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Abstract

The goal of profiling irony and stereotype spreaders is to classify authors as irony spreaders or not, based
on a certain number of their tweets. In this paper, we present our novel system, which is different from
typical approaches to classification tasks. Instead of extracting features and training machine learning
classifiers, we exploit the Bayes’ theorem and the property and function of language models to derive a
classification system. We explain in detail why our system is able to make the right predictions, and also
explore the characteristics of our new system by conducting further experiments. Finally, experimental
results show that our approach can effectively classify ironic and non-ironic users and achieve a good
performance on the shared task IROSTEREO.
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1. Introduction
Social media plays a more and more important role in our daily life. It has a lot of advantages for
us, but it is also a hotbed of offensive and aggressive speech. It is therefore of great significance
to profile users on social media. In the task Profiling Irony and Stereotype Spreaders on Twitter
(IROSTEREO) 2022 [1, 2], we focus on profiling ironic authors on Twitter, especially those who
use irony to spread stereotypes. The goal is to classify users on Twitter as ironic or not, given a
certain number of their tweets. This task is to deal with the subtlety and complexity of human
language. When using irony, language can be used to mean something opposite to its literal
meaning. Moreover, the stereotype can be well hidden, which requires sufficient knowledge
of human society and a good understanding of the context to be detected. Thus this task is
somewhat challenging.
In this paper, we present our solution for the IROSTEREO task. We propose a novel approach
to classify the users with their tweets. Instead of extracting features and training a classifier
to explicitly do classification on the data, we make use of the function of language models
and apply Bayes’ Theorem to make predictions. In this way, we avoid selecting and extracting
features manually, which is quite necessary when doing classification with very long text inputs.
Experimental results have shown that our approach is effective on the IROSTEREO task. It can
classify users as ironic or not with high probability. Our approach achieves 92.78% accuracy on
Code is available at https://github.com/huangxt39/BayLMs
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the official test set on TIRA platform [3].

2. Related Work
There is a lot of research in the field of author profiling. Many similar tasks are presented
[4, 5, 6, 7] these years, with different focuses such as author gender profiling, bot author
detection, fake news spreaders detection, and hate speech spreaders detection. While they
focus on different aspects of authors, the general goals are to classify authors on social media,
depending on the text content they write. In these tasks, both traditional machine learning
models and deep learning models are exploited commonly. Besides, external resources like word
embeddings [8] have been widely used to extract features from raw texts. Typical framework
for these tasks can be summarized as 1) extract features from the text, which includes word ngrams, TF-IDF features, word embeddings, sentence embeddings, representation from large-scale
pretrained language models, and sometimes linguistic features like POS tagging [8, 9, 10, 11].
2) these features are then fed to classifiers like SVM, BiLSTM, or pretrained language models
[12, 13, 14] in order to classify the authors. In these works, there are usually many kinds of
features and classifiers selected, and many different combinations of features and classifiers
are tested to select the best system. While this framework usually requires arduous work, the
resulting system can usually achieve very good performance on the task.

3. Methodology
3.1. Framework
First of all, let 𝑋 be the tweets of a user, and let 𝑦 be the label of the user. We intend to predict
the label of a user, given his/her tweet data. In other words, we try to estimate the probability
distribution 𝑃 (𝑦|𝑋). Instead of directly building up a model to do this task, we apply Bayes’
theorem to the target distribution.
𝑃 (𝑦|𝑋) ∝ 𝑃 (𝑋|𝑦)𝑃 (𝑦)

(1)

where the target distribution 𝑃 (𝑦|𝑋) (posterior) is proportional to likelihood 𝑃 (𝑋|𝑦) times
prior 𝑃 (𝑦). In this way, we convert the desired probability into two components. Once we
know 𝑃 (𝑋|𝑦) and 𝑃 (𝑦), we will know 𝑃 (𝑦|𝑋) and thus which label should be assigned to the
given tweets.
The prior 𝑃 (𝑦) is the probability distribution of labels in the dataset, which can be easily
obtained by counting the number of a specific label 𝑛𝑖 and counting the number of labels in
total 𝑛, then 𝑃 (𝑦𝑖 ) = 𝑛𝑖 /𝑛.
The likelihood 𝑃 (𝑋|𝑦) means that given the label (e.g., the tweets are produced by an irony
and stereotype spreader), how likely are these tweets to appear. We can use language models to
estimate this probability. The language models are able to predict the probability of any given
sequence of words.
During the training stage, we separate the training data according to the labels, more specifically, one collection of data consists of all the ironic (we will use this word as a shorthand for

tweets produced by irony and stereotype spreaders) tweets, another collection consists of all the
non-ironic tweets. Namely, 𝑆𝐼 = {𝑋𝑖 |𝑦𝑖 = "I"}, and 𝑆𝑁 𝐼 = {𝑋𝑖 |𝑦𝑖 = "NI"}, where "I" denotes
ironic, and "NI" denotes non-ironic. Then we train two separate language models on the two
collections of data respectively, which brings about ironic domain language model 𝐿𝑀𝐼 and
non-ironic domain language model 𝐿𝑀𝑁 𝐼 . Since the language model 𝐿𝑀𝐼 is trained on all the
ironic tweets, it can predict the probability of a given sequence of words appearing in the ironic
domain. In other words, 𝐿𝑀𝐼 can estimate the probability 𝑃 (𝑋|𝑦 = "I"), that is, given that the
writer is an ironic user, how likely is the sequence to appear. Similarly, 𝐿𝑀𝑁 𝐼 can estimate the
probability 𝑃 (𝑋|𝑦 = "NI"). To make it clear, in the training stage, we do not explicitly predict
the labels. We only use the labels to divide all the tweets into two collections.
When using our models to predict the label of a given set of tweets, we follow the framework
of Bayes’ theorem specified above. Firstly, the tweets 𝑋 are fed into 𝐿𝑀𝐼 and 𝐿𝑀𝑁 𝐼 , giving
rise to 𝑃 (𝑋|𝑦 = "I") and 𝑃 (𝑋|𝑦 = "NI") respectively. Then the likelihood is multiplied
by 𝑃 (𝑦) which can be computed as the frequency of each label in training data, producing
𝑃 (𝑋|𝑦 = "I")𝑃 (𝑦 = "I") and 𝑃 (𝑋|𝑦 = "NI")𝑃 (𝑦 = "NI"). By comparing these two, we choose
the label that produces the greater posterior as our prediction. Note that in the training data, the
labels are evenly distributed. The number of ironic users is equal to the number of non-ironic
users, namely 𝑃 (𝑦 = "I") = 𝑃 (𝑦 = "NI"). Thus we can further remove the term 𝑃 (𝑦) and
compare only the 𝑃 (𝑋|𝑦).
For example, given a sentence "I love COVID!", which is pretty ironic, the probability of that
occurring in the ironic domain is relatively larger than it occurring in the non-ironic domain. It
is not likely for a normal user to say so, while it is likely that an ironic spreader would say some
sentences like this. Thus for 𝑋 = "I love COVID!", 𝑃 (𝑋|𝑦 = "I") > 𝑃 (𝑋|𝑦 = "NI") if the two
language models work effectively. We can then predict that the corresponding label is "I", ironic.

3.2. Language Models
As for the language model, one of our choices is transformer-based neural language models. Specifically, we use mainly use the causal language models, GPT2 [15] and DistilGPT2
[16]. Given a sequence of tokens, the models are able to predict the next token based on
the previous tokens. In other words, the models can estimate the probability of each token
𝑃 (𝑤𝑖 |𝑤1 , 𝑤2 , ..., 𝑤𝑖−1 ), where (𝑤1 , 𝑤2 , ..., 𝑤𝑖−1 , 𝑤𝑖 , 𝑤𝑖+1 , ..., 𝑤𝑛 ) is a sequence of tokens. The
probability of a whole sequence can be obtained as
𝑃 (𝑤1 , 𝑤2 , ..., 𝑤𝑛 ) =

𝑛
∏︁

𝑃 (𝑤𝑖 |𝑤1 , 𝑤2 , ..., 𝑤𝑖−1 )

(2)

𝑖=1

In the task IROSTEREO, we need to predict the label for a given set of tweets generated by
one user (200 tweets for each user). To estimate the
∏︀ probability of all the tweets 𝑃 (tweets),
we do it in two alternative ways: 1) 𝑃 (tweets) = 𝑁
𝑘=1 𝑃 (tweet𝑘 ), where 𝑃 (tweet𝑘 ) is the
probability of a single tweet, which is computed using equation 2. In this way, the tweets
are considered independent. 2) Concatenate all the tweets as a single sequence, then divide it
into pieces whose length is equal to the maximum input length of the language model. Since
the maximum input length is quite long (e.g., 1024 tokens for DistilGPT2), one piece typically

∏︀
contains multiple tweets. The probability is computed as 𝑃 (tweets) = 𝑁
𝑗=1 𝑃 (piece𝑗 ). Thus in
this way, the language model is able to attend much longer context on average when estimating
the probability for each token. In the following part, we refer to our approach as BayLMs,
which contains two language models. We refer the approach using 1) to train and predict as
BayLMs𝑠𝑒𝑝 , the one using 2) as BayLMs𝑐𝑎𝑡 .
Another kind of important language model we use is the n-gram language model. The main
idea of the n-gram language model is that instead of computing the probability of the word
(now we use "word" instead of "token" because words are the basic units in this case) based on
its whole history (i.e. 𝑃 (𝑤𝑖 |𝑤1 , 𝑤2 , ..., 𝑤𝑖−1 )), it approximates the history with a few words
before (i.e., 𝑃 (𝑤𝑖 |𝑤𝑖−2 , 𝑤𝑖−1 ) in the case of trigram). In other words, the n-gram language
model assumes the probability of a word only depends on its previous n-1 words. Therefore, an
n-gram language model estimates the probability of a sequence as
𝑃 (𝑤1 , 𝑤2 , ..., 𝑤𝑛 ) =

𝑛
∏︁

𝑃 (𝑤𝑖 |𝑤𝑖−𝑁 +1 , ..., 𝑤𝑖−1 )

(3)

𝑖=1

where N denotes N-gram.
To compute the probability of all the tweets written by a single user, we simply concatenate
all the tweets as a single sequence, then apply the n-gram language model as 3.

3.3. Further Analysis
In sum, we do not train the models to explicitly do classification. We train two separate language
models with two different corpora. With their ability to estimate the probability of any given
sequence, the predictions can be derived following Bayes’ theorem.
By this approach, we avoid manually selecting and extracting features. Otherwise, due to
the long length of input (200 tweets) of each instance, we have to carefully extract features
to reduce the length of the input, which is tricky and is possible to lose information. But this
framework is only suitable when there are just a few classes ("I" and "NI" in our case), since for
each class we have to train a language model.

4. Evaluation
4.1. Data
Since we only have the ground truth included in the training data, we evaluate our approach
using training data. Because of the small number of instances in the dataset, we need to evaluate
multiple times to get a reliable result and to reduce randomness. Therefore, we use 5-fold cross
validation with the training data. More specifically, there are 420 instances in training data with
the equal number of ironic and non-ironic instances, thus each fold includes 84 instances. Note
that we also keep the ironic and non-ironic instances equal in each fold, thus in each time of
training and validation, the number of ironic and non-ironic instances are always equal.
To better compare the performance of the different schemes, we keep the 5 folds always the
same. That is, we first randomly divide training data into 5 folds, then we always use these 5
folds to test different schemes and never re-divide again.

Scheme
BayLMs𝑠𝑒𝑝 with GPT2
BayLMs𝑐𝑎𝑡 with GPT2
BayLMs𝑠𝑒𝑝 with DistilGPT2
BayLMs𝑐𝑎𝑡 with DistilGPT2
BayLMs with unigram LM
BayLMs with bigram LM
BayLMs with trigram LM
BayLMs with 4-gram LM

Accuracy (%)
91.0 (±3.6)
88.6 (±5.8)
91.7 (±4.5)
91.2 (±3.6)
88.3 (±3.5)
90.0 (±6.8)
91.2 (±3.6)
88.1 (±4.5)

Table 1
The performance on 5-fold cross validation using training data. The number in each cell of the table is
the mean accuracy. The numbers in the brackets are 2 times the standard deviation of the accuracy
values in cross validation, which covers a range that most of accuracy values would fall in in theory,
assuming the values are normally distributed. Note that due to the small number of instances in training
data, there are only 84 instances in each time of validation, thus the accuracy varies wildly.

4.2. Implementation
Our neural language models are implemented using HuggingFace Transformers [17]. They
are pretrained on large-scale text corpus beforehand and do causal language modeling during
our training process (same task as they did in pretraining stage). They are optimized using
stochastic gradient descent with AdamW [18] as the optimizer, with weight decay of 0.01. The
language models are trained for just one epoch with a constant learning rate. The batch size
and learning rate are adjusted to suit each scheme respectively. The batch size and learning rate
for BayLMs𝑠𝑒𝑝 are 8 and 1e-4. The batch size and learning rate for BayLMs𝑐𝑎𝑡 are 4 and 2e-5.
As for n-gram language models, we apply add-k smoothing (Laplace smoothing when k=1).
We also set the vocabulary of 𝐿𝑀𝐼 and 𝐿𝑀𝑁 𝐼 as the union of the vocabulary of ironic tweets
and the vocabulary of non-ironic tweets in order to make the comparison between 𝐿𝑀𝐼 and
𝐿𝑀𝑁 𝐼 fair when making the prediction. We conduct experiments with unigram, bigram,
trigram, and 4-gram language models. For each language model, we select the best k value
ranging from 0.01 to 10.0 for add-k smoothing according to the accuracy of cross validation.
The selected k for each models are: 0.01 (unigram), 3.0 (bigram), 0.1 (trigram), 0.01 (4-gram).

4.3. Results
The results are presented in table 1. In each cell, the number is the mean accuracy in the
cross-validation procedure. The number in the bracket is 2 times the standard deviation of the
accuracy values, which covers a range that most of the accuracy values would fall in theoretically,
assuming the values are normally distributed. We can see that the accuracy varies wildly in
cross validation. This is because of the small number of instances in training data, which results
in only 84 instances each time of validation. In the table, GPT2 represents using pretrained GPT2
as the language models, DistilGPT2 means using pretrained DistilGPT2 as language models,
and n-gram LM means using n-gram language models.
First of all, we can see that even though the models are not trained under classification tasks,
they are able to distinguish between ironic spreaders and normal users effectively. With high

probability, our approach can make accurate predictions.
The results also show that our framework is able to work with entirely different language
models, since both BayLMs with GPT2/DistilGPT2 and BayLMs with n-gram language models
achieve good performance.
It is interesting that n-gram language models achieve comparable results with large-scale
pretrained language models, even though they are quite simple, do not contain any trainable
parameters, and do not require any optimization. They achieve good results simply by counting
frequencies in the training data, while neural network-based language models have millions of
parameters and require costly optimization.
As for neural network language models, we can see that using DistilGPT2 is slightly better
than using GPT2 in general, even though DistilGPT2 has fewer parameters. BayLMs𝑠𝑒𝑝 is
slightly better than BayLMs𝑐𝑎𝑡 when they both use GPT2, while BayLMs𝑠𝑒𝑝 and BayLMs𝑐𝑎𝑡 has
similar performance when using DistilGPT2. In general, even though neural network language
models perform slightly better than n-gram language models, the performance under different
setting are similar, which means different setting does not matter significantly. Our final result
on the test set of the IROSTEREO task is 92.78%, which is obtained by training BayLMs𝑐𝑎𝑡 with
DistilGPT2 on the whole training data.

5. Other Experiments
5.1. Data
There are also some interesting results in our experiments that are noteworthy. In this section,
our experiments are conducted using another way to divide training data. We randomly divide
the training instances into two sets, the training set which consists of 320 users, and the valid
set which consists of 100 users. Again, the ironic and non-ironic instances are equal in both sets.
As we mentioned before, we also use the same training and valid sets throughout this section
and do not re-divide again. But we do not do cross validation anymore, so the experiments are
much less time-consuming. In this setting, the valid set contains only 100 instances and we will
only validate once, so the accuracy is not as reliable as the one in table 1. But it is still enough
to reflect a change on real accuracy when there is a drastic change occurred.

5.2. The Effect of Pretraining
In our approach, we compare the probability of the given tweets produced by two language
models. The prediction of our approach depends on the relative magnitude of probability.
𝑃 (𝑋|𝑦 = "I") and 𝑃 (𝑋|𝑦 = "NI") can both increase or decrease, as long as relative relationship
(i.e., 𝑃 (𝑋|𝑦 = "I") > 𝑃 (𝑋|𝑦 = "NI")) does not change, the prediction will not change.
In this experiment, we use pretrained and un-pretrained DistilGPT2 as our language models.
Un-pretrained DistilGPT2 means that the parameters of the language model are randomly
initialized, and the language models are then trained from scratch using our training data.
While the pretrained DistilGPT2 language models have the parameters that are sufficiently
optimized on a large-scale corpus. We use BayLMs𝑠𝑒𝑝 . As for hyper-parameters, we use batch
size of 32, a constant learning rate of 1e-4 and weight decay of 0.01, and train language models

BayLMs𝑠𝑒𝑝 with un-pretrained DistilGPT2
BayLMs𝑠𝑒𝑝 with pretrained DistilGPT2

Accuracy %
91
91

Loss of 𝐿𝑀𝐼
5.17
3.73

Loss of 𝐿𝑀𝑁 𝐼
5.66
4.00

Table 2
Compare the results of our approach using pretrained and un-pretrained language model. The accuracy
is the performance on the valid set. The loss of 𝐿𝑀𝐼 is the final training loss of the 𝐿𝑀𝐼 on ironic tweets
collection. While loss of 𝐿𝑀𝑁 𝐼 is the final training loss of the 𝐿𝑀𝑁 𝐼 on non-ironic tweets collection.

for one epoch. The results are shown in table 2. Note that the accuracy is obtained on the valid
set. The loss values are the training loss of the two language models on the two training corpus
respectively.
From table 2 we can see that using un-pretrained language model can even achieve the
comparable accuracy as using pretrained language model. While pretraining does affect the
model performance on language modeling tasks, as the training loss is much larger when
the model is not pretrained, pretraining does not affect the performance of our BayLMs to
a significant extent. This unexpected result is because of the intuition we mentioned above.
Without pretraining, the language models are worse at estimating the probability of a given
sequence, in other words, fail to assign a high probability to the occurring sequence. Without
pretraining, both 𝑃 (𝑋|𝑦 = "I") and 𝑃 (𝑋|𝑦 = "NI") are likely to decrease, while the relative
relationship is not likely to change.
Note that in other parts of this paper, we use pretrained language models in our BayLMs.

5.3. Masked Language Models
It is also possible to use masked language models in BayLMs, (e.g. BERT [14]). Even though
we cannot estimate strictly the probability of the whole tweets, we can do it in an analogous
way to causal language models. During training, the masked language models are trained to
predict the masked token in the sequence. When we use them in BayLMs to make predictions,
we randomly mask tokens in the input tweets, then the identical masked inputs are fed into the
two masked language models, giving rise to probabilities on the masked tokens, which are then
multiplied together to produce 𝑃 (𝑋|𝑦 = "I") and 𝑃 (𝑋|𝑦 = "NI").
Specifically, we use pretrained DistilRoBERTa-base [16] and BERTweet-base [19]. The latter
is pretrained on a large-scale tweet corpus, and has special tokens for emojis, user mentions,
and url links. Thus it has a strong ability to understand tweets. We also use BayLMs𝑠𝑒𝑝 as
framework. As for hyper-parameters, both DistilRoBERTa and BERTweet are trained with batch
size=32, constant learning rate=2e-5, weight decay=0.01 for one epoch. The masking rate for
random masking on inputs is 0.15 during training and evaluation. The results are shown in
table 3.
We can see that the DistilRoBERTa and BERTweet give comparable accuracy. But the performance of both models is noticeably worse than BayLMs with causal language models. It may be
because they fail to estimate the probability of all the tokens and finally the probability of the
whole input tweets.

BayLMs𝑠𝑒𝑝 with DistilRoBERTa-base
BayLMs𝑠𝑒𝑝 with BERTweet-base

Accuracy
76
79

Table 3
The results when using masked language models in our approach. The accuracy is the performance on
valid set.

BayLMs𝑠𝑒𝑝 trained for 0.5 epoch
BayLMs𝑠𝑒𝑝 trained for 1 epoch
BayLMs𝑠𝑒𝑝 trained for 3 epoch
BayLMs𝑠𝑒𝑝 trained for 6 epoch

Accuracy %
87
92
86
61

Loss of 𝐿𝑀𝐼
3.80
3.79
3.24
2.63

Loss of 𝐿𝑀𝑁 𝐼
4.11
4.03
3.45
2.82

Table 4
Compare the results of our approach with different training epochs. The accuracy is the performance
on the valid set. The loss of 𝐿𝑀𝐼 is the final training loss of the 𝐿𝑀𝐼 on ironic tweets collection. While
loss of 𝐿𝑀𝑁 𝐼 is the final training loss of the 𝐿𝑀𝑁 𝐼 on non-ironic tweets collection.

5.4. Effect of Training Epochs
In most cases, training only for one epoch is considered to be insufficient. But our approach is
different from the typical method, the situation can be a little bit different. We use the BayLMs𝑠𝑒𝑝
with pretrained DistilGPT2, and train language models with exactly the same hyper-parameters
(batch size=8, constant learning rate=1e-4, weight decay=0.01) but for the different number of
epochs, ranging from 1 to 6. The results are shown in table 4.
As we can see, when the number of epochs exceeds 1, the accuracy starts to drop. BayLMs𝑠𝑒𝑝
trained for 6 epochs performs significantly worse than BayLMs𝑠𝑒𝑝 trained for 1 epoch. Typically,
machine learning models are trained for much more epochs to achieve the best results, and
models’ performance starts to decline only after training for many epochs, and it usually declines
mildly. While the decline in other machine learning models can be attributed to over-fitting,
the reason for the decline in our case can not be explained as over-fitting, since the models do
not do the same task in the evaluation as in training. In our approach, it is necessary to train
the model, since the 𝑃 (𝑋|𝑦 = "I") and 𝑃 (𝑋|𝑦 = "NI") will always be the same if the language
models are not trained. But the accuracy will not necessarily increase with more training. Like
we mentioned in section 5.2, the prediction accuracy depends on the relative relationship of
𝑃 (𝑋|𝑦 = "I") and 𝑃 (𝑋|𝑦 = "NI"), instead of the absolute magnitude of probabilities. It is also
noteworthy that our system has a strong bias towards the class "NI" when trained for too many
epochs. In the case of 6 epochs, there are 38 out of 39 wrong predictions are "NI" (corresponding
ground truths are "I"). While in the case of 1 epoch, there are 5 wrong predictions are "NI" and
3 are "I".

6. Conclusion and Future Work
This paper has shown a novel approach when dealing with classification tasks. We present a
simple scheme, which only makes use of language models and trains with the language modeling

task. The proposed system is simple to implement while it can achieve good performance on
the task.
In theory, our approach is compatible with any kind of language model, as long as the language
model is able to give the probability of a given sequence. This point is well demonstrated by
our experimental results. Thus, we can further test with other language models in future work,
including different types of neural network language models and other traditional ones. In
addition, regarding n-gram language models there are some sophisticated smoothing methods
that are usually believed to achieve better results than simple add-k smoothing. So we can also
do some experiments with them.
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