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Abstract
With the ever-increasing availability of digital
information, toxic content is also on the rise.
Therefore, the detection of this type of language is of paramount importance. We tackle
this problem utilizing a combination of a stateof-the-art pre-trained language model (CharacterBERT) and a traditional bag-of-words technique. Since the content is full of toxic words
that have not been written according to their
dictionary spelling, attendance to individual
characters is crucial. Therefore, we use CharacterBERT to extract features based on the
word characters. It consists of a CharacterCNN module that learns character embeddings
from the context. These are, then, fed into
the well-known BERT architecture. The bagof-words method, on the other hand, further
improves upon that by making sure that some
frequently used toxic words get labeled accordingly. With a ∼4 percent difference from the
first team, our system ranked 36th in the competition. The code is available for further research and reproduction of the results1 .

1

Introduction

The user generated digital content is increasing
rapidly every second of the day. This can include
some toxic language whose detection can be difficult due to the complexities of human languages.
We address this problem by participating in SemEval Workshop 2021 Task 5 (Pavlopoulos et al.,
2021).
In many cases, the data, which are considered to
be toxic, contain words that have not been written
in their standard forms. There might also be a lot
of misspelling or letter replacements. In addition,
usually the words that are considered to be the most
offensive are bleeped which makes them difficult
to be recognized if we use a model which learns the
1
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content representation based on the words. Apart
from word related issues, the context also plays
a crucial role in the meaning that a word conveys
since words in different contexts can have various
meanings.
Therefore, in order to cope with these issues,
we opt for a recently pre-trained language model
which has been trained on character level. CharacterBERT (El Boukkouri et al., 2020) is a deep
neural network model that has been pre-trained
on Wikipedia and OpenWebText (Gokaslan and
Cohen) corpora using the BERT architecture (Devlin et al., 2019) with an addition of a characteraware Convolutional Neural Network (CNN) (Kim
et al., 2016; Peters et al., 2018). BERT-based models have now become pervasive in many different
natural language processing tasks such as reading comprehension (Xu et al., 2019), named entity
recognition (Liang et al., 2020), sentiment analysis
(Karimi et al., 2020), and language understanding
(Jiao et al., 2020) as well as similar ones to toxic
language detection such as propaganda detection
(Jurkiewicz et al., 2020). While the BERT model is
beneficial in extracting the contextual information
from the text on the word level, the character-aware
CNN attends to the individual letters which helps
in dealing with out-of-vocabulary, unknown and
rare words.
In addition to using a deep language model for
detecting toxic language, we employ a very simple
Bag-of-Words model that can achieve a close performance to that of the deep model. By building
a dictionary of toxic words from the training data
and by taking into account their frequency and ratio
of toxicity, we come up with a simple model that
performs as closely as about 2 percent difference
in performance to the deep model’s result. Moreover, we improve the results of CharacterBERT by
combining it with the output of a version of the
Bag-of-Words model.
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spans
[8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39]
[0, 1, 2, 3]
[7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17]

text
Another violent and aggressive immigrant killing
a innocent and intelligent US Citizen.... Sarcasm
Damn, a whole family. Sad indeed.
What a knucklehead. How can anyone not know
this would be offensive??

Table 1: Three examples from the training set

2

System Description

Our system consists of four main stages namely,
pre-processing, applying CharacterBERT, applying
Bag-of-Words model, and finally combining the
results of the two models. We describe each of
these stages in the following subsections.
2.1

Pre-processing

The training dataset consists of rows of various
lengths and an array of character spans indicating
their toxic parts. Each row can contain several
sentences. Table 1 shows three examples of the
training data.
We approach the task of toxic spans detection as
a sequence labelling task where each word of the
input row is classified into one of the predefined
classes. We define three classes of {B, I, O}, meaning that each word can be the first word (B) of a
set of continuous toxic words, in between (I), or
not toxic (O). Therefore, in order for both of our
models to be able to process these inputs, we first
need to break the rows into words and label them
as one of the above-mentioned classes. This was
carried out by simply splitting each input row at
the space characters. Then, after creating a dataset
that has been labeled on the word level, we can use
it as the input of our models. The same is done
for the Bag-of-Words model with a difference in
treating the bleeped words which is described in
Subsection 2.3.
2.2

CharacterBERT

CharacterBERT model is almost identical to the
well-known BERT model with a difference in initial embedding. In the general BERT model, words
are broken into pieces and the embeddings for
these word pieces are computed. In CharacterBERT, however, words are divided into letters or
characters. Then, using CNN modules the embeddings are computed on the character level (Figure
1). This makes the network extract features on the

Figure 1: The difference between the BERT and CharacterBERT models is the way they compute the initial embeddings. The former uses word-piece embeddings while the latter uses character embeddings. Figure taken from El Boukkouri et al. (2020).

lowest level, making it suitable for contexts which
contain many unseen vocabulary terms such as misspelled words or technical jargon. After the initial
character-aware CNN layer, there is the BERTbase
architecture which contains 12 layers (blocks) of
Transformer (Vaswani et al., 2017) with the hidden
size of 768 and 12 attention heads. The final layer
representations are converted into logits using a
fully connected layer after which a Softmax layer
is applied to extract the token’s (word’s) class.
2.3

Bag-of-Words Model

This model is a simple script of fewer than 80 lines
of code. However, its performance on the Toxic
Spans Detection task can get very close to the CharacterBERT model which has millions of parameters. In this model, by examining the training set,
we first build a dictionary of toxic words with their
frequency. Table 2 presents the top ten words of
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Figure 2: Performance of the Bag-of-Words model on validation set. The frequencies and ratios are the minimum
thresholds that specify whether or not to consider a word toxic.

Word
stupid
idiot
idiots
stupidity
ignorant
dumb
moron
fool
pathetic
crap

Frequency
973
557
353
223
190
157
147
141
138
121

the bag-of-words model and that of CharacterBERT
is taken. The results will improve if there are words
labeled correctly with the Bag-of-Words model that
are not in the output for CharacterBERT. This can
be achieved by specifying a high toxicity ratio for
a word to be labeled as toxic. Also, the wrongly
labeled tokens should not be too many since it can
have a negative effect on the F1 score. Therefore,
the frequency with which a toxic word appears
should be somewhat high. Striking a balance between these two parameters can help improve the
output of CharacterBERT.

Table 2: Top 10 toxic words in the training set

3
this dictionary in terms of frequency.
Then, we locate the words from the toxic dictionary in each sentence of the test set. If the word
is found and its frequency as well as its toxicity
ratio in the training set are higher than certain values, it is labeled as toxic. This ratio which we call
toxicity ratio (defined below) along with the term
frequency are the only parameters of the Bag-ofWords model.
toxicity ratio =

labeled as toxic frequency
total frequency

3.1

Performance of CharacterBERT

We ran the experiments for the general domain
CharacterBERT with its default setting on a GPU
(GeForce RTX 2070) which had 8GB of memory.
We specified batch sizes of 4 for both training and
testing and fine-tuned it on the toxic data only for
one epoch which produces an F1 score of 65.13. It
is worth noting that more training did not improve
the performance.
3.2

The test dataset also contains words that are
bleeped. Since these words can be considered toxic
with a high certainty (otherwise they would not be
bleeped), we extract them separately from the test
set and label them directly as toxic.
2.4

Experiments and Results

Combining the Two Models

In order to get the improved version of the toxic language labeling, the union of the spans detected by
222

Analysis of the Bag-of-Words model

In order to experiment with the Bag-of-Words
model, we divide the original training set into a
resized training set with 7000 sentences and a validation set with 939 sentences which were taken
from the end of the original training set. Then, we
find the best parameters on the validation set and
using those parameters on the test data, we get a
performance of almost 63 percent which is only
2 percent smaller than our deep model. Figure 2

Model
CharacterBERT
BoW (v1)
BoW with best parameters (v2)
CharacterBERT + BoW (v2)
CharacterBERT + BoW (v1)

F1
65.13
51.75
62.79
65.87
66.72

Table 3: Comparing results of the proposed models.
The boldfaced one is the submitted version. BoW: Bagof-Words model.

Word
stupid
idiot
idiots
stupidity
moron
idiotic
hypocrite
shit
scum
hypocrites

Frequency
973
557
353
223
147
98
75
56
52
44

Toxicity Ratio
0.78
0.84
0.81
0.77
0.71
0.74
0.88
0.72
0.70
0.76

Figure 3: Heatmap of the results (F1 scores) with different values of term frequency and toxicity ratio before
combining with CharacterBERT

Table 4: Words selected as the toxic words with minimum frequency of 40 and minimum toxicity ratio of
0.7 (BoW (v1))

shows this model’s performance for its two parameters on the validation set. One parameter represents
the minimum frequency with which a toxic word
appears in the resized training set and the other one
is its minimum toxicity ratio in the resized training
data.
We can see from Figure 2 that the best results
are achieved when the minimum frequency is 20
and the minimum ratio is 0.3 or 0.4. Since a larger
ratio can be a sign of more toxicity, we choose 0.4
as the ratio and a frequency of 20 as the thresholds
with which we apply the model on the test set. This
gives an F1 score of 62.79 percent (Table 3) which
is not that much below the result of the deep model.
We can also see from Table 3 that although combining the output of the Bag-of-Words model with
that of CharacterBERT improves the results a little bit, it is still is not as significant as the first
version. In the first version of the Bag-of-Words
model, which was found during our primary experiments, the minimum word frequency is 40 and the
minimum toxicity ratio is 0.7. With these parameters, only 10 words are selected from the training
set. The frequency and toxicity ratio of these words
can be seen in Table 4.

Figure 4: Heatmap of the results (F1 scores) with different values of term frequency and toxicity ratio after
combining with CharacterBERT

Although the performance of this version is a
lot lower than the second version (v2) of the BoW
model, it helps to improve the performance of CharacterBERT. The reason for this behavior can be
attributed to the fact that models with higher thresholds both in terms of frequency and toxicity ratio
tend to output more certain results, albeit fewer
words than the ones that should be labeled as toxic.
Therefore, many toxic words that are less probable
are not extracted and F1 score drops.
Looking at Figure 3, we can see that, indeed,
the best parameters from the experiments on the
validation set (ratios 0.3 and 0.4 with frequencies
10 and 20) yield some of the best results on the
test set. However, when these results are combined
with the output of the CharacterBERT, we see that
the higher the toxicity ratio the better the results
(Figure 4) until 0.7 which gives the maximum im-
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provement. The 0.8 ratio makes the predictions still
a little better but 0.9 does not affect them since the
words that are labeled as toxic with this certainty
have most probably been found also by CharacterBERT.

4

Conclusion

We described the system we utilized to detect toxic
language. In our approach, we first fine-tune CharacterBERT, a character-level pre-trained language
model, on the toxic training data. Then using a simple bag-of-words model, we further improve the
results of this system. The Bag-of-Words model
labels the words based on their frequency and the
ratio of toxicity in the training data. We showed
that this model, although extremely simple, gives a
close performance to that of CharacterBERT with
millions of parameters.
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