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Abstract

As more and more product reviews are posted
in both text and images, Multimodal Review
Analysis (MRA) becomes an attractive re-
search topic. Among the existing review analy-
sis tasks, helpfulness prediction on review text
has become predominant due to its importance
for e-commerce platforms and online shops,
i.e. helping customers quickly acquire use-
ful product information. This paper proposes
a new task Multimodal Review Helpfulness
Prediction (MRHP) aiming to analyze the re-
view helpfulness from text and visual modal-
ities. Meanwhile, a novel Multi-perspective
Coherent Reasoning method (MCR) is pro-
posed to solve the MRHP task, which con-
ducts joint reasoning over texts and images
from both the product and the review, and ag-
gregates the signals to predict the review help-
fulness. Concretely, we first propose a product-
review coherent reasoning module to measure
the intra- and inter-modal coherence between
the target product and the review. In addi-
tion, we also devise an intra-review coherent
reasoning module to identify the coherence
between the text content and images of the
review, which is a piece of strong evidence
for review helpfulness prediction. To evalu-
ate the effectiveness of MCR, we present two
newly collected multimodal review datasets
as benchmark evaluation resources for the
MRHP task. Experimental results show that
our MCR method can lead to a performance
increase of up to 8.5% as compared to the best
performing text-only model. The source code
and datasets can be obtained from https://
github.com/jhliul7/MCR.

1 Introduction
Product reviews are essential information sources

for consumers to acquire useful information and

*This work was conducted when Junhao Liu was an intern
at DAMO Academy, Alibaba Group.
TMin Yang is the corresponding author.

make purchase decisions. Many e-commerce sites
such as Amazon.com offer reviewing functions that
encourage consumers to share their opinions and
experiences. However, the user-generated reviews
vary a lot in their qualities, and we are continuously
bombarded with ever-growing, noise information.
Therefore, it is critical to examine the quality of
reviews and present consumers with useful reviews.

Motivated by the demand of gleaning insights
from such valuable data, review helpfulness pre-
diction has gained increasing interest from both
academia and industry communities. Earlier re-
view helpfulness prediction methods rely on a wide
range of handcrafted features, such as semantic fea-
tures (Yang et al., 2015), lexical features (Martin
and Pu, 2014), and argument based features (Liu
et al., 2017), to train a classifier. The success of
these methods generally relies heavily on feature
engineering which is labor-intensive and highlights
the weakness of conventional machine learning
methods. In recent years, deep neural networks
such as CNN (Chen et al., 2018, 2019) and LSTM
(Fan et al., 2019) have become dominant in the
literature due to their powerful performance for
helpfulness prediction by learning text representa-
tion automatically. Note that these existing works
on review helpfulness prediction mainly focus on
the pure textual data.

As multimodal data become increasingly popu-
lar in online reviews, Multimodal Review Analysis
(MRA) has become a valuable research direction.
In this paper, we propose the Multimodal Review
Helpfulness Prediction (MRHP) task which aims at
exploring multimodal clues that often convey com-
prehensive information for review helpfulness pre-
diction. In particular, for the multimodal reviews,
the helpfulness of reviews is not only determined by
the textual content but rather the combined expres-
sion (e.g., coherence) of multimodality data (e.g.,
texts and images). Taking the reviews in Table 1
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as an example, we cannot identify the helpfulness
score of Review 3 solely from the text content until
reading the attached images that are totally irrele-
vant to the product “Teflon Pans”. The reviews that
have incoherent text content and images tend to be
unhelpful, even be malicious reviews. In contrast,
a helpful review (e.g., Review 2) should contain not
only concise and informative textual content but
also coherent text content and images.

In this paper, we explore both text and images
in product reviews to improve the performance of
review helpfulness prediction. We design a novel
Multi-perspective Coherent Reasoning method (de-
noted as MCR) to tackle the MRHP task. Con-
cretely, we propose a product-review coherent rea-
soning module to effectively capture the intra- and
inter-modal coherence between the target product
and the review. In addition, we also devise an intra-
review coherent reasoning module to capture the
coherence between the text content and images of
the review, which is a piece of strong evidence for
review helpfulness prediction. Finally, we formu-
late the helpfulness prediction as a ranking problem
and employ a pairwise ranking objective to opti-
mize the whole model.

We summarize our main contributions as follows.
(1) To the best of our knowledge, this is the first
attempt to explore both text and images in reviews
for helpfulness prediction, which is defined as the
MRHP task. (2) We propose a multi-perspective
coherent reasoning method for the MRHP task to
conduct joint reasoning over texts and images from
both the product and the review, and aggregate the
signals to predict the helpfulness of multimodal
reviews. (3) We present two newly-collected mul-
timodal review datasets for helpfulness prediction
of multimodal reviews. To facilitate research in
this area, we will release the datasets and source
code proposed in this paper, which would push
forward the research in this field. (4) Extensive
experiments on two collected datasets demonstrate
that our MCR method significantly outperforms
other methods.

2 Related Work

Most conventional approaches on review helpful-
ness prediction focus solely on the text of reviews,
which can be generally divided into two categories
based on the way of extracting predictive features:
machine learning based methods with hand-crafted
features (Kim et al., 2006; Krishnamoorthy, 2015)

Product Information

Teflon Pans 1 Set of 3 pcs 1042-Non-stick Set of 3

Review 1 (Helpfulness Score: 2)
Overall, it is quite satisfactory. Thanks to the seller.

4

Review 2 (Helpfulness Score: 4)

For that price, it is more than satisfactory, even though
there are a few scratches in the pan and the small frying
pan, the package is very neat, the frying pan has been
used as if it‘s a little burnt, it looks like it can’t stand the
heat, but overall I like it.

Review 3 (Helpfulness Score: 0)

Recommend for the price. Yes, the package is neat but
the pan has scratched. It is unfortunate for the delivery.
I ordered 4 items in this shop. but the postage has to pay
double and quite very expensive.

Table 1: Example of multimodal reviews under the
same product “Teflon Pan”. Review 1: The brief re-
view text is insufficient to predict its helpfulness to the
corresponding product, while the images provide a rich
semantic supplement. Review 2: A helpful review with
a good coherence between text and images. Review 3:
An irrelevant image is attached to the review.

and deep learning based methods (Chen et al., 2019;
Fan et al., 2018; Chen et al., 2018). The machine
learning based methods employ domain-specific
knowledge to extract a variety of hand-crafted fea-
tures, such as structure features (Kim et al., 20006),
lexical features (Krishnamoorthy, 2015), emotional
features (Martin and Pu, 2014), and argument fea-
tures (Liu et al., 2017), from the textural reviews,
which are then fed into conventional classifiers
such as SVM (Kim et al., 2006) for helpfulness
prediction. These methods rely heavily on feature
engineering, which is time-consuming and labor
intensive. Motivated by the remarkable progress
of deep neural networks, several recent studies at-
tempt to automatically learn deep features from
textual reviews with deep neural networks. Chen
et al. (2019) employs a CNN model to capture the
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multi-granularity (character-level, word-level, and
topic-level) features for helpfulness prediction. Fan
et al. (2018) proposes a multi-task neural learning
model to identify helpful reviews, in which the
primary task is helpfulness prediction and the aux-
iliary task is star rating prediction.

Subsequently, several works have been proposed
to explore not only the reviews but also the users
and target products for helpfulness prediction of
reviews. Fan et al. (2019) argued that the helpful-
ness of a review should be aware of the meta-data
(e.g., title, brand, category, description) of the tar-
get product besides the textual content of the review
itself. To this end, a deep neural architecture was
proposed to capture the intrinsic relationship be-
tween the meta-data of a product and its numerous
reviews. Qu et al. (2020) proposed to leverage the
reviews, the users, and items together for helpful-
ness prediction of reviews and devised a category-
aware graph neural networks with one shared and
many item-specific graph convolutions to learn the
common features and each item’s specific criterion
for helpfulness prediction.

Different from the above methods, we take full
advantage of the text content and images of reviews
by proposing a novel hierarchical coherent reason-
ing method to learn the coherence between text
content and images in a review and the coherence
between the target product and the review.

3 Methodology

The overall architecture of our MCR method is
illustrated in Figure 1. Our multi-perspective co-
herent reasoning consists of two perspectives of
coherence: (1) the intra- and inter-modal coherence
between a review and the target product and (ii)
the intra-review coherence between the text con-
tent and images in the review. In the following
sections, we will provide the problem definition of
review helpfulness prediction and introduce each
component of our MCR model in detail.

3.1 Problem Definition

As mentioned by Diaz and Ng (2018), we formulate
the multimodal review helpfulness prediction prob-
lem as a ranking task. Specifically, given a product
item P; consisting of product related information p;
and an associated review set R; = {r; 1,--- ,7 N},
where N is the number of reviews for p;. Each
review has a scalar label s; ; € {0, --- , S} indicat-
ing the helpfulness score of the review r; ;. The

ground-truth ranking of R; is the descending sort
order determined by the helpfulness scores. The
goal of review helpfulness prediction is to predict
helpfulness scores for R; which can rank the set of
reviews R; into the ground-truth result. The pre-
dicted helpfulness score 3; ; for the review r; ; is
defined as follows:

5i5 = f(pi,ri), (D

where f is the helpfulness prediction function tak-
ing a product-review pair (p;,r; ;) as input. In
multimodal review helpfulness prediction task, the
product p; consists of associated description 7,
and pictures I;,, while review 7; ; consists of user-
posted text 7;. and images I,.

3.2 Feature Representation

Given a text (7, or T;.) consisting of [7 text tokens
{wi,--- ,wy, } and an image set (I, or I,.), we
adopt a convolutional neural network to learn the
contextualized text representation. Meanwhile, we
use a self-attention mechanism on image region
features to obtain the image representations. To
prevent conceptual confusion, we use the subscripts
p and r to indicate variables that are related to the
product and the review, respectively.

Text Representation Inspired by the great suc-
cess of convolutional neural network (CNN) in nat-
ural language processing (Kim, 2014; Dai et al.,
2018), we also apply CNN to learn the text rep-
resentation. First, we convert each token w; in a
review into an embedding vector w; € R? via an
embedding layer. Then, we pass the learned word
embeddings to a one-dimensional CNN so as to
extract multi-gram representations. Specifically,
the k-gram CNN transforms the token embedding
vectors w; into k-gram representations H¥:

Hk = CNNk({wla T 7WZT})7 (2)

where k € {1, -+, kpnas} represents the ker-
nel size. kp,q, represents the maximum kernel
size. H* € R7*47 jg the k-gram representa-
tion. All the k-gram representations are stacked
to form the final text representation, denoted as
H = [H!,... ,Hma=]. Here, we use H, and H,
to represent the representations of text content of
the product and the review, respectively.

Image Representation We use pre-trained
Faster R-CNN to extract the region of interest (Rol)
pooling features (Anderson et al., 2018) for the

5929



__[1_ Helpful Score
e S~

Product-review and Intra-review Coherent Features

Coherent
Graph

0000

Multimodal Product Representation

Ik

Intra-review
Coherent Reasoning

1
1
1
1
1
1
poooon
Multimodal Review Representation :

____________________________________

Smmmmmmmmmmmemmmmemee oo 2
pmmm—m e L L L L L L L L L
! Product-review
1 . -
: l Intra-modal Coherence ] [ Inter-modal Coherence ] Coherent R
[ _T _____ —_— = — = — — - ———— =
Text Encoder Text Encoder
Teflon Pans 1 Overall, it is
Set of 3 pes quite
1042-Non-stick satisfactory.
Set of 3 Thanks to ...
Product Text Review Text Product Image

Review Image

Figure 1: Model overview of our MCR method, which consists of two primary coherent reasoning components:
product-review coherent reasoning and intra-review coherent reasoning.

review and product images, obtaining the fine-
grained object-aware representations. All the Rol
features v; extracted from image sets [, and I, are
then encoded by a self-attention module (Vaswani
etal., 2017), resulting in a d;-dimensional semantic
space with non-local understanding:

V = SelfAttn({vy, -, v, }),

3)
where V' € RY*9I represents the visual semantic
representation and [ is the number of extracted Rol
features. Here, we use V, and V. to represent the
product and review image features, respectively.

3.3 Product-Review Coherent Reasoning

The helpfulness of a review should be fully aware
of the product besides the review itself. In this
paper, we propose a product-review coherent rea-
soning module to effectively capture the intra- and
inter-modal coherence between the target product
and the review.

Intra-modal Coherence We propose the intra-
modal coherent reasoning to measure two kinds of
intra-modal coherence: (i) the semantic alignments
between the product text and the review text, and
(ii) the semantic alignments between product im-
ages and review images. The cosine similarity is
utilized to derive the intra-modal coherence matrix.
For text representations H; and H7, we compute
the corresponding coherence matrix as follow:

H _ . . i 1
S, ; = cosine(H,,, H/),

. “4)
Vi,j €4{1,..., kmaz}s

where S}{j has the shape of Rlzp Xl I, and [T, in-
dicate the text length of the product and the review,
respectively. All the coherence matrices are stacked
to form the whole coherence features SH. With-
out loss of generality, we also compute the image
coherence matrix between V, and V. via cosine
similarity. In this way, we obtain the image coher-
ence matrix SV with the shape of RY»*!r  where
l1, and [}, indicate the number of Rol features of
the product and review images, respectively.

Subsequently, the text and image coherence ma-
trix (i.e., SH and SV) are passed to a CNN, and
the top- K values in each feature map are selected
as the pooling features:

OintraM = TOpK(CNN([SH, SV]))v
RK*M

)

where 0;ntran € is the intra-modal coher-
ent reasoning features. M is the number of filters
used in the CNN module.

Inter-modal Coherence The intra-modal coher-
ence ignores the cross-modal relationship between
the product and the review. In order to mitigate
this problem, we propose the inter-modal coher-
ent reasoning to capture two kinds of inter-modal
coherence: (i) the coherence between the review
text and the product images, and (ii) the coherence
between the review images and the product text.
Since the text representation H and the image rep-
resentation V lie in two different semantic spaces,
we first project them into a d.-dimensional com-
mon latent space by:

FH = Tanh(W H + by),
FVY = Tanh(W,V + by),

(6)
(N
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where FH ¢ Rirxde and FV ¢ RU*9 are text
and image representations in the common latent
space, respectively.

Taking the coherence of review image and prod-
uct text as an example, our inter-modal coherent
reasoning aligns the features in review images FY
based on the product text F]fl. Specifically, we de-
fine the review images as the query Q, = WoFY
and the product text as the key K, = W K FI,
where Wq, Wk € R?*de are learnable parame-
ter matrices. Hence, the inter-modal relationship
IV can be formulated as follows:

M, = softmax(Q,K]), (8)
IV =FY + M,F}, 9)

where M, € RU*!7 is the query attended mask. A
mean-pooling operation is then conducted to get
an aggregated vector of the inter-modal coherence
features between the review images and the product
text: IV :

IV = Mean(IY) € R%.

r

(10)

Following Equations 8-10, the same procedure
is employed to learn the coherence features HI
between the review text and the product images.
Finally, we concatenate iy and TH to form the
final inter-modal coherence features 0;,er0/:

OinterM = [iYa iwl:I]’

(1)
where [-] denotes the concatenate operation.

3.4 Intra-review Coherent Reasoning

Generally, consumers usually express their opin-
ions in textual reviews and post images as a kind
of evidence to support their opinions. To capture
the coherence between the text content and images
of the review, we should grasp sufficient relational
and logical information between them. To this end,
we devise an intra-review coherent reasoning mod-
ule to learn the coherence between the text content
and images of the review, which performs message
propagation among semantic nodes of a review
evidence graph and then obtains an intra-review
coherence score of the multimodal review.
Specifically, we construct a review evidence
graph G, by taking each feature (each row) of
FH and FY as a semantic node, and connects
all node pairs with edges, resulting in a fully-
connected review evidence graph with lp + I
nodes. In a similar manner, we can construct a

product evidence graph G, with I 4 I; nodes
from FZI){ and F;’. The hidden states of nodes at
layer t are denoted as G|. = {g!.,,..., g}, } and
G, ={g},,..-,&),} for the review and product
evidence graphs respectively, where n = I + [
and ¢ denotes the number of hops for graph rea-
soning. We compute the edge weights of semantic
node pairs with an adjacency matrix that can be
automatically learned through training. Taking the
review evidence graph G, as an example, we ini-
tialize the ¢-th semantic node at the first layer with
g) = [F75, FY], i €{1,-- ,ir +I7}. Then, the
adjacency matrix A’ representing edge weights at
layer ¢ is computed as follows:

12)
(13)

Al =MLP (g7, g.;'),
A! = softmax(A?),

where MLP?~! is an MLP at layer ¢ — 1. Af]
represents semantic coefficients between a node ¢
with its neighbor j € N;. Softmax operation is
used to normalize semantic coefficients At. Then,
we can obtain the reasoning features at layer ¢ by:

t t t—1
gr’i - Z Ai,jgraj :
JEN;

(14)

By stacking L graph reasoning layers, the seman-
tic nodes can perform coherence relation reasoning
by passing messages with each other. We use gTL,n
and gﬁ » to denote the final reasoning hidden states
of the review and product evidence graphs. Subse-
quently, to obtain the product-related intra-review
coherent reasoning features, we adopt an attention
mechanism to filter the features that are irrelevant
to the product:

p= Mean(hﬁ’*), (15)
&; = MLP([p, g/]), (16)

where a mean pooling operation is employed to
derive the product coherent graph embedding p.
MLP is an attention layer to calculate the product-
related features and output the attention weight &;
for the i-th node. After normalizing the attention
weight with a softmax function, we use a linear
combination to aggregate the intra-review coherent
reasoning results ojpc:

a7
(18)

a = softmax (&),
OIRC = Z Oligf,z*
i
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3.5 Review Helpfulness Prediction

We concatenate the intra-modal product-review co-
herence features 04417, the inter-modal product-
review coherence features 0;,z¢r7, and the intra-
review coherence features o;r¢c to form the fi-
nal multi-perspective coherence features 0fpq =
[Ointrar, Ointerars O1rc]. The final helpfulness
prediction layer feeds oy, into a linear layer to
calculate a ranking score:

f(pi7 ri,j) = Wroﬁnal +b,, (19)

where W, and b, denote the projection parameter
and bias term. p; represents information of the i-th
product and r; ; is the j-th review for p;.

The standard pairwise ranking loss is adopted to
train our model:

£=>> max(0, 8 f(pi,r")+f(pi,r")) (20)

where 7,7~ € R; are an arbitrary pair of reviews
for p; where r™ has a higher helpfulness score than
r~. (B is a scaling factor that magnifies the differ-
ence between the score and the margin. Since our
MCR model is fully differentiable, it can be trained
by gradient descent in an end-to-end manner.

4 Experimental Setup
4.1 Datasets

To the best of our knowledge, there is no bench-
mark dataset for the Multimodal Review Help-
fulness Prediction task (MRHP). Hence, we con-
struct two benchmark datasets (Lazada-MRHP and
Amazon-MRHP) from popular e-commerce plat-
forms to evaluate our method.

Lazada-MRHP in Indonesian Lazada.com is a
popular platform in Southeast Asia, which is in
the Indonesian language. We construct the Lazada-
MRHP dataset by crawling the product information
(title, description, and images) and user-generated
reviews (text content and images) from Lazada. To
make sure that the user feedback of helpfulness
voting is reliable, we strictly extract the reviews
which were published spanning from 2018 to 2019.
We focus on three product categories, including
Clothing, Shoes & Jewelry (CS&J), Electronics
(Elec.), and Home & Kitchen (H&K).

Amazon-MRHP in English The Amazon re-
view dataset (Ni et al., 2019) was collected from
Amazon.com, containing meta-data of products

Instance Number (#P/#R)
Dataset | Category Train+Dev Test
CS&J 8,245/130,232  2,062/32,274
Lazada | Elec. 4,811/52,393  1,204/12,661
H&K 3,675/46,602 920/12,551
CS&J 15,903/348,766  3,966/87,492
Amazon | Elec. 13,205/324,907  3,327/79,570
H&K 18,186/462,225 4,529/111,193

Table 2: Statistics of the two datasets. #P and #R repre-
sent the number of products and reviews, respectively.

and customer reviews from 1996 to 2018. We
extract the product information and associated re-
views published from 2016 to 2018. Since there are
no review images in the original Amazon dataset,
we crawl the images for each product and re-
view from the Amazon.com platform. Similar to
Lazada-MRHP, the products and reviews also be-
long to three categories: Clothing, Shoes & Jewelry
(CS&J), Electronics (Elec.), and Home & Kitchen
(H&K).

Learning from user-feedback in review helpful-
ness prediction has been revealed effective in (Fan
et al., 2019; Chen et al., 2019). Specifically, the
helpfulness voting received by each review can be
treated as the pseudo label indicating the helpful-
ness level of the review. Following the same data
processing as in (Fan et al., 2019), we filter the re-
views that received O votes in that they are under an
unknown user feedback state. Based on the votes
received by a review, we leverage a logarithmic
interval to categorize reviews into five helpfulness
levels. Specifically, we map the number of votes
into five intervals (i.e., [1,2), [2, 4), [4, 8), [8, 16),
[16, 00)) based on an exponential with base 2. The
five intervals correspond to five helpfulness scores
sij € {0,1,2,3,4}, where the higher the score,
the more helpful the review. Finally, the statis-
tics of the two datasets are shown by Table 2. For
both Lazada-MRHP and Amazon-MRHP, we uti-
lize 20% of the training set per category as the
validation data.

4.2 Implementation Details

For a fair comparison, we adopt the same data
processing for all baselines. We use the ICU tok-
enizer' and NLTK toolkit (Loper and Bird, 2002) to
separate text data in Lazada-MRHP and Amazon-
MRHP, respectively. Each image is extracted as
Rol features with 2048 dimensions. For the net-

'http://site.icu-project.org
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T Method Clothing Electronics Home
ype etho MAP N@3 N@5| MAP N@3 N@5 | MAP N@3 N@5
BiMPM 600 524 577 | 744 613 722 | 706 647 69.1
Text-onl EG-CNN 604 517 575 | 735 663 708 | 70.7 634 685
ext-only Conv-KNRM | 62.1 543 599 | 741 67.1 719 | 714 657 705
PRHNet 621 549 599 | 743 670 722 | 71.6 652 70.0
SSE-Cross 66.1 597 648 | 760 689 738 | 722 660 71.0
Multi-modal | D&R Net 665 607 653 | 76.1 692 740 | 724 663 714
MCR (Ours) | 69.7 638 683 | 774 713 759 | 740 678 725
Table 3: Helpfulness review prediction results on the Lazada-MRHP dataset.
Clothing Electronics Home
Type Method MAP N@3 N@5| MAP N@3 N@5| MAP N@3 N@5
BiMPM 577 418 460 | 523 405 44.1 | 56.6 436 47.6
Textonl EG-CNN 564 406 447 | 51,5 394 421 | 553 424 467
ext-only Conv-KNRM | 572 412 456 | 52.6 405 442 | 574 445 484
PRHNet 583 422 465 | 524 40.1 439 | 57.1 443 48.1
SSE-Cross 650 560 59.1 | 537 438 472 | 60.8 510 54.0
Multi-modal | D&R Net 652 56.1 592 | 53.9 442 475 | 612 51.8 54.6
MCR (Ours) | 67.0 581 61.1 | 560 465 49.7 | 632 542 573

Table 4: Helpfulness review prediction results on the Amazon-MRHP dataset.

work configurations, we initialize the word embed-
ding layers with the pre-trained 300D GloVE word
embeddings” for Amazon-MRHP and the fastText
multilingual word vectors® for Lazada-MRHP. The
text n-gram kernels are set as 1, 3, and 5 with 128
hidden dimensions. For the image representations,
we set the encoded size of feature d;, as 128, and
the size of common latent space d, is set to 128.
We stack two graph reasoning layers (i.e., L = 2)
where the hidden dimension of each layer is set to
128. We adopt the Adam optimizer (Kingma and
Ba, 2014) to train our model, and the batch size is
set to 32. The margin hyperparameter [ is set to 1.

4.3 Compared Methods

We compare MCR with several state-of-the-art
review helpfulness methods. First, we compare
MCR with four strong methods that rely only on
the text content of reviews, including the Bilat-
eral Multi-Perspective Matching (BiMPM) model
(Wang et al., 2017), Embedding-gated CNN (EG-
CNN) (Chen et al., 2018), Convolutional Kernel-
based Neural Ranking Model (Conv-KNRM) (Dai
et al., 2018), the Product-aware Helpfulness Pre-
diction Network (PRHNet) (Fan et al., 2019).

We are the first to leverage images in the re-

2http://nlp.stanford.edu/data/glove.6B.zip
3https://fasttext.cc/docs/en/crawl-vectors.html

view for helpfulness prediction of multimodal
reviews, thereby we compare our MCR model
with two strong multimodal reasoning techniques:
SSE-Cross (Abavisani et al., 2020) that lever-
ages stochastic shared embedding to fuse different
modality representations and D&R Net (Xu et al.,
2020) that adopts a decomposition and relation net-
work to model both cross-modality contrast and
semantic association.

4.4 Evaluation Metrics

In this paper, we propose a pairwise ranking loss
function for review helpfulness prediction, which
fully benefits from the sampling of informative
negative examples. Since the output of MCR
is a list of reviews ranked by their helpfulness
scores, we adopt two authoritative ranking-based
metrics to evaluate the model performance: Mean
Average Precision (MAP) and Normalized Dis-
counted Cumulative Gain (NDCG@N) (Jarvelin
and Kekéldinen, 2017). Here, the value of NV is set
to 3 and 5 in the experiments for NDCG@N. MAP
is a widely-used measure method evaluating the
general ranking performance on the whole candi-
date review set, while NDCG@N merely takes into
account the top /N reviews in the scenario that the
customers only read a limited number of reviews.
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S Experimental Results

5.1 Main Results

Since we adopt the pairwise ranking loss for re-
view helpfulness prediction, we treat the product
text as the query, and the associated reviews are
viewed as candidates for ranking. Table 3 and Ta-
ble 4 report the results of MCR and baselines on
Lazada-MRHP and Amazon-MRHP, respectively.
From the results, we can make the following ob-
servations. First, EG-CNN performs worse than
other text-only baselines, because EG-CNN only
considers the hidden features from the review text,
while other text-only methods additionally utilize
the product information as a helpfulness signal.
Second, the multimodal baselines (SSE-Cross and
D&R Net) perform significantly better than text-
only baselines. This verifies that multimodal infor-
mation of reviews can help the models to discover
helpful reviews. Third, MCR performs even better
than strong multimodal competitors. For example,
on Lazada-MRHP, MAP and NDCG @3 increase
by 2.9% and 3.5% respectively over the best base-
line method (i.e., D&R Net). We can observe sim-
ilar trends on Amzaon-MRHP. The advantage of
MCR comes from its capability of capturing the
product-review and intra-review coherence.

5.2 Ablation Study

To analyze the effectiveness of different compo-
nents of MCR, we conduct detailed ablation studies
in terms of removing intra-review coherence (de-
noted as w/o intra-review), removing intra-modal
coherence between product and review images (de-
noted as w/o intra-modal-I), removing intra-modal
coherence between product and review texts (de-
noted as w/o intra-modal-1I), removing inter-modal
coherence between review text and product im-
ages (denoted as w/o inter-modal-I), and remov-
ing inter-modal coherence between review images
and product text (denoted as w/o inter-modal-II).
The ablation test results on the CS&J category of
Lazada and Amazon datasets are summarized in
Table 5. We can observe that the intra-review co-
herent reasoning has the largest impact on the per-
formance of MCR. This suggests that the images
within a review are informative evidence for review
helpfulness prediction. The improvements of the
intra-modal and inter-modal coherent reasoning in
the product-review coherent reasoning module are
also significant. However, intra-modal-I and intra-
modal-II have a smaller impact on MCR than the

Dataset | Model Variant | MAP N@3 N@5
MCR (Ours) 69.7 63.8 68.3
-w/o intra-review 684 620 669
Lazada -w/o %ntra—modal—l 69.1 63.0 67.5
-w/o intra-modal-II | 69.2 63.2 67.7
-w/o inter-modal-I 689 627 673
-w/o inter-modal-II | 68.9 62.5 672
MCR (Ours) 67.0 58.1 61.1
-w/o intra-review 659 570 60.1
Amazon -w/o @ntra-modal-l 66.6 577 60.7
-w/o intra-modal-II | 66.8 57.8  60.7
-w/o inter-modal-I 66.5 575 60.5
-w/o inter-modal-II | 66.4 57.5 604

Table 5: The ablation study on Clothing, Shoes& Jew-
elry category of Lazada-MRHP and Amazon-MRHP.

other two variants. This may be because most prod-
uct images have been always beautified, and there
are significant differences between the product im-
ages and the images posted by the consumers. It is
no surprise that combining all components achieves
the best performance on both datasets.

5.3 Case Study

To gain more insight into the multimodal review
helpfulness prediction task, we use an exemplary
case that is selected from the test set of Home
& Kitchen category of Amazon-MRHP to empir-
ically investigate the effectiveness of our model.
Table 6 shows a product and two associated re-
views with ground-truth helpfulness scores voted
by consumers. These two reviews are ranked cor-
rectly by our MCR method while being wrongly
ranked by strong baselines (e.g., Conv-KNRM and
PRHNet). The text content of both reviews con-
tains negative emotion words (e.g., “disappointed”
and “sad”) and expresses similar information “the
product size does not meet my expectation”. It
is hard for text-only methods to discriminate the
helpfulness of these two reviews via solely consid-
ering the text content of reviews. After analyzing
the images within the reviews, we can reveal that
the Review 1 is helpful since it provides two ap-
propriate bed images with a brought comforter as
evidence that can well support his/her claim in the
text content. However, Review 2 provides an inap-
propriate image with the product package, which
cannot well support the claim of product size. This
verifies that it is essential to capture the complex
semantic relationship between the images and text
content within a review for helpfulness prediction.
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Product Information

Bedding printed comforter set (king, grey) with 2 pillow
shams - luxurious soft brushed microfiber - goose down
alternative comforter

Brses T LT

% ,:;»;e;&“‘ ot S

;3“3'5: ii‘g" ‘ Tmﬁ N
P o o A

P A 4

Review 1 (Helpfulness Score: 4)

Though I like the color and look, I am very disappointed
in the size. The picture on amazon shows the comforter
going all the way to the floor. To be sure, I ordered the
king size. As you can see in the photos, I have a queen
bed and the comforter still has 18” to the floor on each
side. I will try to fix it with a bed skirt.

Review 2 (Helpfulness Score: 1)

This comforter is very fluffy and does have a nice feel to
it, but is far too small to actually cover much more than
the top of the bed. In the picture, it nearly touched the
floor on both visible sides. Likewise, it was described
as a printed comforter set (grey, queen) with 2 pillow
shams - luxurious soft brushed microfiber - goose down
alternative comforter by utopia bedding but the item
itself said nothing of being a down alternative. I’'m sad
that this doesn’t meet my expectations.

Table 6: An example product and two associated re-
views. We use underlines to highlight main opinions.

6 Conclusion

Multimodal review analysis (MRA) is extremely
important for helping businesses and consumers
quickly acquire valuable information from user-
generated reviews. This paper is the first attempt
to explore the multimodal review helpfulness pre-
diction (MRHP) task, which aims at analyzing the
review helpfulness from text and images. We pro-
pose a multi-perspective coherent reasoning (MCR)
method to solve MRHP task, which fully explores
the product-review coherence and intra-review co-
herence from both textual and visual modalities.
In addition, we construct two multimodal review
datasets to evaluate the effectiveness of MCR,
which may push forward the research in this field.
Extensive experimental results demonstrate that
MCR significantly outperforms baselines by com-
prehensively exploiting the images associated with
the reviews.
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