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CS-411 : Digital Education & Learning Analytics

Chapter 4:

From Behaviorism to Mastery learning

Pierre Dillenbourg, Patrick Jermann, Thanasis Hadzilakos & Stian Haklev



Examples of exam questions

In which ways does this learning technology
correspond to a behaviorist approach ?

For which kind of learners 1s it relevant to
choose mverted progressivity ?



http://www.nobelprize.org/nobel_prizes/ me dici ne/la ureates/1904/pavl ov-bio. html

Yvan Pavlov, 1849-1936

Classical Conditioning

BEFORE CONDITIONING

UCS (food
in mouth)

(salivation)

Neutral stimulus
(tone)

No
salivation

An unconditioned stimulus (UCS) produces an unconditioned response (UCR).

DURING CONDITIONING

A neutral stimulus produces no salivation response.

AFTER CONDITIONING

\ Neutral
\ / UCS (food
\ 4{/ at;r:‘\:)lus + in mouth)

—

UCR
(salivation)

\\\w SR

(tone)

CR
(salivation)

v

The unconditioned stimulus Is repeatedly presented ust after the neutral stimulus.
The unconditioned stimulus continues to produce an unconditioned response.

The neuvtral stimulus alone now produces a conditioned response
(CR), thereby becoming a conditioned stimulus (CS).

http://www.rhsmpsychol ogy.com/Ha ndo uts/ classical_ co nditi oni ng.ht m




http://psychology.about.com/od/pr ofile smz/p /ed ward-thor ndike. htm

Edward L. Thorndike (1874 — 1949) The Law of Effect : any
behavior that is followed by pleasant consequences is likely

to be repeated, and any behavior followed by unpleasant

consequences 1s likely to be stopped.
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Adapted from Domjan, 1993 (modified from Thorndike, 1898 [left] and Imada & Imada, 1983 [right])

http://www.simplypsychol ogy.org/e dward-thorndike.ht ml

Edward L. Thorndike, The Law of Effect, The American Journal of Psychology
Vol. 39, No.1/4 (Dec., 1927), pp.212-222: http://www.jstor.org/stable/1415413



http://psychology.about.com/ od /be havioral psychol ogy/f/b ehaviorism. htm

John Watson (1878-1958) Behaviourism

"Give me a dozen healthy infants, well-formed, and my own
specified world to bring them up in and I'll guarantee to take
any one at random and train him to become any type of
specialist I might select -- doctor, lawyer, artist, merchant-
chief and, yes, even beggar-man and thief, regardless of his
talents, penchants, tendencies, abilities, vocations, and race
of his ancestors."

--John Watson, Behaviorism, 1930

The Little Albert Experiment




Burrhus Frederic Skinner (1904-1990), Operant Conditonning
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https://sites.google.com/a/a dams12.org/har p-mr hs-h ome -v1/06 -p owerp oint -se ction /skin ner-s-op erant -con ditioni ng



Key 1deas 1in behaviorism

@ Psychology 1s becoming more scientific

(2) The brain is a black box; the focus is on behaviors
(3) Learning is « engineered »

(4) Association results from immediate feedback

@ The learner 1s permanently active

@ Small steps increase the probability of positive
feedback =» Programmed instruction
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B. F. Skinner

Materlal appears in the left-

hand window. The student writes hls response on a strip of paper exposed at the right.

FIG. Il. Student at work in the sell-instructlon room.



B.F. Skinner's Teaching Machine

-

Question / [
Answer disk " =8
» t(‘/.ﬁ (-’-'_‘ .: : : ’1“5

Score / Advance
lever

Question / Answer
window

. —

=N
Student Response |
window ¥ o

- ) ! & \a
(C) Julle >.Vargas

Instructional "disks" are placed
inside the machine along with a
strip or roll of paper. When the
machine is closed, the student
reads a question through a window
and writes their response on the
strip of paper. The student then
compares their answer with the
answer on the disk and presses the
lever one way if their answer is
correct or the other way if incorrect
(the machine keeps score and
advances).

Skinner proposed the machine
improves learning by "taking into
account the rate of learning for
each individual learner." With this,
Skinner formalizes "self-paced
instruction" as part of programmed
instruction.



Linear Instruction

Table 2. PART OF A PROGRAM IN HIGH-SCHOOL PHYSICS

The machine presents one item at a time. The student completes the item and
then uncovers the corresponding word or phrase shown at the right.

WORD TO BE
SENTENCE TO BE COMPLETED SUPPLIED

1. The important parts of a flashlight are the battery and the bulb. When
ng;'t;"f'“ on” a flashlight, we close a switch which connects the battery -,
wi e z u

2. When we turn on a flashlight, an electric current flows through the
fine wire in the and causes it to grow hot. bulb

3. When the hot wire glows brightly, we say that it gives off or sends out

heat and light
4, The fine wire in the bulb is called a filament. The bulb “lights up” when

the filament is heated by the passage of a(n) current. electric
5. When a weak battery produces little current, the fine wire, or

does not get very hot. filament
6. A filament which is less hot sends out or gives off light. less
7. “Emit” means “send out.” The amount of light sent out, or “emitted,”

by a filament depends on how the filament is. hot

http://66.31.107.147/~hei nes/ aca de mic/ pa pers/2 002el earn/i mage s/Lumsdaine_Glaser /
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Frame-Based Models

e Decomposition: Segmenting complex
contents into a sequence of learning steps
that contains an elementary piece of

information

e Keep the student active all the time, ask
the student to process any new piece of
information

e Provide immediate feedback

¢ Let the student move on at his or her
own speed

Based on behaviourism-inspired
“programmed learning instruction”



http://ute3.umh.ac.be /uticef/master/ m341 /partie_2.ht m

Branched Instruction

12~

AutoTutor, Crowder
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3. Feeback

1. Informﬁon
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1. Information
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Frame-Based Models

e Individualisation: adapt instruction to the
student needs

Based on behaviourism-inspired
“programmed learning instruction”



Mastery Learning

Module 1 SEEm—
| « Larger granularity: modules > frames
— Test < * Permanent control of effectiveness
Module 2 )
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FIGURE 1. Achievement distribution for students under conventional, mastery learning, and tutorial
instruction.

"about 90% of the tutored students ... attained the level
of summative achievement reached by only the highest
20% of'the control class '

TUTORIAL
1=

B L BlO om CONVENTIONAL

1-30%

Sussative Achievesbpt Scores 20‘
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Bloom, B. (1984). "The 2 Sigma Problem: The Search for Methods of Group Instruction as Effective as
One-to-One Tutoring", Educational Researcher, 13:6(4-16).
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Adaptive Testing

Modular Instruction

Pre-requisite test: Does the
learner has the pre-requisite
to start the course ?

Pre-test: Should the learner
skip some modules ?

Intermediate-test: Didthe
learner reach the objectives
of this module ?

Post-test: Did the learner
reach the objectives of this
course?
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Death Knell for the Lecture: Technology as & Passport to
personalized Education

Personalized Instruction

Our education system is in a state of crisis. Among developed W TWITTER
countries, the United States is55thin quality rankings of elementary [ LINKEDIN

math and science education, 20thin high school completion rate and = PRNT In diV i du al in S tru C ti O n

o7th in the fraction of college students receiving undergraduate @ REPRITS
degrees in science OT engineering.
[ SHARE ! d .
@, Enlarge This Image As a society, we can and should invest — HE " ap th e ln S t ru t .
more money in education. But thatis mﬁ&x’mpv C 1 O n

only part of the solution. The high

costs of high-quality education put it

off limits to large parts of the population, both in the
United States and abroad, and threaten the school’s place
in society as 2 whole. We need to signiﬁcantly reduce those
costs while at the same time improving quality.

Optimization i
Iptimization in learning environments

If these goals seem contradictory, let’s consider an example
from history. In the 19th century, 60 percent of the
American work force was in agriculture, and there were
Daphne Koller frequent food shortages. Today, agriculture accounts for
Jess than 2 percent of the work force, and there are food

Connect With
Us on Social surpluses.
Media
gx‘}’;‘“ﬁ“mﬂce on The key to this transition was the use of technology—from
er. . . . .
. . crop rotation strategies to GPS-guided farm machinery —
. Science Reporters and Editors on . R >
Twitter which greatly increased productivity- By contrast, our

approach 10 education has remained largely unchanged
since the Renaissance: From middle school through
college, most teaching is done by an instructor ]ecturing to

a room full of students, only some of them paying attention.

Like the science desk on Facebook.




Aptitude x Treatment Interaction (ATI)

() Treatment B

Treatment A

Achievement

I I
Aptitude A Aptitude B

Aptitude- Treatment Interactions:

The effect of a pedagogical method varies for different learners profiles

Cronbach, L. & Snow, R. (1977). Aptitudes and Instructional Methods: A Handbook for Research on Interactions.
New Y ork: Irvington



Mastery Learning Efficiency
Lisp Programming Tutor

Cognitive Mastery vs. Fixed Curriculum:
— 40% more problems

— 14% more time

— 25% greater accuracy on post-test

— 570% increase in mastery as

— Effect size: d=0.65

Corbett, A. (2001). Cognitive computer tutors: Solving the two-sigma problem. In M. Bauer,
P J. Gmytrasiewicz, & J. Vassileva (Eds.), Proceedings of the 8" International Conference on User
Modeling, UM 2001 (pp. 137-147). Springer Berlin Heidelberg. doi:10.1007/3-540-44566-8_14

By courtesy of Vincent Aleven, CMU



Evaluations of Intelligent Tutoring Systems

Study with 17,000 students showed that Cognitive Tutor
Algebra (a curriculum + ITS) doubled students’ algebra
learning (Paneet al., 2013)

Meta-review indicates that ITSs are “nearly as effective as
human tutoring”  (vanlLehn, 2011)

Four meta-analyses show ITSs are often more effective
than other forms of instruction

(Kulik & Fletcher, 2015; Ma, Adesope, Nesbit, & Liu,
2014; Steenbergen-Hu & Cooper, 2013; 2014)



Adapting to what ?

* Level of performance/knowledge
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Instructional design: from tradition to engineering
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Instructional design

(1) Start from the goals:
 What should the learner be able to do at the end of the course ?

 How will you know they are able ? (write the exam before the course)

e  Which kind of skill 1s that ?

(2) Decompose contents:

« THINK? : think what students need to think to acquire the concept

(3) Chose the activities, sequence them as a scenario =» graph



Instructional design

(1) Start from the goals:
* Who are the learners (target audience) ?
* What should they be able to do at the end of the course ?
 How will you know they are able ? (write the exam before the course)

*  Which kind of skill is that ? (= taxonomy of cognitive activities)



Bloom’s Taxonomy

West Greene Elementary 2011

Creating:

¢ Can the student ,
" create new product or g
point of view?
Assemble, Construct,
Create, Design, Develop,
Formulate, Write

S
-

£

%

' Evaluatmg Can the studentJustlfy a
stand or decision? '
Appraise, Argue, Defend, Judge, Select,
Support, Value, Evaluate

2 Analyzmg Can the student distinguish between the different ‘
parts?
Appraise, Compare, Contrast, Criticize, Differentiate, Discriminate,
Dlstmgmsh Examlne Experlment Questlon Test.

Applylng Can the student use the information in a new way"

b$ # Choose, Demonstrate, Dramatize, Employ, Illustrate, Interpret, Operate, Schedule, Sketch,
O # Solve, Use, Write
&
6? Understanding: Can the student explain ideas or concepts?
Q')Q’ Classify, Describe, Discuss, Explain, Identify, Locate, Recognize, Report, Select, Translate,
/ b
&

Remem bering' Can the student recall or remember the information?
Define, Duplicate, List, Memorize, recall, Repeat, Reproduce State

- http //wglink.pbworks. com/w page/38080839/BIoom s%ZOTrlangIes ——



Why using a taxonomy ?
 To avoid natural bias towards low-level
activities (easierto measure)

* As a prism to invent a variety of objectives

SOA13[q() 9SIAI(

One goal /
Taxonomy




Instructional design

(2) Decompose contents:

« THINK? : think what students need to think to acquire the concept



Triangle abc

A 4

Select a base

Find summit opposite toab [~~~ =~

Va4 -

Draw line by c orthogonal to ab Measureithe base

A 4

Measure [c — ab]

Multiply

|

A 4

Divide by 2

|

Content Analysis

(mathetic analysis)



In a right triangle, the square of the hypotenuse is the
sum of square of the two other sides.

/h L -
// . b
" An hypotenuse is the side
e of a right triangle opposed
» to the right angle
A right triangle is a triangle in < ®
which one angle is a right 47
tangle
& Tran,
A triangle is a polygon Tt
with 3 vertices. A right angle has a
"' S~o_ amplitude of 90 degrees
I e = S~
v “r=an
A polygon is a plane The vertex of an angle is
figure bounded by a the point where two line
finite chain of straight segments join or meet
line segments |
. |
L "Saasa. |
v Y 4
A planeis a flat two- A line segment is a part of a
dimensional surface line that is bounded by two

distinct end points

Content Analysis

(semantic analysis)



Instructional design

(2) Decompose contents:
« THINK? : think what students need to think to acquire the concept

* What are the pre-requisites ? Are they reasonable for this audience ?

(3) Chose the activities, sequence them as a scenario =» graph



Instructional design

* What are the pre-requisites ? Are they reasonable for this audience ?

(3) Chose the activities, sequence them as a scenario =» graph



Instructional design

(3) Chose the activities, sequence them as a scenario =» graph (Assignment 2)

Preparation Set Translation Generalizatio
n
(P F Prerequisite SHA ggregation (T) Proceduralization (G+) Induction
P)ZPD (S+) Expansion (T) Elicitation (G+) Deduction
" (P) Adv. organizer (9T —) Decomposition (M) Alternate (G+) Extraction
" (P) Motivation (S Selection (T) Reframe (G+) Synthesis
P Anticipation S=)J uxtaposition (T) Reverse G= ) Analogy
P) Logistics (S=) Contrast (T) Repair (G=) Transfer
P) Data collection | (S=) Identity (T) Teach (G-) Restriction




