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¨ Educational context features
o Context features related to student learning progress:

n Person: learning habit、self efficiency、test anxiety…
n Home: learning environment、parents’ education、wealthy、parents support…
n School: teaching method、learning time、school climate…
n Government: education policy…

n …
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¨ Cognitive diagnosis
o Diagnosing the cognitive states (e.g. knowledge proficiency) of student :

n the problem of how educational contexts affect student’s knowledge proficiency is 
still underexplored in cognitive diagnosis.

n Meanwhile, influence of educational contexts are widely discussed in traditional 
education field.
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¨ Challenge
o Educational contexts involve content from various aspects and are not 

concerned with specific knowledge concept
o Influence from the same educational context can be personalized
o Educational contexts may interact with others
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¨ Context-aware modeling
o An important role in information retrieval (IR)  related tasks, ranging from 

web search , recommendation to online advertising

o eg: recommendation
n Probabilistic graphical models

n Latent Dirichlet Allocation (LDA) 
related ones

n Build the graph manually

n Neural network
n Wide & Deep、Deep FM、NFM
n DCN、xDeepFM
n AFM、AutoInt
n Ingnore domain knowledge or 

weak interpretability



Related work
9

¨ Educational context analysis
o Mainly discussed in traditional education domain from the empirical 

research perspective
n Propose assumptions->Collect data->Analyze with traditional method(e.g. 

cluster, linear regression) -> Conclusion.
n Get educational contexts with well-designed questionnaire

o The relationship between educational contexts and student performance:
n Measure of performance (e.g. grade) is not flexible.
n It’s hard to analyze complex influence of different contexts
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¨ Cognitive diagnosis
o Diagnosing the cognitive states(e.g. knowledge proficiency) of student 
o Focus on exercise related information:

n Raw response records 
n IRT、PMF

n Q-matrix(knowledge concept of exercise)
n MIRT、 DINA、FuzzyCDF

n Exercise material
n NeuralCD、DIRT
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¨ Problem Definition
o Educational context-aware cognitive diagnosis:

n Given students’ logs ! = {!", !# }, our goal is to infer students’ proficiency on 
knowledge concepts (e.g., student states in Figure) through student performance
(e.g., exercise answering) prediction
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¨ Educational context-aware Cognitive Diagnosis(ECD)
o An two-stage architecture:

n Educational context modeling
n Diagnosis enhancement



¨ Educational context modeling 
o Embedding layer

n student !" -> latent character vector #"
n Context feature c->  influence key 

vector $% and influence value vector $&

o Context filtering layer

Method
14

Truant

Hardworking



¨ Educational context modeling 
o Context interaction layer

o Context aggregation layer
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¨ Diagnosis enhancement
o Student state representation

o Enhance existing method
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¨ Dataset
o Programme for International Student Assessment(PISA)

n honored as Olympic Games in testing project 
n 15-year-olds’ 

o PISA 2015:
n Student questionnaire for educational

context
n Response records of exercise 
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¨ Preprocess
o Extract three datasets from PISA 2015 by area, namely Asia, 
Europe, America.

o Filter out the students whose records are less than 20
o Statics:
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¨ Baseline：
o Existing cognitive diagnosis methods：

n IRT，MIRT，Neural CD

o Different network in educational context modeling stage:
n DeepFM, NFM



Experiment

¨ Student performance prediction

¨ Ablation
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Experiment

¨ Parameter Analysis
o Distribution of !"

n d$ denotes the weights of 
influence from context features

n Most students have a !% value in 
[0.4,0.6] for all ECD 
implements

o Both the context influence 
and the historic exercise 
records are not ignorable for 
a general diagnosis.
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Experiment

¨ Visualization
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Experiment

¨ Cognitive States Visualization
o Distribution of average knowledge proficiency
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¨ Discussion
o Record the 3 most important context for 

each student by !"′
o Summarize the important context by 

regions



Conclusion

¨ Conclusion
o presented a novel framework ECD for students’ cognitive diagnosis, which is 

also a quantitive perspective for educational context understanding
n We designed a two-stage solution with a hierarchical attentive network modeling the 

influence of educational contexts and an adaptive optimization for student traits 
aggregation

n We implemented three specific models with different existing methods under the 
framework, (i.e., ECD-IRT, ECD-MIRT, ECD-NeuralCD) and conducted extensive 
experiments on real-world datasets to demonstrate the effectiveness as well as 
interpretability of ECD framework

n We analyzed and discussed the difference of influencial context features for students 
from different regions with our ECD framework
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