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Outline of the Talk

e |[ntroduction and motivation

« Recommending learning material to students
The gap-identifying and filling method
Field study evaluating the proposed method

o« Conclusions and future research directions
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Transformation of Higher

Education

strong pressure to educate population and the
workforce better, more effectively and on a larger scale

disruptive changes of the digital technologies

advances in the online educational models and
technologies

the exponentially growing number of learning materials

tremendous amount of data about all aspects of
teaching and learning
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Motivation: The Grand Vision (IBSW

o Classrooms that learn you: IBM’s one of the next
5 life-changing tech innovations within 5 years

e |.e., classrooms that track the progress of each
student and then personalize coursework
accordingly by

automatically creating customized lesson plans
tailoring coursework for specific careers
students leaning at their own pace

e IBM’s claim: this will enable schools/universities to
reach more students in more meaningful ways

Konstantin Bauman, Stern School of Business NYU
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Automated Academic Advisor

Goal: help students to go through the whole studying
process and reach their learning goals in the most
efficient and effective way.

Recommendations of:

skills relevant to the students career goals
courses to take

people to connect

leaning activities

Konstantin Bauman, Stern School of Business NYU
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Research Question: the Big Picture

 \What we know about students:
performance on assignments, quizzes, exams
comments on discussion forums
and much more...

« Q: Can we leverage all this knowledge to
produce proactive academic advice to them?

Konstantin Bauman, Stern School of Business NYU
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Key Types of Academic Advice

« Knowledge enhancing

Recommend next learning activities to expand
and broaden student’s knowledge

« Remedial

ldentify “gaps” in student’s knowledge while the
student studies a subject

Fill in these gaps by recommending appropriate
learning materials and activities

Konstantin Bauman, Stern School of Business NYU
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Our Approach

« Remedial Advice

e Focus on reading materials

Recommend appropriate personalized reading
materials to the students

Based on the identified “gaps” in their
knowledge of the subject matter

Konstantin Bauman, Stern School of Business NYU
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Related Work: Industry

« Khan Academy
Recommends the “next learning activity”
A lot of “manual” work: human-in-the-loop

o« Coursera
Recommends courses to students

« Knewton
Recommends the “next learning activity”
Somewhat similar to Khan Academy
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Related Work: Academia

« General: Recommender Systems for Learning, by
Manouselis, Drachsler, Katrien and Erik; 2013
« The "next learning activity” approach:
(Underwood 2012, Klasnja-Milicevic et al. 2011)
« The gap-filling idea described In
(Mavroudi&Hadzilacos, 2012) and (Saman et al., 2012)
- but only at conceptual level: no specific algorithms

(Bethard et al 2012): algorithm for identifying student
misconceptions; focus on student essays; NLP methods
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Our Study

* Propose a method for recommending
remedial learning materials

« Test it on real students in live experiments

12
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Data Description

« Data from an Online University contains:
Syllabi of the courses

List of obligatory reading materials
Discussion forum

All quizzes and assignments with grades

13
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Problem

« |dentify those topics in a course where a
student performs poorly and recommend
additional reading materials to him/her in
order to fill these gaps and improve
student’s performance in the course

14
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Overview of the Proposed Method

1. Build Taxonomy of topics for each course
2. Build Library of remedial materials

3. For each course topic identify the list of
corresponding items from the library

4. For each quiz question in a course, identify the
list of corresponding course topics

5. Build students' Performance profiles
6. ldentify knowledge gaps in students’ profiles

7. Prepare and provide recommendations (reading
materials)

15
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1. Building taxonomy of topics >

Example: An Art History course

[ Art History ]

|
Y Y Y

T ) (e | [ )

Rebirth in Europe
Renaissance The End of the [ Rococo ]

in Italy Renaissance and

the Reformation
\ I )
[ Flanders ] [ Florence ] High Renaissance [ Northern Renaissance ]

Each topic in the taxonomy has a name and
a text of obligatory reading materials.

16
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2. Building the Library

...of popular reading materials for the course:
« textbooks

e scientific papers

« online articles

e wWeb pages

« efc.

17
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2. Building the Library: The Method

« For each topic in the course, extract the set
of key concepts using the assigned reading
materials for the topic.

e For each key concept, launch a search
guery and retrieve top-n related documents

e Eliminate irrelevant and un-reputable
documents returned in Step 2
“Relevant” doc: has more than 1 key concept

18
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3. Iltem - Topic Relation

« For each topic in the course taxonomy
identify the “unit of knowledge" in the
library corresponding to it in the best way
(e.g. using the TF-IDF-based measure)

« Examples:

Ancient Greece and Rome — The Basics of
Art History (Chapters 2, 3)

Revival & Rebirth in Europe — http://
www.history.com/topics/renaissance-art

19
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4. Quiz — Topic Relation "

« For each topic from the course taxonomy
we determine the list of quiz questions
corresponding to it (e.g., using the TF-IDF-
based measure)

Multiple choice quizzes

o Example: Art History

Flanders Question 1

Florence Question 2

Rococo Question 3

20
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5. Performance Profile o

« For each student and a course offering calculate
performance score for each topic in the course
taxonomy

e« Example:
Flanders: [(q1,%),(92,V),(93,%)]; so, Flanders — 0.33
Florence: [(q1,%), (92,%), (93,V), (q4,V), (95,V)]; so,
Florence — 0.6
Rococo: [(91,Y),(92,V),(93,%),(q4,V)]; Rococo — 0.75

21
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6. Gap ldentification

 |dentify students knowledge gaps in the course, i.e.,
identify those topics on which they performed poorly
« A student has a knowledge gap for a topic if either

the performance score of a student for this topic is low
(i.e., below a certain threshold level) or

the student has knowledge gaps for a sufficient number of
subtopics of that topic.

22
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/. Recommendations

* Provide recommendations of supplementary
reading materials to students as follows:

Step 6 identified whether a student had a knowledge
gap for each topic in the course taxonomy

For the “gap” topics, get the reading materials in the

Library via the links computed in Step 3.

Example: Ancient Greece and Rome — The Basics of Art
History (Chapters 2, 3)

Recommend to the student the reading material(s)
identified in Step 2.

23
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Course Topics for Art History:

[ Art History ]

Y Y Y
[ ] Revival and [ ]
Rebirth in Europe
Renaissance The End of the Rococo ]
in Italy Renaissance and

the Reformation

Y Y Y Y

[ Flanders ] [ Florence ] [ High Renaissance ] [ Northern Renaissance ]

Assume that Step 6 identified the following “gap” topics:
Flanders, Rococo, The End of the Renaissance...

24
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Overview of the Study

« An online university

« 42 different courses including
Computer Science (13)
Business (18)
General Studies (11)
3 semesters of 9 weeks each
910 students from all over the world

1514 enrollments in total (i.e., 1514 student/
course pairs).

e GGoal: show that our recommendations “work

25
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Experimental Design S

« Randomly spilt the students into 3 groups:

Group 1: did not receive any recommendations
(a control group)

Group 2: received a standard set of non-
personalized recommendations

Group 3: received personalized
recommendations (as described above)

The 3 groups have comparable prior performance
across them

26
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Recommendations

e Quizzes:
Graded Quiz 1 Week 3
Graded Quiz 2 Week 6
Final Exam Week 9

- All of them multiple choice

« Sent recommendations (by email) at the beginning:
of Week 3 — in preparation for Quiz 1
of Week 6 — in preparation for Quiz 2
of Week 8 — in preparation for the Final Exam

27
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Example of a Recommendation Email"

Dear Joe,

Based on the analysis of the materials covered in the course so far, we
believe that you should review the following topics and the corresponding
materials while preparing for the Final Exam:

Course: Art History

Themes:
Ancient Greece and Rome
We suggest that you study chapters: 2, 3 from Art History: The Basics
Art of Revolution: Neoclassicism and Romanticism

We suggest that you study the following pages: pagel; page2; page3
on cite www.radford.edu (note that the listed materials are clickable).

We do hope that you will find them useful in your study.
Best regards,

Associate Provost for Academic Affairs of ... University
If you want to opt out of the future emails, please follow this link: unsubscribe.

Konstantin Bauman, Stern School of Business NYU
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Survey

« We also did post-survey at the end of each
semester in order to:

identify problems
get students' feedback

29
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STERN
Survey Results

How much time have you spent studying additional
materials recommended to you via Education Tools?

30
25 & not received
3
& h
&0 hours
8 2
e
w
‘S “ less than 1 hour
;é; 15
s &1-2hours
[
a 10
“2-3hours
5
“3-5hours
0 more than 5 hours
In preparing for the first In preparing for the second  In preparing for the Final
Graded Quiz Graded Quiz Exam
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Survey Results

SCHOOL OF B

To what extent do you agree or disagree with
each of the following statements?

60
50
40
30
20

10

——

Strongly Disagree
disagree

Konstantin Bauman, Stern School of Business NYU

Neutral Agree

“ Recommended
materials were
relevant for the course

& Recommended
materials were helpful

in your studies

You have learned new
things from additional
materials

“ You would like to

I I recommend use of this

Strongly tool to your friend
agree 31
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Performance Results

« Compared performance on the Final Exam of the
students from the Conftrol group vs. the Non-
Personalized and Personalized groups in terms of
grade improvements from

Previous, two previous and all previous courses

32
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Grade Improvements of Students ™R
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Performance Results

« Compared performance on the Final Exam of the
students from the Control group vs. those students
from the Non-Personalized and Personalized
groups that visited at least one recommended
material during the semester. Compared in terms of

Absolute and normalized performance
Previous, two previous and all previous courses

“Good” vs. “Excellent” vs. “Bad” students
- “Good” student: avg past final exam grade: between 70 and 90.

34
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Exam Grades of Good Students
(in Absolute Terms)

100 '
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| | |
| | |
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avg=79.39; num=206 avg=79.73; num=89 avg=83.22; num=76
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Exam Grades of Good Students™
(Normalized)
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Grade Difference with Last Course STERN

...selected from all previous subjects (in absolute terms)
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Grade Difference with Last Course

...selected from all previous subjects (normalized)
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Grade Difference with Last Course

...selected from previous courses on the same subject
(absolute terms)
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Grade Difference with Last Course

...Selected from previous courses on the same subject
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Other Comparisons

« With two and all the previous courses

« Comparisons for “excellent” and “bad”
students; students receiving personalized
recommendations:

Excellent: 13
Good: 82
Bad: 6

41
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Exam Grades of Bad Students
(in Absolute Terms)

All prev courses: All subjects: Abs
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Cannot make any conclusions due to a small sample size ,,
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Exam Grades of Excellent >

Students (in Absolute Terms)

Abs Exam Grades

100 .
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Difference
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avg=86.24; num=57 avg=84.04; num=33 avg=79.91; num=13

Cannot make any conclusions due to a small sample size ,,

Konstantin Bauman, Stern School of Business NYU



Conclusions:

« We proposed an approach of recommending
learning materials to students that is based on
identifying “knowledge gaps” in their learning

The method is automated and scalable

« Empirically showed that:

Students liked our recommendations; found them useful

Personal recommendations lead to better performance
results on the final exam vs. control group and non-
personalized recommendations in most of the cases

- A difference between B and B+, or B+ and A- on the exam.

« Recommendations are most useful for the “good” students:
Excellent students don’'t need them

Bad students have fundamental issues & need “stronger medicine”

44
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Future Work

« This is one of the steps towards creating
Automated Academic Advisor

e we are getting ready for the next steps:
Other/better recommendation algorithms

Additional analysis of the past data, including
analysis of the discussion forums

Better understanding of why our

recommendations helped and under which
circumstances

Other types of recommendations besides
reading materials, e.g., quizzes, people, etc.

Konstantin Bauman, Stern School of Business NYU
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