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Who are we?0



#2 game company in China

Good games have no 
borders



+
FUXI-Lab: Established in 2017

First game AI lab in China

Vision: Enlighten games with AI



Why we need churn analysis?1



Player Churn Analysis
Problem
● Saturated market and fierce competition

● Maintain sufficient players is the core 
demand for game publishers 

● Attract new players or addressing the 
leaving players?

Player numbers(Hundred million) Growth rate



Player Lifecycle

● Growth: Lots players churn in this early stage.
Change product positioning, cater to market and 
maintain value increment

● Decline: The accumulation of churn causes 
during this stage leads to thorough player churn



Player Lifecycle

The churn analysis in the growth and 
decline stages is the key to maintain the 
number of players, ensure game revenue 
and even survival

The curve of commercial value in different stage



What are challenges?2



Potential Analysis Methods
Statistical Data Analysis
● Analyze the distribution of levels, tasks, dungeons 

and maps before players churn
● Cohort and funnel analysis
● Require lots of human costs and expert knowledge,

Hard to expansion

Clustering Analysis
● Clustering algorithm such as K-means, DBSCAN
● Lack appropriate feature weights, susceptible to 

outliers, poor performance in high-dimensional data



Potential Analysis Methods
Causal Analysis
● Eliminate the spurious effect caused by confounders,

analyze the causal churn effect of variables
● This field still in infancy, several strong assumptions 

need to be met, lacks reliability measures

Churn Prediction
● High-value players, new players churn prediction are 

the focus
● Lack of explanations, difficult to use, poor 

performance of specific interventions



Potential Analysis Methods

Explainable AI (XAI) Analysis
● Employ XAI technology to explain the churn model, 

generate important churn information for operators 
to perform targeted interventions

● Improve the intervention performance in a targeted 
manner

● Satisfy almost all ideal properties

It is important and necessary to find an automatic, scalable, 
personalized, accurate and efficient churn analysis scheme 



Ideal properties
An ideal churn analysis method 
should be:
● Scalable(S): Easy to adjust for new setting
● Reliability-Modelable(RM): Have objective 

indicators to support the analysis result
● Individual-Analyzable(IA): Analyzable for the churn 

of individual player
● Continuous variable-Analyzable(CA): Analyzable 

for the effect of continuous variable
● Predictable(P): Able to predict and analyze the 

churn of players who will be lost
● Debiased(D): Able to alleviate the spurious effect 

caused by selection bias in data

‘√’indicates presence of property,

‘□’indicates limited presence of property



Definition of Churn Analysis 
Define the churn analysis in online game from a more 
practical perspective

● Mining the important objective facts and deep rules of players churn from the game 
data and combining with expert knowledge to form a reliable churn causes, then 
performing targeted player intervention and game improvements based on the causes 
to alleviate churn



Our approaches and 
application cases3



XAI-Enhanced Churn Analysis Framework

The Automatic XAI-Enhanced 
Decision Support Churn Analysis 
Framework
● Problem Setup

● Churn definition, Analysis targets, Analysis period

● Feature Design and Development
● Model Prediction and Interpretation
● Explanation Analysis
● Evaluation and Intervention



Feature Design Principle 
● Well-express: The feature set includes features that best express the potential churn 

causes and indicators that the game developer focus on
● Comprehensive: The more comprehensive the churn causes covered by the feature set, 

the better to reduce the interaction between the uncovered churn information and the 
designed feature (endogenous problem)

● Actionable: Features are as actionable as possible
● Categorical: Use categorical features whenever possible because they have better 

domain information. Domain knowledge can be use to categorize continuous features



Feature Examples
● Limited Hardware
● Basic Information
● Art Style
● Novice Guide
● Social Influence
● Gameplay Influence
● Role Growth
● Economic System



Model Prediction
Churn Prediction
● LightGBM model, a distributed gradient boosting 

framework designed to be highly efficient with fast 
training speed, lower memory usage and better 
accuracy

● The accuracy is the basic of good explanation



Model Interpretation
XAI Techniques
● SHAP Values

● A promising feature contribution XAI 
technique with solid theoretical support

● Anchor
● Generate churn rules which are 

intuitive, easy to understand, and the 
coverage is very clear



Explanation Analysis
Individual Churn Analysis

The SHAP values of churn player: features pushing the churn prediction higher are shown in red and lower are in blue

The logical rule of churn player



Explanation Analysis
Group Churn Analysis

Supervised clustering based on SHAP 

values (cluster 1: difficulties in upgrading 

skills and equipment; cluster 2: friendship 

and guild are in a bad state)

The set of churn rules with clear accuracy 

and covered player numbers



Explanation Analysis
Global Churn Analysis

SHAP values summary plot: sorting features by the sum of the SHAP value magnitudes in all 

samples, using SHAP values to show the distribution of the impact of each feature



Explanation Analysis
Feature Dependence Analysis

Feature dependence plot: use SHAP value of a feature for the y-axis and value of 

feature for the x-axis. The dark the color is, the higher the player density is



Evaluation
User Study
● Case: Collect 200+ feedback from Justice Online
● Major churn types: Difficulty in equipment acquiring, friends churn, matching problems, difficulty in resources 

acquiring, problems in fund activities of guild 
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Evaluation
Case Matching



Evaluation
Matching Result
● About 61% of feedback of churn cause match our XAI-enhanced analysis results

● Iterate the cause features according to the difference between the churn explanations and the feedback

Human accuracy comparison of several main churn analysis methods



Intervention
Targeted Intervention
● Personalized Recommendation

● Social
● Gameplay
● Promotion
● Activity

● Targeted Guide
● Class matching evaluation
● Growth
● Play teaching
● Battle replay

● Dynamic numerical adjustment
● Rate increased
● Reward improve
● Content triggered

● External intervention linkage
● Artificial care
● Customized push
● Targeted reward



Intervention
Evaluate Intervention
● We implement A/B testing to evaluate the 

effectiveness of interventions

Two independent samples t-test 



Intervention
Skip The Game Plot
● Two independent samples t-test average 

online time in recent two weeks: players in 
experimental group can skip the plot at 
any time

Strong statistical evidence proves the churn cause!



Intervention
Social Recommendation
● Two independent samples t-test average online 

time in recent two weeks: experimental group 
provided social recommendation services to 
players with friends churn tag

The specific intervention for friends churn make a 
significant improvement!



Churn Analysis Platform



Credits
Yu Xiong AI Researcher NetEase Fuxi AI Lab

Runze Wu       AI Researcher NetEase Fuxi AI Lab

Manhu Qu       AI Engineer                   NetEase Fuxi AI Lab

Jianrong Tao AI Researcher NetEase Fuxi AI Lab

Xudong Shen   AI Engineer      NetEase Fuxi AI Lab

Qiaozhi Shen    AI Product Designer    NetEase Fuxi AI Lab



THANK YOU!
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