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Introduction
Online education systems become popular

ØAbundant learning materials
ØE.g., exercise, course, video

ØPersonalized learning on students’ own paces
Recommender systems

ØSuggest suitable exercises instead of letting self-seeking
ØInteractive systems between agent vs. student

Key Problem
ØDesign an optimal recommendation strategy that can 

recommend the best exercises at the right time

Existing recommendation for online learning
ØBasic idea

ØTry to discover the weaknesses of students
ØRecommending non-mastered exercises

ØEducational psychology
ØCognitive diagnosis, Q-learning

ØData mining
ØContent-based, Collaborative Filtering, Deep learning

ØProblem
ØSingle Objective (repeating)
ØLose interests (always too hard)

Function Function Function

Multiple Objectives
ØReview & Explore
ØDifficulty Smoothness
ØEngagement

Challenges
ØHow to define above objectives based on exercising trajectories
ØHow to enable flexible recommendations with above objectives simultaneously?
ØLarge space of exercise candidates

DRE implementations
Exercise Q-Network
ØGenerate recommendation

ØImplement network approximator θ
ØExercise Module

ØGoal: Learn exercise semantics
ØKnowledge Embedding
ØContent Embedding: Bi-LSTM

ØTwo implements
ØGoal: Learn student knowledge states
ØEstimate Q value Q(s, a)

ØEQNM with Markov property

ØEQNR with Recurrent manner 

Multi-Objective Rewards
ØReview & Explore

ØDifficulty Smoothness

ØEngagement

ØBalancing

Problem Definition
Given

ØStudent
ØExercise: triplet

ØContent c: word sequence
ØKnowledge k: concept attribute
ØDifficulty level d: error rate

Goal
ØFind the optimal exercises at each 

step for each student

Find an optimal policy π : S →A of 
recommending exercises to students, 
maximizing the multi-objective rewards

DRE Framework
Optimization Objective
ØOptimal action-value function

ØCompute all Q-values is infeasible
ØEstimate and store all (s, a) pairs
ØUpdate all Q-values

ØSolution
ØEQN: as a non-linear function 

approximator θ

ØMinimize the objective function to 
estimate this network approximator

Datasets Offline Evaluation
Point-wise Recommendation
ØEvaluation on logged data
ØRanking problem

ØProvide an list at a particular time based on Q-values 
(related to performance) from bad to good (70%/30%)

Online Evaluation
Sequence-wise Recommendation
ØEvaluation on simulated environment
ØReward effectiveness

ØSelect the best exercise step by step

ü DRER with larger !"	has faster coverage growth speed
üThe difficulty levels of recommendations do not vary 

dramatically in most cases
üIf we set g with lower value (0.2), DRER would 

recommend more difficult exercises


