
Figure 3: Results of knowledge proficiency estimation.
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Problem Statement

• 𝑁𝑁 students: S = {s1, 𝑠𝑠2, … , 𝑠𝑠𝑁𝑁}
• 𝑀𝑀 test items: 𝐸𝐸 = {𝑒𝑒1, 𝑒𝑒2, … 𝑒𝑒𝑀𝑀}
• 𝐿𝐿 knowledge concepts: 𝐾𝐾 = 𝑘𝑘1, 𝑘𝑘2, … ,𝑘𝑘𝐿𝐿
• Response logs ℛ = {(𝑠𝑠, 𝑒𝑒, 𝑟𝑟)}
• Q-matrix 𝑄𝑄 = 𝑄𝑄𝑖𝑖𝑖𝑖 𝑀𝑀×𝐿𝐿

Given

Mine students’ proficiency
on knowledge concepts

Goal

Given a specific test item, the
students with right responses
are more skilled than those
with wrong responses.

Pairwise Monotonicity
In the literature, the monotonicity
theory assumes that student’s
proficiency is monotonic with the
probability of giving the right
response to a test item.

Monotonicity

Item Response Ranking

𝑟𝑟𝑖𝑖𝑖𝑖 ← 𝑃𝑃 𝑦𝑦𝑖𝑖𝑖𝑖 𝑟𝑟𝑖𝑖𝑖𝑖 − 𝑟𝑟𝑗𝑗𝑗𝑗 ← 𝑃𝑃 𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑦𝑦𝑗𝑗𝑗𝑗

Figure 2: The observed responses are shown on the left part. Our method creates item specific 
pairwise partial responses 𝒊𝒊 ≥𝒆𝒆𝒋𝒋 and 𝒊𝒊 ≤𝒆𝒆𝒋𝒋 between a pair of students. On the right part, (+) 
indicates the partial order from 𝒊𝒊 to 𝒋𝒋 and (–) vice versa. The striped blocks highlight the pairs 
containing unobserved responses.
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Pair Construction

Objective Function

Introduction

Cognitive diagnosis, a fundamental task in education area, aims at providing an approach to
reveal the proficiency level of students on knowledge concepts. Actually, monotonicity is one
of the basic conditions in cognitive diagnosis theory, which assumes that student's
proficiency is monotonic with the probability of giving the right response to a test item.

Figure 1: Illustration of cognitive diagnosis. The left part presents the response logs of students on test 
items, and the right-bottom part shows corresponding diagnostic results.

Key Problem
How to exploit the partial order between responses to improve the monotonicity within the
optimization criteria.
Challenges
1. It is hard for us to compare item responses across different items related to non-

overlapped concepts.
2. There exist many unobserved responses.
3. How to find an objective function so that the monotonicity can be directly optimized

Ada with a right response to item 𝑒𝑒1 is
considered as having a higher
proficiency level on the related concept
A (i.e., Function) than Bob with a wrong
response.

Observation

Students with correct responses
should be more proficient than
students with wrong responses.

Induction

Based on the partial order between item responses,
we can create a new optimization criteria to exploit
the response pairs to enhance the monotonicity.

Motivation

Experiments

Table 1: The statistics of the dataset. 

Table 2: Experimental results on student performance prediction.

Figure 4: An example of diagnostic results.

• The IRR-CDM significantly outperform the
pointwise-CDM on classification metrics on all
datasets.

• IRR-CDM achieve higher scores in ranking metrics.

• DOAs of IRR-CDMs are higher than pointwise-
CDMs.

• The distributions of the diagnosis proficiency
values got by IRR-CDMs are more smooth

Observation

• Our proposed framework can be applied to most
of contemporary CDMs and can promote the
diagnosis precision.

• IRR can help CDMs to better maintain the
monotonicity during training.

• IRR-CDMs can give more discriminated diagnosis
values.

Conclusion
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