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The interest and satisfaction of customers with a product vary based on how long they use it for. Prior studies
have employed online reviews as a means of enhancing product quality; however, the evolution of customer
perceptions over the product usage period has not been well addressed. Therefore, this paper suggests a method
for tracking changing customer experiences to enhance products. Steps of the method are as follows: 1)
collecting and preprocessing product reviews; 2) identifying product features through topic modeling; 3)
calculating and ranking product features’ Importance and Performance over usage periods; and 4) suggesting
improvement directions through Dynamic Importance-Performance Analysis. A case study on eight types of
smartwatch products is conducted to demonstrate the proposed method. This method can be used as a support
tool for companies to improve product strategies by analyzing customer experience and suggesting specific
product improvement directions over the product usage period.
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Used data Perspective
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Mining customer requirements from online reviews: Kano, Conjoint analysis| O o N N

A product improvement perspective(Qi et al., 2016)

Wisdom of crowds: Conducting
importance-performance analysis(IPA) through online
reviews(Bi et al., 2019)

Latent Dirichlet
Allocation, (@] O (@] O
IOVO-SVM, IPA

Using a Text Mining Approach to Hear Voices of
Customers from Social Media toward the Fast-Food
Restaurant Industry(Chen et al., 2020)

LASSO, Decision Tree @) O @)

Online data-driven concurrent product-process-supply
chain design in the early stage of new product
development(Purnama and Masruroh, 2023)

Latent Dirichlet
Allocation, Association (@] (@]
Rule Mining

Consumer driven product technology function
deployment using social media and patent mining
(Trappey et al., 2018)

Quality Function
Deployment, Latent O @)
Semantic Analysis
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BERTopic, IPA O @) O




254 Hayeon Ku -

AT HYATEL AEL ALk 71700 Het BH O
2 Wsehs 19 BA T BEEES soba) B F B}
A48 N HE 20 AES ALET 7174 ek ReT)
AES FE8) A4aE Fol 448 4458 2 HY $E AT,
ob) A ES Bl ALEa B A e A A B FhH & B Y %
Q) Tk Aol o}, et Thed] 2] Bk A4 E = Al - o] ohje
T20] AEL AT /1S T B BAL AN D, AE
& Aol ek dsiels 2449 A4e) 58S Fote &
8¢ Buk op 2}, A E ALE 7170 e TAHel AL
ANE 5 Tk E, B4 492 A1 s 719 AE
o BTHa 48 RE 03 AMSAL, AE 2250 RE ]
5 Gaa o ol@ Lol drh AAE AL D AN L

l

2
ol
-
N

Mo

it g Lo rlt
%

e fgdor g S AAsjop T ool &
o, & Aol ME AF AT E =AM Tl oF 2

E4 & AWate] 2938 A 95l

_nd
B

A g,

o
4

3. dloje] 2 Q7EA

B A= <Figure 1> 2ol vl dAZ FAHT 1) Al

giel gRdolHE #4 2 dAYsta, 2) BEY RHlF S 3

3 SR olHERE AFe] 545 A E3t) 3) Al F A&7

Zro] 2 A F 54 9] Importance$} Performance A EE A4t

'3}5’- 6Hr)' Z]E%E 1_-145}5}‘:} 4) Zﬂ'ﬁ‘ A1 1B d
3 bl

) n-m
o to
f rlo

e

@ﬂ%lﬂvﬂ%@ﬂw:-%éﬂﬂi%ﬂ
ARSI B oA
s d .

1. Collecting and preprocessing online review data
of a product

- Embedded documents

2. Extracting product features from the review data

- Product features mentioned in reviews
- ¢-TF-IDF of words constituting product features

3. Calculating importance and performance indexes
of product features over time

- Importance and performance of product features

. Identifying changes in customer experience
and suggesting directions for product improvement
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—
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- Ranked importance and performance st
- Dynamic IPA (DIPA)

Figure 1. Overall Process of the Suggested Approach
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‘7 Very Pleased - First time smartwatch buyer

First foray into the Smartwatch world, and very pleased so far. Still learning all the features, but the set up and the basics
were easy. Purchased an alternate watch band for more breathability and more secure hold (original band came undone
while | was sleeping). Love that you can change watch faces. Also, the 47 mm size is perfect for me. Rotating bezel is great.
1 was slow to give up traditional watches, but | can't see going back now. Pricey - but advanced tech is going to cost.

17 Great Smart Watch

© Verified Purchase | Posted 1 month a

This reviewer received promo considerations o

Love the watch, tracking my sleep has really helped my lifestyle and | love how well it works with Samsung Health app.
Tracking food, BMI, and so much more. Know when my stress levels are too much and in need of a breath or a break. Can
even talk on phone and | have used the water lock sevral times and it works great too. Really well built product.

7 Could be better, better designed

(@ Verified Purchase | Posted 5 months ago.[Owned for 9 months wh
This reviewer received promo considerations or swe

en reviewed]
y for writing 2 review

eepstakes entr

I have had the watch for a little less than a year, and my charger for it stopped working, | am in the process of ordering
another one. The watch performs its functions, aside from the sleep function.. Doesn't track data very well with the app. | also
find the screen too blocky, personal preference though.

Figure 2. Example of Product Reviews
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Topic 1

UMAP

Dimensionality
Reduction

| ) SBERT L
Embedding documents

Topic 2
HDBSCAN

Clustering documents

l,|  C-TF-IDF

Topic representation Topic 3

Documents

Topic N

i

Figure 3. BERTopic Framework
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BERTopic> AFY & ¥ 910 2dQl Bidirectional Encoder
Representations from Transformer(BERT)E &3¢+ dud 3
class-based Term Frequency-Inverse Document Frequency
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Manifold Approximation Projection-s AF-8-3ko] S vl & ¥ 9]
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91 Hierarchical Density-Based Spatial Clustering of Applications
with Noise & &85 221 2E <= 1Bt A5 B =
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SRS EEEE RS E REREEEE RN
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x

tf.,: frequency of word z in class
£t frequency of wordx across all classes
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T4 G2 B3t T4 FEY A EA S TP S, i Average sentiment score of word n in Period p
<Figure 5> A|F AHE7]Zbo WE AF EA #o i W, i :¢— TF—=IDF o fword n in Period p and Topict
Performance #t-5 AEsheE Aot 24 AlF AHE7|7HE g

FelolE oA Y AE A 87100 ER & FA3E 2 po _ :
9 9T BAASE AL, 7 old TRIDE A 4 TRRIEA AR Y

£ 133t g4k H %22 Performance 7S £33t} Al B oAoAEs dA 253 14 14 AE, Importance
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Period 4
oA word 6(0 575), word 7(0.371), word 5(0 023),
§ Period 2
%‘ word 4(0.781), word 3(0.530), word 2(0144)
a,
g
Ll
Peuod3 _____ O oLt -
word 1(0.583), word 2(0 382), word 3(0. 150) )
Product usage period
Figure 4. Changes in Keywords of Product Feature # over Time
¢-TE-IDF of Feature # Sentiment score of Words
Word 1 Word 2 Word M Word 1 Word 2 Word M
Period 1 0.115 0.087 0.010 Period 1 0244 0.423 0452
Period 2 0283 0.125 0.002 X Period 2 0295 0.540 0327
Period N 0.154 NaN 0.021 Period N -0.204 NaN 0.102

Performance of Feature #

Period 1 1.1317
Period 2 0.9496
Period N 0.53154

Figure 5. Performance derivation process of product feature #
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£ A7E AF 871700 BE 244R L 2457 99
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EY 52 AARGT £¢, 39 2 552AE 23T B

Manufacturer Product name Release date
Galaxy Watch4 Aluminum Smartwatch 40mm August 2021
Samsung .
Galaxy Watch4 Aluminum Smartwatch 44mm August 2021
Fitbit Versa 2 Health & Fitness Smartwatch August 2019
Sense Advanced Health Smartwatch August 2022
Apple Watch Series 6 40mm Aluminum Case September 2020
Apple Watch Series 6 44mm Aluminum Case September 2020
Apple Apple Watch SE Ist Generation 40mm Aluminum Case September 2020
Apple Watch SE Ist Generation 44mm Aluminum Case September 2020
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4 gk ALE Period 3 : 270 € ©]/d~671 2 H]TH AL Period 4 ;
6702 o] d~1'd m T AR S Z A ST 7 7]t S
) H-d o] Bl = Period 12 10,61570, Period 2+ 9,36270, Period
3-& 3,5847), Period 4= 1,4837) o] T}

B AT e AF E4 ddd EYS E2317] 99
BERTopics AH8-3te] EY RAE& satqitt Ao + 7}
o] &9 ol & &8st 719 EE é}uaﬂ staoH 1 A3,
55708 FAZF ARHANL AZH EY ZhE & 53 19719

PFA S 223 (<Appendix 1> F2). TS 19719 thF
A F ARl 7H A AA QAE 9 QEs Y ERS
A AstaL ZﬂE EAF #E e 1Y EYS AEE9 e
o, o d A F E4 L& <Table 3> 2},

2 oﬂ?oﬂ/ﬁ% A F A7) 7 ] whet jshsheE Al S
ol gk Importance$} Performance S 3-2}317] $l8) 54 EY &
a8 P8 HTh A WA 2 EL] Importance = Xﬂ% AHE-7]

H A E EA EFHE EAY HEE, A ()F H ALt
= ATt Importance”} 55 T AF SA o tha 149
Ao =the AL Yr)aitt 54 EY md g 7&4; L=
9 B 89 ZAY 75 Tl AF AT R AF S
%49 Importance s AH=3F % Th(<Table 4> #X). <Figure 7>
AE AHE71Zb wet WaskE A F 549 Importance S Al
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Table 3. Product Features Selected from BERTopic Topic Modeling Results

Topic Product Feature Top keywords
0 Battery battery, work, phone, life, battery life
1 Health care calorie, health, track, fitness, keep
3 Screen size, bigger, screen, face, bigger screen
5 Waterproof water, waterproof, pool, water proof, proof
6 Color color, gold, size color, size, look
7 Connection stability problem, work, issue, reset, fix
8 Protection protector, screen protector, scratch, screen, case
9 Setup set, setup, instruction, simple, work problem
13 Software app, cool, learn, app app, fun
15 Fall detection fall, fall detection, detection, call, help
17 Hand washing hand, wash, wash hand, timer, fall

Table 4. Changes in the Importance of Product Features Depending on the Product Usage Period

Importance
Product Feature Period 1 Period 2 Period 3 Period 4
Ratio(%) Rank Ratio(%) Rank Ratio(%) Rank Ratio(%) Rank

Battery 91.28641 1 91.74234 1 91.0 1 87.05502 1
Health care 1.771845 2 2.185017 2 3.0 2 3.074434 2
Screen 1.650485 3 1.248581 3 0.857143 5 1.456311 6
Waterproof 0.946602 4 0.851305 5 0.857143 5 2.750809 3
Color 0.825243 6 1.078320 4 1.0 4 1.294498 7
Connection stability| 0.728155 7 0.482406 8 1.357143 3 1.779935 4
Protection 0.631068 8 0.822928 6 0.642857 7 1.618123 5
Setup 0.898058 5 0.709421 7 0.5 8 0.323625 9
Software 0.558252 9 0.397276 9 0.428571 9 0.647249 8
Fall detection 0.485437 10 0.368899 10 0.214286 10 - -
Hand washing 0.218447 11 0.113507 11 0.142857 11 - -
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I} o]t} <Figure 8> HH, Period 1 9l A ‘water’ 2= 7] 9 =9
¢-TF-IDF gt-& 0.268°] %1 2.1}, Period 291 41+ 0.252, Period 3]l
M 0.218, Period 4011 A = 0.268 2 M 3} 3T}, 3] Period 41| A
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Topic 1 - Health care

Topic 3 - Screen

Topic 5 - Waterproof

Topic 6 - Color

Topic 7 - Connection stability
Topic 8 - Protection

Topic 9 - Setup

1.0 - — — Topic 13 - Software
-':/— — Topic 15 - Fall detection
05— F——— / ~= Topic 17 - Hand washing
0.0 - ] T i i
Period 1 Period 2 Period 3 Period 4
Product usage period
Figure 7. Visualization of the Importance of Product Features Depending on the Product Usage Period
c-TF-IDF of product feature “Waterproof”
Word 1 Word 2 Word 3 Word 4
Period 1 water 0268 waterproof 0.225 water proof 0.109 proof 0.107
Period 2 water 0.252 waterproof 0.188 water proof 0.104 proof 0.102
Period 3  waterproof 0.281 water 0.218 activate 0.107 pool 0.105
Period 4 pool 0.302 water 0.268 shower 0.206 water proof 0.140
X
Sentiment score of Words
Word 1 Word 2 Word 3 Word 4
Period 1 water 03787 waterproof 0.4953 water proof 03818 proof 0.2752
Period 2 water 0.3491 waterproof 0.3287 water proof 0.5968 proof 0.5683
Period 3  waterproof 0.4934 water 0.2673 activate 0.4798 pool 0.2596
Period 4 peol 00178 water 0.1077 shower 0.1373 water proof 0.0510

Performance of
product feature ‘Waterproof’

Period 1
Period 2
Period 3
Period 4

1.0934
1.0358
1.1390
0.4276

Figure 8. Performance Derivation Process of Product Feature ‘Waterproof’
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Table 5. Changes in the Performance of Product Features Depending on the Product Usage Period

Performance
Product Feature Period 1 Period 2 Period 3 Period 4
Score Rank Score Rank Score Rank Score Rank

Battery 0.931766 10 0.942193 8 0.85321 7 0.785576
Health care 1.103655 4 1.140390 3 1.05676 5 0.857233 4
Screen 1.130265 3 1.187666 2 1.063612 4 0.977578 3
Waterproof 1.093373 5 1.035788 5 1.139026 3 0.42764 8
Color 1.215910 2 1.319141 1 1.345266 1 1.219896 2
Connection stability| 0.649687 11 0.588321 11 0.386383 11 0.266473 9
Protection 0.952041 9 0.856071 10 0.722769 10 0.716283 6
Setup 0.980556 7 1.029770 7 0.749405 9 0.472473 7
Software 0.952903 8 0.878873 9 0.948695 6 1.655252 1

Fall detection 1.085647 6 1.034806 6 1.209332 2 -

Hand washing 1.508317 1 1.053993 4 0.802407 8 -
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Figure 9. Notable Product Features
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Table 6. Changes in Word Composition of Notable Product Features

Product . .
Topic composition words
Feature

Period 1 water(0.268), waterproof(0.225), water proof(0.109), proof(0.107), pool(0.084), water resistant(0.075),
resistant(0.070), 1lap(0.060), ask(0.040), battery(0.038)

Period 2 water(0.252), waterproof(0.188), water proof(0.104), proof(0.102), pool(0.096), water resistant(0.085),
resistant(0.080), 1ap(0.068), work(0.048), record(0.048)

Waterproof

Period 3 waterproof(0.281), water(0.218), activate(0.107), pool(0.105), except(0.091), durable(0.091), hand

erio
wash(0.074), work(0.072), protector work(0.071), s0s(0.070)

Period 4 po0l1(0.302), water(0.268), shower(0.206), water proof(0.140), proof(0.137), waterproof(0.115), notice(0.076),
problem(0.074), toss(0.066), find issue(0.066)

Period 1 app(0.192), co01(0.112), thing improve(0.088), thing(0.079), learn(0.077), discover(0.070), available(0.065),
software(0.055), improve(0.054), basic(0.053)

Period 2 app(0.159), co01(0.102), fun(0.088), app(0.087), work properly(0.085), lose(0.081), properly(0.072),

erio
challenge(0.069), connection(0.065), find(0.057)

Software

Period 3 iwatche(0.498), stair(0.398), already(0.274), co0l(0.256), offer(0.250), app(0.245), pay(0.230), super(0.226),
learn(0.222), longer(0.215)

Period 4 g0al(0.437), competition(0.366), neat(0.359), along(0.302), mean(0.300), regret(0.293), constantly(0.289),
fun(0.255), favorite(0.242), co0ol(0.222)
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<Appendix 1>

Topic Word 1 Word 2 Word 3 Word 4 Word 5
0 battery work phone life battery life
1 calorie health track fitness keep
2 work give worth thing helpful
3 size bigger screen face bigger screen
4 service knowledgeable helpful customer customer service
5 water waterproof pool water proof proof
6 color gold size color size look
7 problem work issue reset fix
8 protector screen protector scratch screen case
9 set setup instruction simple work problem
10 worth least option premium higher
11 gadget cool cousin highly look
12 accurate device bring enjoy actually
13 app cool learn app app fun
14 look sleek stylish design sleek design
15 fall fall detection detection call help
16 gps run lack build phone gps
17 hand wash wash hand timer fall
18 glue lover fianc elegant everywhere

<Appendix 2>
i Period
Topic Product Feature Rank - - - -
Period 1 Period 2 Period 3 Period 4
Importance 1 1 1 1
0 Battery
Performance 10 8 7 5
I t 2 2 2 2
1 Health care Tportance
Performance 4 3 5 4
Importance 3 3 5 6
3 Screen
Performance 3 2 4 3
Importance 4 5 5 3
5 Waterproof
Performance 5 5 3 8
Importance 6 4 4 7
6 Color
Performance 2 1 1 2
. . Importance 7 8 3 4
7 Connection stability
Performance 11 11 11 9
Importance 8 6 7 5
8 Scratch
Performance 9 10 10 6
Importance 5 7 8 9
9 Setup
Performance 7 9 7
Importance 9 8
13 Software
Performance 8 1
I t 10 10 10 -
15 Fall detection Tportanee
Performance 6 6 2 -
I t 11 11 11 -
17 Hand washing Tportanee
Performance 1 4 8 -
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