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In the past two decades, an increasing amount of discussions are held via online platforms such as
Facebook or Reddit. The most common form of disruption of these discussions are trolls. Traditional
trolls try to digress the discussion into a nonconstructive argument. One strategy to achieve this is
to give asymmetric responses, responses that don’t follow the conventional patterns. In this thesis
we propose a modern machine learning NLP method called ULMFiT to automatically detect the
discourse acts of online forum posts in order to detect these conversational patterns. ULMFiT fine-
tunes the language model before training its classifier in order to create a more accurate language
representation of the domain language. This task of discourse act recognition is unique since it
attempts to classify the pragmatic role of each post within a conversation compared to the functional
role which is related to tasks such as question-answer retrieval, sentiment analysis, or sarcasm
detection. Furthermore, most discourse act recognition research has been focused on synchronous
conversations where all parties can directly interact with each other while this thesis looks at
asynchronous online conversations. Trained on a dataset of Reddit discussions, the proposed model
achieves a matthew’s correlation coefficient of 0.605 and an F1-score of 0.69 to predict the discourse
acts. Other experiments also show that this model is effective at question-answer classification
as well as showing that language model fine-tuning has a positive effect on both classification
performance along with the required size of the training data. These results could be beneficial for
current trolling detection systems.
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1. Introduction

An increasing amount of people are engaging in discussion on social media platforms.
It is common for online trolls to disrupt these discussions. A troll inserts itself into the
conversation and tries to digress conversations into a series of nonconstructive series
of comments by posting incoherent comments regarding to the current discussion [23].
In this thesis we try to automatically detect how a discussion proceeds by applying
modern natural language processing methods to automatically label each post in a
discussion with its discourse act.

Common patterns of discourse employed by human trolls are the use of asymmet-
ric responses [42]. A regular conversation consists of structural units called adjacency
pairs which consists of two parts. The first part (e.g. a question) creates an expectation
for the second part (an answer). Trolls often subvert this expectation by responding
with an unexpected second pair part such as replying to a question with a question
or ignoring the first pair part altogether. The example below shows a troll (Aaron
Aaronson) starting with a statement to digress the conversation and purposely misun-
derstands the reply as a request of information while it is actually an accusation thus
expecting either admission or denial of the accusative statement as the second pair
part.

Identifying these asymmetric response patterns could be an effective way to de-
tect trolls in online discussion spaces. Current trolling detection systems are machine
learning models that primarily use thread level meta-information for classification such
as whether posts are on-topic, the level of controversy of a post as well as the content
of each post [49]. This behaviour has been observed in human trolls, it is expected
that at least a subset of troll bots behave similarly. Troll bots designed to shape public
opinion around topics covered by journalists exhibit similar behaviour as human trolls
such as name calling and purposefully posting about controversial or taboo topics [27].
However, detecting troll bots is often more successful using user behaviour compared to
post content [35, 27]. Discourse act asymmetry in online discussions seem to be a good
indicator of human trolls. Automatically detecting this asymmetry and using them as
an additional feature in new troll detection systems could improve the performance of
these systems. However, this is a hard problem since it requires a robust system for

1



2 Chapter 1. Introduction

1 Aaron Aaronson: There are two kinds of people in the world. Peo-
ple who live with cats and people whose houses
don’t reek of cat piss.

2 Lagado: Such a stunning insight. Did you come up with
that all by yourself?

3 Aaron Aaronson: The first part of the aphorism is quite common.
The second part is an observation that a lot of
people whose houses don’t reek of cat piss tend
to experience. So the answer to your question
is yes and no.

note: Reprinted with permission from “How Internet trolls use asymmetrical response strategies to
steer conversation off the track”, by H. Paakki, H. Vepsäläinen, and A. Salovaara, 2020 [42].

discourse act recognition (DAR).
Current research on discourse act recognition is mainly focused on transcriptions

of real conversations between two or more participants or in online text conversations.
The asynchronous nature of online forum discussions is a different environment to which
current DAR models need to adapt. Besides the asynchronism of the conversation,
context information given by intonation and non-lexical utterances like filler words
(“hmmm”) are lost.

In this thesis we try to create a model which overcomes these challenges by
using modern LSTM based approach to classification combined with a transfer learning
approach to create an accurate language model for the online conversation domain.
Recent studies have shown that LSTMs are efficient in NLP tasks for classification of
sequences [15, 26, 36]. By fine-tuning the language model with Reddit conversations
from the coarse discourse dataset [53] using the ULMFiT method [26], the model learns
a more accurate language representation for the online discussion domain.

Furthermore, this method could reduce the amount of training data needed to
train such a model. This is important since manually labeling training data is a time-
consuming and laborious task. Big modern models based on transformers such as
BERT [12] require ten thousands of training examples to perform well. The smaller
model proposed in this thesis provides a more practical solution to for when training
data or computational power is limited.

First we will present a theoretical background of trolling, discourse act recognition
and deep learning methods as well as a discussion on modern NLP methods. This is
followed by a detailed description of the methodology how the ULMFiT methods works
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in chapter 3.
Subsequently three experiments are discussed. The first experiment showed that

the proposed model for DAR performs close to state of the art using a dataset of
approximately 99 000 Reddit posts each manually labelled to be of one of nine discourse
acts [53]. The second experiment shows that the proposed model also performs well in
question-answer classification. This task is similar to the first experiment but instead
of 9 classes the model classifies posts into three classes, question, answer, or other. The
final experiment will show that the language model pre-training indeed improved the
model’s performance as well as reduces the number of training data needed.





2. Theoretical background

This section will give an overview of the main theoretical background which forms the
foundation of this thesis. It starts with trolling and discourse act recognition before
moving on to a overview of neural networks working from general theory towards more
specific variants and techniques used in this thesis.

2.1 Trolling

Trolling is antisocial behaviour created by luring participants of the discussion into a
fruitless discussion. Contrary to more modern politically motivated trolls, the tradi-
tional troll does not cause harm on a large scale, often a troll is motivated by their
own amusement and has no further agenda [22]. A political troll wants to mobilize
people to achieve a common goal set by the troll either overtly or covertly. This can be
done by creating opportunities for their allies. However, often it is about destroying
opportunities for their opposition [19]. Furthermore, political trolls often mobilize the
people around them to join their cause and even employing tools like creating bots,
while the traditional troll often acts alone.

Other research suggests that traditional trolls are not only people who set out
to engage in trolling behaviour but everyone can exhibit trolling behaviour influenced
by their mood and seeing other trolls in the discussion [8]. The anonymity of online
forum based discussion and the ambiguities it creates allows the troll to digress the
conversation. The main source of ambiguity anonymous discussion creates arises due
to the uncertainty of the motivations behind each post as well as no information about
the tone of voice [24].

Unlike online harassment and cyberbullying, trolling does not target a specific
individual but the all participants in a discussion. Cyberbullying is intentional behavior
to harm another person by repeatedly harassing the victim which is in a difficult
position to defend themselves. The defencelessness often stems from a power imbalance
between the harasser and the victim [47].

This thesis is primarily focused on the traditional troll using Hardaker’s defini-
tion of trolling [23]. Hardaker classified the six main trolling strategies of this type

5



6 Chapter 2. Theoretical background

of trolling. These are: Aggress trolling, deliberately aggressive behaviour luring par-
ticipants into retaliation. Shock Trolling, posting about taboos within the commu-
nity. Endanger trolling, giving poor advice while pretending to be innocent. Antipathy
trolling, creating a antagonistic environment in which it can be purposefully provoca-
tive. (hypo)critical trolling, being extremely critical of others. digress trolling, creating
off topic discussions by lowly introducing tangential topics.

Using this definition of trolling, closer analysis of the trolling strategies has shown
that human trolls deliberately use asymmetrical response patterns [42]. Symmetrical
pairs would for example be: question–answer, request for action–acceptance/rejection,
accusation–admission/denial, assertion–assertion. Not following these standard con-
versation patterns is improper behaviour in a normal conversation which trolls can
exploit.

2.1.1 Trolling Detection

Trolling detection is the act of automatically detecting users who exhibit trolling be-
haviour in an online conversation. While this thesis does not concern a trolling detec-
tion system, it is intended to give insights for future systems.

Current trolling detecting systems usually work on one of three levels: post level,
thread level, and community level. Post-based methods usually detect trolls using
machine learning methods such as sentiment analysis to find malicious users [49]. Other
approaches are related to finding posts with a low readability score [14]. Other methods
based solely on metadata such as the length of a comment, number of aggressive words,
key words, and the author perform not as well as ML methods. However, combined
they provide better results than each one separate [21].

Thread-based approaches are methods that attempt to identify trolls on a thread
level and not by single comments. It often involves techniques from post-bases methods
but more information such as whether a post is on-topic compared to the rest of the
discussion, or the degree of controversy of a post within the thread can be included in
the detection [49].

Lastly, community-based methods take an even more high level approach. They
apply techniques from social network analysis to users within a community. These
often revolve around centrality and popularity measures. These can be used to create
a reliability measure of each user within a community where trolls perform poorly [41].
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2.2 Discourse Act Recognition

Discourse act recognition (DAR) is the problem of automatically detecting the structure
of a conversation. Usually the goal is to label an utterance in a conversation with the
intention of the user. The definition of what a discourse act (DA) is can vary depending
on the goal of the model [32].

The classic definition of DA is the function of a sentence in the dialogue [3]. For
example, generally a question has the function of requesting information. In this case
the DA would be “request of information”.

In the context of natural language understanding, discourse acts are often defined
by the intent of utterance dependent on the application. For example, for a helpdesk
chatbot DAs could be “show information”, or “search address” giving the bot specific
tasks dependent on the DA [29].

In conversation analysis (CA), a sociological approach of analysing casual con-
versation, DAs are defined similarly to the classic definition. However, it is not the
function of the utterance, but the more general form of the utterance such as “ques-
tion”, “answer”, or “positive reaction” that is used as a DA [32]. There have been
attempts at standardizing the DA for CA [11, 7]. However, no standard has been
adapted [15].

Because of the asynchronous nature of online textual conversations, tagging for
natural language does not directly translate. Online conversation DA are often a
combination of function and general form.

DAR requires disambiguation of utterances between multiple possible discourse
acts. This is a non-trivial task, even for humans. Classic examples of ambiguous utter-
ances are hypothetical questions and sarcasm. Both have the syntactical structure of
one DA (question and statement) but actually serve a different function (statement/call
for action and disagreement/humor respectively). In these cases the context in which
the utterance was made plays a crucial role. Textual conversations present an even
greater challenge since the speaker’s intonation is completely lost.

Most modern DAR approaches use machine learning techniques. These generally
consist of two main parts, a language model (LM) and a classification part. The LM
is responsible for creating a numerical representation of written text such that it can
be used by a computer. These models are trained by using a large corpus to predict
the next token of a sequence, given all previous tokens. This creates a probability
distribution over strings of texts. Based on this a model can place each word in a high
dimensional vector space and use this vector representation as the input feature for
classification. To create representations of sequences often include averaging the word
vectors but various other techniques have been explored [45].
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The classifier uses these representations as its input and is trained using a labelled
dataset. These labels are the ground truth about the DA given by human annotators.
After training it has learned to output the most likely label for each given input. This
is discussed in detail in the next section and in section 3.3.

Most work on DAR has been focused on either a limited domain or a limited set of
DAs such as question-answer pairs. These include, DAR on online debates on specific
topics [13], classifying queries and solution on online help forums such as Tripadvisor
or MOOC forum posts [2, 5].

In order to capture more of the context tree-based LSTM models which models
group chat conversations as trees whose structure is encoded in an directed-acyclic-
graph LSTM [54]. The first DAR model for online asynchronous textual conversations
on a variety of topics with high level DA labels for each comment was proposed by
Zang et al. [53]. They proposed a CRF model that used both the textual content as
well as various structural and context features. It performed well with all features but
struggled without them. This makes this model work well on discussions of a similar
structure as their training data which was from Reddit. To resolve this issue Dutta
et al. [15] proposed an attention based hierarchical LSTM to predict discourse acts
without platform dependent structural features. This model performs well on a more
general dataset but requires much labeled training data which is often not available.
Transfer learning methods could help improve the model quality on smaller datasets
and seem to perform well in more general text classification tasks [39].

2.3 Recurrent Neural Networks

Recurrent Neural Networks (RNN) are the main tool used in this thesis. RNNs are
recurrent because they perform the same function for every input of data, while the
output at time step t depends on that of it at t − 1. This allows the model to pass
information learned from one input to the next. In traditional feed forward neural
networks each input is processed independent from each other while in RNNs the
inputs are related in a sequence to each other. Figure 2.1 shows how the output
of one iteration is recurrently passed to the next iteration. This allows for a more
accurate representation for when inputs are independent from each other and follow
some sequence in time or space [33].

This is useful for DAR since text data is a sequence. In a word level model the
information gained by the previous words is passed in giving each input some context.
Furthermore, RNNs allow the inputs to be of variable lengths by forwarding the last
element of the sequence trough a softmax layer to make a prediction. Other models
are built such that the input has to be of a fixed size which online forum posts are not.
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Figure 2.1: Recurrent neural network (left) and an unrolled RNN (right)

Figure 2.2: Cell state of an LSTM

Lastly, using deep learning language models allows for a more precise dense lan-
guage representation compared to representations that are feature engineered by hand
or vector representations based on word frequency and co-occurrence [30].

2.3.1 LSTM

While the basic RRN described in the previous section passes on information to the
next state, it struggles representing long term dependencies. This is due to exploding or
vanishing gradients. To solve this problem an extension of the basic RNN was invented
named Long Short-Term Memory (LSTM) [25]. The main idea behind an LSTM is
that it adds a cell state to a vanilla RNN which “remembers” information (Line labeled
C in Fig. 2.2). At each time step this cell state is updated using three gates, a forget
gate, an input gate, and an output gate.

At each time step t the model goes through the following steps (also see Fig. 2.3):
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(a) Forget Gate (b) Input Gate

(c) Updating Cell State (d) Output gate

Figure 2.3: Inner workings of an LSTM: Forget Gate, Input Gate, and Output gate.

ft = σ(Wfxt + Ufht−1 + bf )
it = σ(Wixt + Uiht−1 + bi)
C̃ = tanh(WCxt + UCht−1 + bC)
Ct = ft ◦ Ct−1 + it ◦ C̃t
ot = σ(Woxt + Uoht−1 + bo)
ht = ot ◦ tanh(Ct)

(2.1)

with W and U being weight matrices for the input and recurrent connections respec-
tively, σ a sigmoid activation function, and b the bias term. First, the forget gate ft
selects which information from the cell state to “forget”. It looks at the new informa-
tion xt and the output of the previous cell ht−1 and multiplies each element of the cell
state C by a value between 0 and 1 created by the sigmoid activation function (Fig.
2.3a). Next a sigmoid layer called the input gate it decides what new information to
update the cell state with and a new vector C̃ is created containing new possible values
for the cell state (Fig. 2.3b). This is multiplied by it and used to update the cell state
(Fig. 2.3c). Finally, an output is created by the output gate ot. First a sigmoid layer
which uses the new information xt and the precious cell output ht−1 is created to filter
the cell state. This filter is then applied to the cell state which is put through a tanh
and creates the output ht (Fig. 2.3d).

By going through these steps the network can use information from previous cells
in order to inform the output of the current cell. However, in most cases, not only
the previous elements of a sequence are useful but also the following elements of a
sequence. To this end a bidirectional model can be utilized. A bidirectional LSTM
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Figure 2.4: Bidirectional LSTM

uses two LSTMs in which one processes a sequence left to right and the other right to
left after which the outputs are combined into a single output (see Fig. 2.4). In this
way both the previous elements as well as the upcoming elements are considered.

2.3.2 AWD-LSTM

The Average-SGD Weight-Dropped LSTM (AWD-LSTM) is a further extension of the
LSTM specifically designed with word level language modeling in mind [36]. AWD-
LSTM applies several regularization methods and an addition to stochastic gradient
descent without the need to fundamentally change how the LSTM works. Employing
these strategies significantly increased the effectiveness of LSTM-based architectures
for language modeling [4, 36]. These will be discussed in the rest of this section.

Weight-dropped LSTM

The cyclic nature of RNNs can easily lead to overfitting. Dropout has been a common
technique to combat this. Dropout randomly changes the weight on some nodes to 0
meaning that they are not considered for that timestep. This dropout is often applied
between timesteps to the hidden state vector ht−1 or on the cell state ct [36]. However,
this requires change to a standard LSTM structure meaning that highly optimized
LSTM implementations, such as NVidiA’s cuDNN LSTM cannot be used.

Instead, AWD-LSTM uses DropConnect, a generalization of dropout [51]. The
basic principles of dropout are applied to the hidden-to-hidden weight matrices
[Uf , Ui, UC , Uo] (see Equation 2.1) before the forward and backward pass. Because the
same weights are used over multiple timesteps the dropped weights remain dropped
for the entire forward and backward pass. This type of dropout does not change the
workings of the LSTM such that standard implementations can be used.
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Non-monotonically Triggered ASGD

Stochastic gradient descent (SGD) is the most common method for training neural
networks. It iteratively takes steps to the optimum for a given loss function. This can
be described by

θt = θt−1 − η · ∇θJ(θ) (2.2)

with paramenters θ at time step t where η is the learning rate with ∇θJ(θ) as gradient
w.r.t. the objective function.

Averaged SGD (ASGD) takes the same steps as described by equation 2.2 but
instead of returning the last time step, it returns an average given by

1
K − T + 1

K∑
i=T

θi. (2.3)

K is the total number of iterations run and T < K is an averaging trigger defined by
the user when to start averaging.

In the AWD-LSTM, ASGD is expanded to counteract the need to fine tune the
averaging trigger T . If the averaging is triggered too soon, the model might not be as
effective. If the averaging is triggered too late the model might converge very slowly
[36]. Instead of always averaging after a certain number of iterations it is possible to
trigger it based on the performance of the model. The non-monotonically Triggered
ASGD (NT-ASGD) introduces this principle by adding two additional hyperparame-
ters, a logging interval L and an non-monotonic criterion n. Whenever the performance
of the model does not increases for n iterations within the logging interval, averaging
is triggered. This way the randomness of training a neural network does not influence
when averaging is triggered, forgoing the need to fine tune the trigger T . Empirically
it has been found that setting L to the number of iterations in an epoch and n = 5
works well for various models and datasets [36].

Further Regularization Techniques

Besides using a weight-dropped LSTM several other regularization techniques are im-
plemented in AWD-LSTM to reduce the risk of overfitting. The rest of this section
will give a brief overview of these techniques as presented by Merity et al. [36].

1. Variable length backpropagation sequences

Backpropagation allows the network to update the weight matrices (W,U in
Eq. 2.1) by minimizing the error between the output and the desired output
using a loss function. This is the way the model learns. Training models for
sequential data use backpropagation through time (BPTT) [43]. Variable length
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backpropagation sequences prevents the problem of creating a partial backprop-
agation window by randomly selecting the sequence length for the forward and
backward pass. This way the data is used more efficiently getting a full BPTT
window while ensuring that the average sequence length remains around the base
sequence length.

2. Variational dropout

Instead of sampling a new dropout mask at every timestep, variational dropout
samples a dropout mask once and repeatedly uses that dropout mask for all
connections within a forward and backward pass.

3. Embedding dropout

Dropout is applied on the word level embedding matrix. This is equivalent to
removing all occurrences of a specific word within one specific forward and back-
ward pass. The non-dropped-out embeddings have to be scaled by 1

1−pe
where pe

is the probability of embedding dropout.

4. Weight tying

Weight tying shares the weights between the embedding and softmax layer in
order to reduce the number of parameters in the model. It prevents the model
having to learn a one-to-one mapping from input to output which improves per-
formance of the LSTM [28].

5. (Temporal) Activation Regularization

In order to control the norm of a model to reduce overfitting L2-regularization
is often used on the weights of the network. AWD-LSTMs apply 2 types of
L2-regularization, activation regularization (AR), and Temporal activation regu-
larization(TAR).

AR is L2 regularization applied on the final hidden state output of the model. It
adds a scaling coefficient α to the L2 norm of the output state ht ◦m, where m is
the dropout mask. This penalises activations that are significantly larger than 0.

TAR is L2 regularization by adding the L2 norm of the output state ht − ht+1

with a scaling factor β to the loss function. This regularization penalizes large
changes in the hidden state.

2.4 Modern Language Models

In natural language processing (NLP) language models (LM) play a crucial role. Word
embeddings are numerical vector representations of words often used as a feature for
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various NLP tasks. There are different methods for learning these vector representa-
tions but most are learned in a self-supervised way. The goal of these representations
is to have words which are semantically related represented close together in the vector
space.

Using embeddings that were pre-trained on large unlabelled datasets such as
word2vec [38] or GloVe [44] can be seen as a type of transfer learning. The goal of this
is to transfer knowledge obtained from a more general task to a more specific task to
improve its performance. The pre-trained word embeddings are used to initialise the
first layer (embedding layer) of a model which is then trained to perform a specific task.
While the first layer contains the most general information [52], pre-training a LM with
the hidden layers can boost its performance [10, 26]. These types of pre-trained models
capture more of the syntax and semantics and the usage of language in a general case.
These models can then be fine-tuned to perform a specific task for a specific domain.
The main benefit of using pre-trained LMs is that language data is easy to come by.
However, labelled data for NLP tasks is often scarce which can be made up for by the
aforementioned pre-training.

Recent models using these techniques are ELMo [46], BERT [12], ULMFiT [26],
SiATL [10] and various variations on these. ELMo embeddings are obtained from
LMs and then fine-tuned using additional contextual representations of the text. This
approach requires a different architecture for different tasks instead of having a generic
architecture applicable to different tasks [10].

BERT [12] pretrains LMs and fine tunes them on the specific task. To improve
the language representations BERT employs next sentence prediction. Since BERT
is a large transformer model which is fined-tuned with masked, bidirectional LMs it
requires large amounts of computational resources as well as much training data.

ULMFiT is a transfer learning model which can be trained only using one GPU.
It is trained using a three step process: LM pre-training, LM fine-tuning using domain
specific language, and classifier fine-tuning where the model is trained to perform a
specific task. It uses transfer learning techniques from computer vision where the
model is pre-trained and fine-tunes the last (or several of the last) layers while keeping
the earlier layers frozen. Chapter 3 will describe ULMFiT in more detail.

Lastly, SiATL (Single-step Auxiliary loss Transfer Learning) is a model closely
related to ULMFiT. As the name suggests, it employs an auxiliary loss function in
order to compress LM fine-tuning and classifier fine-tuning into a single step [10].



3. Methodology

This chapter covers the methodology used for classifying forum users posts as different
discourse acts. First, a formal definition of the classification problem is given. Next,
the preprocessing steps are described followed by a detailed description of the ULMFiT
transfer learning model. Finally the evaluation metrics used to asses the quality of the
qualifier are discussed.

3.1 Problem Statement

A postX is a sequence of tokens from some alphabet A of length n. Given this alphabet
A, post X can be defined as:

Definition 1 X = (x1, . . . , xn),where si ∈ A for all i ∈ {1, . . . , n}.

For example: X = (I, do, n’t, agree, with, you, !) is a post of length 7 with an alphabet
A consisting of English words, word parts and punctuation marks.

Each post X has a discourse act label from the set C with a fixed number k unique
labels {c1, . . . , ck}. The problem is: given a post X, predict to which of the classes
from C X belongs such that post-label pairs 〈X, ci〉 can be formed.

3.2 Preprocessing

In order to use the data in our model it needs to be preprocessed. Before tokenization,
the text was cleaned by using some regex expressions. These included, removing HTML
characters, adding spaces around ‘/’ and ‘#’ characters, removing excess white space
as well as making everything lowercase. In order to not lose information about the use
of capital letters the ‘xxmaj’ and ‘xxup’ tokens are added before a capitalised words
and before words in ALL CAPS respectively.

Using spaCy each text was tokenized and numericalized with a dictionary created
from a wikitext-103 pretrained model [37]. Besides regular tokenization, punctuation

15
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marks, line break characters are retained as well as negative words like don’t and can’t
are split into parts ‘do’ and n‘t to retain information about the negation.

After tokenization a beginning of sequence (BOS) token, and an end of sequence
(EOS) token are added to the start and end of a post. This is done to indicate that
the sequence has ended and the next input token for the model does not relate to the
previous tokens.

Lastly, in order to reduce the number of tokens repeated characters and word are
replaced by a repeat token ‘xxrep’ and ‘xxwrep’ respectively and the number of times
it is repeated. E.g. “lol, lol, lol, lol” is replaced with xx “xxwrep, 4, lol”.

3.3 ULMFiT Model

Universal Language Model Fine-tuning (ULMFiT) is a transfer learning model designed
for NLP tasks [26]. ULMFiT performs well in text classification tasks along with
requiring only a fraction of training examples compared to that needed for training
transformer models [39, 26, 10]. It utilizes a 3-layer bidirectional AWD-LSTM structure
combined with a three phase training strategy: LM pretraining, LM fine-tuning, and
classifier fine-tuning (see Fig. 3.1). These stages as well as the transfer learning and
learning rate optimization will be discussed in the following sections.

3.3.1 Language Model Pre-Training

The goal of general language model pre-training is to create a model that captures the
general properties of language. Training a complete language model is very expensive
therefore a pretrained LM on wikitext-103 [37] was used for this thesis. This model was
trained using a continuous bag of word prediction, meaning it predicts the next token
based on the context tokens. From this model only the embedding layer (or encoder)
will be saved and used for the next phase. The part that is responsible for predicting
the next word (decoder) is only used to train the embedding layer.

3.3.2 Language Model Fine-Tuning

To ensure good results on the target domain the language model trained in phase one is
fine-tuned on target domain specific data. This way the LM can adapt to the specific
properties of the language used in the target domain. The training strategy is the
same as in phase 1 until the model is adapted to the target domain. While tokens
that appeared in the general LM are kept the same, new tokens that did not appear
during language model pre-training are initialized as the mean embedding of all the
pre-trained embeddings.
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(a) LM pre-training (b) LM fine-tuning

(c) Classifier fine-tuning

Figure 3.1: Three stages of ULMFit: (a) Training LM on general-domain corpus (b) Fine-tuning
LM on domain corpus test (c) Classifier fine-tuning using gradual unfreezing (darker parts are kept
frozen for longer).
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Figure 3.2: Validation loss per learning rate plot for learning rate selection

In addition to the learning process described for phase 1, ULMFiT uses discrim-
inative fine-tuning and slanted triangular learning rates to fine-tune the LM.

Discriminative fine-tuning

In deep learning models different layers of the model capture different aspects of the
data. Initial layers capture more general properties of the data while later layers are
more attuned to the specific data the model is trained on [52]. Because of this, in order
to fine-tune the model optimally, each layer should be fine-tuned to different extents.

Regular stochastic gradient descent is given by

θt = θt−1 − η · ∇θJ(θ) (3.1)

with paramenters θ at time step t where η is the learning rate with ∇θJ(θ) as gradient
w.r.t. the objective function. In contrast, discriminative fine-tuning splits the param-
eters θ into {θ1, . . . , θL} where L is the number of layers of the model. Equivalently,
learning rate η is split up to obtain {η1, . . . , ηL} such that ηl is the learning rate of
the l-th layer. By splitting the parameters and learning rates the SGD update is the
following:

θlt = θlt−1 − ηl · ∇θlJ(θ). (3.2)

The learning rates for each of the layers is set by choosing a learning rate for the
last layer ηL and using ηl−1 = ηl/2.6. A starting learning rate of 1e − 2 was selected
by validating the model while increasing the learning rate for several iterations. by
plotting the loss w.r.t. the learning rate the learning rate where the loss decreases
steeply was selected (see Fig 3.2).
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Slanted triangular learning rates

When adapting the LM to the target domain for the target task, ideally the parameters
would quickly converge to a suitable region of the parameter space. Instead of using
the same learning rate (LR) for all iterations of training or an annealed learning rate,
a slanted triangular learning rate [26] is used to achieve this. This is an adaptation of
triangular learning rates where the LR first linearly increases and then linearly decays
where the initial increase is quicker than the decay [48]. For this thesis the LR increases
for the first 10% of training iterations.

3.3.3 Target Task Classifier Fine-Tuning

The third and final step is training a classifier using the fine-tuned LM. Two fully
connected layers with ReLU and a softmax layer are added to the fine-tuned LM
whose parameters are learned during this stage (see Fig. 3.1 c). After which it outputs
a probability distribution over all classes.

Using only the final state of the LSTM for prediction could result in a loss of
accuracy because ULMFiT is a word level recurrent neural network used for the task
of text classification. The classification signal might only be a few words in any part
of the text, this crucial information might be forgotten by the final LSTM state. To
alleviate this problem concat pooling is used. The final state is concatenated with the
max- and mean-pooled representation of the hidden states over as many time steps
that fits in the training GPU’s memory.

Fine-tuning the model for classification is the most crucial part of the process.
Extremely aggressive fine-tuning can lead of catastrophic forgetting [31]. As a result,
carefully learned parameters learned during the LM fine-tuning might be forgotten
eliminating all their benefits. Conversely, overly cautious fine-tuning will result in
slow convergence and overfitting. This is partially overcome by employing slanted
triangular learning rates and discriminative fine-tuning. In addition to these ULMFiT
adopts gradual unfreezing.

Instead of fine-tuning all layers at the same time, which could cause catastrophic
forgetting, gradual unfreezing first fine-tunes the last layer for one epoch keeping the
other layers frozen. Subsequently the procedure is repeated with the final two lay-
ers unfrozen and repeated again until all layers are fine-tuned. Early stopping was
employed when the validation loss did not lower during training to avoid overfitting.

Using gradual unfreezing in conjunction with slanted triangular learning rates
and discriminative fine-tuning has been shown to improve the error rates for text
classification tasks [26] compared to other methods like chain-thaw where each layer is
fine-tuned separately [17].
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3.4 Evaluation Metrics

To evaluate the performance of the classifier the following evaluation metrics will be
used: precision, recall, F1 score and Matthews Correlation Coefficient.

Precision

Precision is a metric given by the proportion of true positive (TP) predictions to all
positive predictions. This gives a measure of confidence of the predictions.

Precision = TP

TP + FP
(3.3)

Recall

Recall is a measure given by the proportion of correct classification (TP) to the total
amount of cases of the correct class. This metric can be seen as a measure of how
complete the predictions are.

Recall = TP

TP + FN
(3.4)

F1 score

F1 score uses the harmonic mean of precision and recall in order to combine the two.

F1score = 2 · precision · recall
precision+ recall

(3.5)

In case of mutliclass classification the F1 score for each class is calculated as if it was
a binary classification problem and then either averaged (macro F1 score) or averaged
weighted by the frequency of each class (micro F1).

Matthews Correlation Coefficient

Since F1 score does not take true negatives into account it can give misleading results
when classes are imbalanced [6, 9]. Matthews correlation coefficient (MCC) is the
correlation coefficient between the observed and predicted binary classifications given
by:

MCC = TP × TN − FP × FN√
(TP + FP )(TP + FN)(TN + FP )(TN + FN)

. (3.6)

In a binary classification case this returns a correlation value between -1 and +1 where
a positive correlation indicates an agreement between the predictions and observations.
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MCC has been generalized for a multiclass case which is also known as the Rk statistic
[20]. This is in the discrete case given by:

Rk =
∑
klmCkkClm − CklCmk√∑

k(
∑
l Ckl)(

∑
l′k′|k′ 6=k

∑
t′ Ck′l′)
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k(

∑
l Clk)(

∑
l′k′|k′ 6=k Cl′k′)

(3.7)

where C is a confusion matrix of size K ×K.





4. Experiments

In order to assess the effectiveness of the ULMFiT model for DAR three experiments
are conducted. The first, main experiment tries to measure the effectiveness of three
trained models at DAR with nine discourse acts. One model is a content only model
while the other two also include structure features. This will measure the overall
effectiveness of these kinds of models as well as evaluate the performance boost gained
by including simple context features.

While DAR with all nine discourse acts is the main objective of this thesis,
question-answer classification is an important task for information retrieval. The sec-
ond experiment attempts to find out if a model with all nine classes is more effective at
QA-classification compared to one that only classifies 3 classes using the models from
the first experiment.

The last experiment tries to determine whether the pre-training approach of
ULMFiT is useful. There are various machine learning approaches to DAR, most
of them do not include a LM pre-training step. The effectiveness of this distinctive fea-
ture ULMFiT for DAR has to be measured. Furthermore, the performance of ULMFiT
on smaller training datasets will be measured. An effective model for small datasets
could be crucial for classification tasks in domains with limited labelled data.

In this chapter we will first describe and discuss the data used before moving
onto the experimental setup, and the features used. Finally, the results of the three
experiments are discussed and a brief summary is given.

4.1 Coarse-Discourse Dataset

The Coarse-Discourse dataset was released in 2017 by Zhang et al. [53]. It includes a
randomly sampled selection of Reddit threads from its inception to May 2016. Threads
from non-English, trading, and pornographic (NSFW) subreddits were removed. Fur-
thermore, if a thread had fewer than two replies or contained deleted comments it was
also excluded from the final dataset [53]. While these threads might have contained
an unsuccessful trolling attempt, it is hard to verify without context whether it was a
trolling attempt or not.

23
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Discourse Act Total % Total Count
Answer 40.6% 40045
Elaboration 18.8% 18567
Question 16.3% 16047
Appreciation 8.6% 8439
Agreement 5.0% 4895
Disagreement 3.4% 3307
Humor 2.3% 2307
Negative Reaction 1.8% 1809
Announcement 1.4% 1367

Table 4.1: Percentage and count of posts per discourse act in the final dataset.

After the data was collected and filtered, they used 25 annotators to annotate
each post with one of the following discourse acts: Question, Answer, Announcement,
Agreement, Appreciation, Disagreement, Negative reaction, Elaboration, or Humor.
Annotators were also allowed to assign a post to an Other category if it did not fit any
of the nine discourse acts. Full definitions of the discourse acts are discussed in section
4.1.1.

The published data only contains a small number of metadata fields. Using these
it is possible to retrieve the full text body of each post using the Reddit API. However,
between the date of publishing and now some posts have been removed resulting in
14918 missing entries. Furthermore, 1308 posts were retrieved but contained the deleted
marker ([deleted]) as well as 1173 comments without a body. These posts were also
removed from the dataset. Upon closer inspection, the data also contained 291 entries
from obvious bot accounts which are used on Reddit for quality of life improvements
such as a bot that automatically links to a wikipedia page about the current discussion
topic. These posts were also removed.

Finally the dataset contained 98667 posts with the following fields: a unique ID
for each post, author name, full text of post, depth of post in thread, binary feature
for whether a feature is the first post in a thread, discourse act annotation.

4.1.1 Discourse Act Definitions

As discussed above, each posts has been assigned one out of 9 discourse acts by human
annotators. The following list gives definitions for each DA as defined by Zhang et al.
[53].

Question: A question or request seeking a response with information, help, or feed-



4.2. Experimental Setup 25

back. Not every comment with a question structure is considered a question,
such as rhetorical questions.

Answer: A comment in response to a question which gives the information the ques-
tion asked for. An answer is always paired with a question.

Announcement: A comment presenting new information to the forum’s community.
For example, this can be in the form of news, a story, or a review. It is
generally not linked to another comment.

Agreement: A post expressing agreement with a previous comment. This can be in
the form of acknowledgement was well as providing additional evidence to the
point made.

Appreciation: Comments expressing agreement, excitement, or praise in relation to
another comment. In contrast to an agreement or elaboration, appreciation
does not provide more information.

Disagreement: A comment correcting, criticizing, objecting to information given in
a previous comment. The disagreement discourse act can also be used to
provide evidence to support why the person disagrees.

Negative Reaction: comments expressing a negative reaction to a previous comment
without discussing the merits of the previous comment or trying to disagree.

Elaboration: A comment which simply adds more information to a previous com-
ment, this can be clarification of a question or simply adding more informa-
tion to an answer.

Humor: A comment which is intended as a joke. This can be sarcasm, a pun, or a
silly comment without adding more information. Sarcasm which tries to make
a point or is mean spirited should be considered disagreement or negative
reaction.

4.2 Experimental Setup

All experiments were set up using the ULMFiT setup with a three layer bidirectional
AWD-LSTM as described in chapter 3. If not stated otherwise, the following set of
hyperparameters were used for each experiment. The AWD-LSTM language model is
used with an embedding size of 400 and 1150 nodes per hidden layer and hyperparam-
eters for the ASGD as recommended by Merity et al. [36].
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Epoch Trained Layers
1 3
2 3,2
3 3,2,1
4 3,2,1
5 3,2,1, embedding
6 3,2,1, embedding
7 3,2,1, embedding

Table 4.2: Trained layers during each epoch of training using gradual unfreezing.

Default dropout rates are applied in line with the experimental setup of Howard
and Ruder [26]: 0.4 to layers, 0.3 to RNN layers, 0.4 to input embedding layers, 0.05
to embedding layers, and weight dropout of 0.5 to the RNN hidden-to-hidden matrix.
All dropout was then multiplied by 0.6 which empirically gave the best results for both
language model fine-tuning and classifier fine-tuning.

For classifier fine-tuning two fully connected layers were added to the fine-tuned
language model with 50 nodes in the hidden layer. Adam was used as optimizer with
categorical cross entropy as loss function. Using the method described in section 3.3.2
the base learning rate was set to 0.02 for both fine-tuning the LM and the classifier.

For the first two experiments the data was randomly split into a 80-20 train-test
split. Subsequently the test data was randomly split into a 70-30 test-development set.
These splits were made at the comment level meaning that it is possible that comments
from the same discussions could end up in any of the three sets. The LM was fine-tuned
once using all datapoints, saved, and subsequently used for all three experiments.

The experimental setup for full DAR and Q&A classification are the same. The
only difference is that for Q&A classification the labels were changed into “other” if the
original DA label was not “question” or “answer”. First, the fine-tuned LM was loaded
after which the model was trained with gradual unfreezing for 7 epochs. Table 4.2
shows which layers we trained during each epoch, the layers are labels as in figure 3.1.
The stopping criterion of 7 epochs was found experimentally and selected when the
validation loss did not decrease for 2 epochs. Longer training resulted in an increase
in both training and validation loss. All models were trained via google colab on a
NVIDIA Tesla K80 GPU with a batch size of 32.

The third experiment applied the same training with gradual unfreezing tech-
niques as the first two experiments except the number of epochs was selected to be
the number of epochs until the validation loss did not decrease for 2 epochs in a row
instead of the fixed 7 epochs. Figure 4.1 shows how the data was utilized. First the
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Figure 4.1: Train-test splits of the data for experiment 3. A fixed test set was used with different
percentages of the training set.

data was randomly split into a 80-20 train-test split. For each subset of this dataset
a random sample from the first training set was taken to make up the other percent-
ages of training data. The test set was kept constant. The other data was not used.
For each percentage of training data two models were trained: one with loading the
fine-tuned LM, the other with loading the wikitext-103 language model.

4.3 Features

While the main focus is on content based discourse act classification, it has been shown
that including context based features generally improves classification [15, 53, 34]. Out
of several context features, including features related to the structure and position of
a Reddit comment leads to the biggest increase in correct classification [53]. Because
of this, these types of features will be included in the experiments.

Content The content consists of the preprocessed text of the comments. This
includes words, punctuation, control characters and special tokens added during pre-
processing (see section 3.2).

Structure Structure features are features related to the structure and position of
the comment. These are: post depth and normalized post depth according to Reddit’s
tree-like comment structure, number of sentences, words, and characters in the body
of the comment.
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Model Precision Recall Micro F1 Macro F1 MCC
All answers 0.16 0.41 0.23 0.06 ∗

Zang et al. [53] without context 0.54 0.56 0.51 † †

Content only 0.62 0.65 0.62 0.45 0.521
Content + Depth 0.67 0.69 0.68 0.48 0.590
Content + Context 0.69 0.70 0.69 0.51 0.605

Table 4.3: Results for different models predicting discourse acts.

4.4 Results

The main results from the experiments are reported in Table 4.3. Predictions are made
at the comment level with either only the content features, all context features, or only
the content features and the depth feature. Two other metrics are used as a baseline.
The first baseline is labeling all posts as the majority class “answer”. The second is the
results from Zang et al. [53]. They presented several experiments similar to these with
similar context features as well. However, they concluded that the usefulness of the
context features greatly depend on the forum. For this reason only the content-only
results are used as the second baseline.

The ULMFiT model outperforms both baselines in each case. Figure 4.2 shows
a breakdown of the matthews correlation coefficient per discourse act for the content
and context model. Furthermore, the prevalence of each class is shown as well. It
shows that the model performs decently for the agreement, appreciation and question
discourse acts. As well as that classification of the “announcement”, “elaboration” and
“answer” discourse act are most benefited by the inclusion of the context features. This
is not too surprising since the first post of a thread is generally an announcement or a
question which is ordinarily followed by an answer.

Discourse acts such as “humor”, “disagreement”, and “negative reaction” have
a relatively low MCC meaning the predictions and actual label are barely correlated.
These classes however also have the lowest inter-annotator reliability score between
the annotators of the original dataset [53] meaning that they were hard for humans to
classify as well.

The confusion matrices in figure 4.3 show the normalized number of predictions
for each class. The most common error both the content-only and content+context
model make is misclassifying discourse acts as an answer. The inclusion of context
features mainly improve the classification of “announcement”, and “elaboration”. This

∗Cannot be calculated due to division by zero.
†Not reported



4.4. Results 29

ag
ree

me
nt

an
no
un
ce
me

nt
an
sw
er

ap
pr
ec
iat
ion

dis
ag
ree

me
nt

ela
bo
rat
ion

hu
mo

r
ne
ga
tiv
e r
ea
cti
on

oth
er

qu
es
tio
n

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

M
CC

0
5000
10000
15000
20000
25000
30000
35000
40000

n 
po
st
s

content
content + depth
all features

Figure 4.2: Matthews Correlation Coefficient of the three models broken down by discourse act
along with prevalence in the data.

reduces the number of false positives of the “answer” class resulting in an increase in the
MCC of “answer” as discussed above. However, the recall of predicting the “answer”
discourse act stayed the same.

4.4.1 Q&A Classification

While the main focus is on classifying all discourse acts, the most common adja-
cency pair in Reddit discussions is question-answer [53]. Furthermore, Question-answer
(Q&A) classification plays an important role in information retrieval. Most previous
research has focused on classifying these two classes. However, the addition of other
classes might worsen Q&A classification due to an increase in confusion between Q&A
and the other labels.

To investigate this, Q&A classification was done using the current models with
all 9 classes as well as Q&A prediction with 3 classes: “Question”, “Answer”, and
“Other”, where the non-Q&A classes were all considered “Other”. Table 4.4 shows
that the model preforms slightly better when there are only 3 classes as opposed to
doing Q&A classification with the full 9 classes. This indicates that the additional
classes indeed introduce more confusion between Q&A labels and the other labels.

Figure 4.4 shows the confusion matrix of the content + context model for Q&A
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(a) Confusion Matrix Content only model

(b) Confusion Matrix Content + Context Model

Figure 4.3: Normalized Confusion Matrices Discourse Act Classification of two models
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Model Precision Recall Micro F1 Macro F1 MCC
Content only – 3 classes 0.73 0.73 0.73 0.76 0.573
Content + Depth – 3 classes 0.79 0.79 0.79 0.81 0.671
Content + Context – 3 classes 0.81 0.81 0.81 0.82 0.689
Content only – 9 classes 0.73 0.71 0.71 0.74 0.560
Content + Depth – 9 classes 0.79 0.79 0.79 0.80 0.660
Content + Context – 9 classes 0.80 0.80 0.80 0.81 0.679

Table 4.4: QA classification

classification. While the 3-class Q&A classification performs better overall, comparing
this confusion matrix with the confusion matrix with all classes 4.3b it is clear that the
3-class prediction performs worse in terms of recall (specifically for the “Answer” DA)
but shows improvement in precision.

Figure 4.4: Confusion matrix of Question-Answer classification using Content + Context model.

4.4.2 Effect of LM fine-tuning

As discussed in chapter 2, applying transfer learning methods to DAR should reduce
the amount of labelled training data needed to create a proficient model. The main
idea behind ULMFiT is the three-stage process with the LM fine-tuning as the most
novel aspect of it. To see what the effect of LM fine-tuning is on the number labelled
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Figure 4.5: Matthews correlation coefficient for models trained with different amounts of training
data ranging from 1% to 100% with and without language model fine-tuning.

data points needed is, several models were trained with different sizes of training data
with and without LM fine-tuning. Figure 4.5 shows the results of how LM fine-tuning
affects the performance of a model for various amounts of training data ranging from
1% (790 samples) to 100% (79094 samples).

LM fine-tuning has an overall beneficial effect on the performance of the model,
each model with LM fine-tuning outperformed the models without LM fine-tuning.
Furthermore, the drop-off in performance in the models with lower amounts of train-
ing data is less steep for the model with LM fine-tuning than the model without.
This indicates that during LM fine-tuning indeed the model learns valuable language
information resulting in better performance.

4.5 Summary of Results

• ULMFiT produces close to state of the art results on DAR with a content only
model.

• Including context features improved the performance of the model.

• “humor”, “disagreement”, and “regative reaction” discourse acts were the hardest
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to classify correctly.

• In Q&A classification, models classifying posts into 3 classes outperformed models
classifying posts into 9 classes in terms of MCC.

• 3-class models had worse recall than 9-class models for Q&A classification.

• LM fine-tuning is overall beneficial for DAR performance.

• LM fine-tuning boosts performance more in small datasets compared to bigger
datasets.





5. Discussion

This thesis shows that transfer learning using the ULMFiT method is an effective
approach for discourse act recognition in online asynchronous Reddit conversations. At
the comment level posts can be labeled with its corresponding acts without the need
of much contextual information and without the need of large amounts of labelled
training data due to the effects of language model pre-training. In addition to full
DAR, the model also performed well in the subtask of question-answer classification.
This application can be a useful feature in detecting asynchronous response patterns
of trolling behaviour.

5.1 Limitations and Future Work

While the models perform well on a comment level, there is no information about
the context on the thread level. Including more information about the context could
improve the model [53]. One such approach is modeling the tree structure of the con-
versations with a DAG-LSTM [54] where the state of the LSTM predicting the previous
comment is used to initialize the state of the current comment. While including more
context features could improve DAR, using these kinds of models complicate the us-
age in online detection. While this model is designed for offline detection, models like
these working on a comment level could potentially detect trolling in process. Including
features requiring the discussion to be “complete” would make this impossible.

Another approach for improving DAR is improving the language representation.
The current model models language at the word level. In order to capture pragmatic
relationships between words there needs to be a representation of language at the
comment level with word relevance attention depending on the context [15]. Combining
this with transfer learning methods could produce state-of-the-art results for this task
on small datasets.

The current model is only trained on an English language dataset. Since large
parts of Reddit and other social media are non-English it is important that future
models are multilingual. It has been shown that ULMFiT is a suitable method for
modeling other languages [40, 50] as well as in multilingual models [16].

35
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Furthermore, the data only consist of Reddit conversations. In order to generalize
to asynchronous online conversation in general, other online conversation sources such
as comment sections from news websites or Youtube need to be included. Currently,
most DAR datasets consist of transcribed dialogues between humans, in which the
synchronicity of the conversation plays an important role, or datasets from online chats
between users. Multi-user asynchonous forum conversations are often not investigated
from a DAR perspective.

Lastly, many current data science approaches are purely data driven. Insights
from sociolinguistics and conversation analysis might inform different model structures
or reveal relevant features to include in future models. However, in other domains it
is shown that given enough data, a complex enough model can produce outstanding
results. One such example is Meena, an open-domain chatbot being able to understand
and produce human-like language trained with 867M messages [1].

5.2 Applications

The main intended application intended for this DAR model is to be used as a feature
for trolling detection. Previous research suggests that trolls on online forums use
asymmetric response patterns to derail a discussion [42]. Using DA classification to
label posts with its DA, asymmetric patterns can be detected potentially increasing
the effectiveness of trolling detection models. Furthermore, a robust trolling detection
system could further create more insights into the structure of dialogue acts on a thread
level in trolling behaviour.

Finally, many current chatbots and service bots rely on a robust DAR system in
order to understand queries presented by a user. A well-performing model can increase
the effectiveness of the language understanding of these bots. Transfer learning can
especially be beneficial for bots operating on a specific domain of which not much
training data is available.

5.3 Ethical Considerations

While social media posts are often publicly available, using it does require some ethical
considerations. First of all, most social media users do not have an expectation that
public social media data is used for research [18]. Since the data is randomly sampled
from several Reddit forums (subreddits) it is a possible risk that a user shared sensitive
information. In this case it is ethically responsible to obtain informed consent from
the user in order to use the data, even though it is public. While other platforms
such as Facebook and Twitter have clear guidelines for limitations for publishing and
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anonymizing public data from their platform, Reddit does not. It is always a good
practice to anonymize posts when presenting them if it is not at odds with the user
agreement.

While it does not directly apply to this thesis, it is intended to use for a trolling
detection model. In this case it is important to consider the benefits of publishing
information about finding online trolls for the trolls themselves. Any new information
considering how to combat online trolls can also benefit them by informing them what
behaviour to avoid in order not to get detected or learn to use it to be more effective
in their trolling. Furthermore, research into trolling behaviour exposes researchers to
large numbers of negative comments which can affect them negatively.
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