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Applied and Practicdlearning
Analytics

Learning= Knowledge,,;- Knowledge,,

Prof. Dave Pritchard
http:// RELATE.MIT.edu



Simple Way to Measure Learning

AGive Same Test before and after instruction
ALearning = (pospre)
APlot Learning vs. Pre:



%g}/in and Normalized Gain (-slope)

Forbidden Region:
More than 100% on posttest!

g Is the fraction of
unknowns on

o _ pretest learned on
post test

Post Pre)A
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Gain (posttesto pretest) vs Pretest

From R. Hakebo
6545 students in 62
classes. HSA Top College
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Is There Much Learning MOOCS8



Force Questions Gain in 8. MReV MOOC
GainvsPre-Score: equal Learning for all cohorts

1
l 1- Fl’hysics teachers
_ _ g — O . 3& O . 02 2- Non-physics teachers
ﬁ0-8_ L 6 ltems 3- College math B
g — - 5 - 4- Non-college math
r 0.6+ b- Physics background -
"g' 6- Non-physics background
9:, 0.4~ 7- Post-bachelor
c ™ &- Post-secondary
‘© S or less
O #
0.2-
g | I I
D 4 4.5 o D.

Pretest Score



NonF?rce Concept Questions 8.MReV

1- Physics
teachers
0.8} 2- Not teachers 1
) ad .
— 3- Physics
ﬂ,— 0 6} background |
w 4- No physics
o
— 5- College math
c 0.4 - No math ]
O
O /- t bachelor
0.2/g=0.33+0.02 8-Po :
secondary
o ltems 9- HS or les
0 N = 343
2 3 4 S

Pretest Score



Summaryd Conceptual Learning

A Conceptual Learning in 8.MReNghtly greater
than traditional on-campus course

ANoneof the various cohorts we studied
showed significantly less normalized gain

HS studentysthose with advanced degrees

DOO0r prerequisites: math or physics courses

I Students of low average skill

A Contrary to concerns)o evidence that
unskillful, less educated, or less prepared
students learn lessif they finish)



Relative Improvement: Learning More
Weekly Grade on a Curve (using IRT)
Improvement relative to class a whole

"Bell Curve"

Standard Normal
Distribution

l - | | | | —
Z-Score -4 -35 -3 -25 -2 -15 -1-05 0 05 1 15 2 25 3 35

Standard _ - N -
Deviation 40 30 20 1o 0 +10 +20 +30

Cumulative
arcent




Skill Average0.50 Skill Improvement 0.¢
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StudentSkill_avg=-2.24 Skill Improvement = 2.7

® Homework
* Quiz

Skill (IRT-based)




There Is Learning!
What Resources Help Students Leat

AMeasures of Student Learning:
I PostPre Gain
I Relative Improvement (over course)

A Correlate with time on variouResources
I Instructional:eText Video, Discussion
I Assessment. Checkpoint questions, Homewo



Correlation Coefficients Visualized

-0.62 +0.30
Colora A Sign
Fractiora A Number



8.MReV Measures of Skills and Log of Time on Tasks (N = 292)

@re Gain
Average Skill yuey

Initial Skill 0
elatlve

Improvement

0.000

Checkpoint Discussion eText Problems Total Time




Applied andPracticalLearning Analytics
Academic Dishonesty (Cheating)

On-Campus MOOCS
Copying Homework  Getting Answers
from From

Other Students 5 Harvester accoun



Average Time for Correct Submission

Harvester account to

These Students use
avoid making errors

These Students answer
0STF2NE (KSeé Qo

an 100

F’ercé;tage of Subrfrl"l:issir:ms Correct First Attempt to read the problem
WSR {0dzRSyda I NB aal a0dSNE | OO02 dzy/ i
fFO1 {GdzRSyida R2y QiU KIF @S al | NBS:



MIT Exam Scores Vary With Copying

—O— Copy rate < 0.1 —— 0.1 - C(;ﬂ, rate < 0.3 -
—&— 0.3< Copy rate < 0.5 —d— Copy rate = 0.5 -
FAYlFt SEI Y C&0.208850.26X1k 0.26

0.50

Exam t-scores
|
SUOISIAIP apels 1a1)

0.45
|

Net &f-1.1 std dev for about 60%
copying implies ~ 2.0 std. dev. effect o

size for no copying vs. all copying el
| Final

Pre test Exam 1 Exam 2 Exam 3 exam




C|OS€I’ LOOk = Palazzo, D. et. al. Phys. Rev. ST + Final(analytic)
= Phys. Educ. Res. vol. 6, (2010), p. N =428
At Homework g ™5  2az
Copymg O o | Symbolic Problems N 3535 - e
5' f= -0.17
s s f
. . ':::n o | {E\f HL ~ Conceptual Problems
Mastering gives 2 < N~
-2.4 Sigma o “ | % T..H
- _
Symbolic! %'ﬂ—{—%—f}-—-—%h—+_
~

But no help on
Conceptual

0.5

0.0

Learning gain on CONCEPTU
.0

-1 Amount of Symbolic Homework Copiad
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

—

More Symbolic Less Symbalic
- practice
practice
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How to Explain Disparity?

Fxnert Fxnectation

1. We teach them only to answer
our examinations! ?

2. Careful thought on Symbolic
Quick Response on concept

D. Kahneman

00 01 02 03 04 05 06 07
Fraction of SYMBOLIC homework copied =

-



Diagrams in Problem: Help/Matter?

AActive Analytics: To AnalyzeBA
Experiments in MOOC

APrevious work:
I Diagram Reduces % correct

I Metacognitive Value?

A Zhongzhou Chen, Neset Demirci, Saif Rayyan, Christopher
Chudzicki , Qian Zhou, and David E. Pritchard



Does Diagram Help Students; if so Whe

A disk of mass M and radius R
rotates about the horizontal-axis
which passes through its center.
bullet of massn moving with
speed V hits the disk a distanice
above its center of mass and sti
at point S on the edge of the
Initially nonrotating disk.

What is the minimum speed for the bullet such that the embedded
bullet will overcome gravity and rotate over the axle?



Does Diagram Help Students; if so Whe

A disk of mass M and radius R N Diagram Condition:

rotates about the horizontal-axis
which passes through its center. NOW student must draw

bullet of massm moving with A More Time to Solve?
speed V hits the disk a distanbe Qr omit altogether

above its center of mass and stic
0 ?
at point S on the edge of the ﬁ Reduce % Correct

initially nonrotating disk. A Is Drawing Helpful?

What is the minimum speed for the bullet such that the embedded
bullet will overcome gravity and rotate over the axle?




Does NeDiagram Increase Time?

Median Time (s) Before 1st attempt

1000 No DiagramA More Time?
800.00

600.00
400.00 I I
< I ol
. II I| 1
PL P2

Time (s)

0.00
P10 P11 P12

| ® With Diagram |

A Only on 1, 10, and probably 12.



Does Diagram Reduce % Correct’

HNO DiagramA More Often Correct?
(as previously found
A value of drawing by studerit)

In only one case (#12)no overall effect



