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Martin Odersky Fengyun Liu
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To give you as complete of an impression as
| can about the full experience of running a

popular MOOC on functional programming.



Our foray into MOOCs...

To date, 6 MOOCs
~800,000 learners reached

Started in 201 2;

Functional Programming
Principles In Scala

on: GOUINSEerc

4 (in its infancy at the time)




IC Seminar: "The Online Revolution : Education for Everyone” by Prof. Daphne Koller, Computer Science Departmer . Add Sub Tasks/Notes ~ =

Inhrx %

Martin Vettarli <martin.vetierl @epfl.ch> 627,12 -
to professeurs.ic, personncelic, Moscion

IC Seminar

Tuesday July 3 2012 @ 10:15 am, room BC 01 (see map)

The Online Revolution : Education for Everyone

by Prof. Daphne Koller, Computer Science Department, Stanford University

Abstract

Last year, Stanford University offered thr=e arline courses, which anyone in the world could enrall in and take for free. Students were expected to submit homeworks, meet deadlines, and were
awarded a "Statement of Accomplishment” anly if they met our high grading bar. Together, these three courses had enrollments of around 330,000 students, making this one of the largest
experiments in online education ever performed. In the past few months, we have transitioned th s effort nto 2 new venture, Coursera, 2 sodal ertrepeneursh p company that partners with top
universities to provide high-quality content to everyone around the world for f-ee. Coursera currently has around G50K registered studerts in 42 courses, and around 1.5 millicn enrollments.

In this talk, I'l report on this new 2xperiment in education, and why we believe this model can provide both an improved classroom exparience for our on campus studerts, vie a flipped
dassroom medel, as wall as a meaningful keaming experience for the millicrs of students around the world who would otherwise naver have access to educetion of this quality. I'll desaribe the
pedagocical foundatiors for this type of teaching, and the key techno'ogical ideas that support them, including casy to areate video chunks, a scalable online Q&A Forum where students can get
their questions answered quickly, sophisticated autograced homeworks, and a carefully desgned peer grading pipeling that supports the at-scale grading of more cpen-ended homeworks, such
as essay questions, derivatons, or business plans. Through such technclogy, we anvision millicns of pecple gaining access to the world-leadng education that has so far been avalable ony to a
tny faw, ard Lsing this educatior to iImprove their lives, the lives of their families, and the communities they live In.

Biography

Daphne Koller is the Rajcey Motwani Professor in the Computer Sdence Department at Stanford University and the Oswald Villard University Fe'llow in Undergraduate Education. Hor main
research interest is in developing and using machine learning and probabilistic methods o model ard analyze comglex domains. She is the author of over 130 refereed publications, which have

mmmanend im 1avmisas Mhand innltida Chinman Call mond Matsina Franchian FThoe Ll indeoss 2 mwne N Chna alcess o = lamm shbandinm inboannsd ion Aardisnnrinmsm Cha Failmdad ¢t FILIRIC movnsmsmmn Mhha Chambasnsd
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Functional Programming

e ; I ! B
. . " ; Caga Watch Intro Video
Principles in Scala (

A8 , C
SR i ) " Iy
Learn about functional pragramming, and how it can be effectively =Um
combined with object-oriented programming. Gain practice in writing

clean functional code, using the Scala programming language.

About the Course Sessions

This course introduces the cornerstones of functional programming using the Scala
programming language. Functional programming has become more and more

popular in recent years because it promotes code that's safe, concise, and elegant.
Furthermore, functional programming makes it easier to write parallel code for

today s and tomorrow’s multlprocessors by replacmg mutable variables and loops

Apr 25th 2014

Course at a Glance

By September 2012, our 1st

MOOC was Iaunched!
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Functional Programming _
Principles in Scala .
P d AR * Ing

Learn about functional programming, and how it can be effectively X “Um .
combined with object-oriented programming. Gain practice in writing
clean functional code, using the Scala programming language.

GOAL. Sessions

] Apr 25th 2014
Introduction of fundamentals + .
functional programming concepts

Course at a Glance

E.g., recursion, persistent/immutable
data structures, higher-order 7 weeks

® 5-7 hours of work / week
@ English
£ English subtities

functions, pattern matching, etc.




Preliminaries

7 weeks.
— workload: 5-7 hours per week
— verbatim 50% of EPFL's on-campus

Functional Programming course
(2nd year bachelor level)

Lecture videos.
— each 6-8 minutes long
— total 1.5-2 hours per week

In-video quizzes.

Auto-graded programming
assignments.




Content:

week 1: functions & evaluation, recursion
week 2: higher-order functions

week 3: data and abstraction

week 4: types and pattern matching
week 5: functional lists

week 6: list comprehensions + maps
week 7: streams & lazy evaluation

£ - R Taught by:
9y Martin Odersky
8.




Content:

week 1: functions & evaluation, recursion
week 2: higher-order functions

week 3: data and abstraction

week 4: types and pattern matching
week 5: functional lists

week 6: list comprehensions + maps
week 7: streams & lazy evaluation

R Taught by: -
¢ A9 Martin Odersky Ok. How'd 1t go?




MOOC Completion Rates: The Data

Massive Open Online Courses (MOQOCSs) have the potential to enable free university-level education on an enocrmous scale. A concern ofte
very small proportion actually complete the course. The release of information about enroliment and completion rates from MOOCs appea
published for every course. This data visualisation draws together information about enrollment numbers and completion rates from acros

+ To switch between charts showing
completion rate plotted against COMPLETION RATES ;%] AND ASSESSMENT TYPE « NUMBER COMPLETED ANC
total enroliment, or length of COMPLETION RATES AND COURSE LENGTH ® BROWSE AND COMPARE
course, or to view all the data as a
table, click on the links above the
chart. Percentage

* How big is the typical MOOC? - completed
while enrollment has reached up to
~230,000, 20,000 students 50
enrolled is a much more typical
MOQC size.

« How many students complete 40
courses? - completion rates can '
approach 40% (and occasionally

=}
exceed it), although most MOOCs *
have completion rates of less than = i

13%.

* Clicking on data points on the
chart will display further details 20 o " u
about each course, including a
link to the data source. o n 0 - .

» 'Completion rate' is typically 10 . s " . .
defined as the number who " " g --"- m En
earned a certificate of L
completion or 'passed’ the
course but there is some 100K 200K
variation in the data - you can -
filter according to different
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http://www.katyjordan.com/MOOCproject.html
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Percentage
completed

AVERAGE:

across all MOOCs
6.5% completion rate

50,000 students

o0 " 19.2% completion rate

100K 200K

Number Enrolled


http://www.katyjordan.com/MOOCproject.html

AVERAGE:

across all MOOCs
6.5% completion rate

Jordan, K. (2014)
Initial trends In
enrollment and

completion of massive
open online courses.
The International Review
of Research in Open and
Distance Learning, 15(1),
133-160.
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Why such a high
completion rate?




We think it was the tooling & [,
Infrastructure. —
automated - -
cloud-based INKEractive
graders build tool
decgﬂa:llz'lgice style checkers
testing

frameworks



Interactive development/
submission cycle.

€ sbt

Compile. Test. Submit.

Scala’s interactive build tool, configured to
submit student assignments to the automated
cloud-based graders from the command line.

/™ hmiller — bash — 114x11

> submit e-mail@university.org suBmISsioNPasSwoRd

[info] Packaging /Users/Luc/example/target/scala-2.10.1/progfun-example_2.10@.1-1.0.0-sources.jar ...

[info] Done packaging.

[info] Compiling 1 Scala source to /Users/luc/example/target/scala-2.10.1/classes...

[info] Connecting to coursera. Obtaining challenge...

[info] Computing challenge response...

[info] Submitting solution...

[success] Your code was successfully submitted: Your submission has been accepted and will be graded shortly.
[success] Total time: 6 s, completed Aug 10, 2012 19:35:53 PM

>



Automated grading/feedback. @

Custom cloud-based auto-grader.



Automated grading/feedback. @

Custom cloud-based auto-grader.
Provided two types of feedback:

O Massive suite of secret unit tests.
O Style-checker



Automated grading/feedback. @

Custom cloud-based auto-grader.
Provided two types of feedback:

O Massive suite of secret unit tests.
O Style-checker

discourages:

— mutable variables

— return statements

— the null value

— while loops

— magic humbers

— overly long lines of code

— non-standard capitalization
— + more



Automated grading/feedback. gﬁ'

Custom cloud-based auto-grader.

Your overall score for this assignment is 2.90 out of 10.00

The code you submitted did not pass all of our tests: your submission achieved a score of
.00 out of 8.9@ in our tests.

In order to find bugs in your code, we advise to perform the following steps:

- Take a close look at the test output that you can find below: it should point you to
the part of your code that has bugs.

- Run the tests that we provide with the handout on your code.

- The tests we provide do not test your code in depth: they are very incomplete. In order
to test more aspects of your code, write your own unit tests.

- Take another very careful look at the assignment description. Try to find out if you
misunderstood parts of it. While reading through the assignment, write more tests.

Below you can find a short feedback for every individual test that failed.

Our outomated style checker tool could not find any issues with your code. You obtained the maximal
style score of 2.00,



Automated grading/feedback. @

Custom cloud-based auto-grader.

Your overall score for this assignment is 2.0@ out of 10.00@

The code you submitted did not pass all of our tests: your submission achieved a score of
0.00 out of 8.9@ in our tests.

In order to find bugs in your code, we advise to perform the following steps:

- Take a close look at the test output that you can find below: it should point you to
the part of your code that has bugs.

- Run the tests that we provide with the handout on your code.

- The tests we provide do not test your code in depth: they are very incomplete. In order
to test more aspects of your code, write your own unit tests.

- Take another very careful look at the assignment description. Try to find out if you
misunderstood parts of it. While reading through the assignment, write more tests.

Below you can find a short feedback for every individual test that failed.

Our outomated style checker tool could not find any issues with your code. You obtained the maximal
style score of 2.00,



Automated grading/feedback. @

Custom cloud-based auto-grader.

Your overall score for this assignment is 2.0@ out of 10.00@

The code you submitted did not pass all of our tests: your submission achieved a score of
0.00 out of 8.9@ in our tests.

In order to find bugs in your code, we advise to perform the following steps:

- Take a close look at the test output that you can find below: it should point you to
the part of your code that has bugs.

- Run the tests that we provide with the handout on your code.

- The tests we provide do not test your code in depth: they are very incomplete. In order
to test more aspects of your code, write your own unit tests.

- Take another very careful look at the assignment description. Try to find out if you
misunderstood parts of it. While reading through the assignment, write more tests.

Below you can find a short feedback for every individual test that failed.

OQur automated stxle checker tool could not find any issues with your code. You obtained the maximal
style score of 2.08.



Automated grading/feedback. Iﬂi

Custom cloud-based auto-grader.
Provided two types of feedback:

O Massive suite of secret unit tests.
O Style-checker

v
v




IDEs

O

1)
il

ScalalDE

FOR ECLIPSI

Popular IDEs come with worksheets
for easy experimenting:

|| Scala - test/mysrc/test/FirstWorksheet.sc - Eclipse SDK

+1_‘L

)
I_ N v

= 8 | [s5] Foo.scala & FirstWorksheet.sc £3

object FirstWorksheet {
println("Welcome to the Scala worksheet") Welcome to the Scala worksheet

val xs = List(1l, 2, 3, 4) xs : List[Int] = List(1, 2, 3, 4)

xs foreach println




IDEs

%/‘:é‘ ScalalDE

FOR ECLIPSI

1Y

Popular IDEs come with worksheets
for easy experimenting:

|| Scala - test/mysrc/test/FirstWorksheet.sc - Eclipse SDK

+ b < )

= 8 | [s5] Foo.scala & FirstWorksheet.sc 3

object FirstWorksheet {
println("Welcome to the Scala worksheet") Welcome to the Scala worksheet

val xs = List(1l, 2, 3, 4) xs : List[Int] = List(1, 2, 3, 4)

xs foreach println

Use sbt right from Eclipse/IntelliJ.
code, compille, test, submit, all from the IDE.



So, what
does it mean?



So, what
does it mean?
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also, this
wasnt just students

but,
professionals too!




Participants’ highest degrees




Participants’ fields of study

0 500 1000 1500 2000 2500

Computer Science
Computer/Software Engineering
Other
Statistics/Mathematics
Electrical Engineering
Physics
Business/Marketing
Mechanical Engineering

Life Sciences |I 78

Liberal Arts || 71

Fine Arts | 23




Where do you plan to apply what you’ve
learned in the course?

@ 33.81% Personal Projects

& 24.52% Team project at wark

® 21.81% No application plans, general interest
@ 15.83% Individual project at work

@® 4.03% University projects




Do you feel the course was worth it?
All respondents vs tho?(e who use Scala at
Wor

Fall 2012 Spring 2013
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(Disagree) (Agree) (Disagree)

B All Respondents B Respondents Using Scala at Work




we can conclude that there were iIndeed a
significant number of professionals
participating in the course.

A vast majority of which received perfect
scores, and felt that the course was well worth
their time.
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How'd it fare on campus? pg

Alongside of 50,000 MOOC learners,
150 EPFL students took MOOC for credit.
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How'd it fare on campus? pg

Alongside of 50,000 MOOC learners,
150 EPFL students took MOOC for credit.

EPFL Semester:

week 0 week 7 week 14

t t

written written
midterm final
exam exam




How did i1t differ for EPFL §
students? .

\[e]e]e: EPFL
participants students




What'd the EPFL students &
think? .

In the future, I'd prefer a course like this be...

69% 17.8% 1% | 6%
Online, Online 7wks, On- INo
14 weeks On-campus 7wks| €@MBUS| lopinion

14wks



Hang on,

where did this dat
come from:




The data

Two iterations of Functional Programming
Principles in Scala.

& Fall 2012
Q Spring 2013




The data

Two iterations of Functional Programming
Principles in Scala.

& Fall 2012
Q Spring 2013

Three sources per iteration:

— Scores & submission data from Coursera
— Survey data

— EPFL specialized course survey



Survey data

Post-course survey:

For the Fall 2012 course, 7,492 respondents out of ~50,000
For the Spring 2013 course, 4,595 respondents out of ~37,000

Total: 12,087 respondents



Survey data

Post-course survey:

For the Fall 2012 course, 7,492 respondents out of ~50,000
For the Spring 2013 course, 4,595 respondents out of ~37,000

Total: 12,087 respondents

Example questions:

If applicable, what field of study was your highest degree in?

What's your highest degree?
How many years have you been programming?

How difficult did you find the course overall?
Where do you plan to apply what you've learned in this course?

What experience do you have with other programming languages or paradigms?



by the way, the data Is open

source
+ tools to generate visualizations of the data

heathermiller / progfun-stats ® Unwatch~ 30 *Star 195  YFork 64
<> Coce Issues O Pull requests 1 Projects 0 Wiki Settings Insights «
Visual ze statistics from the MOOC "Functional Programming Frinciples in Scala" using Scala! Edit
Add tcpics
) 17 commits V' 3 branches © 0 releases 4L 1 contributor
/1 |-
Brarch: tallz013 v New pull request Createnew file Uplcad tiles  Find tile Clone or downiload ~
L}? neathermiller README update Latest commit azz2238e on Mar 31, 2014
M dat updating witn fall 2013 statistics 3 years ago
M htmi/resources Pushing to github 5 years ago
M project Pushing to github 5 years ago
M src/main/scala/progfun updating witn fall 2013 statistics 3 years ago
) .gitignore Pushing to github 5 years ago

=] README.md README update 3 years ago



r—1

EPFL student data ﬁ

Post-course survey:

Given to EPFL students who took both the MOOC as
well as the regular on-campus in-person course.



Legend

. 6 - Excellent/Strongly Agree

r—1

EPFL student data g8

. 1 - Poor/Strongly Disagree
|:| No Opinion

Overall, the online part of the course is:
41.86 %

38.37% 15.11% 4%

In the future, I would like to get more online courses:

The online help for the course is...:
20.24% 28.57 %

28.57% 33% N

The help in the exercise sessions for the course is...:

1% S

In the future, I'd prefer a course like this be...

Online 14 weeks Online 7wks/

On-campus 7wks campus
14 weeks




Legend

. 6 - Excellent/Strongly Agree

r—1

EPFL student data g

. 1 - Poor/Strongly Disagree
|:| No Opinion

Overall, the online part of the course is:
41.86 %

15.11% 4%

38.37%

In the 1Tuture, 1 would like to get more online courses:

The online help for the course is...:
20.24% 28.57 %

28.57% 33% 35 DG

The help in the exercise sessions for the course is...:

4.6%24.41% 15119 58% |

In the future, I'd prefer a course like this be...

Online 14 weeks Online 7wks/

On-campus 7wks campus
14 weeks

~80% of students think the course was very good
or excellent




Legend

. 6 - Excellent/Strongly Agree

r—1

EPFL student data g

. 1 - Poor/Strongly Disagree
|:| No Opinion

Overall, the online part of the course is:

41.86 % 38.37%

15.11% 4%

In the future, I would like to get more online courses:

‘I'he online help Tor the course 18...:
20.24% 28.57 %

28.57% 33% 35 DG

The help in the exercise sessions for the course is...:

4.6%24.41% 15119 58% |

In the future, I'd prefer a course like this be...

Online 14 weeks Online 7wks/

On-campus 7wks campus
14 weeks

~58% of students would like more online courses
in the future




Legend

. 6 - Excellent/Strongly Agree

r—1

EPFL student data g

. 1 - Poor/Strongly Disagree
|:| No Opinion

Overall, the online part of the course is:
41.86 %

15.11% 4%

38.37%

In the future, I would like to get more online courses:

The online help for the course is...:
20.24% 28.57 %

28.57% 33% 35 DG

The help in the exercise sessions for the course is...:

46%24.41% 15119% ___58% |

In the future, I'd prefer a course like this be...

Online 14 weeks Online 7wks/

On-campus 7wks campus
14 weeks

~69% of students would like their entire course to
be online, with no on-campus component




students seemed to overwhelmingly prefer the
MOOC version of the course. In fact, students
even preferred the MOOC forums to the exercise
sessions.

Test performance remained the same, course
ratings remained high.



The result?

Q Happier EPFL Students

Good performance,
high course ratings

€) Uptaken and depended-on
by professionals in industry



Conclusions

€ Positive experience for all

Both professionals and students alike
had positive learning experiences.

€) Highest rate of retention for
a course our size



Our foray into MOOCs continued...

2013:

New MOOC,

Principles of Reactive Programming
~67,000 registrants in first run



Cr

COL MU Oyt
FTERIRALE DT LAUVSANST

Principles of Reactive
Programming

Learn how to write composakble software that steys responsive at all
times by be ng elastic under load and resilient in the presence of
failures. Modal systems &fter human orgarizations or inter-numan
communication.

About the Course

This is a fcllow-on for the Coursera class “Principles of Functional Programming in
Scala”, which so far had more than 100000 inscriptions over two iterations of the
course, with same of tha highest completion rates of any massive oper online
course worldwide.

The aim of the second course is tc teach the principles of reactive pregramming.
Reactive programming is an emerging discipline which combines concurrency and
event-based and asynchronous systems. It is ess2ntial for writing ary kind of web-
service or distributed system and is zlsa at the core of many high-performanre
concurrent systems. React ve programming can be seen zs a natural extansion of
h gher-order functional programming to concurrent systems that deal witn

d stributed state by ccordinating and orchestrating asynchronous data streams
exchanged by actors.

In this course you will d scover key elements far writing reactive programs in a
composable way. You will find out hcw to apply these buiding blocks in the
construction of message-driven systems that are scalable and resilient.

The course 's hands on; most units introduce short programs that serve as
Illustrations cf Important concepts and Invite you to play with them, modifying and

improving them. The course is complemented by a series of assignments, whick are

also programming orojects.

Course Syllabus

' Y] P a4 . ~ e 1 Y O L D B . - 1 4 v, P S B

Sessions

April 13, 2015 - May 31, 2015

Course at a Glance

@ 5-7 hours/week
@ English

Instructors

Martin Odersky
Ecole Polytechnique Fédérale
de Lausanne

Erik Meijer

Roland Kuhn

4



Our foray into MOOCs continued...

2013:

New MOOC,

Principles of Reactive Programming
~67,000 registrants in first run

2016/2017:

2 new MOOCs + capstone project bundled
Into a Scala mini-degree on Coursera

Parallel Programming
Big Data Analysis with Scala & Spark

400,000 registrants in first year
for courses in mini-degree



About this Specialization
Courses

Pricing

Creators

FAQ

Try for Free

Enroll to start your 7-day
full access free trial.

Enroll

Financial Aid i1s available for learners
who cannot affard the fee.

Learn more and apply.

Functional Programming
In Scala Specialization

Program on a Higher Level. Write elegant functional code to analyze data that's big or small

About This Specialization

Discover how to write elegant code that works
the first time it is run,

This Specialization provides a hands-on introduction to functional pragramming using the widespread
programming language, Scala. It begins from the basic building blocks of the functional paradigm, first
showing how to use these blocks to solve small problems, before building up to combining these
concepts to architect larger functional programs. You'll see how the functional paradigm facilitates
parallel and distributed programming, and through a series of hands on examples and programming
assignments, you'll learn how to analyze data sets small to large; from parallel programming on multicore
architectures, to distributed programming on a cluster using Apache Spark. A final capstone project will
allow you to apply the skills you learned by building a large data-intensive application using real-world
data.

ramtard b P



About this Specialization
Courses

Pricing

Creators

FAQ

Try for Free

Enroll to start your 7-day
full access free trial.

Enroll

Financial Aid i1s available for learners
who cannot affard the fee.

Learn more and apply.

Functional Programming
In Scala Specialization

Program on a Higher Level. Write elegant functional code to analyze data that's big or small

About This Specialization

Discover how to write elegant code that works
the first time it is run,

This Specialization provides a hands-on introduction to functional pragramming using the widespread
programming language, Scala. It begins from the basic building blocks of the functional paradigm, first
showing how to use these blocks to solve small problems, before building up to combining these
concepts to architect larger functional programs. You'll see how the functional paradigm facilitates
parallel and distributed programming, and through a series of hands on examples and programming
assignments, you'll learn how to analyze data sets small to large; from parallel programming on multicore
architectures, to distributed programming on a cluster using Apache Spark. A final capstone project will
allow you to apply the skills you learned by building a large data-intensive application using real-world
data.

ramtard b P
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Financials?

Well, 1t works*
*mini-degrees, that is.



Financials?

Well, 1t works*
*mini-degrees, that is.

~2 million USD brought in in first fiscal year.

Granted, how the money Is actually split is a whole
different issue.



Take aways...
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Autograding + a tight feedback Ioop*****

IS key to retention.

Recent results [1] at LAK'17 arrive at the
same conclusion.



Take aways...

Autograding + a tight feedback Ioop*****

IS key to retention.

Recent results [1] at LAK'17 arrive at the
same conclusion.

Would I do 1t again in 20172

[1] Follow the Successful Crowd: Raism% MOOC Completion
Rates through Social Comparison at Scale, LAK'] 7



Take aways...

Autograding + a tight feedback Ioop*****

IS key to retention.

Recent results [1] at LAK'17 arrive at the
same conclusion.
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The MOOC-provider landscape has
drastically changed



Thank you!



