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Like teaching 
 

Change is hard 
 
 
 

Relevant research and rich data can inform 
and guide effective innovations in teaching 
 
 

 
 
 
 



Creating 21st Century Instruction 

Research-­‐based	
  instruc0on	
  significantly	
  outperforms	
  
intui0on	
  in	
  improving	
  learning	
  outcomes.	
  

	
  
Intui0on	
  suggests:	
  


Instruc)on  is  best  when  it  
matches  the  learner’s  style.



Adding  images  will  enhance  
engagement  and  hence  
learning. 

But	
  research	
  shows:	
  


There  is  no  effect  (or  nega)ve  
effect)  of  matching  learner’s  style.



Extraneous  images  distract  and  
reduce  learning  outcomes. 





 

 
 



Learning Science      Instructional Design 

 

Practice activities are effective to the degree 
that they

1.  Align with the skills students need to learn

2.  Offer opportunities for repeated practice

3.  Provide targeted and timely feedback

 
 
 

Practicing a given skill

improves performance on that skill  





è 



Research-based online instruction 

Online courses and modules built within the 
Open Learning Initiative platform 



Learning activities are instrumented to 
continuously assess student learning  

Feedback	
  to	
  
Student	
  

Feedback	
  to	
  
Instructor	
  



Interaction data drive feedback loops 



A Few Sample Projects	



Statistics Course Accelerated Learning + 
Retention 

DNA Replication Module Learning Gain for 
Common “Crunch point” 

Prose Style Modules Scaffolding + Transfer to 
Authentic Task 



< 50 hours 
~18% learning gain 

Adaptive, Data-
Driven OLI Course 

Lovett, Meyer, & Thille (2008, 2010). 

See jime.open.ac.uk/jime/article/view/2008-14


Traditional 
College Course 
> 100 hours 
~3% learning gain 

CMU Statistics Study"

Replicated 3 times at CMU 
External report by ITHAKA 



Adaptive/Accelerated vs. Traditional	



Two 50-minute classes/wk




Eight weeks of instruction




Homework: complete OLI 
activities on a schedule




Tests: Three in-class exams, 
final exam, and CAOS test




Four 50-minute classes/wk




Fifteen weeks of instruction




Homework: read textbook & 
complete problem sets




Tests: Three in-class exams, 
final exam, and CAOS test




< 
< 
< 

= 

Same content but different kind of instruction 




Adaptive/Accelerated group gained significantly more 
pre/post than the Traditional Control group, 18% vs. 3%  


Standardized Test Results	



Chance 



Goal: Study students’ retention and transfer in both groups

Students were recruited at the beginning of the following 

semester











Follow-up: Retention & Transfer	



Jan   Feb   Mar   Apr   May   Jun   Jul   Aug   Sep   Oct 

Follow-up Begins 

Adapt/Acc Ends 
Trad’l Ends 

Adapt/Acc Delay  

Trad’l Delay 




At 6-month delay, Adaptive/Accelerated group scored higher on 
CAOS than Traditional Control, p < .01. 


Retention: Standardized test	



Chance 



Transfer: Open-Ended Data Analysis	




Adaptive/Accelerated group scored significantly higher 
than Traditional Control. 




DNA Replication Module"





0 

20 

40 

60 

80 

100 

120 

Pre 
Post # 

S
tu

de
nt

s 

Test Score 

Distribution of Scores Pre/Post DNA Module 



Prose Style Modules"







 

Apply results to improve learning 

 

Use scientific methods to study learning 



Themes Underlying Our Approach 

Learning science research provides rich theory 
and results on how students learn 

Designing instruction based on learning science 
principles produces positive results 

Key role for technology is to automate and 
augment putting them into practice 
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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 
instruction.  OLI is designed to simultaneously improve 
learning and facilitate learning research. 
 



The Open Learning Initiative	



Established in 2002 to produce and improve exemplars of scientifically-based online 
courses that enact instruction and support instructors.  Current goals: 
 

•  Support better learning and instruction with 
high-quality, scientifically-based, classroom-
tested online courses and materials. 

•  Share our courses and materials openly and 
freely so that anyone can learn. 

•  Develop a community of use, research, and 
development. 



An approach to 
designing, developing, 
delivering and improving 
learning experiences 

•  Science of Learning 
•  Evaluation 
•  Improvement 

Science 

•  Platform 
•  In-course Affordances Technology 

•  Team-based Development 
•  Communities of Research and Use Teams 

•  Capture 
•  In-course Use 
•  Iterative Improvement 
•  Research 

Data 



Team-based design and development	





Embed lessons in technology and ���
in process	





Identifying Specific Learning Challenges:���
���
        Practice Synthesizing and Applying Skills & Knowledge���
	





Feedback loops for continuous improvement	





Learning Curve Analysis	



DataShop:  Pittsburgh Science of Learning Center 



Other Learning Curves ���
learnig 	



DataShop:  Pittsburgh Science of Learning Center 



Practice and Assessments	
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Activites 1st Try Correct 

Activities Eventually Correct 

Assessment Correct 



Is the hypothesis I built holding up?	





Since 2006	



Course Use 
•  Used by 1809 Instructors in 

1050 Institutions 
•  1,245,807 Independent 

Learner Enrollments 
(Registered and Anonymous) 

Development 
•  44 Academic and 9 CMU 

service courses have been 
created. 

•  By 104 contributing Faculty 
from 55 Institutions 

  

  

0 

5000 

10000 

15000 

20000 

25000 

30000 

35000 

40000 

45000 

50000 

OLI Academic 
Enrollments 

Spring 

Fall 



Current Work	





Embedding data into design & improvement	



IDEA Project 
•  NSF DIR Project 
•  Tools for supporting 

learning engineering 
•  Integration into 

workflow 
•  Existing and new 

analytic methods 
•  3 Core components: 

•  Model Checker 
•  Performance Profiler 
•  Content Profiler 



New Approaches: 
ALMAP at UC Davis 



Learning is Not a 
Spectator Sport	



Presented at L@S 2015 
•  Collaboration 

between GA Tech 
and Carnegie Mellon 

•  Psychology MOOC 
using OLI course 

•  Where does learning 
occur? 

•  Watching vs Reading 
vs Doing 

•  Also looked at 
retention, 
demographics, time 
investment 



doing 

watching 

reading 

Tetrad inference of causal relationships	



Learning by doing  
> 6x better than learning 
by watching!! 

Regression weights in 
standard deviation units (z-
score) E.g., 1 sd increase of 
doing leads to .44 increase 
in Tquiz 
 

.44 
.06 

.06 



Looking ahead	





CMU as a  hub	



The Carnegie Mellon Genetics 
Cognitive Tutor 

DANCE 
Discourse Affordances  

for Natural Collaborative  
Exchange 



Cross-Sector 
Collaboration 

Research Instructional 
Practice 

The Simon Initiative 



The Simon Initiative 

A data-driven virtuous cycle of learning science 
research and innovative educational practice causes 
demonstrably better learning outcomes for students 
from any background or place 



The Simon Initiative 
At CMU: To build a learning 

engineering ecosystem in 
which learning science 
research can feasibly and 
frequently be leveraged to 
demonstrably improve CMU 
education, and in which 
CMU education can provide 
data which can be leveraged 
to improve theories of 
learning 

Globally: To provide 
accessible tools and 
methods with which any 
person or institution can 
adopt and improve upon 
CMU’s approach to 
learning engineering 



Questions?���
���
nbier@cmu.edu	




