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App is absolute trash. Crashes every 
three seconds on a flagship stock 
Pixel 2 XL with zero problems with 
any other quality app. 

User Reviews

Rating and post date

Number of people flagged as 
helpful

Review text
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2,000,000 apps3,800,000 apps 669,000 apps

Google Play App Store Windows Store

https://www.statista.com/statistics/276623/number-of-apps-available-in-leading-app-stores/

https://appsposure.com/app-store-ranking-algorithms/
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Ranking = (# of installs weighted for the past few 
hours) + (# of installs weighted for the past few days) 
+ REVIEWS (star rating + number of reviews) + 
Engagement (# of times app opened etc.) + Sales ($)

$80,000User Reviews are Important

https://www.statista.com/statistics/276623/number-of-apps-available-in-leading-app-stores/
https://appsposure.com/app-store-ranking-algorithms/


App Install
58% 

App Update
33%

App Purchase
36%

User Review Analysis is Important

Developers

Users
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User Reviews in App Development

Mobile Apps

Release

Today my timeline is broken. I don't see 
posts of my friends just some random 
stuff from unknown sources. Fix it!

App Reviews

• App Bugs
• App Features
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User Review Analysis is Challenging

• Massive review quantity

60,000 reviews/day

7,000+ reviews/day

2,000+ reviews/day
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Rate Date Review Text

1 August 7, 2018 Cant upload stories, itsl just stuck at posting, really bad app

5 August 7, 2018 Lol

4 August 7, 2018 Awsmmmmmm

1 August 7, 2018 Please fix

User Review Analysis is Challenging

• Massive review quantity

• Many non-informative reviews

• Short length and limited context

• Many noisy words

• Detailed app issues hard to be predefined
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Traditional Study

• Keyword-based review retrieval

• Filtering out non-informative reviews

• Classifying reviews to predefined topics

• User sentiment prediction

• Device compatibility issue

• …

Required labeled reviews

Reduce the manual power!

Required predefined rules
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Focus on static collection, and ignore the multiple dimensions of reviews

Version 
1

What Traditional Study Ignores
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User Review

Mining
Issue Distribution

Varying App

Issues

Issue Tracking

Prioritization

Anomaly Detection

In-App Ads Analysis

(AR-Tracker)

Chapter 3

(PAID)

Chapter 4

(IDEA)

Chapter 5

(CrossMiner)

Chapter 6

App Performance

App Platforms

Thesis Contributions

Chapter 7
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Outline

• Topic 1: Online app review analysis for detecting 

emerging app issues

• Topic 2: Issue Prioritization across different app 

platforms

• Conclusion and future work

• Topic 3: Exploration on the effects of in-app ads 

on user experience 
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Outline

• Topic 1: Online app review analysis for detecting 

emerging app issues

Motivation

Framework of detecting emerging app issues

Evaluation

Summary
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Definition:
An issue rarely appears in previous slice but is mentioned by a 

significant proportion of user reviews in current slice.

Emerging Issues

14



From Vocativ.com

Update

Serious!

A Real Case for Emerging Issues
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Reviews can Help

WHAT’S NEW
Version 3 of your Udacity App has arrived.
… gets a brand-new overview of your enrollment, and streamlined navigation…
V3.1.x
- Improved offline experience
- … Changelog

…Unable to download
lessons for offline
viewing.…Not being able
to view lectures offline is
very disappointing.

…In this version there is so
much confusion about
navigation, specifically in
enrollment section….
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Our Task

App Reviews

Today my timeline is broken. I don't 

see posts of my friends just some 

random stuff from unknown sources. 

Fix it!
IDEA

(IDentifying Emerging
App issues) App Updates

Discovering emerging 
issues

Providing detailed
issue interpretation

Visualizing issue changes
over versions

Changelog
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Outline

• Topic 1: Online app review analysis for detecting 

emerging app issues

Motivation

Framework of detecting emerging app issues

Evaluation

Summary
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IDEA Framework
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Jensen-Shannon Divergence:

𝐷𝐽𝑆(𝜙𝑘
𝑡 | 𝜙𝑘

𝑡−1 =
1

2
𝐷𝐾𝐿(𝜙𝑘

𝑡 | 𝑀 +
1

2
𝐷𝐾𝐿(𝜙𝑘

𝑡−1| 𝑀

𝑀 =
1

2
𝜙𝑘
𝑡 + 𝜙𝑘

𝑡−1

K K K

+
𝛾𝑡,𝑤

𝛽𝑡

……

𝛽𝑡−1

𝜙𝑘
𝑡−𝑤 𝜙𝑘

𝑡−𝑖 𝜙𝑘
𝑡−1

…𝛽𝑡−𝑖𝛽𝑡−𝑤 …

K
𝜙𝑘
𝑡

… … …

𝛾𝑡,1𝛾𝑡,𝑖

Current Version

Anomaly Discovery

Topic distribution



IDEA Framework
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Topic Interpretation

Topic 1 Topic 2 Topic 3 Topic 4
comment

say 
reply 

try 
error 

…

link
video 
open 
work 

description
… 

back
also 

button 
change
go back

… 

load 
video 
even 
work 
take

…

Top words of topic distribution

What is the 
issue behind 
those words?
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Topic Labeling

Topic 
A

Topic 
B

Topic 
C

Semantic Score

Sentiment Score

Total Score

Label 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑚 𝑙, 𝜙𝑘
𝑡 = 𝑠𝑖𝑚 𝑙, 𝜙𝑘
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෍
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𝑠𝑖𝑚(𝑙, 𝜙𝑗
𝑡)

𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑛 𝑙 = exp(
−𝑟𝑙

log(ℎ𝑙)
)

𝑆𝑐𝑜𝑟𝑒 𝑙, 𝜙𝑘
𝑡 = 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑚 𝑙, 𝜙𝑘

𝑡 + 𝜆 ∙ 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑛 𝑙
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Topic distribution

Length

Penalty
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Summary
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Experiment Datasets

App Name Category
Crawled 
Platform

#Reviews #Versions

NOAA Radar Weather App Store 8,363 16

YouTube Multimedia App Store 37,718 33

Viber Communication Google Play 17,126 8

Clean Master Tools Google Play 44,327 7

Ebay Shopping Google Play 35,483 9

Swiftkey Productivity Google Play 21,009 16

Total: 164,026 89
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Ground Truth

Version Date Changelog

3.6 10-Sep-15 (1) Performance & stability fixes for flawless location search.

3.7 16-Sep-15

This update has a bunch of iOS 9-specific features for your convenience!

(1) Get straight to the weather in your favorite locations as they now 

appear in Spotlight search results on your device.
(2) ….

Word2Vec [Mikolov et al. 2013] Sim>=0.6 Hit
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Metric

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝐸𝑚𝑒𝑟𝑔𝑒 =
𝐸𝑚𝑒𝑟𝑔𝑒 ∩ 𝐶ℎ𝑎𝑛𝑔𝑒𝑙𝑜𝑔

𝐸𝑚𝑒𝑟𝑔𝑒

𝑅𝑒𝑐𝑎𝑙𝑙𝐿𝑎𝑏𝑒𝑙 =
𝐿𝑎𝑏𝑒𝑙 ⋂𝐶ℎ𝑎𝑛𝑔𝑒𝑙𝑜𝑔

𝐶ℎ𝑎𝑛𝑔𝑒𝑙𝑜𝑔

𝐹ℎ𝑦𝑏𝑟𝑖𝑑 = 2 ×
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝐸𝑚𝑒𝑟𝑔𝑒 ∗ 𝑅𝑒𝑐𝑎𝑙𝑙𝐿𝑎𝑏𝑒𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝐸𝑚𝑒𝑟𝑔𝑒 + 𝑅𝑒𝑐𝑎𝑙𝑙𝐿𝑎𝑏𝑒𝑙
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Validation

0.2

0.3

0.4

0.5

0.6

0.7

0.8

NOAA Radar Youtube Viber

OLDA IDEA-R IDEA-S IDEA+

0.2

0.3

0.4

0.5

0.6

0.7

0.8

NOAA Radar Youtube Viber

OLDA IDEA-R IDEA-S IDEA+

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝐸𝑚𝑒𝑟𝑔𝑒 𝐹ℎ𝑦𝑏𝑟𝑖𝑑

60.4%

Precision

60.3%
Recall

58.5%

F-score
29.6% 6.3% 23.1%
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IDEA’s Results

v11.07 v11.10

Topic 1 description box: 2.03 say playback error: 1.12

Topic 2 user interface: 1.25 split screen: 1.23

v11.07 v11.10

Topic 1
I mean it work … you would click a link in 
the description and it doesn't even let me 
go through the next video: -0.050843

I can‘t watch YouTube on my phone because the app 
won’t open and … doesn't work: -1.03

Topic 2
But right now the lack of multitasking have 
actually …. : -0.79

Add split view and slide over but no picture 
in picture: -1.366723

Versions

Emerging Issue

Phrase-level Issues

Sentence-level Issues
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Industry Practice
Tencent

Bugly Group

4/20+ Tencent apps

 500~5,000 reviews per day

For 36,000 product reviews per 
version:
 ~160 reviews per second
 1.02 GB on average

One PC with Intel(R) Xeon 
E5-2620v2 CPU (2.10 GHz, 
6 cores) and 16GB RAM



Industry Survey

Developer
64%

Data Analyst
11%

Product 
Manager

9%

Maintenance 
Engineer

7%

Test 
Engineer

2%

Others
7%

68.9%

75.6%

37.8%

11.1%

88.9%

Reflect modified issues

Performance

Phrase label

Sentence label
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Outline

• Topic 1: Online app review analysis for detecting 

emerging app issues

Motivation

Framework of detecting emerging app issues

Evaluation

Summary
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Conclusion of Topic 1

• We first study emerging issues in app reviews.
• We propose ‘IDEA’ for effectively identifying emerging

issues in both research and industry scenario in an end-
to-end mode.

• We proposed to use changelogs for verification, which can
also be used in other verification scenarios.

• We release our code for publicly available.
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emerging app issues

• Topic 2: Issue Prioritization across different app 

platforms

• Conclusion and future work

• Topic 3: Exploration on the effects of in-app ads 

on user experience 
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Outline
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Apps Distributed in Different Platforms

User Revenue

38



Differences of Platforms

Programming 
Languages:

User 
Experience:
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It always can’t 

connect network.

The app sometimes 

crashes.

The UI is 

ugly.

Reviews

Design and maintain 

specifically

Developers

Reviews in Different Platforms
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Seven Basic App Issues

App 
Issues

Battery

Connec
tion

Crash

Memor
yPrivacy

Spam

UI



Outline

• Topic 2: Issue Prioritization across different app 

platforms

Motivation

Framework of CrossMiner

Evaluation

Summary

42



CrossMiner Framework
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Extracting Keywords

Similar words for each issue based on word2vec:

Combined with clustering method: 

App Issue

Examined Word
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Keyword List
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Ranking Reviews

Ranking score defined as:

The top three reviews related to 
“UI”

Rating

Length

#Keyword

𝑠𝑐𝑜𝑟𝑒 𝑡 = 𝑒
−𝑟(

1
ln ℎ +1

+
1

ln 𝑛𝑡 +1
)



Outline

• Topic 2: Issue Prioritization across different app 

platforms

Motivation
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Evaluation

Summary
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Subject Apps

App Platform Title Review Date Star

Facebook Google Play Crashes Crashes non stop 2015-10-22 1

20 Apps

Review # 2,637,438 Review # 1,687,003 Review # 338,875
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Percentage Distribution on Issues of Spotify Music

Experimental Result
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Performance Evaluation
Ranked Issues from Android Community of Spotify Music

We use the well-known Normalized Discounted Cumulative Gain 

(NDCG):

NDCG evaluation results:
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Platform Comparison
Average Percentage Distributions on Issues for Different Platforms

p-value of ANOVA:   0.012 < 0.05

Cross-platform issue Distributions are Significantly Different. 51



Outline
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Conclusion of Topic 2

• We propose a framework CrossMiner to extract issue-

related keywords comprehensively from real user reviews.

• We discover the differences on different platforms from 

users’ perspective.

• We demonstrate that our framework reflects the 

importance of user concerns accurately. 
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In-App Ads are Important

11%

45%

65%

77%

83%
88%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2012 2013 2014 2015 2016 2017

%
 a

d
 r

ev
en

u
e 

fr
o

m
 m

o
b

il
e

57



Apps with Ads are Growing

9.6%

18.6%

29.5%

44.6%

54.8%

62.5%

68.9%
73.2% 75.9%

0%

10%

20%

30%

40%

50%

60%

70%

80%

2012 2013 2014 2015 2016 2017 2018 2019 2020

Display ads on mobile growth trajectory

http://www.businessofapps.com/in-app-advertising-ad-revenue-to-generate-53-4bn-by-2020/
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h
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s
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User Experience Matters

0%

10%

20%

30%

40%

50%

60%

70%

Top 7 Reasons Why People Uninstall Apps

Crash

Slow Launch

Intrusive Ads

Bad UI/UX

Annoying Notifications

Forced Social Logins

Complex Registration
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Ads Cause Much Performance Cost

-16%
2.5~2.1 hours

+22% +56% +200%

+Ads



Our task

UsersMobile Ads
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Outline
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Workflow of In-App Ads Exploration
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Correlation Analysis

User 
Reviews

Memory

CPU

Battery

Memory

CPU

Battery

?

?

?Network Network

?

Graded User Concerns Measured Performance Cost

 Pearson Correlation Computation (PCC)

 Spearman’s Rank Correlation (SRC)

𝑛 subject apps
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Evaluation

Summary
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Correlation Analysis Result

Cost Type Memory CPU Network Battery

𝑟-score 𝑝-value 𝑟-score 𝑝-value 𝑟-score 𝑝-value 𝑟-score 𝑝-value

PCC 0.132 0.578 0.166 0.482 -0.281 0.229 0.534 0.015

SRC 0.372 0.105 0.213 0.366 -0.127 0.591 0.679 0.0009
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User-Concerned Ad Issues

67

Insight:
• Choose ad SDKs that can 

recommend relevant ads;
• Avoid pop-up ads;
• Avoid full-screen ads;
• Shorten the compulsory video ads.
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Conclusion of Topic 3

 We provide detailed findings and insights captured from an 

extensive analysis on user feedback.

 We carry out the first empirical study to explore correlations 

between user concerns and performance costs of ads in practice.

 We make publicly available the source code for cost 

measurement and user review analysis.
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User Review

Mining
Issue Distribution

Varying App

Issues

Issue Tracking

Prioritization

Anomaly Detection

In-App Ads Analysis

(AR-Tracker)

Chapter 3

(PAID)

Chapter 4

(IDEA)

Chapter 5

(CrossMiner)

Chapter 6

App Performance

App Platforms

Thesis Contributions

Chapter 7
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Conclusion

 We design various frameworks and algorithms for observing 

issues along with versions, across platforms, and for specific app 

component.

 We conduct large-scale experiments on verifying the 

effectiveness of our frameworks in various applications.

 We develop several tools for developers to use in practice.
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Future Work (1)

 Automatic user review reply.

User Review

Auto Reply

Knowledge Base
73



Future Work (2)

 Review-based code localization.

Raw Logs

Log Parsing Log Sequence Ranking

Raw Reviews
Preprocessing App Issue Detection

Supervised Training

Log Sequence Embedding

Issue Embedding

Log Identifier Code
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