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INTRODUCTION

WHAT IS IRT?

Item Response Theory (IRT) is a group of mathematical models used to predict how a student will
respond to individual questions, based on their ability and characteristics of the question.
Key concepts in IRT include:

Ability : The latent skill level of the student.
Difficulty = How challenging a question is.
Discrimination = How well does a question differentiate between stronger and
weaker students.
Guessing = The likelihood of a student guessing the answer correctly
(relevant for MCQs).

This makes IRT very different from traditional scoring. Instead of simply tallying correct answers, it
gives a richer, more adaptive picture of both learner progress and item quality.
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HOW IRT WORKS IN THE EDTECH WORLD? !

Here's how IRT enhances different areas of an EdTech platform:

Calibrated Question Bank

Adaptive Testing (Uses b, a, c values to auto-label
(Uses ability O to select next item): questions):

Personalized Learning (Based on 0 Data for Educators (Generates
progression over time): skill mastery predictions):
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TECHNICAL VIEW - IRT MODEL

IRT comes in levels, depending on how much detail you want to capture:

LEVEL 1:
One-Parameter Logistic Model (1PL) — Rasch Model

Formula:

Interpretation:

The probability a student with ability (6) answers an item correctly depends only on how difficult the
question is.

Use Case:
®

The Algorithm (a student’s experience in an adaptive test):

question of average wrong?

difficulty (b = 0).
Based on the answer:

The test begins. The system checks:
m The student is given a m Did the student get it right or

Student attempts the question. _ N
— If correct, the estimated ability

(6) increases slightly.

— If wrong, the 0 decreases
slightly.
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Using the updated 6, the
system calculates: Step 7

For each remaining question:

P(correct) = 1/ (1 + exp(-(6 - b))

This loop continues:

Question - Response - 6
updated - Next best question
Until the student’s ability
estimate stabilizes or time is up.

At the end, the student receives:

The student gets the next
question based on this logic. Step 8
— His/her ability score (6)

— A personalized report showing
strengths and improvement
areas.

LEVEL 2:
Two-Parameter Logistic Model (2PL)

Formula:

Interpretation:

Use Case:
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The Algorithm (a student’s experience in an adaptive test):

Using the updated 6, system
calculates for all remaining
items: For each remaining
question:

The student begins the test
(starting ability 6 = 0).

P(correct) = 1/ (1 + exp(-a x
(6-Db))

> Difficulty (b) = your System picks the next question
— Discrimination (a) = how where:
"informative” the question is — Discrimination is high (a >> 0).

— Probability = 50% > maximizes

The student attempts the learning about the student

question

Repeats until enough info is
Step 7 gathered:

Question > Response > 0
updated > Next best question
Until the student’s ability
estimate stabilizes or time is up.

System updates the ability:

— It checks how strongly the
question discriminates.

m System picks a question based
on:

— Discrimination (a) = how

"informative" the question is Step 8 Atthe end, the student gets a

detailed profile showing the
strengths based on how
he/she performed on
high-discrimination questions.

LEVEL 3:
Three-Parameter Logistic Model (3PL)

Formula:

05

© Happiest Minds 2025



Interpretation:

Use Case:

The Algorithm (a student’s experience in an adaptive test):
The student begins the test Based on the response, system
(starting ability 6 = 0). updates ©:

— If your answer seems like a
guess (correct on a hard item),

System picks a question based it's discounted:

on:
—Difficulty (b) = your 6

—Discrimination (a)

— The model assumes the
student *might* have guessed

System picks the next question

—Guessing Factor (c) where:

The student attempts the
question

— Discrimination is high
— Guessing chance is low
— Probability of success = 50%

Repeats until enough info is
SteP 7 gathered:

System estimates the probability "+ Guessing gets filtered out

of answering correctly using:
P(correct)=c+(1-¢c)/(1+exp
(-ax (6-Db))

— Real ability emerges

At the end, the student gets a
report about:

Step 8

— his/her estimated ability

— how confident the system is
(precision)

— where he/she guessed vs
where they actually knew the
answer
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Advanced Levels & Concepts
4PL Model:

Formula:

Multidimensional IRT (MIRT):

WHAT IS ICC IN IRT?

An Item Characteristic Curve (ICC) is a graphical representation that shows how likely a student is to
answer a question correctly based on their ability level (6).

In simple terms, imagine plotting:
X-axis: Student ability (6) — from low (-4) to high (+4)
Y-axis: Probability of answering the question correctly — from O to 1
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The curve you get shows:
® Where the question is easy or hard

® How well the question distinguishes between high- and low-performing students

® Whether students can guess the answer

For the various IRT models:

® In 1PL (Rasch) Model, the ICC shows a smooth S-curve, centred around difficulty (b=0), all items
assumed to discriminate equally.

® |n 2PL Model, the ICC shows a similar S-shape, but steeper. Discrimination (a=1.5) affects how
sharp the curve is — higher 'a' K steeper curve X better at distinguishing abilities.

® In the 3PL Model, the ICC starts above 0 on the Y-axis because of guessing (starts at 0.2 on Y-axis),
reflects realistic behaviour is MCQs.

For 4PL, it usually adds an upper limit (d < 1), modelling student carelessness or fatigue — not all high-6
students always get the question right.
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Why it is important?

USE CASE - Adaptive Quiz Engine for a

High School Math Platform:

Imagine a high school math platform called MathEdge, used by thousands of students across India.

The platform's goal is not only to test students but to understand their true capabilities and help
them improve.

Previously, MathEdge gave every student the same 20-question test. While this seemed fair, it failed to
reflect students’ real strengths and weaknesses.

To make assessments smarter, MathEdge implemented an IRT-powered Adaptive Quiz Engine. Here's
how it transformed the learning experience:

Priya, a 10th-grade student, logs in to take a 15-question algebra test.
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Behind the scenes, each question has values like:

As Priya answers, the system continually updates her ability score (6) and recommends the most
suitable next question

By the end, Priya receives a personalized report showing:

— Teachers use dashboards to get actionable insights across their class.

— Students benefit from smarter feedback. Everyone wins.

NOTE: Please note that to implement 1PL, 2PL, or 3PL IRT models in an EdTech assessment system,
there are some essential pre-requisites—ranging from content readiness to data infrastructure and
psychometric validation.

Item Response Theory (IRT) offers a transformative approach to learner assessment, moving beyond
traditional one-size-fits-all models to enable adaptive, data-driven evaluation. By accounting for item
difficulty, discrimination, and guessing behaviour, IRT empowers educators and platforms to measure
learner ability more accurately and fairly. In the context of EdTech, integrating IRT enhances everything
from personalized quizzes to high-stakes testing. It allows for smarter item selection, better feedback
loops, and scalable adaptive learning systems that evolve with each learner’s journey. The simulations
and visualizations presented in this paper demonstrate how different IRT models (1PL, 2PL, and 3PL)
provide increasing levels of precision, offering clear benefits for product teams building intelligent
assessment tools

As education continues its digital evolution, adopting IRT models isn't just a technical upgrade—it's a
strategic step toward equity, personalization, and deep learning analytics. For EdTech leaders and
product managers, this presents a unique opportunity to build evidence-based platforms that not only
test knowledge but unlock true learning potential.
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