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Background

» More banking and payment activities are currently being conducted into mobile application platform than
the traditional ones, legally provided by the authorised entities either bank or non-bank institutions.

» In Indonesia for example,

> By the end of 2021, there have been at least 41 non-bank payment service providers (PSPs) who
take a part in such banking and payment services.

» The growing amount of non-bank PSP customers has found to be increasing recently, moreover
since the pandemic of COVID-19.

» Have infiltrated on nearly the whole of about 270 million people of the Indonesian population —
play significant role in promoting and accelerating the economic growth.

> Need to be supervised and monitored by the policy maker (i.e. Bank Indonesia) to anticipate any
systemic risk.

» Measuring and monitoring the quality of non-bank payment service apps is difficult — but possible by
considering user’s review. Survey is costly, solution: apps review (i.e. in Google Play Store, Apps Store)
as a proxy.

> Related works on mobile apps user’s review analysis, e.g. Vu et al 2015 (mobile apps), Leem & Eum 2021
(m-banking).

> Some remaining issues (including but not limited to): non-formal text, limited training data, imbalanced
training data, further utilisation for monitoring.
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Normalised Text (cleaned text)

aplikasi yang bagus tampilannya
menarik
(in English: nice application, yet
interesting user interface)

menarik..

Security: Represents the security of mobile apps. some issue related to the problem on
security aspects including log in/log out, registration, security of e-money.

Feature: Represents the variability and functionality of the feature offered by non-bank PSP’s
Design: Represents how well the design related to the intuitiveness and user experiences.
Cust. Services: Rep

services.

how reliable, and ef of the customer
Technology: Represents how advanced the technology the non-bank PSP’s is, and represent
how well the application is from the technological issues.
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[e.g.: Bach et al, 2020, Leem & Eum 2021 |
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Annotated Data and Model Evaluation

Annotated Data and Model Evaluation

Annotated data are relatively imbalanced — utilise SMOTE (Chawla et al, 2002) during learning process.
Some experimented models — rule based model, SVM (with RBF Kernel), Decision Tree (Gini Splitting Criteria),
and Logistic Regression.

Annotated Data Model Evaluation
Annotated Dataset Table 1 Performance matrix of models from data (F1 in %) Table 4
Positi Not i
Negative o= o "0 Total Security Feature Design  Customer . 1 holo
Related Aspect  Service %
Aspect  Aspect Aspect
Security Aspect 449 821 1270 Aspect
Feature Aspect 420 850 1270 Rule Based’ 56,49 56,14 5543 53,78 55,85
Design Aspect 306 964 1270 SVM 76,14 7467 66,67 66,55 65,77
Customer Service Aspect 390 880 1270 Decision Tree 72,00 61,90 63,37 59,36 63,69
Technology Aspect 427 843 1270 Logistic 7817 7480 6932 79,07 65,61
Regression
1 Annotation is performed by 3 annotators. 'Rule based: r(S) = 3(kWeaspect) in 5 A3 (KWoegative sentiment) 10 S
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Incorporating Prior Knowledge
We adopt the methodology incorporating prior knowledge described by Schapire et al, 2002.
> Prior Knowledge: r(Sx) (essentially the result of rule based model)

» Learning: Given the training dataset D = {(x,-7y,-)},{\’:1, and y € {0,1}. The objective function is to
minimise negative log likelihood, controlled by the prior information.

J= Z[ln(l + el @m0y 4y Dy (7 () o (F(xi)))]

control on prior information

where f is linear function, o is the logistic function. Here 7 is our
defined by:

"prior information” quantification,

0.9; if r(Sx) =1 (true)
0.1; otherwise

w(x) = ply = 1|x) = {

> Inference:
Ply = 1)x) = a(F*(x)); F* = £ + ho
In this case, hg is the "prior term” defined as the inverse of logistic function of m(x), that is ho(x) =

o H(m(x) = In (£%5)
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Incorporating Prior Knowledge (Cont'd)

Performance on Logistic Regression with Prior Table 5
Knowledge (F1in %)

Experimental Result

#of Training ~ Logistic Prior Knowledge Logistic Regression

Data Regression (Rule Based Model) with Prior Knowledge
P Initially, when the number of training data is small, the Security Aspect 100 54,11 56,49 55,00
Logistic Regression gives result the lowest F1 score. 200 66,67 56,49 67,86
. . . . 500 72,64 56,49 75,20
> Addlng prior knowledge at this stage helps increase the 200 75.76 56.49 78,82
inference process, although the performance is still below 1016 7817 56,49 81,36
the rule based model. Feature Aspect 100 50,39 56,14 57,65
X . 200 51,81 56,14 74,90
P As the size of training data grows, the performance of 500 62,50 56,14 77,67
both two models (model Logistic Regression and Logistic 800 64,15 56,14 77,87
Regression with Prior Knowledge) increases. 1016 74.80 56,14 78,39
i . . . Design Aspect 100 45,24 5543 52,38
P The Logistic Regression with Prior Knowledge however 200 60,32 55,43 64,43
gives the better performance at any training size over the 500 63,25 5543 67,95
Logistic Regression model. 800 6345 5543 69.39
1016 69,32 55,43 73,52
P> The rule based model shows constant score as this is a Customer Service 100 45,27 53,78 54,86
deterministic function. Aspect 200 54,58 53,78 74,58
o . . o . 500 68,00 53,78 74,58
P Once the training data is sufficient, the Logistic Regression 800 74,16 5378 77,46
with Prior Knowledge achieves highest score. 1016 79,07 53,78 82,78
. I . . . Technology 100 40,00 55,85 47,50
P We then leverage the trained Logistic Regression with prior Aspect 200 55,81 55,85 65,21
knowledge to be applied into full data so that the index 500 63.64 55,85 70,61
can further be constructed based on the inferred results. 800 65,16 5585 75,30

1016 65,61 55,85

77,90
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Result: Index (ns_psp1)

In March and April 2019, the NB_PSP1 showed the increasing index on Security aspect, Feature aspect, as well as Customer Service aspect. In the
period of July 2020 when the pandemic of COVID-19 had started to hit the country, the complaint and negative sentiments were about the Security,
Feature and Customer Service aspect.The Technology and Design aspects, however, showed only once dramatic increasing curve in July 2019 and
declined afterwards — it was identified that some improvement happened.

Security Aspect Feature Aspect Design Aspect
login, code, blocked, verification, otp, pin, scamming, balance, shopping, payment, money, feature, userinterface, clck, screen, page, screen, simple,
35| money stolen, password, - 03 transaction, menu, ransfer, | Nug _psp: 025 | icon, scrol Nng_pse1
03 i . 025 02
0.25 . ) H 02 (| i H 1 H
3 02 H 5., H i 1 H
3 H 2015 3 H 3
Zo1s £ H z £ o1 4
01 ES o1 ES H
0,05 0,05 0,05
) 0 0 0 0 0
§53§5335532§8 §5355328832§ £33555385533
2019 2020 2021 2019 2020 2021 2019 2020 2021
Customer Service Aspect Technology Aspect
010 |5 compan customersee, cal repor,response | 09
e 1 os Nug osp2
012 :
o1 M " 0,7 “
g H 06 ¥ H 1
3 0,08 K] x 3 Z -
2 $ | foa g idx. . = S f (xoid)=1 log N.
£ 0,06 & £04 £ 10Xp,¢ = N x log N ¢
0,04 ES g'z ES ot
0,02 0:1
0 0 0 o
£ 53855385538 £ 53855385538
2336832883233 8326232628338
2019 2020 2021 2019 2020 2021 NHP, et al/NBPSP/8/10
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During the period of 2019 until 2021 the number of overall reviews showed relatively no significant increase, except in September 2020. The index,
however, started to increase at the time the pandemic of COVID-19 hit the country. It is identified that the app’s demand was highly increasing, and
some possible troubles or unsatisfactory things were reported by user more than before. The most complained aspect was Technology aspect, 2020-Q2,

2021-Q1.
Security Aspect Feature Aspect Design Aspect
N
0,5 | block, login, pin, code, 0,6 | balance, transfer, money, Nng_psp2 N8_Psp2
0,45 | otp, verification, Nig_psp2 transaction, payment,
0,4 | debited, logout, 05 | menu, account, send,
o5e | scamming, sectrity . feature, payment, . .
LY H _ 04 | withdraw, premium § H
K] H 203 H H
2 £ H £ £
S 02 £ E
01 0,05
0
0 0 0 0
S533§355353535533§83 §533§53553535835553§83
5858333535338 33833¢8 233382833382 233°82
2019 2020 2021 2019 2020 2021
Customer Service Aspect Technology Aspect
04 [ customer servie, Nug ps2 07 [orarede N ose2
complain, response, fied N
035 lkenter contar, | 06 fnps‘;;,‘f‘dj;‘;n{g; =
03 | slow response error, system, sk
% 0,5 , system, slow, 1
g *® | server, bug, sms, g =
L 0% H 504 H id _ z f(x0i6)=1 log N.
£ o2 s | 2 10Xot = = X108 Vot
T o015 z =03 o,t
H
01 02
0,05 0,1
0 0 0 0
§533§5§3§357383558383 §5333355353§835523%83
£283352852332888232 225828235852 823°382 NHP, et al/NBPSP/9/10
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Conclusion

1. We conducted some experiments on the inference models: deterministic model (rule based), model-from-
data (machine learning), and model-from-data incorporating prior knowledge. Prior knowledge can help to
improve the inference process when the number of training data is limited.

2. Having demonstrating it onto 5 aspects, we suggest that this approach can be used to infer the user’s
sentiment of mobile non-bank payment apps by some aspects in a big data quickly.

3. We also propose an index that is based on the inferred sentiment and the number of reviews. The series
constructed by the index calculation represents the recent condition because the reviews can be scrapped
at any time from the application’s store.

4. By automatically analyse the sentiment and monitoring the series periodically we can suggest that this
approach can be used in order to timely monitor the nonbank-PSP performance, e.g. as a leading
indicator so that any further systemic risk can be anticipated in advance.

Future Directions
1. Advancement on Text Normalisation Methods.
2. Enrich more various user’s expression.
3. Add more Human Languages.
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