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● N Students 𝒮 = {𝑠1, 𝑠2, ..., 𝑠𝑁 }, T educational context questions 𝒬 = {𝑞1, 𝑞2, ..., 𝑞𝑇 }, 
M exercises ℰ = {𝑒1, 𝑒2, ..., 𝑒𝑀 } .

● Students’ logs R = (𝑹𝒒, 𝑹𝒆) :

● Educational context question response records 𝑅𝑞 = s, q, 𝑟𝑞 , … , where s ∈ 𝒮, 𝑞 ∈ 𝒬

● Exercise response records 𝑅𝑒 = s, e, 𝑟𝑒 , … , where s ∈ 𝒮, 𝑒 ∈ ℰ.
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Introduction
Motivation: Cognitive Diagnosis (CD) is one of the most fundamental tasks in
intelligent education, aiming at diagnosing the cognitive states (e.g., proficiency
level on specific knowledge concepts) of each student. However, to the best of
our knowledge, the problem of how educational contexts affect student’s
knowledge proficiency is still underexplored.
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ECD Framework

Figure 1: An illustration of students’ learning process.

Figure 2: The ECD framework.

Problem Statement
Given:

Datasets

Key Problem: How to model the educational context-aware features and further apply 
them to diagnosing the cognitive states?

Challenges:
● The educational contexts may involve contents from different aspects and are not 

directly concerned with specific knowledge concepts.
● Different students may get different influence even from the same context.
● Educational contexts may interact with each other while influencing students.

Two stage

Experiments Cognitive States Visualization
● The order of regions are consistent with 

the report of PISA. 
● ECD can further discriminate these 

specific difference in knowledge concepts 
between regions.

Conclusion

● We presented a novel framework ECD for students’ cognitive diagnosis, which 

is also a quantitive perspective for educational context understanding.

● We conducted extensive experiments on real-world datasets to demonstrate 

the effectiveness as well as interpretability of ECD framework.

● We analyzed and discussed the difference of important context features for 

students from different regions with our ECD framework.

Goal:
● To Infer students’ proficiency on knowledge concepts through student performance 

(i.e., exercise answering) prediction with predict model F and context model H:  

𝑟𝑒 = F 𝜃𝑠, s, 𝑒 , 𝜃𝑠 = H(s, q, 𝑟𝑞)→ 𝜃𝑠

● Educational context modeling:
● Embedding layer: Assign trainable embeddings to each educational context entry 𝑢𝑗

and each 𝑠𝑡.
● Context filtering layer: Group contexts into U fields by content. Obtain personalized 

context influence by field with attention module.
● Context interaction layer: model the inherent relevance between different 

educational context fields with a self-attention module.
● Context aggregation layer: Utilize another attention module to assemble the 

influence from different context fields and finally get the student external trait.

● Diagnosis enhancement:
● 𝜃 = 𝒅𝒕 ∗ 𝜃𝒄𝒐𝒏𝒕𝒆𝒙𝒕 + (𝟏 − 𝒅𝒕) ∗ 𝜃𝒊𝒏𝒏𝒆𝒓

● 𝑟𝑒 = CDMethod 𝜃, 𝜑𝑒

Student Performance Prediction

● In general, context modeling methods 
outperform the original cognitive diagnosis 
methods.

● ECD-models achieve best performance on all 
evaluation metrics in datasets.

Ablation

● Each layer contributes to the final performa-
nces, which indicates the effectiveness of 
these attentive modules modeling personiz-
ed influence and inherent relevance.

● Aggregation layer personalization in context 
field level) plays the most important role in 
our educational context modeling.

Parameter Analysis

● Visualization of 𝒙𝒕: Personalization characteristic 
of educational contexts may reflect to students’ 
general ability.

● Visualization of attention: Students focus on 
context inputs that fits to their score level.

● Distribution of 𝒅𝒕 : Both the context influence 
and the historic exercise records are not ignora-
ble for a general diagnosis.
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● All regions give much attention in educational context that can be related to 
education resource (e.g., “Home ESCS”, “School ICT”, “ICT Usage”).

● Context “Parent education” are focused in China and Korea, which can be 
concerned with the similar local tradition in education. 

● Contexts ”School learning” and ”Teaching attitude” shows difference between 
regions from Aisa and the others.

Discussion


