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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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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
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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 = {(xi , yi )}Ni=1, and y ∈ {0, 1}. The objective function is to

minimise negative log likelihood, controlled by the prior information.

J =
∑
i

[ln(1 + e(−(2yi−1)f (xi ))) + ηDKL(π(xi )||σ(f (xi )))︸ ︷︷ ︸
control on prior information

]

where f is linear function, σ is the logistic function. Here π is our ”prior information” quantification,
defined by:

π(x) = p(y = 1|x) =
{
0.9; if r(Sx ) = 1 (true)

0.1; otherwise

▶ Inference:
p(y = 1|x) = σ(f ∗(x)); f ∗ = f + h0

In this case, h0 is the ”prior term” defined as the inverse of logistic function of π(x), that is h0(x) =

σ−1(π(x)) = ln
(

π(x)
1−π(x)

)
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Incorporating Prior Knowledge (Cont’d)

Experimental Result

▶ Initially, when the number of training data is small, the
Logistic Regression gives result the lowest F1 score.

▶ Adding prior knowledge at this stage helps increase the
inference process, although the performance is still below
the rule based model.

▶ As the size of training data grows, the performance of
both two models (model Logistic Regression and Logistic
Regression with Prior Knowledge) increases.

▶ The Logistic Regression with Prior Knowledge however
gives the better performance at any training size over the
Logistic Regression model.

▶ The rule based model shows constant score as this is a
deterministic function.

▶ Once the training data is sufficient, the Logistic Regression
with Prior Knowledge achieves highest score.

▶ We then leverage the trained Logistic Regression with prior
knowledge to be applied into full data so that the index
can further be constructed based on the inferred results.
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Result: Index (NB 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.
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Result: Index (NB PSP2)

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.
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Conclusion and Future Directions
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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