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A Study on Search Query Topics and Types using Topic Modeling
and Principal Components Analysis

Hyun-Ah Kang® * Heui-Seok Lim'

ABSTRACT

Recent advances in the 4th Industrial Revolution have accelerated the change of the shopping behavior from offline to online. Search
queries show customers' information needs most intensively in online shopping. However, there are not many search query research in
the field of search, and most of the prior research in the field of search query research has been studied on a limited topic and data-based
basis based on researchers' qualitative judgment. To this end, this study defines the type of search query with data-based quantitative
methodology by applying machine learning to search research query field to define the 15 topics of search query by conducting topic
modeling based on search query and clicked document information. Furthermore, we present a new classification system of new search
query types representing searching behavior characteristics by extracting key variables through principal component analysis and analyzing.
The results of this study are expected to contribute to the establishment of effective search services and the development of search systems.
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Table 1. Dataset for Topic Modeling
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Table 2. Parameter setting for Topic Modeling
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Fig. 3. Coherence Score According to the Number of Topics
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Fig. 4. Topic/Dominant Topic Distribution by Search Query
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Table 3. Search Query-topic Matrix

Search fopic T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | T13 | T14 | T15
Query
1}o]7] 0.01 | 0.01 | 0.76 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.13 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
oflojzt 0.01 | 0.01 | 0.18 | 0.01 | 0.18 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.51
EEF 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.89 | 0.01 | 0.01 | 0.01
LEE 0.01 | 0.67 | 0.01 | 0.01 | 0.01 | 0.25 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
EFEAoo|E 0.01 | 0.01 | 0.18 | 0.01 | 0.39 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.31
oR i 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.39 | 0.02 | 0.34 | 0.02 | 0.02 | 0.02
Table 4. Search Query—dominant Topic Matrix
Topic
Search T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | T13 | T14 | T15
Query
Hol7] 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
ofojZt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Eg4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
LEER 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
EFEA0|0]E 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
oR2H 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
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Table 5. Definition of Search Query Topic Type Based on Topic Modeling Results

TOPIC topic_1 topic_2 topic_3 topic_4 topic_5
Topic | & AF/714 HFE/ 1S/ ok ol 7h8/273AE A7 /B E
Definition (Kitchen related | (Computer/Education (;Ha;—hvi’]c;) (Processed/ (Household
Topic Keywor food/appliances) /Childhood) Healthy Food) appliances & necessities)
keyword1l A LEER ol]7] =z o]oj&
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1) PCA & ot ¥ A

PCA A¥Z 913 ¥ A4 271 dlolg 24719 44
A Y7tE Table 63 Zo] 12709 ®E AAst3h 1270
o] ¥ AAAMBIA o] S5 wet Z @Al Fa.5)
A g7rEelor & WMz FAE k. AN 2F dA
wgt 1270 M5S£ 709 2o ® TR 79 1
o AN 2L, AN R, A8 AE TR, 4
YA, BA 299 2A/AFE, AE 7, BdE A
TEE S

A, 7|1, 7P SO Aol ‘BIE/AEF o F4 A WA 152 ‘AN FAZ(Searching activity) o™
g oJstAtt. Topic_129] 8 7|¥=& &2y, ¥4, 42 olo FFote Wy MAT HASIF'E FASIS/AA
A8 7HE FiEo], BRY 522 FAdEo] o] ERER F'2 AdEd. & iR 152 HYZY TEE(Search

Table 6. Features Related to Onsite Searching Behavior

Category Variables Variable Logical Names
Searching activity qc_per_sess Query count per session
Search results satisfaction ctr Click-through rate(ClickCount/QueryCount)
cc_per_prd Click Count per product

Search product satisfaction

buy_try_ratio

Ratio of purchase attempts out of total Query Count

buynow_ratio

Ratio of buy-now purchase attempts out of total purchase attempts

qc_cvr Order_Count/Query Count
clk_pos Average document click position
Click position of document - - —
fst_clk_pos First Clicked document position

Variance/Concentration of
document click

m_clk_ratio

Ratio of most-clicked document Click Count out of total Click Count

avg_prd_clk_ratio

Average click share by document

Price of search product

amt_per_ord

Average payment amount per order

Concentration of ad document

ad_qc_ratio

Ratio of searches that include advertisements among all searches
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Table 7. Importance of PCA Components

PC1 IMC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 | PC11 | PC12
Standard deviation 2.736 | 1.442 | 0.947 | 0.782 | 0.708 | 0.457 | 0.362 | 0.217 | 0.140 | 0.111 | 0.081 | 0.030
Proportion of Variance 0.624 | 0.173 | 0.075 | 0.051 | 0.042 | 0.017 | 0.011 | 0.004 | 0.002 | 0.001 | 0.001 | 0.000
Cumulative Proportion 0.624 | 0.797 | 0.872 | 0.923 | 0.964 | 0.982 | 0.993 | 0.997 | 0.998 | 0.999 | 1.000 | 1.000
results satisfaction) ©]1 g W= AA o|F AMAT}
oA AR dvivd 234 #dd" 298
=0

(CTR, EAZE /A3 & AAstoih Al 9 152
‘HAA AFE = (Search product satisfaction) o] g
Aes AAZToA AES 29 & AE USEE Yl
FET FEFEAEES/unique FEZESP),
A T A EE(GFEA S/ HASS), oA F bt
25} HSEE SE5/FAESS), HAY & )
ALY 719 FE/AA8e) R L5kl |l HA
I59 “BACRS £38995(Click position of document) &=
‘B A YA, A B4 S HMeE 1485
o o A#oA= HA Hojd= o|-8A7) vluE FMZE
I} A ARG AEZ EY5teA, oUW A3EZ WY o
sho] AE2 "Mt ZEst=A 59 AM PeELS
mobeh £ ik oAl WA OF2 BAGR) 29 EAHA
%X (Variance/Concentration of document click) & 3f
Fote HeEs HUEY 24 SYHRE, TAE B3
29 ARl AUtk 9A HA 152 SE7H(Price of
search product) °|H ag W4zE ‘FEG Hd AAZ
A’ o|t}. o]= HMEZ Bt AAA| o]FofXl AL siF
29 B4 BAFAE Uehlle AFoloh mRAE A
T WA 2152 FIAAE IS5 Z(Concentration of ad

il

[¢]

==

4

e

document) 2 g ¥ GG HS(EA T A4A/
AMZlgy ol HAZAT N FA”EE EAGER)S 2A

B3 73 Hay B FugEI) 2927 220 o
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2) PCA &3

PCA 532 SAEA ATE 019l RS prcomp, FactoMineR
7| A& AHESIATE PCA =8 Al M 7F AFZELES /5
o o BALS o] 85H7] W&ol WS scaled] FFS WS 5
o] o]& AASH] fJsto] A4E Al FEAFYD(covariance
matrix) Al AA LY E(correlation matrix)E ARES}
ot PCA 3Z23H= s17| Table 7, Fig. 59 2th.

PCA ZAE 7[Hte g d 7R 9] F4EE AT A
Q7] AAsity. FAHE A9E s PCASl ¥4KStandard
deviation)] IRFk(eigenvalue)o] 1 OJARARE EQlst

entage of explained variances

Perc

Fig. 5. PCA Scree Plot
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A lolE A 62.4%E A¥E 4= 11 PC2E F7I5tH
79.7%E AW 4 Ut} Fig. 55 Faotd FAHEE 49
7Fs #4192 H|Fo] PC2 olF F4 5] AtejA= <}
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3) PCA 23} &4

PC1, PC27} oludt B4 Zk=A] molopr] {sff z+
PC1, PC20l| @& v|A= ¥47F FSIRIA] A E ottt 517]
Table 82 PCA A3} PCO7IA|2] /381 W 7|ojxoltt.

Table 89] 7| A2d #E2 PCY Fa5HA ¥ &
AlQl Wpol WE AEjd RE2 PCo F8351A 29 A
o 9l Weolth PCl AAY AN 245, 2
AA7F FE4E F9] FHIAT} AotA FAEH 9 A
AL HIE Fish] A=g JA 55, 24 A=t
SERE oA YAET AEHoZ PCl A 2 EA4
HA] P E YElE ARoE 54 A& 4 U} PC2
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Table 8. Contribution of PCA Variables by Principal Component

Variables PC1 PC2 IPC3 PC4 PC5 PC6
qc_per_sess 0.284 - 0.040 0.441 - 0.241 0.522 - 0.070
ctr 0.255 0.204 - 0.201 - 0.633 - 0.485 0.291
cc_per_prd - 0.165 0.520 0.324 - 0.132 - 0.246 - 0.681
buy_try_ratio - 0312 - 0.217 0.154 - 0.424 0.150 0.154
buynow_ratio - 0.347 - 0.095 0.113 - 0.254 0.001 - 0.143
qc_cvr - 0.312 -0.282 0.114 - 0.362 - 0.064 0.032
clk_pos 0.354 0.019 0.145 - 0.049 -0.213 - 0.056
fst_clk_pos 0.351 - 0.063 0.158 0.093 - 0.227 0.054
m_clk_ratio - 0.346 0.118 -0.175 0.083 - 0.161 0.116
avg_prd_clk_ratio - 0.313 0.286 - 0.251 0.147 0.056 0.082
amt_per_ord - 0.145 0.483 0.542 0.136 0.019 0.613
ad_qgc_ratio - 0.154 - 0.466 0.420 0.303 - 0.528 0.017

Table 9. Attribute Definition of PC1, PC2

Attribute Definition Details
Search/Document There is a deeply connected with click position in positive way and
PCl browsing activity Variance/Concentration of document click in negative way.
(high-searching The more you click at the bottom of your search results(the more you browse), the
/low-searching) less focused your documents and the percentage you buy-now.
Product Involvement It is deeply connected with cc_per_prd and amt_per_ord in positive way.
PC2 (high-involvement When you click on the same document(product) multiple times in the search results,
/low-involvement) the unit price tends to be high.

E25E AUAATE goAl= ATl ol AE BoEE
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