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Multidimensional modeling

Introduction

Recent advances in computing technology have allowed for the development
and estimation of a wide variety of new item response models, some quite complex.
Of particular interest to many measurement and psychometric researchers are
multidimensional models. Such models allow for the more realistic exploration of
many real-world testing situations, in which person proficiency is not and cannot be
assumed to be a unidimensional construct. One area in which multidimensional
models may prove particularly useful is that of performance assessment. Students
are asked to produce a relatively small number of quite complex performances, as
opposed to a large number of relatively simple multiple-choice responses. This
presents both researchers and users of such tests with a new set of problems. If
performance assessments are scored with a single holistic score, the small number of
items can result in low reliability. If a single item is scored on multiple dimensions,
this dimensionality must be taken into account when analyzing the resulting data.

The Berkeley Evaluation and Assessment Research (BEAR) Assessment
System is an example of an assessment system that is based in large part on
performance assessment. This assessment system has been adopted as an integral
part of a year-long middle school science curriculum, Issues, Evidence and You
(IEY), developed by the Science Education for Public Understanding Program
(SEPUP). The assessments serve as teaching and learning activities and are
embedded throughout the course. These assessments allow teachers and students to

track their progress through the year. In addition, they served as part of the
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evaluation procedure used during the field test of the curriculum during the 1994-95
school year (Roberts, Wilson & Draney, 1997).

This report describes some of the issues involved in the use of the
Multidimensional Random Coefficients Multinomial Logit (MRCML) model
(Adams, Wilson & Wang, 1997) to investigate data collected during the field test of
this curriculum and the accompanying assessment system. It also compares results
with the unidimensional findings described by Roberts, Wilson and Draney (1997)

and Wilson and Draney (1997).

The BEAR Assessment System

The BEAR assessment system is based on the idea of developmental
assessment (Wilson, 1998, Wolf, Bixby, Glenn, & Gardner, 1991). Central to
developmental assessment is the notion of variables, which are a major focus of
instructional and assessment activities. A variable is an achievement continuum
defined operationally by the assessment tasks in which student participate, and that
can be used to chart student progress over time (Masters, Adams, & Wilson, 1990).
Components of the BEAR assessment system include:
1. SEPUP Variables: Five variables that represent student learning in terms of the

core concepts of IEY.

2. Assessment Tasks: Activities that are an integral part of regular instruction.
3. Scoring Guides: Rubrics that establish baseline criteria for assessing levels of

student performance.
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4. Assessment Blueprints: Sequential list of IEY activities and opportune points in
instruction for assessing student learning on one or more of the variables.

5. Exemplars: Examples of student work that have been scored and moderated for
each variable and score level.

6. Assessment Moderation: A process by which teachers discuss and reach
consensus on local standards for scoring student work.

7. Performance Maps: Graphical representations of student development on the
SEPUP Variables.

8. Link Tests: Additional assessment activities for teachers’ use at major course
transitions that are also based on the SEPUP Variables.

9. Mapped Portfolios: A collection of student work throughout the year that
demonstrates the student’s progress through the course, and that includes the
performance maps.

A detailed description of all of these components can be found in Roberts, Wilson,

& Draney (1997); the most important components for the work described in this

report are the variables and their realization via the scoring guides; the link tests;

and the implications of this research for the performance maps.
The variables that are central to IEY are the following:
Evidence and Tradeoffs (ET): Identifying objective, relevant scientific evidence,
and evaluating the advantages and disadvantages of different possible solutions

to a problem based on the evidence available.

Designing and Conducting Investigations (DCI): Designing a scientific

experiment to answer a question or solve a problem, selecting appropriate
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laboratory procedures to collect data, accurately recording and logically displaying
data (e.g. in graphs and tables), and analyzing and interpreting results of an

experiment.

Understanding Scientific Concepts (UC): Recognizing and applying relevant
scientific concepts (e.g. threshold, measurement, properties of matter) to an

investigation or problem solution.

Communicating Scientific Information (CSI): Organizing and presenting results,
arguments, and conclusions in a way that is free of technical errors and

effectively communicates with the chosen audience.

Group Interaction (Gl): Developing time management skills, the ability to work
together with teammates to complete a task (such as a lab experiment) and to
share the work of an activity.
Each of these variables is composed of two to four sub-parts known as elements. For
example, the Evidence and Tradeoffs variable is composed of two elements: Using
Evidence, and Using Evidence to Make Tradeoffs.

The definitions of the variables are contained in the scoring guides, which
describe the kind of achievement needed to reach the various scoring levels on the
elements of the variables. Teachers use the scoring guides to rate student
performance into 5 ordered, qualitatively different categories, labeled 0 through 4.
The scoring guides describe the kind of performance that can be expected from
students at each of the performance levels. Although each scoring guide is specific
to the variable for which it was developed, there is a common structure. A score of

0 indicates an off-task or missing response; a score of 1 indicates performance that is
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incorrect; a score of 2 indicates performance that is generally correct but missing
something important; a score of 3 is complete and correct performance; and a score
of 4 indicates performance that goes above and beyond what is asked of the student.

The IEY course is divided into four sections, each dealing with somewhat
different subject matter: Part 1 is “Water,” Part 2 is “Materials Science,” Part 3 is
“Energy,” and Part 4, designed to function as a review section in which students tie
together the things that they have learned, is “Environmental Impact.”

Evaluation of student progress through the course requires that increases in
task difficulty that are a natural part of the curriculum be disentangled from
increases in student proficiency. Therefore a set of 14 unique assessment activities,
similar in form to the embedded assessment activities but requiring less time and
less directly tied to the curriculum, was developed. Each activity is an open-ended
guestion calling for a paragraph-type response, and each can be scored on multiple
elements of the variables. These activities were divided into five overlapping tests,
called link tests. Each of these link tests shares at least one activity with the
previous and with the next test, to help establish data links. These link tests were
used during the field test of the curriculum and assessment system, to help establish
baseline difficulties for all activities. The link items are also available to teachers
who wish to use them, perhaps along with activities they develop in their
classrooms, to structure more formal end-of-unit tests in addition to ongoing
embedded assessment activities.

Variable maps are based on the concepts of item difficulty and person

proficiency as defined in item response theory (IRT). Because the proficiencies of
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persons and the difficulties of items are on the same scale, they can be directly
compared. This allows us to make statements about the kind of work the student
has mastered, the kind of work that is above the proficiency of the student, and the
level at which the student is currently working. These maps can be used by teachers
in classrooms to communicate with students, parents, and administrators, to detect
trends in student development, as well as departures from those trends, and to
clearly illustrate the current performance of both individual students as well as
classes of students.

One of the questions that naturally arises, given the structure of the activities,
variables, and scoring guides, is whether it is necessary to take the
multidimensional nature of the data into account when constructing these maps.
Implications of our analysis for map development, and for the understanding of

student progress, will be discussed at the end of the report.

Data collection

Data from this implementation of the BEAR assessment was collected during
a field test of IEY during the 1994-95 school year. The field test of the full
curriculum, including the assessment system, took place at 6 centers around the
country known as Assessment Development Centers (ADCs). Each ADC consisted
of four to six teachers, each of whom used the IEY curriculum and the embedded
assessment system with at least one middle-school science class. The ADC teachers
were required to score link tests and activities, and to meet in monthly moderation

meetings. In each ADC classroom, data were collected from both assessment
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activities and link tests. In addition, a separate set of activities was administered in
the fall as a pretest, and again in the spring as a post-test. This resulted in at least
partial data from approximately 700 students.

In addition, there were seven Professional Development Centers (PDCs)
involved in this study, structured similarly to the ADCs, where teachers taught the
IEY curriculum and were provided with the same assessment materials as the ADC
group, but were not required to score activities or link tests. The PDC teachers met
monthly, but their focus was on the curriculum rather than on the assessment
system. Each Center, both ADC and PDC, was also asked to choose a comparison
teacher, who was to be as similar to the other teachers in the center, but who taught
the regular middle-school science curriculum. The pretest and posttest were
administered to the PDC and comparison groups, but the link tests were not, nor
was data from the assessment tasks collected in these centers (since in the PDCs, the
teachers were not required to use them, and in the comparison classes a different
curriculum was used). The assessment tasks and link tests were scored on the
appropriate variables by the ADC teachers during the field test year. The pretest and
posttest were scored by BEAR staff.

It should be noted that during the field test year, data were collected for only
four of the five SEPUP variables. Due to the nature of the Group Interaction
variable, satisfactory methods for collecting data on this variable were not developed
during the field test. Research is currently being undertaken to develop methods of

reliably scoring students on their Group Interaction proficiency, and to enable
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teachers to collect data on the performances of their students on this variable. Thus,

the analyses in this report will include only data for ET, DCI, UC, and CSI.

Data analysis

Because of the structure of the SEPUP data, most analyses have been done
using item response models. The models allow the estimation of student
achievement on the same scale throughout the year, even though the sets of items
differ between times and were not matched to have identical difficulties. This is
done by anchoring the item parameters based on their difficulties at one time, in
this case the beginning of the school year. A Rasch-family measurement model was
chosen both because it allows this anchoring process and because it allows placing
both students and items on this same scale (Wilson & Draney, 1997; Wright &
Masters, 1982). Specifically, a modified rating scale model was used. An ordinary
rating scale model has the same steps between scores for all items. In the SEPUP
system, there are separate scoring guides for each variable, so the modified rating
scale model allows different steps for items from different variables (but the same
steps for all items in each variable). Although all SEPUP analyses have also
included separate step parameters for each variable, earlier analyses all modeled one
general latent achievement variable, general SEPUP achievement; general SEPUP
achievement was simply achievement estimated by combining items from the four
SEPUP variables (DCI, ET, UC, CSI) in whatever proportions they appear in the tests.
The research described here tries to examine achievement in each variable

separately.
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The analyses to be discussed in this report are as follows: First, data from the
link tests only will be analyzed, using first a unidimensional and then a
multidimensional model. Discussion of these analyses will include complications
that occurred naturally in the data, including: changes in the severity of teacher
ratings at different times of the year, changes in student proficiency as the year
progressed, and different rates of progress through the curriculum by different
classes of students.

Once the analysis of the link tests is complete, data from the embedded
assessment activities will be added, and a multidimensional model will be used
with this expanded dataset.

Note that, due to the complicated nature of performance assessments, terms
like “item” and “task” have a somewhat arbitrary meaning. In the analyses that
follow, the term “item” will be used to refer to that which receives a single
numerical score on the previously mentioned scale of 0 to 4. a single element of a
single variable in an assessment activity or link test. The term “task” or
“assessment task” will be used to refer to a single unit of performance that a student
is asked to do: an essay or letter to write, a presentation in the classroom, or the
answer to a single link test question. There are quite often numerous items attached
to a single task, because teachers frequently score a single piece of student work on
multiple elements of a variable, and/or on multiple variables. This is no doubt a
violation of the local independence assumption associated with item response

models; this is a topic that should be addressed in future research. The term
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“activity” will be used as it is in the IEY curriculum: to refer to a single curricular
unit, which may encompass one or several assessment tasks, or none at all.

Because students are expected to change over the course of the school year,
item difficulties must be anchored at some fixed time. It was decided to obtain
estimates of item difficulty for the link test items by using a population of middle
school students not yet exposed to the curriculum. A subset of 14 SEPUP tasks,
comprising 30 items, including both embedded activities (4 tasks/7 items) and link
test questions (10 tasks/20 items), was chosen to use as a pretest with a new sample
of students in September of 1995. The 1995 pretest also included 3 new items that
were not scored during the 1994-95 field test, bringing the total to 30 items. The 30
items were divided into four overlapping forms, and in the fall of 1995 they were
given to 720 seventh, eighth and ninth graders from a subset of the SEPUP schools.
All of these pretests were scored by SEPUP Assessment project staff. This method
should be roughly equivalent (except for sampling bias/error) to using the 1994-95
students at the beginning of the year.

The teachers who were involved in the ADC groups, and who were
administering and scoring the embedded assessment activities during the field test
year, were involved in a process called Local Assessment Moderation (see the list of
components of the BEAR Assessment System). For a detailed discussion of
assessment moderation, its procedures, purposes, and effects see Roberts & Wilson,
(Insert appropriate references here); for the purpose of this report it is sufficient to
describe it as a form of scorer calibration. Teachers within an ADC met in sessions

during which they discussed and came to decisions about standards of performance
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and methods for reliably judging student work (Roberts, Wilson & Draney, 1997).
Using samples of responses from their own classes, they discussed what was really
meant by the element of the variable being scored and reached consensus about
where each sample response fell on the scoring rubric. During the field trial, all the
teachers in the SEPUP group participated in these moderation sessions.

Because this process was designed to have an effect on teachers’ scoring of
student work, the SEPUP team felt that an investigation of changes in rater severity
over time was necessary. Four SEPUP development staff members conducted a
rescoring study during the summer of 1995. A random sample of 98 of the
pretest/posttest pairs, and a random sample of 82 link test series, were rescored.
These two samples were drawn independently, and thus may (indeed, were quite
likely to) have overlapped, but were not specifically designed to do so. Student
responses to items were photocopied, and the resulting copies from all link tests
combined, so that the staff scorers could be blinded to the specific time point when
the item had been administered. Each of the two sets of responses was rescored
during a period of approximately two weeks.

Since the rescoring was done during a short time period, and since the staff
did not know the date the response was written, comparing the staff scores to the
teachers' scores can show how much of the variation in teacher scores was due to
teacher severity changes over the school year, as well as to overall harshness
differences between teachers and staff. (This method could also be used to examine

differences in severity between teachers, although the current study does not address
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this issue, due to the limited number of rescored tests per teacher Data is currently
being gathered and scored to examine this issue).

An additional complication arose when the progress of the various classes
through the course was examined. The ADC classrooms fell into two major groups,
varying in how much of the curriculum they covered. The first group consists of
nine teachers who finished the second curricular unit (Materials Science) and gave
link test Il on or before May 1. This gave them about a month of class time before
the end of the school year (and the collection of post-curriculum data); during this
time they could begin the third curricular unit (Energy). The second group of eight
teachers gave link test Il at the same time (or within 10 days) of the post-curriculum
tests. For this group, link test Il is considered together with the end-of-year tests as
evidence about post-curriculum achievement, since no material was covered
between the two tests, and the two tests were taken at approximately the same time.
In addition to these two groups, two classes fell between the fast and slow groups
and three classes were dropped because the teachers stopped participating early in
the year. Since a major focus of the analyses to be described involves estimating the
change in student proficiencies between testing times, it is quite possible that these
two groups would perform differently. Therefore, it was decided to use only the first
group, which had covered more of the curriculum, in analyzing the link tests. Since
all of the students in this group had similar amounts of instructional time between
each link test, it seems reasonable to estimate the average change in student
proficiency between the two times using only this group. Therefore, all analysis of

the link test data will include only this group, consisting of 9 classes with a total of
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267 students. Once the difficulties of the link items are established and can be used
as anchors, the entire group of ADC students will be used to estimate the difficulty
of the items associated with embedded activities.

Since none of the teachers taught the fourth (Environmental Impact) section,
link test Ill, intended for use between Sections 3 and 4, was not analyzed as a
separate point in time for any of the classes. In addition, in classes where it was
administered, it was always given in the same week as the posttest. For classes who
took link test Ill, it was considered, together with the end-of-year tests, as evidence of
post-curriculum achievement.

Data from the PDC and comparison groups will not be used to estimate any
parameters in these analyses. These two groups took only the pretest and posttest,
each of which contained a total of 6 items. Either one or two of these items were
associated with each of the variables; thus person locations in a multidimensional
analysis cannot be reliably estimated using this data; nor is the data particularly
useful in estimating parameters for a multidimensional model.

The ConQuest program (Wu, Adams, & Wilson, 1997) was used to fit all of

the appropriate MRCML models.

Analysis of the 1995 pretest data

The first model fit to the link test data was unidimensional, a modified rating

scale model for which the probability of a student n scoring at level k on an item

(p.i) given that the student obtained level k-1 or level k, can be expressed as:
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with g, representing SEPUP proficiency of student n, d. representing the difficulty of
item i (at time 0, the beginning of the school year), t,, representing step k (k=1,2,3,4)

for variable v, which is measured by item i, where variable vi {CSI, DCI, ET, UC}.
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The first step in parameter estimation for the link tests was to fit the above
model to the 1995 pretest data. Parameter estimates for this data are given in Table
1. Itis worthwhile to note that the step parameters all have relatively large positive
t-values (ranging from 2.28 to 8.67). This was also true in earlier analyses (see
Wilson & Draney, 1997) and may indicate that the rating scales were not used
consistently across all the items in the variable. A partial credit model would
describe the inconsistencies more accurately, but has two shortcomings. First, using
a different scale for each item does not align with the SEPUP goal of helping teachers
use the scoring guide for each variable such that levels of the variable have a
consistent meaning across activities and throughout the year. Second, the partial
credit model has too many parameters to yield estimates of reasonable precision

with the current data.
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The next step in the analysis was to repeat the analysis of the 1995 pretest data,
this time using a four-dimensional model, with one dimension (and hence one
student proficiency) assigned to each of the four SEPUP variables. The main
addition in the multidimensional model over the unidimensional model described

above, is that in the multidimensional model each student has four ability levels,
one for each variable: gy, Qerp Oucn @Nd dgg,, (Adams, Wilson & Wang, 1997). In

this analysis, means and standard deviations of the person proficiencies on the four
variables and correlations between the four variables were estimated, in addition to
item and step parameters. The Monte Carlo method (Volodin & Adams, 1995) as
implemented in the ConQuest software (Wu, Adams, and Wilson, 1997) was used to
obtain parameter estimates for the multidimensional model. Parameter estimates
are given in Table 2. A comparison of the relative fit of the unidimensional and
multidimensional models may be made by using the deviance statistics for the two
models (found at the bottom of Tables 1 and 2). The difference in the deviance
between the two models is distributed as approximately chi-square, with degrees of
freedom equal to the number of extra parameters in the multidimensional model.
For these two models, the difference in the deviance is 443.07, with degrees of
freedom given by 52 - 43 = 9. This is statistically significant at the .01 level,
indicating that the multidimensional model shows better fit to the data. In
addition, the misfit statistics for the step parameters are not as large for the
multidimensional model as they were for the unidimensional model, which also
suggests that the multidimensional model gives a better picture of what is

happening in the data.
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Analysis of the field test data

The item difficulties and step parameter values estimated from the 1995
pretest data were then used as anchor values for the corresponding items and steps
in the 1994-95 field test data. This analysis included the pretest and posttest, the
preanchor and postanchor test, and all four of the link tests. As would be expected,
not every student completed all seven tests. Of the 267 students in the group
analyzed, 23 were missing all information and 29 others had information from only
one of the four testing times. Since they contributed little to the estimation, the 23
cases with no student information were dropped. This left a total of 244 cases with
at least partial data for this analysis.

We now describe the unidimensional analyses of the link test portion of the
1994-95 field test data. Since the 1994-95 field test data contained longitudinal
information from four points in the school year, changes in teachers’ scoring
severity between different testing times during the school year were estimated. This

is similar to the rater parameters used by Wilson and others (Wilson & Case, in
press). The teacher rating parameters, r,, represent the difference between teacher

scores at time t and the staff scores of student work from time t, which are
presumably not biased by time. Thus the complete unidimensional model can be

expressed as:
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The primary parameters of interest are the teacher rating severities r,.

Although the goal is to estimate these in a multidimensional context, the

unidimensional analysis provides comparisons to earlier SEPUP analyses. We also
needed to estimated 18 item difficulties d, because not all linking items appeared on

the 1995 pretest. Unfortunately, when we used the 1995 pretest anchoring values,
and did the estimation with the field test data alone, the solution did not converge.
This was probably due to the relatively large proportion of missing data in this
dataset. Expanding the data in the following manner enabled us to achieve
convergence.

To expand the data, all the cases from the 1995 pretest were added. However,
these cases included only the 20 items on the 1995 pretest that also appeared on one
of the anchor or link tests. If a 1995 pretest item was given at time 0 and rescored by
staff in the field test, the item appeared as the same data column for both 1995 and
field test cases. If the item was not given at time 0 or was not rescored in the field
test, it appeared in a new data column; these new columns were blank for field test
cases. Since the 1995 pretest cases were rated by staff, they have no data for any of

teacher ratings. They also have no data for any testing time besides September.
Therefore, the 1995 pretest cases should not effect the estimation of r , parameters.

With the expanded dataset, we used the EM algorithm (Bock & Aitkin, 1981)
in the ConQuest program to get parameter estimates. Two of the anchored difficulty

estimates and one of the CSI step estimates fit the model quite poorly (t-values for
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weighted fit statistics greater than 15). The model was re-estimated without
anchoring those two difficulty parameters and without anchoring any of the CSI
step parameters. When these parameters were unanchored, the estimated values
were indeed different from the anchors obtained with the 1995 pretest data. The two
item difficulty parameters were for items that appeared only in the time 2 and time
3 tests; this suggests that perhaps the items changed difficulty, relative to other
items, between the pretest time and midyear. One of the items, an ET item, was
relatively harder in 94-95 than in the 95 pretest; the other, a UC item, was relatively

easier.

Parameter estimates for this model are given in Tables 3a and 3b. Figure 1
shows the teacher rating severity estimates for the unidimensional model,
surrounded by bands of £2 standard errors. The teacher rating estimate is negative
for September; this indicates that teachers’ scores from that time were less severe
than the staff ratings of the same papers. The direction of this effect is the same as
that found in earlier RCML analyses (see Wilson & Draney, 1997). One explanation
for this is at the beginning of the year teachers did not give low scores, even for poor
responses, because they did not want to penalize students for not knowing material
that had not yet been taught. For January, the teacher rating estimate is slightly
negative, indicating that teachers were still slightly less severe than the staff; though
the effect is statistically significant, it is small. The teacher rating estimate for April
is not statistically different from zero. The teacher rating estimate for June is slightly
positive, indicating that teachers were slightly more severe than staff; again, while

this estimate is statistically significantly different from zero, it is fairly small.
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To look at student change, we estimated the mean and variance of student

achievement at each time by doing a separate analysis at each time, with all
difficulty (d), step (t) and teacher rating (r) parameters anchored at the values

obtained from the overall unidimensional model. The results of this analysis are

shown in Figure 2

The heavy line in the figure indicates overall achievement, for all four
variables combined. In addition, student proficiencies were estimated for each
variable at each time separately, by using only those items associated with that
variable at that time, anchoring the item difficulties, and estimating person
proficiencies.

Note that the overall achievement rises from September to January, and rises
slightly more steeply from January to April, but drops from April to June. This drop
in achievement during the last month agrees with the findings of earlier analyses
(Wilson & Draney, 1997). One possible explanation for this phenomenon is that
most of the post-curriculum tests were given during the final week of school, which
tends to be a stressful time for both teachers and students. It may be that this

interfered with the concentration necessary for students to perform as well as they
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could. Also, the post-anchor test was designed to be given after all four sections of
the curriculum, including the review section, were taught. However, the
curriculum appeared to be somewhat too long for these teachers and students, at
least during the field test year. While classes spend on average from September
through December (four months) on the Water section, the amount of time spent
on the other sections decreased progressively. Most classes in the current group
spent January through April (3 months) on the Materials Science section, at most
one month on Energy, and no time on the review section. Thus, one might
imagine that the amount of knowledge students were able to construct about each
subject of study would decrease proportionally to the amount of time they were able
to spend on it. Itis, of course, impossible to tell if either of these explanations is
correct.

In general, the patterns of achievement for the other variables roughly follow
that for the overall achievement variable. UC shows the largest increase overall
until time 3, and then drops to the level of the other variables. DCI shows a notable
departure from the general pattern at time 0, beginning quite high and then
dropping between time 0 and time 1. However, there were very few usable DCI
items given at time 0, and thus this departure is not particularly interpretable.

Reliability of person estimates can be calculated using a combination of the
estimated population variance, and the variance of the EAP (expected a posteriori)
estimates of person ability (Mislevy, Beaton, Kaplan, & Sheehan, 1992). The
formula for the reliability is given by:

:LEZA\P)’ (3)

o

21



Multidimensional modeling

where s? is the estimated variance of the population.

Reliabilities were calculated for each variable at each time using the above
formula. This was done by estimating person abilities at each time using only the
items associated with a particular variable. The reliability of a composite of all four
variables at each time was also calculated by using all of the items associated with
each time. These reliabilities are given in Table 4. In order to correctly calculate
reliabilities at a given time, persons with significant amounts of missing data at that
time had to be dropped from the analysis (even if they had no missing data at other
times); hence the population variances for the composite of all variables in Table 4
may not quite match the standard deviations given in Table 3b. (There is no
reliability estimate for DCI at time 0 because there was not enough data to estimate
it).

Note that the reliabilities of each variable individually tend to be much lower
than that of the combined proficiency variable. The individual reliabilities range
from .07 to .28 lower than the overall reliability, with a mean of .16 lower.

The next step in the analysis was to fit a multidimensional model to the link
test data. Again, each person was regarded as having four proficiencies, one
corresponding to each of the four SEPUP variables. In addition, we allowed the
teacher rating parameters to be different for each variable (in the same way the

rating scale step parameters were in the unidimensional model).
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The model is multidimensional between items, meaning that each item
(teacher score) measured only one variable (Adams, Wilson & Wang, 1997; Wang,
Wilson & Adams, 1997). Thus, for any item, the probabilities depend only on the
parameters of one variable. For example, for a DCI item, the probability of a student
n scoring at level k given that the student obtained level k-1 or level k, can be

expressed as

U pcinik - eXpPOocin - i - Poai) _ 4)
Toanik-1) - Tocmk 1t exp(Opan = 9= Poci)

In order to estimate this model, we used anchor values from the
multidimensional analysis of the 1995 pretest. As with the multidimensional
analysis of the 1995 pretest data, the multi-dimensional analysis of the 1994-95 field
test data was done using the Monte Carlo method (Volodin & Adams, 1995) in the
ConQuest program (Wu, Adams, Wilson, 1997). Item difficulty estimates are given
in Table 5a; estimates for step parameters, teacher rating parameters, and population
parameters (means, standard deviations, and correlations) are given in Table 5b, and
a map of the four dimensions is given in Figure 3. The difference in deviance
between the unidimensional and multidimensional models is 7894.5, with degrees
of freedom 62 - 48 = 14. This is statistically significant at the .01 level, again

indicating that the multidimensional model shows better fit to the data.
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It is difficult to compare the teacher rating effects between variables and
between models (unidimensional versus multidimensional) because the students
and the items have a different distribution in each analysis, and in each dimension
within the multidimensional analysis (i.e. every dimension has been separately
constrained such that the person proficiencies on the 95 pretest were centered at 0).
Figure 4 shows all the teacher rating estimates from the unidimensional and
multidimensional models. The estimates in Figure 4 are shown as a percent of the
range of items, with error bars of two standard errors.

As with the unidimensional model, the teacher rating estimates for
September are negative; this is true for the three variables for which sufficient items
existed (there was only one usable DCI item during this period)--although only the
estimate for the ET variable is large. This indicates that teacher scores from
September for the ET variable were quite a bit more lenient than that of staff.
SEPUP emphasizes that ET is a variable unique to their curricula, while tasks
similar to DCI and UC are more common in other curricula; thus, teachers may
have felt unwilling to rate students harshly on tasks with which they were
completely unfamiliar.

Unlike in the unidimensional analysis, the teacher rating estimates at other
times are not all close to zero, particularly in April and June. In April, teachers
appear to have been more severe than staff on the CSI variable, and quite lenient on
the DCI variable, while in June it appears that teachers were less severe on all
variables but UC, and particularly lenient on CSI. All rating parameters are

statistically significantly different from zero, although some are rather small.
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To look at student change, we estimated the mean and variance of student

achievement at each time by doing a separate analysis at each time, with all
difficulty (d), step (t) and teacher rating (r) parameters anchored at the values

obtained from the overall multidimensional model. The means are shown at the
bottom of Table 5b. These means indicate that student change differed across the
dimensions. The differences between dimensions can be seen clearly in Figure 5.
Between September and January, achievement in DCI and UC rose by about the
same amount, while ET dropped. Between January and April the differences are
even more striking; UC rose dramatically while DCI, CSI and ET did not change
much. UC and to a lesser extent ET showed the drop at the end of the year
mentioned in the unidimensional analysis. CSI was essentially flat across the entire
year. The different patterns between the variables suggest that reporting progress to
teachers and students by variable might allow them to concentrate their efforts more

effectively.

Reliabilities for each variable at each time for the multidimensional model
were calculated using the formula in Equation 5. These reliabilities are given in

Table 6. In general, the reliability for a given variable at a given time is higher using
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the multidimensional model than it was for the corresponding variable and time in
the unidimensional model (see Table 4). The largest increase in reliability was .18,
the smallest was zero, and the average .09. Many of the multidimensional model
reliabilities are approximately as high as the composite reliability using the
unidimensional model. This indicates that using a multidimensional model has

improved the reliability of person proficiency estimates for individual variables.

The final step in the analysis of the 1994-95 field test data was to include the
embedded assessment activity data along with the data from the link tests. For this
data, only a multidimensional analysis was done. Again, several complications
arose. First, there were some embedded assessment activities for which we had no
data, most notably, the entire set of activities in the Environmental Impact section
(although there were others as well). Second, although the link tests were
administered at distinct, and distinctly separate, points in time, with chunks of the
curriculum between them, the activities were of course interspersed throughout the
curriculum. The assigning of activities to time periods is therefore problematic. As
each of the first three sections of the course (Water, Materials Science, and Energy)
was divided into subsections, it was decided to analyze each subsection along with
the link test to which it was nearest. For example, the Water section was divided
into four subsections; the first two were analyzed along with time 0 (along with the

pretest and preanchor), and the second two were analyzed along with link test I. For
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the analysis of the embedded assessment data, each time period was analyzed
separately. Item difficulties for the link test items, teacher rating parameters, and
step parameters were anchored to the values obtained from the multidimensional
analysis of the link test data. The difficulties for the embedded activity items were
then estimated, along with the means and variances of the four dimensions, and
the correlations between them.

Table 7a contains the estimated difficulties and some fit information for the
embedded assessment activities (from the analysis including the link tests; link test
item parameters are not given in this table because they can be found in Table 6a).
Table 7b contains fit information for the step parameters for the three time periods,
along with means, standard deviations, and correlations for person proficiency
estimates for the three time periods. (Note that some fit information is not
available due to difficulties with the current version of ConQuest). Note that the
DCI variable at time 0 is problematic; the step parameters all show high (i.e. > 20.0)
positive misfit, and the correlation of this variable with most of the other variables

is low: .19 with UC and .36 with ET.

Figure 6 shows the student proficiencies for the four variables at the four time
periods, using the embedded assessment data. It can be seen that the patterns of
student achievement change somewhat when the embedded assessment data are

included. DCI, UC, and ET show approximately the same pattern when the

27



Multidimensional modeling

embedded assessment data are included than when only the link tests were
analyzed: DCI and UC increase from August to January while ET drops, and UC
shows a large increase between January and April, while ET remains essentially flat.
In this case, however, DCI shows a slight increase between January and April (the
slope is approximately the same as between August and January), rather than
remaining flat as in the unidimensional analysis.

CSlI, however, shows a quite different pattern. When only the link test data
were considered, CSI remained essentially flat throughout the year. However, when
the link test data are added, CSI shows a large increase from September to January,
and a correspondingly large decrease from January to April. It should be noted,
however, that in both cases the CSI estimates are based on a relatively small amount
of data; CSl is the variable to which the fewest activities are targeted. Thus, it is

probably not possible to read a great deal of meaning into these differing patterns.

Table 8 contains the reliabilities of the person estimates from the four
time periods when including all of the embedded assessment activities for which we
have data. These reliabilities are not much different than the reliabilities of the
corresponding variables and time periods using only the items on the link tests.
The largest change in reliabilities (link & embedded minus link only) between these
two analyses was .06, the smallest -.05, and the average change was .01. This is

surprising, given that when all else is held constant, adding items will improve
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reliability, and the analyses that included the embedded assessments had many

more items than those including only the link tests.

Discussion

Multidimensional analysis makes it clear that the pattern of development
seen in the unidimensional analysis hides some important characteristics of student
growth. Most notably, when looking at the multidimensional analysis, it becomes
clear that students do not progress in all of the variables in the same way. The
Understanding Concepts variable shows the most growth. This is perhaps not
surprising, since as students are being exposed to concepts that they likely have
never seen before, they would be expected to change considerably in their
understanding of these concepts. However, anecdotal evidence from teachers had
led us to expect that students would also show noticeable growth in other variables,
and most particularly in the Evidence and Tradeoffs variable. This is considered a
unique aspect of the SEPUP IEY curriculum, and in some respects is the most
important of the variables. It is not clear at this point how much of the lack of
growth we saw has to do with issues such as this being a field test year, when many
of the teachers were relatively unfamiliar with the curriculum and the assessment
system, or perhaps with some confounding inherent in the way the variable was
measured (in the link tests especially, with relatively few tasks per test focused on
each variable).

In addition, the use of a multidimensional model improves the reliability

with which we can estimate person proficiencies on individual variables, by using
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the collateral information that can be found in correlated variables to improve the
precision of the estimates.

Another surprising result of these analyses was that adding the embedded
assessment items to the link items did not improve the reliability of the person
proficiency estimates. This could indicate one of several things. A positive
interpretation would be that, by using multidimensional models such as those
discussed in this paper, we have reached a ceiling for reliability--variability inherent
in person performance and in teacher scoring may prevent us from achieving
higher reliability, even when more items are added. A more troubling
interpretation is that student performances on the link tests and on the embedded
assessments in fact constitute different variables that are not strongly related. This
could be problematic, since the link tests are used to anchor the scales of the
variables, to separate student change throughout the year from item difficulty. If in
fact these two types of performance do not show a strong relationship, this method
may not be a satisfactory way of disentangling changes in person proficiency from
changes in item difficulty—and hence, these may remain confounded in the

analysis of the embedded tasks.

Limitations of the current research and suggestions for the future
One of the major limitations of the models discussed in this report is the
potential for violations of the assumption of local independence. As mentioned
before, two or three items may relate to one SEPUP link test question or embedded

assessment activity. Teachers scored many of the responses on more than one
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element of a variable or on more than one variable, and each individual score was
considered an item. For example, if a response was scored on the two elements of
Evidence and Tradeoffs and also on two elements of Communicating Scientific
Information, there would be four items associated with that response. This issue
has not been addressed in the current set of analyses. In order to adequately address
such an issue, a multidimensional version of item bundles (Wilson & Adams, 1995;
Rosenbaum, 1988) would be necessary. Item bundles involve combining the
responses of items suspected to be dependent for some reason (e.g. they depend
upon common stimulus materials, or, as in this case, they are multiple scores for
the same response) to create one “mega-item”, with a total number of response
categories corresponding to all possible combinations of the various scores. For
example, a response scored on one element of ET and one element of CSI would
have 25 (or 5 times 5) possible response categories corresponding to every possible
ET score matched with every possible CSI score (although not all these categories
would be necessary if some combinations were not used by scorers). A scoring
matrix would then define how each response category on the mega-item would be
scored on the separate variables. Each score associated with a single link test
guestion or assessment activity would be associated with this single mega-item;
however, the different score combinations would contribute to (potentially)
different dimensions. Such a model would be multidimensional within-item
(Adams, Wilson & Wang, 1997). Such an analysis is an important next step.
Violation of local independence can lead to a number of difficulties. These include

effects on parameter estimation (Chen & Thissen, 1996), accuracy of person
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proficiency estimation (Wilson, 1988), and the related issue of test reliability
(Wainer & Thissen, 1996; Sireci, Thissen, & Wainer, 1991). Yen (1993) describes a
number of possible effects of such violation, including the reporting of subscale
information, an issue clearly of importance here, since we are estimating person
proficiencies on different variables, but which are often measured by the same tasks.
Another limitation of the current research is that no analysis was done of
variation in individual teacher rating severity. Only the average of all rating effects
per variable across all teachers was used at a given time period. This was because
only a small number of papers (approximately 10) for each teacher were rescored;
this does not provide enough information to accurately estimate rating severities
for an individual teacher. This question is being at least partially addressed in a
current research project. A series of new link items have been developed, divided
into forms, and administered as a pretest in a number of classes that are similar in
structure to the ADC, PDC, and comparison classes in the 1994-95 field test study.
These link test items were designed to be scored on multiple elements of at least
two, and in most cases three, of the SEPUP variables, in order to elicit the maximum
information possible from a set of student responses. Each ADC teacher will
administer this set of pretests to at least one of their classes, and score the result.
The entire set of pretests will then be rescored by at least one, and possibly two, staff
members. This will allow us to investigate, among other things, variation in

teacher rating severity, at least at a single point in time.
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Figure 1: Teacher rating severity estimates for unidimensional model.
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Figure 2: Student means by variable and overall for the unidimensional model.
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Figure 5: Proficiency estimates for multidimensional model, link tests only

41



Multidimensional modeling

25t

— —¢— - DCl mean
— -l --ET mean

—&— UC mean
---X-- CSlI mean

Proficiency in logits
[y
|

Aug-94 Oct-94 Nov-94 Jan-95 Mar-95 Apr-95

Figure 6. Proficiency estimates for multidimensional model, link tests and
embedded assessments

42



Multidimensional modeling

Table 1. Unidimensional parameter estimates and item information for 1995
pretest

Unweighted Weighted

Fit Fit
Par Estim SE Mean t Mea t SEPU 04.95 ltem 1995
# ate Square n PVar | gcation(s) form/item
Squa
re

1 0.31 0.0 1.18 1.6 1.07 0.9 CIl Link3-3.1 A-1
7 7 9

2 0.70 0.0 1.14 1.3 1.08 1.0 CIl Link3-3.2 A-1
8 2 1

3 0.54 0.0 1.09 0.8 1.02 0.2 CI Link3-3.3 A-1
8 7 7

4 0.10 0.0 0.86 ### 0.80 ### ET notusedin 94-95 A-2
8

5 0.23 0.0 0.96 ### 091 ### ET PreTest4 A-2
8

6 -0.31 0.0 0.88 ### 0.79 ### CM not used in 94-95 A-2
7

7 -1.49 0.0 1.12 1.1 1.11 1.3 CM notusedin 94-95 A-2
8 4 6

8 0.51 0.0 1.06 0.7 1.07 1.1 CIl Activity 18 A-3: B-4
6 1 8

9 0.48 0.0 1.20 2.1 1.26 3.7 UC Activity 18 A-3; B4
6 3 5

10 -0.11 0.0 0.95 ### 0.93 ### UC (PreAnch-3.2); A-4; B-5
6 (Link1-1.3)

11 0.65 0.0 1.02 0.2 1.01 0.2 ET PreAnch-3.1; A-4: B-5
6 5 3 Link1-1.2

12 1.70 0.0 1.35 3.0 1.23 2.4 UC Link2-2; A-5
9 1 8 PostAnch-2

13 -1.18 0.0 0.97 ### 0.95 ### ET Link1-5.1; Link3-B-1;C-4
6 4.1

14 -1.25 0.0 1.11 1.2 1.09 1.5 ET Linkl-5.2; Link3-B-1;C-4
6 9 0 4.2

15 0.10 0.0 1.00 0.0 0.96 ### CM PreAnch-5.1 B-2: C-5
6 8

16 -1.53 0.0 1.40 4.1 14359 CM PreAnch-5.2 B-2; C-5
6 0 2

17 -0.95 0.0 1.25 2.2 1.26 3.2 UC Activity 16 B-3
7 3 1
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18 -0.22 0.0 0.95 ### 1.00 ### UC PreAnch-4.1; C-1; D-2
6 Link-1 2.1

19 -0.09 0.0 0.91 ### 0.93 ### UC (PreAnch-4.2); C-1; D-2
6 (Link-2 2.2)

20 -0.25 0.0 0.92 ### 0.93 ### Cl Link2-1; C-2; D-1
6 PostAnch-1

21 012 00 1.16 18 1.17 2.1 ET Link2-1; C-2; D-1
6 3 7 PostAnch-1

22 064 00 107 0.6 1.14 1.7 CI Activity18 C-3
8 4 0

23 058 0.0 0.98 ### 1.01 0.1 CI Activity 18 C-3
8 9

24 137 00 118 1.6 1.19 1.6 ET Activity12 D-3
8 5 9

25 152 0.0 127 23 1.27 2.3 ET Activity 12 D-3
8 4 9

26 0.15 00 122 20 124 2.2 CIl Linkl1-3.1; Link2-D-4
7 0 3 3.1

27 019 00 1.10 09 11211 CI Link1l-3.2; Link2-D-4
7 2 1 3.2

28 040 0.0 0.94 ### 095 ### Cl Link1-3.3; Link2-D-4
8 3.3

29 -1.00 0.0 0.86 ### 0.89 ### CM PostAnch-5, D-5
7 pre/posttest 5

-1.89 CM PostAnch-5, D-5

pre/posttest 5

30 -1.72 00 150 45 15686 Cl Stepl

5 3 7

31 -144 00 146 41 16386 Cl Step2
6 7 2

32 053 0.1 086 ### 15544 Cl Step3
0 5

33 -269 00 117 18 12540 ET Stepl
6 8 8

34 -135 00 128 29 13155 ET Step2
5 6 5

35 073 00 179 74 1596.7 ET Step3
8 4 4

36 -210 00 166 6.0 160 7.8 CM Step1l
9 1 9

37 -1.70 00 124 24 12441 CM Step2
7 4 9

38 -0.12 0.0 142 40 1.17 3.3 CM Step3
7 3 9

39 -215 00 124 27 13054 UC Stepl
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6 1 5

40 -0.68 0.0 144 47 137 6.1 UC Step2
6 6 4

41 034 01 135 38 12122 UC Step3
0 5 8

Mean and SE of Person Distribution ( 720
cases)

-1.64 O
Variance and SE of Person
Distribution
1.14 0.1
Deviance 165 # 43
31. Paramete
90 rs
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Table 2: Four dimensional parameter estimates and item information for the
1995 pretest

P value se unw- unw w- w-t Varia 95 Operational
ar mnsqg -t mns ble pretest location
# q
1 -0.11 0.08 0.81 - 087 - DCI A-1i1 Link3-3
1.85 1.73
2 043 0.08 0.83 - 090 - DCI A-1li2 Link3-3
1.65 1.25
3 020 0.08 0.80 - 081 - DCI A-1i3 Link3-3
1.97 2.58
4 011 0.07 1.17 1.87 1.23 3.32 DCI A-3; B-Activity 18
4i1
5 -084 006 139 4.05 1.38 4.31 DCI C-2; D-Link2-1; PostAnchor-1
1lil
6 035 0.08 0.82 - 090 - DCI C-3i1 Activity 18
1.74 1.28
7 0.27 0.08 0.76 - 083 - DCI C-3i2 Activity 18
2.49 2.31
8 -0.27 0.08 0.35 - 034 - DCI D-4i1 Link1-3;Link2-3
8.22 8.04
9 0.07 0.08 0.54 - 047 - DCI D-4i3 Link1-3; Link2-3
5.26 5.94
-0.22 DClI D-4i2 Link1-3; Link2-3
10 0.81 0.06 0.70 - 069 - CSlI A-2i3 PreTest A-4
3.78 5.86
11 -0.64 0.06 0.81 - 081 - CSlI A-2i4 PreTest A-4
2.26 3.43
12 -0.61 0.05 0.91 - 092 - CSIl B-2; C-PreAnchor-5
1.21 1.06 5i2
13 0.05 0.06 0.88 - 087 - CSI D-5i1 PostAnchor-5
1.41 2.34
14 -1.04 0.06 0.84 - 084 - CSI D-5i2 PostAnchor-5
1.86 2.78
1.42 CSIl B-2; C-PreAnchor-5
5i1
15 -0.12 0.08 0.30 - 031 - ET A-2i1 PreTestA-4
9.43 9.30
16 0.60 0.07 1.13 1.41 1.18 2.15 ET A-4; B-PreAnchor-3; Link1-1
5i2
17 -1.89 0.07 0.81 - 081 - ET B-1; C-Linkl1-5; Link3-4
2.34 3.36 4i1
18 -1.98 0.07 0.90 - 091 - ET B-1; C-Linkl1-5; Link3-4
1.17 1.56 4i2
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19 -0.11 0.07 1.24
20 163 0.09 0.74
21 182 0.09 0.82
0.05
22 041 0.06 0.89
23 -0.32 0.06 0.86
24 196 0.07 0.93
25 -144 0.06 0.90
26 -0.39 0.06 0.12
-0.23
27 -259 0.06 1.26
28 -1.74 0.06 1.19
29 0.79 011 199
30 -263 0.09 1.15
31 -1.88 0.08 0.97
32 0.06 0.07 1.39
33 -364 0.07 1.19
34 -165 006 1.29
35 1.05 009 131
36 -2.78 0.06 1.06
37 -0.87 0.07 1.37
38 052 0.10 0.80
# 52
paramete
rs
Deviance 16089
Correlatio
ns
DCI CSI ET
C 051
Sl

2.64

2.70

1.82

1.47
1.93
0.85

1.17
HitH
#

2.48
1.86
7.98
1.59

0.25
3.77
2.10
3.14
3.26
0.77
4.04

2.52

1.18

0.81

0.90

0.92

0.86

0.82

0.92

0.13

1.24
1.39
1.43
1.33
1.04

1.00
1.18
1.17
1.39
1.13
1.25
1.09

2.90

2.60

1.27

1.52
2.66
2.83

1.37
HHE

3.62
5.05
3.36
4.43
0.72

0.07
2.76
2.88
4.39
2.26
3.97
0.98

Means

ET

ET

ET

ET
uc

uc

uc

uc

uc

uc

DCI
DCI
DCI
CSl
CSl

CSl
ET
ET
ET
uc
uc
uc

C-2; D-

1i2
D-3il

D-3i2

A-2i2

A-3; B-

4i2

A-4; B-

5i1
A-5

B-3

C-1,; D-

2i1

C-1; D-

2i2

deviations
of
(N=720)

47

-2.71
-0.62

person

1.72
1.44

and

Link2-1: PostAnchor-1
Activity 12
Activity 12

PreTest A-4
Activity 18

PreAnchor-3; Link1-1
Link2-2; PostAnchor-2
Activity 16

PreAnchor-4; Link-1 2.2

PreAnchor-4; Link-1 2.2

standard

distribution
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0.72 0.64 -2.36 1.73

0.75 055 0.69 -2.20 1.52

OC-m
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Table 3a: Unidimensional parameter estimators and item information for 1994-
95 field test data

Time O Fit Time 1 Fit Time 2 Fit
Parameter Va value se u-mnsg unw-t w-mnsgq w-t S8 U-mnNsg unw-t w-mnsg  w-t  Sse  u-mnsg unw-t w-mnsg

pret 1 UC 103 000 104 035 098 -0.22

pret 2 DC 144 000 088 -044 091 -0.38
|

pret 3 UC 023 000 216 677 244 10.63

pret 4 ET 176 000 18 528 183 6.87

pree 51 CSI 080 000 161 394 151 438
pret 52 CSI -008 000 167 425 170 517
pra 11 ET 030 010 093 -0.65 094 -0.59
pra 12 ET 146 010 120 194 120 202
pra 2 DC 079 009 126 242 124 227

pra 31 ET 231 000 388 1388 360 1616 000 175 505 169 572
pra 32 UC 155 000 098 -006 095 -021 000 099 001 090 -055
pra 41 UC 177 000 117 133 122 208 000 115 119 120 189
pra 42 UC 184 000 104 028 103 021 000 124 183 128 254
pra 51 CSI 1.74 000 091 -091 091 -0.98
pra 52 CSI 006 000 183 664 193 6.73

Ikl 11 DC 1.02 010 147 411 145 395
|

ki 31 DC 211 000 153 372 145 399 000 155 383 153
|

Ikl 32 DC 215 000 180 527 150 434 000 137 270 134
|

Ikl 33 DC 237 000 169 469 156 484 000 134 253 145
[

Ikl 41 ET 176 009 107 057 110 097 000 134 254 135

Ikl 42 ET 277 009 09 -034 09 -046 000 111 086 105

Ikl 43 CSI 1.40 008 068 -287 064 -405 000 102 021 094

Ikl 44 CSl 027 009 108 070 110 094 000 145 322 145

Ikl 51 ET 049 000 106 064 110 098

Ikl 52 ET 042 000 25 1111 261 1152

k2 11 DC 166 000 164 486 163
|

k2 1.2 UC 088 009 112 121 116

k2 14 ET 190 0.00 239 852 246

k2 2 UC 358 000 724 2359 752

k2 5 UC 223 010 144 387 141

k3 11 DC 1.69

k3 12 UC 162
k3 14 ET 343
k3 31 DC 201

k3 32 DC 243
k3 33 DC 226
psta 3.2 DC 3.10
psta 33 DC 257

Note: SE of 0 indicates that the parameter has been anchored to its 1995 pretest value
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Table 3a: Unidimensional parameter estimators and item information for 1994-95
field test data

Time 3 Fit
w-t  se  u-mnsg unw-t w-mnsgq w-t

000 118 116 113 1.03
000 09 -0.09 089 -0.38
000 277 750 288 998
000 118 116 114 117
000 189 488 182 587
0.00 207 553 205 674
000 093 -054 09 -033
000 115 127 115 139
000 173 525 170 519

4.59

3.08

394

314

0.49

-0.54

3.53
000 109 070 111 0.89
000 148 338 146 328

531 000 209 674 187 6.16

169 000 145 351 145 381

10.26 0.00 263 879 277 10.56

2580 0.00 924 2525 1020 26.28

379 000 178 505 175 499
008 211 6.69 206 6.81
012 139 281 140 296
016 176 449 18 500
000 175 487 169 519
000 464 1576 394 1533
000 176 494 18 5098
013 166 483 174 480
011 136 284 138 315

Note: SE of 0 indicates that the parameter has been anchored to its 1995 pretest value
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Table 3b: Unidimensional step, rater , and population parameters for the 1994-95 field test data

Time 0 Time 1 Time 2
Fit Fit Fit
Parameter locat se u- ut w wt se u ut w wt se u ut
ion msq msq msq msq msq
DCI DCI-202 00 163 4.13 1.26 145 0.0 1.80 548 1.68 528 0.0 1.89 594
stepl 0 0 0
DCI DCI-162 0.0 1.10 0.76 1.08 0.83 0.0 1.84 570 1.74 588 0.0 154 3.94
step2 0 0 0
DCI DCI 0.61 0.0 0.97 -0.15 1.02 0.22 0.0 4.30 #### 2.21 6.70 0.0 2.51 9.04
step3 0 0 0
ET ET -291 0.0 1.06 0.58 0.98 -0.14 0.0 2.41 884 2.28 8.63 0.0 2.40 8.34
stepl 0 0 0
ET ET -1.27 0.0 1.65 471 164 573 0.0 140 3.13 149 431 00 1.68 4.64
step2 0 0 0
ET ET 0.75 0.0 4.81 #### 3.19 #### 0.0 1.76 541 1.42 3.33 0.0 1.48 3.47
step3 0 0 0
UucC UC-259 00 148 3.12 160 4.19 0.0 1.26 1.86 1.18 1.43 0.0 1.46 3.75
stepl 0 0 0
Uuc UuUC-0.73 00 1.09 0.67 1.14 132 0.0 1.62 4.08 1.52 4.16 0.0 2.59 #H##H#
step2 0 0 0
UC UC 040 0.0 1.25 1.72 1.12 1.04 0.0 2.43 7.95 2.08 551 0.0 2.59 ####
step3 0 0 0
CSlI Csl-221 00 176 527 1.87 528 0.0 0.81 -1.64 1.08 0.58 0.0 1.52 3.63
stepl 0 0 0
CSI  CSI -1.56 0.0 258 9.35 2.58 #### 0.0 0.92 -0.62 0.97 -0.28 0.0 1.76 5.03
step2 0 0 0
CSI CSI 0.02 0.0 1.20 1.64 1.30 298 0.0 1.04 0.33 1.08 0.86 0.0 0.87 -1.07
step3 0 0 0
rater O -0.63 0.0 1.00 0.06 0.98 -0.16
3
rater 1 -0.06 0.0 1.07 0.71 1.05 0.57
3
rater 2 0.09 0.0 1.35 3.19
3
rater 3 0.24
Mea SD
n
Sep-94 ### 0.82
Jan-95 05 1.12
0
Apr-95 0.9 1.06
0
Jun-95 0.4 0.94
7
Devian 474 # 48
ce 78.
60 parameters

Note: SE of 0 indicates that the parameter has been anchored to its 1995 pretest value
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Table 3b: Unidimensional step, rater , and population parameters for the 1994-95 field test data

Time 3

Fit
w  wt se u-  ut w
msq msq msq

1.60 4.49 0.0 1.52 3.55 1.52
158 4.70 0.% 1.63 4.20 1.35
2.07 6.31 O.(()) 5.45 ### 3.69
2.03 6.57 0.(()) 243 791 1.97
1.82 6.39 0.% 1.02 0.23 0.93
1.03 0.24 O.(()) 1.18 1.32 1.32
156 4.96 0.(()) 1.64 3.95 1.62
2.46 #HH#H 0.% 2.36 7.28 2.26
2.58 9.93 O.(()) 2.17 6.47 2.09
1.50 2.90 0.(()) 2.38 6.84 2.50
1.73 5.51 0.% 3.25 9.78 2.84
0.91 -0.96 O.;()) 1.36 2.25 1.53

1.38 3.44
0.0 1.16 1.27 114
2

Note: SE of 0 indicates that the parameter has been anchored to its 1995 pretest value
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Table 4: reliabilities of person estimates for the unidimensional link test analysis

Total DCI ET
Time pop var var EAP reliabilit pop var var EAP reliabilit pop var var EAP reliabilit
y y y
0 0.89 0.70 .79 na na na 1.16 0.64 .55
1 1.04 0.92 .88 1.29 0.96 .74 1.63 1.30 .80
2 1.31 1.18 .90 1.44 1.15 .80 1.63 1.30 .80
3 114 1.04 91 115 0.91 .79 115 0.84 .73
ucC Csl
pop var var EAPreliabilit pop var var EAP reliabilit
y y
0.84 0.45 .54 1.09 0.64 .59
2.00 1.36 .68 1.62 1.02 .63
2.00 1.67 .84 1.31 0.82 .63
1.44 1.09 .76 1.31 1.05 .80
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Table 5a: Multidimensional item difficulty information for the 1994-95 field test
data

TimeO Fit Time 1l kit Time 2 Fit
Paramete location se u-msq ut @ w- w-t se umsg ut w-  w-t se umsq ut  w- w-t
r msg msg msg

uc 192 000 137 261 137 339
DC 259 000 130 121 130 122

1

2
pret 3 UC 065 000 249 825 268 1131

4 ET 228 000 192 560 178 598
pre 51 CSI 087 000 070 -246 0.70 -3.71
pre 52 CSI 008 000 111 084 107 065
pra 11 ET 263 011 097 -024 096 -0.39
pra 12 ET 396 010 124 227 122 220
pa 2 DC 061 012 121 198 116 148

pra 31 ET 28 000 170 472 159 478 000 171 480 146 394
pra 32 UC 255 000 136 184 128 157 000 110 060 109 054
pra 41 UC 276 000 124 18 127 246 000 089 -087 088 -112
pra 42 UC 284 000 085 -082 089 -060 000 07 -212 075 -2.61
pra 51 CSI 171 000 079 -218 0.76 -3.04
pra 52 CSl 033 000 113 129 116 155

kI 11 DC 213 012 261 1117 233 906
|

kI 31 DC 350 000 172 485 137 320 000 194 600 169 561
|

kI 32 DC 355 000 151 358 128 246 000 149 347 134 302
|

kI 33 DC 378 000 135 259 126 232 000 175 499 157 474
|

kI 41 ET 205 009 108 068 109 085 000 112 099 107 067

kI 42 ET 3.10 009 075 -221 079 -216 000 093 -054 092 -0.76

kI 43 CS 064 008 058 -394 058 -481 000 060 -377 057 -513

kI 44 CS -037 009 088 -098 095 -042 000 103 029 102 017

kI 51 ET 107 000 136 327 143 378

kI 52 ET 098 000 212 856 218 879

k2 11 DC 3.02 000 218 801 212 825
|

k2 12 UC 359 011 149 429 158 501

k2 14 ET 253 000 191 608 190 7.8

k2 2 UC 433 000 126 203 130 274

k2 5 UC 532 011 151 441 153 483

k3 11 DC 314
|
k3 12 UC 396

k3 14 ET 440

k3 31 DC 340
k3 3.2 DIC 2.56
k3 33 DIC 3.66
psta 3.2 DIC 431
psta 3.3 D:C 3.89

Note: SE of 0 indicates that the parameter has been anchored to its 1995
pretest value
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Table 5a: Multidimensional item difficulty information for the 1994-95 field test data

Time 3 Fit
se umsg ut w- w-t
msq

000 248 69 237 7.89
000 086 -050 0.74 -1.37
0.00 4.63 1234 472 14.73
000 109 064 109 0.72
000 098 -0.07 0.99 -0.05
0.00 102 017 104 037
000 179 562 181 6.19
000 230 835 226 923
009 077 -212 079 -2.38

0.00 134 249 136 243
000 229 758 225 6.9
000 112 100 113 116
0.00 155 418 155 436
000 298 1012 276 10.80
000 187 537 205 694
0.00 370 1290 3.05 10.68
007 150 346 143 328
014 168 450 170 485
015 151 318 164 4.03
000 133 239 128 240
010 153 363 166 5.09
0.00 141 291 144 337
012 128 226 136 232
010 097 -024 098 -0.15
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Table 5b: Multidimensional step, rater, and population parameters for the 1994-95
field test data.

Time 0 Fit Time 1 Fit Time 2 Fit
Parameter location se u- u-t  w- w-t se u- u-t w- w-t se u- u-t w- w-t
msq msq msq msq msq msq

DCI step DCI -314 000 265 887 114 092 000 203 673 110 083 000 281 1036 128 213
1

DCI step DCI -283 000 120 148 116 137 000 125 200 099 -003 000 19 635 121 174
2

DCI step DCI 125 000 096 -029 110 088 000 599 2051 263 691 000 1986 4287 425 11.10
3

ETstepl ET -296 000 196 653 149 329 000 18 598 140 318 000 167 460 113 110
ETstep2 ET -195 000 136 284 131 279 000 118 152 121 193 000 124 18 125 220
ETstep3 ET 080 000 128 225 108 077 000 283 1074 161 418 000 232 797 129 166
UC step UC -322 000 137 249 117 136 000 157 377 114 106 000 199 713 149 335
1

UC step UC -157 000 098 -010 106 061 000 146 317 147 348 000 103 034 103 037
2

UC step UC 074 000 196 558 151 349 000 079 -167 106 045 000 169 531 104 036
3

CSl step CSI -155 000 118 145 116 149 000 067 -3.02 097 -021 000 090 -0.77 104 039
1

CSl step CSI -1.74 000 131 243 127 260 000 094 -047 104 044 000 122 170 119 180
2

CSl step CSI 018 000 101 013 102 027 000 089 -08 094 -057 000 082 -149 086 -1.43
3

rater O DCI na na na na na

rater 0 ET -255 005 140 358 140 359

rater O UcC -037 006 120 189 119 186

rater 0 CSI -024 004 100 -001 095 -0.46

rater 1 DCI -0.17 006 094 -060 087 -1.26
rater 1 ET -0.26 005 098 -018 100 0.08
rater 1 uc -0.32 008 118 178 115 150
rater 1 CSsl 016 006 082 -194 082 -1.90
rater 2 DCI -0.68 005 155 470 151 430
rater 2 ET 027 006 108 078 108 080
rater 2 uc 049 006 103 031 100 002
rater 2 CSl 062 006 112 121 115 144

rater 3 DCI -0.23
rater 3 ET -117
rater 3 uUc 035
rater 3 CSlI  -0.82

Means ands standard deviations

DCI ET uc Csl
Sep-94 - - 214 122 031 108 -015 071 769
Jan-95 137 1.67 09 112 167 171 -043 112 452
Apr-95 157 174 084 137 366 117 -022 114 442
Jun-95 0.65 151 13 102 158 172 -0.03 102 467

Correlati  Sep- Jan- Apr- Jun-
ons 94 95 95 95

DCI ET uc csi DCI ET UC CcCsI DCI ET UC cCsI DCI ET
DCI 100 37 56 53 100 61 59 65 100 65 72 .86 100 .72
ET 37 100 55 83 61 100 .79 93 65 100 .71 82 72 100
uc 56 55 100 .72 59 79 100 .79 72 71 100 .82 77 63
Csl 53 83 072 1.00 65 93 079 100 86 82 082 100 63 84
deviance 3958 # 62

4,10 parameters

Note: SE of 0 indicates that the parameter has been anchored to its 1995 pretest value
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Table 5b: Multidimensional step, rater, and population parameters for the 1994-95
field test data.

Time 3 Fit
se u- u-t  ow- o w-t
msq msq

000 132 230 117 144
000 106 048 102 020
008 105 042 108 064
000 135 245 113 110
000 120 149 101 012
000 165 419 161 394
000 116 114 119 154
000 108 064 102 020
000 106 047 113 104
000 128 179 145 306
000 162 357 15 431
000 114 093 136 280

003 110 081 106 057
005 105 041 109 087
006 109 073 101 015
005 118 138 107 064

uc Csli
a7 63

100 62
062 100

Table 6: Reliabilities of person estimates for the multidimensional link test analysis
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ET ucC
var reliabi pop var reliabi pop var reliabi
EAP ity var EAP lity var EAP ity
na na 2.05 1.49 73 169 1.17 .69
277 .83 1.51 1.26 83 357 292 .82
3.01 90 2.26 1.87 83 160 1.36 .85
2.29 .85 1.28 1.03 80 346 295 .85
CSl
pop var reliabi
var EAP lity
0.77 0.50 .65
1.51 1.26 .83
1.65 1.29 .78
1.28 1.03 .80
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Table 7a: Multidimensional item difficulty information for the 1994-95 field test
activity data

Fit information
Time Activity Variabl Estimate se u-msq u-t W-msg w-t
e

0 5 ET 2.63 174 7.07 1.72 6.67
0 5 CSl 0.39 0.86 -1.37 0.83 -1.73
0 5 Csl -0.02 113 113 1.06 0.49
0 7 DCI -0.23 0.37 -4.92 0.36 -9.11
0 7 DCI -0.37 0.27 -7.17 0.27 -11.75
0 7 DCI -0.25 0.42 -5.09 0.41 -10.37
0 9 uc 1.39 219 6.23 2.2 6.46
0 12 DCI -0.22 0.36 -8.74 0.35 -18.33
0 12 DCI -0.14 0.39 -8.25 0.37 -16.41
0 12 ET 3.90 164 4.67 1.66 4.88
0 12 ET 557 124 1.73 1.29 221
0 12 CSl 0.49 133 2.89 1.23 2.18
0 12 Csl 0.15 1.26 242 115 1.42
1 16 uc 0.83

1 18 uc 1.60

1 18 DCI 0.09

1 18 DCI 0.89

1 18 DCI 0.34

1 18 DCI 0.65

1 19 ET 1.56

1 19 ET 247

1 20 DCI 0.37

1 20 DCI 0.48

1 20 DCI 0.63

1 25 DCI -111

1 25 DCI -1.31

1 25 DCI 0.74

1 26 uc 214

1 28 ET 0.93

1 28 ET 1.93

1 28 Csl 1.77

1 28 CSl 1.86

1 29 DCI 1.07

1 31 uc 0.98

1 31 ET 2.29

1 32 DCI 0.43

1 32 DCI 0.27

1 33 uc 0.23

1 35 uc 1.73

1 36 uc 0.85

1 36 uc 0.80

2 37 uc 361

2 38 ET -0.07

2 38 ET 1.58

2 38 Csl -0.55

2 38 CSl -0.60

2 40 DCI 1.73

2 40 uc 3.86

2 42 ET 1.65

2 44 DCI 0.33

2 44 DCI 114

2 44 DCI 131

2 44 DCI 3.02

2 52 uc 3.68

2 52 uc 3.99

2 52 DCI 3.05

2 52 DCI 2.27

2 50 DCI -0.48

2 50 DCI 1.65

2 53 uc 361

2 51 ET 0.49

2 51 ET 2.73
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2 56 DCI 1.23
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Table 7b: Step fit information person
multidimensional model of the
1994-95 field test link test and activity data

distribution information for

the

Time O fit Time 1 fit Time 2 fit
Parameter u- u-t w- w-t u- u-t w- w- uU- U- W- W-
msq msq msq msq t msq t msq t
DCl step 1 24.3 46.5 28.0 41.8
1 6 6 3
DCI step 2 36.3 56.7 43.7 35.9
4 4 9 3
DCI step 3 44.0 62.1 56.7 28.7
8 3 1 9
ET step 1 1.59 6.92 1.43 4.64
ET step 2 1.07 1.01 1.07 1.08
ET step 3 1.2 2.57 1.01 0.23
UC step 1 1.21 3.14 1.05 0.75
UC step 2 1.09 1.43 1.01 0.19
UC step 3 2.4316.6 1.24 3.57
4
CSl step 1 1.14 1.92 1.32 4.44
CSl step 2 1.43 5.21 1.47 7.03
CSl step 3 1.131.74 1.14 2.3
Deviance:
24277.07
Means ands standard
deviations
DCI ET uc CSl
Sep-94 - 0222781.260361.2 - 0.8
0.18 8 0.04 9
Jan-95 0.79 1.61 0.90 1.271.281.5 2.231.2
9 7
Apr-95 157 1.590.89 1.353.0914 - 1.1
1 023 9
Correlations Sep- Jan Apr-
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94

DCI ET UC
ET .36
uc 19 .71
CSl 59 .79 .61

95
DCI ET UC
0.6
o
0.5 0.63
7
0.6 1.00 0.6
0 3

95

DCI ET UC
0.67

0.81 0.6
9
0.66 0.8 0.6
o 7

62



Multidimensional modeling

Table 8: Reliabilities of person estimates for the multidimensional analysis of link
tests and activity set

DCI ET ucC
Tim pop var reliabi pop var reliabi pop var reliabi
e var EAP lity wvar EAP Ility var EAP lity

Tim 0.05 001 .21 159 1.15 .72 163 1.14 .70
eO
Tim 258 220 .85 161 1.33 .83 254 193 .76
el
Tim 254 219 86 181 147 .81 198 1.70 .86
e2

CSI
pop var reliabi
var EAP ity

0.80 0.56 .70
1.61 1.33 .83
140 1.05 .75
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