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Abstract

Persuasiveness is a prominent personality trait
that measures the extent to which a speaker can
impact the beliefs, attitudes, intentions, moti-
vations, and actions of their audience. The Im-
ageArg task is a featured challenge at the 10th
ArgMining Workshop during EMNLP 2023,
focusing on harnessing the potential of the Im-
ageArg dataset to advance techniques in mul-
timodal persuasion. In this study, we investi-
gate the utilization of dual-modality datasets
and evaluate three distinct multi-modality mod-
els. By enhancing multi-modality datasets,
we demonstrate both the advantages and con-
straints of cutting-edge models.

1 Introduction

Persuasion encompasses the art of one party en-
deavoring to influence another’s thoughts, beliefs,
or actions, and it stands as a fundamental and ver-
satile human capability. Its significance goes far
beyond the realms of business and politics, perme-
ating numerous facets of our everyday existence.
In the fast-changing realm of natural language pro-
cessing (NLP) and artificial intelligence (AI), there
has been a notable increase in enthusiasm for cre-
ating techniques and datasets to enhance and as-
sess persuasiveness in natural language applica-
tions (Hunter et al., 2019; Chatterjee and Agrawal,
2006; Liu et al., 2022). The capacity to convince,
sway, and captivate using language has long been
a fundamental element of human communication,
and with the emergence of advanced language tech-
nologies, the pursuit of leveraging persuasive capa-
bilities in digital interactions has gained remarkable
momentum. In today’s digital age, the prolifera-
tion of social media platforms has ushered in a
new frontier for the practice of persuasion. These
platforms serve as fertile ground, affording both
organizations and individuals the opportunity to
engage in activities that extend beyond mere per-
suasion and can include disinformation campaigns.

Figure 1: The abortion tweet picture (left) and its tweets
(right) from Liu et al. (2023).

The pervasive reach and influence of social media
amplify the potential impact of persuasive efforts,
making it imperative for individuals and society as
a whole to exercise discernment and critical think-
ing in navigating this dynamic landscape.

Most of current works in argumentation min-
ing solely focus on textual format, such as the ar-
gumentation dialogues (Hunter et al., 2019), con-
textual advertising (Wen et al., 2022), and other
works (Lukin et al., 2017; Persing and Ng, 2017).
In their work, Nojavanasghari et al. (2016) intro-
duced a comprehensive deep multimodal fusion
approach to predict persuasiveness, incorporating
three modalities: Visual, Acoustic, and Text. Nev-
ertheless, in light of the current trend observed on
Twitter, as depicted in Figure 1, it becomes evident
that numerous images accompanied by text are sur-
facing. Mere application of computer vision (CV)
techniques for object recognition proves inadequate
for addressing this challenge. Liu et al. (2022) de-
signed two tasks based on the tweets, Stance detec-
tion and Persuasion prediction. Stance detection
(SD) involves the automated task of ascertaining,
based on textual content, whether the author ex-
presses a supportive, opposing, or neutral position
regarding a particular proposition or subject. This
subject can encompass individuals, organizations,
government policies, movements, products, and
more. As an illustration, considering the tweet
and accompanying image in Figure 1, it is evident
that the stance conveyed is one of support. Per-
suasion prediction (PP) determines the degree of
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Figure 2: The overview of SPLIT framework.

persuasiveness or the potential impact that a given
tweet may have on its readers or the broader au-
dience. Given the unique characteristics of the
existing Twitter data, this paper will design addi-
tional feature extraction methods, such as using Op-
tical Character Recognition (OCR) to extract text
from images, in order to enrich the feature space.
This will enable a more comprehensive analysis
of the stance and persuasion in the current tweets.
Our code is publicly available in GitHub (https:
//github.com/JZCS2018/ACT-CS). In summary,
our contributions are as follows:

• We combine current state-of-the-art (SOTA)
CV and NLP models as SPLIT, to utilize the
image and textual information for the SD and
PP tasks.

• We align the individual tweet’s text, image,
and its textual information (texts in image and
generated image caption), and utilize different
fusion methods to show the detailed analysis.

2 Related Works

Persuasiveness Prediction Persuasiveness
prediction is an under-explored topic but has
attracted growing interests(Chatterjee et al., 2014;
Park et al., 2016; Lukin et al., 2017; Carlile
et al., 2018; Chakrabarty et al., 2020). As the
majority of works (Higgins and Walker, 2012;
Lukin et al., 2017; Persing and Ng, 2017; Carlile
et al., 2018) utilized textual inputs - such as
audience variable, report, and student essays - to
analyze persuasion strategies, (Joo et al., 2014;
Huang and Kovashka, 2016) pioneered the study
of in persuasion in social media with visual
information, including facial expression, body
gesture and human portrait. Finally, Hussain et al.
(2017); Guo et al. (2021) investigated sentiment,
intent reasoning and persuasive strategies in
advertisement context in multi-modal learning.
However, a persuasive-targeted and multi-modal

framework is still missing in the current NLP
literatures.

Multi-modal learning Thanks to the progress in
language models and alignment techniques, multi-
modal learning with text and image have recently
received significant attention in the CV and NLP
communities. As the majority of SOTA works are
built upon transformersand and its variants, differ-
ent alignment strategies have been proposed and
applied to fuse representations from each modal-
ity. On the one hand, many works (Radford et al.,
2021; Neelakantan et al., 2022) employ modality-
specific encoders and apply contrastive loss to align
representations. The encoders (Dosovitskiy et al.,
2020; Devlin et al., 2018) are usually pretrained
to learn visual and textual representations indepen-
dently and kept frozen during alignment. On the
other hand, many recent works (Bao et al., 2022;
Li et al., 2023a; Zhang et al., 2023; Sun et al.,
2023; Koh et al., 2023) have tokenized visual rep-
resentations and grounded them to unifed language
model for multimodal tasks. Specifically, the visual
and textual tokens are concatenated as input to the
pre-trained language model, and then are aligned
through various tasks such as next token predic-
tion. However, multi-modal learning on stance
and persuassive prediction are under-explored, par-
tially due to a lack of multi-modal corpora and
persuasive-specific modeling framework.

3 Approach

Let D be a tweet dataset, where each tweet di is
represented as a tuple (Ii, Ti). Ii represents the im-
age associated with the tweet and Ti represents the
textual content of the tweet. A model f that maps
the input tuples (Ii, Ti) to a predicted stance score
or persuasiveness score ŷi, where ŷi ∈ [0, 1]. In ad-
dition, we will also extract the text in the image Iti,
and generate its caption Ci as an optional feature.
Then the representation of the tweet can be shown

https://github.com/JZCS2018/ACT-CS
https://github.com/JZCS2018/ACT-CS
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as the new tuple (Ii, Ti, Iti/Ci). The framework is
illustrated in Figure 2.

3.1 OCR & image captioning
Due to the limited amount of training data avail-
able, we believe that incorporating other pretrained
models will significantly enhance the performance
of our model. Therefore, we have incorporated two
types of pretrained models in our approach: BLIP-
large (Li et al., 2022), an image captioning model
for generating textual descriptions, and Microsoft’s
TrOCR(Li et al., 2023b), an optical character recog-
nition (OCR) model for extracting text from images.
BLIP-large has been pre-trained on a vast dataset
and is capable of generating textual descriptions for
images. By utilizing this model, we aim to improve
the understanding and contextual description of the
images in our dataset. Additionally, some images
contain text that is crucial to comprehend the image
but the text cannot be effectively represented solely
through captions especially for longer texts. To
address this, we employ the OCR model to extract
text from these images.

For each image Ii, we use BLIP-large model to
generate the caption Ci and use TrOCR to extract
the text Iti. These two features are then directly
fed into our backbone model.

3.2 Backbone Models
As the fields of CV and natural NLP continue to
advance, we aim to integrate SOTA models from
both domains for our tasks.

The Vision Transformer (ViT) (Dosovitskiy
et al., 2020) is designed for CV tasks, and it offers
several compelling benefits for the image process-
ing. Its ability to extract intricate visual patterns
and characteristics from images has demonstrated
remarkable effectiveness. It can seamlessly inte-
grate with other models, especially the BERT (De-
vlin et al., 2018) for text, enabling the creation of
powerful multi-modal models.

BERT is pre-trained on vast amounts of text data
and has a deep understanding of contextual lan-
guage usage. This makes it highly effective in
capturing nuanced language patterns and context
within tweets, which is crucial for analyzing per-
suasiveness.

The self-attention mechanisms in ViT and BERT
models could provide insights into which parts of
the image/text the model focuses on when mak-
ing predictions. This interpretability can be valu-
able for understanding how the model assesses the

stance and persuasiveness.

3.3 Fusion Methods

Multimodal fusion methods are techniques used to
combine and integrate information from multiple
modalities (e.g., text, images, audio) into a uni-
fied representation for analysis or decision-making
(Gao et al., 2020). It can be categorised into early
fusion, late fusion and intermediate fusion. Early
fusion, also known as feature-level fusion, involves
combining features from different modalities at the
input level. For example, in text-image fusion, the
features extracted from text and images are con-
catenated or merged before being fed into a model.
This approach creates a single feature vector that
represents both modalities. Late fusion, involves
processing each modality separately and then com-
bining their results at a later stage. Cross-attention
was introduced in Transformers model (Vaswani
et al., 2017). It often employs attention mecha-
nisms to enable a model to selectively attend to
relevant parts of one modality based on the infor-
mation from another modality. This paper will
apply the three methods to our experiments.

4 Experiments

We designed the experiments to answer two key
questions: (1) How accurate is SPLIT in automat-
ing the entity matching? (2) How important are the
different components of SPLIT?

4.1 Datasets

The benchmark dataset used in this study is
sourced from the ImageArg-Shared-Task-2023, as
described in Liu et al. (2023). This dataset encom-
passes two specific topics: abortion and gun control.
In the abortion dataset, there are 891 training sam-
ples, 100 validation samples, and 150 test samples.
Similarly, the gun control dataset comprises 923
training samples, 100 validation samples, and 150
test samples. For each topic, we will experiment
on stance and persuasiveness prediction tasks.

4.2 Baseline models

We utilize the pretained ViT and BERT-based-
uncased models for our experiments. To ensure a
fair comparison, we standardize the dimensionality
of both image and text embeddings to 1024 before
inputting them into the classification layers. We
evaluate task performance across three modalities:
Image Modality (I-ViT), Text Modality (T-BERT),
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Datasets Tasks I-ViT T-BERT SPLIT-IT-E SPLIT-IT-L SPLIT-IT SPLIT-IET SPLIT-IECT

Total Stance 0.4279 0.4738 0.5863 0.6098 0.6116 0.6178 0.6325

Persuasiveness 0.3968 0.3906 0.5000 0.4076 0.3125 0.4348 0.4432

Abortion Stance 0.3609 0.3975 0.4337 0.4429 0.4595 0.4494 0.4638

Persuasiveness 0.5438 0.4751 0.605 0.5982 0.3333 0.4950 0.4510

Gun control Stance 0.4782 0.5315 0.6627 0.6689 0.6786 0.7059 0.7030

Persuasiveness 0.2192 0.2908 0.3529 0.3017 0.2895 0.3614 0.4337

Table 1: Comparison of F1 performance for different models. The best performance is bolded.

and Multi-modality combining both text and image
information. For last part, we try different con-
figurations, such as Image + Text + Early fusion
(SPLIT-IT-E), Image + Text + Late fusion (SPLIT-
IT-L), Image + Text + Cross-attention (SPLIT-IT)
Image + Text-extraction + Text + Cross-attention
(SPLIT-IET), and Image + Text-extraction + Image-
caption + Text + Cross-attention (SPLIT-IECT).

We train all models on a single NVIDIA Tesla
V100 GPU with 16GB VRAM. We fix the batch
size at 32 and use the Adam optimizer to train the
models for 20 epochs using a linearly decaying
learning rate with one epoch warmup. A learning
rate sweep is done over the range [1e-5, 3e-5, 5e-
5, 8e-5. 1e-4]. We also apply the early stopping
strategy for the efficiency.

5 Results

5.1 Predictive Performance on Different Tasks

The Table 1 shows the results from different models
on different datasets and tasks. The total datasets
means we only consider the tasks instead of topics
for the evaluation. For the "Stance" task in the "To-
tal" dataset, "SPLIT-IECT" achieves the highest
F1 score of 0.6325, making it the best-performing
model. Among single-modality models, T-BERT
outperforms I-ViT, indicating that text holds a more
significant role in this Stance task. When consid-
ering the outcomes of multi-modal models, it be-
comes evident that incorporating text information
extracted from images has a positive impact on
model performance. In the context of the "Persua-
siveness" task, "SPLIT-IT-E" emerges as the top-
performing model, achieving an F1 score of 0.5000.
Despite observing improved performance with the
incorporation of additional features, it appears that
the inclusion of textual information does not signifi-
cantly contribute to enhancing the decision-making
process. This also can be observed in the compari-
son between I-ViT and T-BERT.

5.2 Predictive Performance on Different
Topics

In the "Abortion" topic, "SPLIT-IECT" again per-
forms the best for the "Stance" task with an F1
score of 0.4638. However, for the "Persuasive-
ness" task, "SPLIT-IT-E" has the highest F1 score
of 0.605. The textual content within the images
is evidently more pivotal in aiding the decision-
making process. Furthermore, the outcomes in the
Persuasiveness task align consistently with those
observed in the overall dataset for the same task.

In the context of the "Gun control" topic, "SPLIT-
IECT" takes the lead in the "Stance" task, achieving
an F1 score of 0.7030. Similarly, in the "Persuasive-
ness" task within the same topic, "SPLIT-IECT"
maintains its superior performance with an F1 score
of 0.4337. Notably, the results in this particular
topic differ from those observed in other topics.
It appears that the images within the Gun control
dataset contain more valuable textual information
compared to those in the Abortion dataset."

Finally, when examining fusion techniques, it be-
comes evident that cross-attention mechanisms can
offer more potent insights for predicting outcomes.

6 Conclusion

In light of the recent advancements in persuasive-
ness and stance prediction research, this study com-
bines state-of-the-art computer vision (CV) and
natural language processing (NLP) models under
the name SPLIT, and explores various fusion ap-
proaches. The findings indicate that the cross-
attention mechanism outperforms other methods.
In the future, we will focus on how to visualize and
interpret the predictions from the model, which
could provide more comprehensive analysis to the
researchers.
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