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A challenge to higher education

“Improvement in post
secondary education
will require converting
teaching from a solo
sport to a community-
based research
activity.”

-Herbert Simon
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Making learning something you can observe
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The Simon Approach: Learning Engineering
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What is the Open Learning Initiative?

Scientifically-based online learning environments based on the
integration of technology and the science of learning with
teaching. OLlI is designed to simultaneously improve learning
and facilitate learning research.

hree
Force Fi has a magnitude of SN; 2 lne of Action of passes Hrough pos
Force F2 has a magnitude 100 of acton is par

Force F3 has & magnaude CY

What is the magnitude of the sum?

ne s N
What is the Girection And 1ne 5anse of he vector sum? Enter the poNIVe
ana then choose the corect quadrant

a= Seroas

10 work theough this 0ne on your own. However, i you're st

Open Learning Initiative .
(f;nEruiv VMellon U Hi\l'l‘%;_\ OI I .Cmu -ed U




Learning Design As Sequenced, Integrated
Hypothesis o= Learning Environments
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MapReduce Phases

The following image flustrates the various phases of MapReduce. Match the letters

(AB.C,D and E) with their corresponding phase names below:
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Data drives powerful Feedback Loops

Instructor
Activities
Student
Science of Learning Course
Learning Data Design
Student
Performance
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Module 2

Examining Relationships

PREDICTED . . .
masTERY Levers  Learning Objectives

Classify a data analysis situation (involving two variables) according to the "role type
ssification,” and state the appropriate display and/or numerical measures that should
order to summarize the data. [ Show Sub-Learning Objectives |
PREDICT
MASTERY LEVEw:

and inter = - = 2 _association

|

ves )

™ Classify a data analysis situation (involving two variables) according to%
classification,” and state the appropriate display and/or numerical measures thz
be used in order to summarize the data. [ Hide Sub-Learning Objectives ]

Predicted Mastery by Student © Class Accuracy by Sub-Learning Objective ©

48 students *
1 dot = 1 student

Classify variable's role

L R R R N N E NN ]

degree of mastery ’ % corroct

Produce a two-way table, and interpret the information stored in it about the asse
between two cat. variables by comparing conditional percents. St

Module-Level Reports
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Feedback loops for continuous improvement

Instructor
Activities
Student
Science of Learning Course
Learning Data Design
Student
Performance
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Data Driven Course Improvement

Cd) Learning Model
Performance

discrete_math_primer-1.0

Top 5 concerns for student learning?
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IDEA provides a tight connection between student performance and course 4 \ 2
components to help course developers and instructors to. % of Students doing practice activities % Correct on first try vs eventually
- validate course design before actual use with students PR R »
- leverage student learing data to discover barriers to learning
- analyze learning curves, modify skill models to target areas for improvement
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What do we mean by Analytics? Models?

N

Engagement

Learning
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Evaluating New Approaches
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The Year of the MOOC

By LAURA PAPPANO NOV. 2, 2012

*A brilliant teacher, Christeasen brings clafity o 2 moddied and chaotic
world of education.” - JiM COLUINS, bestselling author of Good to Great

Disrupting
Class How big data is disrupting education

How Disruptive Innovation Will

Change the Way the World Learns Disruption by data: Education L o :'i_j. h ' - S
T Technology ‘ j
p 2 '?“

Al's huge potential to transform education

Gla December 5, 2018 by Thierry Karsenti, University of Montreal

BESTSEL

tor In-

nal

uture With Only 10
iversities

drey Watters on 15 Oct 2013

Credit: CCO Public Domain
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Don’t Believe the Hype
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Hype Cycle — who'’s to blame?

Figure 1. Hype Cycle for Education, 2016
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Evidence

Created by Dinosoft Labs
from Noun Project
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No Black B

Created by Anna Sophie
from Noun Project
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No Black Boxes

SPIRIT
A O

AIR WATER

EARTH FIRE

Created by Anna Sophie
from Noun Project
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Instrumented

Data Collection
NOT Click Stream
Learner Interactions
Semantic Context
Implies Design

e

v
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Ethical Data Collection and Use

silomar Convention
http://asilomar-highered.info

Open Learning Initiative

e Open Learning Initiative Hello, Norman

Carnegie Mellon University
Open Learning Initiative
Online Consent Form

| agree to participate in the on-line course research conducted by Norman Bier and his colleagues under the supervision of Norman Bier, |
understand that the proposed research has been reviewed by the University's Institutional Review Board. | understand that my participation is
completely voluntary, and | will not receive course credit or any other compensation from Carnegie Mellon for my participation in this research. |
understand that | have the right to terminate my participation at any time | wish without penalty by selecting "opt out from research® on "my OLI
home* page.

Purpose of the Study: | know that the researchers are studying how students learn in an online educational environment and that the study is
directed at improving the course material, not judging my behaviors. As a result of this research, the researchers will produce design
recommendations to improve future versions of the courses. | understand that my interactions with the on-line course will be logged in a data
file and that these logs and the scores that | receive on exams will be used as data for this study. The only difference between agreeing to
participate in the study and not agreeing to participate in the study is that if | agree to participate, my log file will be retained as data for this
study, if 1 do not agree, my log file will not be retained.

Privacy: | understand that the following procedure will be used to maintain my anonymity in analysis and publication / presentation of any
results, Each participant will be assigned an ID; names will not be logged with the study data. The researchers will save the data using this
participant ID. Only registered OLI researchers will have access to the logged data for analysis purposes. The servers containing the log files are
in locked secure room. No other researchers will have access to these files.

| understand the nature of this Study. | am at least 18 years of age and agree to participate. | can view of copy of this consent form at any time by
selecting the *Research Consent Form” link on the "my OL! home® page. | give Mr. Bier and his collegues permission to present this work in
written and/or oral form for teaching or presentations to advance the knowledge of science and/or academia, without further permission from

me provided that my image or Identity is not disclosed.
| Agree © | Disagree m
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Interoperability & Standards Complaint
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Comparable
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Watching lecture video
Psychoiogy : s

What student choices associate
with the most learning?

* Brain & Behavior
* Sensation & Perception
* Learning & Memory

* Cognition & Language

Pretest
\ reading = —
\ 0.0765 3 @ 1ntroduction to Psyehology (Open + Free) -
\ “‘*\ doing | non_activities_pageview g _ Reading web pages
\ : 03907 — 0.0001 - el
\ activities_started - T [ R
’u\ e s -~ =
watch‘z'r}‘q_____,.f-f’
o.;ggs ”I'W ,,,,,,
L 44 .06
Learnine bv doin ~=" Doing online activities
& DY & with hints & feedback
> 6X better than e — Y
T.Quiz : P
= boon learning by s e
0«6;13 watching!! = - 38
Fina__ Exam Nosiichn =

Koedinger, Kim, Jia, McLaughlin, & Bier (2015). Learning is not a spectator sport: Doing is better than watching for
learning from a MOOC. In Proceedings of the Second ACM Conference on Learning at Scale.
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Sustainable

N
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More help _ , More challenge
i Basics ; Understandin
Instructional What's best? J

Choices... — 7

Focused Gradually Distributed

practice widen  practice
Study 50/50 Test on Study 50/50 Test Study 50/50 Test

examples Mix problems m
ﬂ\ Concrete AbstLact Mix

Concrete Mix  Abstract — —
»’ Immediate Delayed No
y feedback

Immediate Delayed No

feedback
Bl '
<« ock topics Interleave

Block topics Interleave : P F )

: Fade ) in chapters topics

in chapters topics

Explain Mix  Askfor Explain Mix  Askfor
explanations explanations
Many other choices: animations vs. diagrams vs. not, audio vs. text vs. both, ...

Koedinger, Booth, Klahr (2013). Instructional Complexity 15*%2 — HIH i |
and the Science to Constrain It. Science. > 3 205 tri I I on Optlons )




Some tools...and how they measure up
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Data drives powerful Feedback Loops

Instructor
Activities
Student
Science of Learning Course
Learning Data Design
Student
Performance
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Module 2

Examining Relationships

PREDICTED . . .
masTERY Levers  Learning Objectives

Classify a data analysis situation (involving two variables) according to the "role type
ssification,” and state the appropriate display and/or numerical measures that should
order to summarize the data. [ Show Sub-Learning Objectives |
PREDICT
MASTERY LEVEw:

and inter = - = 2 _association

|

ves )

™ Classify a data analysis situation (involving two variables) according to%
classification,” and state the appropriate display and/or numerical measures thz
be used in order to summarize the data. [ Hide Sub-Learning Objectives ]

Predicted Mastery by Student © Class Accuracy by Sub-Learning Objective ©

48 students *
1 dot = 1 student

Classify variable's role

L R R R N N E NN ]

degree of mastery ’ % corroct

Produce a two-way table, and interpret the information stored in it about the asse
between two cat. variables by comparing conditional percents. St

Module-Level Reports
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Model Analytics (Learning Curve Analysis)
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Design Analytics

e E-Learning Design Principles Objectives Organizations Pages Assessments ¥ Logout

= Apply thinking skills principles Focus on job-specific thinking skills Design whole-task learning environments Make Reword | | Remov
thinking processes explicit Base lessons on cognitive task analysis

[ Pages 1

1 E-Learning to Build Problem Solving Skills

& Skills 4 Add Existing Skill Create New Skill

© o4 2 v Focuson job-specific thinking skills

w
[
<

o Design whole-task learning environments
© o4 6v Make thinking processes explicit T
0

04 2v Baselessons on cognitive task analysis

™ Identify the characteristics of a goodexperiment
1Page ©O1Skil 74 1v
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Discontinuity Analysis (Datashop)

express_lists (Category: Good)

100

90 1

80

60 1

50 1

40 1

Error Rate

30 1

opportunity

- All Data == All Data - discrete_math_primer_1_1 (Predicted) All Data - HighStakes
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Discontinuity Analysis (Datashop)

read_write_notation (Category: Good)
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104

13
opportunity

- All Data == All Data - discrete_math_primer_1_1 (Predicted) All Data - HighStakes
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ow to make data actionable?

Integrated Development Environment with Analytics

IDEA

IDEA provides a tight connection between student performance and course
components to help course developers and instructors to.

- validate course design before actual use with students

- leverage student learing data to discover barriers to learning

- analyze learning curves, modify skill models to target areas for improvement

COURSES

Biology

BioChemistry

B\

\ Computing for Non-Majors

Statistics

Open Learning Initiative

Carnegie Mellon University
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Learning Model Performance

Design

Profile

R
©

Cd) Learning Model
Performance

discrete_math_primer-1.0

Top 5 concerns for student learning?
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(some) Rules for Evaluating

* No Hype

* Science — iterative and steady

* Instrumented

*  Semantic Context

* Interoperable and Standards Compliant
* Integrated Into Instructional Context

- Comparable

* No Black Boxes -- Open

* Sustainable

- Ethical Data Use
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Thank You!
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