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Abstract

Stack Overflow is a popular Q&A platform for developers to find solutions to
programming problems. However, due to the varying quality of user-generated
answers, there is a need for ways to help users find high-quality answers. While Stack
Overflow's community-based approach can be effective, important technical aspects
of the answer need to be captured, and users’ comments might contain doubts
regarding these aspects. In this paper, we showed the feasibility of using a machine
learning model to identify doubts and conducted data analysis. We found that highly
reputed users tend to raise more doubts; most answers have doubt in the first
comment, and many answers have unsolved doubt in the last comment; high-score
and low-score answers are equally likely to contain doubts in comments. Our classifier
and findings can provide users with a new perspective on determining answers’
helpfulness and allow expert users to easily locate doubts to address.

Keywords: Stack Overflow, Doubt Identification, Text Analytics

Introduction

Stack Overflow is a Community Question Answering (CQA) platform that features a wide range of
programming and software development topics. Since Stack Overflow was first established in 2008, it has
become one of the essential platforms for professional programmers and enthusiasts to search for answers
to various programming problems. With the participation of advanced programmers, Stack Overflow has
benefited programming beginners and students. Studies (Bhasin et al. 2021; Lu et al. 2022) have shown
that using Stack Overflow has helped learners feel more motivated to participate, gain experiences in
collaborative development and learn from others.

While many helpful posts on Stack Overflow exist, the answer quality varies drastically. The quality of user-
generated content on a CQA website is diverse due to users' varying expertise and educational backgrounds
(Yang et al. 2019). Stack Overflow has some measures implemented to gauge answer quality, for instance,
the voting and reputation systems. Each question on Stack Overflow may be voted up or down and receive
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multiple answers and comments. Each answer submitted by the community may be voted up or down and
receive multiple comments. Each comment may receive votes too although comment voting is less common.
Each user on Stack Overflow has a reputation score and may receive badges indicating the contributions.

Although these are useful indicators of the quality of the answers, there are limitations. Given the
decentralised nature of Stack Overflow, an incentive system like the voting and reputation system is prone
to manipulation, such as voting rings (Mazloomzadeh et al. 2021) where communities form to upvote each
other repeatedly. Moreover, the reputation point on Stack Overflow is not always a good indicator of users'
expertise (Wang et al. 2021), meaning the answerer's reputation may not represent the answer's quality.
According to the Stack Overflow 2022 Developer Survey! of 73268 software developers, over 80% of the
respondents visit the website at least a few times weekly. However, only around 13% participate at the same
frequency, whereby participating means asking, answering, voting, and commenting. This discrepancy
between viewing and participation can potentially hinder how accurately the voting score and reputation
can gauge the answer quality on the platform, as many answers simply do not get enough attention from
users and hence receive very few votes, making it harder for programming learners to differentiate quality
answers. Furthermore, the votes are applied to individual posts (i.e., the question and each answer) and
hence are unable to capture the quality of the 'stack' (referred to as the combination of the question,
answers, and comments) as a whole. The silo nature of votes makes the voting system unable to capture
important technical aspects such as compatibility in different environmental settings and changes in the
versions of the programming language over time. In such situations, other users (especially inexperienced
users) may comment, ask questions, or raise limitations under the comment section within the answer
(Zhang et al. 2019), indicating that the answer does not apply in certain situations.

In this paper, we draw inspiration from the concept of 'doubts' (Lo et al. 2021) where 'doubts’ can be a
question or simply a statement requesting more information and further clarifications. We envision that an
answer on Stack Overflow can be 'doubtful' when there exist comments which indicate further questions or
seek more information from the community. We aim to identify 'doubts' automatically via text analytics
methods to help users (especially programming learners) to find high-quality and helpful answers on top
of the existing Stack Overflow metrics such as voting and reputation scores. The doubt indicator proposed
in this research serves as an additional feature for Stack Overflow, complementing the existing metrics. By
incorporating the doubt indicator, users can have an additional perspective when viewing post comments.
We hope that with our new 'doubt’ indicator, we can help programming learners better identify quality
answers.

This paper shall address the following two research questions:
RQ1. Can machine learning models identify doubts automatically in Stack Overflow comments?

RQ2. What are the relationships between the presence of doubts among comments under the answer post
and Stack Overflow's existing voting and reputation metrics?

To classify doubts, our methodology in this research explored both the knowledge-based Sentic Pattern
Detection (SPD) model (Lo et al. 2021) where the model was trained using data from a set of student
reflection data collected in a course and a pre-trained language model, i.e., RoOBERTa (Liu et al. 2019). The
SPD model was based on specific vocabulary related to the dataset while a pre-trained model was exposed
to a large variety of vocabulary that may not be specific to the dataset. We found interesting results that the
pre-trained language model RoBERTa provided more promising results than SPD. We chose RoBERTa
because it was trained on an order of magnitude more data than BERT for a longer time, allowing its
representations to generalise even better to downstream tasks (Liu et al. 2019). We hope to explore the use
of RoBERTa as our initial model to investigate the applicability of ‘doubt’ identification on Stack Overflow.
We will present the findings in detail in the relevant sections of this paper.

Our paper contributes to both technical and business perspectives in two distinct ways. From a technical
standpoint, our proposed method aims to establish connections between comments and answers on Stack
Overflow, capturing doubts that may arise over time. We utilize machine learning models and present
results that are specifically tailored for generalized datasets like those found on Stack Overflow, where the
user population is diverse and non-homogeneous, leading to variations in writing styles. From a business

1 https://survey.stackoverflow.co/2022/#community
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perspective, our additional indicators on Stack Overflow offer convenient means for programming learners
to identify high-quality answers and resolutions to their programming queries. Additionally, these
indicators assist expert users in finding answers that require further assistance. We believe that by
facilitating the discovery of quality answers, our approach encourages novice programmers by enabling
them to achieve small successes in their learning journey. Overall, our contribution extends to both the
technical realm by proposing an effective method and the business domain by providing valuable indicators
that enhance the Stack Overflow experience for learners and expert users alike.

The remaining sections of this paper are organized as follows: a literature review is presented to provide an
overview of current works related to our research topic, followed by a description of the research approach
that involves data collection and model training and evaluation. We then discuss the potential application
of the doubt indicator in relevant contexts. Finally, we address potential threats to validity and conclude
the paper.

Literature Review

Lo et al. (2021) proposed the hybrid Sentic Pattern Detection (SPD) and Machine-Learning (ML) model for
doubt identification on students' informal reflections. The study suggests that the proposed hybrid
approach has the potential to generalise on all types of data as it does not require any domain knowledge
and coupling it with ML models is a promising option to achieve high accuracy in doubt identification. To
the best of our knowledge, the paper is the only research on doubt identification. The paper was using
Logistic Regression and Dense Neural Networks (DNN) as ML classifiers. We apply SPD and explore a
newer pre-trained transformer, i.e., ROBERTa (Liu et al. 2019) in this study. We will compare the
performance and select the better-performing model for further discussion and analysis.

Ren et al. (2019) proposed an Open Information Extraction method to extract controversial discussions (an
answer being criticised and the critique posts) in Java/Android-tagged question threads on Stack Overflow.
They identified controversy in a sentence by calculating the similarity score between the sentence and their
sample critique sentences gathered from Stack Overflow java/android-tagged threads. However, our work
shall attempt to identify doubts in Stack Overflow comments using the ML approach which does not rely
on domain-specific knowledge. Zhang et al. (2021) proposed a random forest classifier to identify
informative Stack Overflow comments. The work focuses on decoupling each individual comment from the
main thread of the Stack Overflow post. In contrast, our method aims to correlate the presence of doubts
within individual comments to account for technical changes that may occur in the thread after an answer
has been posted. The focus of this work is to improve Stack Overflow's comment ranking system within a
thread so that informative comments can get more attention instead of being hidden away.

There is plenty of related work regarding predicting question/answer quality metrics on CQA websites. For
example, Anderson et al. (2012) proposed to predict the long-term value (i.e., page views) of a Stack
Overflow question and its answers using a set of features describing various properties of the answering
process. Tian et al. (2013) designed several features measuring important aspects of a Stack Overflow
answer, which were then learnt by a classifier to predict whether the answer would become accepted. Arai
and Handayani (2013) presented a classifier to predict accepted answers using only non-textual features.
Yao et al. (2015) proposed a family of algorithms to jointly detect high-quality questions and answers on
CQA websites soon after they are posted. Ye et al. (2021) proposed an answer quality evaluation model using
a text feature filtering mechanism. These existing works mainly focus on predicting question/answer quality
using the body of the question/answer and some other handcrafted features as the input. Our work is not
to develop models to predict question/answer quality directly but to explore potential new features that
may provide users with a new perspective in finding high-quality and helpful answers, particularly doubts
raised in comments under the answer, and how they can correlate with the features commonly discussed in
the literature and used as measures for answer quality.

There are also many interesting empirical studies on CQA websites. Zhang et al. (2019) investigated Stack
Overflow users' discussions in comments and provided insights into the overall commenting dynamics.
Yang et al. (2019) provided a systematic literature review on the key research issues in the areas of CQA
expert recommendation. Differing from mentioned empirical studies, our work mines historical questions,
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answers, and comments instead and aims to identify clarification required for the question instead of the
dynamics.

We hope our proposed method introduces an additional metric that facilitates better decision-making for
programmer learners in selecting helpful answers and also allows expert users to quickly locate doubts in
comments to add additional resolutions to address the doubts.

Definitions

A 'doubt' is a statement which potentially is a question or simply a sentence that requires clarifications on
a given topic (Lo et al. 2019). In our context, we refer to doubt as a question or statement indicating differing
opinions, system configurations, and versions. Some examples of 'doubtful' statements on Stack Overflow
are as shown:

¢ T got an error with the above code. Is it because of python 3? However,
numpy.isnan (float('nan')) did work. Why would I use math instead of numpy?

e this solution does have a problem that if sort() or other list functions
are used, they work on the individual lists within this newly created
list

® version 3 of this answer was correct and well formatted. this one (now 7)
is wrong again. rolled back as "dont want your edit" while the edits
improved the answer.

® Which wversion of Python was the original answer given 1in? Just
typing datetime.datetime.now() in my Python 2.7 interactive console
(IronPython hasn't updated yet) gives me the same behavior as the newer
example using print() in the answer. I haven't successfully replicated
what the original answer shows (datetime.datetime (2009, 1, 6, 15, 8, 24,
78915)). (Not that I really want to, the print() behavior is preferred,
but I am curious.)

e The first part "For TensorFlow 2.0 and 2.1..." is not accurate. It's not
in the documentation source referenced and I have TF2.0 and when I tested
it I got an error. The second part though works on TF2.0 as well as TF2.2+

Research Approach

The research workflow, as illustrated in Figure 1, involved several steps. We initiated the study by collecting
and annotating a dataset of Stack Overflow comments. This annotated dataset was utilized to train and fine-
tune machine learning models. Subsequently, the performance of our models was evaluated and compared
to an existing approach. Finally, we conducted data analysis on a larger dataset using the chosen model,
enabling us to extract insights and draw meaningful conclusions. In the subsequent section, we delve into
the specifics of the data collection and annotation processes, elaborate on the details of model training and
selection, and provide an evaluation of the selected model.

1. Data collection and 2. Train and finc-tunc ML 3. Evaluatc and compare 4. Conduct data analysis
annotation on Stack models on the annotated performance with the on larger dataset using the

Overflow comments dataset existing hybrid approach finalised model

Figure 1. The overall workflow of research
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Data Collection

Before implementing data collection, it is necessary to understand the data we are collecting. A Stack
Overflow question thread consists of the question post itself and a list of answer posts under the question.
Figure 2 shows an example of a Stack Overflow question post2. Under the question title, there are indicators
such as the creation date, last edit date, and view count of the question. The number to the left of the
question body is the voting score of the question, i.e., 207 in Figure 2, which sums up all upvotes and
downvotes received by the question, where each upvote/downvote represents +1/-1 on the score
respectively. Below the question body, there can be a list of tags for the question, which are keywords that
describe the question's topic.

How do | read the contents of a Node.js stream into a string variable?

[Asked 10 years, 6 months ago  Modified 6 months ago  Viewed 212k times |

I'm hacking on a Node program that uses smtp-protocol to capture SMTP emails and act on the

mail data. The library provides the mail data as a stream, and | don't know how to get that into a
207 string.

I'm currently writing it to stdout with stream.pipe(process.stdout, { end: false }), butas|

said, | need the stream data in a string instead, which | can use once the stream has ended.

How do | collect all the data from a Node.js stream into a string?

MultiplyByZer0 obrienmd
5,667 2,385

You should copy the stream or flag it with (autoClose: false). It is bad practice to pollute the memory. - 19h

Figure 2. Example of a Stack Overflow question post

Figure 3 shows an example of a Stack Overflow answer post. The number to the left of the answer body is
the voting score of the answer, similar to the question's voting score. Under each answer, there can be a list
of comments posted by users. Comments can also receive upvotes from users, which are shown on the left
of the comment text. The questioner can also mark an answer as accepted, which will be shown as a green
tick under the answer's voting score. An accepted answer will be shown at the top of the answer list by
default. Users can also gain reputation points by actively participating on the platform, i.e., asking and
answering a question, voting, and commenting on any post etc. The answerer's total reputation point is
shown as a grey-bolded number under the username, i.e., 357 in Figure 3.

2 https://stackoverflow.com/questions/10623798
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Replace the code in your custom java Script file from

-1 function function_name() {// body //}

to

window.function_name = function() {// body //}

Share Follow answered Aug 16, 2020 at 13:54

Hassam Saeed
357 o5 #22

Why should people do that? — A moskal escaping from Russia

@SebastianPalma They shouldn't. See my correct answer. | don't know why someone came in and repeated
the incorrect answer that's already here. — Michael Chaney

Can you explain your method in easy wording? @MichaelChaney — Hassam Saeed

| think Official Documentation is not updated according to webpacker which is used in Rails 6.
— Hassam Saeed

@HassamSaeed Your answer is wrong. Please read my entire answer above. You might have to read it
repeatedly to understand it (I certainly did). I'm going to answer your question that you linked above.
— Michael Chaney

Show 5 more comments

Figure 3. Example of a Stack Overflow answer post

The Stack Overflow comment data are collected from Stack Exchange Data Explorers. With this open-
sourced tool, users can compose and run queries on the public data from the Stack Exchange network. Each
row selected from the query represents a single comment under a Stack Overflow answer post. All rows are
grouped based on the answer to which the comments belong. We will refer to each of these groups as a
stack, which consists of the rows of all comments under a specific answer post. Within each Stack, the rows
are sorted based on the comments' creation date time, so we can easily visualise how the discussion took
place in real-time, which also helps with annotation later. As Stack Exchange Data Explorer limits the
maximum number of returned rows to 50,000. Therefore, separate queries were made to retrieve data with
answers' creation dates ranging from January 2020 to August 2022. All data were retrieved on 23 August
2022.

We also derived several criteria when selecting Stack Overflow comments after some preliminary data
analyses. The criteria are as follows:

1. Comments must belong to an answer post on Stack Overflow, as we are specifically interested in
users' doubts about the answers rather than questions or other types of posts, and the commenting
dynamics under questions or answers are likely significantly different.

2. The answer must have at least 10 comments under it. This is to reduce random noises as it is less
likely that a meaningful discussion has occurred if there are not enough comments.

3. The question being answered must have at least 1,000 views by the time we retrieve the data. This
is to filter out niche questions that not many users care about, which are prevalent on Stack
Overflow. For example, many users tend to ask niche questions only to get a quick fix on some rare
issues they have in the codes, which provide little value to others. The comment section for the
answer is likely to become a live debugging or tutorial session, and we do not want to dump our
models with such discussions.

3 https://data.stackexchange.com
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Data Annotation

After collecting the comment data, we built our dataset from comments under answers that were created
between 2021 and 2022. The dataset contained 10,000 comments and was sent to a third-party TicTag for
tagging. Initially, we decided on three classes for every comment in the dataset, 'Doubt’, 'No Doubt’, and
'Answer'. We used the following criteria to define whether the comment contains doubt:

1. If the comment is a question to the answer's author or another commenter. We only consider a
question as doubtful if it is asking for clarification or explanation on a technical topic. For example,
in Figure 3, the first comment is doubtful about the answerer's reasoning for the code and the third
comment asks for more explanation from another commenter. Therefore, other general questions
will be considered as no doubt, e.g., 'what version of python did you use', 'what is the error message',
'can you show me the trace stack’ etc.

2. If the comment highlights scenarios that the solution may not work.
If the comment mentions getting an error/exception after they tried some suggested codes.
If the comment suggests that the answer is obsolete due to version change etc.

For a comment without doubt, it was tagged as 'Answer’' if the comment tried to resolve a previously raised
doubt; otherwise, it was tagged as 'No Doubt'. During the tagging process, TicTag found that some
comments should be tagged as 'answer' but also raised a new doubt in the same comment. Therefore, these
comments were put into a new class, 'Both Doubt and Answer'.

The dataset of 10,000 comments went through two rounds of tagging and one round of quality check
afterwards. In each tagging round, the comments were assigned to two different taggers who independently
labelled them. Subsequently, a round of quality check (QC) was conducted to ensure accuracy at the
individual comment level. During this QC process, discrepancies arising from the two rounds of tagging
were carefully reviewed and addressed. The QC phase accounted for approximately 20-30% of the data. The
quality check was performed collaboratively by the team, involving a collective review and discussion of the
cases to ensure consistent and reliable tagging. The taggers were between the age of 18 to 34, and most of
them had IT/technical backgrounds. Table 1 shows the number of comments for each class from the
finalised dataset.

Answer Doubt No Doubt Both Doubt and Answer
Number of Comments 4031 2722 2364 883

Table 1. Number of comments for all four classes

Model Training and Evaluation
Sentic Pattern Detection (SPD) Approach

Lo et al. (2021) proposed a hybrid approach for doubt identification which uses a doubt sentic pattern
detection (SPD) algorithm and an ML model. Their work included a doubt sentic pattern list extracted from
students' feedback on a university course. In this study, only the SPD algorithm is adopted, the ML model
from the hybrid approach is not used. The purpose is to assess if using a knowledge-based approach is
sufficient for doubt identification in Stack Overflow comments.

The Doubt SPD algorithm is a knowledge-based approach with a dependency relation of common-sense
reasoning found in natural language. Examples of doubt sentic patterns are 'does—mean’, 'what—differ’,
where '-' is an arbitrary number of words with a maximum of three words. For example, 'if the assumption
has been violated, does that mean the model is useless', 'how similar it is to clustering and what is the
different or they are the same'. For our purpose, we investigated each of the doubt sentic patterns separately
and added new common doubt sentic patterns observed from the Stack Overflow comments to identify
doubts within comments. For example, 'not work' and 'no idea' are common doubt sentic patterns after
trying out the answer but did not solve their programming issues.
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The results from our SPD model are reported in Table 2.

precision recall f1-score size

Doubt 0.35 0.20 0.26 537

No Doubt 0.72 0.84 0.77 1287

macro avg 0.53 0.52 0.51 1824

weighted avg 0.61 0.65 0.62 1824
Table 2. Classification report of the model using the SPD algorithm

Precision is important in giving our users confidence in using our 'doubt’ tag while recall is important in
retrieving comments with doubts and identifying quality answers. The F1 score keeps the balance between
precision and recall and hence we will be using these metrics to evaluate our models.

RoBERTa-based Machine Learning Approach

We also built a model based on RoBERTa's pre-trained model, which is a robustly optimised pretraining
procedure that improved on Bidirectional Encoder Representations from the Transformers (BERT) model
(Liu et al. 2019). Two different variations of RoOBERTa were tried, 'roberta-base' and 'roberta-large'. The
overall architecture of the ML model is shown in Figure 4, where the input text is passed to the RoOBERTa
tokeniser to generate a sequence of tokens. The sequence is then passed to the RoBERTa model itself which
outputs a vector of size 768 for Roberta-base and 1024 for Roberta-large. The output vector will then go
through a dropout layer and finally, a classification layer to generate the probability score for each class.
The RoBERTa per-trained model was also used as a word embedding to both Logistic Regression and DNN
with one hidden layer as the classifiers, to assess if other classifiers may achieve better results. The approach
proposed in Figure 4 has consistently outperformed SPD and thus this configuration is used throughout the

paper.

[ Input Text ]
L

[ RoBERTa Tokenizer ]
G Sequence of tokens

( RoBERTa ]
G Vector of size 768 or 1024

[ Dropout Layer ]
<

[ Classification Layer ]

Figure 4. The RoBERTa Approach

Upon examining the dataset, we decided to exclude the 'Both Doubt and Answer' class as it only has 883
records out of 10,000, and it is a mixture of two other classes, making it difficult for the model to learn and
distinguish. The dataset is then split into 70-10-20% for training, validation, and test purposes respectively.
The validation set was used to fine-tune the hyperparameters, specifically max learning rate={1e-3, 1e-4,
1e-5, 1e-6}; max sequence length={200, 256, 512}; hidden layer size={16, 32, 64, 128}; dropout
probability={0, 0.05, 0.1, 0.2}.

The models were trained using Smith's (2017) one-cycle policy, which utilised cyclical learning rates for

training models significantly faster and achieving higher accuracy. Using this policy, most models
converged under 10 epochs, from which an early stopping mechanism with the maximum validation
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accuracy was used to select the best-performing model. We found that the max learning rate of 1e-5 usually
gives the best performance using the fewest epochs, while max sequence length and dropout probability
didn't show a significant impact on the performance. Among the different sizes of the hidden layer, 32
performed slightly better than the rest. The 'roberta-base' variation performed slightly better than 'roberta-
large', although 'roberta-large' is more complex and takes significantly longer to train. We also tried to
implement additional pre-processing on the comment text, which includes replacing codes and URLs with
a placeholder, because these rare words are not easily understood by the model, but it turned out that these
additional pre-processing steps did not result in any significant improvement on the models' performance.
Table 3 summarises the performance metrics of the finalised model on the test set.

Three Classes Two Classes

precision | recall | fi-score | size | precision | recall | fi-score | size
Answer 0.70 0.75 0.72 806
Doubt 0.64 0.79 0.71 537 0.68 0.72 0.70 537
No Doubt 0.59 0.37 0.46 481 0.88 0.86 0.87 1287
macro 0.64 0.64 0.63 1824 0.78 0.79 0.78 1824
avg
weighted 0.65 0.66 0.65 1824 0.82 0.82 0.82 1824
avg

Table 3. Classification report of the models with three classes (left) or two
classes (right) using the RoOBERTa model

As seen in Table 3 (left), the model achieved a decent weighted average F1 score of 0.65. The model also
showed significantly worse performance, especially the recall, for the 'No Doubt' class. The main reason for
this is that the 'Answer' and 'No Doubt' classes can be very similar, making it difficult for the model to
distinguish. The number of 'Answer' records in the dataset was also nearly twice the number of 'No Doubt'.
Therefore, the model learned to put a higher probability for 'Answer' while missing out on more 'No Doubt'
records, resulting in a worse recall on the 'No Doubt' class.

With the above result, we decided to reduce the number of classes further and see how our model would
perform. With all 'Answer' records re-labelled as 'No Doubt', new models are trained using only binary
classes, i.e., 'Doubt’ or 'No Doubt'. The summarised performance metrics of the finalised model on the test
set are shown in Table 3 (right).

The model showed significantly better weighted average F1 score of 0.82 with only two classes. The AUC
score of the model was 0.86, which was great given the amount of data we were training on. However, it
still had a slightly worse performance on the 'Doubt’ class than the 'No Doubt' class, mainly due to the
imbalance of the two classes in the dataset.

Our system was able to train on the training set of 6,382 instances in an average of 2 minutes and 24 seconds
for one epoch. We utilized an NVIDIA GeForce RTX 3080 with 16GB of graphical memory for training.
After training for 10 epochs, our best-performing model achieved its highest validation accuracy in the 5th
epoch. In terms of inference, our best model took 27 seconds to generate prediction results for the test set
of 1,824 instances. These results indicate that our model has demonstrated excellent efficiency in both
training and inference.

Model Selection

Based on our results in Tables 2 and 3, we found that the SPD was not able to accurately predict doubtful
statements. In terms of precision, recall and F1-Score, the SPD appears to favour the comments without a
doubt. Since doubt identification is the key to identifying quality answers, we evaluated that the RoBERTa
model with two classes performed the best.

We seek to understand the reasons why the SPD model did not perform as well. One reason is that Stack
Overflow comments are much more varied in terms of topic and style of language than student feedback on
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how they express doubt. For example, it is very common for 'Doubt' comments to suggest that something is
not working, hence we checked for the sentic pattern 'not work' and its equivalent, but this pattern turned
out to be prevalent in 'No Doubt' comments as well, as some users may add explanations and fixes after
they mentioned that something did not work. We believe that more feature engineering and text pre-
processing need to be done to continue exploring sentic patterns. For instance, a more sophisticated
approach is required to capture the discourse structure for sentic patterns to work on a rich knowledge base
like the Stack Overflow comments (Poria et al. 2014).

For our study, we find the performance of the model using RoOBERTa with two (binary) classes satisfactory.
For subsequent analyses, we will be analysing based on the model using RoOBERTa with binary classes.

Result Analyses and Discussions
Research Question 1

RQ1. Can machine learning models identify doubts automatically in Stack Overflow comments?

Based on the results in Table 3, we can see that the RoBERTa-based ML model is able to achieve high
accuracy in identifying doubt in Stack Overflow comments, with an overall accuracy of 0.82 using two
classes, 'Doubt' and 'No Doubt'. The performance of the 'roberta-base' variation performed slightly better
than 'roberta-large' on our dataset. However, additional pre-processing, such as replacing code snippets
and URLs with placeholders, does not result in significant improvement in the model's performance.

Research Question 2

RQ2. What are the relationships between the presence of doubts among comments under the answer post
and Stack Overflow's existing voting and reputation metrics?

To answer RQ2, we performed further analyses on a new dataset using our selected model, i.e., the
RoBERTa model with binary classes. The Stack Overflow comments were selected using the same criteria
as stated in the 'Data Selection' Section, but the answers' creation date ranged from 2016 to 2020. All data
were retrieved on 1 November 2022, including users' reputation data, which will be used for analysis later.
The dataset consisted of 354,471 comments in total. Our model selected is the RoBERTa model with binary
classes. We hope our findings from our RQ2 will serve as guiding principles for the design of inclusion of
'doubt’ indicators.

Correlation of Doubts with User Reputation

We seek to explore the relationships between users' doubt comments and their reputations. The user
reputation on Stack Overflow is highly skewed, where most of the users have less than 10,000 reputation
points, while some users can reach more than 1,000,000. Therefore, using a conventional linear scale did
not reveal much information. We decided to use a log-10 scale on user reputation and found that it follows
a normal-like distribution, as shown in Figure 5, which is a log-scaled histogram of user reputation with
100 bins.
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Figure 5. Histogram of user reputation on a log scale

Figure 6a shows the average number of 'Doubt' comments posted by the users for each reputation range,
using the same scale and bins as Figure 5. The plot shows an exponential-like trend, suggesting that highly
reputed users raise significantly more doubts in their comments than less reputed users.
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Figure 6a. Scatter plot of the average Figure 6b. Scatter plot of the average
number of 'Doubt' comments against percentage of 'Doubt' comments against
reputation reputation

We also calculated the percentage of 'Doubt’ comments out of all comments made by each user and took
the average for all users in each reputation range. Figure 6b shows this average percentage against user
reputation. The graph shows that the average percentage of 'Doubt’ comments has a highly notable linear
correlation with user reputation on a log-10 scale, with a Pearson's correlation coefficient of 0.878. This
suggests that on average, users with higher reputations have a higher tendency to raise doubts in their
comments.

Our findings from Figures 6a and 6b are counterintuitive as we may expect that inexperienced
programmers, who are more likely to be less reputed users, tend to raise more doubts in their comments.
One explanation for this observation could be that highly reputed users are very likely to be experienced
and knowledgeable in the areas they comment on, so they tend to be more critical of the answer or others'
comments, and raise doubt to correct, improve or extend the answer (Zhang et al. 2019). We recommend
paying more attention to 'doubtful' comments from highly reputed users as they tend to provide additional
value to the answer. We proposed that we could have a doubt indicator (along with a user reputation
indicator) on each comment to draw the attention of programmer learners.
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Position of Doubtful Comments

We were particularly interested in the position of doubtful comments and hence we ran a series of
experiments to investigate. Figure 7 shows the distribution of the position where the first doubt is raised in
an answer's comment section if there exists a doubtful comment. Position 1 means the first comment
contains doubt, 2 means a doubit is first raised in the second comment and so on.
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Figure 7. Histogram of the position of the first doubtful comment

As seen from Figure 7, for most of the comment sections below their respective answers, the first comment
contains doubt. Doubts raised at the start of a comment section will get more attention from users as early
comments will be seen by users first. Therefore, users such as programming learners can extract crucial
information without going through the entire comment section by reading the initial few comments to get
more comprehensive solutions to the answers.

On the other hand, we also found that among the 27,534 answers' comment sections, 4,748 (or 17.2%) of
them contain doubt in the latest comment. Since we used answers that were created at least two years ago,
we think that there should have sufficient time to provide resolutions by the community. When we did the
same analysis on the first batch of data, where the answers were created in 2021 or 2022, 24.7% of the
answers' comment section contained doubt in the last comment. This observation indicated that there are
unresolved doubts raised in the latest comments which went unnoticed by the community. As part of our
aim to help programming learners find quality answers that could attest to the time (perhaps due to version
or environment changes), it is important to provide a mechanism to conveniently locate answers with
outstanding doubt within an answer.

Correlation of Doubts with Answer Score

We would also like to find out how doubts in the comment section correlate with the answers' voting score,
simply referred to as the answer score. Figure 8a shows the average number of 'Doubt’ comments under an
answer against the answer score using a log-10 scale with 100 bins, as the answer score distribution is also
very right-skewed. From Figure 8a, answers across different answer score intervals all have a similar
number of doubtful comments, while only the highly scored answers show significantly more fluctuations,
likely due to insufficient samples in that range, hence the large variance.
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The percentage of 'Doubt' comments out of all comments under each answer is then calculated and the
average percentage for all answers in each answer score interval is taken, shown in Figure 8b. As seen from
the figure, highly scored answers have slightly less percentage of doubtful comments as compared to
answers with lower scores. However, the linear correlation is insignificant as Pearson's correlation
coefficient is only -0.236.

Our findings suggest no significant linear correlation between the answer score and the presence of doubt
in comments. This finding means that if given doubt indicators in comments, they can be treated
independently from the answer score. This also means that vice versa, answers with high scores have the
same likelihood of containing doubts in the comment section as answers with low scores.

Potential Application of Doubt Indicator

We envision implementing the doubt indicators in Stack Overflow, as demonstrated in our example in
Figure 9. We can include 'Doubt’ indicators in the Stack Overflow post to assist the user in identifying
comments with doubts. Some of the possible design principles are as follows:

1. Comments with doubt are shown with a pink background.
Since there is no relationship between the answer score and doubtful comments, we propose a
background colour change (in pink) to indicate doubtful comments.

-
2. Comments that are not shown but contain doubts are indicated with an icon “& .
Since not all comments are shown to the user, we propose an expert-needed indicator to guide
experts to the doubtful comment.
3. Comments with doubt by a reputed user are indicated with an icon .
This indicator can help draw programmer learners' attention to comments made by reputed users.

We acknowledge that a comprehensive user experience (UX) evaluation should be conducted as part of
future work.
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Use the + operator to combine the lists:

5262 listone = [1, 2, 3]
listtwo = [4, 5, 6]

joinedlist = listone + listtwo

“ Output:

>>> joinedlist
{1, 2,3, 4, 5, 6]

Doubt
submitted by a
reputed user

L

@ Mateen Ulhaq g Daniel G
- 233k A8 65.9k

does this create a deep copy of listone and appends listtwo? - Daniel F

I®-

@Daniel it will create a new list with a shallow copy of the items in the first list, followed by a shallow copy
of the items in the second list. Use copy.deepcopy to get deep copies of lists. - Daniel G

Comments with
doubt in pink
another useful detail here: listone += listtwo resultsin listone == [1, 2, 3, 4, 5, 6] background

= rickcnagy 7

I @brickbOt will that change what listone is pointing at? So: 1ist3 = listone Llistone+=listtwo Is ~
list3 changed as well? - MikeH ’

@Pygmalion That is not Python3 specific, but specific to how NumPy arrays handle operators. See the
answer by J.F. Sebastian in the answer by Robert Rossney for concatenating NumPy arrays. - 153957

More doubts in the rest
. of the comments for
Show 8 more comments ;fc:-:‘

— experts to address

Figure 9. A possible design of 'Doubt’ indicators on Stack Overflow

Threats to Validity

During data collection, the comments were intentionally selected using the abovementioned criteria,
potentially threatening external validity as the model trained on the resultant dataset may not generalise
well on all Stack Overflow comments. We selected the data to reduce random noises by filtering out
discussions with less value for our model to learn. Another reason is that we did not have enough resources
and time to reliably tag a larger dataset of more than 10,000 comments.

Our proposed design of "Doubt” indicators on Stack Overflow remains to be validated. Although our
proposed designs are based on our dataset evaluation, we have not experimented with this design with the
actual users. We intend to evaluate this design with novice learners in programming in our future work.
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Conclusion

In this research, we proposed an approach to automate doubt identification on Stack Overflow comments.
Our results show that a pre-trained machine learning model using the RoBERTa algorithm can provide
good precision, recall and Fi-scores to classify comments into binary classes indicating the presence of
'doubt’. With our model and further experiment with an additional dataset, we found interesting
correlations between 'doubts' and the existing voting and reputation scores. Our results showed that users
with higher reputation scores tend to raise more doubt than less reputed users; most Stack Overflow
answers have doubt raised in the first few comments, and a significant portion of answers has unsolved
doubt in the last comment. Using these correlations as guiding principles, we designed and proposed
additional metrics on Stack Overflow to guide programming learners to find quality answers; and to help
experts identify posts whose answers may need improvements or revision. We hope our proposed metrics
help learners gain small successes in their learning journeys.

For future work, we will embark on a validation project to sharpen our design of the doubt indicators on
Stack Overflow and collect empirical results on the usefulness of the indicators to novice programmers in
solving their programming issues. We can also evaluate other large language models and evaluate their
respective performances in identifying doubts on Stack Overflow comments.
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