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Abstract

As the e-commerce market continues to expand
and online transactions proliferate, customer re-
views have emerged as a critical element in
shaping the purchasing decisions of prospec-
tive buyers. Previous studies have endeavored
to identify key aspects of customer reviews
through the development of sentiment analysis
models and topic models. However, extracting
specific dissatisfaction factors remains a chal-
lenging task. In this study, we delineate the pain
point detection problem and propose Painsight,
an unsupervised framework for automatically
extracting distinct dissatisfaction factors from
customer reviews without relying on ground
truth labels. Painsight employs pre-trained lan-
guage models to construct sentiment analysis
and topic models, leveraging attribution scores
derived from model gradients to extract dis-
satisfaction factors. Upon application of the
proposed methodology to customer review data
spanning five product categories, we success-
fully identified and categorized dissatisfaction
factors within each group, as well as isolated
factors for each type. Notably, Painsight outper-
formed benchmark methods, achieving substan-
tial performance enhancements and exceptional
results in human evaluations.

1 Introduction

The thriving e-commerce market has rendered on-
line customer reviews an indispensable factor in
influencing the purchasing decisions of potential
consumers (Zhu and Zhang, 2010; Kwahk and Kim,
2017; Dellarocas et al., 2007). These reviews of-
fer invaluable insights for businesses, empowering
them to refine their products and services (Aliba-
sic and Popovic, 2021). The analysis of copious
customer reviews to comprehend customer needs
and pain points is of paramount importance for aug-
menting service quality and heightening customer
satisfaction (Plotkina and Munzel, 2016; Eslami
and Ghasemaghaei, 2018; Wu and Chang, 2020;

Berger et al., 2020). Pain points pertain to spe-
cific difficulties or problems encountered by cus-
tomers while utilizing a product or service (Lee,
2014). These encompass emotional challenges aris-
ing from psychological demands and the incon-
gruities between customers’ actual perceptions and
their expectations of products and services. Identi-
fying and addressing pain points serves as a crucial
initial step in enhancing the quality of products and
services (East et al., 2008; Ho-Dac et al., 2013;
Geetha et al., 2017).

The increasing importance of customer reviews
has spurred a wealth of research into comprehend-
ing their effects through the application of nat-
ural language processing methodologies, encom-
passing opinion mining, sentiment analysis, topic
modeling, and keyword extraction (Eslami and
Ghasemaghaei, 2018; Heng et al., 2018; De Geyndt
et al., 2022). Nonetheless, the identification of spe-
cific attributes, such as pain points in customer re-
view data, necessitates annotation tailored to each
product and service. Owing to this constraint, prior
studies have predominantly concentrated on devis-
ing methods for extracting keywords, a notion more
expansive than pain points. Wang et al. (2018) ex-
tracted attributes from product specifications, while
Klein et al. (2022) employed a BERT-based BIO
tagging (Ramshaw and Marcus, 1995) model to
extract aspect and opinion terms. More recently,
researchers have shifted their focus toward aspect-
based sentiment analysis (Bu et al., 2021), striv-
ing to analyze customers’ opinions at the granu-
lar aspect level, as opposed to mere classification
into being positive or negative (Zhang et al., 2022).
Moreover, Wu and Chang (2020) utilized Latent
Dirichlet Allocation (LDA) to differentiate review
types and explore topic-related negative emotions.

Existing research has mainly focused on extract-
ing keywords and aspect terms from reviews or
simply analyzing review types; nonetheless, such
methodologies exhibit limitations. Firstly, pain
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points are not only more specific but also con-
tingent upon the product or service in question,
in contrast to keywords or aspect terms. This is
because customers may articulate disparate pain
points utilizing identical keywords. Consequently,
a comprehensive definition of pain points must be
established prior to their detection (Forman et al.,
2008; De Bonte and Fletcher, 2014; Wang et al.,
2016). Secondly, even when equipped with a def-
inition for pain points, the unique nature of pain
points across products and services necessitates the
ongoing annotation of new products, an endeavor
that is both labor-intensive and costly (Saura et al.,
2021). To overcome these limitations, an automated
framework for the definition, extraction, and analy-
sis of pain points from customer reviews is requi-
site, which is applicable to any product or service.
In this study, we propose Painsight, an extendable
opinion-mining framework for pain point detec-
tion, composed of a series of modules. Painsight
implements a pipeline that conducts sentiment anal-
ysis and topic modeling using pre-trained language
models, subsequently extracting pain points based
on gradient-based attribution. When applied to cus-
tomer reviews encompassing five categories of
home appliances, Painsight effectively classified
pain points emerging in diverse product groups.
The extracted pain points exhibited substantial en-
hancements in performance, both quantitatively
and qualitatively, in comparison to the results pro-
cured by the baseline model. The main contribu-
tions of this study can be summarized as follows:

* We propose Painsight, an automated and scal-
able opinion-mining framework explicitly tai-
lored for pain point analysis.

* Painsight encompasses a comprehensive
pipeline that executes sentiment analysis,
topic modeling, and task-specific gradient-
based attribution, drawing on a pre-trained
language model.

* Painsight demonstrates both quantitatively
and qualitatively exceptional performance in
the accurate identification of pain points con-
cerning sentiment and topic across different
product groups.

2 Problem Statement

We aim to detect pain points in user-generated con-
tent (UGC), such as customer reviews, to identify
customer discomforts and challenges (Cheng et al.,

2021). However, the absence of standardized cri-
teria for determining what constitutes pain points,
contingent on the target product or service, poses
a challenge because pain points exhibit variation
in scale (Humphreys and Wang, 2018). As a result,
the precise definition of pain points pertinent to the
target product or service is crucial.

2.1 Definition of Pain Point

Pain points arise from emotions customers expe-
rience while utilizing products and services, typi-
cally characterized by keywords reflecting negative
opinions. However, not all negative keywords con-
stitute pain points; rather, they signify complaints
addressable through functional or procedural en-
hancements (Homburg and Fiirst, 2007; Rawson
et al., 2013). For instance, while "I tried vacuum A,
and it’s not good" conveys dissatisfaction without
actionable insight, "I used vacuum B, and the bat-
tery drains too fast" distinctly identifies "battery"
as an area for potential improvement. The scope
of pain points can be determined based on their
prevalence among users, with a focus on address-
ing common concerns to develop product and ser-
vice improvement strategies, while simultaneously
uncovering infrequent, personalized demands for
diversification. In this study, we concentrate on de-
tecting pain points affecting the majority of users,
with the prospect of future methodology advance-
ments catering to minority-specific pain points.

2.2 Task Formulation

We first formulate pain point detection, a novel
task proposed in this study. Given n customer re-
view texts x = (X1, X2, ..., Xy), the model aims
to identify & pain points py, ..., py within a spe-
cific product group review dataset X (x € X). The
set of pain points in X’ is denoted as P(X), with
each pain point py € P(X) comprising contiguous
tokens x;, ..., x;ys that form part of review text
x. In real-world settings, ground truth pain points
for each product group are not predefined. Conse-
quently, extracting suitable pain point candidates
from review data and selecting product-specific
pain points is essential. However, executing pain
point extraction in a fully unsupervised manner
presents significant challenges. Therefore, we as-
sume the existence of relevant tasks with strong
dependencies on pain point detection, with super-
vision y provided for learning these tasks on the
dataset. These relevant tasks serve as weak super-
vision, approximating pain point detection by mod-
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Figure 1: Architecture of Painsight. Painsight receives customer reviews as input and constructs a sentiment-aware
and topic-aware pain point model. The trained models are analyzed by a gradient-based attribution method to
calculate the importance of each word in the input sentence, where darker tokens indicate a greater contribution to
the prediction. The final pain points are detected through a series of post-processing steps based on high attribution

SCOores.

eling contexts of product-specific review and in-
corporating valuable knowledge. Given that each
review is grounded in customer perception, words
with substantial influence on relevant task predic-
tions can be understood as pain points of actual
customers.

In this study, we utilized sentiment analysis and
iterative topic modification (ITM) based on topic
modeling as relevant tasks for pain point detec-
tion. Moreover, we aimed to extract keyword-based
pain points using token attribution scores derived
from these tasks. In both tasks, token attribution
scores are computed through the following proce-
dure. Given review x and its corresponding em-
bedding sequence e = (el, es,... ,e|x|), we de-
fine the relevant task classifier f*%5%, which takes
the embedding sequence as input. The input gra-
dient of each token can be used to evaluate the
influence of the token for the target task, repre-
sented as a normalized gradient attribution vector
a = (a1,az,...,a)x)). As described by Wang et al.
(2020), the attribution at position ¢ can be expressed
as:

‘sz‘cxl’
U = = (D
Zj |ij£'xj}

where £ denotes the loss generated by classifier
ftask and a; is calculated through the dot product
between the gradient of £ and the embedding e;.
Gradient-based attribution a (Sundararajan et al.,
2017; Ross et al., 2017) represents each token’s
influence on the final prediction and can thus ap-
proximate word importance (Feng et al., 2018).

3 Painsight

The primary objective of the proposed framework
is to model the entire process of automatically de-
tecting pain points in real-world scenarios. Specifi-
cally, this study aims to address the following two
practical research questions:

* QI1: How do customers perceive products in
general?

* Q2: What types of discomfort do customers
experience?

Considering the significance of both perspectives
from prior works, a framework capable of gener-
ating accurate and diverse output, covering a wide
range of distinct pain points, is necessary. The ar-
chitecture of Painsight, depicted in Figure 1, fea-
tures a parallel structure to incorporate these two
research questions.

3.1 Pre-processing & Filtering

We constructed a dataset by collecting various cus-
tomer reviews from the web. As real-world cus-
tomer reviews contain diverse noise, such as gram-
matical errors and outliers (i.e., irrelevant reviews),
we applied three pre-processing steps for data re-
finement: i) spacing correction, ii) keyword dictio-
nary construction, and iii) data filtering. Review
data often consists of colloquial styles and may
contain grammatical and spacing errors. We first
utilized a pre-trained spacing model' to correct
spacing errors and employed regular expressions
to fix common typos. Furthermore, as mentioned
in Section 2.1, filtering out sentences without pain

'"We employed a character-level convolution neural
network-based spacing model.
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Figure 2: Pipeline of topic-aware pain point. Review data undergoes topic modeling and merging to obtain initial
topics. Then, a classifier f/™ is trained for T iterations. At each time step, recall is calculated based on predicted
probabilities. Topic classes are updated when the confidence of class at time t—1 exceeds the threshold at time ¢.

points is essential. To achieve this, we constructed a
stopwords list and a keyword dictionary to filter out
sentences expressing sentiments irrelevant to pain
point extraction. We considered words frequently
appearing in negative reviews and not included in
the stopwords list as important keywords. Addition-
ally, we filtered out duplicate reviews or those with
fewer than ten tokens.

3.2 Sentiment-Aware Pain Point

The Sentiment-Aware pain point approach focuses
on negative emotions to address the question of
""How do customers perceive products in gen-
eral?'"'. To achieve this goal, we conducted senti-
ment analysis on customer reviews using a clas-
sifier denoted as f*¢**. The sentiment label y
is defined as y € {positive, negative}, and g
represents the predicted class, expressed as § =
argmax; f5"(§ | x). Reviews predicted as ‘neg-
ative’ by the trained f*¢" were considered likely
to contain pain points.

3.3 Topic-Aware Pain Point

The Topic-Aware pain point approach focuses on
identifying specific types of discomfort that cus-
tomers experience, addressing the question '"What
types of pain points do customers encounter?'.
We began by analyzing negative reviews to identify
various types of complaints. To detect pain points
by topic, we further refined sentences in outlier
topics to properly segment them. The Topic-Aware
pain point approach consists of three stages: i) topic
modeling, ii) topic merging, and iii) I'TM, as illus-
trated in Figure 2.

Topic modeling The construction of Topic-
Aware pain points necessitates establishing ground

truth for each product group, which includes the
number of topics and review-topic matching infor-
mation. However, such labels are typically absent in
customer reviews available on the web. Even when
predefined pain points exist, detecting new pain
points from real-time collected review data remains
challenging. To address this issue, we first em-
ployed topic modeling to determine the initial topic
class. Specifically, we utilized BERTopic (Grooten-
dorst, 2022) to identify significant clustered topics.
However, we observed that over 50% of the data
were classified as outliers, defined in this study as
reviews devoid of any distinct topic, with more
than 100 topics extracted. Misclassified topic mod-
eling results can impede interpretability and pro-
vide users with incorrect pain points. To tackle this
problem, we merged topics to relabel misclassified
ones and performed I'TM to accurately distinguish
outlier reviews with low relevance to pain points.
Topic merging In the above paragraph, we ad-
dressed the issue of reviews with similar topics be-
ing assigned to different clusters in the BERTopic
output. To resolve this challenge, we propose a
procedure for selecting representative words for
each topic and determining which topics should be
merged. Initially, we extracted nouns with the high-
est c-TF-IDF scores for each topic and designated
them as representative words. Words with scores at
least s were considered keywords for the product
group.? Subsequently, we searched for topics con-
taining these keywords and merged them into a sin-
gle topic. Following the topic merging process, we
observed that semantically similar topics were com-
bined, resulting in roughly 20 to 30 merged topics.

2We set the hyperparameter s to 0.1 based on experimental
results.
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We also adjusted minor topic classes, which con-
sisted of 5 to 10 reviews. However, the described
topic merging approach primarily focuses on lexi-
cal matching assigned to the topics. Therefore, in-
corporating additional improvements that consider
semantic aspects is crucial for refining the results.

Iterative topic modification Despite the improve-
ments in topic modeling results through merging,
over 50% of reviews still remain outliers. To ad-
dress this problem, it is essential to assign initial
topics that may be misclassified and to distinguish
between reviews containing pain points and outlier
reviews in the data. Consequently, we propose an
ITM algorithm to enhance topic modeling results
by updating the predicted topic with a confidence
threshold above a certain level if it differs from the
existing topic class during the training process. Our
ITM algorithm is inspired by curriculum pseudo
labeling (CPL) (Zhang et al., 2021), a method de-
signed for semi-supervised learning that flexibly
adjusts the threshold based on the learning diffi-
culty for each class. Similar to CPL, the ITM al-
gorithm adjusts the number of updated data points
by varying the threshold according to the classifi-
cation difficulty for each topic during the training
process. As a result, this approach enables the mod-
ification of misclassified topic classes and induces
additional topic merging.

Let the classifier for ITM be denoted as f}™,
where t represents the current time-step of the clas-
sifier, and f}"™ (y; | x) represents the prediction
probability of y;. y; is the topic class at time ¢
for review x and belongs to the topic set C =
topicy, topicy, . . ., topicyr. We used the merged
topic output assigned to each review as the initial
topic yo. 7 denotes a pre-defined threshold?, and
the threshold, 7 (y;), for label modification based

on f}*™ can be defined as:

T () =R(ye) - 7. (2

T (y4) is a flexible threshold for topic class yt at
time-step ¢, and R (y) is a relative recall value rep-
resenting topic class difficulty. In CPL, accuracy is
used as a measure of difficulty; however, accuracy
can lead to biased estimates due to class imbalance
in our topic modeling. As an alternative, we utilize
recall, a sensitivity measure, to define the difficulty
of the topic class. High recall indicates an easy
class with high 7 (y), while low recall implies a

37 is a hyperparameter set experimentally within the search
space [0.4, 0.5, 0.6, 0.7].

difficult class with low 7 (y). Class difficulty is
defined as:

recall(y;)

maxy,cc(recall(y;))

R(y:) = (3)

We train f{*™ to maximize log-likelihood based on
the topic at ¢ — 1 and calculate the difficulty of each
class T (y;) at every time-step*. If the predicted
probability f/'™ (v, | x) is greater than T (y;), we
modify the topic to y;. y; is defined as:

_ Yt
o { Yt—1,

Upon initializing the training with initial topics,
we terminated the process when topics no longer
merged or reached a satisfactory state’. We then
considered the final prediction of ITM as the topic
for each review.

if f7 (ye | %) > T (y1),
otherwise.

“)

3.4 Gradient-based Attribution

In this study, we aim to extract word importance re-
lated to pain points from two interdependent tasks:
sentiment analysis and topic modeling. We em-
ployed gradient-based attribution, using token at-
tribution scores for each task’s prediction. Normal-
ized attribution vectors a$¢"* and a/'™ for individ-
ual tokens are derived from trained classifiers ¢
and £, as shown in Eq. (1):

|vxi £sent * X |

a; " = , 5)
Zj ‘vxj Lsent - Xj{
i vx£ opic * &4
’th _ | 7 t Y X | (6)

‘ Zj ‘vxj- ['topic . Xj| ‘
We computed af™ for ‘negative’ reviews and a’™
for reviews in M —1 topics, excluding outlier topics.
We then selected the top-g af*™ and ai'™ with the
highest attribution vectors and extracted words with
index 7. These words form the pain point candidate
set C(X'). The pain point set P(X’) is a subset of
C(X). We employed Captum (Kokhlikyan et al.,
2020)’s integrated gradient method for axiomatic
attribution calculation.

3.5 Post-Processing

The derived C(X'), when used as the final result for

pain points, has certain limitations. Since a*"* and

a'™ are token attribution scores contributing to
*In this study, we set each epoch as a time-step.

*Meaning two out of three evaluation metrics no longer
show improvement.

219



When using the dryer frequently,

the fabric of the duvets is a bit damaged.
NP_SBJ AP VP

(a) Captum (top 3 attribution score)

When usihg the drygr frequently,
VP NP_OBJ

the fabric of the duvets is a bit damaged.
NP_SBJ NP_SBJ VP

(b) Dependency Parsing

Figure 3: Example of post-process. (a) represents the top
three words with high attribution scores, where darker
colors indicate a greater contribution to the prediction.
(b) shows the result of dependency parsing, based on
the part-of-speech information obtained in (a), to extract
pain point candidates. The words highlighted in red
belong to C(X).

each class prediction, they tend to focus on words
describing "states," such as verbs and adjectives
like "not good" and "bad." To include both the sub-
ject and object related to the predicate’s action, ad-
ditional post-processing is necessary. We addressed
this issue by refining the results using a dependency
parsing model (Heo et al., 2021), a method that cap-
tures relationships between words in a sentence.

First, we sorted the top g tokens with the high-
est attribution scores from f;,. and extracted the
corresponding words w;. Then, we analyzed word
relationships within sentences using dependency
parsing. If w; belongs to a noun phrase (NP), we
define it as C(X)’; if it belongs to a verb phrase
(VP), we add the related NP to C(X)'. If the re-
lated word is a VP, we search for an NP to sup-
plement C(X)". We calculate word frequencies in
the stopword-filtered C(X')" and define the top N
words as the pain points P(X) for each product
group®. Examples of post-processing can be found
in Figure 3.

4 [Experiment setup

4.1 Dataset

We utilized Korean customer reviews on five home
appliance categories gathered from various web
sources between January 2020 and November 2021.
The target categories included dryers, stylers, wash-
ing machines, vacuum cleaners, and robotic vacu-

SWe set g to 3, the number of P(X)[sent to 30, and the

number of P(X) to 10 for each topic.

topic

1.00

0.769
0.75 A
0.50 |
0.25 A 0.127
0.084 0.018 0.001
0.00 T T T T T
cafe community retail blog news

Figure 4: The overall data distribution by site type.

Dryer Styler WM VC RV
48,249 26,453 111,603 159,222 36,091
Negative 16,608 9,034 23,510 49,919 9,566
64,857 35,487 135,113 209,141 45,657

Positive

Total

Table 1: Data statistics for product groups.

ums, obtained from 17 sites spanning five source
types: retail, blog, cafe, community, and news. The
dataset, originally collected by a home appliance
company in Korea, had sentiment labels assigned
based on the company’s internal sentiment analysis
logic within their voice of customer (VOC) analy-
sis system. Data distribution and statistics for each
product group are illustrated in Figure 4 and Table
1. Detailed distribution of product categories can
be found in Appendix A.

4.2 Baselines

4.2.1 Sentiment Analysis

TextCNN (Kim, 2014) utilizes 1D convolutions to
capture variable-length local features and n-grams.
Hierarchical Attention Network (HAN) (Yang
et al., 2016) consists of a single-layer Gated Recur-
rent Unit (GRU) that utilizes attention mechanisms
at the word, sentence, and document levels to ex-
tract important information effectively.

BERT (Devlin et al., 2019)is a bidirectional pre-
trained language model ’.

BERT + AVocaDo (Hong et al., 2021) is an ex-
tension of BERT with AVocaDo technique. It is
designed to handle product-specific review data by
performing vocab expansion on a domain-specific
corpus. The expansion process is based on tok-
enizer training and calculation of the sub-word seg-
mentation ratio for the domain corpus, with con-
trastive learning between the original tokenizer and
the expanded one during fine-tuning.

BERT + Vocab Expansion manually adds fre-
quently occurring vocabulary from the review to
the BERT model. High-frequency words were iden-

"The ‘klue/bert-base’ version was employed.
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Model Dryer Styler WM vC RV Avg.

Acc F1 Acc F1 Acc F1 Acc F1 Acc F1 Acc F1
TextCNN 94.35 9276 | 90.20 84.32 | 96.75 94.31 | 96.47 95.15 | 95.28 93.06 || 94.61 91.92
HAN 94.52 9277 | 92.39 89.86 | 96.59 94.13 | 96.14 94.74 | 95.54 93.42 || 95.04 92.98
BERT 98.40 9793 | 97.57 96.80 | 98.80 97.92 | 98.36 97.70 | 98.03 97.02 || 98.23 97.47
BERT+AVocaDo 97.52 96.79 | 96.23 95.01 | 98.55 97.50 | 98.13 97.46 | 98.39 97.58 || 97.76 96.87
BERT+Vocab Expanision | 98.44 97.96 | 97.23 96.35 | 98.81 97.94 | 98.32 97.70 | 98.52 97.63 || 98.26 97.52

Table 2: Results on sentiment analysis in accuracy and f1 score. we utilize the following abbreviations: "WM" for
Washing Machine, "VC" for Vacuum Cleaner, and "RV" for Robotic Vacuum. The average performance for the five
datasets is presented in the rightmost column, with the highest performance indicated in bold.

tified using a count-based approach, and those not
present in BERT vocabulary were added.

4.2.2 Topic Modeling

LDA (Blei et al., 2003) is a method inferring topics
from word occurrence patterns in a corpus. While
LDA provides multiple topics for each review, for
comparison with Painsight, we considered the high-
est probability topic as the representative.
BERTopic is a BERT-based topic model 3 to gen-
erate document embeddings, clustering and creates
representations using the c-TF-IDF procedure.

4.2.3 Pain Point Detection

spaCy (Honnibal and Montani, 2017) is base-
line using part-of-speech tagging to extract
nouns within sentences. The same post-processing
method as Painsight was applied.

5 Experiment Results

5.1 Sentiment Analysis

Table 2 presents the sentiment analysis perfor-
mance across the five product groups. Given that
review data is domain-specific, the language model
can benefit from a vocabulary expansion process
(Hong et al., 2021). We aimed to enhance perfor-
mance by applying AVocaDo and Vocab Expansion
to the original BERT model. The experimental re-
sults showed that the BERT + Vocab Expansion
model achieved superior performance and was thus
selected as the final model for calculating attribu-
tion scores.

5.2 Topic Modeling

Table 3 presents the topic modeling performance
for the five product groups. We evaluated the per-
formance of LDA, BERTopic, and ITM using

81n this study, we used the "sentence-transformers/xIm-r-
100langs-bert-base-nli-stsb-mean-tokens" model.

Dataset Model NPMI 1 Outlier (%)
LDA -0.0327 -
Dryer BERTopic 0.0558 59.39%
ITM (Ours) 0.0208 30.10%
LDA -0.0470 -
Styler BERTopic 0.0379 55.81%
ITM (Ours) 0.0737 39.39%
LDA -0.0055 -
WM BERTopic 0.0406 50.53%
ITM (Ours) 0.0487 29.92%
LDA 0.0244 -
vC BERTopic 0.0512 71.92%
ITM (Ours) 0.0628 26.67 %
LDA -0.0232 -
RV BERTopic 0.0488 56.39%
ITM (Ours) 0.0450 37.81%

221

Table 3: Results on topic modeling in NPMI, The right-
most column shows the proportion of outlier topics for
each method, except for LDA, which does not extract
outlier topics separately. The highest performance and
low outlier ratio are marked in bold.

coherence-based clustering metrics such as NPML.
LDA generates the desired number of topics with-
out considering outliers, resulting in significantly
lower performance compared to BERTopic and
ITM. Conversely, BERTopic designates, on aver-
age, 57% of the reviews as outliers and assigns
topics only to the remaining data. This results in
BERTopic being evaluated with a smaller num-
ber of reviews compared to other methods, which
could create a more favorable environment for
BERTopic’s performance measurements. In con-
trast, our I'TM algorithm effectively assigns re-
views initially deemed as outliers to suitable top-
ics, achieving comparable or superior performance
to BERTopic in most cases. These results demon-
strate that ITM successfully reduced the average
proportion of outliers to 32%, even under relatively



challenging experimental conditions.

5.3 Pain Point Detection

As discussed in Section 2.2, real-world customer
reviews lack gold labels for pain points. Thus, to
validate the effectiveness of Painsight in detecting
sentiment-aware and topic-aware pain points, we
conducted human evaluations. We designed experi-
ments for three tasks, each addressing the following
research questions:

* Task 1: Can the sentiment-aware pain point
module extract appropriate pain point candi-
dates from each sentence?

* Task 2: Can the sentiment-aware pain point
module identify suitable pain points for each
product category?

* Task 3: Can the topic-aware pain point mod-
ule detect appropriate pain points for specific
topics within each product category?

We conducted human evaluations for the three
tasks across five product groups, with eight unique
human judges participating in each experiment. In
Task 1, we randomly selected 100 sentences per
product category and used spaCy and Painsight
to identify pain point candidates in each sen-
tence. Judges assessed the appropriateness of the
extracted candidates on a scale from 1 to 5,
where 1 signifies ‘all words are extracted
incorrectly’ and 5 indicates ‘all words are
extracted correctly’. In Task 2, we provided
100 randomly sampled example sentences for each
product category and examined the adequacy of
the final pain points identified for each category.
Judges evaluated each pain point word, assigning a
score of 0 for unsuitable and 1 for suitable. For Task
3, we randomly selected 20 example sentences per
product category according to topics and assessed
the appropriateness of the detected pain points for
the corresponding topics. Judges assigned a score
of 0 for unsuitable and 1 for suitable pain point
words.

Table 4 presents the human evaluation results
across the three tasks. First, in Task 1 (Table 4 -
(a)), which concentrates on extracting pain point
candidates from each review sentence, Painsight’s
approach — extracting words contributing to ‘nega-
tive’ predictions based on high attribution scores —
outperforms spaCy’s noun extraction, with an aver-
age improvement of 0.65 points. In Task 2 (Table
4 - (b)), the performance of the final sentiment-
aware pain points is evaluated. These pain points

Task 1 (1~5 scale)

4-(a)
Dryer Styler WM VC RV | Avg.
spaCy 3.02 293 267 299 3.17 | 295
Painsight ~ 3.64 3.57 341 3.58 3.81 | 3.60
Task 2 (0 or 1)
4-(b)
Dryer Styler WM VC RV | Avg.
spaCy 0.53 061 045 0.54 0.60 | 0.55
Painsight 0.72 077 0.67 0.69 0.75 | 0.72
Task 3 (0 or 1)
4-(0
Dryer Styler WM VC RV | Avg.
LDA 0.13 0.16 0.18 0.14 0.10 | 0.12
BERTopic  0.29 031 040 033 032033
Painsight 054 051 049 0.39 0.51 | 047

Table 4: Results of human evaluation for Tasks 1, 2, and
3. Task 1 was evaluated on a scale of 1 to 5, while Tasks
2 and 3 were assessed with scores of O or 1. The average
performance across the five datasets is displayed in the
rightmost column, with the highest performance indi-
cated in bold. Paired t-tests were conducted comparing
baselines with Painsight, and all experiments exhibited
significant differences with p-values < 0.001.

are obtained by sorting the pain point candidates
from Task 1 by frequency across all product cate-
gories. Assessing the output for each word reveals
an average improvement of 0.17 points across the
five product categories. Lastly, Task 3 (Table 4 -
(c)) examines the final results of the topic-aware
pain points by extracting pain points for each topic
within the product categories. This assessment con-
siders the relevance of the final pain points for
each topic, and Painsight records the highest per-
formance across the five product categories. Our
method exhibits an average performance improve-
ment of 0.35 points over LDA and 0.14 points over
BERTopic. The results in Table 4 demonstrate the
effectiveness of I'TM, which could not be solely
assessed using the NPMI metrics in Table 3. By
employing Tasks 1, 2, and 3, the Painsight pipeline,
which extracts pain points based on relevant tasks,
also records higher performance compared to the
baseline in human evaluation results. This validates
the appropriateness of Painsight as an automatic
framework for pain point detection.

6 Conclusion

In this study, we propose Painsight, a novel frame-
work for automatically extracting and evaluating
pain points from customer reviews. We address the
under-explored problem of pain point detection and
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present a practical pipeline for real-world scenarios.
By employing sentiment analysis and topic model-
ing, we identify sentiment-aware and topic-aware
pain points that reflect customer perceptions and
various types of discomfort. The final output is ob-
tained by extracting the most important words or
features from the data using a gradient-based attri-
bution score. This score enables us to determine
which words or features are most critical in influ-
encing the model’s decision-making process and
utilize this information in the post-process to rec-
ognize more accurate and meaningful pain points.
Experimental results demonstrate that Painsight
outperforms existing models on five product group
reviews, with human evaluation results indicating
a high level of agreement compared to the baseline.
Future work could involve incorporating diverse
customer feedback and constructing a high-quality
benchmark dataset to further validate and enhance
the proposed approach.

Limitations

In prior research (Salminen et al., 2022), several
challenges have been identified in this field, such
as noisy or low-quality data, semantic ambiguity,
absence of standards, social desirability bias, and
the requirement for human intervention. Our study
aimed to tackle the challenge of detecting pain
points and devised various strategies for manag-
ing noisy real-world reviews. Nonetheless, to fully
unlock the potential of the Painsight, additional re-
search is necessary to explore the wide range of
emotional polarities beyond the generic ‘negative’
sentiment. Furthermore, customer reviews often
show mixed sentiments, which calls for address-
ing semantic ambiguity. Lastly, the performance of
Painsight assessment was constrained to five prod-
uct categories, highlighting the need for a compre-
hensive, high-quality benchmark encompassing di-
verse domains and performance evaluations across
distinct categories.

Ethics Statement

Throughout our human evaluation, we collected
demographic details such as name, age, gender,
and highest education level, after securing partici-
pants’ consent and assuring them that their informa-
tion would be exclusively utilized for research pur-
poses. The results from the human evaluation were
anonymized to protect participant confidentiality.
The authors meticulously examined all customer

reviews employed in the assessment, verifying the
absence of any offensive or biased material. Partic-
ipants took part in the evaluation for an estimated
40 minutes. They were compensated with a 5,000
KRW (equivalent to 3.7 USD) gift card, which was
marginally above the Korean minimum wage dur-
ing that period.
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A Data Distribution

The distribution of site types used for collecting re-
view data for five product categories (Dryer, Styler,
Washing Machine, Vacuum Cleaner, and Robotic
Vacuum) is presented in Figure 5. The data collec-
tion involved a diverse range of site types across
product categories, with the highest number of re-
views collected from cafe and community sites.
The sentiment-aware pain point detection experi-
ments utilized train, valid, and test datasets in an
8:1:1 ratio. However, the topic modeling in topic-
aware pain point detection did not involve splitting
the dataset.

B Training Details

The training process of Painsight was conducted us-
ing NVIDIA RTX 2080 Ti (for sentiment analysis
and topic modeling) and RTX A6000 (for gradient-
based attribution score and ITM). The PyTorch °
library was performed for model training, and post-
processing was carried out using Pororo ' and
Captum !!. The hyperparameters used in Painsight
are described in detail below:

https://pytorch.org/
1Ohttps: //github.com/kakaobrain/pororo
11https://cap’cum.ai/
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Figure 5: Site type distribution of review data by product category.

B.1 BERT + Vocab Expansion

The model was trained using the transformers li-
brary (Wolf et al., 2019) with a BERT classifier.
The batch size was set to 32, and the optimizer
used was AdamW with a learning rate of 2e-05.
The model was trained for 10 epochs, with 62 new
vocabularies added. The maximum length of input
sequences was set to 128.

B.2 ITM

The initial topic labels were generated using
BERTopic, and the transformers library with a
BERT classifier was used for classification. The op-
timizer used was Adam, and the model was trained
for 1 epoch with a validation iteration of 10 and
a maximum iteration of 100. Early stopping was
used with patience 2. The maximum length of input
sequences was set to 128, and the batch size was
64 with a learning rate of 3e-5.

C Evaluation Metric

We employed Normalized Pointwise Mutual Infor-
mation (NPMI) (Stevens et al., 2012) as an evalu-
ation metric to measure the performance of ITM.
NPMI is a widely used measure of the correla-
tion between two words, which is computed by
normalizing Pointwise Mutual Information (PMI).
PMI measures the probability of two words occur-
ring together, taking into account the frequency of
their individual occurrences. However, PMI tends
to overestimate the importance of infrequent words.
To address this issue, NPMI normalizes PMI by
considering the probability of the respective words.
Through this normalization process, NPMI can
more accurately measure the correlation between
two words and ranges between -1 and 1. NPMI is
often used in topic modeling and is computed using
the following formula:

P(wi, wj)
P(w;)P(w;)’
PMI(w;, w;)
— log(P(wi, w;))

PMI(U)Z‘, wj) = (7)

NPMI(w;, w;) = ®)
Here, P(w;,w;) denotes the probability of
words w; and w; co-occurring, while P(w;) and
P(w);) represent their individual probabilities. The
numerator normalizes the probability of the two
words occurring together by dividing it by the
product of their individual occurrence probabili-
ties. The denominator uses the log value of their
co-occurrence probability to obtain PMI. Using
NPMI, we can extract sets of related words in topic
classes classified through I'TM and evaluate if each
topic has coherence. Therefore, we evaluated the
consistency of each topic in LDA, BERTopic, and
ITM with a set of related reviews using NPMI.

D Human Evaluation

The evaluation instructions provided to annotators
for each task in human evaluation are as follows,
and the example is shown for the dryer.

D.1 Task 1: Sentiment-aware pain point
evaluation (Pain point candidates)

Each sheet contains three items for each product
group:
* Consumer reviews of appliances for each
product group collected online

» Keywords extracted for each review (2-4 per
review)

Please rate how well the keywords were ex-
tracted from each customer review:

* 1: All keywords were extracted incorrectly.

» 2: Keywords were generally not extracted.
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= "I felt bad because the delivery driver was rude."
(delivery, driver - pain point)
= "It's inconvenient to store the dryer
because there's nowhere to put it." (storage - pain point)
= "It takes too long to dry my hair, much longer than
a Product D." (time, long - pain point)
= "The dryer is heavy and the sound is loud, causing pain in
my wrist and ears." (heavy, wrist, sound - pain point)

(a) Hair Dryer

= "It's too big and doesn't even fit on the balcony."
(big, balcony - pain point)
= "The smell doesn't come out easily." (smell - pain point)

(b) Refrigerator

Figure 6: Examples of Pain Points: We explained the
concept of pain points using examples of home appli-
ances that were not used in the evaluation, specifically
hair dryers and refrigerators.

* 3: Keywords were extracted at an average
level (50% of all keywords).

* 4: Keywords were generally well extracted.

* 5: All keywords were extracted well.

D.2 Task 2: Sentiment-aware pain point
evaluation (Final pain points)

Evaluate the suitability of pain points identified
as frequently appearing in negative reviews of the
product category after reviewing 100 example sen-
tences. To clarify the concept of "pain point," we
provide example sentences (Figure 6):

Scoring criteria:

* (: This pain point cannot be considered a pain
point for the product category.

* 1: This pain point can be considered a pain
point for the product category.

Notes:

* Pain points may be composed of morphemes
or spaced units rather than conventional word
structures, selected based on their meaning.

» There may be cases where a pain point cannot
be extracted according to the logic. In such
cases, you can give a score of 1.

D.3 Task 3: Topic-aware pain point evaluation
The following example contains three elements:

* Consumer reviews on dryers collected from
online community

» Review examples for each topic class

» Key pain points for each topic class

20 reviews are provided for each topic class.
Please assess the reviews in detail and evaluate
whether the pain point can be used as a representa-
tive pain point for the topic class, using the follow-
ing scores:

* 0: The pain point cannot represent the topic
class.

* 1: The pain point can represent the topic class.
Notes:

* Pain points can be constructed at the mor-
pheme level, rather than a common word struc-
ture, depending on their meaning.

* Do not consider overlaps in meaning or form
between pain points. Please only judge the
representativeness of each pain point for the
reviews on the topic.

* If the topic modeling performance is low,
the topics of each review may not match. If
the meaning of the topic cannot be identified
through the sampled sentences for each topic
class, you can assign 0 points to all the pain
points.

* Each topic often includes more than 500-
1,000 sentences. Some pain points may be
not contained in the sampled review. If similar
words to that pain points, however, they could
be suitable pain points for its cluster. ([ex] "I
tried it myself and my wrist hurts", pain point
(‘arms’: considered correct))
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