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Abstract

New science standards focus on an interwoven approach whereby students engage in science
and engineering practices (SEPs) to demonstrate knowledge of disciplinary core ideas (DCIs) and crosscutting concepts (CCCs). This brings significant challenges to assessment design when considering
students with the most significant cognitive disabilities (SCD). A science consortium developed science
alternate assessments that combined two dimensions - DCIs and SEPs. This paper presents findings on
the relationship between item dimensionality and item performance and patterns of difficulty by SEP for
students with SCD. Results suggest that for most grade bands and levels of cognitive complexity, item
performance is not negatively impacted by the anticipated complexity of the multiple dimensions.
However, there is evidence to suggest that some SEPs are easier than others particularly at the
elementary and middle school grade bands.
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Evaluating the Impact of Multidimensionality on Science Item Performance
The Framework for K-12 Science Education (Framework) and the Next Generation Science
Standards (NGSS; National Research Council, 2012) shifts the focus of science assessment from separate
measurement of content and inquiry practices to an interwoven 3-D approach that includes science and
engineering practices (SEPs), disciplinary core ideas (DCIs) and cross-cutting concepts (CCCs). Students
are expected to engage in science and engineering practices to demonstrate knowledge of science
content and concepts. Due to the cognitive and communication characteristics of students with the
most significant cognitive disabilities (SCD), alternate assessments (AAs) typically constrain reliance on
prior knowledge, abstract thinking, and generalization abilities. Students with SCD who are eligible for
AAs comprise about ten percent of the population of students with disabilities, or about one percent of
the overall student population. The students in this highly heterogeneous population have a disability or
multiple disabilities that significantly impact intellectual functioning and adaptive behaviors and require
individualized instruction and substantial supports (Nash, Clark & Karvonen, 2015).
To meet the needs of these students and provide optimum accessibility, the Dynamic Learning
Maps (DLM) science assessment system was created using principles of universal design for learning
(UDL) at multiple steps of the test development process. UDL principles suggest ways to vary task
features (e.g., adjusting difficulty and supports) to support students in communicating what they
understand and are able to do. Test design features are carefully controlled to reduce constructirrelevant variance for these students by employing item writing guidelines, such as using single syllable,
decodable words and simple sentences, avoiding commas, negation and pronouns. Technical vocabulary
is used only when necessary for the linkage level being assessed (Dynamic Learning Maps Consortium,
2017). In addition, science item writers use the DLM Core Vocabulary list, which is a comprehensive list
of words, spanning grades K–12, that reflects the research in core vocabulary in Augmentative and
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Alternative Communication (AAC) and words needed to successfully communicate in academic settings
where the EEs are being taught (Dennis, Erickson & Hatch, 2013).
Purpose
AAs are challenged to present problem situations that accurately elicit evidence of student
mastery on multiple dimensions simultaneously. The purpose of this paper is to describe how the new
multidimensional science standards (based on the Framework and the NGSS) impact performance of
items written to assess those standards. Specifically,
1. Is item dimensionality related to item difficulty?
2. For items that measure a SEP, are there patterns in item difficulty by SEP?
Theoretical Framework
The Framework and the NGSS defined significant changes in science education that differed
from previous science standards in two ways. First, they presented a focus on progressions of skill
development in eight SEPs rather than the more generic inquiry process evident in previous standards.
Second, as mentioned, each NGSS performance expectation is expressed as a combination of multiple
dimensions. In effect, these changes require students to develop a deep understanding of content
knowledge through application of one or more of the practices rather than just knowing science facts
(Dynamic Learning Maps Consortium, 2017).
The Dynamic Learning Maps (DLM) alternate assessment system is based on alternate content
standards, called Essential Elements (EEs), that are linked to grade-band expectations identified in the
Framework and the DCI Arrangement of Performance Expectations in the NGSS. The EEs address the
three dimensions of the Framework (SEPs, DCIs, and CCCs), while the assessments specifically measure
the SEPs and DCIs. The goal of the assessment is to provide a means for students with SCD to
demonstrate what they know and can do in science in elementary (3rd – 5th), middle school (6th – 8th) and
high school (9th – 12th) grade bands. Based on the theory of action that guided the design of the DLM
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system for science, ultimately the goal is to raise expectations of students with SCD and improve their
educational experiences by utilizing valid assessments that are useful for making instructional decisions
(see Figure 1).
[Figure 1]

The DLM Essential Elements (EEs) for science are the alternate content standards which are
specific statements of knowledge and skills intended build a bridge from the content in the Framework
to academic expectations for students with SCD. Each EE is expressed at three levels of cognitive
complexity known as linkage levels. The Target linkage level is intended to represent the grade-band
expectation while the Precursor and Initial linkage levels represent the standard at reduced levels of
depth, breadth and complexity. The purpose of the linkage levels is to provide access to the content at
varying levels of complexity in order to meet the diverse needs of students with SCD.
DLM science assessments are delivered as a series of testlets (i.e., set of related items), each of
which contains three to five selected response items. Assessment items are written to align to one of
the three linkage levels for each of the 27 EEs specified on the test blueprints. Figure 2 shows the
connections between DLM content standards, EEs, linkage levels and test items. Students take one
testlet for each EE at a linkage level that matches the students’ skill level. Linkage levels are allowed to
vary or adapt between testlets during assessment administration in order to best meet students’ needs.
Therefore, testlets are delivered using an adaptive algorithm based on students’ performance and
students do not take a “fixed form” with the same set of testlets.
[Figure 2]

As shown in table 1, EEs across the grade bands cover three science domains: life science,
physical science and earth and space science, 10 DCIs and 7 SEPs. Nine EEs are assessed at each grade
band, resulting in 27 linkage level testlets per grade band. Each testlet as a whole assesses both the DCI
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and SEP addressed by the EE linkage level, however every item in the testlet is not multidimensional.
Therefore, students were administered an assessment comprised of items that were unidimensional
(DCI or SEP only) and multidimensional (DCI and SEP).
[Table 1]
Science testlets all begin with a non-scored engagement activity to increase access for this
population by setting the context, activating prior knowledge, and increasing student interest. Initial
level testlets contain the least complex contexts, are administered offline by the test administrator, and
involve students responding to picture response cards. The engagement activity involves introducing
the materials to the student. In general, engagement activities at the Target linkage level provide
contexts that are most conducive to including multidimensional items. Some engagement activities are
science stories that describe a hypothetical student engaging in a science activity. Testlet developers
write science stories such that the student can use the science knowledge that they have been taught to
answer questions about concepts that have been broken down into more manageable “chunks.” One
effect of this chunking is the inclusion of unidimensional items in testlets to build a logical order of test
questions within a testlet.
We expected that multidimensional items would be more difficult. Several sources of evidence
contributed to this hypothesis. First, in the 2015-2016 operational assessment, where approximately
20,000 students participated, overall performance was low and the majority of students were
categorized as either Emerging or Approaching the Target performance levels (the lowest 2 of 4
performance levels). The percent of students who achieved at the Target or Advanced performance
levels was slightly under 20% for all grade bands (Dynamic Learning Maps Consortium, 2017). This
pattern was a departure from states’ results based on previous science alternate assessments. When
interpreting the results, states hypothesized that multidimensionality was one potential cause of the
change in achievement.

Multidimensional Science Item Performance

7

An additional source of evidence that supported the expectation that multidimensional items
would be more difficult than unidimensional items was a teacher survey administered during the fall
2015 field test on opportunity to learn (OTL) science content and practices. Based on teacher responses
considering 837 students, most teachers (ranging from 70% to 87%) spent (or planned to spend) 10 or
fewer hours teaching their students various science topics over the course of the 2015-16 school year.
Responses to opportunity to engage in science practices was more varied depending on the practice.
While 81% of teachers engaged (or planned to engage) their student in the practice of asking question
and defining problems, not quite 20% had their student(s) engage in argument from evidence and only
29% had their students constructing explanations and design solutions (Nash & Bechard, 2016). The OTL
survey results suggest that there is a significant need for improvement with respect to providing
students with SCD access to science curriculum that involves a multidimensional approach to
instruction. Given the varied lack of instruction in the SEPs, we anticipated that items that included a
SEP would also vary in difficulty.
Methods
It is important to understand the relationship of the dimensions assessed to guide assessment
design and inform the interpretation of assessment results. To evaluate how the new multidimensional
science standards impact performance of items written to assess those standards, item difficulty is
evaluated across the unidimensional and multidimensional items as well as within the various SEPs
represented by the items. This study investigates the relationship between item dimensionality, the
SEPs and item difficulty across three grade-band Essential Elements at three levels of content
complexity.
First, items were coded by two science content experts as either measuring the DCI or SEP only
(0 = unidimensional) or the DCI and SEP (1 = multidimensional). The content experts rated a subset of
items independently (10% in each grade band) and then convened to compare and discuss ratings. After
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this Initial calibration, they rated an additional subset of items independently for a total of
approximately 25% of items in each grade band rated by both content experts. Interrater agreement
was calculated using Cohen’s Kappa to measure the degree to which the two raters agreed beyond what
could be expected to occur by chance. As shown in Table 2 below, Kappa values for each grade band
were equal to 1.0 with perfect agreement of ratings for the subset of items. The remainder of the item
pool was subsequently rated by only one content expert. For each item that measured a SEP (either as a
unidimensional or a multidimensional item), a code was also assigned to indicate which SEP it measured
based on the SEP of the associated EE (which came directly from the grade-level achievement standard).
Tables 3 and 4 display the total number of items rated by dimensionality code and SEP, respectively.
[Table 2]
[Table 3]
[Table 4]
For each research question, item p-values were used as the indicator of item difficulty. To
address the first research question, average item p-values were compared across all unidimensional and
multidimensional items within each linkage level and for each grade band. Furthermore, a regression
analysis was conducted for each grade band and linkage level to determine if item dimensionality was a
significant predictor of item difficulty. To address the second research question, a bivariate frequency
distribution was used to compare the average p-value for all multidimensional items by each SEP and
also by SEP and linkage level for each grade band.
Data Sources
Data for this study came from the 2016-2017 end-of-year spring operational testing window
were collected which included students from all three grade bands (elementary, middle and high school)
and the full range of students eligible for alternate assessment in their state. The number of students
who participated in the 2016-2017 science assessment by grade band is shown in table 5. All states
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within the DLM science consortium that participated in the spring testing window were included. The
proportion of students responding correctly to each item (p-value) was calculated and merged with the
item dimensionality and SEP codes.

[Table 5]

Results
The average p-value (weighted by item sample size) by linkage level and item dimensionality for
each grade band is provided in Table 6. The results were fairly similar across item dimensionality, linkage
levels and grade bands with little variation in p-values. While unidimensional items at the Target level
appeared to be slightly more difficult than multidimensional items, the opposite was true for items at
the Precursor linkage level. At the Initial level, there was not a consistent pattern across grade bands. In
general, items appeared to become easier as linkage levels increased with larger p-values at the Target
level than at the Initial level. However, the assessment is adaptive based on student performance which
means that students do not necessarily take the same testlets at the same linkage levels; students
testing at the Target level may be higher performing than students testing at the Initial level. Therefore,
within linkage level comparisons are the most meaningful.
[Table 6]
While the differences in p-values by item dimensionality were small within linkage levels, it was
important to evaluate the statistical relationship between item dimensionality and item difficulty at
linkage level and grade band. Tables 7-9 display the results of the regression analyses for each linkage
level and grade band. In the elementary and middle school grade bands, the non-significant beta
coefficients for each linkage level analysis indicates that item dimensionality is not a significant predictor
of item difficulty. In high school, item dimensionality is also not a significant predictor of item difficulty
at the Precursor or target linkage levels but is significant at the Initial level. At the Initial level in high
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school, the negative Beta coefficient means that the multidimensional items are significantly harder
than unidimensional items.
[Table 7]
[Table 8]
[Table 9]
For the items that measured a SEP, again the weighted item p-value was used to compare item
difficulty across SEPs at each grade band and for each combination of SEP and linkage level and grade
band. As shown in Figure 3, not all SEPs were represented within each grade band. In the elementary
grade band, items measuring the practice of Developing and Using Models tended to be substantially
easier than items measuring the other measured practices. Similarly, in middle school, items measuring
the practice of Constructing Explanations and Designing Solutions were substantially easier than items
measuring the other measured practices. However, in high school, those same two practices also tended
to be easier than the others but Using Mathematics and Computational Thinking also emerged as a
practice where, on average, approximately half of students answer items correctly.
[Figure 3]
Average p-values were also calculated by SEP and linkage level as shown in Figures 4-6. Of the
SEPs that were measured in the elementary grade band, items measuring the practice of Obtaining,
Evaluating, and Communicating Information tended to be more difficult at the Initial and Precursor
levels than items measuring other SEPs at those levels. Conversely, items measuring the practice of
Developing and Using Models tended to be slightly easier than items measuring other SEPs at those
levels. In middle school, items that measured Planning and Carrying out Investigations at the Initial level
and Analyzing and Interpreting Data at the target level were the most difficult while items measuring
Developing and Using Models were the easiest at each linkage level. Conversely, in high school, items
that measured Developing and Using Models at the Initial level were the most difficult but items
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measuring this same SEP at the Precursor level were the most difficult compared to items measuring
other SEPs at that level. Items measuring the practice of Engaging in Argument from Evidence at the
target level tended to be the easiest at the high school grade band.
Overall, patterns of item difficulty across SEPs within linkage levels appear to vary within each
grade band. Some patterns of SEP difficulty also emerged across linkage levels. For example, in
elementary, several practices (e.g., Analyzing and Interpreting Data and Obtaining, Evaluating, and
Communicating Information) appeared to become easier as linkage levels increased from Initial to
Target. The same general pattern appeared to be true for most SEPs in middle school but with more
variability at the Precursor level. Patterns were less evident in high school. In any case, comparisons of
SEPs across linkage levels should be interpreted with caution until the interplay between the DCIs and
SEPs is better understood, particularly at different levels of cognitive complexity and across grade bands.
[Figure 4]
[Figure 5]
[Figure 6]
Overall, with the exception of the Initial level in high school, the results of the relationship
between item dimensionality and difficulty are somewhat unexpected given the complex nature of the
multidimensional science standards that the items were written to. It was hypothesized that the
multidimensional items introduced an additional level of cognitive complexity that would result in those
items being more difficult for students. It may be the case that the additional context that the
multidimensional items provide actually offsets any additional cognitive complexities introduced from
measuring both dimensions. Further research is needed at the Initial level in high school to determine
how these items are different from items at the same level in other grade bands. On the other hand,
differential patterns of difficulty across the SEPs is not surprising given previous survey data that
indicated teachers engage their students in certain SEPs more than others.
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In any case, there are limitations to using item p-values as the only indicator of item difficulty in
this study. While commonly used as an index of item difficulty, p-values are sample dependent and do
not allow for an evaluation of item performance independent of the sample on which the statistic is
based. Even though the sample sizes in this study were sufficiently large, the results could vary if
repeated using other samples of students.
Significance
Results from this study can inform stakeholders, policy makers, and researchers about the how
the SEPs and DCIs interact in the context of one alternate assessment system and possible next steps for
assessment design for students with SCD. This information will be useful to other states and consortia
that are developing alternate assessments based on the new science standards. It is also a topic of
interest for states currently developing general education science assessments. As of May 2017, 18
states have adopted the new standards, and new science assessments are slowly being developed for all
students (Loewus, 2017). Investigations are needed to help inform the interpretation of assessment
results and the design of student performance reports to better support instruction.
While the focus of this paper is on how item dimensionality impacted item performance,
specifically in terms of difficulty, it is also important to consider the role of dimensionality on the
selection of a measurement model (Martineau, 2017). The current measurement model used to provide
student results from the DLM assessments is a diagnostic classification model (DCM). DCMs are
confirmatory latent class models that are designed to measure multiple latent variables or attributes
(e.g., Rupp & Templin, 2008; Rupp, Templin, & Henson, 2010). However, the latent attributes that are
measured in the DLM science assessment are the multidimensional linkage levels. Thus, while the model
accounts for multiple discrete skills, further investigation is needed to determine the degree to which
the DCIs and SEPs function as multiple dimensions within each linkage level.
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Figure 1. Dynamic Learning Maps theory of action for science.
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Figure 2. Design of the DLM science assessment. Linkage levels are Target (T), Precursor (P), and Initial
(I).
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Table 1.
Coverage of DLM EEs by Disciplinary Core Ideas and Science and Engineering Practices
Grade Band

Disciplinary Core Idea (DCIs)

Science and Engineering Practices (SEPs)

Elementary

Physical Science
 PS 1 Matter and It’s Interactions
 PS2 Motion and Stability: Forces and
Interactions
 PS3 Energy
Life Science
 LS1 From Molecules to Organisms:
Structures and Processes
 LS2 Ecosystems: Interactions, Energy, and
Dynamics
Earth and Space Science
 ESS1 Earth's Place in the Universe
 ESS2 Earth's Systems
 ESS3 Earth and Human Activity

1.
2.
3.
4.
5.
6.

Middle

Physical Science
 PS 1 Matter and It’s Interactions
 PS2 Motion and Stability: Forces and
Interactions
 PS3 Energy
Life Science
 LS1 From Molecules to Organisms:
Structures and Processes
 LS2 Ecosystems: Interactions, Energy, and
Dynamics
Earth and Space Science
 ESS2 Earth's Systems
 ESS3 Earth and Human Activity

1.
2.
3.
4.

Developing and using models
Planning and carrying out investigations
Analyzing and interpreting data
Using mathematics and computational thinking
Engaging in argument from evidence
Obtaining, evaluating, and communicating
information

Developing and using models
Planning and carrying out investigations
Analyzing and interpreting data
Constructing explanations (for science) and designing
solutions (for engineering)
5. Engaging in argument from evidence
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High

Physical Science
 PS 1 Matter and It’s Interactions
 PS2 Motion and Stability: Forces and
Interactions
 PS3 Energy
Life Science
 LS1 From Molecules to Organisms:
Structures and Processes
 LS2 Ecosystems: Interactions, Energy, and
Dynamics
 LS4 Biological Evolution: Unity and Diversity
Earth and Space Science
 ESS1 Earth's Place in the Universe
 ESS3 Earth and Human Activity

18
1.
2.
3.
4.

Developing and using models
Planning and carrying out investigations
Using mathematics and computational thinking
Constructing explanations (for science) and designing
solutions (for engineering)
5. Engaging in argument from evidence
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Table 2
Interrater Agreement Results
Grade
Band
Elementary
Middle
High

N Items
185
200
204

n Items Rated
Twice
48
54
54

Kappa
1.00
1.00
1.00

Table 3
Number of Items Rated by Dimensionality
Grade
Unidimensional Multidimensional
Band
Items
Items
Elementary
48
137
Middle
41
159
High
76
128

Table 4
Number of Items Rated by SEP
Grade
1
2
3
4
5
6
7
Band
Elementary
19
0
59
17
20
19
16
Middle
24
80
19
13
0
23
0
High
0
33
25
11
0
24
41
Note. 1 = Analyzing and Interpreting Data; 2 = Constructing Explanations and Designing Solutions; 3 =
Developing and Using Models; 4 = Engaging in Argument from Evidence; 5 = Obtaining, Evaluating, and
Communicating Information; 6 = Planning and Carrying out Investigations; 7 = Using Mathematics and
Computational Thinking

Table 5
Student Participation for the DLM Science 2016-17 Spring Assessment (N=19,686)
Grade Band
Elementary
Middle
High

n
5,821
6,380
7,485
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Table 6
Average Item P-value by Item Dimensionality and Linkage Level for each Grade Band
Linkage Level
Initial
Unidimensional
Multidimensional
Precursor
Unidimensional
Multidimensional
Target
Unidimensional
Multidimensional

Elementary
0.55
0.53
0.56
0.59
0.61
0.58
0.66
0.64
0.67

Middle
0.58
0.58
0.58
0.61
0.68
0.59
0.65
0.43
0.65

High
0.55
0.56
0.52
0.59
0.63
0.58
0.63
0.62
0.63

Table 7
Regression Coefficients for Elementary
Linkage
Level

Model

(Constant)
Item_Dimensionality
(Constant)
Precursor
Item_Dimensionality
(Constant)
Target
Item_Dimensionality
Initial

Unstandardized
Coefficients
B
Std. Error
0.576
0.025
0.015
0.030
0.668
0.040
-0.006
0.045
0.587
0.058
0.034
0.069

Standardized
Coefficients
Beta
0.060
-0.015
0.084

t

Sig.

23.201
0.505
16.544
-0.130
10.077
0.490

0.000
0.615
0.000
0.897
0.000
0.627

t

Sig.

24.616
0.277
11.831
-0.548
2.411
1.091

0.000
0.782
0.000
0.585
0.022
0.283

Table 8
Regression Coefficients for Middle School
Linkage
Level

Model

(Constant)
Item_Dimensionality
(Constant)
Precursor
Item_Dimensionality
(Constant)
Target
Item_Dimensionality
Initial

Unstandardized
Coefficients
B
Std. Error
0.628
0.026
0.009
0.033
0.693
0.059
-0.034
0.062
0.428
0.178
0.197
0.180

Standardized
Coefficients
Beta
0.033
-0.058
0.189
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Table 9
Regression Coefficients for High School
Linkage
Level

Model

(Constant)
Item_Dimensionality
(Constant)
Precursor
Item_Dimensionality
(Constant)
Target
Item_Dimensionality
* p-value < 0.05
Initial

Unstandardized
Coefficients
B
Std. Error
0.617
0.016
-0.102
0.027
0.708
0.041
-0.050
0.046
0.617
0.068
-0.024
0.074

Standardized
Coefficients
Beta
-0.401
-0.119
-0.052

t

Sig.

39.560
-3.786
17.352
-1.092
9.091
-0.327

0.000
0.000*
0.000
0.278
0.000
0.746

Figure 3. Average item p-value by SEP and grade band. 1 = Analyzing and Interpreting Data; 2 =
Constructing Explanations and Designing Solutions; 3 = Developing and Using Models; 4 = Engaging in
Argument from Evidence; 5 = Obtaining, Evaluating, and Communicating Information; 6 = Planning and
Carrying out Investigations; 7 = Using Mathematics and Computational Thinking
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Figure 4. Average item p-value by SEP and linkage level for elementary. 1 = Analyzing and Interpreting
Data; 2 = Constructing Explanations and Designing Solutions; 3 = Developing and Using Models; 4 =
Engaging in Argument from Evidence; 5 = Obtaining, Evaluating, and Communicating Information; 6 =
Planning and Carrying out Investigations; 7 = Using Mathematics and Computational Thinking

Figure 5. Average item p-value by SEP and linkage level for middle school. 1 = Analyzing and Interpreting
Data; 2 = Constructing Explanations and Designing Solutions; 3 = Developing and Using Models; 4 =
Engaging in Argument from Evidence; 5 = Obtaining, Evaluating, and Communicating Information; 6 =
Planning and Carrying out Investigations; 7 = Using Mathematics and Computational Thinking
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Figure 6. Average item p-value by SEP and linkage level for high school. 1 = Analyzing and Interpreting
Data; 2 = Constructing Explanations and Designing Solutions; 3 = Developing and Using Models; 4 =
Engaging in Argument from Evidence; 5 = Obtaining, Evaluating, and Communicating Information; 6 =
Planning and Carrying out Investigations; 7 = Using Mathematics and Computational Thinking
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