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Warm-up Quiz



This Lecture

educational applications with focus on

relation to topics discussed so far (collaborative filtering,
evaluation, ...)

specific examples

connections between seemingly different techniques from
various research directions

personalization and different types of recommendations

my experience



Design Thinking Exercise

You are a member of a team developing a personalized
learning system, e.g.:

learning new language

improving English vocabulary (advanced words)

learning (advanced) math and machine learning

(your favourite topic that everybody should learn)

You are responsible for the recommendation part of the
project.
How would you approach the problem?



Designing New System: Questions

1 requirements:

What is the target group? Who are users?
What are user needs?
What should it do?

2 techniques, solutions:

How should it work?
What data you need?



Motivation: Personalization in Education

each student gets suitable learning materials, exercises

tailored to a particular student, adequate for his
knowledge (mood, interests, ...)

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



Motivation: Flow, ZPD

Vygotsky, zone of proximal development



Personalization on Different Time Scales

time scale learning unit personalization

10 seconds step adaptive hints
1 minute task difficulty adjustment, personal-

ized feedback
10 minutes activity mastery learning, activity rec-

ommendation
hours course course recommendation



Adaptation and Personalization in Education

... gets lot of attention:

Khan Academy

Duolingo

MOOC courses

Carnegie Learning

Pearson

ReasoningMind

and many others



Technology and Education

e-learning, m-learning, 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, intelligent tutoring
system, adaptive learning, adaptive practice, . . .



adaptive
automated
computerized
digital
game-based
gamified
individualized
intelligent
interactive
massive
online
open
personalized
programmed
recommender
technology-enhanced
virtual

assessment
education
instruction
learning
practice
testing
tutoring

environment
course
hypermedia
platform
software
system
technology
tool

Adaptive, Intelligent, and Personalized: Navigating the Terminological Maze Behind Educational Technology



Recommender Systems in Technology Enhanced Learning



Recommender Systems in Technology Enhanced Learning



Personal recommender systems for learners in lifelong learning networks: the requirements, techniques and model



Personal recommender systems for learners in lifelong learning networks: the requirements, techniques and model



Education and RecSys

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

longer time frame

pedagogical principles

domain ontology, prerequisites

types of knowledge and learning processes (declarative vs
procedural knowledge)

learning outcomes not directly measurable



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



Student Modeling and Collaborative Filtering

user ∼ student

product ∼ problem, question

rating ∼ student performance
(correctness of answer, problem solv-
ing time, number of hints taken)



Learner Modeling

open learner
model

instructional
policy

learner
solves an item
(question,
problem)

actionable 
insight

knowledge model

domain model

learner modeling

item 
pool

inner loop

outer loop

item 
selection

human-in-the-loop

Bayesian Knowledge Tracing, Logistic Models, and Beyond: An Overview of Learner Modeling Techniques



Case Studies

our projects (FI MU) – “adaptive practice”

Problem Solving Tutor
“Slepé mapy” (Map Outlines) – geography
Uḿıme (česky, anglicky, matiku, ...) – umimeto.org

Wayang Outpost – math

ALEF – programming

CourseRank – course recommender



Problem Solving Tutor

math and computer science problems, logic puzzles

performance = problem solving time

focus: predictions of times

recommendations – problems of similar difficulty



Problem Solving Tutor



Tutor: predictions



Model of Problem Solving Times
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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

offline evaluation: train, test set

metrics: RMSE

results:

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





Geography: Map Outlines

adaptive practice of geography knowledge (facts)

focus on prior knowledge

choice of places to practice ∼ recommendation (forced)









Geography – Difficulty of Countries



Geography – Model

Model (prior knowledge):

global skill of a student θs

difficulty of a country dc

Probability of correct answer = logistic function (difference of
skill and difficulty):

P(correct|dc , θs) =
1

1 + e−(θs−dc )



Logistic Function
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Geography – Model

Elo rating system (originally from chess)

θ := θ + K (R − P(R = 1))

d := d − 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 answers for a
particular place

extension of the Elo system

short term memory, forgetting



Geography – Question Selection

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

based on students’ history of answers, we want to create a
new question

how?



Geography – Question Selection

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

scoring function – linear combination of several factors:

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 – ???

Example:

correct answer is Hungary

we need 3 distractors

which countries should we use?



Geography – Distractors

choice of options (distractors) – confused places (∼
collaborative filtering aspect)

realization: roulette wheel selection (as used in genetic
algorithms)



Geography – Evaluation

evaluation of predictions

offline experiment
comparison of different models (basic Elo, extensions, ...)
issue with metrics: RMSE, AUC (⇒ “Metrics for
Evaluation of Student Models” paper)

evaluation of question construction (“recommendations”)

online experiment, AB testing
issue with metrics: enjoyment vs learning



AB Testing

4 groups:

Target item Options

adaptive adaptive
adaptive random
random adaptive
random random



Measuring Engagement – Survival Analysis



Measuring Learning

we cannot measure knowledge (learning) directly

estimation based on answers

adaptive questions – fair comparison difficult

use of “reference questions” – every 10th question is
“randomly selected”

problem with attrition (different number of answers per
student)



Measuring Learning – Learning Curves



Other AB Experiments

difficulty of questions

choice of distractors (competitive vs adaptive)

maximal number of distractors

user control of difficulty



AB experiments

∼ 1000 users per day

sometimes minimal or no differences between
experimental conditions (in the overall behaviour)

reasons:

conditions not sufficiently different (differences manifest
only sometimes)
disaggregation (users, context) shows differences, which
cancel out in overall results



Your Intuition?

What is suitable target difficulty of questions?
Target success rate:

50 %

65 %

80 %

95 %



Difficulty and Explicit Feedback

Out-of-school usage In-school usage



Uḿıme to

http://www.umimecesky.cz/ – Czech grammar and
spelling

http://www.umimeanglicky.cz/ – English (for Czech
students)

http://www.umimematiku.cz/ – math

and more... https://www.umimeto.org/

http://www.umimecesky.cz/
http://www.umimeanglicky.cz/
http://www.umimematiku.cz/
https://www.umimeto.org/


Czech Grammar – Project Evolution

initial version

target audience: adults
single exercise type
coarse-grained concepts
focus on adaptive choice of items

current version

target audience: children
many exercise types
fine-grained concepts
focus on mastery learning
recommendations of practice sets
several domains



Grammar – Basic Exercise



Personalization: Mastery Learning

skill of the learner – estimated based on the performance,
taking into account:

correctness of answers
response time
time intensity of items (median response time)
probability of guessing

mastery criterion – comparison of skill to threshold

progress bar – visualization of skill



Skills



Activity Recommendations



Recommendations Goals

predicting intentions

something the students would like to do on their own
follow-up topics, homeworks
related to follow-up recommendations in other setting
(e.g., news)

facilitating exploration

guiding students towards content they might not actively
seek out on their own
related to serendipidity

reinforcing knowledge

spaced repetition, interleaved practice
specific to education



Domain Model

fractions

multiplication of
fractions

addition of
fractions

equations

mathematics

equations
with fractions

addition of fractions
selected response

Harry Potter themed
word problems on 
addition of fractions

topics

learning
activities

tasks
1
2

+
1
3

2
5

5
6

Harry is brewing a potion 
and needs to add 3/4 of ...

...

...

...

taxonomy

prerequisite

membership

7 th grade

fantasy

relations

grade mapping

interests



Recommendations Situations

predicting facilitating reinforcing
intentions exploration knowledge

homepage ✓✓ ✓✓ ✓✓
follow-up ✓✓✓ ✓
navigation defaults ✓✓✓ ✓ ✓
special ✓✓ ✓✓✓



Recommendation Approach

IF-THEN rules with priorities

IF condition THEN recommmendation

conditions:

student state / previous activity
practice set features / relations



Recommmendation Framework

student and
school data

domain data
learning
activity
relations

rule 
applicator

rules and 
priorities

ranked list 
of learning
activities

presentation
layer

recommendation 
log data

analysis,
evalution

reports

student-activity
status

performance
classification

student
performance
data

context

system
designer

student

teacher

taxonomy, 
prerequisites,
grade mapping

grade, interest
class membership,
homeworks

time, device, ...

domain data
processing



Recommendation Rules

Rule examples:

X mastered easily and Y follows X with respect to
difficulty ⇒ recommend Y, high priority

X mastered weakly and Y preceeds X with respect to
topic ⇒ recommend Y, middle priority

X mastered weakly T days ago ⇒ recommend Y, priority
depends on T

user grade G, X is popular for G ⇒ recommend X, low
priority



Recommendation Rules

different situations use different rules

homepage

follow-up recommendations

spaced repetition recommendations



Evaluation Approach

formative, stupidity-avoiding, short-term evaluation ⇒
iterative improvement of the system

student and
school data

domain data
learning
activity
relations

rule 
applicator

rules and 
priorities

ranked list 
of learning
activities

presentation
layer

recommendation 
log data

analysis,
evalution

reports

student-activity
status

performance
classification

student
performance
data

context

system
designer

student

teacher

taxonomy, 
prerequisites,
grade mapping

grade, interest
class membership,
homeworks

time, device, ...

domain data
processing

evaluation of
performance
classification

evaluation of
learning activity
relations

evaluation of
presentation
layer

evaluation of
recommendation
rules application



Evaluation Illustration: CTR



Evaluation Warning: Simpson’s Paradox



Uḿıme to – Data Analysis

“design adaptation”, “avoiding stupidity”

data ⇒ analysis ⇒ insights ⇒ revision of items or system
behaviour

difficulty of items

survival analysis, length of practice

response times

item similarities



Item Similarities and Clustering

closely related to item-item collaborative filtering

item similarities: Pearson correlation of answers

clustering: k-means

visualization: tSNE

key issue: do we have enough data?







Note on Different Approaches

using data, models for:

“automatic” interventions

recommendations
personalization choices
mastery learning

support for “manual” interventions

items behaviour
system behaviour
user behaviour

“asking right questions” often more important than “using
sophisticated methods”



Illustrations of Other Techniques and Tools

learning networks

intelligent tutoring systems

addressing metacognition and affect

limited time recommendations

course recommendations



Learning Networks

Recommender Systems in Technology Enhanced Learning



Intelligent Tutoring Systems

interactive problem solving

behavior

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

adaptation based on learner modeling

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



Carnegie Learning: Cognitive Tutor



Carnegie Learning: Cognitive Tutor



Wayang Outpost

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

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



Wayang Outpost: Evaluation



Wayang Outpost: Evaluation



Wayang Outpost: Evaluation



ALEF

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

adaptive education (mainly) for programming exercises

specific aspect: recommendations for limited time



ALEF

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



ALEF

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



CourseRank

recommendations of whole courses

course evaluation and planning social system

ranking of courses, grade distribution, other statistics

originally Stanford, later many (US) universities, out of
order now

similar features e.g. in Coursera

some attempts done in IS MU (but hard to practically
apply in real university setting)



Summary

personalized education ↔ recommender systems

many similarities

specific challenges

difficult evaluation


