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• State-based computer 
programs

• Interact with human 
beings through natural 
language

• text
• speech 
• images
• video



Collaborative Conversational 
Tutors

● Conversational Agents as Facilitator 
for Group Interaction

Dialogue systems

Facilitator Tutors

● Programming tutor - dialogue 
system for computer programming 
instruction
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S02 12:57:35
noooo i think that the daddy is homozygous dominant and the 
mommy is heterozygous dominant. GG, Gg

S01 12:58:22
50% of the children are white so if one parent is gg and the other 
is Gg then this will create a 50% chance of having white babies

Tutor 12:58:27
So S01, what I hear you saying is recessive traits can be hidden in 
parents, but still show up in some of the children.

S01 12:58:35 yeah

S02 12:58:39 noooooooooo

Tutor 12:58:49 I wonder what S03 has to say.

S02 12:59:10 nothing she dont care

S03 12:59:33 shut up S02!!! i dont understand whats going on

S02 13:00:12 S03, its okay. just re look at the problem mamacitaaaaa :)

Tutor 13:00:22 Let’s move on to the next problem...

static 
macro-script

social 
awareness

dynamic 
feedback
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(Dillenbourg and Tchounikine, 2007) 
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Basilica

• Modular event-based agent architecture

• Multiple collaborative conversational contexts

• Pioneer platform for dynamic scripting support
Kumar et al, 2007, 2010

•••••



Behavior Coordination

•••••

S01 12:58:35 yeah

S02 12:58:39 noooooooooo

Tutor 12:58:49 I wonder what S03 has to say.

Tutor 12:59:00 Let’s move on to the next problem...

S03 12:59:04 ...

dynamic
feedback

static 
macro 
script



Basilica Event Flow

most of the two-way links 
manage behavior coordination...

•••••



Bazaar

• Based on Basilica

• Simplified event flow

• Built-in coordination between behaviors 
•••••



• Make implicit filter-actor pattern explicit

• Move inter-actor coordination out of each component, 
and into the framework

Basilica, but...

•••••





Multi-Dimensional Multi party Dialog
S02 12:57:35 noooo i think that the daddy is homozygous dominant and the 

mommy is heterozygous dominant. GG, Gg

S01 12:58:22 50% of the children are white so if one parent is gg and the other is 
Gg then this will create a 50% chance of having white babies

Tutor 12:58:27 So S01, what I hear you saying is recessive traits can be hidden in 
parents, but still show up in some of the children.

S01 12:58:35 yeah

S02 12:58:39 noooooooooo

Tutor 12:58:49 I wonder what S03 has to say.

S02 12:59:10 nothing she dont care

S03 12:59:33 shut up S02!!! i dont understand whats going on

S02 13:00:12 S03, its okay. just re look at the problem mamacitaaaaa :)

Tutor 13:00:22 All right, we're wrapping up. Thanks, team!

revoicing 
proposed, 
permitted

timed prompt 
proposed, 

permitted (high 
priority)

participation 
prompt   

proposed, but 
blocked

participation 
prompt 

permitted

social support
proposed, but 

blocked

social support
times out, 
rejected



React

Pre-process

•••••



• Actions are proposed with a timeout (window of relevance)
and a priority value

• Advisors (left by earlier accepted actions) influence 
the selection of incoming proposals to:

• reserve the floor for followups

• prefer proposals from certain sources

Output Coordinator



• Accepted proposals leave advisors that linger for a time 
after the proposal is enacted.

• When a proposal is accepted or rejected, it sends a callback 
to notify the originating component.

Output Coordinator

•••••





Experimental Tradeoffs

•••••

+ -

Narrow 
Constraints

Repeatable,Predictable, 
Internal validity

Behavior juxtapositions, 
Missed opportunities

Flexible
Constraints

Adaptable,Natural 
exchanges,External 

validity

Adds error variance,
Less control of time



Discussion

• Bazaar is a reusable, freely-available platform 
for CSCL research

• Softening timing leads to a tradeoff between 
internal and external validity

• Support along multiple dimensions can be 
coordinated gracefully

•••••
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Tales of the Bazaar

Research Platforms for CSCL

•••••



Dimensions of Support

Lesson 
Plan Cue Cards

FeedbackFacilitation

•••••
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S01
50% of the children are white so if one parent is gg and the other is Gg then this 
will create a 50% chance of having white babies

Tutor
So S01, what I hear you saying is recessive traits can be hidden in parents, but 
still show up in some of the children.
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Type to 
enter text

Type to 
enter text

Type to 
enter text
Type to 
enter text



Type to 
enter text

Targeting Student Self-Efficacy
Howley, Adamson, Dyke, Rosé, 2012
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Type to 
enter text

Type to 
enter text
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Type to 
enter text

Type to 
enter text



    







Asynchronous 
Lack of sense of immediacy

Synchronous 
Feel more involved 



Getting people into groups Making a group work once it 
is formed



●
○
○
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Iterative Design Based Research Process

● Dialog systems (agents)
● Recommender systems
● Discussion forums, videos, 

quizzes ...



 
Iterative Design Based Research Process
● MOOCDB
● DiscourseDB
● DataStage



 
Iterative Design Based Research Process

● Time series analysis
○ Survival models
○ Recurrent neural 

networks
○ Graphical models



courses

8-9 week long





Prompt 1: Reflect on the structure of the dual-layer 
structure of the course. Describe your experience of 
coming to understand different course elements.
 
Prompt 2: For today’s exercise, please pick and tell a 
problem that prediction modeling or behavior 
detection could be used for. It could be something 
relevant to your work, or it could be something you 
just think is nifty. It could also be the same problem 
you picked last week, or a new problem. *shrugs* It’s 
all good. My example would be predicting if a student 
is gaming the system, in online math homework. Now 
your turn.
 
Prompt 3: The liver is a primary organ for drug 
metabolism.  In cases of drug overdoses, the liver is 
often at risk to be damaged by drug metabolites.  
Discuss in general terms how the liver can be 
vulnerable to the metabolites that it makes.
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Making the group work once it is formed

● Knowledge construction dialogues

● Academically Productive Talk moves

● Other facilitation moves like consolidation

Pilot studies in a fake meteorology course on edge edX for - An 
Exploratory Study: Assisting Synchronous Chat in a MOOC through 
Agent Facilitation Moves



WEATHER MOOC   
● Watch a video on introductory 

concepts to meteorology

● Synchronous chat collaboration 
with a group of people and an 
agent

● Give a short quiz on the 
concepts





 
Micro script
● Detecting topics being talked 

about 

● Starting KCDs on request by 
participants

● Academically Productive talk 
moves

● Consolidation moves

 



New Facilitation Move - Summarization
● Why ?

○ Provide frame of reference to new entrants in the chat discussion

● How ?
○ By agent

■ mention list of topics covered

○ By other participants
■ agent requests other participants

● When ?
○ At-least two new topics have been discussed

■ by other participants

○ Else
■ by agent
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Consolidation move requested by agent

 
    



Consolidation move made by agent
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●   Ad Hoc pairwise matching

         Ad Hoc but a single continuous chat room welcoming students into the 
chat on a rolling basis

Oliver Ferschke, Diyi Yang, Gaurav Tomar, Carolyn P. Rosé: ‘Positive Impact of Collaborative Chat 
Participation in an edX MOOC’, in: Proceedings of the 17th International Conference on Artificial Intelligence 
in Education (AIED), Madrid, Spain, 2015.

Cycle I - 
DALMOOC  

Cycle II - 
BDEMOOC  

Cycle III - 
MCMOOC  



● Conversation summary by agent or participants

● Tracking students’ activity (presence and participation) and topics covered

● Detecting and handling goalless interactions

Gaurav Tomar, Sreecharan Sankaranarayanan, Xu Wang, Carolyn P. Rosé: ‘Coordinating Collaborative Chat in 
Massive Open Online Courses’, in: Proceedings of the 12th International Conference of the Learning Sciences 
(ICLS), Singapore, 2016.

Cycle I - 
DALMOOC  

Cycle II - 
BDEMOOC  

Cycle III - 
MCMOOC  



●  Non-adaptive timing of activity prove fast for large groups and slow for small groups

        Adaptive timings and delays for the prompts based on the number of students in the chat room

●  Students with no peers

        Knowledge construction dialogs by agent for students with no peers

Cycle I - 
DALMOOC  

Cycle II - 
BDEMOOC  

Cycle III- 
MCMOOC  



• Proportional log odds model 
capturing probability at each 
time point that a student will 
drop out at the next time point

• Hazard ratio indicates how 
much more or less likely a 
student is to drop out based on 
how many standard deviations 
higher or lower a factor’s value 
is than averageHazard Ratio < 1

Hazard Ratio = 1
Hazard Ratio > 1



Positive Impact of Chat Participation on Dropout
Survival analysis
• students who made at least one attempt to 

participate in a chat during the first 6 weeks 
• unit of analysis: each 2 day period

Dependent variable: 
• drop = 1 on the last 2 day time window 

when at least one click was recorded (0 
otherwise)

Control variables
• clicks on videos
• clicks on discussion forums

Independent variables:
• Participation in 

Independent 
Variable

Hazard 
Ratio

P Value

Video Clicks 2.38 P < .0001

Forum Clicks .51 P < .0001

Match 
Attempts

2.33 P < .0001

Match 
Success

.44 P < .01

Interaction 
between 
Attempts and 
Match

.76 P < .05



● Assess impact of chat participation on 
dropout along the way using a survival 
analysis

○ Unit of analysis: each 2 day 
period

○ Dependent variable: Drop = 1 on 
the last active time period (0 
otherwise)

○ Control variables: Number of 
clicks on videos and number of 
clicks on discussion forums

○ Independent variable:
■ Participation in collaborative 

chat reflection activities

Reduction in attrition 
of between 40% and 
70% across 3 studies
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Multi-Stream 
Mixed Initiative Planning 
Dialogue System for
Computer Programming Instruction

Best Presentation Award at CMU Student Research Symposium, 2015



Novel Aspects
● Mixed Initiative Planning

○ User initiative
○ System initiative

● Multi Stream
○ natural language dialog between student and system
○ continuous stream of code written by the student 

70



Multi-Stream Understanding
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Interactive 
Dialog

Task-Based 
Actions

Virtual Agent





Bazaar + Cloudcoder

Programming Buffer

Browser-Based Application

Submit

Assignment Instructions

Test Cases



Dialogue Management Model

● Decides on type and timing of system’s 
dialog moves using both dialog and code 
streams

● Novelty is in using knowledge of student’s 
code to inform tutoring



Agent Component Network
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Agent Component Network
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Agent Component Network



Questions?

gtomar@cs.cmu.edu
cs.cmu.edu/~dadamson/bazaar

•••••

mailto:gtomar@cs.cmu.edu
mailto:gtomar@cs.cmu.edu
http://cs.cmu.edu/~dadamson/bazaar
http://cs.cmu.edu/~dadamson/bazaar








● edX platform lacks support for pervasive chat interactions.
● Building this support in our ongoing collaboration with edX.

● Opportunities for embedding Bazaar interactions
● Instantaneous reflection/discussion chat
● Breakout Groups from Discussion Forums - Unhangouts + 

Bazaar
● Video/Activity centric discussions

Scripted Support: From Synchronous to Ubiquitous


