


HOW COMPUTER HELPS LEARNING

• STUDENT – TEACHER INTERFACE

• COGNITIVE TUTORS

• STUDENT – COMPUTER INTERFACE

• CHALLENGE: ONLINE EXPERIMENTS & EDUCATIONAL GAMES



COGNITIVE TUTORS: 
TECHNOLOGY BRINGING LEARNING 
SCIENCE TO THE CLASSROOM
STUDENT – TEACHER INTERACTION



Q: WHAT KIND OF TUTOR WAY IS 

MOST EFFECTIVE?

• ONE TO ONE

•WHY TEACHER TO CLASS?

• EFFICIENT

• THEN HOW TO COMBINE?



WHAT IS COGNITIVE TUTORS:

A kind of educational software

Learning by doing Personalized, step-by-step guidance 

Principal tasks

Monitoring performance Monitoring learning





ACT-R THEORY
• ADAPTIVE CONTROL OF THOUGHT—RATIONAL

Ref: https://www.teachthought.com/learning/theory-cognitive-architecture/

https://www.teachthought.com/learning/theory-cognitive-architecture/
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PERFORMANCE MONITORING

•MODEL TRACING

• TRACE PROBLEM-SOLVING STEPS 

• PROVIDE IN-TIME FEEDBACK



PERFORMANCE MONITORING

•KNOWLEDGE TRACING

• TRACK ACQUISITION OF PRODUCTION RULES

• ADAPT THE PACING OF INSTRUCTION 

TO INDIVIDUAL STUDENT NEEDS



DISCUSSION

•OTHER THEN COGNITIVE TUTOR ALGEBRA. WHAT 

ELSE WOULD BENEFIT FROM COGNITIVE TUTORS? 

HOW WOULD YOU PERFORM MODEL TRACING 

AND KNOWLEDGE TRACING IN THESE DOMAINS? 

(GROUPS OF 2-3, 1 MIN)



PERFORMANCE KNOWLEDGE
LEARNING BY DOING

• BEGINNER PROGRAMMER COURSES

• TEMPLATE BASED; CODING ALGORITHMS (SORTING)

• MODEL TRACING: DIFFERENT ALGORITHMS 

• KNOWLEDGE TRACING: GIVE HINT BASED ON THE ERROR PART



From last year slide.



DESIGN PRINCIPLES AND METHODS

•PRODUCTION SET

•PROBLEM SOLVING

•MINIMIZE WORKING MEMORY LOAD 

•IMMEDIATE FEEDBACK



DISCUSSION

•RECALL THE FIELDS FROM LAST DISCUSSION, 

PICK [          ]. HOW TO PERFORM THIS 

PRINCIPLES? (GROUPS OF 2-3, 1 MIN)
• PRODUCTION SET

• MINIMIZE WORKING MEMORY LOAD 

• IMMEDIATE FEEDBACK

• PROBLEM SOLVING



EXAMPLE: REDUCING WORKING 
MEMORY

•Q: WHAT ARE THE MOST EFFICIENT SCENARIOS FOR THIS THREE 

FORMS?



EVALUATIONS

• 15%-25% BETTER PERFORMANCE ON STANDARDIZED TEST

• 50%-100% BETTER PERFORMANCE ON PROBLEM SOLVING & 

REPRESENTATION USE

• STUDENTS ARE FOUND MORE ENGAGED IN LEARNING



DISCUSSION

•DO YOU THINK THESE RESULTS ARE GOOD 

PARAMETERS TO CHECK?  ANY ELSE? (GROUPS OF 

2-3, 1 MIN)

• 15%-25% BETTER PERFORMANCE ON STANDARDIZED TEST

• 50%-100% BETTER PERFORMANCE ON PROBLEM SOLVING & REPRESENTATION

USE

• STUDENTS ARE FOUND MORE ENGAGED IN LEARNING



DISCUSSION

•BY COMPARING WITH HUMAN TUTORS DO YOU 

THINK THERE ARE DRAWBACKS OF COGNITIVE 

TUTORS? HOW TO DEAL WITH THEM? (GROUPS 

OF 2-3, 1 MIN)



•ON-DEMAND SOLUTION SENSITIVE HINTS

• Most of the times, students tend to look at the answers when they are stuck on a certain 

problem. If hints are available, students will tend to use it early on rather than putting an 

effort into working thorough the problem. 

•CREATIVITY

• I am critical of this approach because I think it underestimates the power of creativity.  

From last year slide.



DISCUSSION

•DO YOU THINK CURRENT MOOC PLATFORM 

FOLLOWS THE SIX DESIGN PRINCIPLES? IF YES, 

HOW DOES IT PERFORM? IF NO, HOW CAN YOU 

CHANGE IT BETTER? (GROUPS OF 2-3, 1 MIN)



FROM YOUR COMMENTARIES
“One thing I wish this paper focused more on is the connection of this whole idea of cognitive tutor to 
MOOCs, to expand this idea on a larger scale and provide education that caters to the specific 

characteristics of an individual to a wide range of audiences. I believe this system has potential to 
be used in MOOCs, since they seem to be scalable. It would have been interesting to see this 
system being discussed in the context of online classes. ”  ——KASITSAK CHUPONGSTIMUN

“Web app based platforms such as Mastering by Pearson College Physics, and Coursera typically 
follow this idea. Student have chances to solve simple problems immediately after the instructors 
demonstrating the theories. These system is able to perform knowledge tracing and model tracing in a 

timely manner. In contrast, other platforms such as Duolingo and DynEd, focus on providing 
secondary language study services followed the design idea of declarative knowledge, where 
there are a huge amount of learning involved with memorize and get familiar with verbal 
knowledge.”  ——Chen Chen



OPTIMIZING CHALLENGE IN AN 
EDUCATIONAL GAME USING
LARGE-SCALE DESIGN EXPERIMENTS
STUDENT – COMPUTER INTERACTION



Q: WHAT KIND OF FIELD DO YOU THINK 

THAT GAME CAN HELP FOR EDUCATION?

•TYPING PRACTICE

•KINDERGARTEN LEARNING

•MODEL DESIGN



BATTLESHIP NUMBERLINE

•AWARD WINNING LEARNING GAME

•ESTIMATION ABILITY AND NUMBER SENSE

•GRADE 4-8

HTTPS://WWW.YOUTUBE.COM/WATCH?V=-Q71IULTLNU

HTTPS://WWW.BRAINPOP.COM/GAMES/BATTLESHIPNUMBERLINE/

https://www.youtube.com/watch?v=-Q71IUlTlNU
https://www.brainpop.com/games/battleshipnumberline/


WHY FOCUSING ON CHALLENGE FOR 
ONLINE EDUCATIONAL GAMES?

•ENGAGEMENT : TOTAL TIME & LEVELS

•CHALLENGE : TANGIBLE AND INTANGIBLE REWARDS



THE INVERTED-U HYPOTHESIS 

•APEX ENGAGEMENT/ CHALLENGE



HOW TO STUDY CHALLENGE? 

• VARIOUS MODELS OF EASY AND HARD VERSIONS OF THE GAME 

• THE EFFECT ON ENGAGEMENT? 



THE EXPERIMENT: VARIABLES 

Between-subject experiment 10,500 sessions

Challenge Success rate of each configuration

Engagement Duration of play → Log(trials x time)



RESULTS

•LINEAR RELATION



RESULTS

•LINEAR RELATION



DISCUSSION

•DO YOU THINK THIS RESULT CONVINCIBLE? IF 

YES, WHY? IF NO, WHAT DO YOU THINK IS 

BETTER? (GROUPS OF 2-3, 1 MIN)



Q: IS IT A GOOD TABLE?



Q: IS IT A GOOD FIGURE?



HYPOTHESES AND DESIGN 
IMPLICATIONS 

• EFFECTANCE MOTIVATION: BY SUCCESS

• EXPERTISE: FIRST LEVEL AS EASY AS POSSIBLE

• FEEDFORWARD: LET PLAYER ABLE TO VALUE THE SUCCESS AND FAILURE

• CLOSE GAME: MOTIVATION INCREASE WHEN NEAR TO THE END



DISCUSSION

•DO YOU THINK RELATIONSHIP BETWEEN 

ENGAGEMENT AND CHALLENGE IS A GOOD POINT 

TO RESEARCH FOR? IF YES, WHY? IF NO, WHAT DO 

YOU THINK IS BETTER? (GROUPS OF 2-3, 1 MIN)



THANKS!


