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FEATURE 
ANALYSIS

App Store Mining and Analysis: MSR for 
App Stores (MSR’12) 



APP STORE: THE TREMENDOUS SUCCESS

130 BILLIONS IOS DOWNLOADS

1.4 BILLIONS ANDROID DEVICES

25 BILLIONS $ REVENUE
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Mark Harman, Yue Jia, Yuanyuan Zhang: App store mining and analysis: MSR for app stores. MSR 2012: 108-111

Extracting features from description of apps







Extracting features from description of apps

A feature to be a property, captured by a set 
of words in the app description and shared 
by a set of apps.

- setup, bank, accounts
- calculate, monthly, expenses
- e-mail, alerts, stock
- create, watch, lists
- financial, business, news

- free,wifi
- wifi, hotspot, near
- download, offline, use
- restaurants, plotted, map
- bus, service

e.g. Travele.g. Finance



Feature Attributes

Features have price, rating and popularity

- by extension (aggregated over apps)

We have evidence that this is also meaningful

… and potentially important to developers

Yuanyuan will present some of this evidence tomorrow
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DATA SET

SNAPSHOT ON THE 
1ST OF SEPTEMBER 2011

19 CATEGORIES FOR  
32108 NON-FREE AND 9984 FREE APPS 

EXTRACTED 1008 FEATURES



PRICE VS RATING CORRELATION
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RATING VS POPULARITY CORRELATION



“ RATING MATTERS 

Our results show that there is a correlation 
between customer rating and the rank of app 
downloads for apps and the features extracted 
from them and for both free and non-free 
apps and features. However, there is very little 
evidence for any correlation between price 
and either rating or popularity. 



MEANINGFUL FEATURES?
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MEANINGFUL FEATURES?

Algorithm Extracted Random Generated 



MEANINGFUL FEATURES?

Algorithm Extracted Random Generated 



MEANINGFUL FEATURES?

Algorithm Extracted Random Generated 



“ There is evidence that the  
bitri-grams of features extracted 
are meaningful to humans. 



FEATURE 
MIGRATION

Feature lifecycles as they spread, migrate, 
remain, and die in app stores  (RE’16) 



Feature Migration

Find Location

List Event 



We can ask
Does Migration follow the money?

Which migratory behaviours involve more 
popular features?

Which categories are more likely to migrate 
features to one other?



Popularity implies migration ?

Points Of Interest List Events Show Contact Detail Email Picture

We can ask



What Developers may Ask
Which categories are more likely to migrate 
features to one other?

Find Location

Travel Apps
Maps & Navigation



Set Theoretic Characterisation 
of App Store Feature Migration

The Theoretical Feature Migration Subsumption Hierarchy



Set Theoretic Characterisation 
of App Store Feature Migration

The Theoretical Feature Migration Subsumption Hierarchy

BirthDeath

Migratory behaviours

Death

Non-migratory
behaviours



App Database

Snapshots
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A feature migrates if it resides in at 
least one new category at the end 

of the time period considered 
(WM)

Weak Migration
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snapshot t0

snapshot t1

C1
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Strong Migration

A feature spreads from at 
least one category to at 

least one new category and 
remains in all categories in 
which it originated (SM).



snapshot t0

snapshot t1

C1

F

C2

Intransitive

C1

C2

An intransitive feature neither 
appears in any new categories nor 

does it disappear from any 
between the start and the end of 
the time period considered (I).



snapshot t0

snapshot t1

C1

F

C2
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A feature disappears from at least 
one category in which it resided 
and does not migrate to any new 

ones (WX). 

Weak Extinction



DATA SET

Week 3 and Week 36 in 2011

1,324 features



OBSERVED NUMBER OF FEATURES FOR EACH MIGRATORY BEHAVIOUR
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OBSERVED NUMBER OF FEATURES FOR EACH MIGRATORY BEHAVIOUR



“ Strongly migratory features are 
cheaper and less popular 

Intransitive features carry the 
highest monetary value; notably 
higher than either those features 
that migrate or those that die out.



APP 
CLUSTERING
Clustering Mobile Apps Based on Mined 

Textual Features  (ESEM’16) 



GOOD APP CATEGORISATION 

Developer

User

App store owners

More exposure to newly emerging apps

Locating desirable features and technical trends

Detecting malicious apps and clones



APPS: HUGE PILES OF UNSORTED PRODUCTS
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APPS: HUGE PILES OF UNSORTED PRODUCTS

App Store App Store

Feature Based



HIERARCHICAL CLUSTERING APPS

Agglomerative Hierarchical Clustering 
Using Cosine Similarity

Plotted using t-SNE. Shape is original category 
colour is assigned cluster 

k = 368



THE SILHOUETTE SCORE

The silhouette of point i indicates how well it was 
classified

d1 = how far i is from its cluster  
d2 = How far it is from closest cluster

C
i3

i

i1
i2

i6
i7

i5
C1 2

Cluster 1

Cluster 2

d1
d2 sil(i) =     

max{d1,d2}
d2 - d1



ONLY TWO DEFAULT CATEGORY BOTH FARE BETTER IN TERMS OF SILHOUETTE 
SCORE

Category                                               Size            Avg. Sil.

Books                                   142 0
Business                                        813 -0.02
Education and Reference  1260 -0.04
Entertainment                   1595 -0.03
Finance                                 588 0.02
Health and Fitness               506 -0.04
Music and Audio                  1025 0.08
Navigation and Travel            953 0
News and Magazines           1474 0.21
Photo and Video                  753 0.03
Productivity                            974 -0.01
Shopping                                        144 -0.01
Social                                  668 -0.02
Sports                                  439 0.05
Utilities                               2832 -0.02
Weather                                 92 0.15

Category                                               Size            Avg. Sil. 
Books and Reference              34 0.002
Business                                        23 0.031
Communication                   65 0.017
Education                               90 -0.005
Entertainment                   164 -0.041
Family                                  79 0.012
Finance                                 20 0.218
Games                                   2002 -0.016
Health and Fitness               84 0.046
Lifestyle                               59 -0.052
Media and Video                  40 0.019
Music and Audio                  98 0.051
News     and Magazines           18 0.108
Personalization                 121 0.008
Photography                             89 0.083
Productivity                            99 -0.012
Shopping                                        42 0.009
Sports                                  213 -0.015
Social                                  56 0.047
Tools                                   144 -0.018
Transport                               33 0.048
Travel and Local                 69 0.002
Weather                                 31 0.223



HIERARCHICAL CLUSTERING IMPROVED SILHOUETTE SCORE

Category                                        Granularity Silhouette
Books                                   76 0.58

Business                                        397 0.33

Education and Reference  706 0.46

Entertainment                   816 0.54

Finance                                 325 0.32

Health and Fitness               248 0.37

Music and Audio                  473 0.57

Navigation and Travel            480 0.34

News and Magazines           662 0.62

Photo and Video                  401 0.36

Productivity                            460 0.26

Shopping                                        83 0.34

Social                                  379 0.31

Sports                                  179 0.49

Utilities                               1974 0.34

Weather                                 67 0.32

Category                                        Granularity Silhouette
Books and Reference              20 0.2
Business                                        17 0.35
Communication                   26 0.17
Education                               58 0.27
Entertainment                   70 0.22
Family                                  46 0.19
Finance                                 11 0.2
Games                                   964 0.21
Health and Fitness               46 0.23
Lifestyle                               32 0.2
Media and Video                  22 0.24
Music and Audio                  57 0.2
News & Magazines           4 0.23
Personalization                 53 0.32
Photography                             53 0.19
Productivity                            58 0.19
Shopping                                        14 0.17
Sports                                  120 0.19
Social                                  28 0.15
Tools                                   66 0.23
Transport                               26 0.37
Travel and Local                 37 0.2
Weather                                 24 0.24



PREDICTIVE 
MODELLING

Mining App Stores: Extracting Technical, 
Business and Customer Rating 

Information for Analysis and Prediction



MOTIVATION

Source: analytical firm Adeven, 2012

In 2012 more than 60% of the apps in the App 
Store have never been downloaded, even once



MOTIVATION

developers marketing experts



CASE BASED PREDICTION

¨ AI approach where knowledge of similar past cases is 
used to solve new cases
¤ Compare new problem to each case
¤ Select most similar

apps available in the store
characterized in terms of a 
set of features

new app characterized 
by n features

similarity of the 
features’ vector
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PREDICT PRICE  (VS RANDOM GUESSING)

CBR significantly better than RG with high effect size



PREDICT PRICE (VS MEDIAN PRICE)

CBR (worst, mean and best k) achieved the lowest MAR values on all the categories 



FEATURE ANALYSIS

App Stores Features

Migration

Clustering

Predication



“This is not software engineering …

- The third reviewer

Apps, … just GUI interface…
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