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Abstract
This study is a part of continuing research into the meaning of future NAEP science scales.
In this study we examine the test framework, as developed by NAEP’s consensus process, and
attributes of the items, identified by science experts, cognitive scientists, and measurement
specialists. Preliminary information about item responses was available from the 1993 field test of
NAEP science items. The examination of these three pieces of information is important because
the next NAEP assessment of science will include a hands-on manipulative task component, as well

as innovative theme-related items.




Specifications, Responses, and Item Attributes

3

Relationships between Test Specifications, Item Responses, Task Demands,

and Item Attributes in a Large-Scale Science Assessment

Recently, the development of performance standards and the push for authentic assessment
have been highly publicized as ways to improve education. In order for performance standards and
authentic assessment to have this result, it is important that we understand what the items in
assessments measure. Understanding of the learning process, the subject-area of interest, test
development and cognitive psychology can help us to evaluate what an assessment measures. These
perspectives offer approaches that can lend credence to performance standards and validity to
assessments that have components that might be considered authentic--or at least, performance-
based.

Over many years, the National Assessment for Educational Progress (NAEP) has developed
a process to create a framework and more specific test specifications for NAEP subject-area
assessments. This process builds consensus among subject-area specialists, educators, and
measurement experts. The final products are meant to reflect the most forward-looking concepts
of learning in the specific subject area and to keep a reasonable amount of continuity across time
to adequately measure trends in learning. Educators and test developers develop items to fit the
test specifications and test developers select items for the final assesément using the guidelines in
the specifications and framework. Provisional assessments are refined using information from a
field test.

Recently, as part of this process, NAEP developed a science assessment with a performance-
based component. The inclusion of a large proportion of time devoted to hands-on manipulative

tasks has led to a concern that the most information about student performance be gleaned from
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that testing time. Scoring the items related to the performance tasks in a traditional way that
considers only student responses to the items may not provide maximum information about student
learning, because that type of scoring does not take into accrunt what we know about the
relationships between tasks and what attributes of the items influence student responses.

In order to prepare for an analysis of options in scoring a large-scale assessment with testing
situations as varied as independent nultiple-choice items to constructed-response items associated
with manipulative science tasks, we have examined the test framework and specifications, the item
responses from a field test of the items, and item attributes as identified by subject-trained test
developers and cognitive scientists. Figure 1 contains the information available for this study. A
fourth piece of information that would provide information about what is actually being measured
is a protocol analysis. Although a protocol analysis was not used here, it would provide more

information about item attributes than can be provided by subject-area and testing experts.

The connection between the three pieces of information about items (the test framework,
the item responses, and the item attributes) represents a new approach in practical measurement.
In the past, experience with items have been compartmentalized into either an examination of item
responses (item analysi. uad scoring) by psychcmetricians or an examination of the categorization
of items into the framework of the test specifications as a part of the test development process.
Attributes of the items that contribute to specific item 1. ponses have been examined primarily in
a research environment, as opposed to test production or test interpretation settings.

In our eramination of the relationships between the test framework, the item responses, and

the item attributes, we focused on four sets of questions. They are:




Specifications, Responses, and Item Attributes

5

1. How are the item attributes related to one another? How are the framework
categories related to one another?
2. What is the connection between the item attributes and the test framework?
3. How do the item attributes and test framework relate to whether the item is
associated with the hands-on performance task or not? How do the item
attributes and test framework relate to whether the item is an extended
constructed response item or not? How do the item attributes and test
framework relate to whether the item appears early in one of the blocks of
items presented to the student?
4. What is the connection between item responses, item attributes, and the test
framework?
The first set of questions relate to defining what the item attributes and framework categories
mean. Next a question about the relationships between the item attributes and test specifications
and framework is raised. The third set of questions try to get at whether the items that are
associated with the performance tasks, the extended constructed response items, or the items early
in each block tend to have certain characteristics. The final question begins to look at approaches
to summarizing the responses of students. In future research this question will be examined in
detail. In addition, in future research, a fifth question will be addressed, "What are the options for
reporting results of a NAEP Science Assessment that includes many constructed response items and

items associated with hands-on performance tasks?."

The Framework and Specifications as Developed for the 1993 NAEP Science Field Test

The framework and specifications as developed for the 1993 NAEP Science field test were
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developed by the Council of Chief State School Officers and the National Assessment Governing
Board (Science Framework for the 1994 National Assessment of Educational Progress, Pre-publication
draft; Science Assessment and Exercise Specifications for the 1994 National Assessment of Educational
Progress, Pre-publication draft). The consensus process used to develop the framework and
specifications involved curriculum specialists, science teachers, local science supervisors, state
supervisors, administrators, and parents. It also involved representatives of scientific associations,
business and industry, and unions. Finally, cognitive psychologists and science educators were
involved. The framework and specifications emphasize what is considered essential learning in
science and recommend the use of innovative assessment techniques. Recognjtion is made that the
various constituencies listed above hold diverse views about science assessment. Lack of agreement
about the definition of scientific literacy, themes that span all subdivisions of science, ideal science
instruction, and important outcomes of instruction inhibits the public’s understanding of what
science education is all about. Research leading to more general agreement is needed. (Science
Framework for the 1994 National Assessment of Educational Progress, Pre-publication draft p. 3)
The framework for the assessment is composed of a matrix with two major dimensions,
fields of science and knowing and doing science. The fields of science include the earth, physical,
and life sciences. Astronomy, g/eologyr, meteorology, and oceanology are parts of earth science.
Physics and chemistry are physicalAsciences. Biology, health, and nutrition are aspects of life
science. The knowing and doing dimension is related to thinking skills, and includes conceptual
understanding, scientific investigation, and practical reasoning. Two framework components that
are external to the matrix are the nature of science, and .emes. These two components integrate

earth, physical, and life sciences. Overarching science themes include models, systems, and patterns

of change. Historical development of science and technology, the habits of mind used in science,
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and methods of problem solving are parts of the nature of science. The framework is represented

in Figure 2.

—---—Insert Figure 2 about here
The distribution of time spent on assessment items across the fields of science and the
knowing and doing dimension vary by grade. For grades 4 and 12, each of the fiklds of science have
equal importance. For grade 8, 40% of the testing time is spent on life science items, while the
remaining assessment time is split evenly between the other two fields of science. For each of the
grades, 45% of the assessment time is spent on items that evaluate conceptual understanding. For
grade 4, an equal amount of time is spent on scientific investigation, while only 10% of the
assessment is spent on practical reasoning. For grades 8 and 12, 30% of the time is spent on
scientific investigation and 25% of the assessment time is spent on practical reasoning items.
(Science Assessment and Exercise Specifications for the 1994 National Assessment of Educational
Progress, Pre-publication draft pp. 4 & 5) The specifications provide that multiple choice, short and
extended open-ended paper and pencil, and open-ended performance items should be used for
measuring all of the ways of knowing and doing science.
Each of the booklets used in the 1993 field test of NAEP items contained three blocks of
items. The booklets contained a block devoted to a science theme, a block containing a
performance task, and a block of other items. Every block contained multiple-choice, short
constructed-response, and extended constructed response items, and the performance task block
always appeared in the final position in the booklet. The number of items in each block varied
from 4 to 17. We examined one of the eighth-grade booklets in detail.
In our analyses, the items were categorized as pertaining to the fields of science, knowing

and doing categories, types of themes, and nature of science/technology. The aspects of the
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framework and specifications that were specified are:

Fields of Science
Earth Science ES
Physical Science PS
Life Science LS
Knowing and Doing Science
Scientific Investigation SI

Conceptual Understanding CU

Practical Reasoning PR
Themes

Systems SYS

Models MOD

Patterns of Change PC

Not Applicable NA

Nature of Science/Technology

Nature of Science NS
Nature of Technology NT
Not Applicable NA

These categories of items were compared to categories specified a posteriori by subject-area experts.

They were also related to item responses by the prediction of the difficulty of the items.

The Itemn Responses

The 1993 field test of science items was completed between January and March of 1993.
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In all, 3908 fourth graders, 3585 eighth graders, and 3041 twelfth graders participated in the main
part of the science field test. Approximately 350 students on average received each booklet. Grade
4 students were given 20 minutes to oomplet'e each block, while students in grades 8 and 12 were
given 30 minutes to complete each block. Approximately twice as many exercises were included in
the field test of fourth-grade items than would be required for a regular NAEP assessment. At
grades 8 and 12, approximately 40% more exercises than are needed were field tested. Following
the field test administration, the constructed-response iterns were scored by professional scorers in
Iowa City, Iowa, at the headquarters of National Computer Systems under the supervision of ETS
staff. Prior to the scoring, staff from ETS and members of the Science Instrument Developm2nt
Committee met to review students’ responses, finalize scoring guides, and select exemplar responses
for use as anchor papers and training papers in training the professional scorers. Each day during
_the five week professional scoring period, scorers were trained on specific items and then scored
those items. Following the field test scoring, a complete item analysis of the field test was
conducted at ETS. These results were used to tentatively select items for the next NAEP science
assessment, and were used in the current study.

Five hundred and sixteen eighth grade students were administered the booklet that we -
examined in detail (weighted N = 375.5). There are 16 items (3 multiple-choice and 13 constructed-
response items) in the first block of the booklet. This block contains items measuring knowledge
about a variety cf fields of science and ways of knowing and doing science. The second block
contains items related to the theme of an ecosystem. There are 13 items (7 multiple-choice and 6
constructed-response items) in this block. The third block contains 8 items (1 multiple-choice and
7 constructed-response items) pertaining to a performance task. Future analyses will replicate the

current study, and make use of tiae data from other booklets and for other grade level:.

10
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In order to more fully understand what is being measured in the 1993 NAEP science field
test, a committee of five science experts, measurement statisticians, and cognitive scientists
developed a list of item characteristics or attributes that were deemed to influence the responses
to the items in the booklet under consideration. First, committee members examined frameworks
and specifications for a variety of science assessments and curriculum guides for a vzriety of science
education programs, With these as a basis, the items within the booklet were examined in detail
to identify what contributed to the way students would respond to the items. As stated earlier,
additional information could be gained from student response protocols where students are asked
what they are thinking about as they respond to the items. However, due to time and budgetary
constraints protocois are not available. From the detailed notes about each item, item attributes
were identified and questions about the items were developed to aid in categorizing items. These
questions were used to categorize items as having specific attributes or not. Each item and the
attributes associated with it were evaluated, and the list of item attributes and the questions
associated with them were revised until items could be categorized easily by subject-area experts,
Several item attributes that were not found in the items of the studied booklet were identified as
a part of the comprehensive viewpoint used in the process.

The item attributes fell into six major categories: specific knowledge, item format and
vocabulary, reasoning, hypothesis testing and the design of a test for a hypothesis, explanation, and
communication. Specific knowledge implies that knowledge must be brought to the task by the
student, as opposed to being provided in the text of the item. Item format and vocabulary pertains
to information provided by the item. Reasoning involves the thought processes necessary to

respond well to an item. Hypothesis testing and the design of hypothesis tests is a basic part of

11
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scientific thinking. The requirement of an explanation forces students to justify or compare

|
|
| responses. Finally, communication of scientific information can be a part of the science tasks.
The full list of questions that define item attributes follows.

Coding Questions that Match the Skills that Items may Require
Specific knowledge

1) Is knowledge of facts necessary to answer the item using a reasonable
strategy? Can knowledge of facts be used to answer item? For items in
this category, students don’t have to understand facts; only tc remember
them.

2) Is knowledge of science procedures necessary to answer the item using a
reasonable strategy? (i.e., knowledge of lab procedures or experimental
design).

3) Is knowledge of concepts necessary to answer the item using a reasonable
strategy? This is ofien denoted by a noun.

4) Is knowledge of principles necessary to answer the item using a reasonable
strategy? (an assertion: a law or a theory)? A key issue with this attribute
is to differentiate between a concept and a principle, law, cr theory. For
example the kinetic theory of gases includes a number of assumptions and
principles which in turn are based on a number of concepts. Perhaps,
greater complexity and a hierarchical arrangement are the distinguishing
features of this attribute.

5) Is knowledge about relationships between facts, procedures, concepts or
principles necessary to answer the item using a reasonable strategy?

Jtem Format and Vocabulajy

6) Does the item contain a table, graph or figure?

7) Does the item refer, directly or indirectly, to a table, graph or figure
contained in the same block of items (but separate from item)?

8) Does the item contain or refer to a table, graph or figure that is complex?
Does the item contain or refer to a table, graph or figure that is dynamic,
multiple and/or abstract rather than static, single or concrete?

9) Is a table, graph or figure necessary to answer the item using some
conceivable strategy? Is it possible to use a table, graph or figure to
answer the item?

10) Is a table, graph or figure necessary to answer the item using every
strategy? Is it necessary to use a table, graph or figure to answer the item
no matter which strategy is used?

11) Does the item contain science termirology or vncabulary that must be
understood in order to answer the question correctly?

12) Must the response meet all the conditions found in the stem? Multiple-

Q 12




13)
14)
15)
16)
17)

18)

19)
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choice questions are always coded "yes". Plurals or "name two things" in
a constructed-response question often distinguishes between score category
levels. This question combines information in the item and the itema
response.

Does the siem contain hypotheticals (what if), exception, negation or other
text phrases that make the task complex? Also, "Suppose ..."

Does the item require comprehension of every option of a multiple-choice
item in order to define the possible correct answers?

Does the item refer, directly or indirectly, to a student-generated table,
figure, or text, separate from the stem?

Is the reading level complex? For example, does the item contain at least
an imbedded independent clause?

Does the item require information that can be gained through practical
experience (not formally instructed)?

Does the item require only information found in thz item itself?
Information does not include procedural knowledge, which may be needed
in addition to the information provided in the item.

Is all the information necessary to answer the question available in the
text, a table, a graph or a figure in the block with the item? Information
does not inciude procedural knowledge, which may be needed in addition
to the information provided in the block of items.

(coded &s 41)

Is all the information necessary to answer the question available in the
block with the item or generated directly by the student for the assessment
as part of a performance task? The responses for this question and
question 19 were identical for all items in Booklet $21. Therefore, this
question as ignored in the analysis.

(coded as 39)

Can the item be solved by elimination of options?

(coded as 40)

Can information from the options be used to constrain or inform the
definition of the task? The item must be a multiple-choice item, if the
response is yes.

Reasonjng

20)
21)
22)

23)

Is deductive reasoning necessary to answer the item using a reasonable
strategy? This may include analysis of attribute (part-whole) relationships.
Is reasoning from a general concept, principle or law to a specific
conclusion necessary to answer the item using a reasonable strategy?

Is tracing a cause-effect from one component to another within a system
necessary to answer the item using a reasonable strategy?

Is formal inductive reasoning necessary to answer the item using a

13
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24)

25)
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reasonable strategy?

Is the application of a concept or principle necessary to answer the item
using a reasonable strategy? (Application of concept or principle, as
opposed to understanding)

Can thinking with or about models be used to answer the item using a
reasonable sirategy?

Hypothesis testing and design of a test for a hypothesis

26)

27)
28)
29)

30)

Is the generation of a hypothesis or prediction necessary to answer the
item? The hypothesis or prediction must refer to the future or to changed
conditions.

Does the item require the identification of variables or control groups
involved in a design of a test for a hypothesis?

Does the item require the generation of specifically operationalized
procedures to be used in testing a hypothesis?

Does the item require the use of a control group in a design of a test for
a hypothesis?

Does the item require the use of multiple control groups in a design of a
test for a hypothesis?

Explanation

31)

32)

33)

34)

Does the item (specifically, each category) require a reason or justification
for a response?

Does the item require an explanation comparing an attribute against a
standard? (Why is your answer a good one, rather than why did you say
that?) No items in Booklet S21 required this.

Are the alternatives reasons or explanations? Constructed-response items
are always coded "no".

Does the item require generation of a number of (not just one) possibie
scientific explanations? No items in Booklet S21 required this.

Communicatijon

35)
36)
37)
38)

Is the item an extended constructed-response item?
Is the item a short constructed-response item?
Does the item require drawing a diagram?

Does the item require filling in a table?

(coded as 42)

Does the item require constructing a graph? No items in Booklet §21
required this. This question was ignored in the analysis.

14
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Method

The dataset that we focus on in this paper was one booklet from the 1993 NAEP Science
field test. ‘That booklet contained 37 items (11 multiple-choice and 26 constructed-response items,
and 8 items associated with hands-on performance task) in three blocks. The booklet was
administered to 516 student in grade 8. " he datasets for attributes and framework categories were
developed by the consensus of science experts, measurement statisticians, and test developers. Data
consisted of 0/1 codings for each item. Here, 1 means that an item has the attribute or falls in the
category of the framework; 0 means that an item does not have the attribute or does not fall into
the category of the framework. Table 1 contains the number of items having each attribute or the

number of items falling in a framework category.

The first part of the daia analysis was concerned with answering question set 1 and question
2. These questions ask about the association among item attributes, among framework categories,
and between the item attributes and the framework categories. To explore these relationships, we
examined principal component analyses for each association of interest. After a number of principal
components were selected, they were rotated using a varimax rotation. In these analyses, three
attributes (attributes 29, 32, and 34) and two categories of the framework (models and nature of
technology) were excluded because none of the items required them. One attribute (attribute 12)
was excluded because all of the items required it.

To explore guestion set 3, we identified item attributes and framework categories that we
had reason to think were related to three specific groups of items. The three groups of items of
interest were the items associated with the hands-on performance task, the extended constructed

response items, and the items at the beginning of each block. We examined two-by-two contingency

15
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tables for each attribute or framework category and each of the three groups of items of interest.
In the last part of the data analysis, we used regression analysis to examine the relationship
between item responses, item attributes, and the test framework (question 4). In these analyses,
item easiness (p-value for dichotomous items and scaled mean score for polytomous items) was used
as the cpendent variable. The 36 item attributes or the 9 categories of the framework were used

as the predictors.

Results

The results are presented according to the order of question sets.
Question set 1: How are the item attributes related to one another? How are

the framework categories related to one another?

Table 2 presents the factor loadings of the attributes from the eight factor solution of the
varimax rotation of the principal component analysis. The eight factor solution was selected after
examining the scree plot in Figure 3. The value of the eighth eigenvalue is 1.3.

-------- --Insert Table 2 and Figure 3 about here---------

Six attributes have factor loadings with large magnitudes for factor one. They are listed as
the first six attributes in Table 2. These attributes are knowledge of science procedures (attribute
2), complex reading level (attribute 16), thinking with or about models (attribute 25), identification
of variables or couirol groups involved in a design of a test for a hypothesis (attribute 27),
generation o! specifically operationalized procedures to be used in testing a hypothesis (attribute
28), and the -use of multiple control groups in the design of a test of a hypothesis (attribute 30).
Several of these attributes are concerned with setting up scientific hypotheéis tests. It is interesting

that these attributes are related to complex reading level and thinking with or about models.

16
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Seven attributes have factor loadings with large magnitudes for factor two. They are listed
as the second group of attributes in Table 2. Six of these attributes are knowledge of facts
(attribute 1), knowledge of concepts (attribute 3), knowledge about relationships between facts,
procedures, concepts or principles (attribute 5), reasoning from a general concept, principle or law
to a specific conclusion (attribute 21), tracing a cause-effect from one component to another within
a system (attribute 22), and the application of a concept or principle (attribute 24). These attributes
are related to reasoning and knowledge. The item attribute of having ail of the information needed
to answer the item available in the text, or in a table, a graph or a figure in the block with the item
(attribute 19) is related to these reasoning and knowledge attributes in a negative way.

Three attributes have factor loadings with large magnitudes for factor three. Items having
these attributes contain a table, graph or figure (attribute 6), require only information found in the
item itself (attribute 18), and have options that can be used to inform the definition of the task
(attribute 40). All of these attributes are concerned with information available within an item.

Five attributes have factor loadings with large magnitudes for factor four. Four of these
attributes have negative factor loadings. Items having these attributes require comprehension of
every option of a multiple-choice item (attribute 14), require deductive reasoning (attribute 23),
have alternatives that are reasons or explanations (attribute 33), and can be solved by elimination
of options (attribute 39). These attributes are concerned with deductive reasoning. Items that
require formal inductive reasoning (attribute 30) load at the other end of the scale for factor four.

Five attributes have factor loadings with large magnitudes for factor five. Four of these
attributes involve tables, graphs or figures. Only the attribute that an item requires a reason or
justification for a response (attribute 9) does not. Two attributes are associated with factor six.

They are having a complex expression in the item’s stem (attribute 13) and requiring the generation

17
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of a hypothesis or prediction (attribute 26). Four attributes are associated with factor seven. Two
have positive factor loadings. Items with these two attributes have a table, graph or figure related
to them but separate from them (attribute 7), and have a complex table, graph or figure associated
with them (attribute 8). The other two attributes are knowledge of principles (attribute 4), and
knowledge of information gained through practical experience (attribute 17). Four attributes are
associated with factor eight. Three of these have positive factor loadings. They are science
terminology or vocabulary (attribute 11), an extended constructed response format (attribute 35),
and drawing a diagram (attribute 37). The fourth attribute is a short constructed response format
(attribute 36).

After examining the scree plot in Figure 4, a three factor varimax rotation of the principal
component extraction was selected for the framework categories. Table 3 presents the factor
loadings of the framework categories for the three factors. Factor one is defined by the physical
sciences (PS) at one end of the scale, and the life sciences (LS) at the other end of the scale. In
this booklet, items in the theme block measuring knowledge about systems (SYS) and items
measuring conceptual understanding (CU) are related to the life sciences (LS). Two framework
categories have positive loadings on factor two. They are the earth sciences (ES) and patterns of
change (PC). Practical reasoning (PR) has a negative loading on this factor. Factor three shows
that nature of science (NS) and scientific investigation (SI) are related.

---------- Insert Figure 4 and Table 3 about here---------
Question 2: What is the relationship between the item attributes and the test

framework?

Table 4 presents the factor loadings of the attributes and the framework together. The eight
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factor solution was selected after examining the scree plot in Figure 5. The value of the eighth
eigenvalue was 1.7. Factors in this solution closely matched factors in the eight factor solution for

the attributes alone.

——-—-Insert Table 4 and Figure 5 about here

Factor one in the current analysis had a structure similar to that of factor one in the solution
described for the attributes alone. The same six attributes had large positive loading for both
solutions. In the current analysis, items categorized as nature of science items were also associated
in a positive was to this factor. It is clear that the framework category nature of science is related
to setting up scientific hypothesis tests.

Factor two in the current analysis had a structure similar to that of factor two in the
attribute solution described above. The same six reasoning and knowledge attributes had positive
loadings for both solutions and items containing all information necessary to answer the item
(attribute 19) had a negative loading for both solutions. Scientific investigation had a factor
loading similar to that for items containing all information necessary to answer the item (attribute
19). This reflects the fact that items measuring scientific investigation must provide enough
information for students to do an investigation. Scieniific investigation also had a reasonably high
loading on factor one of the current analysis, indicating that scientific investigation is related to
hypothesis testing. In particular, it is related in terms of factor one to attribute 2, the knowledée
of science procedures.

Factor three in the current analysis has a structure similar to that of factor five in the
attribute-only solution. The only attribute that loaded heavily on factor five in the attribute-only
solution, but does not have a loading with a large magnitude for factor three in the current analysis

is the attribute where items require a reason or justification for a response (attribute 31). In other
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words, this factor represents ‘aclusion of tables, graphs or figures for items. In this booklet, the
framework category physical science is positively related to tables, graphs, and figures.

Factor four in the current analysis has a structure similar to that of factor seven in the
attribute-only solution, other than attribute 17 (practical experience). This factor is also related to
factors one and two in the framework-only analysis. In the framework-only analysis life science and
systems were similar to one another, but different from earth science and patterns of change. For
factor four in the current analysis, these two sets of framework categories differ in the sign of the
loadings. Earth science and patterns of change are related to the attribute knowledge of principles
(attribute 4), while life science and systems are related to tables, graphs, or figures that are complex
(attribute 8) or external to the item (attribute 7). These relationships are likelv to be particular to
the booklet we studied.

Factor six in the current analysis has a structure similar to that of factor eight in the
attribute-only analysis. In the current analysis, conceptual undelrstanding is related positively to
science terminology (attribute 11), the extended constructed response format (attribute 35), and
drawing a diagram (attribute 37). Practical reasoning is positively related to requiring a justification
for a response (attribute 31), and the short constructed response format (attribute 36).

The other factors in the current analysis, primarily, grouped atiributes with each other,
rather than with framework categories. Factor five in the current solution was most like factor four
in the attribute-only solution, factor seven in the current solution was most like factor three in the
attribute-only solution, and factor eight in the current solution was most like factor six in the

attributes-only solution.
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Question set 3: How do the item attributes and the test framework relate to
whether the item is associated with the hands-on performance
task or not? How do the item attributes and the iest framework
relate to whether the item is an extended constructed response
item or not? How do the item attributes and the test
framework relate to whether the item appears early in one of
the blocks of items presented to the student?

Table 5 contains the crosstabulations between items associated with the hands-on
performance task and certain attributes. We hypothesized that the items associated with the
performance task would most likely measure knowledge about relationships between facts,
procedures, concepts or principles (attribute 5), and application of concepts or principles (attribute
24). We thought they would most likely have an extended constructed response (attribute 35), or
a short constructed response format (attribute 36), and require drawing a diagram (attribute 37)
or filling in a table (attribute 38). We also hypothesized that they would not likely measure

knowledge of facts (attribute 1).

For the booklet we examined, only one of these hypotheses appeared to be correct. The
items associated with the performance task are not likely to measure knowledge of facts (attribute
1). They are also reasonably unlikely to measure knowledge about relationships between factors,
procedures, concepts, or principles (attribute 5), and the application of concepts or principles
(attribute). Because of the use of all item types in all blocks of items, including those associated
with the performance task, there is little relationship between extended constructed response

(attribute 35) and short constructed response (attribute 36) formats and the items in the
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performance task block. These items are also not related strongly to drawing a diagram (attribute
37) or filling in a table (attribute 38).

Table 5 also contains crosstabulations between items associated with the hands-on
performance task and the framework categories. We hypothesized that, for this booklet, the items
associated with the performance task would be positively related to physical science, conceptual
understanding, and scientific investigation. For this booklet, the ).~tformance task block was
positively related to the physical sciences and scientific investigation. We would expect that the
relationship with scientific investigation would be replicated for the other booklets. Although we
would like items associated with the performance task to measure conceptual understanding, they
are unlikely to do so. This is due to the design of the test framework, where items are categorized
as either scientific investigation, conceptual understanding or practical reasoning items, but not
more that one of these.

Table 6 contains crosstabulations between extended constructed response items and the item
attributes. We hypothesized positive relationships between extended constructed response items
and knowledge about relationships between facts, procerures, concepts or principles (attribute 5),
complex reading level (attribute 16) and requiring a reason or justification for a response
(attribute). We hypothesized a negative relationship between extended constructed response items
and knowledge of facts (attribute 1). The only hypothesis that seems to be correct is that the
extended constructed response format is related to a complex reading level (attribute 16). The
other relationships are not strong.

---------- Insert Table 6 about here--

Crosstabulations between extended constructed response items and specific framework

categories are also in Table 6. Our expectation was that the extended constructed response format
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was not more likely for any of the aspecis of the framework that for any other. The largest
relationships were those with life science and practical reasoning. These relationships are not
strong.

Table 7 contains the crosstabulations between the items at the beginning of each block and
certain attributes. It was hypothesized that items in the first third of a block might be easier than
items placed later in a block. For that reason, we expected a positive relation between items at the
beginning of the block and knowledge of facts (attribute 1), and a negative relationship with
knowledge about relationships between facts, rrocedures, concepts or principles (attribute 5),
complex reading level (attribute 16), requiring a reason or justification for an answer (attribute 31),
an extended constructed response format (attribute 35), and a short constructed response format
(attribute 36). Only the relationship between items in the beginning of a block and knowledge of
facts was reflected in the data. The lack of other hypothesized relationships may be due to the fact
that those relationships hold only for the first or first two items in a block. This analysis categorized
the first third of the items in a block as appearing at the beginning.

--------- Insert Table 7 about here-

In order to examine the relationships between knowing and doing science categories, Table
7 contains the crosstabulations between the items at the beginning of each block and scientific
investigation, conceptual understanding, and practical reasoning. For this block, conceptual
understanding had a strong relationship to position within the block and scientific investigation had

a negative relation to position within the block.

Question set 4: What is the relationship between item responses, item

attributes, and the test framework?
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Table 8 contains the results of a regression analysis used to investigate the relationship
between item responses and item attributes. After a preliminary backward selection of variabjes,
98% of the variance in the item mean was explained by 27 attributes. Among the first category of
attributes (specific lmowlec‘lge), knowledge of principles (attribute 4), and knowledge about
relationships between facts, procedures, concepts or principles (attribute 5) were included in this
regression. Note that attributes 1, 2, and 3 were selected out using the backwards selection
procedure. Ten attributes from the second category (item format and vocabulary) were selected
for the model. Attributes 7, 9, and 12 were not included in the model. Among the reasoning
category of item attributes, four attributes were included in the model. Attributes 21 and 24 were
excluded. Of the hypothesis testing attributes, two items were included in the regression model.
In the explanation category of attributes two items were selected for the prediction equation of item
mean score. Four attributes in the communication category were included in the model. When this
analysis was replicated using only attributes with more than one items associated with them, R?
values were in the .80 to .90 range.

------- —-Insert Table 8 about here----e--

Table 9 contains the results of a regression analysis predicting item mean score from the
framework categories. After a backward selection procedure, earth science, patterns of change,
nature of science, and practical reasoning predicted the item mean score with an R? of .30 and an
adjusted R? of .21.

---------- Insert Table 9 about here-----~---

These analyses, with the input from science experts have contributed to decisions about

which item characteristics will be retained for future analyses. Subsequent analyses will replicate

these analyses for other booklets.

24
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Conclusion
As part of an on-going research agenda, this study has provided preliminary information
about the framework of the next NAEP science assessment. It also provided information about
item attributes that science experts believe to be related to the responses that students give to these
items. Future research will further explore the relationship of the item attributes and test
framework to actual student responses. In addition, information from the other booklets in the

1993 field test of items will be compared to thiese results.
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Science assessment and exercise specificatioi:s for the 1994 National Assessment of Educational
Progress, Pre-publication draft, NAEP Science Consensus Project, Council of Chief State
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contract number RS90018001.
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Table 1
Item Frequencies for each Item Attribute and Framework Category
Item Attributes
Attribute ] 1 2 3 4 5 6 7 8 9 lﬂ
# of items not
having attribute 8 33 11 | 36 | 13 | 30 11 i1 16 | 22
# of items
having attribute 29 4 26 1 24 7 26 26 21 15
Attribute 11 12 13 14 15 | 16 17 18 19 | 20 ]I
# of items not
having attribute | 22 0 29 | 32 | 31| 34 | 31| 36 | 35 4
# of items
having attribute 15 | 37 5 6 3 6 1 < | 33126
Attribute 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 307
# of items not
having attribute 11 20 | 36 18 | 33 ] 30 | 35 35 37 | 34
# of items
having attribute 26 17 1 19 4 7 2 2 0 3
Attribute 31 32 1 33 | 34 | 35| 36 | 37 { 38 | 39 | 40
# of items not
having attribute | 22 | 37 | 34 | 37 | 31 17 | 35 | 36 | 33 | 35
# of items
having attribute 15 0 3 0 6 20 2 1 4 2
Framework Categories
Category ES|PS|LS| SI |CU|PR|SYS|MOD| PC| NS NI‘*I
# of items not
in category 31120 16 127 ] 15| 32| 18 37 35|34 37
# of items
in category 6 |11 121110} 22] 5 19 0 2 3 0

27
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Table 2

Factor Loadings of the Varimax Rotation of the First Eight Principal Components
of the Item Attributes

Attributes Factor 4

Att 30
Att 2
Att 268
At 16
Att 27
Att 25

At 3
Att 21
Att1
Att 24
At 5
Att 22
Att 19

Att 18
Att 40
Ast 6

Att 23
Att 30
Att 39
Att 33
Att 14

Att 9
Att10
At 46
Att 31
Att38

Att 13
Att 26

At 7
Att 8
Att 17
Attd

Att 37
Att 35
Att 36
Att 14

0.85235
0.87150
0.8713%5
0.71038
0.87212
0.82422

0.109¢8
0.08448
0.01327
0.24821
0.18988
0.28257
-0.01175

-0.02442
0.01353
-0.12202

-0.03508

0.11782
-0.07823
-0.05286
-0.06407

0.21626
-0.18403
-0.04137
-0.26543
-0.03075

-0.12398
-0.11738

0.17428
-0.42858
-0.18272
-0.07308

-0.11203

048049
-0.22751
-0.30025

Factorz Factor3 Factor4 FactorS Factor8 Factor?

0.11235
«0.01569
0.07651
0.15489
0.09588
0.11040

0.88843
0.820989
0.77134
0.66218
0.63704
0.53848
-0.49750

-0.11370
-0.10581
0.08181

0.08980
0.21748
-0.02539
0.02450
<0.17104

-0.22690
-0.20534
-0.35318

0.27977
-0.11280

0.30484
0.28528

-0.18245
-0.15740
0.15311
0.08278

0.03283
0.05882
0.08070
0.18833

-0.02310
-0.08000
«0.02876
-0.04104
-0.02132

0.12787

-0.10180
-0.05313
-0.12704
-0.08643
-0.20887
-0.03008
«0.06543

0.87885
0.73830
045037

-0.08331
-0.38532
0.43258
0.51589
0.48405

0.14870
0.05179
-0.2168¢
-0.25082
0.04899

0.03331
0.00038

«0.37873

0.00082
-0.070¢&1
-0.05824

-0.03745
-0.07667
-0.28211
-0.07228

0.02262
0.00011
0.02856

0.05452

0.01489
0.08822

0.03031
041292
0.01411
<0.04213
-0.03587
0.26038
0.1254

-0.10575
-0.07825
<0.02124

-0.84335

0.56955
-0.58566
-0.58185
-0.54824

0.17745
0.09186
-0.08628
0.18801
-0.10188

0.10833
0.06114

0.23552
0.28215
0.24381
0.08835

0.03308
0.099¢8¢
0.24893
-0.21587

28

-0.13100
-0.02288
0.0227¢
0.10045
-0.156880
0.12068

~0.28547
-0.26169
-0.44848

0.03184
-0.26244
-0.16418
-0.05250

0.07335
0.00591
0.36253

-0.05744
0.16€32
0.10800
0.05819

-0.28914

0.73058
0.70580
0.58080
0.34035
0.30801

-0.07073
=0.20472

-0.00870

0.26120
<0.17785
-0.i9380

-0.00444
0.14233
0.24210

-0.23589

-0.11778
=0.10867
0.00880
0.15525
«0.13204
0.32622

0.12178
0.08801
0.08858
0.26358
0.17654
0.43330
0.01081

=0.07160
0.20830
<0.18705

-0.0233¢9
0.08381
-0.20876
«0.13037
0.35166

0.02480
-0.06828
-0.10418

0.23354
«0.13587

0.88752
0.82086

0.02054
0.08056
-0.33202
-0.12283

-0.08154
-0.11021
0.03528
0.12070

0.05183
0.07654
«0.03733
0.03108
0.08483
«0.25249

-0.12511
-0.08205
-0.16088
-0.40807

0.02333
-0.16049
<0.01155

0.10012
-0.12033
-0.18535

-0.09834
0.03438
0.18588

-0.15353

«0.15684

-0.07537
0.18430
0.20758
0.07080
0.14838

0.11683
0.20713

0.87517
0.56380
-0.38821
=0.32082

0.15010
0.01955
0.28088
-0.01259
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Factor 8

-0.04837
0.03805
0.12869
0.05807

-0.10540
0.08850

-0.00525
-0.08289
0.19310
<0.03248
0.00432
0.03850
-0.04805

-0.05185
-0.00205
0.24848

-0.00879
-0.33822
=0.07700
-0.03382

0.07118

0.10815
-0.00938
-0.15757
-0.33044
-0.08504

-0.14088
«0.13897

0.01408
0.08151
-0.11618
-0.00070

0.74483
0.702¢6
-0.57477
0.33911
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Table 3

Factor Loadings of the Varimax Rotation of the First Three Principal Components
of the Framework Categories

Categories Factor 1 Factor 2 Factor 3
PS -91 -.18 -.13
LS 0.88 -41 0.15
SYS 0.74 -44 -42
CuU 0.54 0.47 -.52
ES -17 0.82 -.15
PC -01 0.72 -11
PR -.02 -56 -22
NS 0.19 0.04 0.93
S1 -57 -.09 0.74
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Table 4
Factor Loadings of the Varimax Rotation of the First Eight Prinicipal Components
of the Item Attributes and the Framework Categories

Attributes  Factor1 Factor2 FastorS Factord FactorS Factor@ Faotor7  Factor8

At 30 095257 005630 -0.11742 002808 000870 -0.01088 095807 -0.07209

NS 085257 008830 011742 0.02808 000870 -0.0108% -0.05807 -0.07209
Att2 088706 -0.05557 002304 003348 000827 008261 -0.18767 -0.02551
At 28 087882 009082 -000885 000611 008084 008914 003614 0.00370
An27 0.74138 001808 -0.15058 002085 -0.029%32 -0.07196 -0.08628 -0.10105
At 16 0.78389 0.17841 002533 0.10457 0.10686 003310 0.05001 0.14190
At28 0.622%8 018700 0.11188 -0.17287 014058 008358 026583 032173

At 0.11862 081866 -033562 -008228 007427 -0.10405 -0.10185 0.07777
At 0038201 077608 -050728 .-0.05262 001980 0.14714 -0.12422 -0.00147
A1 008482 075082 -035928 002768 040247 -0.08187 -0.03167 0.01420
A4 027612 072565 -0.08824 -0.30158 0.0358% 027788 0.05788 0.13052
At19 -001160 -0.65268 -007087 -0.08765 020814 -0.12221 -0.02047 0.08410
AtS 019292 082858 -028884 -008328 002354 €.0027¢ -0.31088 0.22924
§i 056068 -060816 042508 -0.00168 008361 -0.14418 -0.20688 -0.0422¢
At 22 028550 055280 -027305 -0.11784 0.35287 -0.08768 0.08811 0.35450

At 15 005079 -0.30438 076892 002835 .0.03585 007844 -028184 -0.01528
At 10 019784 -0.15445 072416 013387 016034 0.13788 0.11707 0.00477
A9 0.19568 -0.14738 0.71208 -0.02788 025427 0.18314 0.3%880 0.04718
PS -008742 -041406 070201 -0.10708 008823 -0.30915 -0.08408 -0.18580
At 38 001837 -0.08478 0455583 0.10822 -0.16443 -005710 -0.00485 -0.1228%

ES -007004 -0.00165 -0.01638 -0.80221 -0.305871 020884 .0.05686 0.21854
PC -0.12510  0.16765 -0.04781 -0.72635 022358 0.14188 0.02845 -0.15855
Ang 044082 -0.23096 020281 067425 0.27358 0.17348 -0.05284 0.13380
LS 016382 031788 -0556% 0688181 014652 0.17622 0.04732 -0.01388

SYSTEMS -037312 035401 -040355 0.63783 019161 0.16287 0.18389  0.04585
A7 0.16783 -0.27640 006315 062147 026733 0.18475 .0.52780 0.153%%
Att4 -0.1083¢  0.04185 -0.20362 -0.61278 0.20487 003508 -0.08860 -0.18262

At 23 -002835 0.13086 -0.00854 -0.16436 -0.80488 -0.0107¢ -0.18231 0.02181
Att 30 008022 -0.0659% 0.12403 0.12509 -0.70733 003898 0.25482 -0.09108
AR 20 0.10212 0.18604  £.18238 001847 070438 .0.28829 -0.20040 0.02380
Att 33 -0.05057 002205 001610 -008542 -068877 -005170 048248 .0.11841
Att 14 -0.09182 -0.13171 023671 -022784 -060385 011797 034191 045524

PR -008589 030322 -0.17820 0.15868 007604 -0.84181 -0.08081 007735
At 37 -0.05886 0.08452 -001872 0.18717 003814 063346 -0.02884 -0.11052
cu -044844 033898 -0.26388 -0.10898 -0.12888 057791  0.22952 -0.01561

Att 38 -022902 006160 021214 041080 024292 -0564%4 -0.28838 -0.02772
Att 11 -0.34345  0.26317 -0.18156 -0.23324 -0.16282 0.54088 021875 0.24805
At 35 053125 010202 008371 008282 012084 053568 0.01845 -0.13754
A3 027284 034920 0.28312 0.20536 024140 -048642 -0.18002 0.11704

A 18 -0.03773 -0.20886 -007407 0.17702 -026408 0.00388 0.78241 -0.00181
Att 40 -001433 -0.12888 -007488 -0.10628 -0.17242 0.03058 0.72682 0.39256
A6 -0.11333  0.16157  0.33%4 -0.02450 -0.06886 0.20088  0.63250 -0.28394

At 26 -0.13815 026089 -0.24086 0.15659 0.11741 -0.24014 .0.04289 0.788%6
,  An13 <0.16011 033340 -012754 014225 0.17470 -0.25030 0.08208 0.77435
E IK‘IC A7 -0.18585 0.18682 -030485 -0.21328 023412 .-0.24248 007128 -0.56082
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' Table §
Contingency Tables for the Items Associated with the Hands-on Performance Task
Attribute 1 5 24 35 36 37 38 B
don'thavelhave | 0|1 J 0|10} 1}jO0]1]J0]1]0]1}0}1
not Hands-on 11287 |22]11118|24} 5 (15|14 |27} 2 ({29]0
Hands-on 7111612711171 1]2]|6|8}10]7]1
Phi -841** | -430** | .408* -.053 221 -.126 317
Cramer’s V 841** | 439** | .408* .503 221 126 .317_
Framework
Category PS SI CU
not in|in 0 1 0 1 0 1
not Hands-on 26 | 3 261 3 8 | 27
Hands-on 0 8 1 7 7 1
Phi .808** 715** -.502**
Cramer’s V .808** J15%* .502**
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Table 6

Contingency Tables for Extended Constructed Response (ECR) Items

Attribute 1 5 16 31 }
don’t have |have | 0 0 1 0 1 0]1 !
not ECR 7 12411211930} 11}17]14 “
ECR 1 1 5 4 1 2 5 1 u
Phi .053 170 AQ7* -214 n
Cramer’s V .053 170 A407* 214 “
Framework

Category LS PR

not in}in 0 1 01

not ECR 15116 |26} 5

ECR 1 51610

Phi 236 -174

i Cramer’s V 236 174
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Table 7
Cortingency Tables for the Items in the First Third of Each Block (Early in Block)

Attribute 1 5 16 31 35 36 E

don’t have |have | 0 110 1 c]1}0 10 1 0]1

Late in block 8 16 8 16 | 21 3 12 } 12 | 21 3 9 15
Early in block 0 13 | S 8 3] 0110} 3 10 | 3 8 5

Phi 387 -.051 -219 -262 137 =230
Cramer’s V 387 .051 219 262 137 230
Framework
Category SI CuU PR
not in|in 0 1 0 1 0 1

Late in block 141 10) 15} 9 |19 5

Early in block 131 0 011313} 0
Phi -.448** .608** -291
Cramer’s V 448** .608** 291
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Table 8
Regression Analysis Predictinrg Item Mean Score from the Item Attributes

Attribute B SE B Beta T 8ig T
ATT40 .951962 .158226 920293 €.016 .0002
ATT11 -.283986 .054393 -.596090 -5.221 .0005
ATT35 -1.37G365 141254 -2.159484 -9.701 .0000
ATT17 .774343 104341 1.220245 7.421 .0000
ATT38 -.825307 .155719 =.%872169 ~5.300 .0005
ATT23 -1.446252 .287076 =-1.002€58 -5.038 .0007
ATT19 .410657 .082879 396935 4.955 .0008
ATT10 .581841 .584.54 1.221289 6.914 .0001
ATT4 -.474586 .113%96  -.329021 -4.163 .0024
ATT6 .229701 .074622 .384618 3.078 .0132
ATT25 -.768542 114882 -1.020262 -6.690 .0001
ATT16 -.%77670 .128027 =1.140906 -7.636 .0000
ATT13 .426213 .068943 .750115 6.182 .0002
ATT37 .285421 .099583 .275926 2.866 .0186
ATT31 -.165735 .043608 -.347879 -3.801 .0042
ATT39 .382390 .089130 .507634 4.290 .0020
ATT22 .218748 .063552 .466059 3.442 .0074
ATT14 -.408542 .103090 -.597110 -3.963 .0033
ATT1S .275598 .070412 .434300 3.914 .0035
ATT33 .805743 .177607 .940273 4.537 .0014
ATT36 -.632043 .087845 =-1.346616 -7.195 .0001
ATTS .652309 .085135 i.274659 7.662 .0G00
ATT30 .667468 .120177 778912 5.554 .0004
ATT18 -3.603793 .472540 -2.498438 -7.626 .0000
ATT5 .294258 .080875 .600570 3.638 .0054
ATT28 2.366349 .255014 2.287627 9.279 .0000
ATTZ20 -1.071834 216516 =-1.422893 -4.950 .0008
(Constant) .881724 130511 6.756 .0001

R Square .98207

Adjusted R Square .92828

Significance of F .0000

e o - -~ . - - - S - - - - - -
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Table 9
Regression Analysis Predicting Item Mean Score from the Framework Categories

Category B SE B Bata T Sig T

PR -.225432 .103710 -.329484 -2.174 .0372

PC .373765 .182020 .361331 2.053 .0483

NS -.262609 .129018 -.306456 -2.035 .0502

ES -.313906 .113861 -.494668 -2.757 .0096

(Constant) .542141 .043825 12.371 .0000
R Square 30170

Adjusted R Square 21441
Significance of F .0186
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Figure 1

Information Available for this Study
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test developers/

science experts/

Source of data: students framework committee cognitive scientists
Data available item difficulty framework

about items: other item statistics categories item attributes
Data available item responses

about students: estimated thetas none none
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Figure 2
The Framework for the 1993 NAEP Science Field Test
FIELD OF SCIENCE
Earth Physical Life
Conceptual
Understanding |
K&O\ZVIN‘Q Scientific !
DOING Investigation l
Pt‘actical i
Reasoning ‘
Nature of Science
Themes
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Figure 3
. Plot of the Eigenvalues of the Principal Component Analysis
of the Item Attributes
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Figure 4

Plot of the Eigenvalues of the Principal Component Analysis
of the Framework Categories
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Figure §

Plot of the Eigenvalues of the Principal Component Analysis
of the I'em Attributes and Framework Categories
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