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ITEMS DM13: Simulation Studies in Item Response Theory 

 

This document contains only the core content slides from the module. In 
the digital module all slides can be accessed individually. 

 

Module Organization 

The module starts with an introductory section that leads to the main menu 

from which learners can select individual sections; this slide deck contains 

the slides for the five content sections only as shown below; green images 

in this document are clickable hotspot regions:  
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DM13 VIDEO (Section 5, Version 1.0) 

1. Module Overview 

1.1 Module Cover (START) 

 

1.2 Content Team 

 



 

DM13 Slides (Version 1.0)         3 / 108                4/6/2020 

1.3 Design Team 

 

1.4 Welcome 
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Untitled Layer 1 (Slide Layer) 

 

1.5 Overview 
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1.6 Target Audience 

 

1.7 Expecations (I) 
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1.8 Expectations (II) 

 

1.9 Learning Objectives 
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1.10 Software Note 

 

1.11 Prerequisites 
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1.12 Resources 

 

References (Slide Layer) 

 



 

DM13 Slides (Version 1.0)         9 / 108                4/6/2020 

1.13 Main Menu 

 

1.14 Module Cover (END) 
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2. Section 1: Conceptual Foundations 

2.1 Module Cover (START) 

 

2.2 Cover: Section 1 
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2.3 Objectives 

 

2.4 Topic Selection 
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2.5 Bookmark: Foundations 

 

2.6 Important Resources 
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2.7 Standards 

 

Reference (Slide Layer) 
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2.8 Introduction (I) 

 

2.9 Introduction (II) 

 



 

DM13 Slides (Version 1.0)         15 / 108                4/6/2020 

2.10 Example: Bias 

 

Introduction to Simulation Studies  (Slide Layer) 
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2.11 Example: Type-I Error 

 

Type-I Error (Slide Layer) 
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2.12 Caveats 

 

2.13 Bookend: Foundations 
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2.14 Bookmark: Simulation Steps 

 

2.15 Step Selection 

 



 

DM13 Slides (Version 1.0)         19 / 108                4/6/2020 

2.16 Research Questions (I) 

 

2.17 Research Questions (II) 
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Reference (Slide Layer) 

 

2.18 Bookend: Step 1 
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2.19 Justifying Conditions 

 

2.20 Bookend: Step 2 
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2.21 Experimental Design (I) 

 

2.22 Experimental Design (II) 
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2.23 Experimental Design (III) 

 

2.24 Experimental Design (IV) 
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2.25 Experimental Design (V) 

 

Bias (Slide Layer) 
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Standard Error (Slide Layer) 

 

Mean Squared Error (Slide Layer) 
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2.26 Bookend: Step 3 

 

2.27 Simulating Data (I) 
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2.28 Simulating Data (II) 

 

2.29 Simulating Data (III) 

 



 

DM13 Slides (Version 1.0)         28 / 108                4/6/2020 

2.30 Simulating Data (IV) 

 

2.31 Bookend: Step 4 
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2.32 Estimating Parameters (I) 

 

2.33 Estimating Parameters (II) 

 



 

DM13 Slides (Version 1.0)         30 / 108                4/6/2020 

2.34 Estimating Parameters (III) 

 

2.35 Bookend: Step 5 
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2.36 Outcome Measures 

 

2.37 Bookend: Step 6 
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2.38 Replications 

 

2.39 Bookend: Step 7 
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2.40 Analyzing Results 

 

2.41 Bookend: Step 8 
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2.42 Simulation Standards 

 

2.43 Summary 
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2.44 Bookend: Section 1 

 

2.45 Module Cover (END) 
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3. Section 2: Total Score Distributions 

3.1 Module Cover (START) 

 

3.2 Cover: Section 2 
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3.3 Objectives 

 

3.4 Total Score Distributions 
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3.5 Simulation Goal 

 

3.6 Topic Selection 
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3.7 Bookmark: Normally Distributed Data 

 

3.8 Standard Normal (I) 
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3.9 Standard Normal (II) 

 

3.10 Bookend: Normal Distributions 
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3.11 Bookmark: Skewed Data 

 

3.12 Skewed Distribution (I) 
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3.13 Skewed Distribution (II) 

 

3.14 Skewed Distribution (III) 
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Results (Slide Layer) 

 

3.15 Skewed Distribution (IV) 
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Results (Slide Layer) 

 

3.16 Bookend: Skewed Distributions 
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3.17 Bookmark: Data from Freq Distribution 

 

3.18 Frequency Table (I) 
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3.19 Frequency Table (II) 

 

3.20 Frequency Table (III) 
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Results (Slide Layer) 

 

3.21 Bookend: Frequency Table Distributions 
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3.22 Bookend: Section 2 

 

3.23 Module Cover (END) 
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4. Section 3: Two-parameter Model 

4.1 Module Cover (START) 

 

4.2 Cover: Section 3 
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4.3 Objectives 

 

4.4 Simulation Goal 
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4.5 Topic Selection 

 

4.6 Bookmark: Two-paramter Model 
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4.7 Two-parameter Model (I) 

 

4.8 Two-parameter Model (II) 
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4.9 Item Characteristic Curves (I) 

 

4.10 Item Characteristic Curves (II) 
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4.11 Bookend: Two-parameter Model 

 

4.12 Bookmark: Generating Parameters with 2PLM 
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4.13 Step Selection 

 

4.14 Person Parameters 

 



 

DM13 Slides (Version 1.0)         56 / 108                4/6/2020 

4.15 Item Parameters 

 

4.16 Bookend: Step 1 
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4.17 Parameter Matrix (I) 

 

4.18 Parameter Matrix (II) 

 



 

DM13 Slides (Version 1.0)         58 / 108                4/6/2020 

4.19 Parameter Matrix (III) 

 

4.20 Bookend: Step 2 
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4.21 Score Computation (I) 

 

4.22 Score Computation (II) 
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4.23 Score Computation (III) 

 

4.24 Score Computation (IV) 
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Results (Slide Layer) 

 

4.25 Score Computation (V) 

 



 

DM13 Slides (Version 1.0)         62 / 108                4/6/2020 

4.26 Bookend: Step 3 

 

4.27 Parameter Validation (I) 
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4.28 Parameter Validation (II) 

 

Results (Slide Layer) 
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4.29 Parameter Validation (III) 

 

4.30 Bookend: Step 4 
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4.31 Replications (I) 

 

4.32 Replications (II) 
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4.33 Replications (III) 

 

4.34 Replications (IV) 

 



 

DM13 Slides (Version 1.0)         67 / 108                4/6/2020 

4.35 Replications (V) 

 

4.36 Replications (VI) 
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4.37 Replications (VII) 

 

4.38 Replications (VIII) 
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4.39 Bookend: Step 5 

 

4.40 Other Useful Tips 
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4.41 Bookend: Section 3 

 

4.42 Module Cover (END) 
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5. Section 4: Graded Response Model 

5.1 Module Cover (START) 

 

5.2 Cover: Section 4 

 



 

DM13 Slides (Version 1.0)         72 / 108                4/6/2020 

5.3 Objectives 

 

5.4 Simulation Goal 
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5.5 Topic Selection 

 

5.6 Bookmark: GRM 
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5.7 GRM (I) 

 

5.8 GRM (II) 
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References (Slide Layer) 

 

5.9 GRM (III) 
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5.10 GRM (IV) 

 

5.11 GRM (V) 
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Graphic (Slide Layer) 

 

5.12 Bookend: GRM 
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5.13 Bookmark: Data Simulation 

 

5.14 Step Selection 
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5.15 Person Parameters 

 

5.16 Item Parameters 
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5.17 Bookend: Step 1 

 

5.18 Parameter Matrix (I) 
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5.19 Parameter Matrix (II) 

 

5.20 Parameter Matrix (III) 
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5.21 Bookend: Step 2 

 

5.22 Cumulative Probabilities 
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5.23 Category Probabilities 

 

5.24 Bookend: Step 3 
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5.25 Response Computation (I) 

 

5.26 Response Computation (II) 
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5.27 Response Computation (III) 

 

5.28 Data Set Cleanup 
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5.29 Item Parameter Validation 

 

5.30 Bookend: Step 4 
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5.31 Bookend: Section 4 

 

5.32 Module Cover (END) 
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6. Section 5: Bifactor Model [Advanced] 

6.1 Module Cover (START) 

 

6.2 Cover: Section 4 
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6.3 Objectives 

 

6.4 Topic Selection 
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6.5 Bookmark: Bifactor Model 

 

6.6 Bifactor Model (I) 
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6.7 Bifactor Model (II) 

 

6.8 Bifactor Model (III) 
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6.9 Bifactor Model (IV) 

 

6.10 Bifactor Model (V) 
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6.11 Bookend: Bifactor Model 

 

6.12 Bookmark: Data Simulation 
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6.13 Simulation Goal 

 

6.14 Step Selection 
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6.15 Research Questions 

 

6.16 Bookend: Step 1 
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6.17 Justifying Conditions 

 

6.18 Bookend: Step 2 
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6.19 Experimental Design 

 

6.20 Bookend: Step 3 

 



 

DM13 Slides (Version 1.0)         98 / 108                4/6/2020 

6.21 Remaining Steps 

 

6.22 Person Parameters 

 



 

DM13 Slides (Version 1.0)         99 / 108                4/6/2020 

6.23 Item Parameters 

 

6.24 Parameter Matrix (I) 
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6.25 Parameter Matrix (II) 

 

6.26 Parameter Matrix (III) 
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6.27 Parameter Matrix (IV) 

 

6.28 Parameter Matrix (V) 
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6.29 Bookend: Step 4 

 

6.30 Parameter Estimation 
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6.31 Bookend: Step 5 

 

6.32 Parameter Comparison (I) 
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6.33 Parameter Comparison (II) 

 

6.34 Bookend: Step 6 
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6.35 Replications (I) 

 

6.36 Replications (II) 
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6.37 Replications (III) 

 

6.38 Bookend: Step 7 
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6.39 Analyzing Results 

 

6.40 Bookend: Step 8 
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6.41 Bookend: Section 5 

 

6.42 Module Cover (END) 
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