
7/22/2019

1

Presented by Jorge Avalos, M.A. 

Presentation Overview

 What makes a good exam?

 What is the State of California using to develop tests now?

 Introduction: IRT and the Rasch Model

 What can IRT bring to the table?

 Item and Person Fit

 Exam Equating

 Test “Optimization” through Test Information Functions

 Recap on Benefits
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Psychometrics? 

 Concerns the theory and technique of objective psychological measurement. 

 In State testing, we are measuring exam candidate ability level. 

 For a test to be “legally defensible” in the selection decisions that are made 
through its use, the measure must be psychometrically sound.

 What constitutes “psychometric soundness?”

 Reliability

 Validity
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Reliability

 Broadly speaking, it offers many approaches to the quantification of a 
measure’s proportion of observed score variance that is attributable to its 
true score variance. 

 Classical Test Theory Model:

 	 	 	 	 	 	

 With multiple-choice exams, generally reported as a form of internal 
consistency.

 Internal consistency is an adaption of an earlier form known as split-half reliability.

 Considered a direct reflection of the strength of the correlation coefficient.

 In State testing, the Kuder-Richardson 20 (KR20) is reported.

 Estimates the average of all possible splits within a test (Kuder & Richardson, 1937)
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Validity

 The Standards for Educational and Psychological Testing (2014) 
emphasizes: validity is a unitary concept that represents all of the 
evidence that supports the intended interpretation of a measure. 

 An index of the level of support evidence and theory provide for test score 
interpretations. 

 There are multiple avenues to provide validity evidence.

 Here, our focus will be on validity evidence as it relates to:

 Exam content

 Response processes 

 Internal structure

 There are differences in how validity and reliability are considered!
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Which theory is currently being used? 
What should be used? 

Theories Available:

 Classical Test Theory (current)

 Item Response Theory (future.. hopefully)

 The Rasch Model 

 Which of the two theories be used should be used?

 BOTH!
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Classical Test Theory

 In 1888, Sir Francis Galton introduced the “co-relation”

 Ultimately became the Pearson r, introduced by Karl Pearson (1896)

 The work of Charles Spearman (1904 to 1903) is considered as ultimately what 
established Classical Test Theory:

 Test scores are fallible measures of human ability

 Test scores contain a certain amount of error. 
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Item Response Theory

 Considers the examinee’s ability level on a continuum (known as theta)

 Fredrick Lord (1953): ability scores are more fundamental because they are test-
independent, observed and true scores are test dependent

 (this is the fundamental difference between IRT and CTT!)

 Items are test-independent (i.e., invariant), meaning the item parameters 
are not dependent on the sample used to obtain the item parameters.

 In CTT, item difficulty is defined by the proportion of items answered correctly

 In IRT, the item difficulty is defined by the “maximum likelihood estimation” 
(MLE), or where the highest level of information is obtained on the ability 
spectrum. 

 “Information” is the inverse of error (Conditional Standard Error of Measurement (CSEM))
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The Rasch Model

 Multiple “parameters” can be estimated through IRT: difficulty, 
discrimination, and guessing. 

 The Rasch model does not estimate discrimination and guessing (unlike 2PL 
and 3PL model). Focus is on item difficulty (discrimination is set at a constant 
value of 1).

 Comparatively, Rasch model has less-strenuous assumptions (sample size, etc.)

 This is good news for us.

 Orders persons according to their ability and items according to their 
difficulty.

 Assumes unidimensionality of the construct being measured.

 Model “fit” is tested through fit statistics.
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Why Introduce the Rasch model to CTT-
based Development?

 Addresses the issue of test dependence.

 Allows for test equating. 

 Visualized through Test Characteristic Curves.

 Allows for developers to maximize precision where it matters.

 Visualized through Test Information Functions.

 Leads to more efficient tests through “targeting” misfit items.

 Visualized through “Wright” (Person-Item) Maps
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Demonstration of the Rasch Model 
through an example: The CIS I exam

 Rasch Analyses will address:

 Model “Fit”: Items and examinees

 Support of exam validity evidence and reliability

 Test equating

 Measurement precision
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 How do a measure’s items “fit” Rasch model expectations?

 Rasch model expectation: Item difficulty should provide maximum information in 
respect to the examinees performance on each item. Hard items should be 
correctly answered by candidates with high ability and vice versa. 

 Review Fit through:

 fit summary tables

 detailed Underfit/Overfit tables

 ICC plots
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Model Fit – Items (cont.)

Note: These are only initial diagnostics. We need to look 
under the hood to see if our items are actually performing 
well!

INFIT is the weighted 
indicator of fit. 

OUTFIT is sensitive to 
outliers

Look at ZSTD: Ideally, 
Mean = 0 ; SD = 1

Reliability is 
.98
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Model Fit – Items (cont.) “under the 
hood”
Table 5

2010 CIS I Exam Items Exhibiting Underfit 
Name Measure Modlse In.Msq In.Zstd Out.Msq Out.Zstd Ptma Discrim

Crim_135 1.5269 0.1149 1.1344 3.6711 1.2016 4.3112 0.0543 0.3112

Wrt_53 1.4352 0.1142 1.1391 3.9911 1.1648 3.8312 0.0653 0.2641

Crim_125 1.3962 0.1139 1.1479 4.3111 1.1621 3.8812 0.057 0.2025

Intel_24 1.1523 0.113 1.1904 5.8412 1.2264 5.9512 -0.012 -0.2098

Intel_01 1.0119 0.1131 1.1225 3.7811 1.1459 3.9211 0.0961 0.2372

Crim_142 0.8189 0.114 1.0819 2.3811 1.0892 2.2411 0.1631 0.5689

Ana_109 0.7929 0.1141 1.1377 3.8811 1.1558 3.7612 0.0749 0.2885
Intel_10 0.6216 0.1157 1.0937 2.4111 1.1336 2.8511 0.1317 0.5803

Crim_126 0.4585 0.1177 1.1219 2.7611 1.1342 2.4911 0.0967 0.5935

Crim_132 0.2738 0.1208 1.1909 3.6912 1.2754 4.1613 -0.0382 0.460114

CTT Item Analysis and Item Fit
Table 7.

2010 CIS I Abridged Classical Test Theory Item Analysis 

Response Frequencies Correct Group Responses

Item Name Corr. 
Ans.

A B C D Total % Upper 
27%

Lower 
27%

Point 
Biserial

Crim_135 C 43.86 12.87 40.35 2.34 40.35 47.83 40.22 0.03

Wrt_53 B 50.29 42.40 4.68 2.63 42.40 43.48 34.78 0.07

Crim_125 C 23.98 2.63 43.27 29.24 43.27 43.48 38.04 0.06

Intel_24 D 19.59 28.07 3.51 48.83 48.83 54.35 54.35 -0.02

Intel_01 C 28.65 1.75 52.34 17.54 52.05 59.78 46.74 0.05

Crim_142 A 56.43 31.58 9.06 2.34 56.43 67.39 42.39 0.16

Ana_109 D 3.80 37.13 1.75 57.02 57.20 60.87 52.17 0.07

Intel_10 A 60.82 38.60 0.00 0.58 60.82 65.22 51.09 0.14

Crim_126 D 28.07 3.22 3.80 64.33 64.33 72.83 63.04 0.09

Crim_132 D 0.29 0.00 30.99 68.13 68.13 63.04 67.39 -0.03

InZstd =3.78!
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Introducing an Item Characteristic Curve 
(ICC)

FYI: This placement 
falls in-line with 

Rasch model 
expectations 
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ICCs and their placement based on 
difficulty
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Item Fit as indicated by ICCs 

Examinees 
performing 

better on item 
than expected!

Better 
fitting 
item!
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Model Fit – Examinees

Benefit of IRT: Can apply same logic of interpretation to examinees as it does to 
items!

Mean 
“Measure” 

is 1.10

“Separation” value 
suggests 3 quantitatively 
distinguishable groups 
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Person-Item Fit Visualized (Wright map)

“Mistargteted” 
items. 

Reliability 
affected. 
Wasteful.
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 Test security

 Reduce change of exposure to same questions

 Practice Effects

 Reduce chance of memorizing questions

 Test More Often

 Interchangeable scores

21
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Why Equate Exams through IRT?

 IRT allows us to link an exam’s pass point to the ability spectrum. 

 Shared point on ability spectrum is the “Invariant Latent Standard” 

 “Ability” is locked in place, is not changed by exam type. 

22

“Invariant Latent 
Standard” is 

identified with 
Winsteps

Ability is “invariant” to exam 
type, will stay locked in and 

other pass points on exams adjust 
accordingly
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How do we establish a “latent standard”? 
Through locking in common items.

 Common set of “anchor” items (at least 20% of exam)

 Fixed Item Parameter Characteristics (FIPC) method 

 Two samples of examinees 

 Non-Equivalent Groups Anchor Test (NEAT) collection design

Anchor set item 
parameters from base 
scale (prior exam) are 
“locked” in place on 
Winsteps to equate 

them.
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Example!! 
Finding Common Latent Standard between Exams

 2010 CIS I Exam had pass point of 61%.

 Equating 2010 exam with 2015 exam:

 Identify where pass point on 2010 exam falls on ability spectrum

 Identify items that will serve to “link” item parameters to a base scale

 61% of 145 items = 89 proportion-correct. 
“SFILE” Winsteps output provides corresponding “Measure” value in logits:

2010 CIS I Exam Structure-Threshold Output File 

Score Measure S.E. Info Normed Freq % Cum.Freq Percentile

87 0.51 0.19 27.49 406 1.8 66 18

88 0.54 0.19 27.35 411 0.9 69 20
89 0.58 0.19 27.20 417 2.3 77 21
90 0.62 0.19 27.04 423 0.9 80 23
91 0.65 0.19 26.87 429 2.6 89 25

When the Test Characteristic Curve is plotted, the  proportion-
correct score to latent standard conversion can be seen...
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Example of using 2010 CIS Exam pass-point to 
Identify Invariant Latent Standard

Raw score 
of 89

Corresponding position 
on ability spectrum 

(.58 logits)
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Example: Exam Equating (through invariant 
latent standard) 

 17 out of 94 items were common items (18%)

 Common items from 2010 administration were “anchored” in serving as the 
base scale in establishing the 2015 item parameters. 

.58 invariant 
latent standard

2010 Cutoff 
(61%)

2015 Cutoff 
(54%)

27
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...by measuring ability where it matters. 

 Efficiency is increased by making the test shorter. 

 How?

 Remove questions that don’t provide useful info and keep questions that do.

 How do we know what information is valuable? How much of it do we have?

 Test Information Functions (TIF) tell us this info.

 TIF: The sum of all item information provided along the ability spectrum.

 Information (i.e., measurement precision) is more important in some areas than others!

 For State testing: Pass/Fail and Reachable Ranking are important.

 Alan Birnbaum (1968) suggests developers focus on measurement at critical areas. 
Known as a “Target Information Function” 28

Test Information Functions

29

More information 
(items) here 

More 
information 
= less error.

30

Information!

Error!
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Identifying “Where it Matters” to measure in 
a test
 Critical points on the latent continuum:

 Rank 3 threshold and the pass point. 

 How to find these points? Referencing the SFILE provided by Winsteps.

 Pass point is at .58 logits. Rank 3 is reached at 1.64 logits. 

 (reference SFILE exported to Excel)
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Identifying What Items to Remove to 
“Optimize” an Exam

 An optimized test has maximum information at critical points (.58 and 1.64 
logits).

 To optimize:

 Remove the items that are furthest away from these critical points!

 Remove at a rate of 1 item per subscale, per iteration

 Re-analyze maximum information after each iteration

 Continue until exam is shorter, yet retains an acceptable level of information (i.e., >= 15).

(Reference IFILE exported to Excel)
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Items Most Deviating from Established 
Critical Areas (3 per subscale)   

33
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Measurement 
Precision is 

refined; Focus 
is on critical 

areas of ability 
continuum

RANK 3

PASS POINT

34

We generally want to see an information 
level of at least 15. 
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Using Test Information Functions 
Removing Miss-targeted Items
 Miss-targeted items were removed at a rate of one item per scale, per 

iteration. Exam information recalculated after each iteration. 

 18 items were deleted. (3 iterations of item removal)

 Result:

 Optimized 71-item 2015 CIS Exam Peak Information: Approx. 15.

 Original 2010 145-item CIS Exam Peak Information: Approx. 27

 Complete 2015 89-item CIS Exam Peak Information: Approx. 17
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Winsteps Shows level of Test Information 
through Test Information Function

37

Comparing “Optimized” TIF vs Older 
(longer) versions of CIS exam.

Focus of 
Measurement Shifted
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So, is IRT and the Rasch Model “Better” 
than CTT?

 Conclusions of Rasch Model effectiveness in addressing CTT limitations: 

 Conceptually, Rasch provides desirable metrics that are either:

 Comparatively superior to CTT; and

 Not attainable through CTT and exclusive to IRT/Rasch

 Specifically, when comparing the two theories.....
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Establishing Validity and Reliability in 
CTT vs Rasch 

 In assessing Reliability:

 Both provide a single index:

 CTT: KR20

 Rasch: Item Reliability Index

 Uses average of CSEMs, less susceptible to the influence of outliers 

 In establishing Validity evidence:

 Both theories use content validity evidence

 Rasch also can use: 

 Fit statistics to support evidence for construct validity and model expectations 

 Wright map to assess internal structure (subscale representation)
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Recap: Why we should consider using IRT 
methods

 The ability to consider examinee ability is unique to IRT-methods and should 
be adopted if possible.

 Conversion of proportion-correct (raw) scores to an invariant latent standard 
allows for:

 Exam Equating without repeat Angoff pass point setting meetings

 Will need to administer experimental items for item banking

 Increased testing administrations with (shorter) equated forms 

 Use of TIFs allows for:

 Shorter tests with without sacrificing measurement precision where it matters most

 Use of Fit statistics allows for:

 Further diagnostics of items, better idea of which to eliminate
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Questions?

Feel free to contact me:

Jorge.Avalos@doj.ca.gov 

Software Used: Microsoft Excel; Winsteps
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The End!!


