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Technology and Education

e-learning, m-learning, intelligent tutoring system,
technology-enhanced learning, computer-based instruction,
computer managed instruction, computer-based training,
computer-assisted instruction, computer-aided instruction,
internet-based training, flexible learning, web-based training,
online education, massive open online courses, virtual
education, virtual learning environments, digital education,
multimedia learning, ...



This Lecture

relation to topics discussed so far

focus on

specific examples
personalization and different types of recommendations
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Personal recommender systems for learners in lifelong learning networks: the requirements, techniques and model
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Education and RecSys

many techniques applicable in principle, but application more
difficult than in “product recommendation”

longer time frame

pedagogical principles

domain ontology, prerequisites

learning outcomes not directly measurable (cf sales)



Motivation: Personalization

each student gets suitable learning materials, exercises

tailored to a particular student, adequate for his
knowledge

mastery learning – fixed outcome, varied time
(compared to classical education: fixed time, varied
outcome)



Motivation: Flow, ZPD

Vygotsky, zone of proximal development



Adaptation and Personalization in Education

... gets lot of attention:

Khan Academy

MOOC courses

Carnegie Learning

Pearson

ReasoningMind

...



Evaluation

evaluation even more difficult than for other recommender
systems

compare goals:

product recommendations: sales
text (blogs, etc) recommendations: clicks (profit from
advertisement)
education: learning

learning can be measured only indirectly

hard to tell what really works



Adaptive Educational Hypermedia

adaptive content selection

most relevant items for particular user

adaptive navigation support

navigation from one item to other

adaptive presentation

presentation of the content



Adaptive Educational Hypermedia

Recommender Systems in Technology Enhanced Learning



Learning Networks

Recommender Systems in Technology Enhanced Learning



Intelligent Tutoring Systems

behavior

outer loop – selection/recommendation of “items”
(problems, exercises)
inner loop – hints, feedback, ...

adaptation based on a student model

knowledge modeling more involved than “taste modeling”
(domain ontology, prerequisites, ...)



Student Modeling and Collaborative Filtering

user ∼ student

product ∼ item, problem

rating ∼ student performance (correctness of answer,
problem solving time, number of hints taken)



Case Studies

our projects (FI MU) – “adaptive practice”

Problem Solving Tutor
“Slepé mapy” – geography
“Uḿıme česky” – Czech grammar

Wayang Outpost – math

ALEF – programming

CourseRank – course recommender



Problem Solving Tutor

tutor.fi.muni.cz

math and computer science problems, logic puzzles

performance = problem solving time

model – predictions of times

recommendations – problems of similar difficulty

tutor.fi.muni.cz


Problem Solving Tutor
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Tutor: predictions

tutor.fi.muni.cz

tutor.fi.muni.cz
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Parameter Estimation

data: student s solved problem p in time tsp
we need to estimate:

student skills θ
problem parameters a, b, c

stochastic gradient descent

very similar to the “SVD” collaborative filtering algorithm



Evaluation of Predictions

20 types of problems

data: 5 000 users, 8 000 hours, more than 220 000
problems

difficulty of problems: from 10 seconds to 1 hour

train, test set

metrics: RMSE

results:

significant improvement with respect to a baseline
(mean times)
more complex models do not bring much improvement



vysoká diskriminace vysoká náhodnost

stejná základní obtížnost

"na jistotu"



Extensions

learning

variability of student performance

automatic detection of cheating



Recommendations

problems recommended based on the predictions

ad-hoc scoring functions:

similar difficulty
not solved previously

not evaluated yet



Geography

slepemapy.cz

adaptive practice of geography knowledge (facts)

tries to estimate prior knowledge

choice of places to practice ∼ recommendation (forced)

slepemapy.cz








Geography – Difficulty of Countries



Geography – Model

Model (prior knowledge):

global skill of a student θs

difficulty of a country dc

Logistic function:

P(correct|dc , θs) =
1

1 + e−(θs−dc )



Geography – Model

Elo system (originally from chess)

θ := θ + K (R − P(R = 1))

magnitude of update ∼ how surprising the result was

related to stochastic gradient descent, “SVD” algorithm
in collaborative filtering (but only single latent factor)



Geography – Current Knowledge

estimation of knowledge after sequence of answer for a
particular place

extension of the Elo system

short term memory, forgetting implemented in simple way,
work in progress



Geography – Question Selection

question selection (based on predicted probability of correct
answer) ∼ item recommendation (based on predicted rating)

scoring function:

predicted success rate, target success rate

viewed recently

how many times asked



Geography – Multiple Choice Questions

number of options – based on estimated knowledge

choice of options – confused places



Geography – Evaluation

evaluation of predictions

offline experiment
issue with metrics: MAE, RMSE, AUC
data available for project

evaluation of question selection (“recommendations”)

online experiment
issue with metrics: enjoyment vs learning



Evaluation of Recommendations

experiments:

comparison: our recommender algorithm vs random
choice of questions

comparison of different variants of the algorithm
(different target success rate)

preliminary results: small differences, issues with data filtering



Czech Grammar

http://www.umimecesky.cz/

adaptive practice for Czech grammar

just starting, testing welcomed

http://www.umimecesky.cz/
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Czech Grammar – Recommendations

prediction of probability of success, variant of the Elo
system

skill of students (per concept)
difficulty of questions

recently viewed questions

recommendation of concepts – least practiced, recent, ...
(in progress)



Wayang Outpost

A Multimedia Adaptive Tutoring System for Mathematics
that Addresses Cognition, Metacognition and Affect, 2014

adaptive tutoring system for math

Wayang Outpost → MathSpring,
http://mathspring.org/

specific feature: focus on affect and metacognition

http://mathspring.org/


Wayang Outpost



Wayang Outpost: Open Learner Model



Wayang Outpost: Affect, Metacognition



Wayang Outpost: Affective Learning Companions



Effort Based Tutoring

Note: Expected response (correct, hints, time) based on
answers of other students ∼ collaborative filtering



Wayang Outpost: Evaluation
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ALEF

PeWe (Personalized Web) Group at UISI FIIT STU,
Bratislava

adaptive education (mainly) for programming exercises



ALEF

ALEF: A Framework for Adaptive Web-Based Learning 2.0, Šimko, Barla, Bieliková
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CourseRank

https://www.courserank.com/

course evaluation and planning social system

ranking of courses, grade distribution, other statistics

recommendations

originally Stanford, later many (US) universities

similar features e.g. in Coursera

https://www.courserank.com/


Summary

personalized education ↔ recommender systems

many similarities

specific challenges

difficult evaluation


