring Assertions was used to categorize the degree of
alignment.
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Table 8. Overall Alignment Findings for SDSA Grades 5, 8, and 11 Sample Test Forms with
Corresponding Standards

Approx. Number of | Approx. % of Total
Items that Need Assertions that
Test Form Findings Revision/ Need Revision/
Replacement for Replacement for Full
Full Alignment Alignment*
SDSA Grade 5 Form Acceptably 2 items 8%
1 (Level 2 — below Aligned*
proficiency)
SDSA Grade 5 Form | Acceptably Aligned 2 items 6%
2 (Level 3 —at
proficiency)
SDSA Grade 5 Form | Acceptably Aligned 2 items 5%
3 (Level 4 —above
proficiency)
SDSA Grade 8 Form | Acceptably Aligned 1 item 4%
1 (Level 2 — below
proficiency)
SDSA Grade 8 Form Fully Aligned -- --
2 (Level 3—-at
proficiency)
SDSA Grade 8 Form | Acceptably Aligned 1 item 4%
3 (Level 4 — above
proficiency)
SDSA Grade 11 Acceptably Aligned 1 item 4%
Form 1 (Level 2 —
below proficiency)
SDSA Grade 11 Acceptably Aligned 2 items 6%
Form 2 (Level 3 —at
proficiency)
SDSA Grade 11 Acceptably Aligned 1 item 10%
Form 3 (Level 4 —
above proficiency)

*Item 379 was included on this test form but was not found within the items provided for review. This item has
only one scoring assertion and so even if it were included, it would not affect the overall finding of acceptable
alignment.

The distribution of items by DOK - Category of Cognitive Engagement is shown in Tables 9 -
11. Any alignment weaknesses identified for test forms are described. Because each test form
addresses a different set of standards, and because the SDSA blueprints do not select for
cognitive engagement (i.e. “cognitive complexity” or “depth”), the distribution of items at DOK -
Category 2 and Category 3 cognitive engagement was expected to vary to some extent
between and among test events. Therefore, this variation was not considered an alignment
issue based on state expectations. The findings related to the distribution of items by Category
of Engagement at the test event level are reported here for informational purposes. Revision or
removal of the two Grade 5 items and two Grade 8 items flagged as DOK 1 would resolve some
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weakness for Consistency of Cognitive Engagement. To ensure that all test forms provide DOK
3 interaction for all domains, items would need to be selected for complexity or adjustments to
items would need to be made, for example, to ensure that all item clusters included DOK 3
interactions.

Panelists identified issues and specified concerns with individual items. This information was
provided to South Dakota Department of Education and to CAl. Specific items that did not meet
one or more expectations and that were included on the sample test events were taken into
consideration in the overall alignment results reported here. In other words, if a test event
included one of the items flagged for removal in the overall item bank analysis, that item was
considered to need revision or replacement for full alignment as reported in the test-event-level
results. All qualitative feedback collected was provided to the state and to CAl.

SDSA Grade 5 Sample Test Events The three SDSA Grade 5 sample test events analyzed
were found to be acceptably aligned with South Dakota Science Standards based on the criteria
used in this analysis. One form included item 367, which was not located within the set of
reviewed items. However, this unknown item was associated with only a single scoring
assertion, constituting only ~1% of the overall scoring assertions on the test form and its
inclusion would not affect overall findings. Disregarding that item, Form 1 additionally needed
the revision or replacement of one Life Science and one Earth and Space Science item to
ensure the opportunity for Category 3 cognitive engagement within those domains to fully meet
state expectations. Form 1 also included an item (379) which persisted in the item bank without
revisions but was flagged in 2019 for content-related issues and because scoring assertions
were found not to adequately reflect the expectations of the targeted standard. This item was
associated with just two scoring assertions, constituting <3% of the overall scoring assertions
for the test form. To fully meet state expectations, both Forms 2 and 3 were found to need one
item revised or replaced to ensure the opportunity for DOK - Category 3 cognitive engagement
within the Life Science domain. Both Forms 2 and 3 included another item (444) which persisted
in the item bank without revisions but was flagged in 2019 as DOK Category 1 and
recommended for revision or removal to ensure no items with only Category 1 interactions. The
item required students to recall a specific fact and did not offer students the opportunity to
engage with a phenomenon to make sense of the science involved. This item was associated
with just one scoring assertion, constituting <2% of the overall scoring assertions on each test
form. Form 3 also needed the revision or replacement of one Physical Science item and one
Earth and Space Science item to ensure the opportunity for Category 3 cognitive engagement
within each domain. Panelists included qualitative feedback and suggestions for many items
across forms that merit consideration. Overall, however, for all forms analyzed, all domains met
or weakly met Consistency of Cognitive Engagement and fully met all other criteria.
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Table 9. Distribution of Items by DOK - Category of Cognitive Engagement, SDSA Grade 5

Grade 5 Form 1

DOK - Cognitive Engagement by Domain

Reporting Categories

% Category 1

% Category 2

% Category 3

Physical Science 0% 67% 33%

Life Science* 0% 100% 0%

Earth and Space Science 0% 100% 0%
Grade 5 Form 2 DOK - Cognitive Engagement by Domain

Reporting Categories % Category 1 % Category 2 % Category 3

Physical Science 0% 83% 17%

Life Science 0% 100% 0%

Earth and Space Science 17% 66% 17%
Grade 5 Form 3 DOK - Cognitive Engagement by Domain

Reporting Categories % Category 1 % Category 2 % Category 3

Physical Science 0% 67% 33%

Life Science 0% 100% 0%

Earth and Space Science 17% 67% 17%

*One Life Science item on this form was not included in review

Grade 8 Sample Test Events The three SDSA Grade 8 sample test events analyzed were
found to be fully or acceptably aligned with South Dakota Science Standards based on the
criteria used in this analysis. To fully meet state expectations, Forms 1 and 3 were found to
need one item revised or replaced to ensure no items with only DOK - Category 1 interactions.

Both forms contained item 395, which was flagged as DOK - Category 1 in 2019 and

recommended for revision or removal but persisted in the item bank unchanged. This item
required students to recall specific inputs and outputs of a chemical reaction. In addition to the
recall nature of the task, reviewers also noted that the assessment boundary for the targeted
standard specifies that an assessment of the standard should not include details about the

chemical reactions referenced in the standard. However, this item constituted only ~3-4% of the

overall scoring assertions for the test forms and all other alignment criteria were met for all
domains. Form 2 fully met all alignment criteria for all domains. Panelists included qualitative

feedback for several items across forms that merit consideration.

Table 10. Distribution of Items by DOK - Category of Cognitive Engagement, SDSA Grade 8

Grade 8 Form 1

DOK - Cognitive Engagement by Domain

Reporting Categories

% Category 1

% Category 2

% Category 3

Physical Science 0% 67% 33%

Life Science 17% 66% 17%

Earth and Space Science 0% 50% 50%
Grade 8 Form 2 DOK - Cognitive Engagement by Domain

Reporting Categories % Category 1 % Category 2 % Category 3

Physical Science 0% 50% 50%

Life Science 0% 67% 33%

Earth and Space Science 0% 67% 33%
Grade 8 Form 3 DOK - Cognitive Engagement by Domain

Reporting Categories % Category 1 % Category 2 % Category 3

Physical Science 0% 67% 33%

Life Science 17% 50% 33%

Earth and Space Science 0% 67% 33%
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Grade 11 Sample Test Events The three SDSA grade 11 sample test events analyzed were all
found to be acceptably aligned with South Dakota Science Standards based on the criteria used
in this analysis. To fully meet state expectations, Form 1 needed the revision or replacement of
one Life Science item and Form 2 needed the revision or replacement of one Earth and Space
Science item to ensure the opportunity for DOK - Category 3 cognitive engagement within each
reporting category. For Form 3, panelists flagged item 668 for removal or replacement. This
item required students to draw on content knowledge outside of the high school Life Science
standards (speciation by polyploidy). Without incorporation of outside knowledge of this content,
the provided information could not be interpreted to successfully engage with most of the
interactions within the item. This item would need to be replaced with another item that provided
opportunity for DOK - Category 3 cognitive engagement. Panelists included qualitative feedback
and suggestions for several additional items across forms that merit consideration. Panelists
also commented on particular interactions, such as in items that allowed students to conduct
trials, that they thought offered great opportunities for students to engage with complex tasks
that were consistent with the multidimensional expectations of the standards.

Table 11. Distribution of Items by DOK - Category of Cognitive Engagement, SDSA Grade 11

Grade 11 Form 1 DOK - Cognitive Engagement by Domain
Reporting Categories % Category 1 % Category 2 % Category 3
Physical Science 0% 67% 33%

Life Science 0% 100% 0%
Earth and Space Science 0% 83% 17%

Grade 11 Form 2 DOK - Cognitive Engagement by Domain
Reporting Categories % Category 1 % Category 2 % Category 3
Physical Science 0% 83% 17%

Life Science 0% 83% 17%
Earth and Space Science 0% 100% 0%

Grade 11 Form 3 DOK - Cognitive Engagement by Domain
Reporting Categories % Category 1 % Category 2 % Category 3
Physical Science 0% 83% 17%

Life Science 0% 83% 17%*
Earth and Space Science 0% 67% 33%

*item flagged for removal

Reliability Among Panelists

Panelists engaged in limited adjudication of their data after all panelists finished their coding for
the item batches. These discussions were used to identify any mistakes in coding and ensure
that the data were entered as intended. Panelists were not required to change their coding after
discussion unless they found a compelling reason. The agreement statistics shown in Table 12
were computed after adjudication for the analyses completed in June 2022. An intraclass
correlation value greater than 0.8 generally indicates a high level of agreement among the
reviewers. A pairwise comparison value greater than 0.7 generally indicates a high level of
agreement among the reviewers. Pairwise comparison for DOK assignment was adequate to
high for all item batches (average 0.83). Intraclass correlation is not as meaningful when there is
little variation in DOK and reviewers generally agree (e.g. in Table 12 see Batch 49, in which all
but one item was coded as DOK 2) and in these cases pairwise comparison can provide more
information.
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Table 12. Intraclass and Pairwise Comparisons for Assignment of DOK - Category of Cognitive

Engagement by Grade and Batch of Items

Grade 5
Batch Intraclass Correlation Pairwise Comparison
48 0.64 0.89
49 0.39 0.81
50 0.88 0.90
Grade 8
Batch Intraclass Correlation Pairwise Comparison
51 0.71 0.86
52 0.87 0.70
53 0.92 0.88
Grade 11
Batch Intraclass Correlation Pairwise Comparison
54 0.67 0.75
55 0.88 0.77
56 0.95 0.87

Panelists independently recorded a “Yes” or “No” response to each prompt about the
relationship of the Scoring Assertions, in aggregate, with the actual student interactions and with
the corresponding standard. Panelists also independently recorded a “Yes” or “No” response to
a prompt about whether the item/cluster met the expectations for Use of Phenomenon.
Panelists did not conduct adjudication specific to these evaluative prompts but sometimes
discussed these codings in the context of overall discussion about an item. Panelist agreement
for their codings of Use of Phenomenon and Scoring Assertions’ relationship to student
interactions and to standards is shown in Table 13. For each table, the first column shows the
percentage of items in each grade band item bank for which all panelists coded the same way,
either all coding “Yes” or all coding “No” in response to each evaluative prompt. The middle
column shows the percentage of items for which the vast majority of panelists agreed (all-but-
one for 6-person coding and all-but-one-or-two for 12-person coding). The rightmost column
shows the percentage of items for which there was greater disagreement among panelists.

Panelists were very consistent in their coding for Use of Phenomenon, with consensus
agreement on over 90% of items and >80% agreement on nearly all items across grades.
Panelists were also very consistent in their coding for the evaluations of the Scoring Assertions
with >80% agreement on between 78% to 98% of items reviewed. The greatest variation in
coding was for the evaluation of the relationship of Scoring Assertions to the standard. Panelists
approached this evaluative step in different ways. Additional training and clarification may have
helped to improve consistency in coding. While the state expectations allowed for stand-alone
items to be two-dimensional, some panelists coded these items as not meeting the expectation
for the Scoring Assertions to reflect the content of the standard in cases where the Scoring
Assertions did not address the full three-dimensionality of the standard. Additionally, when
panelists took issue with some qualitative aspect of the item, they often communicated this
through a negative coding related to the Scoring Assertions. This may have also contributed to
the greater variation in coding for the evaluative components shown in Table 13. The greater
variation did not interfere with interpretation of findings.
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Table 13. SDSA Panelist Agreement for Rating of Use of Phenomenon and Rating of Scoring

Assertions to Student Interactions and to Standard by Grade

Batch Use of Phenomenon
% of items with % of items with > % of items with <
100% panelist 80% panelist ~80% panelist
agreement agreement agreement
Grade 5 98% 100% -
Grades 8 93% 100% -
Grades 11 93% 98% 2%
Batch Scoring Assertion to Student Interaction
% of items with % of items with > % of items with <
100% panelist ~80% panelist ~80% panelist
agreement agreement agreement
Grade 5 97% 98% 2%
Grades 8 27% 78% 22%
Grades 11 49% 80% 20%
Batch Scoring Assertion to Standard
% of items with % of items with > % of items with <
100% panelist ~80% panelist ~80% panelist
agreement agreement agreement
Grade 5 49% 89% 11%
Grades 8 20% 53% 47%
Grades 11 29% 65% 35%

Summary Findings by Research Question:

The research questions used to guide the study design and execution are presented on the

following pages, along with the corresponding study findings.

Research Question 1: To what extent do the stand-alone items and item clusters satisfy the
measurement target claims (standard and Scoring Assertions) identified in the CAl metadata?

Study results found that the vast majority of items satisfied the measurement target claims
identified in the CAl metadata. Panelists disagreed with aspects of Scoring Assertions for
multiple items, but their independent coding met expectations for this criterion: a panel majority

agreed with the standard and Scoring Assertion metadata for >90% of items.
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Research Question 2: What DOK-Category of Cognitive Engagement is required for
successful completion of each interaction within a stand-alone item or item cluster and how
does the DOK distribution within the SDSA item bank compare with the DOK distribution
within the South Dakota Science Standards?

Of the 321 items included in the analysis, only four (<2%) were flagged for revision or removal
with the primary issue identified related to the Category of Engagement. These items were
found to include only Category 1 interactions (requiring recall of information only). While this
information can be used for ongoing improvements to the item bank, it was not considered a
threat to alignment. Aside from these few items, all items and item clusters were found to be
Categories 2 and 3, corresponding proportionately, overall, to the complexity of the grade-band
standards. The vast majority of items considered Category 3 were item clusters. The item
cluster structure of this assessment, along with the multiple types of information provided within
the stimulus and the multiple types of student interactions possible, allowed opportunities for a
wide variety of tasks that were considered to require Category 3 cognitive engagement.
Panelists noted that most student interactions within an item cluster were typically Category 2,
but that sometimes at least one of the interactions required students to interweave the
components of the tasks such that there was at least one Category 3 interaction. Panelists
coded an item cluster (defined as the unit of analysis) to the highest Category of Engagement
that it included to ensure that coding captured the full scope of the complexity of an item cluster.

Research Question 3: To what extent do the stand-alone items and item clusters satisfy the
claim that the assessment is phenomenon-based?

The South Dakota Science Assessment was intended to require students to engage multiple
dimensions of the standards (“use science”) to make sense of phenomena. With the exception
of the four items flagged for revision or removal due to requiring only Category 1 interactions
(and, therefore, not requiring students to make sense of a phenomenon) all items were
considered to meet expectations for being phenomenon-based.

Research Question 4: To what extent was the SDSA likely to generate test events that were
aligned with corresponding grade-level academic standards, considering depth and breadth
(specified in ESSA) as well as other alignment criteria agreed upon and used in this analysis?

Item-level results were mapped onto actual SDSA test events sampled from each of grade 5, 8,
and 11 to yield test-event-level content alignment results. Because the SDSA was adaptively
administered in SY2021-2022, test events used in the analysis were randomly sampled from at
or near cut scores for Levels 2 (below proficiency), 3 (at proficiency), and 4 (above proficiency)
for each grade. This sampling allowed for information about alignment of test events generated
for students across achievement levels. Based on the cutoffs for the alignment criteria agreed
upon and used in this study, all nine SDSA test forms analyzed were considered fully or
acceptably aligned with corresponding South Dakota Science Standards. Across forms, any
alignment weaknesses affected only a small proportion of the scoring assertions (<10%), and
the overall test forms were still considered acceptably aligned. The consistency in test-event-
level findings suggests that the SDSA Item Bank was operating as intended.

4-D-33



Conclusion

This report summarizes the results of a content alignment analysis of the South Dakota Science
Assessment (SDSA) for Grades 5, 8, and 11 with corresponding South Dakota Science
Standards as pertains to fulfilling requirements as stated in Federal statute. The SDSA used a
particular state-vetted subset of items that were part of an item bank managed and owned in
part by Cambium Assessment (CAl) and shared by multiple states. A total of 321 items and item
clusters were included in the analysis. The results described in this report include alignment-
related characteristics of the overall SDSA item bank as well as test-event-level findings.
Alignment is reported according to nine criteria agreed upon by participating states, including
South Dakota, to be used to evaluate alignment of the assessments with corresponding
standards:

1. Use of Phenomena: Stand-alone items and item clusters were expected to be
grounded in a stimulus that met the test development criteria for a phenomenon.
Items/clusters were expected to require students to engage multiple dimensions of the
standards (“use science”) to make sense of those phenomena.

2. Categorical Concurrence: Test events were expected to yield sufficient evidence to
make inferences about student knowledge, skills, and abilities (KSAs) as relates to each
reporting category.

3. Dimensionality (Structure of Knowledge): Item clusters were expected to require
students to demonstrate integrated engagement with the three dimensions of Science
and Engineering Practices (SEPs), Disciplinary Core Ideas (DCls), and Crosscutting
Concepts (CCCs) specified in the targeted standard. Stand-alone items were expected
to require students to demonstrate integrated engagement with two or three of the
dimensions specified in the targeted standard.

4. Consistency of Cognitive Engagement: The assessment was expected to elicit work
that is as cognitively demanding as the expectations in the standards.

5. Range of Knowledge Correspondence (Individual): Test events were expected to
assess an appropriate breadth of the standards, as defined by the test blueprint. For
individual students, assessed standards were expected to be sampled across topics
within each reporting category.

6. Range of Knowledge Correspondence (Population): At least 90% of standards within
a grade band were expected to have the potential to be assessed across the student
population. State-specific claims were expected to be consistent with aggregate data
from all administered test events in the state in conjunction with results from an
independent analysis of vendor metadata.

7. Balance of Representation: No standard should be targeted more than once on any
single test event.

8. Relationship of Scoring Assertions with Student Interactions: In aggregate, the
scoring assertions for an item/item cluster were expected to appropriately represent the
inferences about student knowledge, skills, and abilities that could be made based on
successful interactions with an item/cluster.

9. Relationship of Scoring Assertions with PEs: In aggregate, the scoring assertions for
an item/item cluster were expected to appropriately represent the three-dimensional
expectations of the targeted PE.

Cutoffs for acceptability are given in Table 2 and detailed within the report section Alignment
Criteria Used for This Analysis (p. 11).
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Overall, the SDSA program was found to have the capacity to generate test forms that were
fully or acceptably aligned with the corresponding grade band standards. This finding included
consideration of the results of the item-level analyses of the overall item bank, sample SDSA
test events, and SDSA blueprints. The evidence to support these findings includes:

e The SDSA blueprints identified South Dakota’s intended sampling across reporting
categories (as relates to Categorical Concurrence, Range of Knowledge (breadth) for
individual test events, and Balance of Representation (emphasis)).

e Overall, the items within the SDSA item bank met South Dakota’s expectations (as
relates to Use of Phenomena, Dimensionality, Consistency of Cognitive Engagement,
and relationships with scoring assertions).

e The SDSA item bank fully (grade 5) or weakly (grades 8 and 11) met the state’s
expectations for Range of Knowledge across the tested student population. The weak
Range of Knowledge (Population) for grades 8 and 11 item banks could be fully resolved
with the addition of at least four items to the middle school item bank and six items to the
high school item bank.

¢ An analysis of three sample test events from each of grades 5, 8, and 11 found that all
test events were fully or acceptably aligned with corresponding standards, based on the
criteria agreed upon by states and used in this analysis.

At the test event level, some variation in the Consistency of Cognitive Engagement was
expected between and among test forms because the blueprint did not specify any distribution
for the complexity of items. Nearly all instances of DOK - Category 3 cognitive engagement
were found within item clusters. Therefore, the variation in distribution of DOK - Category 2 and
3 tasks between and among test forms will depend almost entirely on the particular item clusters
assigned for each domain on a test event. Over half of the test forms analyzed did not include
one or more item cluster(s) with at least one opportunity for DOK - Category 3 cognitive
engagement for all domains. However, the overall distribution of complexity of items in the item
bank was found to be appropriate (DOK - Category 2 and 3) in relation to the distribution of
complexity in the Performance Expectations. As such, Consistency of Cognitive Engagement of
the assessment with standards can be expected across the tested student population. If South
Dakota wishes to have greater consistency in the distribution of items by Category of Cognitive
Engagement between and among test forms, adjustments would need to be made to the item
bank and/or to the test blueprints. Adjustments could also help ensure that all test events
included at least one item per domain that required DOK - Category 3 cognitive engagement.

Panelists identified specific items that did not meet one or more alignment-related expectations,
and warrant revisions or removal. Even for items that panelists agreed met alignment-related
expectations, many editorial suggestions were made to correct errors found in text and
graphics, improve clarity, and/or address scientific inaccuracy. This extent of editorial issues is
typically not observed in a high-stakes operational assessment and included issues that could
potentially affect student scores. Of the items flagged, most are stand-alone items associated
with just one or two scoring assertions. Because of the relatively limited interactions, a single
stand-alone item contributes proportionately minimally to a student’s score. While these items
were not considered a significant threat to the alignment of test events, it is suggested that
South Dakota / CAl consider revision or removal of all items flagged in the item-level analysis as
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well as consider panelist feedback to support ongoing maintenance of and improvement to the
item bank.

Overall, panelists found that items and item clusters were meeting state expectations for
assessment tasks to require integrated engagement with at least two (stand-alone items) or
three (item clusters) dimensions specified in the targeted standard in order to make sense of a
phenomenon. With just a very few exceptions, items required student cognitive engagement
consistent with the expectations of the standards. ltems were spread across the domains of
Physical, Life, and Earth and Space Science, with no standard(s) overemphasized in the item
bank. Overall, panelists found that the large majority of scoring assertions reasonably reflected
inferences that could be made based on student interactions and corresponded to the
expectations within the targeted standard. At the test event level, all nine SDSA test forms
analyzed were considered fully or acceptably aligned with corresponding South Dakota Science
Standards. The consistency in test-event-level findings, across proficiency levels and grades,
suggests that the SDSA ltem Bank was operating as intended.
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WebbAlign/WCEPS SDSA Alignment Study, 2022

South Dakota Science Standard | DOK

PS Elementary School (Grades 3-5) Physical Science

PS2 Motion and Stability: Forces and Interactions
Plan and carry out an investigation to provide evidence of the effects of

3-PS2-1 | balanced and unbalanced forces on the motion of an object. (SEP: 3; DCI: 4
PS2.A, PS2.B; CCC: Cause/Effect)
Make observations and/or measurements of an object’s motion to provide

3-PS2-2 | evidence for how a pattern can be used to predict future motion. (SEP: 3; DCI: 3
PS2.A; CCC: Patterns)
Ask questions about cause and effect relationships of electric or magnetic

3-PS2-3 | interactions between two objects not in contact with each other. (SEP: 1; DCI: 2
PS2.B; CCC: Cause/Effect)

3-PS2-4 Define a simple design problem that can be solved by applying scientific ideas 3
about magnets.* (SEP: 1; DCI: PS2.B; CCC: Technology)

5-PS2-1 Support an argument that the gravitational force exerted by Earth on objects >
is directed down. (SEP: 7; DCI: PS2.B; CCC: Cause/Effect)

PS3 Energy

4-PS3-1 Use evidence to construct an explanation relating the speed of an object to >
the energy of that object. (SEP: 6; DCI: PS3.A ; CCC: Energy/Matter)
Make observations to provide evidence for how energy can be transferred

4-PS3-2 | from place to place by sound, light, heat, and electric currents. (SEP: 3; DCI: 2
PS3.A, PS3.B; CCC: Energy/Matter)
Ask questions and predict outcomes about the changes in energy that occur

4-PS3-3 | when objects collide. (SEP: 1; DCI: PS3.A, PS3.B, PS3.C; CCC: 2
Energy/Matter)

4-PS3-4 Design, test, and refine a device that converts energy from one form to 4
another.* (SEP: 6; DCI: PS3.B, PS3.D, ETS1.A ; CCC: Energy/Matter)
Use models to describe that energy in animals’ food (used for body repair,

5-PS3-1 | growth, motion, and to maintain body warmth) was once energy from the sun. 2
(SEP: 2; DCI: PS3.D, LSI.C ; CCC: Energy/Matter)

PS4 Waves and Their Applications in Technologies for Information Transfer
Develop a model of waves to describe patterns in terms of amplitude and

4-PS4-1 | wavelength and to provide evidence that waves can cause objects to move. 2
(SEP: 2 ; DCI: PS4.A; CCC: Patterns)

4-PS4-2 Develop a model to describe how light reflecting from objects and entering the 5
eye allows objects to be seen. (SEP: 2 ; DCI: PS4.B; CCC: Cause/Effect)
Create and compare multiple solutions that use patterns to transfer 3

4-PS4-3 | information.* (SEP: 6; DCI: PS4.C, ETS1.C; CCC: Patterns, Technology)
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PS1 Matter and lIts Interactions
5-PS1-1 Develop a model to describe that matter is made of particles too small to
be seen. (SEP: 2; DCI: PS1.A; CCC: Scale/Prop.)
Measure and graph quantities to provide evidence that regardless of the
5.pS1-2 type of change that occurs when heating, cooling, or mixing substances,
the total weight of matter is conserved. (SEP: 5; DCI: PS1.A, PS1.B; CCC:
Scale/Prop.)
5.pS1-3 Make observations and measurements to identify materials based on their
properties. (SEP: 3; DCI: PS1.A; CCC: Scale/Prop.)
Conduct an investigation to determine whether the mixing of two or more
5-PS1-4 | substances results in new substances. (SEP: 3; DCI: PS1.B; CCC:
Cause/Effect)
LS Elementary School (Grades 3-5) Life Science
LS1 From Molecules to Organisms: Structures and Processes
Develop models to describe that organisms have unique and diverse life
3-LS1-1 | cycles but all have in common birth, growth, reproduction, and death.
(SEP: 1; DCI: LS1.B; CCC: Patterns)
Construct an argument that plants and animals have internal and external
4-LS1-1 | structures that function to support survival, growth, behavior, and
reproduction. (SEP: 7; DCI: LS1.A; CCC: Systems)
Use a model to describe that animals receive different types of information
4-LS1-2 | through their senses, process the information in their brain, and respond to
the information in different ways. (SEP: 2; DCI: LS1.D; CCC: Systems)
5.1.S1-1 Support an argument that plants get the materials they need for growth
chiefly from air and water. (SEP: 7; DCI: LS1.C; CCC: Energy/Matter)
LS2 Ecosystems: Interactions, Energy, and Dynamics
3-L.S2-1 Construct an argument that some animals form groups that help members
survive. (SEP: 7; DCI: LS2.D; CCC: Cause/Effect)
Develop a model to describe the movement of matter and energy among
5-LS2-1 | producers, consumers, decomposers, and the environment. (SEP: 2;

DCI:.LS2.A, LS2.B ; CCC: Systems)
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LS3 Heredity: Inheritance and Variation of Traits

Analyze and interpret data to provide evidence that plants and animals
3-LS3-1 have traits inherited from parents and that variations of these traits exist in
a group of similar organisms. (SEP: 4; DCI: LS3.A, LS3.B; CCC: Patterns)

Use evidence and reasoning to support the explanation that traits can be
3-LS3-2 | influenced by the environment. (SEP: 6; DCI: LS3.A, LS3.B; CCC:
Cause/Effect)

LS4 Biological Unity and Diversity

Analyze and interpret data from fossils to provide evidence of the
3-LS4-1 organisms and the environments in which they lived long ago. (SEP: 4;
DCI: LS4.A; CCC: Scale/Prop.)

Use evidence and reasoning to construct an explanation for how the
variations in characteristics among individuals of the same species may
provide advantages in surviving, finding mates, and reproducing. (SEP: 6;
DCI: LS4.B; CCC: Cause/Effect)

3-LS4-2

Construct an argument with evidence how some organisms thrive, some
3-LS4-3 | struggle to survive, and some cannot survive in a particular habitat. (SEP:
7; DCI: LS4.C; CCC: Cause/Effect)

Make a claim about the merit of a solution to a problem caused when the
3-LS4-4 | environment changes and the types of plants and animals that live there
may change.” (SEP: 7; DCI: LS2.C, LS4.D; CCC: Systems, Technology

ESS Elementary School (Grades 3-5) Earth and Space Science

ESS2 Earth’s Systems

Represent data in tables and graphical displays to describe typical weather
3-ESS2-1 | conditions expected during a particular season. (SEP: 4; DCI: ESS2.D;
CCC: Patterns)

Obtain and combine information to describe climates in different regions of

SESS22 1 the world. (SEP: 8; DCI: ESS2.D ; CCC: Patterns)

Make observations and/or measurements to provide evidence of the
4-ESS2-1 | effects of weathering or the rate of erosion by water, ice, wind, or
vegetation. (SEP: 3; DCI: ESS2.A, ESS2.E; CCC: Cause/Effect)

Analyze and interpret data from maps to describe patterns of Earth’s

4-ESS2-2 | toatures. (SEP: 4; DCI: ESS2.B; CCC: Patterns)

Develop a model to describe the interaction of geosphere, biosphere,

5-ESS2-1 hydrosphere, and/or atmosphere. (SEP: 2; DCI: ESS2.A; CCC: Systems)

Describe and graph the amounts and percentages of water and fresh
5-ESS2-2 | water in various reservoirs to provide evidence about the distribution of
water on Earth. (SEP: 5; DCI: ESS2.C; CCC: Scale/Prop.)
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ESS3 Earth and Human Activity

Make a claim about the merit of a design solution that reduces the impacts
3-ESS3-1 | of a weather-related hazard.” (SEP: 7; DCI: ESS3.B ; CCC: Cause/Effect,
Technology)

Obtain and combine information to describe that energy and fuels are
4-ESS3-1 | derived from natural resources and their uses affect the environment.
(SEP: 8; DCI: ESS3.A; CCC: Cause/Effect, Technology)

Generate and compare multiple solutions to reduce the impacts of natural
4-ESS3-2 | Earth processes on humans. (SEP: 6; DCI: ESS3.B, ETS1.B; CCC:
Cause/Effect, Technology)

Obtain and combine information about ways individual communities use
5-ESS3-1 | science ideas to protect the Earth’s resources and environment. (SEP:8;
DCI: ESS3.C; CCC: Systems)

ESS1 Earth’s Place in the Universe

Identify evidence from patterns in rock formations and fossils in rock layers
4-ESS1-1 | to support an explanation for changes in a landscape over time. (SEP: 6;
DCI: ESS1.C ; CCC: Patterns)

Support an argument that differences in the apparent brightness of the sun
5-ESS1-1 | compared to other stars is due to distances from the Earth. (SEP: 7; DCI:
ESS1.A; CCC: Scale/Prop.)

Represent data in graphical displays to reveal patterns of daily changes in
length and direction of shadows, day and night, and the seasonal
appearance of some stars in the night sky. (SEP: 4; DCI: ESS1.B ; CCC:
Patterns)

5-ESS1-2
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South Dakota Science Standard

| DOK

MS-PS

Middle School (Grades 6-8) Physical Science

MS-PS1

Matter and Its Interactions

MS-PS1-1

Develop models to describe the atomic composition of simple molecules
and extended structures. (SEP:2 ; DCI: PS1.A; CCC: Scale/Prop. )

MS-PS1-2

Analyze and interpret data on the properties of substances before and
after the substances interact to determine if a chemical reaction has
occurred. (SEP: 8; DCI: PS1.A, PS1.B; CCC: Patterns)

MS-PS1-3

Obtain and evaluate information to describe that synthetic materials
come from natural resources and impact society. (SEP: 8; DCI: PS1.A,
PS1.B; CCC: Structure/Function, Technology

MS-PS1-4

Develop a model that predicts and describes changes in particle motion,
temperature, and state of a pure substance when thermal energy is
added or removed. (SEP: 2; DCI: PS1.A, PS3.A; CCC: Cause/Effect)

MS-PS1-5

Develop and use a model to describe how the total number of atoms
does not change in a chemical reaction and thus mass is conserved.
(SEP: 2 ; DCI: PS1.B; CCC: Energy/Matter)

MS-PS1-6

Design, construct, test, and modify a device that either releases or
absorbs thermal energy by chemical processes.* (SEP: 6; DCI: PS1.B,
ETS1.B, ETS1.C; CCC: Energy/Matter)

MS-PS2

Motion and Stability: Forces and Interactions

MS-PS2-1

Design a solution to a problem involving the motion of two colliding
objects that illustrates Newton’s Third Law.* (SEP: 6; DCI: PS2.A; CCC:
Systems, Technology)

MS-PS2-2

Plan an investigation to provide evidence that the change in an object’s
motion depends on the sum of the forces on the object and the mass of
the object. (SEP: 3; DCI: PS2.A; CCC: Stability/Change )

MS-PS2-3

Ask questions about data to determine the factors that affect the strength
of electric and magnetic forces. (SEP: 1; DCI: PS2.B; CCC:
Cause/Effect)

MS-PS2-4

Construct and present arguments using evidence to support the claim
that gravitational interactions are attractive and depend on the masses of
interacting objects. (SEP: 7; DCI: PS2.B; CCC: Systems)

MS-PS2-5

Conduct an investigation and evaluate the experimental design to
provide evidence that fields exist between objects exerting forces on
each other even though the objects are not in contact. (SEP: 3; DCI:
PS2.B; CCC: Cause/Effect )
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MS-PS3 Energy

Construct and analyze graphical displays of data to describe the
MS-PS3-1 | relationships of kinetic energy to the mass of an object and to the speed
of an object. (SEP: 4; DCI: PS3.A ; CCC: Scale/Prop.)

Develop a model to describe that when the arrangement of objects
MS-PS3-2 | interacting at a distance changes, different amounts of potential energy
are stored in the system. (SEP: 2; DCI: PS3.A, PS3.C; CCC: Systems)

Design, construct, and test a device that either minimizes or maximizes
MS-PS3-3 | thermal energy transfer.* (SEP: 6; DCI: PS3.A, PS3.B, ETS1.A,
ETS1.B, ; CCC: Energy/Matter)

Plan an investigation to determine the relationships among the energy
transferred, the type of matter, the mass, and the change in the average
kinetic energy of the particles as measured by the temperature of the
sample. (SEP: 3; DCI: PS3.A, PS3.B; CCC: Scale/Prop.)

MS-PS3-4

Engage in argument from evidence to support the claim that when the
MS-PS3-5 | kinetic energy of an object changes, energy is transferred to or from the
object. (SEP: 7; DCI: PS3.B; CCC: Energy/Matter)

MS-PS4 Waves and Their Applications in Technologies for Information Transfer

Use mathematical representations to describe a simple model for waves
MS-PS4-1 | that includes how the amplitude of a wave is related to the energy in a
wave. (SEP: 5; DCI: PS4.A; CCC: Patterns)

Develop and use a model to describe how waves are reflected,
MS-PS4-2 | absorbed, or transmitted through various materials. (SEP: 2; DCI: PS4.A,
PS4.B; CCC: Structure)

Obtain, evaluate and communicate information to support the claim that
digitized signals are a more reliable way to encode and transmit
MS-PS4-3 | information than analog signals. (SEP: 8; DCI: PS4.C; CCC: Structure,
Technology)
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MS-LS Middle School (Grades 6-8) Life Science

MS-LS1 From Molecules to Organisms: Structures and Processes

Plan and carry out an investigation to provide evidence that living things
MS-LS1-1 | are made of cells; either one cell or many different types and numbers of
cells. (SEP: 3; DCI: LS1.A; CCC: Scale/Prop., Technology)

Develop and use a model to describe the function of a cell as a whole
MS-LS1-2 | and ways parts of cells contribute to the function. (SEP: 2; DCI: LS1.A;
CCC: Structure/Function)

Construct an argument supported by evidence for how the body is a
MS-LS1-3 | system of interacting subsystems composed of groups of cells. (SEP: 7;
DCI: LS1.A; CCC: Systems)

Construct an argument based on empirical evidence and scientific
reasoning to support an explanation for how characteristic animal
MS-LS1-4 | behaviors and specialized plant structures affect the probability of
successful reproduction of animals and plants respectively. (SEP: 7; DCI:
LS1.B; CCC: Cause/Effect)

Construct a scientific explanation based on evidence for how
MS-LS1-5 | environmental and genetic factors influence the growth of organisms.
(SEP: 6; DCI: LS1.B; CCC: Cause/Effect)

Construct a scientific explanation based on evidence for the role of
photosynthesis in the cycling of matter and flow of energy into and out of

MS-LS1-6 organisms. (SEP: 6, Nature Science/Empirical Evidence; DCI: LS1.C,
PS3.D; CCC: Energy/Matter)
Develop a model to describe how food is rearranged through chemical

MS-LS1-7 reactions forming new molecules that support growth and/or release
energy as this matter moves through an organism. (SEP: 2; DCI: LS1.C,
PS3.D; CCC: Energy/Matter)

MS-LS2 Ecosystems: Interactions, Energy, and Dynamics

Analyze and interpret data to provide evidence for the effects of resource
MS-LS2-1 | availability on organisms and populations of organisms in an ecosystem.
(SEP: 4; DCI: LS2.A; CCC: Cause/Effect)

Construct an explanation that predicts patterns of interactions among
MS-LS2-2 | organisms across multiple ecosystems. (SEP: 6; DCI: LS2.A; CCC:
Patterns)

Develop a model to describe the cycling of matter and flow of energy
MS-LS2-3 | among living and nonliving parts of an ecosystem. (SEP: 2; DCI: LS2.B;
CCC: Energy/Matter)
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MS-LS2-4

Construct an argument supported by empirical evidence that changes to
physical or biological components of an ecosystem affect populations.
(SEP: 7; DCI: LS2.C ; CCC: Stability/Change)

MS-LS2-5

Evaluate competing design solutions for maintaining biodiversity and
ecosystem services.” (SEP: 7; DCI: LS2.C, LS4.D, ETS1.B ; CCC:
Stability/Change, Technology)

MS-LS3

Heredity: Inheritance and Variation of Traits

MS-LS3-1

Develop and use a model to describe why structural changes to genes
(mutations) located on chromosomes may affect proteins and may result
in harmful, beneficial, or neutral effects to the structure and function of
the organism. (SEP:2; DCI: LS3.A, LS3.B; CCC: Structure/Function)

MS-LS3-2

Develop and use a model to describe why asexual reproduction results
in offspring with identical genetic information and sexual reproduction
results in offspring with genetic variation. (SEP: 2; DCI: LS1.B, LS3.A,
LS3.B; CCC: Cause/Effect)

MS-LS4

Biological Unity and Diversity

MS-LS4-1

Analyze and interpret data for patterns in the fossil record that document
the existence, diversity, extinction, and change of life forms throughout
the history of life on Earth. (SEP: 4; DCI: LS4.A; CCC: Patterns)

MS-LS4-2

Apply scientific ideas to construct an explanation for similarities and
differences among modern organisms and between modern and fossil
organisms to infer evolutionary relationships. (SEP: 6; DCI: LS4.A; CCC:
Patterns)

MS-LS4-4

Construct an explanation based on evidence that describes how genetic
variations of traits in a population increase some individuals’ probability
of surviving and reproducing in a specific environment. (SEP: 6; DCI:
LS4.B; CCC: Cause/Effect)

MS-LS4-5

Obtain, evaluate, and communicate information about how technological
advances have changed the way humans influence the inheritance of
desired traits in organisms. * (SEP: 8; DCI: LS4.B; CCC: Cause/Effect,
Technology)

MS-LS4-6

Use mathematical representations to support explanations of how natural
selection may lead to increases and decreases of specific traits in
populations over time. (SEP: 5; DCI: LS4.C; CCC: Cause/Effect)
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MS-ESS Middle School (Grades 6-8) Earth and Space Science
MS-ESS1 Earth’s Place in the Universe

Develop and use a model of the Earth-sun-moon system to describe the
MS-ESS1-1 | cyclic patterns of lunar phases, eclipses of the sun and moon, and

seasons. (SEP: 2; DCI: ESS1.A, ESS1.B; CCC: Patterns)

Develop and use a model to describe the role of gravity in the motions
MS-ESS1-2 | within galaxies and the solar system. (SEP: 2; DCI: ESS1.A, ESS1.B;

CCC: Systems)

Analyze and interpret data to determine scale properties of objects in
MS-ESS1-3 | the solar system. (SEP: 4; DCI: ESS1.B; CCC: Scale/Prop.,

Technology)
MS-ESS2 Earth’s Systems

Develop a model to describe the cycling of Earth’s materials and the
MS-ESS2-1 | flow of energy that drives this process. (SEP: 2; DCI: ESS2.A; CCC:

Stability/Change)

Construct an explanation based on evidence for how geoscience
MS-ESS2-2 | processes have changed Earth’s surface at varying time and spatial

scales. (SEP: 6; DCI: ESS2.A, ESS2.C; CCC: Scale/Prop.)

Analyze and interpret data on the age of the Earth, distribution of fossils
MS-ESS2-3 and rocks, continental shapes, and seafloor structures to provide

evidence of the past plate motions. (SEP: 4; DCI: ESS2.B, ESS1.C;

CCC: Patterns)

Develop a model to describe the cycling of water through Earth’s
MS-ESS2-4 | systems driven by energy from the sun and the force of gravity. (SEP: 2;

DCI: ESS2.C; CCC: Energy/Matter)

Collect data to provide evidence for how the motions and complex
MS-ESS2-5 | interactions of air masses results in changes in weather conditions.

(SEP: 3; DCI: ESS2.C, ESS2.D; CCC: Cause/Effect)

Develop and use a model to describe how unequal heating and rotation
MS-ESS2-6 of the Earth cause patterns of atmospheric and oceanic circulation that

determine regional climates. (SEP: 2; DCI: ESS2.C, ESS2.D; CCC:
Systems)
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MS-ESS3

Earth and Human Activity

MS-ESS3-1

Construct a scientific explanation based on evidence for how the
uneven distributions of Earth’s mineral, energy, and groundwater
resources are the result of past and current geoscience processes.
(SEP: 6; DCI: ESS3.A ; CCC: Cause/Effect , Technology)

MS-ESS3-2

Analyze and interpret data on natural hazards to forecast future
catastrophic events and inform the development of technologies to
mitigate their effects. (SEP: 4; DCI: ESS3.B; CCC: Patterns,
Technology)

MS-ESS3-3

Apply scientific principles to design a method for monitoring and
minimizing a human impact on the environment.* (SEP: 6 ; DCI:
ESS3.C; CCC: Cause/Effect, Technology)

MS-ESS3-4

Construct an argument supported by evidence for how increases in
human population and per- capita consumption of natural resources
impact Earth’s systems. (SEP: 7; DCI: ESS3.C; CCC: Cause/Effect,
Technology, Nature Science/Consequence-Actions)

MS-ESS3-5

Ask questions to clarify evidence of the factors that may have caused a
change in global temperatures over the past century. (SEP: 1; DCI:
ESS3.D; CCC: Stability/Change)

Appendix A

10




WebbAlign/WCEPS SDSA Alignment Study, 2022

South Dakota Science Standard

| DOK

HS-PS

High School (Grades 9-12) Physical Science

HS-PS1

Matter and Its Interactions

HS-PS1-1

Use the periodic table as a model to predict the relative properties of
elements based on the patterns of electrons in the outermost energy
level of atoms. (SEP: 2; DCI: PS1.A, PS2.B; CCC: Patterns)

HS-PS1-2

Construct and revise an explanation for the outcome of a simple
chemical reaction based on the outermost electron states of atoms,
trends in the periodic table, and knowledge of the patterns of chemical
properties. (SEP: 6; DCI: PS1.A, PS1.B; CCC: Patterns)

HS-PS1-3

Plan and carry out an investigation to gather evidence to compare the
structure of substances at the bulk scale to infer the strength of electrical
forces between particles. (SEP: 3; DCI: PS1.A, PS2.B; CCC: Patterns)

HS-PS1-4

Develop a model to illustrate that the release or absorption of energy
from a chemical reaction system depends upon the changes in total
bond energy. (SEP: 2; DCI: PS1.A, PS1.B; CCC: Energy/Matter)

HS-PS1-5

Construct an explanation based on evidence about the effects of
changing the temperature or concentration of the reacting particles on
the rate at which a reaction occurs. (SEP: 6; DCI: PS1.B; CCC: Patterns)

HS-PS1-6

Refine the design of a chemical system by specifying a change in
conditions that would produce increased amounts of products at
equilibrium.* (SEP: 6; DCI: PS1.B, ETS1.C; CCC: Stability/Change)

HS-PS1-7

Use mathematical representations to support the claim that atoms, and
therefore mass, are conserved during a chemical reaction. (SEP: 5; DCI:
PS1.B; CCC: Energy/Matter, Nature of Science/Consistency)

HS-PS1-8

Develop models to illustrate the changes in the composition of the
nucleus of the atom and the energy released during the processes of
fission, fusion, and radioactive decay. (SEP: 2; DCI: PS1.C; CCC:
Energy/Matter)

HS-PS2

Motion and Stability: Forces and Interactions

HS-PS2-1

Analyze data to support the claim that Newton’s Second Law of motion
describes the mathematical relationship among the net force on a
macroscopic object, its mass, and its acceleration. (SEP: 4; DCI: PS2.A;
CCC: Cause/Effect )

HS-PS2-2

Use mathematical representations to support the claim that the total
momentum of a system of objects is conserved when there is no net
force on the system. (SEP: 5; DCI: PS2.A ; CCC: Systems)
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HS-PS2-3

Design, evaluate, and refine a device that minimizes the force on a
macroscopic object during a collision.* (SEP: 6; DCI: PS2.A, ETS1.A,
ETS1.C; CCC: Cause/Effect)

HS-PS2-4

Use mathematical representations of Newton’s Law of Gravitation and
Coulomb’s Law to describe and predict the gravitational and electrostatic
forces between objects. (SEP: 5; DCI: PS2.B; CCC: Patterns)

HS-PS2-5

Plan and carry out an investigation to provide evidence that an electric
current can produce a magnetic field and that a changing magnetic field
can produce an electric current. (SEP: 3; DCI: PS2.B, PS3.A; CCC:
Cause/Effect)

HS-PS2-6

Communicate scientific and technical information about why the
molecular-level structure is important in the functioning of designed
materials.” (SEP: 8; DCI: PS1.A, PS2.B; CCC: Structure/Function)

HS-PS3

Energy

HS-PS3-1

Create a computational model to calculate the change in the energy of
one component in a system when the change in energy of the other
component(s) and energy flows in and out of the system are known.
(SEP: 5; DCI: PS3.A, PS3.B ; CCC: Systems)

HS-PS3-2

Develop and use models to illustrate that energy at the macroscopic
scale can be accounted for as a combination of energy associated with
the motions of particles (objects) and energy associated with the relative
position of particles (objects). (SEP: 2 ; DCI: PS3.A; CCC:
Energy/Matter)

HS-PS3-3

Design, build, and refine a device that works within given constraints to
convert one form of energy into another form of energy. (SEP: 6; DCI:
PS3.A, PS3.D, ETS1.A; CCC: Energy/Matter, Technology)

HS-PS3-4

Plan and carry out an investigation to provide evidence that the transfer
of thermal energy when two components of different temperature are
combined within a closed system results in a more uniform energy
distribution among the components in the system (Second Law of
Thermodynamics). (SEP: 3; DCI: PS3.B, PS3.D; CCC: Systems)

HS-PS3-5

Develop and use a model of two objects interacting through electric or
magnetic fields to illustrate the forces between objects and the changes
in energy of the objects due to the interaction. (SEP: 2; DCI: PS3.C;
CCC: Cause/Effect)
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HS-PS4

Waves and Their Applications in Technologies for Information Transfer

HS-PS4-1

Use mathematical representations to support a claim regarding
relationships among the frequency, wavelength, and speed of waves
traveling in various media. (SEP: 5; DCI: PS4.A; CCC: Cause/Effect)

HS-PS4-2

Evaluate questions about the advantages of using a digital transmission
and storage of information. (SEP: 1; DCI: PS4.A; CCC: Stability/Change,
Technology)

HS-PS4-3

Evaluate the claims, evidence, and reasoning behind the idea that
electromagnetic radiation can be described either by a wave model or a
particle model, and that for some situations one model is more useful
than the other. (SEP: 7; DCI: PS4.A, PS4.B; CCC: Systems)

HS-PS4-4

Evaluate the validity and reliability of claims in published materials of the
effects that different frequencies of electromagnetic radiation have when
absorbed by matter. (SEP: 8; DCI: PS4.B; CCC: Cause/Effect)

HS-PS4-5

Communicate technical information about how some technological
devices use the principles of wave behavior and wave interactions with
matter to transmit and capture information and energy.* (SEP: 8; DCI:
PS3.D, PS4.A, PS4.B, PS4.C; CCC: Cause/Effect, Technology)

HS-LS

High School (Grades 9-12) Life Science

HS-LS1

From Molecules to Organisms: Structures and Processes

HS-LS1-1

Construct an explanation based on evidence for how the structure of
DNA determines the structure of proteins which carry out the essential
functions of life through systems of specialized cells. (SEP: 6; DCI:
LS1.A; CCC: Structure/Function)

HS-LS1-2

Develop and use a model to illustrate the hierarchical organization of
interacting systems that provide specific functions within multicellular
organisms. (SEP: 2; DCI: LS1.A; CCC: Systems)

HS-LS1-3

Plan and carry out an investigation to provide evidence that feedback
mechanisms maintain homeostasis. (SEP: 3; DCI: LS1.A; CCC:
Stability/Change)

HS-LS1-4

Use a model to illustrate the role of cellular division (mitosis) and
differentiation in producing and maintaining complex organisms. (SEP: 2;
DCI: LS1.B; CCC: Systems)

HS-LS1-5

Use a model to illustrate how photosynthesis transforms light energy into
stored chemical energy. (SEP: 2; DCI: LS1.C; CCC: Systems,
Energy/Matter)
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HS-LS1-6

Construct and revise an explanation based on evidence for how carbon,
hydrogen, and oxygen from sugar molecules may combine with other
elements to form amino acids and/or other large carbon-based
molecules. (SEP: 6; DCI: LS1.C; CCC: Energy/Matter)

HS-LS1-7

Use a model of the major inputs and outputs of cellular respiration
(aerobic and anaerobic) to exemplify the chemical process in which the
bonds of food molecules are broken, the bonds of new compounds are
formed, and a net transfer of energy results. (SEP: 2; DCI: LS1.C; CCC:
Energy/Matter)

HS-LS2

Ecosystems: Interactions, Energy, and Dynamics

HS-LS2-1

Use mathematical and/or computational representations to support
explanations of factors that affect carrying capacity of ecosystems at
different scales. (SEP: 5; DCI: LS2.A; CCC: Scale/Prop.)

HS-LS2-2

Use mathematical representations to support and revise explanations
based on evidence about factors affecting biodiversity and populations in
ecosystems of different scales. (SEP: 5; DCI: LS2.A, LS2.C; CCC:
Scale/Prop.)

HS-LS2-3

Construct and revise an explanation based on evidence for the cycling of
matter and flow of energy in aerobic and anaerobic conditions. (SEP:6;
DCI: LS2.B; CCC: Energy/Matter )

HS-LS2-4

Use mathematical representations to support claims for the cycling of
matter and flow of energy among organisms in an ecosystem. (SEP: 5;
DCI: LS2.B; CCC: Energy/Matter)

HS-LS2-5

Develop a model to illustrate the role of photosynthesis and cellular
respiration in the cycling of carbon among the biosphere, atmosphere,
hydrosphere, and geosphere. (SEP: 2; DCI: LS2.B, PS3.D; CCC:
Systems)

HS-LS2-6

Evaluate the claims, evidence, and reasoning that the complex
interactions in ecosystems maintain relatively consistent numbers and
types of organisms under stable conditions; however, moderate to
extreme fluctuations in conditions may result in new ecosystems. (SEP:
7; DCI: LS2.C; CCC: Stability/Change)

HS-LS2-7

Design, evaluate, and refine a solution for reducing the impacts of
human activities on the environment and biodiversity.* (SEP: 6; DCI:
LS2.C, LS4.D, ETS1.B; CCC: Stability/Change)

HS-LS2-8

Evaluate the evidence for the role of group behavior on individual and
species’ chances to survive and reproduce. (SEP: 7; DCI: LS2.D; CCC:
Cause/Effect)
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HS-LS3

Heredity: Inheritance and Variation of Traits

HS-LS3-1

Ask questions to clarify relationships about the role of DNA and
chromosomes in coding the instructions for characteristic traits passed from
parents to offspring. (SEP: 1; DCI: LS1.A, LS3.A; CCC: Cause/Effect)

HS-LS3-2

Make and defend a claim based on evidence that inheritable genetic
variations may result from: (1) new genetic combinations through meiosis,
(2) viable errors occurring during replication, and/or (3) mutations caused
by environmental factors. (SEP: 7; DCI: LS3.B; CCC: Cause/Effect)

HS-LS3-3

Apply concepts of statistics and probability to explain the variation and
distribution of expressed traits in a population. (SEP: 4; DCI: LS3.B; CCC:
Scale/Prop.)

HS-LS4

Biological Unity and Diversity

HS-LS4-1

Communicate scientific information that common ancestry and biological
evolution are supported by multiple lines of empirical evidence. (SEP: 8;
DCI: LS4.A; CCC: Patterns)

HS-LS4-2

Construct an explanation based on evidence that the process of evolution
primarily results from four factors: (1) the potential for a species to increase
in number, (2) the heritable genetic variation of individuals in a species due
to mutation and sexual reproduction, (3) competition for limited resources,
and (4) the proliferation of those organisms that are better able to survive
and reproduce in the environment. (SEP: 6; DCI: LS4.B, LS4.C; CCC:
Cause/Effect)

HS-LS4-3

Apply concepts of statistics and probability to support explanations that
organisms with an advantageous heritable trait tend to increase in
proportion to organisms lacking this trait. (SEP: 4; DCI: LS4.B, LS4.C;
CCC: Patterns)

HS-LS4-4

Construct an explanation based on evidence for how natural selection
leads to adaptation of populations. (SEP: 6; DCI: LS4.C ; CCC:
Cause/Effect)

HS-LS4-5

Evaluate the evidence supporting claims that changes in environmental
conditions may result in: (1) increases in the number of individuals of some
species, (2) the emergence of new species over time, and (3) the extinction
of other species. (SEP: 7; DCI: LS4.C; CCC: Cause/Effect)

HS-LS4-6

Use a simulation to research and analyze possible solutions for the
adverse impacts of human activity on biodiversity . (SEP: 5; DCI: LS4.C,
LS4.D, ETS1.B; CCC: Cause/Effect)

HS-LS4-7

Analyze displays of pictorial data to compare patterns of similarities in the
embryological development across multiple species to identify relationships
not evident in the fully formed anatomy. (SEP: 4; DCI: LS4.A ; CCC:
Patterns)
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HS-ESS

High School (Grades 9-12) Earth and Space Science

HS-ESS1

Earth’s Place in the Universe

HS-ESS1-1

Develop a model based on evidence to illustrate the life span of the sun
and the role of nuclear fusion in the sun’s core to release energy that
eventually reaches Earth in the form of radiation. (SEP: 2; DCI: ESS1.A,
PS3.D; CCC: Scale/Prop)

HS-ESS1-2

Construct an explanation of the Big Bang Theory based on astronomical
evidence of light spectra, motion of distant galaxies, and composition of
matter in the universe. (SEP: 6; DCI: PS4.B, ESS1.A; CCC:
Energy/Matter, Technology)

HS-ESS1-3

Communicate scientific ideas about the way stars, over their life cycle,
produce elements. (SEP: 8; DCI: ESS1.A; CCC: Energy/Matter)

HS-ESS1-4

Use mathematical or computational representations to predict the
motion of orbiting objects in the solar system. (SEP: 5; DCI: ESS1.B,
ESS1.A; CCC: Scale/Prop, Technology)

HS-ESS1-5

Evaluate evidence of the past and current movements of continental
and oceanic crust and the theory of plate tectonics to explain the ages
of crustal rocks. (SEP: 7; DCI: ESS1.C, ESS2.B, PS1.C; CCC: Patterns)

HS-ESS1-6

Apply scientific reasoning and evidence from ancient Earth materials,
meteorites, and other planetary surfaces to construct an account of
Earth’s formation and early history. (SEP: 6; DCI: ESS1.C, PS1.C; CCC:
Stability/Change)

HS-ESS2

Earth’s Systems

HS-ESS2-1

Analyze geoscience data to make the claim that one change to Earth’s
surface can create feedback that cause changes to other Earth
systems. (SEP: 2; DCI: ESS2.A, ESS2.B; CCC: Stability/Change)

HS-ESS2-2

Develop a model based on evidence of Earth’s interior to describe the
cycling of matter by thermal convection. (SEP: 4; DCI: ESS2.A, ESS2.D;
CCC: Stability/Change, Technology)

HS-ESS2-3

Use a model to describe how variations in the flow of energy into and
out of Earth’s systems result in changes in climate. (SEP: 2; DCI:
ESS2.A, ESS2.B, PS4.A; CCC: Energy/Matter, Technology)

HS-ESS2-4

Plan and carry out an investigation of the properties of water and its
effects on Earth materials and surface processes. (SEP: 2; DCI:
ESS1.B, ESS2.A, ESS2.D; CCC: Cause/Effect)
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WebbAlign/WCEPS SDSA Alignment Study, 2022

HS-ESS3

Earth and Human Activity

HS-ESS3-1

Construct an explanation based on evidence for how the availability of
natural resources, occurrence of natural hazards, and changes in
climate have influenced human activity. (SEP: 6; DCI: ESS3.A,
ESS3.B ; CCC: Cause/Effect, Technology)

HS-ESS3-2

Evaluate competing design solutions for developing, managing, and
utilizing energy and mineral resources based on cost-benefit ratios.*
(SEP: 7; DCI: ESS3.A, ETS1.B; CCC: Technology)

HS-ESS3-3

Create a computational simulation to illustrate the relationships among
management of natural resources, the sustainability of human
populations, and biodiversity. (SEP: 5; DCI: ESS3.C; CCC:
Stability/Change, Technology)

HS-ESS3-4

Evaluate or refine a technological solution that reduces impacts of
human activities on natural systems.* (SEP: 6; DCI: ESS3.C; ETS1.B;
CCC: Stability/Change, Technology)

HS-ESS3-5

Analyze geoscience data and the results from global climate models to
make an evidence-based forecast of the current rate of global or
regional climate change and associated future impacts to Earth
systems. (SEP: 4; DCI: ESS3.D; CCC: Stability/Change)

HS-ESS3-6

Use a computational representation to illustrate the relationships among
Earth systems and how those relationships are being modified due to
human activity. (SEP: 5; DCI: ESS2.D, ESS3.D; CCC: Systems)
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Brief Explanation of Data Included in Appendix B

Table 1 (SDSA Grade x Batch x)
The DOK value for each assessment item given by each reviewer. The intraclass
correlation for the group of reviewers is given on the last row.

Table 2 (SDSA Grade x Batch x)
The DOK level and standard code assigned by each reviewer for each item.

Table 3 (SDSA Grade x Batch x)

This lists for each standard all of the items coded by the group of reviewers as
corresponding to the standard. The number of reviewers who coded the item is given in
parentheses.

Table 4 (SDSA Grade x Batch x)

This list for each item all of the standards coded by the group of reviewers as
corresponding to the item. The number of reviewers who coded the standard is given in
after the colon.

Table 5 (SDSA Grade x Batch x)

This table can be used to compare approximately the DOK level of a standard to the
average DOK level of the items reviewers assigned to the standard. This table is helpful
to identify items with a lower DOK level that should be replaced by an item with a higher
DOK level to improve the Depth-of-Knowledge Consistency. The DOK listed in the table
for each item is generally the mode DOK for that item.
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Grade 5 Batch 48

Table 1 (SDSA Grade 5 Batch 48). Depth-of-Knowledge Levels by Item and Reviewers’
Intraclass Correlation

Item |Reviewer 1 |Reviewer2 ~ |Reviewer3  |Reviewer4  |Reviewer5  |Reviewer 6
1 2 2 2 2 2 2
2 2 2 2 2 2 2
3 2 2 3 2 2 2
4 2 2 3 2 2 2
5 2 3 2 2 2 2
6 2 3 2 2 2 2
7 2 2 2 2 2 2
8 2 2 2 2 2 2
9 2 2 2 2 2 2
10 2 2 2 2 2 2
11 2 2 2 2 2 2
12 2 2 2 2 2 2
13 2 2 2 2 2 2
14 2 2 2 2 2 2
15 2 2 2 2 2 2
16 2 3 2 2 2 2
17 2 2 3 2 2 2
18 2 2 2 2 2 2
19 2 2 2 2 2 2

Intraclass correlation - -.0641
Pairwise Comparison - 0.89
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Table 2 (SDSA Grade 5 Batch 48). DOK Levels and Objectives Code by Each Reviewer

Item | DOK | Ob;j S1 Obj |S2 Obj [DOK [Obj S1 Obj |S2 Obj [DOK [Obj S1 Obj | S2 Obj |DOK | Obj S1 Obj |S2 Obj [DOK | Obj S1 Obj [S2 Obj |DOK ||Obj S1 Obj [S2 Obj
1 |2 |5Ls2-1 2 |5-LS2-1 2 |5-Ls2-1 2 |5-Ls2-1 2 |5-Ls2-1 2 |5-LS2-1
2 |2 |3-LSI-1 2 |3-LSI-1 2 |3-LSI-1 2 |3-LSlI-1 2 |3-LSI-1 2 |3-LSI-1
3 |2 |3-Lsl-1 2 |3-LSI-1 3 [3-LS1-1 2 |3-LSI-1 2 |3-LSI-1 2 [3-LSI-1
4 |2 |3-LS4-4 2 |3-LS4-4 3 |3-LS4-4 2 |3-LS44 2 |3-LS4-4 2 |3-LS4-4
5 |2 |3-Ls4-3 3 |3-Ls4-3 2 |3-Ls4-3 2 |3-Ls4-3 2 |3-Ls4-3 2 [3-LS4-3
6 |2 |3-LS4-2 3 |3-LS4-2 2 |3-LS4-2 2 |3-LS4-2 2 |3-LS4-2 2 |3-LS4-2
7 |2 |4-LSi-1 2 |4-LSI-1 2 |4-LS1-1 2 |4-LS1-1 2 |4-LS1-1 2 |4-LSI-1
8 2 |4-LSi-1 2 |4-LSI-1 2 |4-LSI-1 2 |4-LSI-1 2 |4-LSI-1 2 |4-LSI-1
9 |2 |4-LSi-1 2 |4-LSI-1 2 |4-LS1-1 2 |4-LS1-1 2 |4-LS1-1 2 |4-LSI-1
10 |2 [3-Ls4-2 2 |3-LS4-2 2 |3-LS4-2 2 |3-LS4-2 2 |3-LS4-2 2 |3-LS4-2
11 |2 |4-Lsi-1 2 |4-LSI-1 2 |4-LS1-1 2 |4-LS1-1 2 |4-LS1-1 2 |4-LSI-1
12 |2 |4-LSl-1 2 |4-LSI-1 2 |4-LSI-1 2 |4-LSl-1 2 |4-LSI-1  [ALSi1
13 |2 |3-Ls4-2 2 |3-LS4-2 2 |3-Ls4-2 2 |3-LS4-2 2 |3-Ls4-2 2 |3-LS4-2
14 |2 |4-LSl-1 2 |4-LSI-1 2 |4-LSI-1 2 |4-LSl-1 2 |4-LSI-1 D |4-LSI-1
15 |2 |3-Ls4-2 2 |3-LS4-2 2 |3-Ls4-2 2 |3-LS4-2 2 |3-Ls4-2 2 [3-LS4-2
16 |2 |3-Ls2-1 3 |3-LS2-1 2 |3-Ls2-1 2 |3-Ls2-1 2 |3-LS2-1 2 |3-LS2-1
17 |2 |3-Ls4-4 2 |3-LS4-4 3 |3-Ls4-4 2 |3-LS4-4 2 |3-LS4-4 2 |3-LS4-4
18 |2 |3-LS3-1 2 |3-LS3-1 2 |3-LS3-1 2 |3-LS3-1 2 |3-LS3-1 2 [3-LS3-1
19 |2 [|4-Lsi-1 2 |4-LS1-1 2 |4-Ls1-1 2 |4-LS1-1 2 |4-LS1-1 2 |4-LSI-1
Objective Pairwise Comparison: 1

Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 5 Batch 48). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
High

Low Medium
28.8

LS

LS1

3-LS1-1
4-LS1-1
4-LS1-2

_

5-LS1-1

LS2

3-LS2-1

5-LS2-1

LS3

3-LS3-1

3-LS3-2

LS4

3-LS4-1
3-LS4-2
3-LS4-3

3-L.S4-4

*GLOBAL: high numbers reflect weighting of items
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Table 4 (SDSA Grade 5 Batch 48). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

137-

2 618-3013

3 519-3508

4 522-17404
5 544-17410
6 660-17445
7453-17474
8456-17613
9 528-17614
10 457-17615
11 483-17743
12 499-17824
13 500-17829
14 680-17831
15 504-17838
16 540-18027
17 636-18088
18 651-18374
19 653-18428
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Table 5 (SDSA Grade 5 Batch 48). Assessment Item DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK ‘ \ Matched DOK ‘ ‘ High DOK \

Appendix B

LS

LSl

3-LS1-1: 2] 2:(12)[2] 3:(6)[2]

4-LS1-1: 2] 7:(12)[2] 8:(12)[2] 9:(6)[2] 11:(12)[2] 12:(6)[2] 14:(12)[2] 19:(12)[2]
4-1L81-2

5-LSI-1

LS2

3-LS2-1: 2] 16:(48)[2]

5-LS2-1: 2] 1:6)[2]

LS3

3-LS3-1: 2] 18:(6)[2]

3-LS3-2

LS4

3-LS4-1

3-LS4-2: 2] 6:(48)[2] 10:(6)[2] 13:6)[2] 15:6)[2]
3-L84-3: 2] 5:(36)[2]

3-LS4-4: [3] 4:6)[2] 17:46)[2]




Grade 5 Batch 49

Table 1 (SDSA Grade 5 Batch 49). Depth-of-Knowledge Levels by Item and Reviewers’
Intraclass Correlation

Item |Reviewer 1 |Reviewer2 ~ |Reviewer3  |Reviewer4  |Reviewer5  |Reviewer 6
1 2 2 2 2 2 2
2 3 3 2 2 2 2
3 2 2 2 2 2 2
4 2 2 2 2 2 2
5 2 3 2 2 2 2
6 2 2 2 2 2 2
7 2 2 3 2 2 2
8 2 3 3 2 2 2
9 2 2 3 2 2 2
10 2 2 2 2 2 2
11 2 2 3 3 3 2
12 2 2 2 2 3 2
13 2 2 2 2 2 2
14 2 2 2 2 2 2
15 2 3 2 2 2 2
16 2 2 2 2 2 2
17 2 2 3 2 2 2
18 2 2 2 2 2 2
19 2 2 2 2 2 2
20 2 2 2 2 2 2
21 2 3 2 2 2 2

Intraclass correlation - .3939
Pairwise Comparison - 0.81
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Table 2 (SDSA Grade 5 Batch 49). DOK Levels and Objectives Code by Each Reviewer
Item [ DOK | Obj S1 Obj |S2 Obj [DOK |Obj S1 Obj |S2 Obj [DOK {Obj S1 Obj [S2 Obj [DOK |Ob; S1 Obj |S2 Obj [DOK |Obj S1 Obj |S2 Obj JDOK |Ob; S1 Obj |S2 Obj

| 4-PS3-3 2 4-PS3-3 2 4-PS3-3 2 4-PS3-3 2 4-PS3-3 2 4-PS3-3
2 |3 5-PS1-1 3 5-PS1-1 2 5-PSI-1 2 5-PS1-1 2 5-PS1-1 2 5-PS1-1
3 |2 3-PS2-1 2 3-PS2-1 2 3-PS2-1 2 3-PS2-1 2 3-PS2-1 2 3-PS2-1
4 |2 5-PS1-1 2 5-PSI-1 2 5-PSI-1 2 5-PS1-1 2 5-PS1-1 2 5-PS1-1
5 2 5-PS1-3 3 5-PS1-3 2 5-PS1-3 2 5-PS1-3 2 5-PS1-3 2 5-PS1-3
6 |2 5-PS2-1 2 5-PS2-1 2 5-PS2-1 2 5-PS2-1 2 5-PS2-1 2 5-PS2-1
A 3-PS2-4 2 3-PS2-4 3 3-PS2-4 2 3-PS2-4 2 3-PS2-4 2 3-PS2-4
8 |2 5-PS1-4 3 5-PS1-4 3 5-PS1-4 2 5-PS1-4 2 5-PS1-4 2 5-PS1-4
9 2 4-PS4-3 2 4-PS4-3 3 4-PS4-3 2 4-PS4-3 2 4-PS4-3 2 4-PS4-3
10 |2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 2 4-PS3-2
11 |2 3-PS2-1 2 3-PS2-1 3 3-PS2-1 3 3-PS2-1 3 3-PS2-1 2 3-PS2-1
12 |2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 3 4-PS3-2 I2 4-PS3-2
13 |2 4-PS3-1 2 4-PS3-1 2 4-PS3-1 2 4-PS3-1 2 4-PS3-1 2 4-PS3-1
14 |2 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4
15 |2 4-PS4-1 3 4-PS4-1 2 4-PS4-1 2 4-PS4-1 2 4-PS4-1 2 4-PS4-1
16 |2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 2 4-PS3-2 2 4-PS3-2
17 |2 4-PS3-1 2 4-PS3-1 3 4-PS3-1 2 4-PS3-1 2 4-PS3-1 2 4-PS3-1
18 |2 3-PS2-1 2 3-PS2-1 2 3-PS2-1 2 3-PS2-1 2 3-PS2-1 2 3-PS2-1
19 |2 5-PS1-3 2 5-PS1-3 2 5-PS1-3 2 5-PS1-3 2 5-PS1-3 2 5-PS1-3
20 |2 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4
21 |2 4-PS3-4 3 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4 2 4-PS3-4
Objective Pairwise Comparison: 1

Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 5 Batch 49). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
High

Low

Medium
28.8

PS

PS2

3-PS2-2

3-PS2-3
3-PS2-4
5-PS2-1
PS3

4-PS3-1
4-PS3-2
4-PS3-3
4-PS3-4
5-PS3-1

PS4

4-PS4-1
4-PS4-2
4-PS4-3
PS1

5-PS1-1
5-PS1-2
5-PSI1-3
5-PS1-4
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Table 4 (SDSA Grade 5 Batch 49). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

1 28-

2 657-1122

3 520-3520

4 521-17401
5523-17415
6 524-17456
7 525-17461
8 526-17462
9 527-17463
10 455-17612
11 529-17639
12 464-17648
13 467-17662
14 677-17677
15531-17712
16 498-17815
17 507-17844
18 511-17851
19 534-17902
20 634-18066
21 675-18268
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Table 5 (SDSA Grade 5 Batch 49). Assessment Item DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK i \ Matched DOK ‘ I High DOK \
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PS

PS2

3-PS2-1: [4] 3:6)[2] 11:(12)[2] 18:(6)[2]
3-PS2-2

3-PS2-3

rs e

5-PS2-1: 2] 6:(6)2]

PS3

4-PS3-1: 2] 13:(12)[2] 17:(12)[2]

4-PS3-2: 2] 10:(12)2] 12:6)[2] 16:6)[2]
4-PS3-3: [2] 1:(6)[2]

4-PS3-4: [4] 14:12)[2] 20:6)[2] 21:(18)[2]
5-PS3-1

PS4

4-PS4-1: 2] 15:(48)[2]

4-PS4-2

ey

PSI

5-PS1-1: [2] 2:42)12] 4:(6)[2]

5-PS1-2

5-PS1-3: [2] 5:(48)[2] 19:(6)[2]

5-PS1-4: [3] 8:(18)[2] |
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Grade 5 Batch 50

Table 1 (SDSA Grade 5 Batch 50). Depth-of-Knowledge Levels by Item and Reviewers’
Intraclass Correlation

Item |Reviewer 1 |Reviewer2 ~ |Reviewer3  |Reviewer4  |Reviewer5  |Reviewer 6
1 2 2 2 2 2 2
2 2 2 2 2 2 2
3 2 2 2 2 2 2
4 2 3 2 2 2 2
5 2 2 2 2 2 2
6 2 2 3 2 2 2
7 2 2 2 2 2 2
8 2 2 2 2 2 2
9 2 2 2 2 2 2
10 2 2 3 2 2 2
11 2 2 2 2 2 2
12 2 2 2 2 2 2
13 2 2 2 2 2 2
14 2 2 3 2 2 2
15 2 2 2 2 2 2
16 3 3 3 3 3 3
17 2 2 3 2 2 2
18 2 2 2 2 2 2
19 2 2 2 2 2 2
20 2 2 3 2 2 2
21 2 2 2 2 2 2

Intraclass correlation - .8848
Pairwise Comparison - 0.9
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Table 2 (SDSA Grade 5 Batch 50). DOK Levels and Objectives Code by Each Reviewer

1 |2 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2
2 |2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2
3 |2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2 2 3-ESS2-2
4 |2 5-ESS1-1 3 5-ESSI1-1 2 5-ESSI1-1 2 5-ESSI1-1 2 5-ESSI-1 2 5-ESSI-1
5 12 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2 2 4-ESS2-2
6 |2 5-ESS3-1 2 5-ESS3-1 3 5-ESS3-1 2 5-ESS3-1 2 5-ESS3-1 2 5-ESS3-1
7 |2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1
8 |2 5-ESSI-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2
9 12 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2
10 |2 4-ESS32 2 4-ESS3-2 3 4-ESS3-2 2 4-ESS3-2 2 4-ESS3-2 2 4-ESS3-2
11 |2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1
12 |2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1
13 |2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1 2 4-ESS3-1
14 |2 4-ESS3-2 2 4-ESS3-2 3 4-ESS3-2 2 4-ESS3-2 2 4-ESS3-2| 2 4-ESS3-2
15 ]2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2
16 |3 3-ESS3-1 3 3-ESS3-1 3 3-ESS3-1 3 3-ESS3-1 3 3-ESS3-1 3 3-ESS3-1
17 |2 4-ESS3-2 2 4-ESS3-2 3 4-ESS3-2 2 4-ESS3-2 2 4-ESS3-2. 2 4-ESS3-2
18 |2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2 2 5-ESS1-2
19 |2 3-ESS3-1 2 3-ESS3-1 2 3-ESS3-1 2 3-ESS3-1 2 3-ESS3-1 2 3-ESS3-1
20 |2 4-ESS32 2 4-ESS3-2 3 4-ESS3-2 2 4-ESS3-2 2 4-ESS3-2 2 4-ESS3-2
21 |2 4-ESS2-1 2 4-ESS2-1 2 4-ESS2-1 2 4-ESS2-1 2 4-ESS2-1 2 4-ESS2-1
Objective Pairwise Comparison: 1

Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 5 Batch 50). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
Low Medium High

ESS
ESS2
3-ESS2-1
3-ESS2-2
4-ESS2-1
4-ESS2-2
5-ESS2-1
5-ESS2-2
ESS3
3-ESS3-1
4-ESS3-1
4-ESS3-2
5-ESS3-1
ESS1
4-ESS1-1
5-ESS1-1
5-ESS1-2
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Table 4 (SDSA Grade 5 Batch 50). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

1 26-

2 35-

3 60-
4541-1184
5515-2761

6 517-3051
7518-3102
8459-17629
9 460-17630
10 530-17679
11 681-17835
12 510-17850
13 512-17861
14 545-17873
15 533-17877
16 536-17922
17 635-18079
18 674-18080
19 684-18087
20 685-18107
21 640-18170
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Table 5 (SDSA Grade 5 Batch 50). Assessment Item DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK ‘ \ Matched DOK ‘ ‘ High DOK \

ESS

ESS2

3-ESS2-1

3-ESS2-2: [2]

2:(6)[2]

3:(12)[2]

4-ESS2-1: [2]

21:(6)[2]

4-ESS2-2: [2]

1:6)[2]

5-ESS2-1

5:(6)[2]

5-ESS2-2

ESS3

16:(54)[3]

19:(12)[2]

3-ESS3-1: [3]
4-ESS3-1:]

7(6)[2]

11:(12)[2]
| 14:(6)[2]

4-ESS1-1

5-ESS1-1:[2]

4:(42)[2]

5-ESS1-2:[2]

8:(6)[2]

9:(6)2]

15:(6)[2]

18:(6)[2]
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Grade 8 Batch 51

12

11

10

Reviewer |Reviewer | Reviewer |Reviewer |Reviewer |Reviewer |Reviewer |Reviewer |Reviewer |Reviewer |Reviewer |Reviewer

1

Table 1 (SDSA Grade 8 Batch 51). Depth-of-Knowledge Levels by Item and Reviewers

Intraclass Correlation

Item

Intraclass correlation - .7054
Pairwise Comparison - 0.86

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

17
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Table 2 (SDSA Grade 8 Batch 51). DOK Levels and Objectives Code by Each Reviewer
SDSA Grade 8 Batch 51

Sl ‘s|

MS- MS- Ms- MS- MS- MS- MS- MS- S- MS- S-
[ P LSI- 2 LSI- 2 LSI- 2 LS1- 2 LS1- 2 LS1- 2 Ls1- b Ls1- b LS1- b LSI- J LS1- b LSl-
3 3 3 3 3 3 3 3 3 3
MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS-
2 |2 s 2 |usi- 2 LSI- 2 |usi- > LSI- > LSI- L s b LSI- b LSI- b LSI- b LSI- b LSI-
6 6 6 6 6 6 6 6 5 3 5 5
MS- MS- Ms- MS- MS- MS- MS- MS- M- S- M- S-
3 |2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- b Ls2- g Ls2- b L2 J LS2- b 52
2 2 2 2 2 2 > > 3 3 3 >
MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS-
4 |3 LS4- 2 |is+ 2 LS4- 2 Jis+ 3 LS4- 2 Ls4- 3 LS4- b LS4- b LS4 J LS4 b LS4 J [S4-
6 6 6 6 6 6 6 6 5 3 5 5
MS- MS- Ms- MS- MS- MS- MS- MS- M- S- M- S-
s |2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- 2 Ls2- b Ls2- b Ls2- b L2 J LS2- b 52
4 4 4 4 4 4 4 4 4 4 4 1
MS- MS- MS- Ms- Ms- MS- MS- MS- MS- MS- MS- VS-
6 |2 |ist 2 |is+ 2 LS4 2 s+ 2 LS4 2 LS4 2 fis+ b LS4- o LS4- J LS4 d LS4- J [ S4-
1 1 1 1 1 1 | | | | |
MS- MS- Ms- MS- MS- MS- Ms- MS- M- S- M- S-
7 |2 LS2- 2 LS2- 2 LS2- 2 LS2- > LS2- > Ls2- > Ls2- b Ls2- b Ls2- b LS2- J Ls2- b 152
4 4 4 4 4 4 " 4 4 4 4 1
MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS-
8 |2 |Lsi- 2 |Lsi- 2 LSI- 2 |Lsi- > LSI- > LS2- 3 LSI- b LSI- b LSI- b LSI- J LS2- b LSI-
6 6 6 6 6 3 6 6 3 3 3 5
MS- MS- Ms- MS- MS- MS- MS- MS- MS- S MS- S
I b LS4 3 LS4 3 LS4 3 LS4- > LS4- > LS4- 1 LS4 b LS4 b Ls4- b 1S4 J Ls4- b LS4
5 5 5 5 5 5 5 5 5 5
MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS-
o |2 fusi- 2 |usi- 2 LSI- 2 |usi- > LSI- > LSI- 3 LSI- b LSI- b LSI- b LSI- J LSI- b LSI-
L L L L L B 2 2 > 3 > ]
MS- MS- Ms- MS- MS- MS- Ms- MS- M- S- M- S-
n LS2- 2 LS2- 2 LS2- 2 LS2- > LS2- > Ls2- > Ls2- b LS2- b Ls2- b 1S2- J Ls2- b 152
4 4 4 1 1 4 4 4 4 4 4 1
MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS-
2 |2 s> 2 s> 2 LS2- 2 Jis>- > LS2- > LS2- L i b LS2- b LS2- b LS2- J LS2- b 12
4 4 4 4 4 4 4 4 4 4 4 1
MS- MS- Ms- MS- MS- MS- MS- MS- MS- S M- S
B3 |2 LS2- 2 LS2- 2 LS2- 2 LS2- > LS2- > LS2- 3 LS2- b LS2- b Ls2- b 1S2- J Ls2- b 152
4 4 4 4 4 4 b " 4 4 4 1
MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS-
u |2 s 2 L 2 LS4 2 i 2 LS4 2 LS4 2 is>- b LS4- b LS4- p LS4 J LS4- p [S4-
1 1 1 1 1 1 4 | | | |
MS- MS- Ms- MS- MS- MS- MS- MS- MS- S- M- S-
15 |2 LS2- 2 LS2- 2 LS2- 2 LS2- o LS2- o LS2- o LS2- b LS2- b LS2- b LS2- b LS2- b 152
4 4 4 4 4 4 n n 4 4 4 1
MS- MS- Ms- Ms- Ms- MS- MS- MS- MS- MS- MS- MS-
16 2 |is- 2 L 2 LS2- 2 |is>- > LS2- 2 LS2- L s> b LS2- b LS2- J LS2- d LS2- J 152
I3 I3 3 3 3 3 3 3 3 5 3
MS- MS- Ms- MS- MS- MS- Ms- Ms- M- S- M- S-
17 |2 LS2- 2 LS2- 2 LS2- 2 LS2- o LS2- o LS2- o LS2- b LS2- b LS2- b 152 b LS2- b 152
4 4 4 4 4 4 | n 4 4 4 1
MS- MS- Ms- MSs- MS- MS- MS- MS- MS- MS- MS- VS-
18 |2 s> 2 s> 2 LS2- 2 Jis> > LS2- 2 Ls2- 3 LS2- b LS2- b LS2- J L2 d LS2- J 152
2 2 2 2 2 B 2 2 > ] > >
MS- MS- Ms- MS- MS- MS- MS- MS- M- S- MS- S-
v |2 Ls4- 2 Ls4- 2 Ls4- 2 Ls4- 2 Ls4- 2 Ls4- 2 Ls4- b Ls4- b Ls4- b LS4 J Ls4- b 'S4
1 1 1 1 1 1 | | | | |
MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS- MS-
20 |3 LS2- 2 s> 3 LS2- 2 Jis>- 2 LS2- 2 LS2- 2 i b LS2- g LS2- J LS2- b LS2- b 52
5 5 5 5 5 5 5 5 5 5 5 5
MS- MS- Ms- MS- MS- MS- MS- MS- M- S- MS- S-
a |2 LSI- 2 LSI- 2 LSI- 2 LS1- 2 LS1- 2 LS1- 2 Ls1- b Ls1- b LS1- b LSI- J LS1- b LSl-
6 6 6 6 6 6 6 6 3 3 3
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Ms- Ms- MS- Ms- Ms- Ms- Ms- Ms- MS- NS- MS- Nis-
2 2 s Ls3- Ls3- Ls3- Ls3- Ls3- LS3- LS3- LS3- LS3- L s LS3-
| | 1 | | | | | I 1 I
MS- MS- MS- MS- MS- MS- MS- MS- MS- S- MS- S-
n 2 fus- Ls3- Ls3- Ls3- Ls3- Ls3- Ls3- Ls3- LS3- 53 R LS3-
2 2 2 2 2 2 2 2 > > > >
MS- MS- Ms- M- M- M- Ms- Ms- MS- MS- MS- Ms-
% 3 s LS2- Ls2- LS2- LS2- LS2- LS2- LS2- Ls2- 52 b s> L2
5 5 s 5 5 s s s s 5 s 5
Objective Pairwise Comparison: 0.95

Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 8 Batch 51). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)

Low Medium

57.6

High

MS-LS

MS-LS1

MS-LS1-1

MS-LS1-2

MS-LSI1-3

MS-LS1-4

MS-LSI1-5

MS-LS1-6

MS-LS1-7

MS-LS2

MS-LS2-1

MS-LS2-2

MS-LS2-3
MS-LS2-4
MS-LS2-5

MS-LS3

MS-LS3-1

MS-LS3-2

MS-LS4

MS-LS4-1

MS-LS4-2

MS-LS4-4

MS-LS4-5

MS-LS4-6
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Table 4 (SDSA Grade 8 Batch 51). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

1 126-

2 173-

3 571-2970

4 577-3514
5579-17413
6 581-17430
7 590-17432
8621-17454
9 622-17459
10 661-17601
11 454-17607
12 462-17635
13 463-17644
14 475-17718
15 486-17785
16 678-17790
17 490-17794
18 491-17798
19 494-17806
20 625-17865
21 629-18017
22 671-18040
23 644-18194
24 650-18365
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Table 5 (SDSA Grade 8 Batch 51). Assessment Item DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK ‘ \ Matched DOK ‘ ‘ High DOK \

MS-LS

MS-LSI

MS-LS1-1

MS-LS1-2: [2] 10:24)[2]

MS-LS1-3: [2] 1:24)2]

MS-LS1-4

MS-LS1-5

MS-LS1-6: [2] 2:(12)12] 8:20)[2] 21:(12)[2]
MS-LS1-7

MS-LS2

MS-LS2-1: [2] 11:@)2] 17:(0[2]

MS-LS2-2: [2] 3:(12)12] 18:24)[2]
MS-LS2-3: [2] 8:(4)2] 16:24)[2]

MS-LS2-4: [2] 5:024)2] 7:24)2] 11:20)12] 12:(12)12] 13:(1D2] 14:()[2] 15:(12)12] 17:(D)2]
MS-LS2-5: [3] 24:24)[2]

MS-LS3

MS-LS3-1: [2] 22:(36)(2]

MS-LS3-2: [2] 23:(36)[2]

MS-LS4

MS-LS4-1: [2] 6:(12)[2] 14:(1D)[2] 19:(12)[2]
MS-LS4-2

MS-LS4-4

MS-LS4-5: [3] m

MS-LS4-6: [2] 4096)[2]
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Grade 8 Batch 52

Table 1 (SDSA Grade 8 Batch 52). Depth-of-Knowledge Levels by Item and Reviewers
Intraclass Correlation

Reviewer | Reviewer | Reviewer | Reviewer | Reviewer |Reviewer |Reviewer |Reviewer |Reviewer | Reviewer | Reviewer |Reviewer
Item | b 3 4 5 6 7 8 9 10 1 12
1 2 2 3 2 3 2 3 2 2 2 3 3
2 2 2 2 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2 2 2 2
4 1 2 2 2 2 2 2 1 2 2 2 1
5 2 2 2 2 2 2 2 2 2 2 2 2
6 2 2 2 2 2 2 3 3 2 2 2 2
7 2 2 2 2 2 2 2 2 2 2 2 2
8 2 2 3 2 2 2 3 2 2 2 2 2
9 2 3 2 2 2 2 3 2 2 2 2 2
10 3 3 4 2 3 3 3 3 2 2 3 2
11 2 2 4 2 2 2 2 2 2 2 2 3
12 2 2 2 2 2 2 2 2 2 2 2 2
13 3 2 3 2 2 2 3 3 3 2 2 2
14 2 2 4 2 2 3 3 2 3 3 2 2
15 3 2 3 2 3 3 3 2 3 2 2 2
16 3 3 3 3 3 2 3 3 3 3 3 2

Intraclass correlation - .872
Pairwise Comparison - 0.7
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Table 2 (SDSA Grade 8 Batch 52). DOK Levels and Objectives Code by Each Reviewer

. S1 |s2 . S1 |s2 . S1 |s2 . S1 js2 . S1 | s2 . S1 | s2 . St 2 . S1 2 . S1| s2 S1y S2 | S1j  S2)
Item |DOK | Obj ot |0 DOK || Obj Obj | ot DOK | Obj Obj | Obj DOK | Obj ob | Onj DOK 0bj | Obj DO oni| obi DOK || Obj | ¢ il Obj DOK || Obj Objl Obj DOK || Obj ot O onl o DOkl oof S 5 DOkl ob
MS- Ms- MS- MS- MS- MS- MS- Ms Ms M M M
3 |2 s 2 s 2 |ps3- 2 |psa- 2 s 2 | es3 2 | rss 2 | ps3 2 | Py 2 | s 2 | ps 2 | ps
1 1 1 1 1 1 1 1 1 1 1 1
MsS- M- MS- MS- MS- M- M- MS ™S, M M M
4 | fesi 2 s 2 st 2 |psi- 2 |psi- 2 | s 2 | st 1 | st 2 | psi 2 | ps 2 | s 1 | s
5 5 5 5 5 5 5 5 5 5 5 5
Ms- M- MS- MS- MS- MS- MS- Ms Ms M M M
s |2 |psi- 2 st 2 st 2 |psi- 2 |psi- 2 |siy 2 | st 2 | st 2 | psi 2 | ps 2 | s 2 | s
4 4 4 4 4 4 4 4 4 4 4 4
Ms- M- Ms- Ms- Ms- M- M- MS ™S, M M M
6 2 |ps+ 2 psa 2 lpsa 2 |pst 2 |psa 2 |ess 3 | e 3| psy 2 | st 2 | n 2 | P 2 | P
I2 2 2 2 2 2 2 2 2 2 2 2
MS- M- MS- MS- MS- MS- MS- Ms Ms M M M
7 2 PS4- 2 PS4- 2 PS4- 2 PS4- 2 PS4-| 2 PS4+ 2 PS4 2 PS4 2 PS4 2 P! 2 P! 2 P!
2 2 2 2 2 2 2 2 2 2 2 2
Ms- Ms- Ms- Ms- Ms- M- M- MS MS, M M M
8 2 PS1- 2] PS1- 3 PS1- 2 PS1- 2 PS1- 2 PS14 3 PSI: 2 PSI: 2 PSI| 2 PS 2 PS 2 PS
B 3 3 3 3 3 3 3 3 3 3 3
Ms- M- Ms- Ms- Ms- Ms- MS- Ms Ms M M M
o 2 e+ 3 e 2 lesa 2 |pst 2 |psa 2 | pss 3 | psa 2 | ey 2 | st 2 | 2 | p 2 | p
2 2 2 2 2 2 2 2 2 2 2 2
Ms- Ms- Ms- Ms- Ms- M- M- MS MS, M M M
0 |5 |ess- 3 |pss- 4 |psa 2 |ps3- 3 | ps3 3 | ps3 3 | pss 3| pss 2 | ps3 2 | ps 3 | ps 2 | ps
3 3 3 3 3 3 3 3 3 3 3 3
Ms- Ms- MS- MS- MS- MS- MS- Ms Ms M M M
n o fess- 2 |ps 4 e 2 |psa- 2 |ps3 2 | es3 2 |3 2 |3 2 | ps3 2 | ps 2 | s 3 | ps
3 3 3 3 3 3 3 3 3 3 3 3
MS- Ms- MS- MS- MS- M- M- MS MS, M M M
12 2 PS4- 2 PS4- 2 PS4- 2 PS4- 2 PS4- 2 PS4+ 2 PS4 2 PS4 2 PS4 2 P! 2 P! 2 P!
3 3 3 3 3 3 3 3 3 3 3 3
Ms- Ms- MS- MS- MS- MS- MS- Ms Ms M M M
B |es- 2 |ps 3 |psa- 2 |psa- 2 |ps3 2 | es3 3 | pss 3| pss E 2 | ps 2 | s 2 | s
5 4 4 4 4 4 4 4 3 4 3 4
-
MS- MS- MS- MS- MS- MS- MS- MS. MS] Mt Mt Mt
u 2 |ess 2 s 4 |pss- 2 |ps3- 2 |ps3 3 | ps3 3 | pss 2 |3 3| Py 3 | s 2 | s 2 | s
B 3 3 3 3 3 3 3 3 3 3 3
Ms- Ms- MS- MS- MS- Ms- MS- Ms Ms M M M
5 |5 e 2 s> 3 |ps2- 2 |ps2- 3 | e 3 | e 3 | rs2 2 | 2 3| P2 2 | ps 2 | s 2 | s
2 2 2 2 2 2 2 2 2 2 2 2
-
MS- MS- MS- MS- MS- MS- MS- MS. MS. Mt Mt Mt
16 |5 s+ 3 s+ 3 e+ 3 e+ ER 2 | esa E 3 | psal L L I 3 | # 2 | P
1 1 1 1 1 1 1 1 1 1 1 1
Objective Pairwise Comparison: 0.97
Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 8 Batch 52). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
Low Medium High

MS-PS
MS-PS1
MS-PS1-1
MS-PS1-2
MS-PS1-3
MS-PS1-4
MS-PS1-5
MS-PS1-6
MS-PS2
MS-PS2-1
MS-PS2-2
MS-PS2-3
MS-PS2-4
MS-PS2-5
MS-PS3
MS-PS3-1
MS-PS3-2
MS-PS3-3
MS-PS3-4
MS-PS3-5
MS-PS4
MS-PS4-1
MS-PS4-2
MS-PS4-3
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Table 4 (SDSA Grade 8 Batch 52). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

s sed

172-

2 129-

3 658-2947

4 572-3031
5578-3516

6 466-17658
7 468-17666
8 584-17716
9 484-17744
10 626-17870
11 627-17999
12 665-18001
13 628-18016
14 633-18062
15 641-18178
16 686-18866
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Table 5 (SDSA Grade 8 Batch 52). Assessment Item DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK ‘ \ Matched DOK ‘ ‘ High DOK \

MS-PS

MS-PS1

MS-PS1-1

MS-PS1-2

MS-PS1-3: [3] m

MS-PS1-4: [2] 5:(12)[2]

MS-PSI-5: [2]

MS-PS1-6

MS-PS2

MS-PS2-1

MS-PS2-2: [3] 1:24)[2] 15:(12)[2]
MS-PS2-3

MS-PS2-4

MS-PS2-5

MS-PS3

MS-PS3-1: [2] 3:(12)12]

MS-PS3-2

MS-PS3-3: [4] 10:24)[3] 11:312)[2] 14:(12)12]
MS-PS3-4: 3] 13:9)12] |

MS-PS3-5: [2] 13:(1)[3]

MS-PS4

MS-PS4-1: [2] 2:(12)2] 16:(144)[3]
MS-PS4-2: [2] 6:(12)[2] 7:(12)[2] 9:(36)[2]
MS-PS4-3: [2] 12:(12)2]
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Grade 8 Batch 53

Table 1 (SDSA Grade 8 Batch 53). Depth-of-Knowledge Levels by Item and Reviewers
Intraclass Correlation

Reviewer |Reviewer | Reviewer |Reviewer | Reviewer |Reviewer | Reviewer |Reviewer | Reviewer |Reviewer | Reviewer | Reviewer
1 2 10 11 12

H
a
B

[\
[\
[\

Ol |IQ|n|n | |wlo|—

—
(=]

—_—
—_

—
[\

—_
w

DI NI I NN N W
DI I I NN NN ]WlwN N
DI I I I I |WIWIND W W

—
~

NI I NN NN NN B
DI I I IN NN ININ NN NN @
NI I NN NN INDIND|WININDIND S
NI [WININD[WINDIND|W WW W w2
DI I NN NN I IND|WININ(ND
DI I NN NN NN WD O
DI I I IN NN NN NN W
DI I I IN NN NN NN W
DI I N INININININ NN W

15 2 2 2

Intraclass correlation - .9239
Pairwise Comparison - 0.88
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Table 2 (SDSA Grade 8 Batch 53). DOK Levels and Objectives Code by Each Reviewer

S1 S1 S1 51 1
Obj |Obj Obj flObj Obj [Obj Obi B b % Db POK

MS- MS- MS- S- VS- S- S- S- S

1 2 ESS3- 2 ESS3- 3 [ESS3- P ESS3- iSS3- SS3- SS3- S3- S3- 3- -
4 4 4 4 3
MS- MS- MS- MS- s I Is- 5 3

2 |2 |Essx > |Ess: b [ess3- b [Ess3- iSS3- SS3- SS3- S3- S3- 3 s
1 1 1 1
MS- MS- MS- S- VS- S- S- S- S

3 2 ESS2- 3 ESS2- 3 [ESS2- P ESS2- iSS2- SS2- SS2- S2- S2- 2- -
6 6 6 6 )
MS- MS- Ms- MS- s s S S 3

4 |5 |Esss- 3 |Bss3- B Esss- b |Ess3- iSS3- SS3- SS3- S3- S3- 3. s
4 4 4 4 !
MS- MS- Ms- S s S - 5 3

s |2 |Essi- > |Essi- b Jessi- b SS1- isS1- SS1- SI- SI- 1- 1- B
1 1 | |
MS- MS- MS- S- s- s n 5 3

6 |2 |Essi- 2 |EssI- b |Essi- b SS1- iSS1- SS1- SI- bsi- S1- il =
1 1 | |
MS- MS- Ms- S s S 3 5 3

7 2 ESS1- 2 ESS1- 2 [ESS1- P ESS1- iSS1- SS1- S1- S1- S1- 1- -
2 2 2 P ]
MS- MS- MS- MS- s- s . 5- 3

8 [z |Essi- 2 |EssI- b [essi- b |essi- iSS1- SS1- SI- bsi- S1- il =
2 2 2 R 5
12
MS- MS- MS- S- MS- S- lis- S- -

9 2 ESS1- 2 ESS1- 2 [ESS1- o ESS1- iSS1- SS1- SS1- S1- S1- 1- -
2 2 2 P ]
MS- MS- Ms- MS- s s S S 3

10 2 ESS2- 2 ESS2- n ESS2- ” ESS2- iSS2- SS2- SS2- S2- S2- 2- -
2 2 2 R 5
12
MS- MS- Ms- S s S Is- 5 3

n |2 Jessi- 2 |essi- b [essi- b [essi- isS1- SS1- SI- SI- 1- 1- B
1 1 1 1
MS- MS- MS- MS- s s S S 3

12 2 ESSI- 2 ESSI- 2 [ESS1- P ESS1- ESS1- SS1- SS1- S1- S1- 1- -
3 3 3 3 |
MS- MS- MS- S- vS- S- S- S- -

13 J2 |ESsI- 2 JESSI- L |Essi- b [EssI- iSS1- SS1- SS1- S1- S1- 1- -
1 1 | |
MS- MS- Ms- MS- s s S S 3

14 2 ESSI- 2 ESSI1- 2 ESS1- P ESS1- ESS1- SS1- SS1- S1- S1- 1- -
1 1 | |
MS- MS- MS- S- vS- S- S- S- -

15 2 |ESS2>- 2 JESS2- L |Bss2- b [ess2- iSS2- $82- SS52- S2- Is2- - -
1 1 1 1

Objective Pairwise Comparison: 1

Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 8 Batch 53). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
Low Medium High

MS-ESS
MS-ESS1
MS-ESS1-1
MS-ESS1-2
MS-ESS1-3
MS-ESS2
MS-ESS2-1
MS-ESS2-2
MS-ESS2-3
MS-ESS2-4
MS-ESS2-5
MS-ESS2-6
MS-ESS3
MS-ESS3-1
MS-ESS3-2
MS-ESS3-3
MS-ESS3-4
MS-ESS3-5
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Table 4 (SDSA Grade 8 Batch 53). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

1 139-

2 385-2965

3 573-3049

4 659-3084
5469-17668
6 592-17671
7472-17709
8473-17710
9474-17711
10 583-17715
11 482-17741
12 487-17787
13 502-17836
14 682-17878
15 672-18055
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Table 5 (SDSA Grade 8 Batch 53). Assessment Item DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK ‘ \ Matched DOK ‘ ‘ High DOK \

MS-ESS
MS-ESS1

MS-ESSI1-1: [2] 5:(12)[2] 6:36)[2] 11:(12)[2] 13:(12)[2] 14:(12)[2]
MS-ESS1-2: 2] 7:(12)[2] 8:(12)[2] 9:(24)[2]

MS-ESS1-3: 2] 12:24)[2]

MS-ESS2

MS-ESS2-1: [2] 15:(12)[2]

MS-ESS2-2: [2] 10:(36)[2]

MS-ESS2-3

MS-ESS2-4

MS-ESS2-5

MS-ESS2-6: [2] 3:(24)[2]

MS-ESS3

MS-ESS3-1: [2] 2:24)[2]

MS-ESS3-2

MS-ESS3-3

MSESS14:D] R

MS-ESS3-5
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Grade 11 Batch 54

Table 1 (SDSA Grade 11 Batch 54). Depth-of-Knowledge Levels by Item and Reviewers
Intraclass Correlation

Item |Reviewer 1 |Reviewer 2 |Reviewer 3 |Reviewer 4 |Reviewer 5 |Reviewer 6
1 2 2 2 2 2 2
2 2 3 2 2 2 2
3 2 2 2 2 2 2
4 2 2 2 2 2 2
5 2 2 2 2 2 2
6 2 2 2 2 2 2
7 2 3 2 2 2 2
8 2 3 2 2 2 2
9 2 2 2 2 2 2
10 2 3 2 2 2 2
11 2 3 2 2 2 2
12 1 2 2 2 2 2
13 2 2 2 2 2 2
14 2 2 2 2 2 2
15 2 3 2 2 2 2
16 2 3 2 2 2 2
17 2 3 2 3 2 2
18 2 3 2 3 2 2
19 2 3 2 2 2 2
20 2 2 2 3 2 2
21 2 2 2 2 2 2
22 3 2 2 2 2 2
23 2 3 2 2 2 2
24 2 3 2 2 2 2
25 3 3 2 2 2 2
26 2 3 2 2 2 2
27 2 2 2 3 3 2
28 2 2 2 2 2 2
29 2 3 2 2 2 2
30 2 2 2 3 2 1
31 2 2 2 2 2 2
32 2 2 2 3 2 2
33 2 3 2 2 2 2
34 2 3 3 3 3 3
35 2 3 3 3 3 3
36 2 3 2 2 2 2
37 2 2 2 2 2 2

Intraclass correlation - .6718
Pairwise Comparison - 0.75
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Table 2 (SDSA Grade 11 Batch 54). DOK Levels and Objectives Code by Each Reviewer

1 2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2
2 2 HS-LS1-4 3 HS-LS1-4 2 HS-LS1-4 2 HS-LS1-4 2 HS-LS1-4 HS-LS1-4
3 2 HS-LS3-1 2 HS-LS3-1 2 HS-LS3-1 2 HS-LS3-1 2 HS-LS3-1 2 HS-LS3-1
4 |2 HS-LS1-5 2 HS-LS1-5 2 HS-LS1-5 2 HS-LS1-5 2 HS-LS1-5 HS-LS1-5
5 2 HS-LS3-2 2 HS-LS3-2 2 HS-LS3-2 2 HS-LS3-2 2 HS-LS3-2 2 HS-LS3-2
6 |2 HS-LS1-1 2 HS-LSI1-1 2 HS-LS1-1 2 HS-LS1-1 2 HS-LSI1-1 HS-LS1-1
[7 2 HS-LS1-2 3 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2
8 |2 HS-LS3-3 3 HS-LS3-3 2 HS-LS3-3 2 HS-LS3-3 2 HS-LS3-3 HS-LS3-3
9 2 HS-LSI1-1 2 HS-LSI-1 2 HS-LSI1-1 2 HS-LSI1-1 2 HS-LSI-1 2 HS-LS1-1
10 |2 HS-LS4-5 3 HS-LS4-5 2 HS-LS4-5 2 HS-LS4-5 2 HS-LS4-5 HS-LS4-5
11 |2 HS-LS1-7 3 HS-LS1-7 2 HS-LS1-7 2 HS-LS1-7 2 HS-LS1-7 2 HS-LS1-7
12 |1 HS-LS2-4 2 HS-LS2-4 2 HS-LS2-4 2 HS-LS2-4 2 HS-LS2-4 HS-LS2-4
13 ]2 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2
14 |2 HS-LS1-6 2 HS-LS1-6 2 HS-LS1-6 2 HS-LS1-6 2 HS-LS1-6 HS-LS1-6
15 |2 HS-LS4-3 3 HS-LS4-3 2 HS-LS4-3 2 HS-LS4-3 2 HS-LS4-3 2 HS-LS4-3
16 |2 HS-LS4-1 3 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1 HS-LS4-1
17 |2 HS-LS4-5 3 HS-LS4-5 2 HS-LS4-5 3 HS-LS4-5 2 HS-LS4-5 2 HS-LS4-3
18 |2 HS-LS1-4 3 HS-LS1-4 2 HS-LS1-4 3 HS-LS1-4 2 HS-LS1-4 HS-LS1-4
19 |2 HS-LS4-1 3 HS-LS4-1 2 HS-LSI1-1 2 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1
20 |2 HS-LS1-4 2 HS-LS1-4 2 HS-LS1-4 3 HS-LS1-4 2 HS-LS1-4 HS-LS1-4
21 |2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7
22 |3 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 HS-LS2-7
23 |2 HS-LS4-1 3 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1
24 |2 HS-LS3-2 3 HS-LS3-2 2 HS-LS3-2 2 HS-LS3-2 2 HS-LS3-2 HS-LS3-2
25 |3 HS-LS2-7 3 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7 2 HS-LS2-7
26 |2 HS-LS2-6 3 HS-LS2-6 2 HS-LS2-6 2 HS-LS2-6 2 HS-LS2-6 HS-LS2-2
27 |2 HS-LS4-5 2 HS-LS4-5 2 HS-LS4-5 3 HS-LS4-5 3 HS-LS4-5 2 HS-LS2-1
28 |2 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1 2 HS-LS4-1 HS-LS4-1
29 |2 HS-LS4-5 3 HS-LS4-5 2 HS-LS4-5 2 HS-LS4-5 2 HS-LS4-5 2 HS-LS4-5
30 |2 HS-LS2-4 2 HS-LS2-4 2 HS-LS2-4 3 HS-LS2-4 2 HS-LS2-4 1 HS-LS2-4
31 |2 HS-LS1-7 2 HS-LS1-7 2 HS-LS1-7 2 HS-LS1-7 2 HS-LS1-7 2 HS-LS1-7
32 |2 HS-LS2-4 2 HS-LS2-4 2 HS-LS2-4 3 HS-LS2-4 2 HS-LS2-4 HS-LS2-4
33 |2 HS-LS2-5 3 HS-LS2-5 2 HS-LS2-5 2 HS-LS2-5 2 HS-LS2-5 2 HS-LS2-5 |[HS-LS2-5
34 |2 HS-LS2-5 3 HS-LS2-5 3 HS-LS2-5 3 HS-LS2-5 3 HS-LS2-5 HS-LS2-5
35 |2 HS-LS3-2 3 HS-LS3-2 3 HS-LS3-2 3 HS-LS3-2 3 HS-LS3-2 3 HS-LS3-2
36 |2 HS-LS1-2 3 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2 2 HS-LS1-2 HS-LS1-2
37 |2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2 2 HS-LS2-2
Objective Pairwise Comparison: 0.96
Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 11 Batch 54). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
Low Medium

High

e 36 e
HS-LS

HS-LS1

HS-LS1-1
HS-LS1-2
HS-LS1-3
HS-LS1-4
HS-LS1-5
HS-LS1-6
HS-LS1-7
HS-LS2
HS-LS2-1
HS-LS2-2
HS-LS2-3
HS-LS2-4
HS-LS2-5 33(28)
HS-LS2-6
HS-LS2-7
HS-LS2-8

HS-LS3

HS-LS3-1
HS-LS3-2
HS-LS3-3
HS-LS4

HS-LS4-1
HS-LS4-2
HS-LS4-3
HS-LS4-4
HS-LS4-5
HS-LS4-6

35
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Table 4 (SDSA Grade 11 Batch 54). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)
Low Medium High

e

1201-

2 563-3034

3 566-3064

4 548-3070
5451-17421
6 569-17424
7551-17425
8452-17431
9 552-17440
10 553-17451
11458-17618
12 465-17654
13 470-17696
14 476-17721
15477-17726
16 478-17727
17 480-17729
18 485-17748
19 488-17788
20 489-17789
21492-17800
22 594-17804
23 495-17807
24 496-17811
25497-17814
26 624-17822
27501-17833
28 503-17837
29 505-17839
30 506-17842
31 508-17845
32 509-17847
33 557-17909
34 559-17932
35 668-18034
36 631-18036
37 638-18140
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Table 5 (SDSA Grade 11 Batch 54). Assessment Iltem DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK ‘ \ Matched DOK ‘ ‘ High DOK \

HS-LS

HS-LS1

HS-LS1-1: [2] 6:(6)[2] 9:(12)[2] 19:(1)[2]
HS-LS1-2: [2] 7:(6)[2] 13:6)[2] 36:24)[2]
HS-LS1-3

HS-LS1-4: [2] 2:(60)[2] 18:24)[2] 20:(18)[2]
HS-LS1-5: [2] 4:6)[2]

HS-LS1-6: [2] 14:(6)[2]

HS-LS1-7: [2] 11:24)[2] 31:6)[2]

HS-LS2

HS-LS2-1: [2] 27:(D[2]

HS-LS2-2: [2] 1:(12)[2] 26:2)[2] 37:(12)[2]
HS-LS2-3

HS-LS2-4: [2] | 12:(12)2] | 30:(12)[2] 32:(12)[2]
HS-LS2-5: [2] 34:(54)[3]

HS-LS2-6: [3] 26:(10)[2] |

HS-LS2-7: [4] 21:(6)[2] | 22:(6)[2] 25:(12)[2]
HS-LS2-8

HS-LS3

HS-LS3-1: [2] 3:(6)[2]

HS-LS3-2: [2] 5:6)[2] 24:(12)[2] 35:(60)[3]
HS-LS3-3: [2] 8:(6)[2]

HS-LS4

HS-LS4-1: [2] 16:(12)[2] 19:(5)[2] 23:(12)[2] 28:(6)[2]
HS-LS4-2

HS-LS4-3: [2] 15:6)[2] 17:(1)[2]

HS-LS4-4

HS-LS4-5: [3] : 17:9)2] L 27:09)2] | 29:(12)[2]
HS-LS4-6
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Grade 11 Batch 55

Table 1 (SDSA Grade 11 Batch 55). Depth-of-Knowledge Levels by Item and Reviewers
Intraclass Correlation

Item |Reviewer 1 |Reviewer2 ~ |Reviewer3  |Reviewer4  |Reviewer5  |Reviewer 6
2 2 2 2 2 2

Ol |||l |wWiN|—

—
(==

—_—
—_

NI IR W NN

—
[\

DI WIW W W] wlo
WIN[WININDIW WIND | WIWwWiN N
WIN NN WD W W
NI I NI | WIW W WIN |
DI RN |W W

13 2

Intraclass correlation - .8818
Pairwise Comparison - 0.77
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Table 2 (SDSA Grade 11 Batch 55). DOK Levels and Objectives Code by Each Reviewer

1 |2 |HS-PSI-6 2 |HS-PSI-6 2 |HS-PSI-6 2 [HS-PS1-6 S-PS1-6 HS-PS1-6
2 |2 |HS-PS24 2 |HS-PS2-4 2 |HS-PS24 2 |HS-PS24 HS-PS2-4 HS-PS2-4
3 |2 |HS-PSI-4 3 |[HS-PSI-4 2 |HS-PSI-4 2 |HS-PS1-4 S-PS1-4 HS-PS1-4
4 |3 |HS-PS3-3 3 |HS-PS3-3 3 |HS-PS3-3 3 [HS-PS3-3 HS-PS3-3 HS-PS3-3
5 |2 |HS-PS4-5|HS-PS4-5 3 |HS-PS4-5 3 |HS-PS4-5 3 |HS-PS4-5 S-PS4-5 HS-PS4-5
6 |2 |HS-PSI-I 3 |HS-PSI-1 2 |HS-PSI-1 2 [HS-PSI-1 HS-PS1-1 HS-PS1-1
[7 ]2 |As-psis 3 |[HS-PSI-5 3 |HS-PSI-S 3 |HS-PSI-S S-PS1-5 HS-PS1-5
8 |2 |HS-PS4-5 2 |HS-PS4-5 3 |HS-PS4-5 2 |HS-PS4-5 HS-PS4-5 HS-PS4-5
9 |2 |HS-PS3-4 2 |HS-PS3-4 2 |HS-PS3-4 2 |HS-PS34 S-PS3-4 HS-PS3-4
10 |2 |HS-PSI-2 2 |HS-PS1-2 2 |HS-PSI-2 2 |HS-PS1-2 HS-PS1-2 HS-PS1-2
11 |2 |HS-PS4-1 2 [HS-PS4-1 3 |HS-PS4-1 2 |HS-PS4-1 S-PS4-1 HS-PS4-1
12 |2 |HS-PS2-6 2 |HS-PS2-6 2 |HS-PS2-6 2 [HS-PS2-6 HS-PS2-6 HS-PS2-6
13 |2 |HS-PS4-1 2 |HS-PS4-1 3 |HS-PS4-1 3 |HS-PS4-1 S-PS4-1 HS-PS4-1
Objective Pairwise Comparison: 1
Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 11 Batch 55). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
Low Medium High

e 324 - s

HS-PS
HS-PS1
HS-PS1-1
HS-PS1-2
HS-PS1-3
HS-PS1-4
HS-PS1-5
HS-PS1-6
HS-PS1-7
HS-PS1-8
HS-PS2
HS-PS2-1
HS-PS2-2
HS-PS2-3
HS-PS2-4
HS-PS2-5
HS-PS2-6
HS-PS3
HS-PS3-1
HS-PS3-2
HS-PS3-3
HS-PS3-4
HS-PS3-5
HS-PS4
HS-PS4-1
HS-PS4-2
HS-PS4-3
HS-PS4-4
HS-PS4-5
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Table 4 (SDSA Grade 11 Batch 55). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

alesTE . w4

1 180-

2 199-

3 547-2981

4 564-3036
5567-3103

6 620-17452
7 558-17919
8 670-18039
9 632-18045
10 643-18186
11 645-18206
12 646-18216
13 654-18429
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Table 5 (SDSA Grade 11 Batch 55). Assessment Iltem DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])

‘ Low DOK ‘ \ Matched DOK ‘ ‘ High DOK \

HS-PS

HS-PS1

HS-PS1-1: [2]

6:(48)[2]

HS-PS1-2: [2]

10:(6)[2]

HS-PS1-3

HS-PS1-4: [2]

3:(6)[2]

HS-PS1-5: [2]

7:(42)[3]

HS-PS1-6: [2]

1:(12)[2]

HS-PS1-7

HS-PS1-8

HS-PS2

HS-PS2-1

HS-PS2-2

HS-PS2-3

HS-PS2-4: [2]

2:(0)[2]

HS-PS2-5

HS-PS2-6: [2]

12:(6)[2]

HS-PS3

HS-PS3-1

HS-PS3-2

HS-PS3-3: [4]

HS-PS3-4: [4]

HS-PS3-5

| 4:(54)[3]
| 9:(6)12]

HS-PS4

HS-PS4-1: 2]

11:6)[2]

13:(12)[2]

HS-PS4-2

HS-PS4-3

HS-PS4-4

HS-PS4-5: [2]

5:(42)[3]

8:(18)[2]
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Grade 11 Batch 56

Table 1 (SDSA Grade 11 Batch 56). Depth-of-Knowledge Levels by Item and Reviewers
Intraclass Correlation

Item |Reviewer 1 |Reviewer 2 |Reviewer 3 |Reviewer 4 |Reviewer 5 | Reviewer 6
1 2 2 2 2 2 2
2 2 2 2 2 2 2
3 2 2 2 2 2 2
4 2 3 3 3 3 3
5 3 2 3 3 3 3

Intraclass correlation - .9533
Pairwise Comparison - 0.87
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Table 2 (SDSA Grade 11 h 56). DOK Levels and Objectives Code by Each Reviewer

A [st[s2 [s1 |s2 [s1 |s2 A Is1 |s2
Ite‘“| DOK| e obj |obj Obj |Obj obj |Obj DOKHOL’J Obj | Obj
HS-ESS3- HS-ESS3- HS-ESS3- HS-ESS3- HS-ESS3- HS-ESS3-
1 2 2 2 2 2 2
6 6 6 6 6 6
o b HS-ESS2- 5 HS-ESS2- 5 HS-ESS2- 5 HS-ESS2- 5 HS-ESS2- 5 HS-ESS2-
2 2 2 2 2 2
3 | HS-ESS2- 5 HS-ESS2- 5 HS-ESS2- 5 HS-ESS2- 5 HS-ESS2- 5 HS-ESS2-
3 3 3 3 3 3
s | HS-ESSI1- 3 HS-ESSI1- 3 HS-ESSI1- 3 HS-ESSI1- 3 HS-ESS1- 3 HS-ESS1-
2 2 2 2 2 2
P B HS-ESS3- 5 HS-ESS3- 3 HS-ESS3- 3 HS-ESS3- 3 HS-ESS3- 3 HS-ESS3-
4 4 4 4 4 4
Objective Pairwise Comparison: 1
Standard Pairwise Comparison: 1
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Table 3 (SDSA Grade 11 Batch 56). Number of Reviewers Coding an Item by Objective (Item Number: Number of Reviewers)
Low Medium High

HS-ESS
HS-ESS1

HS-ESSI-1
HS-ESS1-2
HS-ESS1-3
HS-ESS1-4
HS-ESS1-5
HS-ESS1-6
HS-ESS2

HS-ESS2-1
HS-ESS2-2 2(6)
HS-ESS2-3 3(6)
HS-ESS2-4
HS-ESS3

HS-ESS3-1
HS-ESS3-2
HS-ESS3-3
HS-ESS3-4
HS-ESS3-5
HS-ESS3-6 1(6)
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Table 4 (SDSA Grade 11 Batch 56). Number of Reviewers Coding an Objective by Item
(Objective: Number of Reviewers)

Low Medium High

o8 24

1216-

2 219-

3 565-3057
4 556-17897
5 666-18008
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Table 5 (SDSA Grade 11 Batch 56). Assessment ltem DOK vs Consensus DOK (Item Number: Number of Reviewers [Average DOK])
Low DOK Matched DOK High DOK

HS-ESS

HS-ESS1

HS-ESS1-1

HS-ESS1-2:[2] 4:48)[3]

HS-ESS1-3

HS-ESS1-4

HS-ESS1-5

HS-ESS1-6

HS-ESS2

HS-ESS2-1

HS-ESS2-2:[2] 2:(6)[2]

HS-ESS2-3:[2] 3:(6)[2]

HS-ESS2-4

HS-ESS3

HS-ESS3-1

HS-ESS3-2

HS-ESS3-3
HS-ESS3-4: [3] CSGHB
HS-ESS3-5

HS-ESS3-6:[2] 1:(6)[2]
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January, 2023



Table 1. Items flagged by reviewers for unmet expectations by grade band

Grades 5
Item ID Primary Issue Reason Suggested
(Type) (PE) Resolution
371 Scoring PE states Make a claim about the merit of a design solution that reduces the impacts | Review and revise
(2938/1581) | Assertions omit | of a weather-related hazard. [Clarification Statement: Examples of design solutions to
(Stand core part of DCI weather-related hazards could include barriers to prevent flooding, wind resistant
alone) (3-ESS3-1) roofs, and lightning rods.]
In contrast, item focus is water conservation and Scoring Assertion states the item
gives evidence that the student “...understands how to evaluate design solutions
based on the impact they have on the environment.” Reviewers commented that the
item would need to incorporate the idea of a weather-related hazard to adequately
address the internally coded PE. (1 scoring assertion)
355 Rated Category of | Response requires recall of the relationship between two variables. (1 scoring Remove or revise
(2908/1561) Engagement assertion)
(Stand Level 1
alone) (4-PS3-1)
379 Scoring This item was flagged in 2019 for revision due to weak connection of scoring Review and revise
(2950/1465) | Assertions weakly | assertions to the standard, intertwined with concern about item clarity. The item asks
(Stand address standard | students to interpret information presented in a diagram and then to select the
alone) + concerns about | appropriate graphic representation of the same information. The correct answer
clarity requires the student to make an assumption that contrasts with the information
(5-ESS2-2) presented in the diagram (which shows a change in the flow of fresh water but no
change in the flow salt water). Weak connection to PE. (2 scoring assertions)
444 Rated Category of | Requires recall of relative amounts of salt and fresh water on Earth. (1 scoring Remove or revise
(3124/1474) Engagement assertion)
(Stand Level 1
alone) (5-ESS2-2)
37 (Stand Editorial errorin | Item asks students to demonstrate understanding of flow of energy. There is no Review and revise
alone) Scoring Assertion | reference to matter within item. In the scoring assertion, the word “matter” should be
(5-LS2-1) replaced with “energy.” (1 scoring assertion)
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Grades 8
Item ID Issue (PE) Reason Suggested
(Type) Resolution
378 Scoring Assertions | A majority of panelists found that the scoring assertions reflected the student work, Review and revise
(2948/1523) too far from PE but only a minority agreed they adequately represent the PE. (2 scoring assertions)
(Stand (MS-PS4-2)
alone)
375 Rated Category of | Panelists did not think this was answerable as written. Perhaps could revise prompt Remove or revise
(2944/1451) | Engagement Level | to specify “that distinguish the molecular composition...” however this does not
(Stand 1 resolve absence of phenomenon / DOK 1 (2 scoring assertions)
alone) (MS-PS1-1)
395 Rated Category of | Requires recall of specific input and output molecules for cellular respiration. Remove or revise
(2994/1436) | Engagement Level | Reviewers also noted that he assessment boundary for the targeted standard
(Stand 1 specifies that an assessment of the standard should not include details about the
alone) (MS-LS1-7) chemical reactions. (3 scoring assertions)
577 (3514) Editorial For Part A, Petal Length, directions and menu dropdown options do not correspond Review and revise
(Cluster) Corrections to the question / answer. There is a directive given for students to have a
Needed for “workaround” to this mismatch. Instead of a workaround, the directions and menu
Student dropdown options should be adjusted so that they correspond to the actual
Interaction question/answer. (8 scoring assertions)
(MS-LS4-6)
678 (17790) Editorial Instructions tell students to select "organisms" but students need to select the sun Review and revise
(Stand Corrections (which is NOT an organism) to get the answer correct. (2 scoring assertions)
alone) Needed for
Student
Interaction
(MS-LS2-3)
682 (17878) Inaccurate Image of moon shown for Dec. 16 is incorrect — should be the other half of the moon Review and revise
(Stand diagram shown. (1 scoring assertion)
alone) (MS-ESS1-1)
628 (18016) | Scoring Assertions | A majority of panelists found that the scoring assertions reflected the student work, Review and revise
(Stand too far from PE but only a minority agreed they adequately represent the standard, commenting that
alone) (MS-PS3-4) the connection to mass was insufficient. (1 scoring assertion)
126 (Stand Editorial Item scoring differentiates between a designation of “neither” (i.e. the evidence Review and revise
alone) Corrections provided neither supports nor contradicts a statement) and “contradicts” (i.e.
Needed for evidence provided contradicts a statement). However, although there is no evidence
Student provided that supports nor contradicts the third statement, answering “neither” is
considered incorrect. Panelists recommended switching to two choices and not have
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Interaction students need to differentiate between “contradicts” and “neither.” (2 scoring
(MS-LS1-3) assertions)
173 (Stand Editorial Graph label needs correction; First instance of "Fall '01" should say "Fall '00"(1 Review and revise
alone) Corrections scoring assertion)
Needed for Graph
Label (MS-LS1-6)
Grade 11
Item ID Issue (PE) Reason Suggested
(Type) Resolution
359 Inaccurate Item is anchored in inaccurate diagram and confusion about the science ideas Remove or revise
(2915/1477) | diagram/science | overall. (Current diagram shows a common misrepresentation of replicated
(Stand (HS-LS3-2) chromatids, with each chromatid a different color and overlapping in an “x” shape. It
alone) is not possible to make sense of the problem, given the misrepresentations. Table 1
shows information about replication errors that occurred in mitosis, not meiosis, and
the connection to the overall intent/problem is unclear.)
564 (3036) Inaccurate use of | Needs corrections for accurate use of kW (to measure power) vs kWh (to measure Review and revise
(Cluster) terms/units (HS- | energy) (9 scoring assertions)
PS3-3)
565 (3057) | Science/Scoring | Item context seems to be drawing on the African Humid Period but the information Review and revise
(Stand Assertions Issues | provided does not allow students to make the inferences needed to arrive at the
alone) (HS-ESS2-3) "correct" answer, and the evidence given is not considered sufficient to explain the
actual climate change in the area (multiple factors are thought to have been
involved). Panelists were additionally concerned that the emphasis on the "closest
point to the sun" could take students toward common misconceptions related to the
cause of seasons (i.e. closeness to sun vs tilt of axis). (1 scoring assertion)
476 (17721) Editorial Given information provided, it is not possible to determine the extent to which energy Remove or revise
(Stand Corrections and/or matter is a limiting factor, and therefore not possible to infer whether the
alone) Needed for cause for the increase is due to the increase in available energy or available matter.
Student (1 scoring assertion)
Interaction/Scoring
(MS-LS1-6)
492 (17800) Editorial Currently, components of this answer can be correct if a student indicates there is Remove or revise
Stand Corrections evidence AND if a student indicated there is NOT sufficient evidence. Panelists
alone) Needed for argued that there are issues with the internal logic of the question if the answer can
Student be "correct" given two opposite conditions (i.e. that it is not reasonable to both HAVE
Interaction and NOT HAVE enough evidence.) One portion of this item requires students to
/Scoring indicate that individual human action of turning off lights on the beachfront has an
(MS-LS1-6) impact. This requires an assumption about what that beachfront / lights are like — and
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would not apply in the context of high-rises, for example, where an individual light
would not change the overall beachfront lighting. (1 scoring assertion)
497 (17814) Editorial Currently, the “correct” answer requires assumption, not evidence, and one Remove or revise
(Stand Corrections component of the "correct” answer does not correspond to a science-based
alone) Needed for assumption — there is no evidence provided nor any reason to assume that creating
Student a wildlife refuge will change the rate of biodiversity outside of the refuge (2 scoring
Interaction/Scoring | assertions)
(MS-LS2-7)
559 (17932) | Science/Scoring | Reviewers questioned the science and logic behind several scoring assertions. For Review and revise
(Cluster) Assertions Issues | example, an increase in biomass should be sufficient evidence for the observation
(HS-LS2-5) (from Table 1) and it should not be considered incorrect for students to (correctly)
state that plants release CO2 through cellular respiration. The standard emphasizes
the relationship between photosynthesis and cellular respiration while this item
separates them (and penalizes a student for connecting the processes). (9 scoring
assertions)
668 (18034) Overall Content Requires students to make assumptions without data and to work outside of standard Remove or revise
(Cluster) and Scoring LS3-2, which does not include speciation by errors in meiosis / polyploidy. Students
Assertions Issues | are not expected to have background experience with polyploidy and therefore the
(HS-LS3-2) answer to Part D conflicts with the information as currently presented in Table 2. (10
scoring assertions)
199 Editorial Item states that the mass of an object changes but it should say weight. Replace Review and revise
(Stand Corrections “mass” with “weight.” Revise sentence for awkward language of “are on is on.”
alone) Needed/ Correct description of Figure 1, which states that it shows a spacecraft at two
Inaccurate different points when it leaves the moon but actually shows a spacecraft on the moon
Science and after leaving the moon. (1 scoring assertion)
(HS-PS2-4)
216 Editorial Panelists were concerned because item emphasizes use of data but the “correct’ Review and revise
(Stand Corrections / graph inaccurately reflects the data in the given table. To resolve, either true up the
alone) Graph Corrections | graph with the data or just use general labels (similar to what is used for distance
(HS-ESS3-6) from stream) which would allow for the general trend without a mismatch of specific
data. (1 scoring assertion)
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Grade 5 Batch 48

Table 1 (Grade 5 Batch 48). Notes by Reviewer

Notes

Item #1

- 0.none 1. 3D 2. yes 3. no, scoring assertation says "matter" while the question says "energy" 4. no, standard
requires both energy and matter while the question says energy and the scoring assertation says matter

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. yes 2. yes 3. no, the scoring assertation says matter and then ask about energy. 4. no, the question and
the actitation do not match fully. Therefore they are both asking or scoring different things. 5. The question in
itself is quite confusing. The wording makes it unclear at what the question is asking you to do.

- 0. yesiagree 1. 3D 2. yes 3. no scoring and question are not talking about the same things energy vs matter 4. no
the question and assertation matches to separate parts of the standard separately and not in alignment. 5.

- 0.none 1. 3D 2. yes 3. No, the scoring assertation is suggesting matter whereas the question is talking about
energy. 4. no, the standard assertation is referring to matter and energy where as the question and scoring
assertation are two different things.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Ttem #2

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. the term "germination" might be too specific for some 3rd graders to know
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes S.

- 0.none 1. 3D 2. yes 3. yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #3

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
-0.none 1. 3D 2. yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #4

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #5

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1. 3D 2. Yes 3. Yes 4. Yes 5. Only comment is the ability to click on evidence to toggle it over to answer
whereas the middle school did not have that.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #6

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. Yes 4. Yes 5. No (5. I believe that this question leads students to believe that all
information pertains to male birds. The jump to female birds are green could just mean that male birds that where
green where not caught because they are hard to find.)

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. The question is a bit long for what is needed. You can eliminate part D and
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still get an accurate reading on if the child understands the standard.

-0. Yes T agree 1. 3D 2. Yes 3. Yes 4. Yes 5. It was a bit lengthy and the toggle portions tends to lead a student to
question their understandings of breeding selections.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #7

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
-0.none 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #8

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. An image of the rat storing seeds in cheeks might be useful (though not
required)

-0.None 1.2D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3D 2. Yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (0. I believe that the answer asks the students to make a jump in logic
that is not supported by the information given.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #10

- 0.none 1. 3D 2. yes 3. yes 4. no, missing finding mates and reproduction components 5. student does not really
need the data to answer this question if they have any knowledge at all about camouflage

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. no, this question does not apply to the entire standard. It does not go over breeding
or reproduction which is half of the standard.

- 0. Yes T agree 1. 3D 2. Yes 3. Yes 4. No, the scoring assertion does not apply to all of the standard due to it only
covering surviving but not finding a mate or reproducing. 5.

- 0.none 1. yes 2. Yes 3. Yes 4. No, the question is only connecting one part of the standard.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #11

- 0.none 1. 3D 2. yes 3. yes 4. no, maybe not broad enough to cover behavior and reproduction?

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (5. Tell students they should have a mark in each row or one column
may have more then one mark.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #12

- 0. none 1. 3D 2. yes (with addition of image mentioned in 5) 3. yes 4. yes 5. since this is such an unusual
Australian animal, an image or picture would be useful here

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. No, the scoring assertion does not apply to all of the standard due to it only
covering surviving but not finding a mate or reproducing. 5.
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-0.none 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #13

-0.none 1. 3D 2. yes 3. yes 4. no, doesn't really cover finding a mate or reproducing

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Within this question there seems to be a lot of distractors from the context
that is needed. It seems as if there could be a smaller graph or a graph that has more information regarding the
exact subject. There is a lot about color but then nothing on the graph about color then the question asks about
color. Seems confusing.

-0.YesIagree 1.3D 2. Yes 3. Yes 4. Yes 5. They are including breeding information in the distractor portion to
just to make the question his a majority of the topics in the standard to have it remain applicable.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Pulling in extra information in order to meet the needs of the standard.
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #14

- 0.none 1. 3D 2. yes 3. yes 4. no, doesn't really cover finding a mate or reproducing

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1. 3D 2. yes 3. yes 4.No, the scoring assertion does not apply to all of the standard due to it only
covering surviving but not growth, behavior or reproducing.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #15

- 0.none 1. 3D 2. yes 3. yes 4. no, doesn't really cover finding a mate or reproducing 5. question would be
strengthened with a description or image of the habitat to show that the larvae are living in the trees (green)
-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (5. It asks the students to make too many assumption about the time of
year and then hiding in green leaves, if it was fall this hypothesis would not be true and it does not say the scientist
put out the larva in early summer.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesIagree 1.3D 2. Yes 3. Yes 4. Yes 5. This question doesnt give any information about the habitat.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #16

- 0. none 1. 3D 2. yes 3. no, on part D as long as students know the survival rate is higher for groups, they can
choose the only 2 answer choices that say increase without even reading the rest of the sentence 4. yes 4.

- 0. None 1. 3D 2. Yes 3. Yes 4. Yes 5.No (5. I can not see how question E is supported through the evidence
provided.)

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #17

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #18

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
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-0.none 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #19

- 0.none 1. 3D 2, yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree 1. 3D 2. yes 3. yes 4. yes 5.
-0-none 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Table 2 (Grade 5 Batch 48). Source-of-Challenge Issues by Reviewer

'Sources of Challenge

[NONE]

Grade 5 Batch 49

Table 1 (Grade 5 Batch 49). Notes by Reviewer

Notes

Item #1

- 0. none 1. 2D, students are not really asking a question, they are answering one 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Ttem #2

- 0. none 1. 3D 2. yes 3. yes 4. yes (maybe a bit of overshooting the standard though... covers more than just that
the marshmallow and the air are made of particles, also includes pressure and particle movement)

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. YesIagree 1. 3D 2. Yes 3. Yes 4. Yes 5. A bit difficult due to amount of cluster items

- 0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #3

- 0.none 1. 2D, no SEP 2. yes 3. yes 4. no, students are not planning or carrying out an investigation, they are
simply looking at the data from a scenario

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Question seems to be overly simplified. The standard that this aligns with is
typically a 4 however I feel this is too simple to be a 4 or even a 3.

-0.YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #4

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes S.
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-0.none 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #5

- 0. none 1. 2D, missing SEP 2. yes 3. yes 4. no, students are not really planning or even carrying out an
investigation, they are just manipulating and analyzing someone else's data

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. Yes Great question real makes students use what they know.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesIagree 1.3D 2. Yes 3. Yes 4. Yes 5. Directions could be cleaned up and a bit more explanatory.
-0.none 1.3d 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #6

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.
-0.none 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #7

- 0. none 1. 2D, missing SEP 2. yes 3. yes 4. no, does not as students to define the problem, students are selecting a
design

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Ttem #8

- 0. none 1. 3D 2. yes 3. yes 4. no, students do not plan or carry out the investigation, they simply analyze the data
from the investigation

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. Yes (Great Question)

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0. none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. no, students are comparing but not creating the solutions
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #10

- 0. none 1. 2D, missing SEP 2. yes 3. yes 4. no, students are not doing the investigation here (see #1) and they are
only dealing with heat and light, not sound or electrical current

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. no, Within this question I believe that all things are aligned however there are
multiple items in the standard that are not being questioned or even mentioned. I do not feel that this standard is
being fully evaluated or tested. The only thing that is mentioned in the question is energy and light. This leaves out
sound, heat, electric currents.

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1.3d 2. yes 3.yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes
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Item #11

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5. The students are being docked points for performing incorrect trials
when the problem set up doesnt give them enough information to have confidence to submit correct trials. If they
problem only was "graded" on the correct question then I would say there is no issue. But being docked for
incorrect trials without enough information to provide correct trials.

-0.none 1. 3D 2. Yes 3. Yes 4. Yes 5. a couple notes [ am suggesting, is giving more information to the students
so they can get the correct answer. The question is pushing for a dok 4 but it is only a dok 3 but taking information
away to make it harder.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #12

- 0. none 1. 2D, no SEP 2. yes 3. yes 4. no, doesn't address light, heat, or electric currents

-0.None 1. 3D 2. Yes 3. Yes 4. Yes 5. No, the final answer hints at movement that could be considered a transfer
of energy.

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. This question is very confusing. Adding in the last option as a question is
adding in additional confusion and changing the question that it is asking. I do think that they are covering the
portion of what they are testing.

- 0. Yes T agree 1. 3D 2. Yes 3. Yes 4. Yes, only sound is being covered as a topic matter in the standard. 5. Both
C and D are plausible answers as when energy is transferred out of the system both will come to a stop with no
energy in the system. So D being a distractor will throw a student off of the standard being tested.

- 0. none 1. 3d 2. yes 3. yes 4. yes 5. not covering enough of the standard. need to change the distractors in the
question as the last option could also be the answer if didn't know the standard was sound.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #13

- 0.none 1. 3D 2. yes 3. yes 4. no, no direct connection to energy levels, student would have to infer that
relationship based on prior knowledge

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #14

- 0. none 1. 3D 2. yes 3. yes 4. no, student does not have to design or actually run the test, they are taking first
steps to refining with the identification of disadvantages but needs more 5. This question would benefit from the
addition of a followup question asking students what their next steps in the process would be

- 0. None 1.3D 2. Yes 3. Yes 4. Yes 5. No This question would benefit from some additional step that would
address the transfer of energy.

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. This question seems to be a little lacking. I feel that this would benefit from
additional questions (clustering) or another question in follow up to the ones it is asking.

- 0. Yes T agree 1. 3D 2. Yes 3. Yes 4. No, it is not meeting the full content of the standard 5. This question would
need to be taken a step further for them to refine their project or design or reasoning. Would be a great cluster
question in order to meet all of the standard needs.

- 0.none 1. 3D 2. yes 3. yes 4. The question needs one more piece in order for it to complete the standard.
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #15

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes
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Item #16

- 0.none 1. 3D 2. yes 3. yes 4. no, doesn't address light, heat, or electric currents
- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes S.

- 0.none 1. 3d 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #17

- 0.none 1. 3D 2. yes 3. yes 4. no, no direct connection to energy is made, students must infer that stretching the
rubber band is adding energy

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #18

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not actually carryout the investigation, they just begin the planning
stages of asking the question 5. may be closer to SEP 1?

- 0. None 1.3D 2. Yes 3. Yes 4. No (This descriptor and question could refer more to about the forces not speed.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0. none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #19

- 0.none 1. 3D 2. yes 3. yes 4. no, students didn't plan or carry out the investigation, they simply analu=yzed the
data to make a conclusion

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #20

- 0.none 1. 3D 2. yes 3. yes 4. no, students are not really designing or testing, they are just suggesting a refinement
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0. none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #21

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not have to design or test the device, they just have to suggest a
refinement

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes
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Table 2 (Grade 5 Batch 49). Source-of-Challenge Issues by Reviewer

|Sources of Challenge

[NONE]

Grade 5 Batch 50

Table 1 (Grade 5 Batch 50). Notes by Reviewer

Notes

Item #1

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1.3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Ttem #2

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. Yes 4. Yes 5. No (Represent two regions of a world not place so close . Perhaps a
different town in North Dakota that would not panic students when reading and cause them to loss their focus
when reading the question.)

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. Additional information such as variation in the world needs to be used to
insure that we are not using two places from the same place. Some children can be turned off from the names of
the places as well when thinking about younger children easier words may ensure the comfortableness of the
children.

-0. YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5. Would be better fit into this standard if picked 2 locations further in
difference of climates and seasons. If you dont change locations it would be better fit under ESS2-1

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Note: need to better understand different parts of the world. Need to change
it so they are two climates.

- 0. None 1. 3D 2. Yes 3. Yes 4. Yes 5. Keep in 2-2 and maybe represent a different region or part of the world as
the standard indicates

Item #3

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #4

- 0. none 1. 3D 2. yes 3. yes 4. no, standard asks students to compare to the sun and the sun in not included in the
options 5. I am not sure that the graph scale allows the students to differentiate enough between some of the street
lights?

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1. 3D 2. Yes 3. Yes 4. Yes 5. Part A answer is hard to manipulate

Item #5

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes
- 0.none 1. 3D 2. yes 3. yes 4. yes
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-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #6

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #7

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #8

- 0. none 1. 3D 2. yes 3. yes 4. no, does not address shadows, day and night, or stars (moon is not even part of the
standard)

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes 5. Distractor is not different enough from the correct answer to give a

good assessment. A and B are very close in distance and unless and understanding of spatial value, not scientific

value can lead to an incorrect answer.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. no, does not address shadows, day and night, or stars (moon is not even part of the
standard)

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #10

- 0. none (though there could be some connection to 3-ESS3-1 since flooding is a weather related hazard as well)
1.3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #11

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #12
- 0. none 1. 3D 2. yes 3. yes 4. yes
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- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. I would suggest mentioning how long after the solar panels are placed. So

essential the pattern could be at what point does the plant life begin to decrease.
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #13

- 0.none 1. 3D 2. no, without an image, I am not sure that enough students will know what a "reef" is 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #14

- 0.none 1. 3D 2. yes 3. yes 4. no, students are not generating the solutions, just comparing and evaluating them
-0.None 1. 3D 2. Yes 3. Yes 4. Yes 5. No (Needs more details in descriptor or limitation for students to make
correct answers.)

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes I agree 1.3D 2. Yes 3. Yes 4. Yes S.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Data needs more information that needs more. Especially if you have an
answer about taller buildings but no data on it.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #15

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not deal with shadows or day and night , only star patterns

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. The coloring and size of the stars that the student is to be determining should
be put in another color or changed as it is confusing.

-0. YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5. Stars to be identified and followed need to be a different color than
the distractors in the background.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. This data does not help the pattern of the story. The color needs to be a
yellow.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #16

- 0. none 1. 3D 2. yes 3. yes 4. yes but see note on 5 5. The depth of this task might be more suited to 4th or 5th
grade which would make this better connected to 4-ESS3-2 with drying soil being more of an "earth process" and
less of a "weather-related hazard"

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. YesITagree 1. 3D 2. Yes 3. Yes 4. Yes 5.The clusters are attempting to make it more complex but all it is
really doing it making it more difficult.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Too much work, trying to make it more complex when they shouldnt.
-0.None 1. 3D 2. Yes 3. Yes 4. Yes 5. Too complex for student?

Item #17

-0.none 1. 3D 2. yes 3. yes 4. no, students are not generating solutions, just comparing them
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #18

- 0.none 1. 3D 2. yes 3. yes 4. no, question does not include shadows, or day and night
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
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-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes S.
- 0. none 1. 3d 2. yes 2. yes 3. yes
- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #19

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.
- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #20

- 0.none 1. 3D 2. yes 3. yes 4. no, not sure that students are really generating and comparing multiple solutions so
much as they are thinking about ways to modify a single solution

- 0. None 1.3D 2. Yes 3. Yes 4. No (This discuses measure of solutions not the comparing after measuring.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. Yes 4. Yes 5. What the student is expected to do is a bit confusing

Item #21

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5, No (more info about weather to know that it is not other factors.)
- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Table 2 (Grade 5 Batch 50) Source-of-Challenge Issues by Reviewer

'Sources of Challenge

[NONE]
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Grade 8 Batch 51

Table 1 (Grade 8 Batch 51). Notes by Reviewer

Notes

Item #1

- 0.none 1. 3D 2. yes 3. no (see source of challenge) 4. yes

- 0. None 1. 3D 2. Yes 3. No (see source of challenge) 4. Yes (Students are unable to answer 126 correctly because
the answers do not reflect the evidence in the question. There is no contradictive evidence.)

- 0.none 1. 3D 2. yes 3. no (see source of challenge) 4. yes

- 0. None 1. 3D 2. yes 3. no (See source of challenge) 4. yes 5.The neither box is vague and doesn't tell the
students if there was NO Evidence present to click that box. As an educated adult I was unsure when neither was
an applicable answer.

- 0.None 1. 3D 2. Yes 3. No (see source of challenge) 4. Yes

-0.None 1.3D 2. Yes 3. No 4. Yes 5.

- 0-none 1.3d 2. yes 3. no (see source of challenge-facts listed are not appropriate for the questions and options
available to respond to) 4. yes 5

- O - No disagreement. 1- 3D 2- yes 3-no, if a student selects "neither" then they automatically get no credit. When
students select this column, the data don't tell us that students know anything about the evidence. It may need to be
worth 4 points, vs 2 points. 4-yes

- 0. None 1. 3D 2. yes 3. no (student cannot get correct responses based on structure of question) 4. yes

- 0. None. 1. 3D. 2. Yes. 3. No. Neither should not be a choice. 4. Yes.

- 0.None 1. 3D 2. Yes 3. No. Scoring assertion is unreasonable based on structure of answer choices noted above.
4. Yes.

- 0. none 1. 3D 2. yes 3. no (see source of challenge) 4. yes

Item #2

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.2D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. yes I agree 1. 3D 2. yes 4. yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1. 3d 2.yes 3. yes 4.yes

- 1-2D, students are not constructing explanations and designing solutions 2-phenomenon OK 3-yes 4-yes, except
the SEP, students aren't really explaining

- 0. MS1-6 is the preselected choice however, this standard cites the flow of energy into and out of organisms.
This question, even though the correct response involves photosynthesis, is more about the flow of energy among
living and nonliving parts of an ecosystem. The response choices reflect this as well - A & C are living, B & D are
non-living. After discussion with group, I changed my response for the betterment of the group. 1. 2D (missing
SEP) 2. yes 3. yes 4. no - the question assesses the students' ability to read a graph. It does not reflect their
understanding of photosynthesis moving energy between organisms. 5. label in graph is wrong - Fall '01 is listed
twice - the first instance should read Fall '00

- 0. First I chose MS-LS2-2, but after looking at the answers I can see it is relating to photosynthesis which is
standard MS-LS1-6. 1. 3D. 2. Yes. 3. Yes. 4. Yes.

- 0. None. 1. 3D. 2. Yes 3. No. A student can get this right without understanding photosynthesis, since it is the
only logical answer where carbon dioxide decreases during the summer. 4. No. This question addresses the flow of
matter from photosynthesis, but not the flow of energy.

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #3

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.none 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree 1. 3D 2. yes 3. yes 4. yes 5.
- 0.none 1. 3D 2. yes 3. yes 4. yes
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- 0. None 1. 2D, looks more like SEP 4 analyzing and interpreting data 2. Yes 3. Yes 4. Yes

-0.1.3d 2. yes 3.yes 4. yes 5.

- 1-2D, students are connecting to a pattern of information, not really an SEP of constructing an explanation and
designing solutions 2-phenomenon, OK 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #4

- 0.none (though could be connected to 1-4 as well because of the specialized plant structures) 1. 2. 3. 4. 5.
calculator is very difficult to manipulate on this question (often covered important info that [ needed to see)
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Toggle on the question with the graph should make it clear that you can
apply the same answer to all, or that the answers can be used more than once. It is misleading.

- 0. Yes I agree 1. 3D 2. yes 3. no, it is related to the standard but does not fully address what the standard is
asking 4. no, it is related to the standard but does not fully address what the standard is asking 5. Would be better
to have a descriptor saying more than an answer can be used more than once in the toggle portion. Also if a
student believes that an answer can only be used once, they can be penalized more than once for this
misunderstanding of the toggle chart.Too many cluster items for one problem

- 0. None 1. 3D 2. yes 3. No, the scoring do not describe the inferences that can be made from student. 4. No, the
scoring did not meet depth or breadth. 5. The question needs to be better broken up as well as there are too many
questions.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.3d 2. maybe geographical bias 3.no-bc if you get the percentages wrong you miss almost half of the points (3
of 8) 4. yes 5. perhaps make the percentage questions only worth 1 point total...showing how to calculate
percentage is googleable and a 20 sec fix.

- 1-3D 2-phenomenon = good 3-yes 4-yes 5-Part D of item 577 will be tricky for students because of the similarity
of the way choices B & D are worded.

- 0. None 1. 3D 2. yes 3. yes 4. yes 5. Calculator doesn't compute the math - it just enters the equation the student
types into the calculator. This will confuse students since it looks like it wants a specific number as a response.

- 0. I originally chose MS-LS4-4, but upon review I can see there is a mathematical aspect which fit MS-LS4-6. 1.
3D 2. Yes. 3. Yes. 4. Yes

- 0. None 1. 3D 2. Yes 3. No. 4. Yes 5. The average petal length question is confusing. The note to select "the
same length" for similar mean petal lengths is easy to miss. Making that more obvious or providing additional
options like "same as Arizona, etc. would be helpful.

- 0. originally chose LS1-4 but realize the mathematical component and agree with LS4-6 1. 3D 2. yes 3. yes 4.
yes 5. calculator with no equal function key

Item #5

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. L.yes 2.yes 3.yes 4.yes 5. there should be a "does not apply" option because the one that was gone prior to
1980 (paintbrush) doesn't support or not support

- 1-3D 2-phenomenon is good 3-no, see notes in challenge box 4-yes 5-The way the item is scored is a challenge.
If a student doesn't get every check correct then it doesn't register that the student knows anything.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Is the year for Butterfly Bush a typo? Is it supposed to be 1989 (as it is now)
or is it supposed to read 19807

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
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Item #6

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. yes 3.Yes 4.Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

- 0. None 1.3D 2. yes 3. yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.3d 2.yes 3yes 4 yes

- 1-2D, I see that students are analyzing data for a pattern, but I'm not convinced that they can interpreting what
this data means. Instead they are just aligning to an evolutionary answer they were told about in class. 2-
phenomenon is OK 3-no, the distractors are not such that a correct answers tells us that students know about
changes in complexity because younger fossils are not always more complex. 4-yes 5-I'm not sure I agree that the
"correct answer" is correct. Does getting more ribs really = more advanced?

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #7

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.None 1.3D 2.Yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.ok-but sep is wimpy 2yes 3 not necessarily 4 yes 5. the options on the 2nd question need reworked. There
are 2 different blanks to fill and they don't necessarily go together. It should be eggs...not chicks for first portion
and then the 2nd portion doesn't reflect accurate information based on chart or theory.

- 1-3D 2-phenomenon is good 3-no, (also see SoC box above) student could engage in an argument two different
ways, but are only going to get points for selecting one way to look at the outcome. This will not tell us what
students know about argumentation from evidence. 4-yes 5-While I get the premise the question is getting at, the
population of albatros birds would also immediately decline as chicks would not be born next breading season.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #8

- 0. none 1. 3D 2. yes 3. no, graph does not show increase in nutrients that would correspond with the nutrients
being released back into the ecosystem by the decay of plankton 4. yes

- 0. None 1. 3D (Also SEP 4- not listed on standard) 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. Scoring for this question seems incorrect. There are three questions but only
2 points. If you miss any of the 3 correct they automatically get only 1/2 instead of 2/2. It should be one point for
each.

- 0. yes 1. 3D 2. yes 3. yes 4. yes 5.There is three toggles but there is only two points given. You are either not
being counted for a problem or you have to have all 3 correct to receive the 2 points. Not an equitable question.

- 0. None 1. 3D 2. Yes 3. No, The Scoring did not add if it had to have all three correct. 4. Yes 4. Yes

-0.None 1. 3D 2. Yes 3. Yes 4. Yes 5. Because of the zooplankton it makes it 2-3 not 1-6 5. The graphic that
comes with this question can be very confusing.

- 0. l.yes 2.yes 3.no, if it stays written the way it is 4.yes 5.

- 1-3D, Constructing an Explanation is not really as clear as is analyzing and interpreting data for the SEP. 2-
phenomenon is OK. 3-yes 4-no, the SEP is aligned better to LS2-1 than to LS1-6 and to the CCC of cause/effect
than to energy/matter

- 0. none 1. 2D (missing SEP) 2. no (phenomenon assumes students have prior knowledge of life cycles of marine
biome - students may not know that zooplankton eat phytoplankton and that neither of them count as nutrients.) 3.
yes 4. no - the question / scoring does not include photosynthesis, it does not require a student to construct an
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explanation.

- 0. I originally chose MS-LS2-1 because I felt like resources were more than photosynthesis, but photosynthesis
was the basis of all of the resources discussed so MS-LS1-6 is appropriate. 1. 3D 2. Yes 3. Yes 4. Yes

- 0. I disagree with the assigned standard MS-LS1-6. Both the question and scoring assertions relate to energy and
matter flow through ecosystems as a whole, not just photosynthesis. 1. 3D 2. Yes 3. Yes 4. No. The scoring
assertions provided much better relate to MS-LS2-3 as opposed to MS-LS1-6.

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. no, students don't really obtain or evaluate the information

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.none 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2. yes 3.yes 4.yes 5. the articles do not say DNA so the "altered DNA" means the students need to infer
which isn't the SEP.

- 1-2D, not SEP strong 2-phenomenon is ok. 3-no, see SoC box above 4-yes 5-Scoring is a source of concern as
one incorrect check box indicates the student doesn't know anything. 4 checks = 1 point doesn't allow for data
about much to be gathered about what students are thinking.

- 0. none 1. 2D (missing CCC) 2. yes 3. no (a student has to be correct on all four items in order to earn the single
point. A student may be able to respond correctly to some and miss others. 4. no (the standard is obtaining,
evaluating, and communicating information - the scoring assertions is synthesizing information)

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. no - the item only treats information about the processes and does not address the
effect of technological changes

Item #10

- 0. none 1. 3D 2. yes 3. no, students could potentially complete the last column of the table without looking at the
model 4. no, students are not developing the model, simply using it (and not even really needing it for part of the
answers)

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1. 3D 2. yes 3. yes 4. yes 5. I labeled the last problem as B which gave me a right point on the first, wrong
on last. I changed the last problem to an E and then it changed my first problem to wrong and my last one to
correct.

- 0. None 1. 3D 2. yes 3. no, check button are correct 4. Yes 5. Check to see the correct answer in in corresponding
answer.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.yes 2.no necessarily...if | put the outside membrane (cell wall) as the bodyguard to let water in and out...but
if I put it's name as cell membrane I only get 1/2 points...this doesn't seem reflective of my knowledge...just forgot
a googleable term. 4.yes 5. if I put the outside membrane (cell wall) as the bodyguard to let water in and out...but
if I put it's name as cell membrane I only get 1/2 points...this doesn't seem reflective of my knowledge...just forgot
a googleable term.

- 1-3D 2-phenomenon is ok, but it is not needed to answer the item questions. That is sad because the phenomenon
is not driving the student responses. 3-no, (also see SoC above) It is not telling us that a student know what the cell
membrane is or what it does if they get correct scoring points for selecting D-cell wall. 4-yes 5-The way the item
allows for cell wall to be a correct answer can misguide about what students know.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.None 1. Yes 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #11
- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes
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- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. I see this as standard MS-LS2-1 as it is directly talking about effects of resource availability organisms in a
populations. 1.3D; Should be Sep 4 Should be CCC Cause/effect 2. yes 3. yes 4. yes 5.

- 0. None 1. 3D because of the change in standard that it should be cause/effect 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. No 4. Yes 5. The data is incomplete. The student will be unable to draw a conclusion
without data before the introduction of the carp and the data afterwards.

- 0. 1.3d 2.yes 3.yes 4.yes

- 1-3D 2-phenomenon is ok. 3-no, see SoC notes above 4-yes 5-The carp shares features of it's diet with all the
native fish on the chart. Why couldn't any of them be selected for the fish population that decreases due to similar
diet?

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. I felt MS-LS2-1 was correct because the source of food would be resource availability, but I can see that MS-
LS2-4 is describing a change affecting the population. 1. 3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #12

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. yes 1. 3D 2. yes 3. yes 4. yes 5.There is two toggles but there is only one point given. You are either not being
counted for a problem or you have to have both correct to receive the 1 point. Not an equitable question.

- 0. None 1. 3D 2. Yes 3. No need to have more than one possible point 4. Yes 5. Need a corrected amount of
points.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. I think it's more Is 2.1 because it's about resources, it hardly talked about changes (1s2.4) 1. 3d 2.yes 3.yes
4.yes

- 1-3D 2-phenomenon is ok. 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #13

- 0.none 1. 3D 2. yes 3. yes 4. yes (but seems keyed more to cause and effect than stability and change?)

- 0. None 1. 3D 2. Yes (3. There is not any evidence to see how resource are impacted. To me the negative
percentages did not necessarily mean resources it could be nonliving things such as pollination by wind. ) 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. I think it's more 1s2.2 due to different locations =different ecosystems and the ccc is patterns...looking at data,
shows patterns, not 1s2.4 1.3d 2.yes 3.yes 4.yes

- 1-2D (lacks SEP) 2-phenomenon is weak, its just some data. 3-no, From the information given, how do we know
Kudzo is the problem? Trumpet Honeysuckle and Virginia Creeper could be affected by other things too, like deer
populations. 4-no, the item doesn't really ask students to do anything with patterns in the data. 5-The way the
distractors are worded is concerning. What is considered "much more harmful"? B could be considered correct.

- 0.none 1. 3D 2. yes 3. no (student could also choose B based on the data given and would also support the
assertion made.) 4. yes 5. The data given shows the impact is greater to the honeysuckle (the negative percentages
are greater implying the impact was greater). Although it says "much more", define much. This makes option B
correct but a student is marked wrong if B is selected.

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. Descriptor B - key word Much more could be missed

-0.None 1. 3D 2. Yes 3. Yes 4. Yes 5. The answer option that kudzu is "much more harmful" to one plant than
the other is vague and should be re-worded. Students may interpret the difference in percent change between the
two plants as significant to mark this option.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Appendix D 16




Item #14

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. the term "suture" might be confusing to students, maybe add a diagram
showing what a suture is?

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

- 0. None 1. 3D 2. yes 3. yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.yes 3d 2.yes 3.no 4.yes 5.there are 2 possible correct answers. the "over time organisms developed more
complex sutures" as well as shells at the bottom could survive with lower oxygen levels, which must have been
true too, be they survived long enough to make fossils.

- 1-1D - students aren't really asked to do anything with patterns, or with the SEPs, it is just recall earth science
information that younger fossils are generally more advanced. 2-phenomenon is ok. 3-yes, 4-no, see reasons on #1
- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. No - I believe students could infer choice C from the information given. 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #15

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.3d 2 yes...landlocked students do not know estuaries 3.yes 4. yes 5. terminology is wrong in a
distractor...oxygen isn't "dissolved" it could be more or less saturated, or, has more or less oxygen...but definitely
not dissolved.

- 1-2D, lacks SEP 2-phenomenon is ok. 3-yes 4-yes, but doesn't really address argumentation from evidence

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. I originally thought it was MS-LS2-1 because it was discussing resource availability effect on populations.
MS-LS2-4 is talking about changes to ecosystems that affect populations (a subtle difference). 1. 3D 2. Yes 3. Yes
4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #16

- 0.none 1. 3D 2. yes 3. yes 4. no, does not address matter, only energy 5. instructions ask student to organize the
"organisms" in the drop down menus but the first answer has to be "sun"

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1. 3D 2. yes 3. yes 4. yes 5. Using the word organisms misleads the student to not select the sun which is a
non living part of the cycle.You need the sun to get the problem correct. The word organisms make you want to
chose all living items.

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. Need to remove organism from the directions.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.yes 2.yes 3.not necessarily 4.yes 5. The question asks for "organisms" in flow of energy. one of the correct
answers should have been "sun" and the sun isn't an organism.

- 1-3D 2-phenomenon is ok. 3-yes 4-yes 5-1 like how there are multiple pathways available to getting a correct
answer.

- 0.none 1. 3D 2. yes 3. yes 4. no - other than the sun - where are the nonliving parts of this model? The question
asks about flow of energy, but where is cycling of matter?

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1. 3D 2. Yes 3. Yes 4. No. LS2-3 includes the cycling of matter AND energy. 5. The prompt for this
question states says "Using the information from Table 1, click the blank boxes and select organisms in order to
complete the diagram showing the flow of energy to the boa constrictor." However, the correct first answer is
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"sun," which is not an organism. A more appropriate prompt would be to "select the item," NOT the organism.
- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #17

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Isn't the measurement actually called the Shannon-Weiner index?

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0 I think it should be 1s2.1 1.yes 2.yes-although "abundance" may be a word not known by many 8th graders 3.
no-the graph shows that partial removal of the plant had LESS diversity of species than NO removal of plants. So
FULL removal that created LOTS of diversity...so there is some contradictive evidence...so it should have an
answer of cannot be determined...but it said the correct answer is "negative impact" 4. 5. see note a

- 1-2D 2-phenomenon is ok. 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 2D - Missing SEP 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. no - assertion does not address effects on specific populations; only diversity

Item #18

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.3d 2.yes 3.yes 4.yes

- 1-2D, the item has students make predictions, but not construct explanations or design solutions. 2-phenomenon
is OK. 3-yes. 4-no, see comments to #1.

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. I originally chose MS-LS2-4 because we were using a change to see effect on a population, but I can see that
MS-LS2-2 addresses multiple ecosystems. 1. 3D 2. Yes 3. Yes 4. Yes

- 0. I initially picked LS2-4, but after re-reading think LS2-2 is a better choice. 1. 3D 2. Yes 3. Yes 4. Yes

- 0. I first considered LS2-4 but agree that LS2-2 relates better considering the emphasis on interactions across
multiple ecosystems 1. 3D 2. yes 3. yes 4. yes

Item #19

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.yes 1.3D 2. yes 3. yes 4. yes 5.
-0.None 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.3d 2.yes-snout may be a bias against ELL students 3.yes 4. yes 5. the word snout isn't a common word and
could impinge ELL students

- 1-3D 2-phenomena is OK. 3-yes. 4-yes
- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #20

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. No (3. It would help students understand that the second box is advantage if it was put
before it and the the third box reflected disadvantage. I would say by not doing that there is a bias for test takes
who understand how a test is put together.) 4. Yes
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- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.yes 1. 3D 2. yes 3. yes 4. yes 5.There is three toggles but there is only 1 point given. You are either not being
counted for 1-2 problem or you have to have all 3 correct to receive the 1 points1. Not an equitable question.

- 0.none 1. 3D 2. yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.3d 2.yes 3.no...almost any answer is correct, using the table word for word 4.yes 5.if pesticides are chosen,
the right option at the end states "does not harm other organisms." Yet, it does. It states "plants must be removed to
create space."

- 1-2D, students are not engaging with the CCC. 2-phenomenon is OK 3-no, students can enter something logical
(does not change the environment) and still get the point incorrect. This doesn't produce data about what a student
knows. See also notes in SoC above. 4-no, missing a scoring assertion to the DCI and to the CCC. Scoring is a
problem. This item should score more like item 671 about tomato genes. 5-The choice, "is less expensive" as an
answer is problematic bc the table just says it is "not expensive" and doesn't tell anything about the cost of the
other control measures.

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. No - I think expense is something farmers would consider 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. great that the item allows for individual solutions and reasoning

Item #21

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. NO (0. I like to see the mention of photosynthesis in the question so student know
what they are addressing.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yes 1.3D 2. yes 3. yes 4. yes 5.There is three toggles but there is only 1 point given. You are either not being
counted for a problem or you have to have all 3 correct to receive the 1 point. Not an equitable question.
-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 1-3D 2-phenomenon is OK. 3-no, having just 1 score point for this item does not allow for telling what kinds of
gaps in student understanding exist. 4-no, similar to #3, having just one score point does not allow for telling what
piece (SEP, DCI, or CCC) a student is not connecting with correctly. 5-Scoring is a problem. This item should
score more like MS-LS item 671 about tomato genes.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. Linitially chose LS 1-5 which specifically addresses the cause and effect of environmental factors influence on
the growth of organisms. I changed to LS 1-6 to emphasize the transfer of matter by photosynthesis. 1. 3D 2. yes
3.yes4. Yes

-0. 1.3d 2.yes 3.yes 4.yes

Item #22

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.Yes1.3D 2. Yes 3. Yes 4. Yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. Students could easily be confused by the order of answers. They might
want to change one answer to a given statement to help the student better figure out the order.

- 0. 1. 3d 2.yes 3.yes 4yes

- 1-3D 2-phenomenon is good. 3-YES 4-no, the scoring assertations are all related to the DCI & CCC, none to the
SEP

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1. 3D 2. Yes 3. No — I think students could have multiple correct answers. 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes
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Item #23

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.Yes 1.3D 2. Yes 3. Yes 4. Yes 5.There is 9 toggles but there is only 3 points given. You are either not being
counted for a problem or you have to have all 3-9 correct to receive the 3 points. Not an equitable question.
-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1. 2d...doesn’t develop and use a model to describe WHY 2.yes 3.yes 4. Yes 5.The picture doesn’t accurately
display what they say should be the answers. Perhaps 3 different pictures (or more) are needed to provide the
evidence for the question

- 1-2D, lacks connections to CCC. 2-phenomenon, ugh! “Scientists made a strain of bread mold that produces
proteins that glow green under certain light.” Tell the students how the scientists did this (I’m assuming it was
with jellyfish genes.) The stimulus leads to asking questions that interfere with train of thought towards answering
the item. There needs to be a diagram that accompanies the first paragraph. There is a lot of background
information students need to know and bring to this questions before correct answers can be selected. 3-no, there is
no evidence in student choice of answers that they can “improve” the model. 4-no, no connection to CCC 5-There
is not enough information in this stimulus for a student to understand what is going on with hyphae and spores
unless they have specifically studied it in class.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1. 3D 2. Yes 3. Yes 4. No — not explaining why as standard states

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1. 3D 2. Yes 3. Yes 4. No — assertion inference is limited to describing bread mold reproduction and
does not explain reason for differing results in offspring

Item #24

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

-0.Yes1.3D 2. Yes 3. Yes 4. Yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5. This is the best question I’ve seen. It lists what criteria are important for the grower.
Therefore, NO student bias. ..examples-low income will never do things that cost.

- 1-2D, this item isn’t as much about evaluating competing design solutions as it is about selecting the answer that
meets the criteria, so it lacks the SEP connection. 2-phenomenon is ok. 3-no, rubric does not indicate evidence
about supporting a claim because it is about matching to a criteria list. 4-no, lacks connections to SEP

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes
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Table 2 (Grade 8 Batch 51). Source-of-Challenge Issues by Reviewer

Sources of Challenge

Item #1

- Students are unable to correctly answer this question as written. “Neither” and “Contradicted”
could be correct answers for two of the answer keys.

- Students are not able to answer correctly how it is written. “Neither” option could also be the
same for “contradicted” option when choosing the correct answer.

- Students are not able to answer questions accurately. “Neither” could be the correct answer for
all questions.

- Students not able to answer correctly. Contradicted is confusing as it was not contradicted it
was none existent.

- The way the item is scored is a source of challenge. See #3 below in notes.

- Contradicting evidence and neither are not distinguishable for MS student. There are
statements that have zero evidence given but when student marks neither, the question is marked
zero points.

- 3. Choices should be Supported by the Evidence or Not Supported by the Evidence.

- The difference between “contradictory evidence” and “neither” is very subjective. Both
columns should be replaced with one column, “no evidence.”

- The table is confusing regarding answer choices. Appropriate responses would be supported
and no evidence.

Grade 8 Batch 52

Table 1 (Grade 8 Batch 52). Notes by Reviewer

Notes

Item #1

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the standard given 1. 3D 2. yes 3. yes 4.yes 5.

- 0. None 1.3D 2. yes 3. Yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.3d 2.yes 3.yes 4no 5.The wording above question is poor. If students do not know the independent
dependent variable. They will not show knowing forces...just scientific terms or scientific method.

- 1-1D, can be answered correctly with only knowledge about experimental design, no DCI or CCC needed to
answer this item. 2-phenomenon is ok. 3-no, rubric says it connects to the DCI, but the item really only connects to
students knowing parts of experimental design correctly. No DCI knowledge is needed to select correct answers,
thus the score points don't tell us what students know about forces, only about experimental design. 4-no, related
to comments on #3 5-I challenge that this item has any real connections to DCI and CCC

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
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Item #2

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. scoring seems like it should be split between knowing the relationship
between sound and amplitude for 1 pt and then giving a separate point for making the correct calculation
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0 l.yes 2.yes 3.yes 4. no...it doesn't show they know amplitude is energy in wave

- 1-3D 2-phenomenon is OK. 3-no, with only 1 score point, the item won't report that students may conceptually
get the concept but may not get the math. 4-no, scoring assertation does not disaggregate student knowledge about
CCC (patterns) vs (DCI) content vs (SEP) mathematical thinking. 5-SoC - with only 1 score point, the item won't
report that students may conceptually get the concept but may not get the math

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. Yes 3. Yes 4. No - Does not address energy of wave, only loudness.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #3

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not have to construct the graphical displays

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0 1.yes 2.yes 3.yes 4.yes

- 1-2D, though it will be hard for students to analyze and interpret data without a formula and there is really no
connection to the CCC. 2-phenomena is ok, although Joules would not be the choice of units in a physical science
class except when doing chemistry topics. 3-no, the scoring assertation only gets data that a student selects the
right answer but doesn't help with what the student knows about the standard. 4-no, the scoring does not represent
the depth and breadth of the standard due to the item being a single-select MC answer. 5-Students are going to
struggle with getting the correct answer without a formula for KE

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1. 3D 2. Yes 3. Yes 4. No: the standard asks students to construct and analyze. In this question, they only
construct. 5. The units on the graph are difficult to interpret. A smaller scale or larger graphs would aid students in
thinking mathematically about the question.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #4

- 0. none 1. 3D 2. yes 3. yes 4. no, students do not have to develop the model 5. The word "calculate" in the
instructions could be a distractor since it might lead students to think that they have to actually make a calculation
to find the answer?

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. Yes T agree 1.3D 2. Yes 3. Yes 4. Yes 5. When same numbers input to provide evidence of conservation the
problem was marked as incorrect.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.yes 2.yes 3.no-students can know that mass is conserved and still get it wrong bc they put the wrong total
number of atoms...maybe they think it's unbalanced because it's counted wrong 4.yes 5.see note above

- 1-1D, content knowledge is all that is required to answer this item. 2-phenomenon is not engaging at all the way
it is written. 3-no, the scoring rationale does not describe what a student may do to answer this question correctly.
4-no, the scoring assertions do not address the depth and breadth of the standards because the item doesn't require
that to answer it correctly. 5-This is a DOK1 item because a student only needs to know the law of conservation of
mass to answer the question, no actual calculations are necessary to complete this item.
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- 0. none 1. 2D (missing SEP) 2. yes 3. yes 4. no (student does not have to develop a model. The model is given to
them and the question is asking more about mathematical equations than developing a model.)

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. No. A student could completely lack an understanding of conservation of mass, but get
this question correct by adding the masses of the atoms present using a periodic table. 4. Yes

- 0. none 1. 2D - no SEP engagement necessary 2. yes 3. yes 4. no - the item does not require student to engage in
developing a model

Item #5

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not have to develop a model

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1. 3D 2. yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.no 2d 2.yes 3.no-kids will just click...no describing needed, as well as it doesn't provide evidence or prove
the standard 4.no see above 5. see above plus challenge notes of: unless they say look at the dye to determine the
motion of the particles of the water, it doesn't cover the standard, nor is it describing the model

- 1-2D, lacks CCC connections 2-phenomenon is weak 3-no, there isn't enough in the item to elicit information
about student knowledge of thermal and molecular motion 4- no, there isn't enough in the item to elicit
information about student knowledge of cause and effect. A single MC item doesn't tell much about what students
know. 5-SoC - The item needs more to illicit knowledge about how a student is applying CCC knowledge about
cause and effect.

- 0. This question does partially align with PS3-4 which discusses change in kinetic energy based on temperature
of sample. 1. 3D 2. yes 3. yes 4. no - does not address the state of matter of a substance based on particle motion,
and temperature.

-0.None 1.3D 2. Yes 3. Yes 4. No - state in standard, not addressed in question

- 0. This does not align to the standard listed for this question. The movement of dye through water at varying
temperatures is assessing student knowledge of diffusion, not of particle motion of a pure substance and state
changes as stated in PS1-4. 1. 3D 2. Yes 3. Yes 4. No. While this question does accurately assess whether students
understand that particles in water are moving quickly at higher temperatures, it fails to address the concept of state
change and makes things confusing by asking about a pure substance, but a solution consisting of a dye and water
as solvent. 5. This question should be reworked, perhaps by using the visual selected in the multiple choice as
something for students to view, and then using dropdown boxes to have students construct an explanation that the
dye molecules disperse more quickly in the warmer solutions due to the higher kinetic energy of the water
molecules.

- 0.none 1. 3D 2. yes 3. yes 4. no - the assertion does not address change in state

Item #6

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not have to develop a model

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1. 3D 2. Yes 3. Yes 4. Yes 5. Really like this question!!

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes'4. Yes

- 0. 1.3d 2.yes 3.yes 4.yes

- 1-3D, but the item only functions correctly if the model is illustrated with accuracy. I am not convinced it is
completely accurate. 2-phenomena is good, but the illustration is distracting to what is happening with the light
waves. 3-3-no, see comments on#5 below. 4-no, see comments on #5 below. 5-There needs to be more to this
question to elicit information about why a student chose D because otherwise if they chose any incorrect answer
the data doesn't tell us what students misconceptions are. Without direct experience such as this investigation, a
student could select B yet the data wouldn't tell us they knew any more than a student who selects A or C.
Conversely, a student could select D by einy-miney between B & D and we still wouldn't recognize any gaps in
instruction. 5-SoC - I don't think the image is totally correct, the way it is drawn, there should also be light rays
from the lamp to the fish tank.

- 0. none 1. 2D (missing CCC) 2. yes 3. yes 4. no (does not address absorbed or transmitted - also does not address
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the CCC structure)

-0.none 1.3D 2. Yes 3. Yes 4. Yes
-0.None 1. 3D 2. Yes 3. Yes 4. Yes
- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #7

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not have to develop a model

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1. yes 2.yes 3. no-see note 4.yes 5.Whoa...this needs to be redone. If students cannot follow the reading (which
is poorly worded with the chosen illustration) they will get it wrong, even if they understand the concept. Perhaps
use 3 pictures, instead of trying to describe the three different outcomes. Or do both. It took me 3 times rereading
and relooking at the illustration to comprehend what the outcome of each step of the experiment was. You don't
need to "color" the material, just show where the light lands...which screens.

- 1-3D 2-phenomenon is ok. 3-no, Anytime 3 student responses are required for 1 score point, it limits the amount
of information that can be ascertained from an item score. It would be more useful to score like LS item671. 4-yes
5-Anytime 3 student responses are required for 1 score point, it limits the amount of information that can be
ascertained from an item score. It would be more useful to score like LS item671.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #8

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree, but in the stimulus of the problem there is no negative impact stated, only in the drop down
toggles for answers. 1. 3D 2. Yes 3. Yes 4. Yes 5. Distractors in this problem lead the problem to be difficult and
not deepening the complexity which I feel was the intent. Also, in the stimulus of the problem there is no negative
impact stated, only in the drop down toggles for answers.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.no it doesn't address the dci 1. no it doesn't address the dci 2 yes-bias-African peoples seem to love or hate
mining for personal reasons 3.no-see notes 4.no-see notes 5...really just toss this question. the information is
inaccurate. First -melting materials infer heat...not chemicals. Second. using chemicals has to produce emeralds
has to have some type of pollution. As well as the "expensive equipment" that is used also had pollution when it
was manufactured. the health risks are not listed, but students are told "chemicals" have significant health risks
(chromium oxide can cause gene mutations) by omitting facts, the answer is incorrect

- 1-2D, the item does not address the natural resources the synthetic materials come from. 2-although the
phenomenon is cool, the item is a poor attempt at addressing student thinking about the topic. It funnels students to
one correct choice which may not be supported by global data and lacks information that connects synthetic
materials from natural resources. 3-no, the item & rubric only test if students are thinking from a limited world
view to get a "right" answer (which may only be corrected based on the limited choices provided.) 4-yes, albeit I
don't like this item for reasons in the comments already mentioned. 5-This item contains bias. The answer to this
question is subjective. Just because synthetic has less pollution and fewer health risks in the Zambian area doesn't
mean it has a positive effect on society. Synthetic emeralds are not likely to be made in Zambia, thus removing
jobs from the area causing more poverty in Zambia.

- 0. none 1. 2D (missing CCC) 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. This question does not align to PS1-3. The standard in question asks students to understand how natural
resources are used to create synthetic materials, like food, drugs, or fuels like ethanol and the associated impacts.
1.3D 2. Yes 3. No. This does not show students' ability to analyze information about natural and synthetic
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materials. There are multiple factors to consider and only one thing is considered "correct." 4. No. The standard
clearly asks students to evaluate how natural resources are used to create synthetic materials. This question instead
asks students to compare natural and synthetic materials but does not explain where the natural materials used to
make the synthetic emeralds come from or to ask students to synthesize that information. 5. This question should
be reworked with more information about synthetic emeralds and the costs and benefits associated with creating
synthetic materials from natural materials.

- 0. none 1. 3D 2. yes 3. no - assertion does not relate well to item. The item does not consider resources needed to
make synthetic emerald so negative impacts cannot be considered. The item is incomplete. 4. no -see #3

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not have to develop a model

-0.None 1.3D 2. Yes 3. Yes 4. No (0. I can not see how the model and data show the difference between
reflection and transmission.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes-like the example of noise pollution 3.no-see note 4.yes 5.all, according to data and info given show
noise energy will be reflected (not accounting for any absorption -which is weird?)...in essence causing less
transmission. Emissions have nothing to do with evidence given.

- 1-3D 2-phenomenon is ok. 3-yes, with one SoC, students might guess at the first answer because the diagram
doesn't support any of the choices given. 4-yes. 5-SoC - why isn't "No effect" a choice? According to the diagram,
sounds waves from the vehicle aren't hitting the upper part of the wall anyway, so making the barrier taller
shouldn't have an effect on how much sound gets to the house. 5-SoC - why isn't "No effect" a choice? According
to the diagram, sounds waves from the vehicle aren't hitting the upper part of the wall anyway, so making the
barrier taller shouldn't have an effect on how much sound gets to the house.

- 0.none 1. 3D 2. yes 3. no (the item does not provide enough information for the student to be able to respond
correctly. The data does not give the student information on absorption, reflection, and transmission of sound
waves through the two substances. Therefore the assertions are not supported.) 4. no (The question does not
address absorption.) 5. The question does not provide a student with enough information to respond. The model
shows arrows of reflection and transmission but does not show if each substance absorbs, reflects, or transmits the
sound waves. Allowing a student to run actual experiment to see how the thickness of a material changes the
reflection and the transmission of sound waves would then give the student the information they need in order to
respond to the questions being asked.

- 0.none 1. 3D 2. yes 3. no - increasing reflection would also decrease transmission 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. no - the item provides no data about barrier height. 4. no - there is no treatment of
absorption of sound by the materials

Item #10

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (5. Include the names of both coolers in the second box of criteria to
prevent students from think about just the cooler they interact with often. Something like the evaporating and
insulating cooler.)

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. YesITagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes. 3.yes 4.yes 5.why wouldn't you use a constant to test if it is working...like temperature of the
vegetables and not both temp of veggies and how much ice is left? It doesn't make sense.

- 1-3D 2-phenomena is good, the way the question is written about the phenomena is bad. 3-no, because I don't
think the question is written to elicit good understanding of planning and carrying out experiments, it cannot tell us
accurately what students know and understand. 4-no, ditto #3 5- oh, I have so many problems with this item! Since
it is supposed to reflect a scientific experiment, "the temperature of the vegetables after 1 hour" should be the
dependent variable being measured for both the evaporative and the insulating cooler. Otherwise, to get the "right"
answer implies we are doing bad science by comparing cool, dry vegetables to ice. SoC - the item is written to set
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students up to perform science in an incomparable way between the two scenarios = bad science

- 0.none 1. 3D 2. yes 3. yes 4. no (The devices were already designed, and constructed for the student. The student
doesn't test the devices either, but simply starts to create a plan to test.)

- 0.none 1. 3D 2. yes 3. yes 4. no- question is not same depth as standard

- 0. None 1.3D 2. Yes 3. Yes 4. No. The standard ask students to design, construct, and test.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #11

- 0.none 1. 3D 2. yes 3. yes 4. no, students do not construct or test the box

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes. 3.no 4.yes 5.if you pick remove some food, it would be correct, due to less thermal energy needing
to be overcome.

- 1-2D, lacks student use of CCC 2-phenomenon is ok 3-yes, although the item needs more to it to elicit student
knowledge of WHY they would add aluminum foil. 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. no (The device is already designed and constructed. The student is not asked to test
to find the correct response.)

- 0.none 1. 3D 2. yes 3. yes 4. no-depth of standard is 4, question does not match this depth

-0.None 1.3D 2. Yes 3. Yes 4. No. The standard ask students to design, construct, and test

- 0. weak relationship- item does not provide opportunity for design, construct or test 1. 3D 2. yes 3. yes 4. no -
does not allow for design or testing

Item #12

- 0. none 1. 3D 2. yes 3. no, diagram does not provide enough information for students to know that there is
something blocking the signal or that the distance between towers is long or short 4. no, students could possibly
come up with the opposite answer given the missing information from the diagram

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0. YesTagree 1.3D 2. Yes 3. Yes 4. Yes 5. One distractor to the problem in the secondary toggle is a plausible
answer that is also stated in the data table above which could leave to a incorrect answer from the given
information present to use.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.yes 2.yes. 3.yes 4.yes 5.

- 1-2D (response doesn't differentiate that students know the content of analog vs digital) 2-phenomenon is ok. 3-
no, completing the statement does not provide evidence for supporting a claim. 4-no, the scoring doesn't support
that students know the DCI content. 4-The item needs just a little bit more in the student response to gather data
that students know A&C are analog signals.

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 2. 3D 3. no - unclear from text that light signals are also converted to radio waves 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #13

- 0.none 1. 3D 2. yes 3. yes 4. no, not sure that the connection to mass is strong enough to meet the standard

- 0. None 1. 3D 2. Yes 3. No (3. I think it is a poorly constructed answers. A student could change variables and it
would work to get answers that would address the question.) 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. I could see that this question has some relation to MS-PS3-3. The only way
to measure is by measuring the temperature.

- 0. Yes I agree but I had originally thought it was a PS3-3 due to not a strong mass connection. 1. 3D 2. Yes 3.
Yes 4. No, the mass connection isn't strong enough. 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.no. it doesn't include mass in the variables. 1.yes 2.yes. 3.n0 4.no...due to not enough mass information 5.could
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have more than 2 answers. type of coffee could make a difference because milk, sugar, creamer all have different
specific heats. also, if you only put 1 checkmark, you get the answer wrong. Could you make it that the responder
HAS to check 2 boxes before they move on.

- 1-2D, the CCC is not connected to in the thinking required by the student 2-phenomenon is ok 3-no, an item with
1 point for needing two correct choices does not allow for different ways of thinking about the problem. 4-yes 5-
In the stimulus, "A student runs an experiment to determine which cup design would keep coffee hot for the
longest period of time," leaves the item open to interpretation. If I assume the two cups are made of the same
material and I change the shape of the cup, I get the item wrong, even if I also select "temp outside of cup".
However, the shape is related to design, so should be a viable option.

- 0. The student is testing a device for its ability to minimize thermal energy transfer based on the temperature of
the coffee inside the cup. 1. 3D 2. yes 3. yes - the assertion simply states energy transfer, in this case thermal
energy. 4. yes

- 0. I thought this would fit MS-PS3-3, but the correct standard discusses change in kinetic energy 1. 3D 2. yes 3.
no - shape of cup would affect how much is open to air at top and amount of energy transferred out 4. no - mass is
included in standard, but missing from question.

- 0. I disagree with PS3-4. Students are using temperature as a way to measure thermal energy transfer, using
coffee cups as a device. 1. 3D 2. Yes 3. Yes 4. No. The standard asks students to design construct, and test a
device.

- 0.none 1. 3D 2. yes 3. yes 4. no - the assertion does not correlate well as there is only evaluation and no planning
involved.

Item #14

- 0. none 1. 3D 2. yes 3. yes 4. no, students are designing the system but not really testing their variable choices
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree but I had originally thought that it was PS3-4 (planning and investigation) due to no design and
testing and constructing. 1. 3D 2. Yes 3. Yes 4. Yes 5.This problem is attempting to be complex and deepen the
level of knowledge needed to complete it. But all it is difficult and leading to pathways for incorrect submission.
You get initial toggle incorrect and you will then input the wrong independent and dependent variables according
to the question filler you choose.

-0.none 1. 3D 2. Yes 3. Yes 4. Yes 5. I think one beneficial item would be to eliminate one question slots as well
as one variable slot as well so students do not have to chose between 4-5 choices

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes. 4.yes 5. the data table isn't needed. none of the info in it is required...it distracts.

- 1-3D 2-phenomenon is ok, although not written in an engaging way 3-no, anytime a rubric has one scoring point
for multiple thinking on the student part, it doesn't allow to know what the gaps in student understanding are. (SoC
- How would one measure the heat generated by the engine without measuring heat transferred to the
surroundings? Those seem to be inherently the same thing.) 4-yes 5-SoC - How would one measure the heat
generated by the engine without measuring heat transferred to the surroundings? Those seem to be inherently the
same thing.

- 0. The student is being asked to plan an investigation. After discussion, I have changed to the predetermined
standard, however, the action the student is being asked to do is to choose variables for an investigation. The
student doesn't even need to know the material or information about the devices given to be able to answer this
question. 1. 3D 2. yes 3. yes (The student is being asked to pick the variables being tested in an investigation). 4.
no (Does not require a student to design, construct, or test a device in any way possible.)

- 0. none 1. 3D 2. yes 3. yes 4. no - standard depth is a 4, question is a 3

- 0. I originally was inclined towards PS3-4, but because this question meets SEP 6 and focuses on heat, I agree
with PS3-3 1. 3D 2. Yes 3. Yes 4. No. Students are asked to design and construct a device.

- 0.none 1. 3D 2. yes 3. yes 4. no- assertion does not address design, construct and test a device

Item #15

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. the scoring assertion packs a lot into a single point on this one, given the
complexity of this question and the various correct answers, maybe this should be worth more points?
-0.None 1.3D 2. Yes 3. Yes 4. Yes 5 No (5. I found the answers system confusing.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.yesLagree 1.3D 2. Yes 3. Yes 4. Yes 5. Problem needs to state that the two people in the problem are using
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the same sled. That is not made clear in the directions.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. I believe this question should have more than one point especially with the
difficult and the time needed to answer question.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.yes 2.no 3.yes 4.yes 5.student may know information (dci) but not vocabulary of scientific
method...controlled (in fact in another question you used "constant" instead of controlled), independent,
dependent.

- 1-2D, does not engage student understanding of CCC 2-phenomenon is ok 3-yes, but only if students answer
based on mass or force. However, students aren't going to know what standard the item is aligned to. 4-no, the
score does not reflect CCC application. 5-SoC - although the item is written to align to the standard, a student
could actually design a legitimate controlled experiment that wouldn't earn them score points.

- 0.none 1. 3D 2. yes 3. yes 4. no (Does not address mass, not considered a variable.)

- 0.none 1. 3D 2. yes 3. yes 4. no - question addresses forces or mass, standard states forces and mass

- 0. None 1. 3D 2. Yes 3. Yes 4. No. This question does not address the impact of changing mass on an object's
motion.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #16

- 0. none 1. 3D 2. yes, though the phenomenon seems very intricate and complex and might loose students along
the way? 3. yes 4. yes (exceedingly so!) 5. this question overshoots the intended standard and could benefit from
shortening... maybe leave out part D

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. Yes (0. The complication of the question seem to exceed the standard.)

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. I do agree with all of the parts of the standard being met, however, I also
think that the standard had ben met by Part c. This question is quite large and honestly too overwhelming after part
c. The complexity of the questions is not going up it is just adding confusion to this problem. Can this be different
questions instead of one large question.

- 0. Yes T agree 1. 3D 2. Yes 3. yes 4. yes 5.This problem is beating the standard to death when it is covered in full
complexity at the end of Part C. Its an attempt to create more complexity when really it is creating more difficulty
and confusion. It is too long for the level to which the standard is written. Its a poor attempt to stretch a level 2
standard into a level 3 question.

-0.none 1. 3D 2. Yes 3. Yes 4. Yes, however you overshot the standard by adding too much complexity. 5. That
is too many questions just for one page. A student is going to freak out doing this question.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.no 1.n/a 2.n/a 3.n/a 4.n/a 5 this is high school content...not middle school HS ps4.1 hsps4.2 hsps4.5

- 1-3D 2-phenomenon is ok, not sure why the cup of water is even mentioned. 3-yes, but it probably better aligns
to an HS standard. 4-yes, but it probably better aligns to a HS standard. 5-SoC - this is a lot more here than I
would expect for a DOK2 standard. It is also aligned to the HS-PS4-1 standard more than to the MS-PS4-1.

- 0. This is beyond the MS PS4-1 standard. This should be aligned to the HS-PS4-1. MS standard only refers to
amplitude. HS standard refers to frequency, wavelength, and speed. 1. 3D 2. no (Information student is asked to
digest and provide is not grade level appropriate.) 3. no (The assertions state evidence of mathematical
representation of frequency - outside the standard.) 4. no (The scoring requires student to meet expectations
beyond the MS standard.) 5. This is beyond the MS PS4-1 standard. This should be aligned to the HS-PS4-1. MS
standard only refers to amplitude. HS standard refers to frequency, wavelength, and speed.

- 0. none 1. standard only state how amplitude is related to energy; question includes frequency and wavelength. 2.
yes 3. yes 4. no - question is level 3, standard is level 2

- 0. None 1. 3D 2. Yes 3. Yes 4. Yes 5. Part E is confusing in that it asks students to restate the relationship
between a change in volume and amplitude in multiple ways. It should be more clear to students that the energy of
the wave is being assessed, not its frequency or amplitude.

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. The cluster addresses the standard in first two sections. Repeated questions
increase difficulty and may confuse a student. Phenomenon could be tied in more clearly and earlier than section E
to avoid some of the confusion.
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Table 2 (Grade 8 Batch 52). Source-of-Challenge Issues by Reviewer

Sources of Challenge

Item #16
- SoC - this is a lot more here than I would expect for a DOK2 standard. It is also aligned to the
HS-PS4-1 standard more than to the MS-PS4-1.

Grade 8 Batch 53

Table 1 (Grade 8 Batch 53). Notes by Reviewer

Notes

Item #1

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1. 3D 2. yes 3. Yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D, doesn't address CCC(cause/effect) 2-phenomenon is ok 3-no, I don't see the connection between the claim
and support to limited resources. It presumes students know there is limited amount of water available to humans
on earth. 4-no, the item needs more to align to all aspects of the standards. 5-SoC - I don't see how the item asks
students to support how the consumption of water impacts Earth's systems.

- 0.none 1. 3D 2. yes 3. yes 4. no (Does not address impact on Earth's systems)

- 0. Standard states design a method for monitoring human impact, question interprets data to evaluate human
impact. 1. 2D - no SEP 6 (constructing explanation present, designing solutions absent) 2. yes 3. yes 4. no -
question does not design a method for monitoring and minimizing human impact

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #2

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5. Instead of saying formation of large
swamps I would rephrase that statement to say presence of large swamps as the question is not asked to be labeled
in a sequence. It may also lead a bubble understanding student to think the formation should be in the second
model not all in the first model.

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. L.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good. 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. no (The first assertion students will choose large swamps form is inaccurate. Students
who have no knowledge of how coal forms, will choose this only if they recognize that the large swamp areas in
figure 1 overlap the coal mining areas in figure 2. The standard does not require students to know how all of
Earth's minerals are formed. 4. yes (although it does focus only on one of three focuses (mineral, energy, and
groundwater) but that is reasonable.

- 0. none 1. 2D - missing SEP6 (constructing explanations present, no designing solutions) 2. yes 3. no - students
may interpret swamps as shallow seas, so shallow seas recede might be chosen 4. no- only addresses mineral
resources; standard states mineral, energy, and groundwater resources
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- 0. None 1.3D 2. Yes 3. Yes 4. Yes
- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #3

- 0.none 1. 3D 2. yes 3. yes 4. no, students did not develop the model that they used to form their description, also
doesn't tightly connect the rotation idea to the answer key

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (5. I felt the answering structure was confusing.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5. The question is vague in the model
descriptors for students to make inferences from. I know the intent of this is a show that students know how air
masses move. But I feel its to vague to be equitable for all students to analyze the given models.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is ok 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - standard DOK is level 2; I believe this question is level 3

-0.None 1.3D 2. Yes 3. Yes 4. No. The question does not address changes in oceanic circulation

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #4

- 0. none 1. 3D 2. yes 3. no, the scoring seems to be missing some possible combinations on cause and effect
relationships with putting cause and effect in correct order 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5. Long and repeats concepts on a similar
level. Length of problem does not deepened complexity.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. I felt that some of the parts were just being recovered again.

-0.None 1. 3D 2. Yes 3. Yes 4. Yes 5. Very in depth question

- 0. 1.Yes 2.yes 3.no-see notes 4.yes 5. If a student gets one wrong in the sequencing portion (part c), they could
lose up to 3 of the 11 points. It is likely that once one is sequenced wrong, the others that follow will be wrong,
just due to the wrong order. The evidence citing is misleading too. If I pick vegetation + energy and reflection
option because there is a relationship. I get it wrong. the only "right" answer is the one for the "reason" (this is for
ALL evidence questions) which doesn't support the ccc of consequences action...the test only wants the effect. I'm
don't think it accurately shows student knowledge.

- 1-3D 2-phenomena is ok 3-yes, although some of the scoring criteria are not flexible for other lines of thinking 4-
yes 5-Part C, step 3, if a student selects one incorrect answer they lose 2 points. This should not work this way.
Also, cutting down trees may be necessary to build more roads which causes an increase in air and water temps
(that should work too, but does not score as "right")

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. No. Parts C and E are in need of serious attention. In part C, it is logical for a student to
select "cut down trees" followed by "build roads," and it is unclear that "stream ecosystems are disturbed" is the
logical endpoint, as an increase in temperature is also a disruption to earth's systems. 4. Yes 5. Part C should be
reworked as explained above, either by simplifying the answer options or by making it clear that the intended end
is disruption of stream ecosystems. Part E should be made more clear that students are evaluating how the
evidence applies to Part D, NOT whether the statements are supported the provided evidence.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #5

- 0.none 1. 3D 2. yes 3. yes 4. no, students are only looking at the lunar phases portion of the standard (no eclipses
or seasons present)

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (5, I did not feel that there was enough evidence to answer the question
correctly.)

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard, but it only covers the moon phases, not circular pattern, or seasons. 1.
3D 2. Yes 3. Yes 4. Yes 5. Poor attempt to cover the full standard.
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- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is ok 3-yes 4-no, the item doesn't elicit information about patterns, although it is infered
- 0.none 1. 3D 2. yes 3. yes 4. no (Does not address eclipses or seasons).

- 0.none 1. 3D 2. yes 3. yes 4. no - eclipses and seasons are in standard, not addressed in question.

- 0. None 1. 3D 2. Yes 3. Yes 4. No. Question does not address eclipses or seasons.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #6

- 0.none 1. 3D 2. yes 3. yes 4. no, students are only dealing with the eclipse portion of the standard and not the
moon phases or seasons portions)

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1- 3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. no (Does not address, lunar phases or seasons)

- 0.none 1. 3D 2. yes 3. yes 4. no - lunar phases and seasons are included in the standard but are not addressed in
the question

- 0. None 1.3D 2. Yes 3. Yes 4. No. The question does not address seasons or lunar phases.

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #7

- 0.none 1. 3D 2. yes 3. yes 4. no, students are not developing the model that they are using to describe the
phenomenon

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5. Dotted lines to show a greater difference
in lengths for students to apply the idea of the greater the gravity the greater the speed.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. L.yes 2.yes 3.yes 4.yes 5.great question with diagrams

- 1-3D 2-phenomenon is good! 3-no, selecting the correct answer does not indicate that students know the strength
of the force of gravity has anything to do with speed of the moons. 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - standard states motions within galaxies and solar system; question addresses
only solar sysetem.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #8

- 0. I see the standards match here but it may be a bit out of line since the standard says "within galaxies and the
solar system" but the question is between galaxies in the universe 1. 3D 2. yes 3. yes 4. no, see my comment
above.., the standard says "within galaxies", not between galaxies, students are also not developing the model that
they are using for their description

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (5. I felt there was not enough information to answer this. )

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5. I don't like that mass isn't included and speed is. The two factors that affect gravity
are mass and distance from (or to) an object. NOT speed.

- 1-2D, not really applying the CCC of systems, although it is inferred 2- phenomenon is good 3-no, the assertion
really only indicates students know that things closest to the black hole orbit faster than those far away. In order to
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make a relationship to gravity, mass of the objects (BH, sun, CasA, crabN) would also be included. 4-no, students
are not describing the role of gravity, they are making predictions based on distance

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - standard states motions within galaxies and solar system; question addresses
only galaxies.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5. You have 6 toggles for 2 points. Not
equitable. I know in chart one toggle will influence the secondary one. But that concept would lead the problem to
be worth 3 points not 2.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5. [ don't like that mass isn't included and speed is. The two factors that affect gravity
are mass and distance from (or to) an object. NOT speed.

- 1-3D 2-phenomenon is ok. 3-no, I'm not convinced that a student selecting the correct arrows is related to
knowing how gravity affects speed as it can also be determined simply by knowing the distance from the sun. 4-
yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no standard states motions within galazies and the solar system; question only
addresses solar system.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #10

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 2D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.
-0.none 1. 3D 2. Yes 3. Yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1- 3D 2-phenomenon is good 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. I chose the correct standard, however I think it could also fit MS-ESS3-1 1. 3D 2. yes 3. yes 4. yes
- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #11

- 0.none 1. 3D 2. yes 3. yes 4. no, students did not develop the model that they used to describe, and they are only
addressing the eclipse portion of the standard rather than the lunar phases and seasons

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

- 0.none 1. 3d 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.no-see notes 5. the answer rationale states it is a total eclipse. However, the information in
the question talks about the timeframe and rust color (which isn't ALWAYS seen with a total eclipse-especially
that long of timeframe) might indicate that it's a total eclipse but that's not the standard to indicate...it's to use a
model to show patterns of events.

- 1-2D, there needs to be an extension that relates to student thinking in order to know if students recognize why
this phenomenon is a pattern because otherwise just reading the prompt can give them the answer. 2-phenomenon
is good. 3-no, students can answer this question just given the information in the stimulus not needing to describe
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or use patterns. 4-no, same reason as #3.

- 0.none 1. 3D 2. yes 3. no - the assertion is that the student will be able to recognize that the description is
referring to a lunar eclipse but the information in the question tells the student they can see the red rusty moon for
3.5 hours. This would not be a description of a total lunar eclipse as the assertion states. 4. no - does not address
phases and seasons.

- 0.none 1. 3D 2. yes 3. yes 4. no - standard states cyclic patterns of lunar phases, eclipses, and seasons; question
does not address seasons

- 0. This question is poorly aligned with the standard. While a red moon can occur around a total eclipse, it is not
clear that solar eclipses are being assessed in the question as currently written. 1. 3D 2. Yes 3. No. The diagram
depicted does not make it clear that light is passing through the Earth's atmosphere, only showing shadow and
light. Because of this, it would be difficult for students to choose the correct image. 4. No. The color of the moon
is not relevant to how a total solar eclipse occurs. 5. This question should be reworked so that the depiction of the
Earth in the diagram shows light passing through it, or removed because the color of the moon is not relevant to a
students' understanding of a total solar eclipse. 4.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #12

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

- 0. 1.yes 2.no-see notes 3.yes 4.yes 5. students with language barriers may not understand "tick" therefore they
will get the question wrong based on nonscience information

- 1-2D, lacks DCI application, although the item is written around DCI content, a student only needs to elicit math
concepts to answer the questions 2-phenomenon is ok. 3-yes 4-no, lacks rubric alignment to DCI

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Calculator will not show answer for division, but will count calculation as
correct.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

Item #13

- 0.none 1. 3D 2. yes 3. yes 4. no, students are not developing the model that they use to describe, and question
only addresses the seasons portion of the question rather than lunar phases and eclipses

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. L.yes 2.yes 3.yes 4.yes 5. great question because the distractors each mean something...the sun is either:
higher/lower, bigger/smaller, same size and level or moon vs sun. ..so you can tell what the student isn't
understanding.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - standard states dydlic patterns of lunar phases, eclipses of the sun and moon,
and seasons; question only addresses seasons.

- 0. None 1. 3D 2. Yes 3. Yes 4. No. Question does not include lunar phases or eclipses. 5. The distractor question
that includes the moon in winter is inappropriate for students at this level.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #14

- 0. none 1. 3D 2. yes 3. no, students seem to be able to get the entire question correct as long as they understand
placement of a new moon 4. no, only addresses the phases of the moon portion of the standard 5. the quarter moon
diagram is backwards and the dates do not reflect the correct timing for the moon cycle

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. No (5. Image does not agree with the actual patterns of the moon.)
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- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. There are some problems with the graphics. The graphic for Dec. 16th
should be flipped. The visible moon should be on the right not the left. The dates of the phases are incorrect

- 0. L.yes 2.yes 3.yes 4.yes 5.

- 1-3D, but because of the way the diagram choices are ordered, a student really only needs to look for the diagram
of the new moon first and doesn't need to analyze beyond making that choice. 2-phenomenon is good. 3-no,
because of the way the diagram choices are ordered, a student really only needs to look for the diagram of the new
moon first and doesn't need to analyze beyond making that choice. 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. The image of the moon for Dec. 16th is wrong. The correct answer shows the
moon in the 1st quarter position, so the image should show the right half of the moon with light and left side of the
moon dark.

- 0.none 1. 3D 2. yes 3. no - view of moon does not match Dec 16 position shown in correct response. If moon
were in this position, right half would be lit as viewed from the earth. 4. no - standard includes lunar phases,
eclipses, and seasons; question only addresses lunar phases.

- 0. None 1.3D 2. Yes 3. Yes 4. No. Does not address seasons.

- 0.none 1. 3D 2. yes 3. yes 4. yes

Item #15

- 0. standard 2-1 and 2-4 are similar in nature though 2-4 seems to allude more directly to water where glaciers
may be taught than to the more generic "Earth's materials" from 2-1 1. 3D 2. yes 3. yes 4. no, does not address
gravity at all (even as a distractor)

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. Yes I agree with the intended standard 1. 3D 2. Yes 3. Yes 4. Yes 5.

-0.none 1.3D 2. Yes 3. Yes 4. Yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. I chose the correct standard; however the question does not really concern cycling of Earth's materials. 1. 3D
2.yes 3. yes 4. no- question addresses energy driving a process, but not cycling of materials as standard states.
-0.None 1.3D 2. Yes 3. Yes 4. Yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

Table 2 (Grade 8 Batch 53). Source-of-Challenge Issues by Reviewer

'Sources of Challenge

[NONE]
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Grade 11 Batch 54

Table 1 (Grade 11 Batch 54). Notes by Reviewer

Notes

Item #1

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenonomen is good 3-yes 4-yes

- 0. The stem does not mention any factors about the two different parts of the park that would explain the
difference in biodiversity and populations. The correct response specifically states carrying capacity. 1. 3D 2. yes
3. no - The information given does not allow the student to distinguish factors that affect the biodiversity. Given
the data, the student would choose location A as having a higher carrying capacity simply due to the larger number
of plants found there. 4. no - The question does not provide for the student or have the student identify specific
factors that would affect the carrying capacity.

- 0.none 1. 3D 2. yes 3. no - I think number of species present should be used instead of species richness 4. yes

- 0. None 1. 3D 2. Yes 3. Yes 4. No. Species richness is a rote memorization that not all students should be
expected to know. Having one question rely on students' mastery of this definition that is not addressed in the
standard 5. Species richness should be included in this question as a provided definition.

Ttem #2

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is ok 3-yes 4-yes
- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #3

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.no 5.students do not need to ask the inheritance question because the pedigree SHOWS it,
if the pedigree is used correctly.

- 1-2D, missing CCC application 2-phenomenon is good 3-yes 4-yes to DCI and SEP

- 0.none 1. 3D 2. yes 3. yes 4. no - does not address DNA and chromosomes in coding the instructions for
characteristic traits.

- 0. none 2. 3D 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #4

- 0. none 1. 3D 2. yes 3. yes 4. no, the scoring assertion only address that light and carbon dioxide are involved, it
does not address the process of converting to chemical energy

- 0. L.yes 2.yes 3.yes 4.yes 5.

- 1-2D, doesn't quite get to the content of the DCI about transforming light energy into stored chemical energy. 2-
phenomenon is ok 3-yes, except if a student shows only partial understanding the data isn't going to indicate what
the gap is. Item analysis would be needed to reveal that. I don't think that level of analysis is available on reports.
Thus, this should probably be a 2pt item. 4-no, doesn't get to the DCI of how photosynthesis transforms light
energy into stored chemical energy, but it is on the very lower edge of it.

- 0.none 1. 3D 2. yes 3. yes 4. no - does not address stored chemical energy.

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #5

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. L.yes 2.yes 3.yes 4.yes 5.

- 1-3D, although weak as to how the student in engaging in argument & using cause/effect 2-phenomenon is good
3-yes 4-no, without more for the student to do other than pick 1 right answer it is hard to tell if the student is
engaging in SEP application
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- 0.none 1. 3D 2. yes 3. yes 4. yes
- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #6

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D, because a correct answer may not have to do with the structure/function of the gene. 2-phenomenon is not
complete if ProteinC is important 3-no, due to distractor A being a plausible answer 4-no, due to structure/function
may not be necessary to reasonably answer

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #7

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D, the structure/function CCC is lacking for engagement. 2-no, it's a typical cell analogy project poorly
executed. 3-if the purpose it to simply illustrate hierarchal organization then it might be ok 4-no, there should be a
relationship to structures with functions, not just a list from smallest to largest 5- An item should NOT be written
where both columns are out of order. If the intent is to analogize to levels of organization then the levels should be
listed in order.

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. none 2. 3D 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #8

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is ok 3-yes, but the question isn't written to clearly align with any HS-LS standard 4- no
because the question isn't written to clearly align with any HS-LS standard

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.no 4.yes 5. if a student picks "a change in the shape of the amino acid protein -which could be
accurate- and put it in the middle box instead of a change in the sequence, both points would be lost, even though
it may be correct.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. I don't see how this protein carries out essential functions of life 1. 3D 2. yes 3. no - I think students may select
a change in the RNA sequence as the starting point 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #10

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good, although the graph doesn't totally support the claim because the trend in ratio of
male:females is getting better from subadults to juveniles. 3-yes, but see comments on #2. 4-yes, but see
comments on #2.

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. The graph is confusing. We have ages that overlap. We have data given that
is not assigned to juvenile, subadult, or adult (look at the data bars on the far right side of the graph). Students are
not told when turtles reproduce (adult, subadult, and/or juvenile).

- 0. I thought this was also appropriate to HA-LS3-3 1. 3D 2. yes 3. yes 4. no- standard states increases in number
of species and emergence of new species; question only addresses extinction of a species
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- 0. I first thought LS2-2 was a better fit, but I now agree with LS4-5 1. 3D 2. Yes 3. Yes 4. No. Does not address
increase or emergence of new species.

Item #11

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes 5-I like how there are 4 score points because the data will then show
where misconceptions occur. The item would be made awesome if there were one more column that allowed for
students to select choices of why they think each factor decreases. (Facilitate making student thinking visible!)
- 0.none 1. 3D 2. yes 3. yes 4. no - does not address all the inputs and outputs, anaerobic, nor the bonds broken
and formed in the process.

- 0.none 1. 3D 2. yes 3. no - I think an assumption is made that less food is consumed at night and less oxygen is
consumed, but is not evident from the data presented 4. yes

- 0. I originally chose LS1-3, thinking of the temperature change as a homeostatic mechanism, but I can
understand why LS1-7 was chosen. 1. 3D 2. Yes 3. Yes 4. Does not include anaerobic respiration and does not
include all inputs and outputs of cellular respiration.

Item #12

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. calculator does not have an equal (=) function key

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. no - does not address cycling of matter

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1. 3D 2. Yes 3. Yes 4. No. Does not include flow of matter 5. This question is a weak DOK 2 an
exercise in applying a vocabulary-level concept, the rule of 10.

Item #13

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.no 4.yes 5. students could say another type of system, like nervous system because they use
calcium too, yet would get the question wrong.

- 1-3D 2- phenomenon is good, analogy is unnecessary 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #14

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.no 4.yes 5. there are 2 correct answers. one is "the available H, O, and C from glucose" but the
other is.." the available energy" because when they break the glucose apart to get the H, O, C, it releases that
energy. sugar=potential energy

- 1-3D 2-phenomenon is good 3-yes, but it is a stretch to think that students make the connection to "because the
bacteria rearrange the molecules in glucose to make PIA." This could only be inferred because the other distractors
are unreasonable. 4-yes.

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Students may leave the scientist's claim as is since the biofilm does increase
and will trust that a "scientist" will know the reason why. Removing this option would remove the chance of a
student getting it wrong for the wrong reason.

- 0. none 1. 2D - SEP6 - constructed explanation but no solution designed 2. yes 3. yes 4. yes

- 0. None 1.3D. 2. Yes 3. Yes 4. Yes

Item #15

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. L.yes 2.no, frond has a geographical bias. 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes, but very weak to presume that students are "using this information to make
predictions about the frequency in a population in the presence of selection pressure in the environment," because
they are probably just using mathematical reasoning as there is only 1 correct answer based on the data. This MC-
form does not allow for making student thinking about the reason WHY visible. 4-no, for same reason as #3. The
item only tells us a student can mathematically reason through the choices.

- 0.none 1. 3D 2. yes 3. yes 4. yes
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- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #16

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. no - I think tail structure is as valid as paw structure 4. yes
- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #17

- 0.none 1. 3D 2. yes 3.yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-1D, only mathematical reasoning (SEP4) is required to answer this question. 2-phenomenon is ok 3- yes, but it
is a stretch to assume that students "understands that environmental conditions can lead to natural selection against
certain forms of a species," because the item can be answered by just applying mathematical reasoning from table
1. No engagement of thought about the DCI or CCC is required. The SEP is probably more of 4 than it is of 7. 4-
no, see comments on #3.

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no-standard discusses emergence of new species and extinction of species; question
only addresses increases in number of individuals in a species

- 0. This question does not align to LS4-5, which assesses students knowledge of whether species will go extinct,
form or the increase in members of a species. This question relates to the traits within a single species. 1. 3D 2.
Yes 3. No. The scoring assertions refer to "forms" of a species. This is related to a specific trait, not a form. 4. Yes

Item #18

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5. I like how each one is labeled individually, so one answer doesn't affect the rest of
the answers.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #19

- 0.none 1. 3D 2. yes 3. yes 4. no, the scoring assertion does not reflect the breadth and depth of the corresponding
standard. The assertion shows protein relatedness but does not include multiple lines of evidence in support of
common ancestry and biological evolution.

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D because it is a stretch to say this item is directly related to either 4-1 common ancestry and biological
evolution or to 1-1 (structure of DNA determines the structure of proteins which carry out the essential functions)
2-no phenomenon is present to introduce the table of information 3-no, "What is the amino acid sequence?" is a
reasonable question no matter which protein is selected for the answer. This item score does not reveal anything
about student thinking by the way it is scored. 4-no, for reasons noted on #3.

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. I originally thought LS1-1 was better aligned, but I agree with LS 4-1 1. 3D 2. Yes 3. Yes 4. Yes

Item #20

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. 1.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is ok, although the diagram is confusing having all the steps connected to each other. Each
step should be separated by a little space. 3-no, the blastema wasn't present in step 1,2,3 so wouldn't it becoming
present in step 4 be evidence of differentiation occurring? 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes
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Item #21

- 0.none 1. 3D 2. yes 3. yes 4. no - scoring assertion includes only evaluation and does not include design or
refinement of the solution

- 0. L.yes 2.yes 3.yes 4.yes 5.poorly written, needs major revamp

- 1-2D, does not engage the CCC 2-phenomenon is ok 3- no, there is not enough known/given about hatchlings
and there are too many clicks necessary to "get correct”" for one score point. Even after reading "the answer key" 1
had trouble getting the score point. There is no way of telling what a student was thinking by clicking the choices
that they have to in order to earn 1 point. 4-no, for reasons listed in #3

- 0.none 1. 3D 2. yes 3. no - There is not enough information given for students to accurately predict the responses
indicated. For example, for the light covers, the student can select all three OR not enough information and get the
answer correct. If that is acceptable, then there isn't enough information given to have a "right" answer. 4. yes 5. A
student has to get click all correct boxes for all three scenarios in order to get the point. There is not enough
information given for the student to be able to know the "right" answers for each scenario.

- 0. Also fits with HS-LS4-6 1. 3D 2. yes 3. no - choice A could also be correct given the distractor 4. no - not
designing, only evaluate and refine; Standard is DOK level 4, question is level 2

-0.None 1. 3D 2. Yes 3. Yes 4. No. Students do not design or refine.

Item #22

- 0.none 1. 3D 2. yes 3. yes 4. no - does not include solution design

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D - this item needs a bit of extension to engage the SEP of constructing explanations 2-phenomenon is ok 3-
no, for reasons in#1 4-no, for reasons in #1

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. also fits standard HS-LS4-6 1. 3D 2. yes 3. yes 4. no - not designing solution/Standard is DOK level 4,
question is level 2

- 0. None 1. 3D 2. Yes 3. Yes 4. No. Students do not design or refine.

Item #23

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-no, if only one line of evidence is necessary to get the correct answer (male sex
chromosomes) then there is no point to have the other lines of evidence present. This is deceiving because all the
lines of evidence (except habitat) relate to DNA, and even the beaver shares similar sex chromosomes. Thus, this
defeats the point of "supported by multiple lines of evidence" in the standard. 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - standard state "supported by multiple line of empirical evidence"; question
only uses one evidence.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #24

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. L.yes 2.yes 3.yes 4.yes 5.great question
- 1-3D 2-phenomenon is good 3-yes 4-yes
- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #25

- 0.none 1. 3D 2. yes 3. yes 4. no - item does not address design or refinement of solution; evaluation and
identification of potential issues only

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-no, not reasonable answer key given the facts of the situation 4-no, given the SoC
- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no- standard includes designing and refining solution, question is only evaluating
solution; question is DOK level 4, question is level 2.

- 0. None 1. 3D 2. Yes 3. No. "Biodiversity decreasing faster in areas outside the refuge" assumes that by creating
a protected area, trawling will increase in other areas, which is not necessarily true. A better option would be
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"biodiversity will continue to decline in areas outside the refuge." 4. No. Students do not design or refine their
solution.

Item #26

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-1D, only mathematical reasoning is needed to answer this item. 2-phenomenon is good. 3-no, this item can be
answered with mathematical reasoning, not application of the DCI 4-no, this is an SEP of 4, not 7

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. I thought it would fit better with HS-LS4-5, but because the number of species is increased and not individuals
within a species it fits with this standard. 1. 3D 2. yes 3. yes 4. no-standard state under stable conditions numbers
and types of organisms maintain consistent numbers; question has no stable conditions in it.

- 0. LS2-6 does not apply to this question. While the prompt of the question represent the process of biological
succession, disturbance is not present. In this question, students are using a mathematical representation (a graph)
to explain how the age of a forest and the height of the trees affect biodiversity. 1. 3D 2. Yes 3. No. The scoring
assertion 1 refers to stability in an ecosystem. This ecosystem is not stable, it is changing over time. 4. No, The
scoring assertions do not support the standard.

Item #27

-0.none 1. 3D 2. yes 4. yes 5. no - scoring assertion does not make an inference regarding the emergence or
extinction of species

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-1D, only mathematical reasoning is needed to answer this item. 2-phenomenon is good. More engagement with
questions about the phenomenon is needed to make it a 3D item (or bundle) 3-no, only mathematical reasoning is
needed to answer this item. The rubric makes assertions about the DCI, SEP, and CCC that are not necessary to
answer the item. 4-no, this is an SEP of4, not 7.

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. noone 1. 3D 2. yes 3. yes 4. no - standard includes emergence of new species and extinction of species;
question only discusses increases in number of individuals of a species.

- 0. I disagree with LS4-5. LS4-5 asks about the process of speciation and the potential for the increase in a
population over time. This question is asking about how environmental conditions may affect carrying capacity. 1.
3D 2. Yes 3. No. The population would actually be increasing in all situations, since the population growth rate is
positive in all conditions listed in table 2. See #5. 4. Yes. 5. Table 2 in this question needs to seriously reworked.
There is a POSITIVE growth RATE for all three conditions. Growth rate (r), defined as r = births-deaths/total
population, is only positive if a population is increasing. Further, a population growth rate of 2 suggests a doubling
of the population each year, which is highly unlikely. The answer options should be changed to ask about
population growth rate instead of population AND the table should be updated to provide more realistic values,
perhaps as percentages.

Item #28

- 0.none 1. 3D 2. yes 3. yes 4. no - uses only one line of evidence; multiple lines of evidence are not considered

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D, only looking at a pattern in DNA sequence (CCC) is needed to answer this item. all the rest of the item is
irrelevant information. 2-not sure what the phenomenon is because it is not told to the students what kind of
organism "C. unicinctus and several other related species" are. 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 2D - SEPS - did not obtain information 2. yes 3. yes 4. no - standard states multiple lines of evidence;
question uses only DNA evidence

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #29

- 0.none 1. 3D 2. yes 3. yes 4. no - evidence is simply identified and not evaluated

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good. 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - standard includes increase of individuals in a species and extinction of a
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species; question only addresses emergence of a new species
-0.None 1.3D 2. Yes 3. Yes 4. No. Only addresses emergence of new species

Item #30

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. calculator has no equal (=) function key

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D, no engagement of CCC to answer the item 2-phenomenon is ok 3-yes 4-yes, minus the CCC is not
evaluated

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Cannot work calculator

- 0. None 1. 3D 2. Yes 3. Yes 4. No. Does not address cycling of matter 5. This question is a rote use of the rule of
10 and a routine calculation.

Item #31

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D, no SEP model is actually needed to answer this question, it is based on applying rote memory about
respiration. 2-phenomenon is ok 3-yes 4-yes, minus the SEP is not evaluated

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. No. Does not include aerobic respiration

Item #32

- 0. none 1. 3D 2. yes 3. no - simply calculating the mass of sea turtles in the first response does not support the
inference stated in the scoring assertion 4. no - simply calculating the mass of sea turtles in the first response does
not support the inference stated in the scoring assertion 5. calculator does not have an equal (=) function key

- 0. 1.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is ok 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Cannot work calculator

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #33

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. L.yes 2.yes 3.yes 4.yes 5. I feel that the first step should include geosphere because it's getting nutrients in the
soil.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. no - the first step ignores the requirement of water for photosynthesis - thus requiring the
student to either mark hydrosphere. 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Step 3 in question does not mention carbon dioxide in atmosphere

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #34

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5. I don't like that if a student makes a mistake in the sequencing, it could affect
multiple points, instead of really just being 1 off.

- 1-3D 2-phenomenon is ok 3-yes 4-yes

- 0.none 1. 3D 2. yes (hectare should be defined) 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - Standard is DOK level 2, but question is level 3.

- 0. None 1. 3D 2. Yes 3. No. Part C is difficult to complete. Plants do use cellular respiration, but that step is
considered incorrect. 4. Yes

Item #35

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good. 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. no - the assertions do not match the assumed knowledge the student has. 4. no - goes
beyond the standard. 5. The information given and what a student is asked to infer is beyond what is reasonable.
- 0.none 1. 3D 2. yes 3. yes 4. no - Standard is DOK level 2, but question is level 3.
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- 0. This question is not aligned to the standard LS3-2 1. 3D 2. Yes 3. No. Part C's claim that all are divisible by 7
is vague and could be chosen for the wrong reasons. 4. No. None of the assertions listed here actually relate back
to LS3-2. Students answering these questions correctly has no bearing on their mastery of this standard. 5. This
question should be removed.

Item #36

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-o0k 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. None 1.3D 2. Yes 3. Yes 4. Yes

Item #37

- 0.none 1. 3D 2. yes 3. yes 4. no - the scoring assertions do not describe the inferences that can be made from a
student's successful interaction with the item. The item only asks the student to make an observation without
supporting and revising an explanation of the factors that affect the population as the standard states.

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-1D, only mathematical reasoning is needed to answer the questions 2-phenomenon is good 3-no, the item does
not tell us that students know about individuals vs populations 4-no, only mathematical reasoning is necessary
(SEP is only dimension measured)

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1. 3D 2. Yes 3. Yes 4. No. Does not address biodiversity.

Table 2 (Grade 11 Batch 54). Source-of-Challenge Issues by Reviewer

Sources of Challenge

[tem #6

- SoC - because the stimulus tells us nothing about the production of ProteinC in the two cows,
it is reasonable that A is also a correct answer.

- Students are given the fact "Protein C breaks down Factor V." Based on this information, it is
reasonable that a student may choose option A as their response and be justified.

Item #10

- The respondent may look at the subadult and juvenile data and conclude that the "current"
trend is that things are improving. The answer selections don't allow for a line of reasoning that
the data refutes the claim because the current trend shows improvement and the respondent
could interpret if that trend continues the claim is not supported. The respondent may get the
"right" answer for the wrong reason by following the line of reasoning of the item writer and
forsaking their own conceptual u

- SoC - the graph doesn't totally support the claim because the trend in ratio of male:females is
getting better from subadults to juveniles.

- No reasoning that supports refutation of claim would allow a student to get this question right
without understanding the supporting evidence.

[tem #25

- SoC - The answer "Biodiversity in areas outside of the refuge would decrease faster" is not
reasonable for the question because this is already happening. Creating refuges is not going to
change the biodiversity in the areas outside of the refuges. It requires an assumption that is not
given.
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- Choosing that biodiversity outside the refuge asks the student to make an assumption that is
not justified based on the question.

Item #35

- The information given and what a student is asked to infer is beyond the standard. It requires
students to make assumptions that data is not present.

- Speciation by errors in meiosis is not addressed by LS3-2. Students answering these questions
correctly has no bearing on their understanding of LS3-2.

Grade 11 Batch 55

Table 1 (Grade 11 Batch 55). Notes by Reviewer

Notes

Item #1

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. This scenario is excellent but needs tweaking. Energy (kWh) and power (kW)
is consistently mislabeled and misused. For example the energy usage should be 30 kWhr for 24 hr. [THIS
COMMENT BELONGS WITH ITEM #4]

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-1D, really only related to knowing reactants & products 2-ok 3-yes 4-no, not accessing SEP or CCC
knowledge

- 0. none 1. 2D (missing SEP) 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Ttem #2

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. The mass of the astronauts is constant. It is the weight that changes. There is
also an error in first sentence - "are on is on"

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-2D, this is rote knowledge about gravitational forces 2-phenomenon is ok 3-no, there is nothing in the model
that gets students to a factor of 4 except rote knowledge they may have learned in class. 4-no, due to notes above
- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Mass does not change. This should say weight.

- 0. none 1. 3D 2. yes 3. no - factor of 4 was acceptable, however factor of 1/4 was not 4. yes 5. Introduction to
question state that mass is changed, not weight. Calculator did not work.

- 0. None 1. 3D 2. Yes 3. Yes 4. Yes 5. The question references the MASS, saying it is different in space. The
correct word to use here would be WEIGHT.

Item #3

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-1D, utilizing only mathematical reasoning to answer the question. 2-phenomenon is ok 3-no, because there is
only one graph that goes up from reactants to products therefore selecting the correct choice does not show that
students know anything about activation energy. 4-no, this is purely a mathematical reasoning item

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1.3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #4

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. great opportunity for students to engage at a complex and in-depth process

- 0. 1.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes, cluster that has students run trials is excellent 4-yes

- 0. none 1. 3D 2. yes 3. no - assertions are based on information the student does not have 4. yes 5. there are
errors in labels. The student is given an option that is not testable. A required response for additional testing is the
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same as an option for initial testing. A student would not select their original focus as an addition point of testing.

- 0.none 1. 3D 2. yes 3. no - Power is given as kwh not kw which would prevent students from calculating correct
answer. Energy should be given for each house as 30 kwh per day. 4. no - Standard is DOK level 4 which cannot
be assessed with this type of test; question is level 3.

- 0. None 1. 3D 2. Yes 3. No. The scoring of part D if a student selects "longest-lasting is unclear" as there are no
variables to test that return information regarding how long the panel lasts. 4. Yes 5. This question needs serious
revision. In Part C, power is given as kilowatt-hours (kWh) which is a measurement of energy use. The correct
unit should be kilowatts both in the list and the table. In part E, the description of the house using "30kw of power
in 24 hours" is incorrect. To get the calculation correct, we should assume that 30 KILOWATT-HOURS (kwh) are
used by the house per 24 hours. This needs to be changed as well.

Item #5

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Engaging stimulus

- 0. L.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - standard is DOK level 2, but I feel that question is level 3.
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #6

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. no - I disagree that sodium would form stronger bonds than potassium based on their
placement on the periodic table and their electronegativity difference. 4. no - Standard is DOK level 2 and I
believe that the question is level 3.

- 0. None 1. 3D 2. Yes 3. No. A student who gets part D right does not understand electronegativity trends. 4. Yes
5. For part D, potassium should form a stronger bond because it is less electronegative, meaning the
electronegativity difference and thus bond strength should be higher between potassium and oxygen.

Item #7

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. clearly understood simulation

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. yes 5. Part D is not scored so why is it included?

- 0. I believe this question also addresses HS-PS1-6 since the reaction is at equilibrium. 1. 3D 2. yes 3. no - there is
no score result for part D of the question. 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. The change in reaction rate when modifying temperature is much different
than when modifying hydrogen or carbon dioxide.

Item #8

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. 1.yes 2.yes 3.yes 4.yes 5.1 have an issue with saying a different energy in the molecule changes the chance of
reaction...because heat doesn't necessarily change the energy "in a molecule", to me "in a molecule" means the
chemical energy. Therefore students will get 0/2 on that portion of the test.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #9

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D (although the SEP on this item is #4, not #3 as in the standard) 2-phenomenon is good 3-yes 4-no, see notes
on #1

- 0. none 1. 2D (missing SEP) 2. yes 3. yes 4. no - does not address plan and carrying out an investigation -
students are just analyzing data
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- 0. none 1. 2D - SEP3 missing - did not plan and carry out investigation 2. yes 3. yes 4. no - Standard is DOK
level 4, question is level 2. Also question does not have a closed system or uniform energy distribution as stated in
the standard.

- 0.None 1.3D 2. Yes 3. Yes 4. No. Students do not plan and carry out.

Item #10

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is ok 3-yes 4-yes

- 0.none 1. 3D 2. yes 3. yes 4. no - does not address revising the explanation.
- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #11

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes
- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #12

- 0. none 1. 2D, SEP missing - student is not actually engaged in communication which is difficult in the
assessment context 2. yes 3. yes 4. no 5. great practical application item

- 0. l.yes 2.yes 3.yes 4.yes 5.

- 1-3D (although the SEP is probably #2 in the item and not #8 as in the standard) 2-phenomenon is good 3-yes 4-
yes, with consideration of note on #1

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #13

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. L.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes
- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. yes
-0.None 1.3D 2. Yes 3. Yes 4. Yes

Table 2 (Grade 11 Batch 55) Source-of-Challenge Issues by Reviewer

Sources of Challenge

[tem #4
- This question has so many issues, that it needs to go back to the drawing board and be
reworked. The concept is good, but the current form is not acceptable. See specifics in note #5.
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Grade 11 Batch 56

Table 1 (Grade 11 Batch 56). Notes by Reviewer

Notes

Item #1

- 0.none 1. 3D 2. yes 3. yes 4. no - the assertion does not correlate as the modification of relationships between
humans and Earth systems due to human activity is not addressed

- 0. L.yes 2.yes 3.yes 4.yes 5.The correct answer graph is VERY distorted mathematically. It should be fixed.

- 1-2D, is really SEP of 4 (not 5) and only applies analyzing and interpreting data not really applying CCC-system-
thinking. 2-phenomenon is OK, but the answer choices don't reflect the data in the diagram or table. 3-no, based
on the data given, the blue line for well output could just as easily be vertical as 16->15 is not as drastic change as
25->5 is on the given answer. 4-no, only mathematical reasoning is really needed to answer this question. 5-SoC -
the item doesn't address the standard of "how those relationships are being modified due to human activity."

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0.none 1. 3D 2. yes 3. yes 4. no - I do not see any relationship between Earth systems.

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Ttem #2

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. l.yes 2.yes 3.yes 4.yes 5.good analogy

- 1-1D because students can answer this using rote memory of thermal convection concepts learned in middle
school. 2-phenomenon = yeck! 3-no, students are not developing the model, only labeling parts. They are also not
using evidence to build the model. 4-no not aligned to the SEP4 or to CCC application of stability/change or
technology. 5-SoC - this item is written to the SEP2, not SEP4. Thus, this model is not based on evidence, students
can answer it from rote memory from information learned in a MS Earth Science class. That makes is more like a
MS item for MS-ESS2-1

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes

Item #3

- 0. none 1. 3D 2. yes 3. no - the assertion cannot be inferred from answering this question 4. no - the assertion
cannot be inferred from answering this question (see source of challenge) 5. the science of this question is flawed
- 0. meh 1.no 2.no 3.no 4.no 5. Science is incorrect, incomplete and distorted. See
https://www.youtube.com/watch?v=b3TRUDKpoAs

- 1-3D 2-phenomenon is ok, although students might wonder [How do we know this "fact"?] 3-yes 4-yes 5-SoC -
the item lays out a "fact" 9,000 years ago, Earth’s closest point to the sun during its orbit occurred during summer
in the Northern Hemisphere. Today, Earth’s closest point to the sun during its orbit occurs during winter in the
Northern Hemisphere) without any information about how we know this "fact"

-0.none 1. 3D 2. yes 3. yes 4. yes 5. The idea that the tilt of the earth would affect the energy flow is acceptable,
but that is not what is presented to student. The information is presented that the change in flow is because of the
change of season due to distance from the sun.

- 0.none 1. 3D 2. yes 3. no - energy amount would be negligible when earth's closest point changes. Is affected by
tilt of the earth. 4. yes

- 0. None 1. 3D 2. Yes 3. No. Earth's distance from the sun does not cause seasonal changes in climate. The tilt of
the earth does. 4. No. Earth's distance from the sun does not cause seasonal changes in climate. The tilt of the earth
does.

Item #4

- 0. none 1. 3D 2. yes 3. yes 4. yes 5. good cluster item that is engaging
- 0. L.yes 2.yes 3.yes 4.yes 5.

- 1-3D 2-phenomenon is good 3-yes 4-yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

- 0. none 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes
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Item #5

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. L.yes 2.yes 3.yes 4.yes 5. the wording in the paragraph's first two sentences makes it sound like there is algae
growing with the corn, which is confusing. Please tweak.

- 1-3D 2-phenomenon is good 3-yes, but see SoC above 4-yes 5-SoC - in the partC answer choice of ALGAE as
"this crop creates cleaner energy" because according to the table, both algae and corn reduce emissions, thus
making them both cleaner. The student could get this item wrong for using the right reasoning.

- 0.none 1. 3D 2. yes 3. yes 4. yes

- 0. I think this question could also align with HS-ESS3-2 1. 3D 2. yes 3. yes 4. yes

-0.None 1.3D 2. Yes 3. Yes 4. Yes 5. Part 2 could be easy to a student to miss if there is no warning that it is left
uncomplete in the student application.

Table 2 (Grade 11 Batch 56) Source-of-Challenge Issues by Reviewer

Sources of Challenge

Item #3

- This is one insignificant factor in a system of multiple subsystems affecting climate.

- Science is incorrect, incomplete and distorted.

- The premise of distance from sun dictating seasons is scientifically inaccurate. The tilt of the
Earth is what causes seasons.

- This question is based on false information and should be removed.

Item #5

- SoC - in the partC answer choice of ALGAE as "this crop creates cleaner energy" because
according to the table, both algae and corn reduce emissions, thus making them both cleaner.
The student could get this item wrong for using the right reasoning.
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DOK: Categories of Cognitive Engagement for Science

This tool supports educators, educational content developers, assessment writers, and
other stakeholders in interpreting, evaluating, operationalizing, and communicating about
shared goals related to the types of complex cognitive engagement expected within
current science standards, including NGSS and other Framework-influenced standards.
This tool can be used to differentiate between and among the different types of
complexity of cognitive engagement required by learning expectations along with
corresponding questions, prompts, and tasks used within curriculum, instruction, and
assessments.

The four broad DOK Categories of Cognitive Engagement for science are described in
this document. These categories do not represent a progression or sequence in terms of
learning. Students may engage directly with a higher complexity task and later
incorporate tasks of lower complexity—that all together contribute to an overall learning
goal. Verbs should not be relied upon to determine task complexity; complexity is
dependent on the way(s) in which students are required to interact with or engage with
science ideas, practices, and concepts.

Importantly, this tool differentiates the complexity of cognitive engagement from difficulty,
from cognitive load, and from sophistication of thinking as well as from other important
but distinct factors and considerations, including the dimensionality of the NGSS and
other Framework-influenced standards. This is consistent with the NGSS, which includes
three-dimensional performance expectations requiring cognitive engagement at DOK
Categories 2, 3, and 4. The standards expect “deeper understanding of content,”
“application of content,” “putting...knowledge to use,” greater depth and rigor,”
“conceptual understanding,” “engage[ment] in scientific investigations and
argumentation,” etc. These expectations for complexity of cognitive engagement apply
across grades with “increasing sophistication of student thinking” developing as students
move through the grade bands (Appendices A, C, E; The Framework).
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WebbAlign

Using DOK to Interpret the Complexity of Cognitive Engagement
Represented within the NGSS PEs:

A Framework for K-12 Science Education and the resulting NGSS both emphasize a
conceptual shift in science standards, related to the complexity of student
engagement with science ideas, concepts, and practices (NGSS Appendix A,
Conceptual Shift #4). As one of the central conceptual shifts specified in the
standards, attention must be given to determine if and in what ways different types of
student cognitive engagement (i.e. cognitive complexity) are being interpreted in the
expectations, in curriculum / learning opportunities, and in assessments (of all types).
Use of Webb’s DOK — Categories of Engagement helps educators interpret,
communicate about, and evaluate the complexity of cognitive engagement required
by learning expectations, along with the corresponding questions, tasks, and prompts
used in curriculum and assessment.

Use of DOK helps all stakeholders to work purposefully to attain our existing goals of
an aligned system. As a reflective lens, DOK is used to foster intentionality in
teachers’ and in content writers’ practices, to help ensure that the complexity of
expected learning outcomes are clearly understood, that (formative/summative/etc.)
assessments provide opportunities to make reasonable inferences about attainment
of the intended learning outcomes, and that appropriate educational opportunities are
provided to allow students to engage at the level(s) of complexity intended. The
critical role of alignment in the success of Framework-influenced science standards,
including but not limited to the NGSS, was called out in the very first chapter of A
Framework for K-12 Science Education:

“The committee recognizes that the framework and subsequent standards will
not lead to improvements in K-12 science education unless the other
components of the system — curriculum, instruction, PD, and assessment —
also change so they are aligned with the framework’s vision.” (NRC, 2012)

In other words, in order to achieve the shift in the complexity of student engagement
with science—an explicit goal of the standards—students must be provided with
learning opportunities that are as cognitively complex as what students are expected
to know and do as stated in the corresponding standards. Similarly, what is elicited
from students on assessments must be as cognitively complex as what students are
expected to know and do as stated in the corresponding standards.
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The Framework and NGSS documentation specify that DOK Category 1 type
expectations are not intended as summative assessment targets. Because
“[plerformance expectations are the assessable statements of what students should
know and be able to do” and are intended to “to make clear the intent of the
assessments” (p. 1, NGSS Release and p. 2, Appendix A, April 2013) it can be
inferred that no PE should be considered to expect only DOK Category 1 type work.
Although DOK Category 1 expectations are not intended as summative assessment
targets, they are expected to be necessary and included in curriculum and instruction.
One example given is that although “[n]o part of the NGSS specifies the student
outcome of defining a gene — it is...implicit that in order to demonstrate proficiency on
MS-LS3-1, students will have to be introduced to the concept of a gene through
curriculum and instruction” (NGSS, Appendix B, p. 6).

Individual PEs are used by some and/or in some cases as curriculum and
assessment targets. Bundles of PEs are used by some and/or in some cases as
curriculum and assessment targets. When bundled, dimensions may be shuffled and
regrouped, affecting the complexity of the expectation(s) and corresponding
curriculum and assessment tasks. No matter the approach, meeting the goals of the
NGSS to effect a conceptual shift in science standards, related to the complexity of
student engagement with science concepts and scientific thinking (NGSS Appendix
A, Conceptual Shift #4) means that it is necessary to differentiate between and
among the different types of student cognitive engagement (i.e. cognitive complexity)
explicit in the standards. Use of DOK — Categories of Cognitive Engagement allows
stakeholders in all parts of the system to identify and name the referents for
complexity, adding clarity to the interpretation and operationalization of the standards,
and informing instructional, curricular, and assessment choices and design.

W
WCEPS WebbAlign
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Science — DOK - Category 1

Category 1 is defined by the recall of information, such as a discrete fact, definition, or
term, as well as performance of a clearly defined process, scripted series of steps, or set
procedure (e.g. use a balance, read information from a Periodic Table, follow a protocol).
Category 1 tasks may require a rote response or use of a well-known formula. Finding a
particular point on a graph or otherwise directly reading information from graphs, charts,
diagrams, or maps is considered Category 1 work. In the context of multidimensional
science standards, Category 1 tasks are, by definition, unidimensional—for example,
requiring recall of a particular disciplinary core idea or widely accepted “fact.” Category 1
expectations and tasks, by definition, do not require students to engage in sense-making
and do not require knowledge-in-use. If working with NGSS or other Framework-based
standards, it is important to note that while performance of Category 1 tasks are
expected as a part of curriculum and instruction (NGSS Appendix B), an explicit goal of
Framework-based standards is to promote a shift away from Category 1 tasks as ultimate
learning expectations and, correspondingly, as summative assessment targets. Students
will, however, engage in Category 1 tasks in the classroom in the context of broader work
to make sense of a phenomenon. Across all grades, for example, students are expected
to properly use measurement tools, recognize specific structures or relationships, recall
appropriate safety protocols, and learn relevant terminology. Students may be expected
to develop fluency with Category 1 expectations. Although not complex, Category 1
expectations can be difficult, and may require time and effort to learn.

Importantly, Category 1 expectations do not necessarily need to be mastered before
engaging in more complex expectations. For example, it is possible to plan and conduct
an investigation to provide evidence that feedback mechanisms maintain homeostasis
(HS-LS1-3) without first memorizing vocabulary terms for the structures involved in the
feedback system and without first determining the atomic composition of molecules
involved in the feedback system. In fact, engaging in complex tasks can promote,
motivate, and facilitate mastery of DOK 1 learning expectations because they are
encountered in a relevant and meaningful context.

Some examples that represent (but do not constitute all of) Category 1 expectations and
tasks:

e Recall or recognize a fact, term, relationship, structure, or property.

e Reproduce in words or diagrams a typical or routinely used representation or
model of a scientific concept or relationship, such as labeling a diagram of a life
cycle or labeling a diagram of the water cycle with the correct terms.

¢ Provide or recognize a standard scientific representation for common phenomena
or relationships, such as reading directly from or adding arrows to a food web
diagram.

e Perform a (grade-level-appropriate) routine procedure, such as measuring length
or completing a basic Punnett square.
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Science — DOK - Category 2

Category 2 expectations and tasks require knowledge-in-use rather than in isolation of
purpose or context. In general, Category 2 tasks require application of underlying
conceptual understanding and therefore engagement in mental processing beyond
recalling or reproducing a response. In other words, Category 2 tasks require students
to interact with and make use of science ideas and concepts. Students may need to
make some decisions about how to approach a question or problem, including applying
knowledge and making connections between and among related ideas and concepts.
Category 2 tasks require students to use observations, data, and/or other information to
make sense of a phenomenon. Sense-making within Category 2 involves fairly
straightforward or routine relationships or interactions between and among ideas and
concepts. Using one’s own observations to make original comparisons or to draw
connections between and among science ideas and concepts are tasks that are
typically Category 2. Tasks that require purposeful interpreting, organizing, and
displaying of data in tables, graphs, and charts are also considered Category 2.
Students may represent ideas mathematically or use routine mathematical and
statistical concepts and processes to represent relationships between variables. At
Category 2, students use evidence in the context of tasks such as explaining
relationships in terms of observations or science concepts. A task requiring a rationale
equivalent to an explanation grounded in conceptual understanding would be

Category 2.

Some examples that represent (but do not constitute all of) Category 2 expectations and
tasks:

e Specify and explain in one’s own words the relationship between ideas, concepts,
properties, or variables; draw meaning from observing, describing, and/or comparing
patterns.

¢ Differentiate between and among ideas that are considered scientific fact, reasoned
hypothesis, and speculation.

e Engage in sense-making related to the relationships between and among ideas and
concepts in the context of a fairly routine phenomenon or problem, given data and
conditions.

¢ Organize and represent data to show basic patterns or relationships relevant to
making sense of a phenomenon.

¢ Interpret data to make sense of concrete relationships or to inform an explanation or
design solution relevant to a phenomenon.

¢ Interpret or explain phenomena in terms of science ideas and concepts.

e Develop a fairly basic model that demonstrates underlying conceptual understanding
and/or use a model that is a common representation of a phenomenon or concept to
solve a problem, make sense of a relationship, etc.

e Apply conceptual understanding of disciplinary ideas to identify limitations of models.

e Make predictions for cause-and-effect relationships that are fairly direct but that
require some consideration of the factors that influence outcomes.
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Science — DOK - Category 3

Well-designed Category 3 tasks are likely to promote productive struggle as students
may need to grapple with the context and information provided to figure out how to even
begin to make sense of a phenomenon or problem. The complexity does not result only
from the fact that there could be multiple approaches and solutions to a problem (also a
possibility for both Category 1 and 2) but because the task requires more demanding,
thorough, and abstract reasoning grounded in evidence. Category 3 tasks require
planning with consideration of purpose and constraints. Students must use robust
evidence to make original arguments. Tasks that require students to provide an
evidence-based rationale for a novel solution or engage in scientific argumentation that
involves heavy reasoning grounded in appropriate evidence are Category 3. An
authentic science or engineering problem that has more than one possible solution and
requires students to justify the response with appropriate evidence would most likely be
a Category 3. Work may require application of ideas across diverse concepts, contexts,
and disciplines. Category 3 expectations and tasks typically involve the use of science
and engineering practices to solve non-routine problems. Conceptual understanding of
science ideas and concepts may be applied to hypothetical contexts or used to support
design solutions, claims, and arguments. Category 3 tasks include a scope of work that
can be completed in a discrete period of time (i.e. “in one sitting”).

Some examples that represent, but do not constitute all of Category 3 expectations and
tasks:

e |dentify appropriate research questions and design brief investigations to help
make sense of a phenomenon or science/engineering problem.

e Engage in abstract sense-making related to a complex and non-routine
phenomenon or problem, given data and conditions, to develop hypotheses,
logical conclusions, or original scientific arguments grounded in evidence.

e Develop and/or use a model (likely novel to the student) to describe a complex,
non-routine phenomenon or concept.

e Conduct critical analyses of models, requiring the synthesis of disciplinary ideas.

e Form robust and defensible conclusions about non-routine problems or
phenomena based on experimental data.

e Evaluate the bias, credibility, or accuracy of a scientific claim expressed in a text.

o Critically analyze causes for different conclusions based on scientific
investigations of or reports about the same phenomenon.

e Evaluate alternative design solutions to an engineering problem.

e Propose revisions for aspects of experimental design grounded in evaluative
review.

¢ Define authentic constraints and incorporate considerations for these constraints
into problem-solving work.

e Analyze data to inform revisions to a proposed process or system.

¢ Develop a mathematical or computational simulation of a phenomenon.

Revised in 2019 by Norman Webb and Sara Christopherson. WebbAlign®/Dr. Norman Webb © 2019
Visit webbalign.org or contact us at webbaligh@wceps.org for more information.


mailto:webbalign@wceps.org

Science — DOK - Category 4

Category 4 demands are at least as complex as those of Category 3, but a main factor
that distinguishes the two categories is the need to perform activities over days or
weeks (Category 4) rather than in one sitting (Category 3). The extended time that
accompanies this type of task allows for more extensive planning and consideration of
potentially intricate contingencies (dependent and interacting pieces) within and across
systems. Category 4 tasks likely require thinking about implications of choices across
time and require sustained metacognitive awareness. Category 4 science tasks parallel
the types of extended iterative and non-linear engagement involved in authentic science
inquiry and engineering design processes. Broad and abstract thinking is likely required
to synthesize diverse ideas, concepts, contexts, and disciplines.

Note that an extended time period is not a distinguishing factor if the required work is
only repetitive and does not require applying significant higher-order thinking. For
example, if a student is expected to measure the water temperature from a river each
day for a month and then construct a graph, this would be considered to fit within
Category 2. However, if the student is engaged not only in the data collection and
representation but in all aspects of planning and carrying out an authentic scientific
investigation or design solution, then the overall task would be Category 4. While some
science standards expect students to engage at Category 4, on-demand assessment
instruments are inappropriate tools for judging student proficiency as relates to the full
scope of Category 4 expectations; these are most appropriate for classroom
assessment.

The scope of a Category 4 task requires demonstration of multiple Category 1, 2, and 3
expectations in the service of the larger goal. Note that educators may choose to design
Category 4 tasks that promote, motivate, and facilitate Category 1, 2, and 3 work. These
Category 4 tasks may be grounded in PE bundles or other groupings of learning goals.
Phenomenon-based learning, problem-based learning, and the 5E Model, are some
examples of common pedagogical strategies that may be used to support this
approach.

Some examples that represent, but do not constitute all of, Category 4 expectations and
tasks:

e Plan and carry out an authentic scientific investigation that will yield appropriate
data that could be used as evidence to answer scientific questions related to
real-world problems.

e Plan, test, and revise a design solution for a real-world problem.

e Analyze the results of multiple studies on a particular science topic or design
solution to form an original conclusion about the subject.

e Use trials of a scientific investigation or design solution to evaluate strengths and
weaknesses of an experimental design and develop a revised and more
optimized approach.

e Conduct broad-scope, systems-level analyses of non-routine problems.
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Webb’s DOK - Category 1 as relates to NGSS and Framework-based standards: FAQ

Do DOK Category 1
tasks require
students to
interweave multiple
dimensions of the
standards to make
sense of
phenomena?

No. A DOK Category 1 task is not multidimensional and does not involve sense-making. Students do not need to engage
multiple dimensions to reproduce or recall a response. DOK Category 1 tasks typically separate content from practice. If
a practice is at all involved, it is scripted or rote; a reproduction of a response. Although all Performance Expectations are
written to incorporate all three dimensions of the standards, related curriculum and assessment tasks must be analyzed
to determine if they are one-, two-, or three-dimensional. The dimensionality of a task is related to but different than the
complexity of a task and must be evaluated separately. Dimensionality is best evaluated with reference to the foundation
boxes for PEs and the corresponding Appendices of the NGSS. A DOK Category 1 task may relate to content that falls
outside of the scope of the NGSS, and, therefore, it is possible for a DOK Category 1 task to be “zero-dimensional.”

Do DOK Category 1
tasks require
sense-making?

No. A DOK Category 1 problem cannot be reasoned through or “figured out;” the answer (or defined procedure or steps
to find the answer) must be known. By definition, a DOK Category 1 task is one that is not completed via sense-making
but instead by a rote or reproduced response. For many DOK Category 1 tasks, “either you know it or you don’t.”

Do DOK Category 1
tasks require
knowledge-in-use?

No. A DOK Category 1 task typically involves knowledge in isolation and, by definition, does not require meaningful
application, conceptualization, or integration of content, ideas, practices, or concepts. Any application of content required
by a DOK Category 1 task would be nominal to the point of insignificant. For example, an assessment task may present a
novel phenomenon but (typically unintentionally) ask students to provide a rote response. For example, a student may be
given a diagram of a novel food web and asked to determine the ultimate source of energy for a particular animal’s food.
Because the energy in animals’ food was once energy from the sun—no matter which animal and what type of food-the
answer to this type of question is typically the same, no matter the context. This overall issue applies in all cases where a
student response does not actually require using the information provided. Use of DOK can help educators and other
content developers differentiate between complexity, difficulty, cognitive load, dimensionality, etc — to ensure that
questions, prompts, and tasks are indeed providing students with opportunities that allow engagement with the intended
categories of complexity.

Do NGSS and other
Framework-based
standards expect
students to engage
with DOK Category
1 tasks?

Yes. Some engagement with DOK Category 1 work is expected in the classroom and is understood as a necessary
contributing component of the goals of the Performance Expectations. One example given in the NGSS documentation is
that although “[n]o part of the NGSS specifies the student outcome of defining a gene — it is...implicit that in order to
demonstrate proficiency on MS-LS3-1, students will have to be introduced to the concept of a gene through curriculum
and instruction” (NGSS, Appendix B, p. 6). It is important to note that an explicit goal of Framework-based standards is to
promote a shift away from DOK Category 1 tasks as ultimate learning goals or summative assessment targets.
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Webb’s DOK - Category 2 as relates to NGSS and Framework-based standards: FAQ

Do DOK Category 2
tasks require
students to
interweave multiple
dimensions of the
standards to make
sense of
phenomena?

Maybe. A DOK Category 2 task could, for example, require students to use a model to characterize a phenomenon in
terms of patterns or interpret graphical displays to make sense of cause-and-effect relationships as relates to a
phenomenon. DOK Category 2 cognitive engagement does not, however, guarantee that a task requires students to
engage science or engineering practices in the context of disciplinary core ideas. Because crosscutting concepts (CCCs)
“unit[e] core ideas throughout the fields of science and engineering” (NGSS, Appendix G, p. 1) DOK Category 2 tasks
are likely to relate to one or more crosscutting concepts even if the tasks do not necessarily require a student to explicitly
invoke a CCC. Although all Performance Expectations are written to incorporate all three dimensions of the standards,
related curriculum and assessment tasks must be analyzed to determine if they are one-, two-, or three-dimensional. The
dimensionality of a task is related to but different than the complexity of a task and must be evaluated separately.
Dimensionality is best evaluated with reference to the foundation boxes for PEs and the corresponding Appendices of
the NGSS. It is possible for DOK Category 2 tasks to interweave ideas, concepts, and/or practices that fall outside of the
scope of NGSS.

Do DOK Category 2
tasks require
sense-making?

Yes. DOK Category 2 tasks require students to connect science ideas and make sense of relationships and interactions
between and among science ideas. Sense-making within DOK Category 2 draws on conceptual understanding of
science ideas.

Do DOK Category 2
tasks require
knowledge-in-use?

Yes. By definition, DOK Category 2 tasks involves purposeful application, conceptualization, or integration of content,
idea(s), practice(s), and/or concept(s) within context. At DOK Category 2, knowledge is put to use in the context of tasks
that involve underlying conceptual understanding. Some DOK Category 2 tasks may require students to consider
relationships between and among or to apply ideas from one concept, context, or discipline to another.

Do NGSS and other
Framework-based
standards expect
students to engage
with DOK Category 2
tasks?

Yes. The conceptual understanding emphasized by DOK Category 2 expectations and tasks are a central focus of the
goals outlined in the Framework and NGSS documentation. For example, Appendix A conceptual shift number four
states that “[t{jhe NGSS focus on deeper understanding of content as well as application of content” (NGSS, Appendix A,
p. 4). Appendix C also underscores this key shift, noting that “the NGSS focus [is] on understanding rather than
memorization” (NGSS, Appendix C, p. 6). This, in turn, reflects the Framework committee’s intent to “give time for
students to...achieve depth of understanding of the core ideas” (A Framework, p. 11). The language of the Framework
and the NGSS, viewed through the lens of DOK — Categories of Engagement, specify a shift away from DOK 1
expectations as the ultimate learning outcomes and a strong emphasis on DOK 2 expectations as learning outcomes,
instead.

WebbAlign is a program of the non-profit Wisconsin Center for Education Products and Services (WCEPS).

Visit webbalign.org or contact us at webbalign@wceps.org for more information. WebbAlign®/Dr. Norman Webb © 2020



mailto:webbalign@wceps.org

Webb’s DOK - Category 3 as relates to NGSS and Framework-based standards: FAQ

Do DOK Category 3
tasks require students
to interweave multiple
dimensions of the
standards to make
sense of phenomena?

Maybe. DOK Category 3 tasks likely require students to engage in science and/or engineering practices in the context
of disciplinary core ideas. Because crosscutting concepts (CCCs) “unit[e] core ideas throughout the fields of science
and engineering” (NGSS, Appendix G, p. 1) DOK Category 3 tasks are likely to also involve one or more crosscutting
concepts. Although all Performance Expectations are written to incorporate all three dimensions of the standards,
related curriculum and assessment tasks must be analyzed to determine if they are one-, two-, or three-dimensional.
The dimensionality of a task is related to but different than the complexity of a task and must be evaluated separately.
Dimensionality is best evaluated with reference to the foundation boxes for PEs and the corresponding Appendices of
the NGSS. It is possible for DOK Category 3 tasks to interweave ideas, concepts, and/or practices that fall outside of
the scope of NGSS. At DOK Category 3, the scope of work can be completed in a discrete amount of time (i.e., “in one
sitting”).

Do DOK Category 3
tasks require
sense-making?

Yes. DOK Category 3 tasks require students to engage deeply in sense-making, involving abstract, analytical,
hypothetical, non-routine, and innovative thinking. Sense-making at DOK Category 3 involves crafting reasoned
arguments and novel solutions based on evidence.

Do DOK Category 3
tasks require
knowledge-in-use?

Yes. By definition, DOK Category 3 tasks involve purposeful application, conceptualization, and/or integration of
content, idea(s), practice(s), and/or concept(s) within contexts that may be non-routine. At DOK Category 3, knowledge
is put to use in the context of tasks that involve deep reasoning and development of novel solutions grounded in critical,
evaluative, analytical, argumentative, hypothetical, etc. thinking. DOK Category 3 tasks require broad and abstract
thinking in order to synthesize diverse ideas, concepts, contexts, and disciplines.

Do NGSS and other
Framework-based
standards expect
students to engage
with DOK Category 3
tasks?

Yes. For example, DOK Category 3 expectations and tasks are reflected in the Framework committee’s intent to “give
time for students to engage in scientific...argumentation” (A Framework, p. 11) and support the goal of supporting
students as they “discove[r] new knowledge, solv[e] challenging problems, and generat[e] innovations” including
addressing “problems not previously encountered” (NGSS, Appendix C, p. 1-2; 5). The language of the Framework and
the NGSS, viewed through the lens of DOK — Categories of Engagement, specify an intent for inclusion of DOK 3
expectations.

WebbAlign is a program of the non-profit Wisconsin Center for Education Products and Services (WCEPS).
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Webb’s DOK - Category 4 as relates to NGSS and Framework-based standards: FAQ

Do DOK Category 4
tasks require students
to interweave multiple
dimensions of the
standards to make
sense of phenomena?

Most likely, yes. Because of the scope of DOK Category 4 tasks, they are almost certainly three-dimensional. At DOK
Category 4, the scope of work requires sustained and extended engagement, over days or weeks (or more) rather than
in one sitting (DOK Category 3). DOK Category 4 tasks involve authentic and extended engagement with science
practices, ideas, and concepts. Although all Performance Expectations are written to incorporate all three dimensions of
the standards, related curriculum and assessment tasks must be analyzed to determine if they are one-, two-, or three-
dimensional. The dimensionality of a task is related to but different than the complexity of a task and must be evaluated
separately. Dimensionality is best evaluated with reference to the foundation boxes for PEs and the corresponding
Appendices of the NGSS. It is still possible for DOK Category 4 tasks to interweave ideas, concepts, and/or practices
that fall outside of the scope of NGSS.

Do DOK Category 4
tasks require
sense-making?

Yes. DOK Category 4 tasks require students to engage deeply in extended and iterative sense-making, involving
abstract, analytical, hypothetical, non-routine, and innovative thinking. Sense-making at DOK Category 4 involves
extended and iterative thinking related to crafting reasoned arguments and novel solutions based on research and
evidence.

Do DOK Category 4
tasks require
knowledge-in-use?

Yes. Inherent to DOK Category 4 tasks is the purposeful application, conceptualization, and/or integration of content,
idea(s), practice(s), and/or concept(s) within contexts that may be non-routine. At DOK Category 4, knowledge is put to
use in the context of extended and iterative tasks that involve deep reasoning and development of novel solutions
grounded in critical, evaluative, analytical, argumentative, hypothetical, etc. thinking. DOK Category 4 tasks require
broad and abstract thinking in order to synthesize diverse ideas, concepts, contexts, and disciplines.

Do NGSS and other
Framework-based
standards expect
students to engage with
DOK Category 4 tasks?

Yes. DOK Category 4 expectations and tasks correspond to the “expectation...that students generate and interpret
evidence and develop explanations of the natural world through sustained investigations” and that students “carry out
empirical investigations in order to develop or evaluate knowledge claims” (A Framework, p. 255; 252)

e
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SDSA Alignment Institute Summary Agenda
June 21-23, 2022

Lodging:
Holiday Inn, 110 Stanley Rd, Fort Pierre, SD 57532

Meeting:
Casey Tibbs / Mattie Goff Newcombe Conference Center
210 Verendrye Drive, Ft. Pierre, SD 57532

Tuesday, June 21, 2022

Breakfast buffet provided at Holiday Inn (on your own) —

Starting at 6:30 am | o 0 available to meeting site (or carpool with others)

Introductions and orientation; alignment processes — practice

8:30 am —-10:00 am and calibration (at Conference Center)

10:00 am —10:15

am Break
10:15 am — 11:45 Standards calibration and consensus — Grade 6-8; log in to
an; | WATV2 Group ID 322; log in to Content Rater; calibration on

item-level analysis (Batch 51)

11:45 am - 12:30 pm - Lunch (catered, on-site)

12:30 pm - 2:45pm | Code and adjudicate Batch 51

2:45 pm - 3:00 pm Break

3:00 pm —4:00 pm Complete coding for Batch 52

4:00 pm - 4:30 pm OPTIONAL: Debrief / Q&A with State Officials

Dinner on your own
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Wednesday, June 22, 2022

Starting at 6:30 am

Breakfast buffet provided at Holiday Inn (on your own) —
Shuttle available to meeting site (or carpool with others)

8:30 am —-11:45 am

Adjudicate Batch 52; Code and adjudicate Batch 53 (breaks

as needed).

11:45 am - 12:30 pm - Lunch (catered, on-site)

IN TWO PANELS:

Grade 5 Panel (Group ID 321)

Grade 5 Panel (Group ID 323)

12:30 pm — 1:30 pm

Grades 3-5 Standards:
Calibration and Consensus

Grades 9-12 Standards:
Calibration and Consensus

1:30 pm — 4:00 pm

Code and adjudicate Batch
48; Start Batch 49 (breaks
as needed)

Code and adjudicate Batch 54
(breaks as needed)

4:00 pm -4:30 pm

OPTIONAL: Debrief / Q&A with State Officials

6:00 pm

OPTIONAL: Group Dinner at Drifters

Thursday, June 23, 2022

Starting at 6:30 am

Breakfast buffet provided at Holiday Inn (on your own) —
Shuttle available to meeting site (or carpool with others)

IN TWO PANELS:

Grade 5 Panel

Grade 11 Panel

8:30 am —-11:45 am

Adjudicate Batch 49; Code
and adjudicate Batch 50
(breaks as needed)

Code and adjudicate Batch 55
and Batch 56 (breaks as
needed)

11:45 am - 12:30 pm - Lunch (Catered, on-site)

12:30 — 4:30 pm

Final adjudications; complete debriefing comments; wrap up;

complete evaluation form

DEPART — THANK YOU!
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South Dakota Science Assessment (SDSA) Alignment Analysis:
Information and Instructions for Coding

The SDSA includes both stand-alone items and item clusters. Stand-alone items may be
multi-part, but you will consider the entire item as a single unit of analysis. Item clusters are
made up of multiple interactions. You will analyze each of the component interactions and will
report on the overall cluster as the unit of analysis.

Each item (stand-alone OR cluster) is intended to target a single standard.

To conduct this analysis, you will need: 1) access to items (online via Content Rater); 2) access
to the data entry system (online via WATV2); 3) definitions of the Categories of Engagement -
DOK for Science (print copy provided); 4) South Dakota Science Content Standards (print copy
provided + online).

Use the following information to guide your item-level evaluation:

Relationship of the item/cluster to a South Dakota Science Content Standard:
Does a student’s correct response allow for a reasonable inference about the student’s
proficiency as relates to the expectations within a standard?

Work through the item or item cluster (all parts) as if you are the student.

Determine what the item is measuring.

On your own, identify a corresponding standard.

For an item cluster, successful completion of the task should require students to engage

with the specific three dimensions identified in the corresponding standard. For a stand-

alone item, successful completion of the task should require students to engage with at
least two of the specific three dimensions identified in the corresponding standard.

o After you complete your independent selection of standard, your panel facilitator will
share the internally assigned standard (within the CAl metadata). If it is the same as the
standard you chose, select this standard from the drop-down menu in the WATv2.

o If the internally assigned standard is different from what you chose, decide if you think a
student’s correct response to the item/cluster would allow for a reasonable inference
about the student’s proficiency as relates to this internally assigned standard.

o If anyone thinks an item does not address (or does not adequately address) the
internally assigned standard, alert the group leader. Your group leader will then facilitate
a discussion of individual responses.

e After discussion, if you agree with the internally assigned standard, select that standard
from the drop-down menu in the WATV2. If you do not agree with that standard, instead
select and record the standard you prefer.

e |f a panel majority agrees with the internally assigned standard, you will continue with the
content analysis of the item (see steps below).

o |f a panel majority does NOT agree with the internally assigned standard, enter a
comment in the notes box to explain why and move on to the next item/cluster.

o If your initial standard assignment was different from the internally coded standard, enter
a comment in the notes box to record this change of mind.

e Any comments related to this evaluation step should be recorded in the Notes Box and

identified as step 0.

webbalign.org 1
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Notes Box 1. Dimensionality: Does a correct response require the student to engage
with one, two, or three of the dimensions specified within the standard?

e An item cluster will be coded to a standard only if successful completion of the task
requires students to engage with the specific three dimensions identified in the
corresponding standard.

e For a stand-alone item, note if the item is three-dimensional (write “3D”) or two-
dimensional (write “2D”). If 2D, state which dimension is missing. Comments should
be identified as step 1. For example, you might record “1. 2D. No CCC.”

e Any items that one or more panelists consider to be 1D only will be discussed and
flagged if needed.

Notes Box 2. Phenomenon: Does the stimulus meet the test development criteria
provided for a “phenomenon”?

Overall, does the stimulus presented meet the following criteria:

e The phenomenon is based on a specific real-world scenario and focused enough
to require students' application of a SEP in the context of a DCI and CCC as
intended by the standard in order to make sense of the phenomenon.

e s grade appropriate context and complexity

e |s presented in way(s) that all students can access and comprehend based on
information provided (including text, graphics, data, images, animations, etc.)

e |Is free of cultural bias, insensitivity, or depiction of unsafe situation

e |s puzzling and/or intriguing for students to engage in; focused on real-world
observations that students can connect with or have direct experience with

e Record yes or no in the notes box as step 2. If no, explain why.

Complexity of Engagement (DOK): What category of engagement is required for
successful completion of an item or interaction?

e Use the printed definitions for Categories of Engagement (DOK) for this part of
the analysis. Think about the degree of processing of concepts and skills along
with the other factors discussed in our initial training that influence the complexity
of an expectation or task.

e You will conduct a content analysis of the task to make an inference about the
cognitive complexity required for successful completion of the item or item cluster.

e For each item or item cluster, assign a DOK Category 1, 2, or 3. (Note that DOK
Category 4 expectations require extended time and are not fully assessed in an
on-demand setting.) You will analyze the complexity of each subcomponent of a
stand-alone item or item cluster and record the highest Category of Engagement
in the text box marked “Depth.”

webbalign.org 2
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Notes Box 3. Relationship of Scoring Assertions to Item/ltem Cluster: Do the scoring
assertions reflect the inferences that can be made from successful student interactions with the
item/cluster?

Look at the scoring assertions and compare each assertion against the actual student
interaction. Overall, do the scoring assertions reflect the inferences that can be made from
successful student interactions? Record your response as step 3.

o YES. Overall, the scoring assertions describe the inferences that can be made from a
student’s successful interaction with the item/item cluster. You may think that one or
more of the assertions may slightly misstate, overstate, or understate the inferences that
can be made but a large majority (~75%) of the scoring assertions should describe a
direct inference that can be made from the student’s correct response.

e NO. Overall, the scoring assertions do not describe the inferences that can be made from
a student’s successful interaction with the item/item cluster. If no, record why.

If any scoring assertion is considered to be completely unreasonable (i.e. not at all something that
could be inferred based on the student’s response), mark the assertion as a Source of Challenge.

Notes Box 4. Relationship of Scoring Assertions to the corresponding standard Do the
scoring assertions reflect the expectations in the corresponding standard?

Consider the scoring assertions holistically. Do the assertions, in aggregate, represent the depth
and breadth of the corresponding standard (including its multidimensionality)? Record your
response as step 4.

YES. Overall, the scoring assertions represent the depth and breadth of the corresponding
standard, including its multidimensionality.

NO. Overall, the scoring assertions do not represent the depth and breadth of the corresponding
standard. If no, record why.

Notes Box 5. Miscellaneous qualitative feedback

As you analyze the items/item clusters you may leave qualitative and descriptive feedback in the
Notes text box as step 5. Leave notes only as time allows.

Source of Challenge

A Source of Challenge is a technical issue with the item that could cause a student to get a right
answer for the wrong reason or a wrong answer for the wrong reason. If you identify any
technical issue with an item, make note in the Source of Challenge text box. Any Source of
Challenge is critical to record.

Debriefing Notes

e At the end of each item batch, you will have the opportunity to leave observations,
feedback, and comments about broader topics and themes related to the assessment
items overall. For example, to what extent did you see South Dakota culture reflected in
the assessment items?

¢ You do NOT need to enter any information that you have already included in the item-
level inputs. This is a space to capture any qualitative input that you were not able to
communicate in the item-level coding.

webbalign.org 3




EXAMPLE data entry in WATv2

HIGINGIIL YU U LISINSI w-vzutiIrorv  y

Element: 1 '@' Uncodable
Depth: 2
Primary Standard/Objective:

Standard/Obijective 1. e
=SeeendanmSiandard/Qhjective 2. 3

Source of Challenge:

Yz

0. First, | chose MS-PS3-4 because of the content focus related to thermal energy
but after group discussion | changed to MS-PS3-3 because the student really If no comments
needs to think about the design of the device to complete the task but is not
considering relationships between variables. about standard
12- §D~ No CcCC. selection just

. Yes ,
3. Yes put “0. None”

Notes: (max. 500 characters) 4. No. Focuses on solving design problems but does not address energy

conservation or energy transfer.
5. Interesting and grade appropriate phenomenon! |

Vi

Save

Y, | Debriefing Qug’

Prev Element Next Element

ns

Wisconsin Center of Educat]
Feedback, questio

Research ' Ugiversity of Wisconsin-Madison
or accessibfity issues: e-mail us

EXAMPLE data entry in WATVv2

ISIIGIIL UV 1V LISIISIH w-vzuTisOorV

Element: 1 -@- Uncodable
Depth: 2
Primary Standard/Objective:

Standard/Obijective 1. > }—
=SeeendanmSiandard/Ohjactive 2. 3

Source of Challenge:

Yz

0. First, | chose MS-PS3-4 because of the content focus related to thermal energy

but after group discussion | changed to MS-PS3-3 because the student really If no comments

needs to think about the design of the device to complete the task but is not

considering relationships between variables. about standard

12. ZYE.SNO ccc. selection just

3. Yes put “0. None”
Notes: (max. 500 characters) 4. No. Focuses on solving design problems but does not address energy

conservation or energy transfer.
5. Interesting and grade appropriate phenomenon! |

Vi

Save

Prev Element
s | Debriefing Qy

Next Element
ns

Research - Ugflversity of Wisconsin-Madison
or accessipfity issues: e-mail us

Wisconsin Center of Educat]
Feedback, questio




How to read the South Dakota Science Standards

Each of the three-dimensions from A Framework for K-12 Science Education can be referenced in every
standard. This information can be used to interpret a deeper meaning for each of the three

dimensions. Below is a legend to decode the components involved within each standard.

SEP = Science and Engineering Practices (Chapter 3: Page 41 of Framework)
1. Asking Questions and Defining Problems

Developing and Using Models

Planning and Carrying Out Investigations

Analyzing and Interpreting Data

Using Mathematics and Computational Thinking

Constructing Explanations and Designing Solutions

Engaging in Argument from Evidence

8. Obtaining, Evaluating, and Communicating Information

NouswnN

The reader will notice engineering is integrated through inclusion as a Disciplinary Core Idea,
Crosscutting Concept or by use of a Science and Engineering Practice. All standards with an emphasis
on engineering are marked by an asterisk (*). For more information on Engineering see the Framework
page 201and Appendix C of the South Dakota Science Standards.

DCI: Disciplinary Core Idea (Chapter 5: Page 103 of Framework)

These are listed as written in A Framework for K-12 Science Education. For example PS1 stands
for Physical Science Core Idea 1: Matter and Its Interactions. You will notice that next to the standard it
will read, for example, PS1.A. In this case, the coding is referring to Physical Science Core Idea 1:
Matter and Its Interactions, Component Idea A: Structure and Properties of Matter.

PS = Physical Science

LS = Life Science

ESS = Earth and Space Science

ETS = Engineering, Technology and Applications of Sciences

CCC = Crosscutting Concept (Chapter 4: Page 83 of Framework)
Patterns = Patterns
Cause/Effect = Cause and Effect
Scale/Prop. = Scale, Proportion, and Quantity
Systems = Systems and System Models
Energy/Matter = Energy and Matter
Structure/Function = Structure and Function
Stability/Change = Stability and Change

The Framework specifies two core ideas that relate science, technology, society and the environment: the
interdependence of science, engineering and technology, and the influence of science, engineering and
technology on society and the natural world. These two core ideas may accompany or replace crosscutting
concepts related to standards that include engineering. In this instance, we refer to them as connection
statements because they are not true crosscutting concepts. When this occurs, we use the following legend.
Technology = Connections to Engineering, Technology, and Applications of Science
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Panelist Responses:

SDSA and SDSAA Item-Level Alignment Study Evaluation

June 2022

Linear scale questions required a selection; open response questions were
optional.

For linear scale questions, panelists responded on a scale of “Not at all” (0) to
“Completely” (10).

To what extent did the orientation provided in the launch meeting and information provided in the

event webspace help prepare you for the alignment work?
16 responses

6

1(6.3%)
0% 0%) - 0% 00 0%
0
1 2 3 4 5 6

2. What aspect(s) of the launch meeting and/or materials was (were) most helpful?

Honestly all of the information at the meeting was helpful as | was very unsure at what |
was going to be doing. One of the materials stating how we were going to be filling out
the forms online was very confusing.

DOK review/calibration; coding instructions and sample half-sheet

| really liked the DCI/ Standard worksheet

The standards, coding directions, DOK descriptors sheet, and collages

All of it, it was nice to preview the materials in advance so that | knew what | was
looking at when asked.



R

WebbAlign WCEPS

Wisconsin Center for
Education Products & Services

Talking through everything in person

going through the standards and understanding the DOK

The working together on the first item

Absolutely everything. Honestly, the information that was sent out and the meeting to
kick things off were very helpful.

Explain the coding.

It was a good background. Some practice problems distinguishing between complexity
and difficulty would have been helpful.

How to coordinate the two websites.

Printed copies were helpful for reference.

having the standards and dok listed on one document

Reviewing the standards was helpful.

Review and reminder of DOK Classifications.

3. What additional information or materials would have been helpful?
Better clarification of Source of Challenge; rearranging order of coding instructions to match
watv2 order

| think a more direct approach on what exactly we would be doing

Putting the coding directions in the same order as the portal. It was confusing to keep
the coding directions and my information in order

None, we had all we needed!

More video samples of what we would be doing

Maybe do two together

Nothing, | think a person just has to do it and ask questions to understand completely.
More in depth about whether to code 2D or 3D.

None

none, that | can think of

When working on the SDSAA, having a document that shows the progression of
standards K-12 would be helpful when trying to see which grade level the material aligns
to best.
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To what extent did you feel supported and included in your panel's group work, including
adjudication meetings?
16 responses

15

10

2 (12.5%)
0 ((f%) 0 (?%) 0 ((J]%) 0 ((?%) 0 (?%) 0 ((‘)%) 0 (?%)

1 2 3 4 5 6 7 8 9 10

How well do you think the in-person format for the alignment study was managed?
16 responses

15

10

1(6.3%)
0 (l'!J%) 0 ((‘)%) 0 (?%) 0 ((‘)%) 0 ((f%) 0 ((‘J%) 0 ((ll%)

1 2 3 4 5 6 7 8 9 10

0
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To what extent did your work on this study provide you with relevant professional learning?
16 responses

10

15

2 (12.5%)

0(0%) 0%  00Q%)  00%) 0(?%) 00%)  0(0%)

1 2 3 o 5 6 7 8 9 10

7. The South Dakota Department of Education is interested in hearing more about
what you feel you gained from your experiences during this week's meetings. For
example, did you learn more about the South Dakota Science Standards and/or Core
Content Connectors? Did you learn more about alignment, DOK, other? Did you learn
things that you will take back to the classroom (and if so, what/how?)? Opportunity
for dialogue / exchanging ideas with colleagues? Etc. - Please share some specific
examples about what you are taking away from this work!

| did learn more about the standards. | also got to gain a better understanding of the
test and how they chose/what the questions are. | was able to gain a better DOK
understanding as it is something that | used to struggle with. I liked being able to
exchange my thoughts and concepts to the people around me and make sense of item |
was unsure of or felt strongly about.

The collaborative effort and exchange of ideas help deepen understanding of DOK and
alignment of the assessment items to the standards.

| learned a lot about connecting the test to the DOK. | also learned what kind of
questions they present as a test.

| learned more about South Dakota Science Standards in more than just the area that |
teach in and | had never worked with Core Content Connectors much prior to this
workshop. | learned a lot more about alighment in testing. | was able to better practice
DOK alignments and descriptors. | got a chance to see a wide variety of problems for
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each one of the DOK levels to better enhance my own assessments in my classroom. |
know | will take the things | learned about the verbs in the standards vs how the verbs
are used in a test form and apply those to my classroom and my assessment
preparations. | would like to participate in something like this again, as it makes me as
an educator feel like | am helping advocate for my students, my profession and what the
state DOE stands for.

e | definitely learned more about the CCC's as per SDSAA...this project helps me check
myself as a teacher of science in South Dakota! Thank you for the opportunity!

e | am more knowledgeable on what | need to focus on and how as an educator to better
prepare my students.

e |learned alot because | don't specifically work with the standards with my students. |
learned what would be beneficial to work with my students.

e | learned more about the DOK and will take many things back into the classroom. It was
refreshing to know that what | am teaching in my classroom is what the standards are
tested on.

e | am very guilty of not being thrilled about the assessments we offer our students every
spring and | am certain that | have said, on more than one occasion, "Who writes this
stuff?" It was very interesting to see this side of the assessment. | still struggle with the
amount of time we put each of our cognitive children through to assess them and quite
honestly, so many of the questions are above their level of understanding. | know that
we "have" to do them, | just wish there was a better way of adjusting the eval to the
student. Thanks so much for listening to our concerns this week and for allowing us the
opportunity to take part in this experience.

e | gained a deeper understanding of the SD standards | learned about the Core Content
Connectors. | will take how to better construct test questions to my classroom. | gained
a better understanding of DOK. | loved the exchange with my peers from around the
state. | am a 5th grade teacher so talking with my colleges will help me to better
prepare my students for middle school. | am sorry if this is not easy to read it is typing in
in reverse, very odd.

