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Early Intelligent Conversational Agents in Learning Sciences

STEVE (procedural training, ISTART (reading,

Johnson & Rickle) McNamara) Tactical Language and

Culture System (Johnson)

Herman-the-Bug (biology

Betty’s Brain (biology VR, Lester)

mental models, Biswas)



Memphis Intelligent Conversational Agents

AutoTutor
(computer literacy)

AutoTutor (reading ARIES (scientific ElectronixTutor
comprehension) reasoning)

AutoTutor (with HURA Advisor P_ersonal Assigtant for
ALEKS algebra) (research ethics) Lifelong Learning (PAL3)

DeepTutor (physics)



Adaptive Trialogues

Expert Fellow Student

Human
Learner




Discourse Mechanisms of the AutoTutor family

AutoTutor doesn’t lecture. Instead, it gets the student to talk and do
following the principles of active, constructive, interactive learning.

Expectation and misconception tailored dialog.

Important AutoTutor dialogue moves are:

® deep questions, pumps, hints, prompts for a specific answer, requests for summaries,

feedback, corrections.

It may take dozens of turns to covering an answer to a deep reasoning
guestion or a difficult problem to solve.



ChatGPT arrived 1 year ago

How can ChatGPT and other Large Language Models help us build
adaptive, intelligent learning companions?

ChatGPT generates information in response to a prompt
(e.g., question, request). It delivers information very impressively.

ChatGPT has no model of what the student knows so it does not
systematically participate in multi-turn conversation threads.

* Can clever prompt engineering emulate conversations that help
students learn in spite of ChatGPT’s limitations?

* What is the half-life of a coherent conversation with ChatGPT as a
tutor?



Towards Automated ITS Induction

Robin Schmucker Meng Xia Amos Azaria Tom Mitchell
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Ruffle&Riley

A step towards automated and domain-independent conversational ITSs

* Generates tutoring workflow automatically around existing content
* Free-form conversational tutoring in learning-by-teaching format
« Two LLM-based agents with the roles of student and professor

 Uses Expectation Misconception Tailoring (EMT) to structure dialogs
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Ruffle&Riley: Architecture

Employ GPT-4 for tutoring script generation and orchestration

Existing Content Tutoring Script Generation Conversation System
= Tutoring Script o
Question Generation v S — &
: ¢ Stud. Bot v | éx» Prof. Bot
—— . v @ M\\\\ f
: Solution Generation
E-book Chat Log »  Turn Manager ©
" | &
Expectation Generation User Interface
(T User

System Architecture



Ruffle&Riley: User Interface

Pre-existing
textbook content

Free-form
dialog

Student Chat:

@ Nice to meet you, Teacher! | am Ruffle.
Thank you so much for helping me study

biology. | love to learn!

Hello! I'm eager to learn about cell biology.

Could you please explain what the phrase

"'form follows function'' means in this
context?

The structure of cell components and organelles
evolved to support their specialized functions.

@ Thank you for your explanation! So, ""form
follows function' in cell biology means the

structure of cell components and

organelles supports their specialized

functions.

Could you provide an example to illustrate
this concept?

o

Professor: (GERIEEET]

@ Please help the student learn the material.

Organelles in Eukaryotic Cells

“Form follows function” is a philosophy that many industries follow. In architecture, this means that buildings should be constructed to
support the activities housed within them. For example, a skyscraper should include several elevator banks. A hospital should have an
easily accessible emergency room.

Our natural world also utilizes the principle of form following function, especially in cell biology. The structure of cell components and
organelles evolved to support their specialized functions. For example, in the pancreas there are cells that are responsible for
producing digestive enzymes, which are specific types of proteins that help with food digestion. In these cells, ribosomes, the
organelle responsible for protein synthesis, are found in high numbers. Here the form (high number of ribosomes) follows the function
(protein production). Apart from ribosomes, cells have numerous other organelles. These organelles are specialized compartments
inside the cells, and similar to the organs in your body, each organelle has a unique role. In this lesson, we will dive into several
examples of organelles and discuss their specific functions.

Ribosomes

Ribosomes are the cellular structures responsible for protein synthesis. They may group together into clusters (polyribosomes) or
individual ribosomes may float freely in the cytoplasm. They may be attached to the plasma membrane's cytoplasmic side or the
endoplasmic reticulum's cytoplasmic side and the nuclear envelope's outer membrane. Ribosomes are large protein and RNA
complexes, each consisting of two subunits, one large and one small (Figure 1). Ribosomes receive their “orders” for protein synthesis
from the nucleus where the DNA transcribes into messenger RNA (MRNA). After transcription, the mRNA exits the nucleus and travels
to the ribosomes located in the cytoplasm. The ribosomes then translate the code provided by the sequence of the nitrogenous bases
in the mRNA into a specific order of amino acids linked together to form proteins. Amino acids are the building blocks of proteins.

User Interface

' Intelligent
CEEE g

Feedback

@ No worries at all! If you could request help
from the professor, that would be fantastic.

I'm really interested in understanding this

concept better with an example.

Professor: d On d eman d
Of course! You could use the example of ass | S t ance

ribosomes in the pancreas cells. These cells
have a high number of ribosomes because
they are responsible for producing digestive
enzymes, a type of protein. Here, the form
(high number of ribosomes) follows the
function (protein production).

Y visconcept.

A Revision required I CO r r eCt | O n

@ response. Mitochondria are actually responsible

[ZCIEREG Tl Request Help

It seems there's a small mistake in your

for producing ATP, not enzymes. Could you
please revise your response?




Xiangen Hu’s Socratic Playground for Learning
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http://byxm.2.vu/SPL_forum

The Playground has different resources to help students learn

€ Select Activity

Hello! I'm an Al programmed to help in your knowledge-seeking quest. In our Socratic- B lo o m
style interaction, I'll answer questions subtly by posing reflective questions back,
prompting critical thinking.

Are you ready to start our Socratic dialogue? T I M S S
- »
Socratic teaching is a teaching method that fosters critical thinking through dialogue, S O C rat l C I nte ra Ct ' o n

questioning, and reflecting. Based on Socrates' teaching style, it encourages students to
question their preconceptions and explore ideas logically by themselves, thus promoting A P A O - - l
intellectual independence. p r l n CI p eS

In Socratic teaching, I'll guide you through a process of inquiry and discussion. Instead of l T
direct lecture, I'll ask you questions designed to stimulate critical thinking and illuminate

ideas, This method encourages active participation, self-discovery, and the development
Socratic Inferactio v of your own thoughts and perspectives on the topics we explore.

Selct Aciiy Teachable Agent .
Bloom

s Self-Reflection

Socratic Interaction

" APA 20 principles

B Game of 20 Questions

Socratic Playground for Learning. the University of Memphis, All rights reserved

Teachable Agent

Sef Reletin the Jeopardy Game

Game of 20 Questions
the Jeopardy Game

Login | | About]




& To answer the question, read the
paragraph and scroll down to the
bottom.

Information

Theory and Hypothesis

Self-Reflection v

Hi, I'm your Al partner. I'm here to help you learn in a Socratic style, meaning we'll
uncover new knowledge through probing questions and critical thinking.

Are you ready to commence this interactive journey?

Ask a question

2

.

Socratic Playground for Learning. the University of Memphis, All rights reserved /
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https://forum.xiangenhu.info/workspace.html?theType=SELFREFLECTION&Company=the+University+of+Memphis%2C&iniConf=%7B%22theKC%22%3A%22Theory+and+Hypothesis%22%2C%22theAvatar%22%3A%22Default%22%2C%22theNumber%22%3A%2210%22%2C%22theTutorName%22%3A%22Kevin%22%2C%22theDomain%22%3A%22behavioral+statistics+in+psychology%22%2C%22theLang%22%3A%22English%22%2C%22theTarget%22%3A%22College+Students%22%2C%22theContext%22%3A%22Behavioral+Research%22%2C%22theUserName%22%3A%22David%22%2C%22theEnvironment%22%3A%22Department+of+Psychology+in+the+University+of+Memphis%22%7D

Research Questions for the Future

- Can clever prompt engineering emulate conversations
that help students learn in spite of ChatGPT’s
limitations (e.g., no student model)?

« What is the half-life of a coherent conversation with
ChatGPT as a tutor?

« Is ChatGPT more useful for training students for
Inquiry learning and self-regulated learning?
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Thank you!

graesser@memphis.edu
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