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1 Short Two-sentence Description
The tutorial focuses on the research topic of building the next-
generation dialogue systems that can continuously and inter-
actively learn from end-users during conversation (on-the-job
learning after deployment) to become more and more pow-
erful over time. We will provide a background of the topic,
and discuss existing techniques and open challenges, which
we believe, will shape the future of dialogue systems.

2 Abstract for Webpage Overview
Dialogue systems, commonly known as Chatbots, have
gained escalating popularity in recent times due to their wide-
spread applications in carrying out chit-chat conversations
with users and accomplishing various tasks as personal as-
sistants. However, they still have some major weaknesses.
One key weakness is that they are typically trained from
pre-collected and manually-labeled data and/or written with
handcrafted rules. Their knowledge bases (KBs) are also
fixed and pre-compiled by human experts. Due to the huge
amount of manual effort involved, they are difficult to scale
and also tend to produce many errors ought to their limited
ability to understand natural language and the limited knowl-
edge in their KBs. Thus, when these systems are deployed,
the level of user satisfactory is often low.

In this tutorial, we introduce and discuss methods to give
chatbots the ability to continuously and interactively learn
new knowledge during conversation, i.e. “on-the-job” by
themselves so that as the systems chat more and more with
users, they become more and more knowledgeable and im-
prove their performance over time. The first half of the tuto-
rial focuses on introducing the paradigm of lifelong and con-
tinual learning and discuss various related problems and chal-
lenges in conversational AI applications. In the second half,
we present recent advancements on the topic, with a focus
on continuous lexical and factual knowledge learning in dia-
logues, open-domain dialogue learning after deployment and
learning of new language expressions via user interactions
for language grounding applications (e.g. natural language

command interfaces). Finally, we conclude with a discussion
on the scopes for continual conversational skill learning and
present some of the open challenges for future research.

3 Brief Description
Building dialogue systems or conversational agents capable
of conversing with humans in natural language (NL) and un-
derstanding human NL instructions or commands is a long-
standing goal of AI. These agents, also known as chatbots,
have become the front runner of AI advancement due to wide-
spread applications such as assisting customers in buying
products, booking flight tickets, reducing stress, and execut-
ing actions like controlling house appliances and reporting
weather information. Because of the proliferation of Internet
of Things (IoT) devices with NL interfaces, these agents have
become ubiquitous in recent times.

Dialogue systems can be broadly categorized into two main
types: (1) Chit-chat systems designed to engage users and
provide mental support by conducting chit-chat type of con-
versations in wide range of topics without having a specific
goal to complete, and (2) Task-oriented chatbots designed to
assist users to complete tasks based on users’ requests. Most
of the popular personal assistants such as Amazon Alexa,
Apple Siri, Google Home, and Microsoft Cortana, are task-
oriented bots. They are primarily designed as Natural Lan-
guage Interface (NLI) systems that take human NL instruc-
tions/commands and translate them into actions to be exe-
cuted by the underlying application.

Despite the wide-spread applications, existing conversa-
tion agents or chatbots still have many serious weaknesses.
In this tutorial, we focus on two key weaknesses: (1) A great
deal of manual effort is needed to label training data, write
rules and compile knowledge bases (KBs) to build and to im-
prove these systems. No matter how much data is collected
and used to train a chatbot, it is very hard, if not impossi-
ble, to cover all possible variations of the natural language.
Thus, when deployed in practice, a well-trained chatbot still
performs poorly. (2) The pre-compiled KBs cannot cover the
rich knowledge needed in practice. A truly intelligent chat-
bot should not be limited by its offline-trained model or pre-
compiled KB. It should learn continually after model deploy-
ment and during conversing or interacting with the (human)
end-users and thereby, improve its capability over time in a



self-supervised manner (Liu, 2020). This is the topic of this
tutorial. This topic is of critical importance for the future suc-
cess of dialogue systems. We humans learn a great deal of our
knowledge in our daily conversations and off conversations
and the knowledge learned is used in subsequent conversa-
tions. In this tutorial, we focus on learning from end-users
during conversation.

In the past few years, several researchers started to address
these issues to give chatbots the ability to learn from end-
users in their interactions continuously after the systems have
been deployed and used in practice to improve their capabil-
ity over time (Liu, 2020). This is just like human learning on
the job. It is well-known in learning science that about 70%
of our human knowledge comes from ‘on-the-job’ learning,
only about 10% through formal education or training, and the
rest 20% through observation of others. Dialogue systems
should have the same capability. In order to learn during con-
versation (i.e., on the job), the system has to actively commu-
nicate or interact with the users by asking them questions, for
which it needs to dynamically (1) formulate an interaction
strategy to interact with the user (e.g., deciding what to ask
the user and when to ask the user), (2) execute the strategy to
acquire the ground truth data and other relevant information,
and (3) incrementally learn from the new data in a continual
manner.

As most chatbots work in a multi-user environment, they
can exploit such an environment to obtain the ground truth
training data and other knowledge during actual online con-
versations to enable continual online learning. Below we give
some example ways that the system can learn from end-users
during a conversation.

1. Extracting information from user utterances: The chat-
bot can extract information from user utterances (or di-
alogue history) directly which can be real-world facts,
user’s preferences, etc., which can then be incorporated
into the system’s knowledge base or the model continu-
ally on the fly.

2. Asking the current user: When the system (1) does not
understand a user utterance, or (2) cannot answer a user
query, it initiates a new learning task. To obtain the
ground truth data for learning, for (1), the chatbot can
ask the current user for clarification, rephrasing, or even
demonstration if it is supported in the underlying appli-
cation. For (2), the chatbot may ask the user for some
supporting facts and then infer the query answer. To ob-
tain more knowledge, the chatbot may even ask the cur-
rent user related questions in order to fully exploit the
opportunity to get information that it considers missing.
For example, the user said “I visited London last month.”
Apart from extracting London as a location, it can also
ask a subsequent question: “Where is London?” If the
user answers “London is in UK,” the system learned an-
other piece of knowledge if it is not already in its knowl-
edge base.

3. Asking other users: When the chatbot could not answer
a user query, it may also ask other users to obtain the
answer. For example, if a user asks “What is the capital
city of the US?” and the chatbot is not able to answer or

infer now, it can try to find a good opportunity later to
ask another user: “Hey, do you happen to know what the
capital city of the US is?” If the user gives the answer
“Washington DC,” the chatbot acquires a piece of new
knowledge.

In this tutorial, we will first introduce the paradigm of life-
long or continual machine learning (Chen and Liu, 2018), and
then focus on five emerging continual learning capabilities of
chatbots as follows:

(1) learning to classify intents and detect unknown intents
(i.e., open-world learning or out-of-distribution detection)
and incrementally learning new intents if sufficient training
data is available.

(2) learning new lexical and factual knowledge in open-
ended and information-seeking conversations to expand the
system’s knowledge base (KB).

(3) continual open-domain conversion modeling via learn-
ing after model deployment.

(4) learning to ground new natural language commands or
expressions via interactions with end-users.

(5) learning of new conversational skills to improve re-
sponse generation awareness of the chatbot over time.

Learning from end-users comes with a risk. That is, the
knowledge learned from end-users can be erroneous and
some users may even purposely fool the system by provid-
ing wrong knowledge. We will discuss how to deal with
this problem to ensure the credibility or trustworthiness of
the learned knowledge from end-users.

4 Target Audience
Researchers, graduate students, and practitioners who are in-
terested in dialogue systems and lifelong/continual learning.
The tutorial will particularly benefit people who are building
or intend to build dialogue systems because making such sys-
tems learn continually by themselves is becoming necessary
for the next generation dialogue systems. Some current tech-
niques are ready for commercial use.

5 Estimate of Audience Size
We estimate that there will be more than 100 attendees be-
cause dialogue systems are not only popular in academia but
also very popular in industry. Numerous dialogue systems are
used in practice, which makes learning during dialogues in-
teresting and important to both researchers and practitioners.

This tutorial has not been given anywhere before.

6 Prerequisite Knowledge
Basic knowledge of machine learning and NLP.

7 Outline of the Tutorial
1. Introduction [15 minutes]

(a) Goal of this tutorial
(b) Dialogue & Interactive Systems: Background
(c) Opportunities for self-motivated learning during

conversation



2. Lifelong and Continual Learning:
an Introduction [15 minutes]

(a) Diverse tasks of lifelong learning and their defini-
tions

(b) Introduction to existing techniques
(c) Lifelong Interactive Learning in Conversation

3. Intent Classification and Out-of-
Distribution Detection [15 minutes]

(a) Open-world AI and learning
(b) Detecting out-of-distribution user utterances

4. Continuous Knowledge Learning during
Conversation [15 minutes]

(a) Different aspects of knowledge learning
(b) Interactive factual knowledge learning in dialogues
(c) Lexical knowledge acquisition via dialogue

5. Open-Domain Dialogue Learning After
Deployment [15 minutes]

(a) Learning by extracting new training examples from
conversations

(b) Dialogue learning via role-playing games

6. Continual Language Learning and
Grounding [15 minutes]

(a) Learning language games through interactions
(b) Dialogue-driven learning of application-

independent natural language command interfaces

7. Continual Learning of Conversational
Skills [10 minutes]

8. Summary & QA [5 minutes]

8 Tutorial-Level Publications
1. Bing Liu and Sahisnu Mazumder. Lifelong and Contin-

ual Learning Dialogue Systems: Learning during Con-
versation. Proceedings of AAAI Conference on Artificial
Intelligence (AAAI-2021, senior member track), 2021.

2. Zhiyuan Chen and Bing Liu. Lifelong Machine Learn-
ing. Morgan & Claypool, 2018 (2nd edition), 2016 (1st
edition).

Bing Liu has given and will be giving several invited talks on
the topic.

9 Presenter # 1 Information

9.1 Contact Information
Sahisnu Mazumder
Department of Computer Science
University of Illinois at Chicago
851 S. Morgan (M/C 152)
Chicago, IL 60607-7053
Email: sahisnumazumder@gmail.com
Website: https://sahisnu.github.io/

9.2 Short Biography
Sahisnu Mazumder is a final year PhD student of Computer
Science at the University of Illinois at Chicago (UIC), USA.
He received his Masters in Computer Science from Indian
Institute of Technology (IIT) - Roorkee, India. His research
interests include Lifelong and Continual Learning, Dialogue
and Interactive Systems, Open-world Learning, Knowledge
base Reasoning, and Sentiment Analysis. He has published
several research papers in leading AI, NLP and Dialogue con-
ferences like AAAI, IJCAI, ACL, EMNLP, SIGDIAL and
served as PC Member / Reviewer of premier conferences like
AAAI, IJCAI, ACL, EMNLP, NAACL, EACL and journals
like ACM TALLIP and IEEE TNNLS. He has also worked
as a Research Intern at Huawei Research USA on user activ-
ity & interest mining and at Microsoft Research - Redmond
on Natural Language Interaction (NLI) system design. Prior
to joining UIC, he worked as a Junior Research Fellow at IIT
Roorkee on News Data Analytics and Location-aware Review
Mining and delivered a tutorial on the topic at the Interna-
tional Conference on Big Data Analytics (BDA - 2014).

9.3 Background in the Tutorial Area:
publications/presentations

Sahisnu Mazumder has been working on the topic of con-
tinual and interactive learning in dialogues (as his main
PhD research topic) for past five years and together with
his advisor Bing Liu (presenter # 2) published several re-
search articles on the topic [see publications # 6-10 in Sec-
tion 14] and presented works in premier dialogue and AI
conferences and workshops like IJCAI, AAAI, SIGDIAL
and NeurIPS Workshops on Dialogue and Interactive Sys-
tems. He and Bing Liu were one of the earliest to intro-
duce the idea of a continual knowledge learning engine for
chatbots, which was featured in Data Science Central in
March, 2018 [https://www.datasciencecentral.com/profiles/
blogs/make-your-chatbot-smarter-by-talking-to-it]. Besides,
he has also co-authored several lifelong learning papers in
sentiment analysis domain in recent years.

Please visit https://sahisnu.github.io/ to get a more detailed
information about his list of publications, talks and tutorials.

9.4 Teaching Experience
Sahisnu Mazumder has served as a Graduate Teaching As-
sistant in the Department of Computer Science at UIC from
Aug, 2015 - May, 2019 and has sufficient experience in class-
room teaching and student interactions. Besides, he has deliv-
ered a tutorial in international conference BDA-2014 and var-
ious talks in Huawei Research USA and Microsoft Research
Redmond on topics related to machine learning and natural
language interface (NLI) design during his internships.

10 Presenter#2 Information

10.1 Contact Information
Bing Liu
Department of Computer Science
University of Illinois at Chicago

https://sahisnu.github.io/
https://www.datasciencecentral.com/profiles/blogs/make-your-chatbot-smarter-by-talking-to-it
https://www.datasciencecentral.com/profiles/blogs/make-your-chatbot-smarter-by-talking-to-it
https://sahisnu.github.io/


851 S. Morgan (M/C 152)
Chicago, IL 60607-7053
Email: liub@uic.edu
Website: https://www.cs.uic.edu/∼liub/

10.2 Short Biography
Bing Liu is a distinguished professor of Computer Science
at the University of Illinois at Chicago (UIC). He received
his PhD in Artificial Intelligence from the University of Ed-
inburgh. His research interests include lifelong and contin-
ual learning, continual learning dialogue systems, sentiment
analysis, open-world AI/learning, natural language process-
ing (NLP), and machine learning. He has published exten-
sively in top conferences and journals. He also authored four
books: one about lifelong learning, two about sentiment anal-
ysis and one about Web mining. Three of his papers re-
ceived Test-of-Time awards: two from KDD and one from
WSDM. Another of his papers received Test-of-Time award
- honorable mention also from WSDM. He is a Fellow of the
ACM, AAAI, and IEEE. He has given tutorials in numer-
ous NLP, AI and data mining conferences, including ACL-
2007, EACL-2012, EMNLP-2016, AAAI-2011, IJCAI-2015,
KDD-2016, and WWW-2008 and. He has also given numer-
ous keynotes and invited talks on related topics.

10.3 Background in the Tutorial Area:
publications/presentation

See the corresponding section of the first presenter as Bing
Liu is the PhD advisor of the first presenter. His group has
published extensively on the topic of lifelong and continual
learning. More details can be found at https://www.cs.uic.
edu/∼liub/lifelong-learning.html.

10.4 Teaching Experience
Bing Liu is a distinguished professor and has taught at the
university level for more than 25 years.

10.5 Evidence of Scholarship in AI or Computer
Science

He is a Fellow of AAAI, ACM and IEEE.

11 Special Requirements
No special requirements.
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