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.

• Psychometrics is a subset within psychology and education

which relates to the theory of testing, measurement, assessment,

and related activities. It commonly concerns the measurement of

latent constructs such as intelligence and educational

achievement.

• In educational systems, these non-observable variables are

deduced through statistical modeling based on what is

observed from individuals' responses to items on tests and

scales.

• In the field of psychometrics, item response theory is one of the

cardinal tools that help determine which indicator variables

influence the latent variables.



I R T

• Focuses on calibrating and measuring the abilities of their students, as well as

categorizing and measuring the effectiveness of their questions that are being

answered in the exams.

• Provides results such as a well-balanced set of questions and tests that can uniquely

and accurately measure student's ability and depth of knowledge with variant

difficulties, discriminatory attributes and more.

• Overall establishes a better learning system which focuses on standardize test

according to students’ ability along with reutilize discriminative items to economize test

administration.



• IRT is the precise key concept used to

power a very advanced assessment delivery

scheme known as the Computerized

Adaptive Testing (future project).

• Our IRT feature was created to analyze the

changes in students’ abilities alongside

understanding the complexity of test

questions and test performance. This

application is to result in an advanced and

robust standardized item analysis and

scoring component for SwiftAssess.



Dichotomous and Polytomous Data

Normally, Tests set up under IRT usually consist of questions whose response can either

be dichotomous, in other words having one possibility from a selection of items, or

polytomous, where more than one item may be opted as the answer.

SwiftAssess generates the marks of a test, including certain letters that mean:

• The [R] mark in the grid means the student did not reach to this question.

• The [O] mark in the grid means the student reached to the question but did not solve it.

• The [N] mark in the grid means this question did not appear for the student.

To handle the [N] and [O] marks, the [N] was to be handled as "." and [O] to be treated as

"0" (Zero). However, to deal with [R] marks, we decided to keep it the same, and simply

readjusted our code to ignore it when calculating item logits and count it as a “0” (Zero)

for student ability calculations.



After noticing most of the exams resulting with polytomous markings, we decided to attempt partial 
credit scoring for numerical scored questions in order to get the actual scores of the students. This 
was done by simply dividing the mark given to the student by the actual answer to the question. 

Secondly, during the partial credit scoring, the un-attempted questions by the students were marked 
as “.” to be ignored when calculating the logit and average values. 

We used the reference of an article *[What to Do about Missing Data? (rasch.org)]

https://www.rasch.org/rmt/rmt142h.htm


I R T  A L G O R I T H M

Denoise the Data (To Avoid 
Infinite Values)

Adjust Data into Matrix

Pass through Rasch Model
until Chi- Square calculation’s 
conditions Are Met

Store Results in Database for 
Test & Item Analytics

There are 4 basic IRT Models used for calibrations.

The Rasch Model is one of the most widely used IRT

models in many educational research applications.

It implies the mathematical theory of IRT into

deciphering the possibility to test the hypothesis

that the challenges posed in a curriculum and on a

test coherently represent.



I R T  M O D E L S



The 1-Parameter model is the simplest form of IRT models. It is comprised of one parameter that 
describes the latent trait (ability – θ) of the person responding to the items as well as another parameter 
for the item (difficulty). The following second equation represents its mathematical form.
The models are mathematically equal, however, the Rasch Model constrains the Item 
Discrimination (ai) to one, while the 1-Parameter logistic model strives to fit the data as much as possible 
and does not limit the discrimination factor to one. 

Now the Rasch Model was selected, due to its main priority with developing the variable that is being 
used to measure the dimension of interest. Therefore, when constructing an instrument fitting, the Rasch 
Model would be best, improving the precision of the items. 

The other ones such as the 2-Parameter Model predicts the probability of a successful answer using two parameters 
(difficulty bi & discrimination ai). The discrimination parameter is allowed to vary between items.
The 3-Parameter Model predicts the probability of a correct response, in the same manner as the 1 – PL Model and 
the 2 PL – Model but it is constrained by a third parameter called the guessing parameter (also known as the 
pseudo chance parameter), which restricts the probability of endorsing a correct response when the ability of the 
respondent approaches -∞.



I R T
A N A LY T I C S



The TCC, test characteristic curve, is a visual representation of the
test’s properties, and is used to observe the functional relation
between the expected test score and the ability scale.

The TIF, test information function is an extremely useful feature of
item response theory. It basically tells you how well the test is
doing in estimating ability over the whole range of ability scores.

T E S T  A N A LY T I C S



On the fly pie chart is created that predicts the performance of entire

batch of course based students on the test in respect to their latest IRT

calculated abilities.



I T E M  A N A LY T I C S

• ICC – Item Characteristics Curve has the same purpose as TCC but focuses on individual

item selected by user for item analysis.

• SwiftAssess creates 2 ICC graphs for the selected item in respect to,

• Current batch of students attempt.

• Entire course related batch of students attempt.

• IIF - As item information is plotted against ability, a revealing graph depicts the amount of

information provided by the item. Items measured with more precision, provide more

information and are graphically depicted to be longer and narrower, compared to their

counterparts that provide lesser information. The apex of the curve corresponds with the

ability at the point of median probability.

• It is to be noted that the larger the amount of information provided by the item, the greater

the precision of the measurement.





A pie chart has been displayed for the item 
analysis displaying the ratio of successful to 
unsuccessful solving of item across all students 
as well as its place in the difficulty classification 
scale (designated through papers and 
approved by our SMEs)



M O D E L  F I T  A N A LY S I S
• The downloadable Model Fit Report include infit and outfit 

readings for each item and student, where infit helps 
understand inlier-pattern-sensitive fit statistics and outfit 
measures the outlier-sensitive fit statistic.

• For examiners, this report potentially helps understand each 
student's behavior throughout the exam as well as signify 
misleading questions.

• The entered misfit value by user, within the range of 1 to 2, 
which will help specify whether a model outcome is underfit, 
ideal or overfit. 

• Underfit values will be higher than misfit value, pointing out 
that the model failed to predict the scores. 

• Ideal model values will be within the range of 0.8 to 1.2. 

• Overfit values concern values that are too small to fit our 
model.   

• The main page also carries the option of viewing a report on a 
particular item or student.



This page highlights the overall information about the 
selected Item. A pie chart is created to show how many 
responses could be unexpected mistakes in yellow, 
potential cheating/guessing in red as well as correctly 
predicted IRT Responses cases for the item. This is 
decided through comparing the actual and predicted 
scores of the students for the item. If the actual score is 
greater than the IRT Predicted score, then it could raise 
an awareness for the examiner to view it as potential 
cheating or guessing cases. If the actual score seems to 
be lower than predicted, it could indicate the examiner 
to further investigate what prevented the student from 
scoring. All cases shown in pie chart are detailed in the 
tables shown here.
We can even click one of the students from the potential 
cases and see a detailed report on them (as shown in the 
next slide)



This page is like the previous slide 
however it covers details on the 
selected student. The pie chart 
shows how many of their responses 
could be unexpected mistakes, 
potential cheating and guessing 
cases. 
We can even click one of the items 
from the potential cases and see a 
detailed report on them (as shown 
in the previous slide)



Finally, our analytics ends by personally 
seeing a student’s particular stats in a course, 
where it shows their ability’s historical data for 
each test they attempted in that course. It also 
shows the IRT Predicted performance on all 
questions in the course with the help of the 
downloadable report and pie chart as well as 
where the student holds their position in the 
classification scale.



C I TAT I O N

W W W . P U B L I C H E A L T H . C O L U M B I A . E D U . ( N . D . ) . I T E M R E S P O N S E T H E O R Y |

C O L U M B I A P U B L I C H E A L T H . [ O N L I N E ] A V A I L A B L E A T :

H T T P S : / / W W W . P U B L I C H E A L T H . C O L U M B I A . E D U / R E S E A R C H / P O P U L A T I O N -

H E A L T H - M E T H O D S / I T E M - R E S P O N S E -

T H E O R Y # : ~ : T E X T = A S % 2 0 I T E M % 2 0 I N F O R M A T I O N % 2 0 I S % 2 0 P L O T T E D % 2 0 A G

A I N S T % 2 0 A B I L I T Y % 2 C % 2 0 A [ A C C E S S E D 1 1 S E P . 2 0 2 2 ] .
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