ITEMS: MIRT Graphics

1. Module Overview
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1.2 Instructors

Meet the instructors:

Terry Ackerman Qing Xie
University of University of
lowa lowa

Click on the images to get to know them a little bit!
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1.3 Designers

Meet the instructional designers:

Jonathan Lehrfeld Xi Lu André A. Rupp
ETS Mindful

Florida State
: £ Measurement
University

Click on the images to get to know them a little bit!

1.4 Welcome

Welcome to the
ITEMS Module!

The woman to the left is Laural

Along with the content developers

she will be guiding you through the
moadule content.

Please type your name
in the text box below:
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Welcome to the
ITEMS Module!

The woman to the left is Laural

Along with the content developers
she will be guiding you through the
module content.

Please type your name
in the text box below:

1.5 Path Choice

‘ i

Module
Introduction

Welcome %LearnerName?%!
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1.6 Overview

Hello S-LLearnerN_an1 B In this module you will learn about
Tha.nk\!'o.u for your |nterest‘|n ! o T Tl el e
this digital ITEMS module! B item response theory (MIRT).

. )
|. ‘\' . ﬂ _ K
e conceptual ‘ You can navigate freely through

The module has thre
sections, two practice sections, L the sections but we recommend
various quiz questions, and taking them in sequence for the
additional resources. / best learning experience.

/R I
In the player menu the slides

for all sections can be accessed felErEs i e e e el I

i 4 started and look at the audience
individually along with resources g
description!
and a glossary.

I : \

1.7 Target Audience

Target Audience

Anyone who would like a gentle statistical introduction to this topic:

« graduate students and faculty in Master’s, Ph.D., or certificate programs
« psychometricians and other measurement professionals

+ data scientists / analysts

» research assistants or research scientists

+ technical project directors

« assessment developers

However, we hope that you find the information in this module useful no matter
what your official title or role in an organization is!
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1.8 Expecations ()

Let’'s discuss expectations....

1.9 Expectations (1l)

ITEMS Modules in Context

UNC
t_‘). GREENSEORO

Mark D. Reckase SCHOOL OF EDUCATION

EDUCATIONAL RESEARD
- YO

ed M

e I S— o P Contest @ Aoy
. Bt et

A8 s e S
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1.10 Learning Objectives

Learning Objectives

10 Understand how to interpret evidence of dimensionality

2 Understand how the concepts and models change from UIRT to MIRT

Understand different ways to represent 2-D IRT item and test characteristics

Understand different ways to represent true score information and score scale
consistency using centroids

5. Create MIRT graphics using an Rshiny app

1.11 Prerequisites

To get the most out of this module, it is beneficial to:

v" Be familiar with the underpinnings of classical test
theory and its applications in assessment

v" Understand the underlying theory, applications, and
estimation of item response theory unidimensional
models

v" Have taken a graduate course in multivariate statistics,
which includes factor analysis, principal components
analysis, and multiple regression

v" Have a working knowledge of running R

DM23 SLIDES

6/57



1.12 Resources

Resources

Reckase, M. D. (2009). Multidimensional item response theory.
New York, NY: Springer.

Ackerman, T. A, Gierl, M. J., Walker, C. M. (2003). Using
multidimensional item response theory to evaluate educational
and psychological tests. Available in the ITEMS portal.

1.13 Module Citation

Module Citation

Ackerman, T., & Xie, Q. (2021). Multidimensional item response theory graphics (Digital
ITEMS Module 23). Educational Measurement: Issues and Practice, 40(1), 105-106.
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1.14 Main Menu

T to MIRT

@d113e.d

Theory

Help with
Navigation
Navigation (Slide Layer)

Module Navigation

Home Button

Always brings you back to the

7 A N7

Submenu Button

Always brings you back to last

&R

Player Functionalities

Direct access to all , and
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2. Response Data Dimensionality

2.1 Cover: Response Data Dimensionality

el Section 1:

Y%LearnerName%!

Response Data
' Dimensionality

2.2 Learning Objectives: Response Data Dimensionality

Learning Objectives

4 3 \
Identify some of the features
Know what we mean when we . .
ik : v 2 . of items and examinees that
say a test is multidimensional . . "
can cause multidimensionality
\ W,
4 »
Identify a common approach ) . . . . h
i : Examine dimensionality of
practitioners use to examine : s ;
3. . . . . . simulated unidimensional and
the dimensionality of their d :
e two-dimensional data
\_ J J
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2.3 Understanding Dimensionality

Understanding Dimensionality

e Asingle item is always unidimensional because it
measures only one skill or one composite of multiple
skills

e Two or more items can be multidimensional if each item
measures a different skill or different skill composites

e |tisimportant to understand which skills or skill
composite are being measured in order to articulate the
meaning of the score scale, draw subsequent
interpretations, and model the data appropriately

2.4 Test Dimensionality (1)

Test Dimensionality

e Test data represents the interaction between examinees
and items

e Tests produce multidimensional response data when:
» Items are capable of measuring multiple skills
» Examinees differ in levels of skill proficiencies

e [fall the items on a test only measure one skill, the test
will yield only unidimensional response data, regardless
of whether examinees have varying levels of proficiency
on multiple skills

DM23 SLIDES 10/ 57



2.5 Dimensionality ()

¢ [f the items on a test measure multiple skills but the
examinees vary in their levels of proficiency on only one
of the skills, the test will yield only unidimensional
response data

e |tis very important for practitioners to not only
understand the skills or skill composites needed to
correctly respond to an item, but also understand the
skills or skill composite of their examinees

2.6 Causes of Dimensionality (1)

Causes of Dimensionality

Some of the potential causes of dimensionality that may
enable items to measure multiple skills:

e |tems measure different content |

e [tems measure different levels of cognitive reasoning

e Phrasing and wording of items can resonate more meaning
for one group of examinees than others

DM23 SLIDES
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2.7 Causes of Dimensionality (I1)

Causes of Dimensionality

Some of the potential causes of dimensionality that may cause
examinees to vary in their levels of proficiency on a skill or skill
composite:

¢ Different backgrounds or experiences due to
socioeconomic status or educational opportunities
e [ndividual differences in interests or passions
Different first languages
Special needs requiring assistance for disabilities that may
be physical, mental, or psychological

2.8 Assessing Dimensionality

Assessing Dimensionality

e There are many ways to assess the dimensionality of
response data

e \We will examine a scree plot of eigenvalues from a factor
analysis of the inter-item tetrachoric correlation matrix

e The goals of this method are two-fold:

a) ldentify the dimensionality of the data to determine
which IRT model is most appropriate

b) Articulate what skills the scales represent

DM23 SLIDES
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2.9 Example of Assessing Dimensionality

Example of Assessing Dimensionality

¢ To illustrate the distinction between scree plots for unidimensional
and multidimensional data, we generated two 20-item tests for
1,000 examinees
e Dataset 1 used a unidimensional 2PL model for examinees from a
N(0,1) underlying ability distribution
e Dataset 2 used a two-dimensional compensatory model for
examinees from an underlying bivariate normal distribution:

¥[(@)( )

Dataset 1 V5. Dataset 2
2.10 Scree Plots (1)
Scree Plots
! Dataset 1: 1 Dataset 2
i Unidimensional HE Two-dimensional
g | data j, ! data

e The inter-item correlation matrix for each dataset was factor
analyzed and corresponding scree plots were created for both

e For Dataset 1, there is only one strong dominant dimension

e For Dataset 2, there are two dominant dimensions

DM23 SLIDES 13 /57



2.11 Scree Plots (1l)

Scree Plots

12 iy

"

? Real Data:
i : 60-item Standardized
: Math Test

T4 T 10 N3 16 19 22 25 28 31 34 37 40 43 46 49 52 35 38
Component Number

e Factor analysis of a dataset from a standardized math test
which had 60 items and 1500 examinees

e The scree plot indicates that these data are also
unidimensional because of the dominant first factor

2.12 Summary of Assessing Dimensionality

Summary of Assessing Dimensionality

There have been many procedures developed to determine the
dimensionality of test data. Here is a great article summarizing methods:

{ Routledge

A Framework for Dimensionality Assessment
for Multidimensional [tem Response Models

Dubravka Svetina
Fadigna University

Roy Levy

Acizomer Suute Usiversity
A ramewock is introduced for considering dimensionality assessmeal procedures For mubidi
sional mem response: models, The framework chariclenzes procedures @ terms. of e

omality has long heen recognized ns an integral part of
1 resporse theory (TRT) gle Lteni
ubservable item responses. Decudes o
sedel for multidumensional data strustus

1 have shown
s i which

Click on the article to open its publisher’s website.
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2.13 Summary: Response Data Dimensionality

e Test responses represent the interaction between examinees and
items

e Data will be multidimensional if a items measure multiple skills
AND examinees differ in proficiency level

e |tis important for practitioners to assess dimensionality because
they need to understand which models are most appropriate for
their data

e ltis also important to understand data dimensionality for validity
purposes, so the claims about what the test is measuring and
how the results are used are valid

e There are many procedures to determine dimensionality of data.
One common approach is to examine the scree plot from a factor
analysis of the inter-item tetrachoric correlation matrix.

e A dominant first factor suggests that the data are unidimensional

2.14 Bookend: Response Data Dimensionality

This is the end of this section.

Main Menu
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3. Extending UIRT to MIRT

3.1 Cover: Extending UIRT to MIRT

el Section 2:

Y%LearnerName%!

Extending
__ | | UIRT to MIRT

|

3.2 Learning Objectives: Extending UIRT to MIRT

Learning Objectives

4 Y4 N
1 Understand how to extend 2 Understand how the UIRT ICC
" UIRT models to 2-D IRT models ' becomes a 2-D ICS
L I\ W,
f 4 ’ o >
. ) Examine how unidimensional h
Explain why the M2PL model
3 sk . a polytomous models can be
. is known as a compensatory SR R T
el counterparts
. J 2 o
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3.3 The 2PL IRT Model

The 2-PL IRT Model

In the unidimensional 2PL model, the probability of examinee j

responding correctly to item i can be expressed as:

Pij =

Discrimination parameter |

Latent ability parameter | f

Difficulty parameter

3.4 Item Characteristic Curves for UIRT 2PL

Item Characteristic Curve (UIRT-2PL)

. MMire=20 =00
e  Graphically, the 2PL model I 20 6 = 1.0\ b= 0.0
\

. : 1

for an individual item can be o _—

illustrated as an item 1N fren 2

characteristic curve (ICC) 3 \
41 N \
-

\

M ‘

e |n this model, the steepness
of the ICC relates directly to
the a parameter
(discrimination) and the
location relates to the b L
parameter (difficulty) Ttem? ttem 1

15 easier 1s easier
at this ability at this ability

Item 11s

\ more
\ discriminating
v, (ie., asteeper ICC)

Er e R
~a -u-u oL l‘._l.:\\‘.u ir “«

PO Gt 02 93 44
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3.5 The 2-Dimensional Compensatory Model

The Two-dimensional Compensatory Model

e Inthe multidimensional 2PL model (M2PL), the probability of
examinee j responding correctly to item j can be expressed as:

1

Pij =

| Discrimination parameters |

1+ e~ 17(auf1jtazibayrdi)

T"‘

i)

\

| Latent ability parameters | = -
Difficulty parameter

parameters 8, and 8,

e There are discrimination parameters g, and a, and ability

difficulty parameter, d

e Regardless of the number of dimensions, there is only ever one

3.6 2-D Compensatory Item Surface

2-D Compensatory Item Surface

e Under the 2-D compensatory
model, items can be
illustrated with item
characteristic surfaces ?lCSS!

. e steepness of the

relates directly to the a

parameters

e The relative sizes of the as
indicate which composite of 84}
and 0, is being best measured.
If a; = @,, 8; and 6, are being
measured equally well. If a; >
d,, B8, is being given greater
emphasis, and if a; < a;, 8, is
being given greater emphasis.

DM23 SLIDES

Top Surface
Bottom Surface

Item Characteristic Surface
Al0B0 A2<140 D= -0.30
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3.7 Compensatory Surface Contour

Compensatory Surface Contour

* Equiprobability contours are
always parallel for the
compensatory model

Notice examinees

b 10, Low, ability profiles

the same contour has the [ have the same

e | probability of

same response probability 201 correct answer
(Le.. compcn.xahmm

s When a; = gz, compensaton | .. %
between abilities is optimal: BN N
examinees who are high on 6, . |

| [} b I[jgll’ﬂ
but low on 6; have the same 21 En T Low B,
probability of answering —20] I
correctly as an examinee with i

the opposite profile because
being high on one ability
compensates for being low on
the other.

3.8 Other Unidimensional Models Extended to 2D

Other Unidimensional Models Extended to 2-D

All common unidimensional models can be extended to two dimensions.
Click the graphs to see how!

Graded Response Model
Seone 0
Generalized Partial Credit Model u‘

Score = 1
Score = 2
Score s 3
Scom = 4

1 m cutgoung
1 foliowr sy
1 wok v

Generalized Graded Unfolding Model
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2DGRM (Slide Layer)

Othétbeaidimdnsiensibiiad ddisdelteindedded D 2-D

Click on the 2-D image to go back.

Graded Response Model
“f Wl Score = 0
Generalized Partial Credit Model sk
CETL ]
Score = 1
Score = 2
Score = 3
- Scom =4
fT—
| foliow nies
| wontk b
Generalized Graded Unfolding Model

2DGPCM (Slide Layer)

Othéntbeidimdnsiensibiid ddisdelteindedded b 2-D

Click on the 2-D image to go back.

Graded Response Model
. » Scome s 0
Score s 1
Generalized Partial Credit Model : Scomu2
o Score s ¥

S ]
W Scoe s 1
Wl Score=2
W Scoesd

1 8m outgaing
1 Foliow s
ok hard

Generalized Graded Unfolding Model
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2DGGUM (Slide Layer)

Othé&tbeidimidisiensibiil dMisdelseihdedded D 2-D

Graded Response Model
Generalized Partial Credit Model é:::"f

Click on the 2-D image to go back.

Seon s 0

\ . — Seowat
b Seeen w2
Scomad
Scoee u d

Generalized Graded Unfolding Model

3.9 Summary: UIRT and MIRT Concepts

M2PL model requires a discrimination parameter and ability
parameter for each dimension, but only one difficulty parameter

Under the M2PL, the product of the discrimination and the
ability parameters for each dimension are additive in the logit, so
being high on one ability can compensate for being low on the
other

weights each ability equally
. EqmproEa 5|||ty contours of the compensatory model are a ways

Compensation is optimal when a1 = a; or when the model

parallel. All examinees lying on the same equiprobability contour
have the same response probability.

Larger a values lead to steeper ICSs, making the equiprobability
contours closer together

—
2-D extensions are possible for other common IRT models as well

DM23 SLIDES
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3.10 Bookend: Extending UIRT to MIRT

This is the end of this section.

Main Menu

4. Plots for 2D Items and Tests

4.1 Cover: Plots for 2D Items and Tests

Hello Section 3:

%LearnerName%!

Plots for 2D
Items and

Tests

DM23 SLIDES
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4.2 Learning Objectives: Plots for 2D Items and Tests

Learning Objectives

(" understand how 2.D response Y4 )
surfaces are represented as item Understand how item and test
1. vectors and 1-D test characteristic 2. information in a 2-D latent space
curves generalize to 2-D test is calculated
A characteristic surfaces I\ )
(~ Understand how testinformation  \f Understand scoroscals A
is best captured using a clamshell . .
: : consistency and how to interpret
3. plot and how a test information 4, . b
o : a centroid plot when a scale is
number plot profiles which X
\_ composites are best measured J \_ LolcausSIChE J

4.3 Topic Selection

Plots for 2-D Items and Tests

Basics of Two-
Dimensional Plots

Special Case:
Evaluating Score
Scale Consistency

Section
Summary

Special Case: Test
Information Plots

Click on each circle to learn more
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4.4 Bookmark: Basics of 2-D Plots

Basics of 2-D
Plots

4.5 Item Vectors (I)

Item Vectors

Plotting multiple ICSs can be very cumbersome

Perhaps the best representation of 2-D tests is to represent
each item as a vector in the latent ability plane

Guidelines for process:

1. All vectors lie on lines that pass through the origin
2. Vectors can lie only in the first and third quadrants because

a parameters are constrained to be positive

3. Vectors representing easy items lie in the third quadrant;

vectors representing difficult items lie in the first quadrant

To create a vector, you need to know the length, the origin,
and the angle with the B1-axis

DM23 SLIDES
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4.6 Item Vectors (Il)

Item Vectors

® The length of the vector indicates how discriminating the
item is. This value is called MDISC.

MDISC = /(af a2

e The tail of the vector lies on the p = .50 equiprobability
contour. The signed distance from the origin to this contour is
denoted as MDIFF

e The angular direction indicates the composite of ability that
the item is best measuring

e (MS:ILSC)

4.7 Item Vectors (1)

Item Vectors

Vectors are actually projections of the direction of maximum
discrimination or slope onto the latent ability plane

Response

T
item vector;

DM23 SLIDES 25 /57



4.8 Item Vectors (1)

Item Vectors

In the figure below, an item vector is plotted onto a contour plot of the
item’s surface. Note that the vector is orthogonal to the p = .5 contour.
The closer together the contours, the larger the MDISC value and the

longer the vector.

4.9 Item Vectors (1V)

Item Vectors

e Here is a vector plot of 2-
D estimated parameters
from a 20-item math quiz

e |[fasingle scoreis
reported then it is
paramount that the
vectors lie in a narrow
sector (i.e., items are
measuring similar
composites)

e This is referred to as the
Validity Sector

DM23 SLIDES

itour Plot of Itern Charact

Item response
vector

|l - 5
equiprobability
contour

/f {r
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4.10 Item Vectors (V)

Item Vectors

By color coding the vectors to match different content areas we
can determine

Are items from a certain content area more discriminating

or more difficult?

Do different items from different content areas measure
different ability composites?

How similar are the vector profiles for different yet

|H'

“parallel” forms?

4.11 Example of Item Vectors for the 101-Item LSAT

Example of Item Vectors for the 101-item LSAT

Here is an example of
color-coding vectors
from a 101-item LSAT
test with three
categories of items

Note how each category
lies in a narrow sector

By color-coding we can
also get a better sense of
how to define our latent
abilities from our table
of specifications for each

content area

DM23 SLIDES

Total LSAT Test
3.0= 62
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4.12 Test Characteristic Curves

Test Characteristic Curves

® Inunidimensional IRT models, we can “sum up” the
probabilities at each theta from ICCs to obtain a test
characteristic curve (TCC)

e This curve enables us to determine the expected score (e.g.,
true score) of each ability on the B-axis

e This curve has many functions, including mapping the 8 scale
onto the true score scale and equating across test forms.

4.13 Example of a Test Characteristic Curve

Example of a Test Characteristic Curve

At each
0 the true
score equals
the sum of
the p’s.

Test
2o Characteristic
True Curve
Score s

. Item
/ Characteristic
Curves
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4.14 Test Characteristic Surface

Test Characteristic Surface

e We can extend the
concept of the TCC
to the 2-D case, in
which case we will
have a Test
Characteristic
Surface (TCS)

e This allows us to
determine the
expected score, or
true score, for each Everyone along
(01,8,) ability

the /
same contour

would have the

same true score.

4.15 Test Characteristic Surface (Il)

Test Characteristic Surface (MIRT-2PL)

e  One important insight
Examinees in
afforded by true score this region would
surfaces is that one can i, e R greaier
= true score on
take the difference Form 398
between the surfaces for [
two forms after their
parameters are on the
same scale

pifference

e  This allows us to see how
multidimensionally g
parallel test forms are at ", Dxaminess i

The zero-difference (-4 thas region would

right is the difference plane represents have a greater

- no true score true score on
;L;r;ace for Form 39F surface differences Form 39F

DM23 SLIDES
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4.16 Bookend: Basics of 2-D Plots

This is the end of this part.

Topic
Selection

4.17 Bookmark: Test Information Plots

A —

Test Information
Plots

DM23 SLIDES
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4.18 Test Information Plots (I)

Test Information Plots

In unidimensional IRT models the formula for computing
information for item i can be expressed as:

Ii(a) = 2.89P,Q; for the 1PL,
1;(8) = 2.89@ for the 2PL, and

=) for the 3PL
1;(8) = 2.89a505m o
13 1

Note that when ¢; = 0, the 3PL formula is the same as the
2PL, and when g, = 1, the 2PL is the same as the 1PL

4.19 Test Information Plots (Il)

Test Information Plots

L]

To compute the information for the 2-D M2PL model, one
would have to use the following formula:

2

1(8) = P(©)Q(®) | ) ay cosa

v=1

where P(8) is the M2PL model, Q(8) is 1 — P(B), and a is
the composite direction for which you want to compute
the information.

DM23 SLIDES
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4.20 Test Information Plots (Ill)

Test Information Plots

Y

For example, assume a; =1, a, = 1 and d = 0. To calculate the
information in a 45° angle at the point (0,0), first calculate
P(0,0) and Q(0,0).

Under the M2PL, P(0,0) = .5 and Q(0,0) = .5, so:

Lis(1,1) = P(@)Q(B) (X101, apcosa,)?

1,5(1,1) = (5)(5)((1.0)(cos 45) + (1.0)(cos (45))?
I,s(1,1) = (5)(.5)[(1.0)(.707) + (1.0)(.707)]?
I.s(1,1) = 499

Continuing to move away from the origin in the same direction,
P(1,1) =.967 and Q(1,1) = .033, yielding ls5(1,1) = .064. If we
move out further to (2,2), 1:5(2,2) = .002. Information decreases
because the ICS flattens out in this direction.

4.21 Test Information Plots (IV)

Test Information Plots

[ ]

Assume we are still working with the same item but now want
to calculate I3(0,0):

130(0,0) = P(6)Q(8)(L7% aycosa,)?

135(0,0) = (5)(.5)((1.0)(cos 30) + (1.0)(cos 60))?
130(0,0) = (5)(.5)[(1.0)(.866) + (1.0)(.5)]?
130(0,0) = .466

Further, 15(0,0) = .25. The angle of maximum information when
a1 = a;is at 45°, or orthogonal to the equiprobability contours.
As we move away from this direction, the surface is not as
steep, the item is not as discriminating, and the information
decreases.

DM23 SLIDES
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4.22 Test Information Plots

Test Information Plots

The previous calculations are illustrated with information vectors at 0°, 30°, 45°,
60°, and 90°. The lengths of the vectors indicate the amount of information. The

longest vector is at 45° and is orthogonal to the equiprobability contours.

4.23 Clamshell Plots (1)

Clamshell Plots

Reckase and McKinley (1991) show a way to illustrate the amount of
information for the M2PL model using a “clamshell” plot. To create
this plot:

1. The amount of information is computed as 49 uniformly
spaced points on a 7x7 grid on the (6,,6,) plane

2. At each point, the amount of information the test provides is
computed for ten different directions (or ability composites)
from O to 90 degrees in 10-degree increments

3. The resulting ten vectors at each ability point resemble a
clamshell
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4.24 Clamshell Plots (1)

Clamshell Plots

¢ Clamshell information plot for
a standardized math test

e Like in the unidimensional
case, the M2PL test
information is the sum of the

(6.,8,) point at each of the 10
different degree directions

item information values at each

their clamshell plots would be
similar after their parameters
are put on the same scale

¢ If two forms were truly parallel,

4.25 Clamshell Plots (1)

Clamshell Plots

a0 5 #® a .
= & E E -
16 K KEE &
0.0 - L E g .
104 e E E g .
s - e &g e
- e & E &
484
=4 T T T T T T
-40 -30 -20 -10 0O Lo 20 a0
8

e  QOur Rshiny app will allow
one to compare the
information between two
subtest categories

e At each of the 49 ability
points, the information for
each of the 10 directions
for each category will be
calculated

e The vector will be drawn
and color-coded for the
category having the larger

4.0
30
20
62
0.0
-1.0
-20
-30

-4.0

. catl1  Catz

] & €& &€ o .

] & E €& ¢ .

] . = ﬁ: & e .

4 P I-;/‘ “= - .

] " . =« EE e »

] . & i € s

4 ; . & - K& E k
— 494

-4.0 —5.0 —2’.U —{.U U‘r(]e] l.'l] ZTU STU Y

amount of information
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4.26 Maximum Information

Maximum Information

e  Another way to display the
information of a 2-D test is with
a number plot

20 43. 30
e  This plot shows the direction of || **1 * o
the maximum information at pe] i WL
each of the 49 grid points with oo =~ = 40 390
font size proportional to ol - - B BB e e
information size PP R e s
Lo Erag. : s 34 40.

¢ In this example, information at
the point (0,0) is maximized at
39°. This is also the location
and direction of the maximum
value of information for the
ability plane.

40 -30 -20 -10 00 10 20 30 40

4.27 Bookend: Examining Score Scale Consistency

This is the end of this part.

Topic
Selection
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4.28 Bookmark: Examining Score Scale Consistency

Examining Score
Scale Consistency

4.29 Score Scale Consistency ()

Score Scale Consistency
| ————]

¢ When a test is unidimensional, we automatically assume that
all the items are measuring the same skill or the same
composite of multiple skills

e When a test is two-dimensional, we assume that items are
measuring different composite of the two latent skills

e It1s Important to ask Whether there Is any contounading or . |

difficulty and dimensionality

o Example: do easy items measure mainly 8, and difficult items

measure mainly 6,7
= |f so, low scores would represent different levels of 6;-
ability and high scores different levels of B;-ability.
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4.30 Score Scale Consistency (1)

Score Scale Consistency

e Consider an algebra test with some story problems

e Easyitems could be measuring 0, algebraic reasoning

e Story problems, which always tend to be more difficult, require
reading and understanding a real-life situation and then
applying algebraic reasoning.

e These items could be measuring more reading ability, which
would be 8,

4.31 Conditional Estimation Using Centroids

Conditional Estimation Using Centroids

e To gaininsight about score scale consistency, we create a
centroid plot

e The purpose of this plot is to examine the means of the
conditional distributions for each score category:

o The number of the score scale will be printed at the (01,82 of
the distribution for all the people with that observed score

e For an interpretation of the score scale to be consistent, the
centroid should form a linear pattern
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4.32 Centroid Plots

Centroid Plots

Consistent Inconsistent

% L

e |f the observed score scale is consistent, the centroids will be
linear, as shown in the plot on the left

e |f the score scale is inconsistent, the plot of the centroids will
curve, as shown on the right. Here, differences between low
scores tend to be a difference in 61, and high scores tend to
show differences primarily in 82. This is a case of confounding
difficulty and dimensionality.

4.33 Bookend: Test Information

This is the end of this part.

Topic
Selection
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4.34 Summary: Plots for 2D Items and Tests ()

e With the M2PL, best to represent items as vectors

Length of vector = MDISC = discrimination

Location of tail in relation to origin = MDIFF = difficulty

Angle of vector with 8, axis = a = composite of (04,0,) best measured
Tail of vectors lie on, and are orthogonal to, P = .5 probability contour

(@ @ &

I e Color-coding helps in understanding variation of composites I

e The TCS helps determine the true score for all (81,82) combinations
in the latent ability plane.
o All examinees lying on the same true score contour will be expected to
score the same on a test

e  One form’s TCS can be subtracted from another’s to determine how
parallel the two forms are

e TheICS for the M2PL model changes in slope/steepness depending
on the direction one travels across the surface

4.35 Summary: Plots for 2D Items and Tests (Il)

e To represent the amount of information across the 2-D latent
ability plane we create a “clamshell” plot

e The clamshells tell us which composites are being best
measured across the ability plane

e Practitioners need to be cautious about interpreting the two-
dimensional test results if they just report a single observed or
a single scaled score

e To examine whether the score scale is consistent in
interpretation we construct a centroid plot

e Problems arise when there is a confounding and easy item
measure primarily one ability and difficult items measure
primarily the other ability
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4.36 Bookend: Plots for 2D Items and Tests

This is the end of this section.

Main Menu

5. MIRT Plots in RShiny

5.1 Cover: MIRT Plots in Rshiny

Hello Section 4:

%LearnerName%!

MIRT Plots in
RShiny
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5.2 Learning Objectives: MIRT Plots in RShiny

Learning Objectives

Access the MIRTGraph RShiny Upload the item parameter
" app online * file into MIRTGraph

Review how to plot items and
" tests in MIRTGraph

5.3 Access to RShiny

Access to Rshiny

The MIRTGraph Rshiny app can be accessed via the following link:

DM23 SLIDES 41 /57



5.4 FORMATTT

Score Scale Consistency

e |tem surface plots are two-dimensional item response surfaces
for a user specified item

e Easy items could be measuring 8,, algebraic reasoning

e Story problems, which always tend to be more difficult, require
reading and understanding a real-life situation and then
applying algebraic reasoning.

e These items could be measuring more reading ability, which
would be 6,

5.5 MIRTGraph RShiny App

MIRTGraph Rshiny App

MIRTGraph Rshiny APP
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5.6 Read in Data (1)

Read in Data

Read in dataset

Uploading Files

5.7 Read in Data (1)

Read in dataset

Uploading Files
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5.8 Read in Data (1ll)

Read in Data

Read in dataset

Uploading Files

5.9 Item Vector Plots

Item Vector Plots

e The tail of the vector lies
on, as is orthogonal to, the
p =.5 equiprobability
contour

e The length of the vector is
I equal to MDISC

¢ The angle with the
positive 8, axis is equal to
the arccosine of

al/~MDISC
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5.10 Item Surface Plots

Item Surface Plots

Item surface
A e Item surface plots are

two-dimensional item
response surfaces for a
user specified item

e The surface is rotatable

5.11 Item Contour Plots

Item Contour

Item surface contour plots
i show the item response
surface with labels for the

i specified item and the item
‘vector
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5.12 Test True Score Surfaces

Test True Score Surface

True score surface

—E

o 40 B0 120 165 200 240 280 320 300

True score surfaces
show the surface
corresponding to true
scores for a pair of
ability estimates for the
whole test

5.13 Test True Score Contours

Test True Score Contours

True score contour

True score contours show
the contour of the surface
corresponding to true scores
for a pair of ability estimates
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5.14 Centroid Plots

Centroid Plots

Conditional confidence ellipses
R Scare Increment

: Centroid plots compute and
Consitnal confidence sllpses plot mean ability estimates
i {éhézm:x) and
corresponding confidence
e ellipses for each observed
) number correct score from a
user specified two-
dimensional latent ability
distribution

5.15 Clamshell Plots by Content Categories

Clamshell Plots by Content Categories

Clamshell Clamshell plot computes
T multidimensional test
information at information
for each pointina 7 x 7 grid
of (84,0;) points in the 2D
latent space. Information is
computed in 10 different
directions from 0 —90° in 10°
increments. A clamshell of
vector indicating the amount
of information in the
composite direction is
displayed at each of the 49
points for the entire test.

-

Test

[
" RS
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P EES
)
T EE
L

.
]

"
L]
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5.16 Clamshell Plots

Clamshell Plots

Clamshell

Dyt want 10 plot by content categoriest

Content categories

“ & & If categories of items
e . :are selec.ted the most_
s oo informative category is

s el ¥e . color coded

- o B

- =a e ¥ K

s & e =« w @

5.17 Maximum Information with Angle

Maximum Information with Angle

Direction of Maximum Information . o &
Direction of Maximum

Information calculates the
direction of maximum
information for each point
ina7x7 grid of (0,,0,)
points in the 2D latent
space. At each point the
angular composite
direction having the
greatest information is
printed out.
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5.18 Summary

¢ The MIRTGraph Rshiny APP show plots at item and test
levels

e This is a work in progress and the following plots will be
added to the MIRTGraph APP.

1) Difference between true score surfaces

2) Expected true score distribution

3) Maximum Correlation with Number Correct Score
4) Information Surface

5) Newton-Raphson Ability Estimation

6) Two-dimensional DIF Simulator

5.19 Bookend: Plots for 2D Items and Tests

This is the end of this section.

Main Menu
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6. Data Activity

6.1 Cover: Data Activity

Section 5:

Data Activity

[20 Minutes]

6.2 Access to RShiny

Access to Rshiny

The MIRTGraph Rshiny app can be accessed via the following link:
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6.3 Data Activity using RShiny

Data Activity using RShiny

Given four items with parameters...
al=1.7,a2=04,d=-6, Content=1
al=04,a2=09,d= .8 Content=2
al=009,a2=1.1,d=-.2, Content=1
al=1.1,a2=0.5,d=1.2, Content=2

...create the following plots using MIRTGraph

a) Item vector
b) Test characteristic surface
c) Centroid

d) Clamshell
e) Direction of maximum information plot

6.4 Read in Dataset

Read in dataset

Uploading Files

A B C D
1 |a1 a2 D Cont
2 17 0.4 0.6 1
Your .csv file should j E ; f'? E‘f f
look like this 5 11 0.5 1.2 2
6
7
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6.5 Item Vectors

a. Item Vectors

6.6 Test Characteristic Surface

b. Test Characteristic Surface

True score surface
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6.7 Centroid Plot

c. Centroid Plot

Conditional Centroids

Raw Score Increment

Conditional confidence sllipses

6.8 Clamshell Plots (I)

d. Clamshell Plots

Clamshell

" K E B DS
é?. [ * E M
PR R R

" & &
.
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6.9 Clamshell Plots (II)

d. Clamshell Plots

Clamshell
00 you want to plat by content categories
Content categories
*® = & =
" » & & .
= B E s
- = i =& .
. & & e
- - dE & »
- &= a

6.10 Direction of Maximum Information

e. Direction of Maximum Information

Direction of Maximum Information

» Darection of Maximum Information
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6.11 Bookend: Data Activity Solutions

This is the end of this part.

Topic
Selection

6.12 End of Section
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6.13 Bookend: Data Activity

This is the end of this part.

Topic
Selection

7. Quizzes

7.1 Cover: Quizzes

Hello .
Section 6:

%LearnerName%!

Quizzes

[no audio]
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7.2 Quiz Selection

Quiz Section 1:
Response Data Dimensionality

Quiz Section 2:
Extending UIRT to MIRT

Quiz Section 3:

Plots for 2-D Items and Tests
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