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Abstract

In this paper, we propose o novel method that leverages a Mixture of Transformers (MoT) based on the language
performance of each model. We employ simple, yet effective, preprocessing modules that are connected to
the state-of-the-art Transformer and we compare the performance of general-purpose, task-specific, and data
source-specific flavors of English and multi-language models. This novel approach manages to obtain good results
for all tasks, with the best performance in soft-label evaluations rather than hard-label evaluations. We propose 3
types of mixtures that performed best on training data and we notice that they behave well against unseen data.
The proposed architecture is easily up-gradable, has low resource costs, and provides good overall results in the
EXIST 2024 competition.
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1. Introduction

The following document serves as the working notes for our submission to EXIST 2024, described in [1]
[2] and, representing the efforts of team Awakened. EXIST is a renowned series of scientific events and
shared tasks focused on the identification of sexism in social networks. The objective of EXIST is to
encompass sexism in its entirety, ranging from overt misogyny to more subtle manifestations involving
implicit sexist behaviors.

For this particular event, we tackled three out of six tasks, focusing on the Natural Language
Processing (NLP) challenges as the other three are similar tasks, but for Computer Vision:

« TASK 1: Sexism Identification - binary classification

« TASK 2: Source Intention - multi-class (4) classification technique, leveraging the outcome of
TASK 1, identifying the nature

« TASK 3: Sexism Categorization - multi-label classification, showing the probability of each
possible outcome

As most of the NLP endeavors focus on the Generative Al domain, we propose an architecture that is
similar to the Mixture of Experts, but instead of using Large Language Models (LLMs) for the purpose of
language generation, we use Language Models (LMs), namely Transformers, with the purpose of solving
the three classification tasks. Transformers have emerged as the leading methodology for text-related
operations, particularly classification problems. We take advantage of the remarkable capabilities
of transformers, making use of industry-trained models facilitated by the Huggingface platform [3].
Furthermore, we fine-tune these models to optimize their performance for our particular task.

Starting with our previous work for last year’s competition [4], in this article, we plan on employing
a mixture of:
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« general-purpose transformers
« task-specific: harmful speech detection
« data-source specific: trained on Tweets

This article is structured as follows. In Section 2, we present the current state-of-the-art methods
for harmful contentment detection. In Section 3, we analyze the dataset and present the experimental
setup. In Section 4, we present and discuss our results. Finally, Section 5, we draw the main conclusions
of this work.

2. Related Work

The tasks proposed for this lab aim at mitigating harmful speech, more specifically sexist and offensive
language, from social networks. With our work, we plan to improve the proposed approach in the
previous edition of our team [4], but leverage the idea of the latest Al trend, Generative Al, namely
Mixture of Experts (MoE) [5]. MoE proposes training separately a multitude of models, reducing the
required resources of training a model that combines everything.

The idea of leveraging multiple simple models is not new and has been previously used for this
task successfully [6], both for English and non-English tweets. Another approach that successfully
uses multi-lingual transformers proposes some data augmentation techniques in the preprocessing
and training pipeline [7]. An important hint that English-only embeddings might have good results in
non-English tasks is provided in another working note from the previous edition [8].

Other works focus on language-independent models by training word embeddings [9], transformer
embeddings [4, 10], sentence transformers [11] or document embeddings [12] for detecting online
harmful content. Furthermore, in the current literature novel architectures for detecting harmful
content have been proposed. These novel architectures focus on stacked deep neural networks [13] or
integrating network information into their deep neural architectures [14].

Finally, the current literature also focuses on how harmful content is spread online [15, 16, 17] and
how its effects can be mitigated on social platforms [18, 19, 20].

3. Experiments

3.1. Exploratory Data Analysis

To better understand the task at hand we propose a simple Exploratory Data Analysis (EDA), as we
want to use a mixture of models, based on the language of the tweets. In Table 1, we observe that
the proposed split of train-test 79% — 21% has the same distribution across the languages. With
the balanced distribution of tweets by language 53% — 47%, a mixture involving multi-lingual and
English-only models makes sense and the comparisons of models will provide interesting results.

Table 1
Distribution of Tweets by Language for the Train/Test Split

DatasetSplit | Language | NumberOfltems | Percentage
Train en 3749 47%
Train es 4209 53%
Test en 978 47%
Test es 1098 53%

3.2. Experimental Setup

For our experiments, we propose a mixture of English-only and multi-lingual transformer-based models
(Table 2) as we want to showcase our mixture of models architecture based on the language of the
tweets (Figure 1).



The output module leverages 3 types of mixtures, in terms of output weight, for the best English
and multi-language models. We consider the dominant model the English one, in case the language of
the input is English, otherwise the multi-lingual one. When we present the results we will highlight
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Figure 1: System Architecture

Since for this competition, Task 2 and 3 are defined to take advantage of Task 1’s output, our system
does the same and propagates the mixtures. This means that in Tasks 2 and Task 3, for each mixture
type, the corresponding mixture from Task 1 is used.

Table 2

The proposed models for our experiments
ModelName IsMultiLingual
twitter-roberta [21] [22] No
twitter-xIm-roberta-base-sentiment-multilingual [21] Yes
twitter-xIm-roberta-base-sentiment [23] Yes
bert-toxic-comment-classification [24] No
distilbert-uncased-english [25] No
distilbert-base-multilingual-cased-sentiments [26] Yes
MiniLM-L12-H384 [27] No
xIm-roberta [28] Yes
roberta-hate-speech-dynabench-r4 [29] No

For all the tasks, we use early stopping with 3 epochs of tolerance and the following hyper-parameters,
obtained while training the best model strategy:



. learning_rate = 2e~°

« per_device_train_batch_size = 32
« per_device_eval_batch_size = 32
« weight_decay = 0.01

« mazx_epochs = 50

The metrics used in the competition, for which the engine will be optimized, are ICM-Hard, ICM-Hard
Norm, F1, Cross Entropy, Majority class, Minority class, and Oracle most voted. To provide models that
perform well we are using F1 for Tasks 1 and 2 and for Task 3 we are using a custom Mean Squared
Error.

As for the hyper-parameter tuning, each model is optimized as it would be handling the task alone,
for the current implementation.

3.2.1. Task 1

The first task is a binary classification one. The system has to decide whether or not a given tweet
contains sexist expressions or behaviors. The dataset is annotated by multiple evaluators, each providing
their own label. To obtain only one label for each tweet, i.e., ‘YES’ or ‘NO’, we take the majority label.

In Table 3, we observe that the best-performing models for this task are the ones fine-tuned on Twitter
data. As mentioned in the previous section, we are going to use a mixture of the best English-based
model and the best multi-lingual model.

Table 3
General Metrics for the Proposed Models on Task 1

ModelName Epoch F1 Loss | Train(s) | Eval(s)
twitter-roberta 1463

twitter-xIm-roberta-base-sentiment-multilingual 7039
twitter-xIm-roberta-base-sentiment 3 0.7482 | 0.4902 6373
bert-toxic-comment-classification 4 0.7463 | 0.5211 6969 117
distilbert-uncased-english 4 0.7406 | 0.5348 2918 3
distilbert-base-multilingual-cased-sentiments 4 0.7379 | 0.5123 4407 3
MiniLM-L12-H384 5 0.7338 | 0.5059 296 3
xIm-roberta 4 0.7327 | 0.5520 1834 9
roberta-hate-speech-dynabench-r4 3 0.7126 | 0.5220 6080 154

We notice that the models are close when it comes to performance, all are in the range of 71% — 79%,
but when it comes to the resources used there is a meaningful difference. The least resources are used by
MiniLM [27], which is a super-pruned version of the regular LMs. The most resource-intensive models
are the ones that are trained in multiple extra iterations over the regular LMs, namely the multi-lingual
tranformers. The base for the multi-lingual transformers is XLM Roberta. Each is further trained on
platform-specific data, i.e., tweets from Twitter, and task-specific data, i.e., harmful speech.

3.2.2. Task 2

The second task is multi-class classification, namely “Source Intention”. Building on top of the first
one, it aims to categorize the message according to the intention of the author. This provides insights
into the role played by social networks in the emission and dissemination of sexist messages. To unify
the results, we use the same approach as for Task 1, a majority vote with equal weight for the labels.
Furthermore, we are augmenting the output by leveraging the output from Task 1, working as a ‘YES’
or ‘NO’ filter that tells us if the model needs to be run on the input or not.

For this problem, we observe that the range of results is wider (Table 4), i.e., 46% — 61%. The models
perform significantly worse than they previously did, but this is expected as the output of Task 1 is also
leveraged.



As expected, the specialized models are outperforming the others. Moreover, the English model,
which is solely focused on the task at hand rather than the data, has the overall best performance
by a small margin. Resource-wise, the behavior is not reflected on the macro level as it was for Task
1. As such, MiniLM, despite training for the most epochs among the smaller models, is not the least
demanding. However, it remains the most efficient model per iteration.

Table 4
General Metrics for the Proposed Models on Task 2

ModelName Epoch F1 Loss | Train(s) Eval(s)
twitter-xIm-roberta-base-sentiment
xIm-roberta

roberta-hate-speech-dynabench-r4 2
twitter-roberta 5 0 5822 0 8790 518 2
twitter-xIm-roberta-base-sentiment-multilingual 4 0.5525 | 0.8631 625 4
MiniLM-L12-H384 10 0.5395 | 0.9431 482 1
distilbert-uncased-english 5 0.5333 | 0.9226 115 1
bert-toxic-comment-classification 4 0.5021 | 0.9227 176 2
distilbert-base-multilingual-cased-sentiments 4 0.4657 | 0.9439 126 1

3.2.3. Task 3

Task 3 is a multi-label classification focusing on identifying different sexism categories for each tweet
that was labeled as sexist by Task 1. Unlike Task 1, tweets have multiple sexist labels. Thus, our
proposed approach computes a probability for each label considering the number of annotations, using
an equal weight for each annotation. As the metrics are custom, the loss is 1/M etric, and we did not
need to represent it in Table 5. The custom Mean Square Error (CustomMSE) is adapted to the way we
build the probabilities of each class.

We observe an almost perfect mirror of what happened before (Table 5), with the best performing
models being the data and task-specific ones. For the resources side, we notice that this time MiniLM
trained more than twice the number of epochs that the others.

Table 5
General Metrics for the Proposed Models on Task 3

ModelName Epoch | CustomMSE | Train(s) | Eval(s)
twitter-xIm-roberta-base-sentiment-multilingual ‘

twitter-xIm-roberta-base-sentiment ‘ 7 32.0696 5
xIlm-roberta 7 31.0823 1060 2
twitter-roberta 7 30.2483 664 2
distilbert-uncased-english 7 29.6718 170 2
roberta-hate-speech-dynabench-r4 8 29.5671 826 3
distilbert-base-multilingual-cased-sentiments 7 29.2608 233 2
bert-toxic-comment-classification 8 29.2145 396 3
MiniLM-L12-H384 18 27.8630 862 1

4. Results

Table 6 presents the official results from the leaderboard. For a more comprehensive analysis, please
refer to the Results chapter available on the official site. We are showcasing only the best ranking, as
most of the submissions are one after another in the rankings with a maximum drift of 3 places.

We notice that the best overall mixture is 2, DOMINANT — 75%, and the least is mixture 1,
HALF — HALF'. The best-performing outputs are on the English tasks for the soft evaluation rather
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Table 6
Ranking in EXIST2024 competition

Task | EvalType BestMixture | BestRank | TotalSystems
1 Soft-Soft-ALL 2 10 40
1 Hard-Hard-ALL 3 20 70
1 Soft-Soft-ES 3 16 40
1 Hard-Hard-ES 3 21 66
1 Soft-Soft-EN 1 5 40
1 Hard-Hard-EN 3 12 68
2 Soft-Soft-ALL 2 9 35
2 Hard-Hard-ALL 2 12 46
2 Soft-Soft-ES 2 11 35
2 Hard-Hard-ES 2 14 46
2 Soft-Soft-EN 2 11 35
2 Hard-Hard-EN 2 7 46
3 Soft-Soft-ALL 2 9 33
3 Hard-Hard-ALL 2 6 34
3 Soft-Soft-ES 2 10 33
3 Hard-Hard-ES 2 9 34
3 Soft-Soft-EN 3 8 33
3 Hard-Hard-EN 2 6 34

than the hard one. One interesting aspect is that we obtained the lowest performance for Task 1, but
the other two that are leveraging its output behave better, with a slight margin. Another interesting
aspect is that Task 3, the one that leverages the custom metric, has the best results out of all tasks, with
consistent placement.

One thing to notice is the difference between the soft and the hard evaluation, for all language splits,
where for Task 1 the difference is quite significant and for the other 2 not that much, considering that
in most cases the outputs of each team were one after another and each team had 3 possible outputs
that can be submitted.

To conclude the Mixture of Transformers provides promising results with good resource requirements,
with the second proposed mixture, DOMIN ANT — 75%, performing on average the best, with the
difference in performance between them being not that significant.

5. Conclusions and future directions

We notice a similar performance as we did in the previous iteration, namely in [4], which is slightly
fixed by the Mixture of Transformers:

1. The models yield better results for the soft evaluation, meaning we can adjust the tolerance to
better improve the hard evaluation.

2. The models behave better on the English data, which means that we have to either find better
models specialized in other languages or fine-tune the multi-language ones with more data.

One thing that we did not tackle, but we previously mentioned, is experimenting with the way we
weigh each label, based on the meta-data of the annotator, but the literature has mixed views on this.

Another interesting approach is to consider a dynamic number of Transformers, for each language,
based on performance, as we observe that sometimes the performance is close for multiple models.
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