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ABSTRACT

Today smart phone is the most common media with a vehicle called ‘application’. In order
to understand how media users select applications and build their repertoire, this study
conducted two-step approach using big data from smart phone log for 4 weeks in November
2019, and finally classified 8 media repertoire groups. Each of the eight media repertoire
groups showed differences in time spent of mobile application category compared to other
groups, and also showed differences between groups in demographic distribution. In addition
to the academic contribution of identifying the mobile application repertoire with large scale
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behavioral data, this study also has significance in proposing a two-step approach that
overcomes ‘outlier issue’ in behavioral data by extracting prototype vectors using SOM
(Sefl-Organized Map) and applying it to k-means clustering for optimization of the
classification. The study is also meaningful in that it categorizes customers using e-commerce
services, identifies customer structure based on behavioral data, and provides practical guides
to e-commerce communities that execute appropriate services or marketing decisions for
each customer group.
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(Table 1) Previous Research on Media Repertoire

. . . Data .
Author Media Analysis Variable Collection Analysis Method
Kees van Rees Newspapers, TV, Factor
and ) Radlo,‘Magazmes, Time spent on media Diary Analysis(CFA),
Koen van Eijck | Books, Computer, and types K-means clusterin
(2003) Video &
TV,
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Mobile phone,MP3
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(2009) types
DMB
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Ferguson and . . top 100 site lists on Survey
Perse (2010) World Wide Web sites whether visited or not in Diary PCA/EFA/CFA)
the past week
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Abstraction level 2
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(Figure 1) 2-step Cluster Analysis Approach
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Data Collection
1

v

Data Preprocessing

Identify numbver of cluster, k
for repertoire groupisinouete nsen
I
v
[ 1ststep IstStep
Analyze media repertoire prototype
using Self-Organized Map

Conduct k-means clustering -
tep

Conduct k-means clustering ‘

[ |
i

Performance Evaluation pasdinces

(Figure 2) Research Procedure

3.2 2HIY =21 H|0JE

2utE E ARG o] 2(log) & 7] E Y]
WA ol 21 HolEE 283 5 I
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A1) dlolE(Sensory Data)¢} A& %E F
do] & (Usage pattern tracking data)® 12
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"global": {
"settingsRevision": 3,
"osVersion": "2.3.4",
"appVersion": "1.2.0",
"deviceManufacturer": "samsung",

"deviceModel":

"telNum": "",

"Nexus S",

"osName": "Android",

"deviceId": "354494040409457" },
"dgp": {

"startTime": "2011\/07\/03 10:21:29",

"endTime": "2011\/07\/03 12:12:32",
"app": {

"installedThisDgp": [],

"uninstalledThisDgp": [],

"session": [

{

"endResult": "appNonForeground",
"endTime": "2011\/07\/03 10:30:43",
"startTime": "2011\/07\/03 10:30:23",
"name": "com.android.phone" },

"endResult": "deviceldle",

"endTime": "2011\/07\/03 10:30:53",
"startTime": "2011\/07\/03 10:30:43",
"name": "com.android.launcher"},

(Figure 3) Example of Mobile Log Data
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(Table 2) Mobile Application Typology

No Category Repreentative Application Count
1 | ART_AND_DESIGN ‘olH] 2 HQE, ‘Aﬂuﬂ‘ﬂk‘@}:fﬂ N5 21
2 | AUTO_AND_VEHICLES ‘W= o A AR B 74
3 |BEAUTY ‘gl ‘sle] R = HE|ERIE T 40
4 |BOOKS & REFERENCE olu)', ‘o224, ‘D AMA, 5 178
5 | BUSINESS AR, AW Uk 420
6 |COMICS ‘oW YE, I IE, T 46
7 | COMMUNICATION I E ‘B Ao 5 3%
8 | DATING ‘WEE widgpex FW 5 74
9 | EDUCATION ‘ool AR FRX Al F2EAI, T 827
10 |ENTERTAINMENT ‘Netflix(U1Z2 ), ‘wavve(dlo|B), & 509
11 |EVENTS HAAGE TNl F, ‘A Wl 5 17
12 |FINANCE B og)glE o] B PASS, T 708
13 |FOOD_AND_DRINK cEE 2 gy A, B 87
14 | GAMES FUAM, & 2169
15 |HEALTH_AND_FITNESS ‘AMNAEetol =~ A, wHEY] 'F 318
16 |HOUSE_AND_HOME o/ LA L S E | ) %%AP 80
17 | LIBRARIES_AND_DEMO EUAEZE(TONYSTREET) 40
18 |LIFESTYLE ‘OKAA W, ‘s)u] £ E’, ‘H.Point’ & 1073
19 |MAPS & NAVIGATION ‘T map, ‘FI71oAE, o} 223
20 | MEDICAL GELSY ) Rl H) ‘365me I H A 69
21 | MUSIC_AND_AUDIO H2FLO, ‘Google Play Music', & 269
22 |NEWS & MAGAZINES ‘F2AA, YIN | 5 120
23 | PARENTING ‘BabyTime: =+, ‘&ole] 24’ 5 gl
24 | PHOTOGRAPHY ‘QuickPic 2= 2], A4 A", & 244
25 | PRODUCTIVITY ‘Microsoft Word', s 423
26 | SHOPPING T C1IHY, ‘SSGCOM 1092
27 SOCIAL ‘Instagram’, ‘Facebook’, 318
28 | SPORTS ‘LIVE~ o], ‘Zxep, ‘a}omkqoi 120
29 | TOOLS AAE, AL, ‘%AM L= Ry 333
30 | TRAVEL_AND_LOCAL ‘Wolw AR, ‘F47roul, X & 275
31 | VIDEO_PLAYERS U+2ntdty, ‘MX Z#olo), ‘g&’ 237
32 | WEATHER A714A), “Windy.com’ 66

3.4 E2{2H = k9| Z2H

x

=
79

7} A& A (reproducibility; EF3A, validity) S
Zy=715 gelslr] sA 12001 2] A A dlo]

B S uHEste] F /9] HlolE Ao R vhe

s

3 dlo]E] Aol 25-¢ 157X 9] 1% Qg =

A AE o] gsto] S AEE 23t k@& F-ol3hiA k-means Z2-& 27 A3

atol T le Zel 2By ATE

0 k-means 2] ~E]go] 27]3kol] o gkt

Qolyyr. o

=
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03 E\Y seed=5390
seed=5191

028 \‘\&\ seed=5734
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seed=4426
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022 seed=8322
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(Figure 4) Silhouette Index According
to the Number of Clusters
k and Seed

3.5 2B & EA
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A Bk wjo] o FE Aol A Al
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ot k-means 2 2B WS AT WA 32
N W R dehbe ko] skl dist
o] 27|24 SRS A A3 e =R
EER] WHE Atk ol& Ay, F oA
(2-dimension)2] SOM 12] =(grid) /ol w3
3 & A3} ol <Figure 5>9F 2o ZREEFY
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(Figure b5) Prototype Vector According
to Self-Organizing Map

$] <Figure 5>2] TZEE}Y WME S5 2] 24}
o o= e 9A #@e 9 ge® Agst
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(Figure 6) Result of K-means Clustering
using Prototype Vector
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(Table 3) Performance Comparision

No | Cluster Anlaysis Method | Rand Index
k-means clustering 50%
2 | SOM + k-means clustering 73%
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AHgE I glom, 71 thgo] ‘Thol ekl o
Za)7lol Mol 9 Wt 18547H8 AHEaL 9
on, Al WAL F9Y FdololE ¥ BT
96A17HE, A4 Aol 2 ] MAl= A
of hEelAoldoR U BT 92417, thAl
A A B Ao U Hit 744
B3 AR epick 39, 54 R #a

T

A8, 58, A4/&F, AEERIVE, &3 of
Fe oA E Bol AHEEE o E FA?ﬂ o] o]
], ZY7 73A3Y, 58A17E 45A1%F, 42/ 70 2
A9 109 E8E Ao <Figure 7> 3H2).

4.2 ZHi OH=Z21A|0[M O|C10] HHES

kel o Fe] Al o)A mt]o] o] g}
o] Y EY FHORE FFEE bl
TAlel Hakr] Sl oA (Two-step) +3
A o] AA ST A9l Qld A~ (Silhouette
Index) HlWE &3 k=84 wf 7} A& o]
ol Ao FY2H e, F vt HHE
2o = ] 7Y AoE FA U 8
Ne] 2uped o FEAlo] A mit]o] HHEe=
<Table 4>¢} 2t}

(Table 4) Mobile Application Media
Repertoires

Cluster | Number of users (n) Size (%)
1 361 33.7
2 100 9.3
3 93 87
4 134 125
5 o7 5.3
6 140 13.1
7 78 73
8 109 10.2
Total 1,072 100.00%

<Table 4>°l|4] H%o], Z2]2~H 1¢] 337%
7P 2 R yERen, F2H
6(13.196) >8] 2~E] 4(125%)>222~F 8(102%)
>EE2F 29.3%)>F 8 2F 387%)>F#H 2~
B 7(7.3%)>28 ¥ 5(563%) TlZ A7E
Zt= gl Sy 2EHE EREATH

4.3 Bk B0 DiCI0f ATEz)
54

131 =nj S ZPAA AN e Ak
e e o A%

Fojavd Zd9E P49 870e] FelaHE
& <Table 5>¢l| A9} o] Hupd o Fe]Ao] 4
Fhe|are] ¥ ARE A7t A Aol & 7R A
o2 FHE s & F Atk 53], ‘A4 4
2112} 8 (Books and reference)’, ‘“?F3HComics)',
‘Z1 Y A 0] A (Communication)’, ‘E ] <1
E(Entertainment)’, ‘&§(Finance)’, ‘&%) (Food
and drink)’, ‘Al (Game)’, ‘77/8-%5 (Health
and fitness)’, ‘2to] Z2~E} (Lifestyle), ‘A =2}
Un)Alo] A (Maps and navigation)’, “&}/<. ﬂ
2 (Music and audio)’, ‘*F (Photography)’, *
H(Shopping), ‘AAw|t]o}(Social), ‘=T
(Tools), ‘18] & A H(Travel and local)’,
594 Zo]o](Video Player) 52| 187] 7}
28] AREAlS ANOVA 75 23 vit]o] ¢l
Eg FY2HEE Fong AolE Hid
(<Table 5>). 187} 7HelaLe] & 53] frola
p <.001 FEoll A Hek 7F Fat AR A
zfol7h = Ao w wrhE Bupd of Zef Ao
A JHE e E ‘A4 2 F a2 EBooks and

‘AR YAl o] A (Communication)’,

o,

Eds

=

reference)’,
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‘ol ¥ 8] 1 ¥ E(Entertainment)’, ‘&-§(Finance)’, Ht]o)(Sodial), &3 Z2lo]o](Video Player)
‘A(Game)', ‘717/2-5 (Health and fitness)’, = 107) Fre| o)k uebs] S8 ~EE 2

‘gho] 22 2~ E} (Lifestyle)', ‘2:*8(Shopping), ‘44 o 25 870 vlve] dleEe] 252 o] 107

(Table 5) Mobile App Category Usage Time According to Each Type of Media Repertoire
(Unit: hours/month)

. . Total Cluster .
Application categories mean| 1 5 3 1 5 6 - 3 Sig*
ART_AND_DESIGN 00| 00 | 00 | 0O | 00 | 00 | 00 | 00 | 00

AUTO_AND_VEHICLES 00| 00 | 00| 00 | 0O | 00 | 01 00 | 00 *
BEAUTY 00| 00 | 00O | 0O | 00 | 04 | 00 | 00 | 00

BOOKS_AND_REFERENCE 73 | 123 | 45 | 51 90 | 49 | 112 | 52 52 | #kx
BUSINESS 11| 11 1.3 1 07 | 06 | 09 09 | 31 0.9
COMICS 09 | 06 | 03 | 33 | 05 | 04 | 07 | 05 11

COMMUNICATION 194 | 218 | 137 | 181 | 142 | 342 | 234 | 183 | 202 | ==
DATING 00 | 00 | O1 00 | 00 | 00 | 00 | 00 | 00

EDUCATION 06 | 03 | 01 03 | 02 | 46 | 02 0.2 0.2

ENTERTAINMENT 42 | 26 | 118 | 17 18 | 23 2.3 74 | 33 | #xx
EVENTS 00| 00 | 00 | 00 | 0O | 00 | 00 | 01 0.0
FINANCE 57 | 49 | 46 | 33 | 41 59 | 41 | 170 | 42 | sxx

FOOD_AND_DRINK 03] 02| 02| 03 ] 02 ] 03 07 | 02 0.3 *
GAMES 74 | 47 | 36 | 296 | 32 | 31 66 | 32 56 | wokx

HEALTH_AND_FITNESS 45 | 34 | 96 11 31 2.3 27 | 32 85 | Hwx
HOUSE_AND_HOME 01 1] 02| 00 | 00 | 01 0.1 0.2 00 | 00
LIBRARIES_AND_DEMO 00 | 00 | 00 | 00 | OO | 0O | 00 | 00 | 00
LIFESTYLE 184 | 189 | 244 | 106 | 303 | 176 | 140 | 183 | 91 | =xx
MAPS_AND_NAVIGATION 14 | 1.0 | 48 1.0 1.1 07 | 09 | 03 | 06 | ==
MEDICAL 00| 00 | 00 | 00 | 0O | 00 | 00 | 00 | 00
MUSIC_AND_AUDIO 08 | 05 | 04 | 05 | 03 | 03 06 | 04 | 27 *
NEWS_AND_MAGAZINES 06 | 02 | 01 0.1 1.7 | 07 | 02 0.1 0.7
PARENTING 01| 00| 00| 00 ] 02 1] 00 7] 00 ] 007 00 *
PHOTOGRAPHY 09 | 09 | 04 | 06 | 06 | 06 | 22 0.6 1.0 | ==
PRODUCTIVITY 1.1 1.0 | 04 | 07 | 07 14 10 | 37 | 07
SHOPPING 41 | 31 28 | 26 | 37 | 43 97 | 30 | 25 | wxx
SOCIAL 91 | 94 | 107 | 50 | 54 | 72 | 71 59 | 208 | sk
SPORTS 04 | 01 00 | 25 | 01 00 | 01 0.2 02
TOOLS 16 | 15 1.0 15 | 26 13 16 11 1.7 *
TRAVEL_AND_LOCAL 06 | 05 | 04 | 04 | 03 | 04 19 | 03 | 05 *

VIDEO_PLAYERS 95 | 106 | 45 | 111 | 161 | 56 | 74 | 75 | 97 | #=x

WEATHER 01| 00| 00| 00 ] 00| 05| 00| 00 ] 00

Total Usage Time(hours/month) | 100.6 | 26,5 | 146.3 | 1374 | 1444 | 1340 | 114.1 | 156.8 | 144.1 | =xx*

"p<.05, p < .01, Tp <.001.



148 A7 22 A26¢ A45

off =] 7 ©]

A
7k e Al

2 g
E
il
i)
M
ol
td
=

Zb wupd vl
ofZel Aol FhelaLE] AHE E/do] aoF
5olA Hito] FelxH el A7 7pE 2
2E 12 ¢ @ Hid 2uE E AL
265072 (3HF o 1A7h 7HE
ARE AIRES HolFa glom S8 7
o] {7} gho] ALY o FE Aol

)

z
ool
[0 X o ro = o

o> T

ofN o

oy
> o
T
£
N
R

A
. T WA A 2 Fea
it AntE Z AL A7 114.1A1 7 g (8}
3 oF 48X|71), o] ZE]2~E 62 AFYA
A &¥ B4 2D Fas g d A
)

ok

o Hu

’

& A|17Fe] 234%, 97%, 112%S AR&3haL
© 20 FE YEdt o] S8 2H9 4%*3
o g e o] HEsr] Beks 37 o]
Fhe|aglel] TatE ARSAE Btk S E
59 Eoloe} gho] LY FhE AL
a] = ﬂ]o]/g /\}&/\]7}01 g 18 AulE
E 3 A F ARSAIZE 14444719) 161%
£ AHA 8, ol ZAEtY 7he aLe] = 30.3%
= = AoR Yt F24H 8& o

O

>~
=

__Lrlo;

A7 14 INTHE AFL8l= 1
07 o] F 208%E AAw|t|o] Fhd| e
ARESEAL Qlom ) Eeay 2 g @ At

< SIEERIMETE 11.8%, A7/ 0] 96%,

5
o
K
kY

o

| 2B o] 244%9] AHE AR

A3k glek, Fel2H 38

O RER:

S HolE IEOR AWE E F ARE A7
1374 A7+e] 206%5 Aldel AHE-skaL glom,
Fe)aH T2 F AR A7) 1568 AIRHel 1A}

o ZE] Al el 742t 17.0%, 3.1%, 3.7%°] Al

i Qe wpA et

iEii & *}% 17J 1340 A7+ & 342%E 7]

FUAel o &Aoo
Aol 4 AHEAE wo

<Table 5>9} o] 4 At
AlRb} wukel o ZejA oA o] g7k A
53 E AR WS AfolE Bl

FTHA o BAste] 7t e HlEM o]
e 548 247t <Table 6>} 2¥o] ‘ARI7o]

Qi

=
A FA AAFE 25 (Communication oriented

(Table 6) Clusters for Media Repertoires

(Unit: hours/month)

Cluster Mobile Application Repertories Cluster Size(%) Time Spent
(hours/month)

1 Communication oriented light users 33.7 265

2 Entertainment/Health oriented heavy users 9.3 146.3

3 Game oriented users 87 1374

4 Video player/Lifestyle users 125 144.4

5 Communication oriented users 53 134.0

6 Reference/Shopping oriented users 131 114.1

7 Finance/Business/Productivity oriented heavy users 73 156.8

8 Social media oriented users 10.2 1441
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light users), ‘NEHAHE/A7 & TIALE-
1% (Entertainment/Health oriented heavy
users), ‘Al 54l 15 (Game oriented users),
TGd 2 gho] el FA 1E(Video play -
er & Lifestyle users), AFUA A F4] 2F
(Communication oriented users), ‘“F 1At 2
23 Z4 15 Reference & Shopping oriented
users), ‘T8/H 2/ 28 TS 1
% (Finance/Business/Productivity
heavy users) @il ‘AAwnt]e] T4 IF

(Social media oreinted users) 2.= A& o

oriented

g AREAF 542 Tl tis) o
at7] S1al me] g Ee 54 e 8719
S| 2E E QAFEAIEA 54 AfolE AHE
AT} <Table 7>ol| A&} 2ol A & A& 4
H]o] th3t Chi-square test 43 F95% p <
05 FEol A Fofu gt Afol& B9

Chi-square test 235 nlgro 2 3 &4
A JAt AFE AT 54 ApolE A E
d, AFUANA T4 A 215 34
(49.3%) 3} o37(50.7%6)¢] HlFo| Akt 400

o] do] A F(682%)0] Wol LEHo] Q&

somy HEHow wulel of g 7oA S & 4 i) CIHEIWE/A7} &8 T}
o] g Ey 8L =&soh £ OFE JAGA0%) 2] HlFo] i =& v}
&, 40th7} B #7] tin] w@o] Exslo] glom
=uld Aol W e Hod ‘ :

432 wupd fgeAeld A =e 4 (290%), ‘A1) FA 15 F(61.3%)0] o4

oy EA4 o y o o
(38.7%) H.t} 2ar 20tH(23.7%) <} 30tH(29.0%)
= A AT ZAQ 2uld uje] ¥y E o HE TS5 TR Fxaa gl FY

(Table 7) Demographic Characteristics of Media Repertoire Groups ldentified
(Unit: hours/month)

. Finance/
Commu-— (el Business/
. ment/ Video |Communi- | Reference/ Social
nication Game . . Produc- .
oriented Health oriented player/ cation Shopping vt media Si
light oriented Hsers Lifestyle | oriented | oriented orient}e]z q oriented =
5 heavy users users users users
users users heavy
users

Gender sksk
Female 49.3% 46.0% 38.7% 49.3% 61.4% 61.4% 37.2% 46.8%

Male 50.7% 54.0% 61.3% 50.7% 38.6% 38.6% 62.8% 53.2%

Age, years o
20~29 14.7% 15.0% 23.7% 17.9% 10.5% 20.7% 14.1% 32.1%
30~39 17.2% 19.0% 29.0% 19.4% 14.0% 13.6% 14.1% 19.3%
40~49 21.9% 29.0% 20.4% 21.6% 24.6% 20.7% 29.5% 19.3%
50~59 255% 22.0% 12.9% 20.1% 24.6% 27.1% 26.9% 20.2%
60~69 20.8% 15.0% 14.0% 20.9% 26.3% 17.9% 154% 9.2%

"p<.05, p < .01, Tp <.001.
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