CS-411 - P. Dillenbourg

Chapter 4

Mastery learning and Instructional Design
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How do people learn 7

[ by exploration, trial and error
v'by incremental mastery

* by verbal elaboration



Instructional design starts with :

What should ers know at the end ?

(which they dj

now at the beginning)

What should learners be able to do at the end ?
(which they could not do at the beginning)

ow will | know they are able to do it ?

what would be the exam guestions or tasks ?
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What should learners be able to do at the end ?

Reproduction

Pedagogical Objectives

Conceptualisation
: Application
Learning Goals

Exploration

Mobilisation

Learning Outcomes

Problem solving



Instructional design works backwards :

What should learners be

What are they able to able to do at the end ?
do at the beginning

(which they could not do

at the beginning)
s
Objectives
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Skill 1

it p(Skil

Skilll : « 6 + 9

is pre-requisite to Skill2

2 1~Skill) << p(Skill2 I Skill1)

»

Skill2: « 26 + 39 » Skill1: to find the verb

Skill1 : angle
Skill2: square

Skill2: to agree it with the subject

Skill1 : mean
Skill2: standard deviation

ill1 : to read

I112: to code



Mastery learning:

if pre-requisites are missing, remediate them before to go on

I B B

Fail




BA1 BA2 BA3 BA4

Ex-MAN
Niveau renforcé Niveau standard

54%, 55%

73

%
63

%

19

2018-20
2018-19
2018-20

2018




CIS Prerequisite/Course Sequence Map

MATH 2311

Intso 1¢ Prob
& Statistics

ar TMTH 3350
Statistics

CIS 3343
CIS 2334
teabiore System Analysis
IS Applications g ¥ &['fﬁll)

. CIS 3347 > (IS 4315
and MATH 2311 or THTH 3350 CIS 3385 .
'3 IS Infrastructure Integratad 1 Project Mgmt

System Softwarz & Netwarks & Praclice

CIS 4333
Datadase Admin &

Implemzntation

(IS 2332
IT Hardware &

s 239 018 233

Fundamentals of W s
lafo Szcarity Internet Apalications

£OSC 1306 CIS 2348 {15 3368 CIS 4339 s
Comp Sei & IS Apalication AdvIS Enterprise Application Techrical
Pragremming Devalopment Development Develepment Heetive

MATH 1330
Pr2-Calculus

@ tote: Fora list of pre approved Tesanical Elestives, plaase visit:
ub.edu/cot/cis/techinical-electives

https://www.uh.edu/technology/programs/undergraduate/computer-information-systems/prerequisite-map/



Prior Knowledge can be wrong

2 ice cubes at midnight, t =20 C

Which ice cube will melt faster ?
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Misconceptions must me trapped

otherwise they survive teaching



Mastery learning:
Control mastery of skilli betore to go to skilli.1

HoeoEr @&

Fail Fail
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Prerequisite te{st ] Pretest Inf. test
'\ a21 /\ ) _<\‘
a. } a. 13, y a.
(/[ L i AV : :
- Remediation ! : Post-test
: |} ] .
\ Redo [a,-a

>

Difficulty

Jo—‘

"L‘—L_D‘ownhnll strategy: go down until hé'succeéds

J ‘ Discriminant strategy: increase/decrease difficulty
®

based on success — cut the space in-2

Uphill strategy: go up until he fails

.

Adaptive Testing

-

ltem order

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: Did the
learner reach the objectives of
this module ?

Post-test: Did the learner reach
the objectives of this course?



(1) Pick a topic on which one of
you Is expert

(2) Specity
Objectives

(3) Define target
audience




(4) Decompose

Knowledge Graph Algorithm

Measure A
Compute A2
Measure B
Compute B2
A2 + B2=C?2
C= SQRT (C?)

Triangle

Right

is
has Angle

O~

Rectangle opposite

Triangle _ is
Side Hypothenuse

=90

Angle



Adaptive Instruction
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Evaluations of Intelligent Tutoring Systems

e Study with 17,000 students showed that Cognitive Tutor

Algebra (a curriculum + ITS) doubled students’ algebra learning

(Pane et al., 2013)

« Meta-review indicates that ITSs are “nearly as effective as

human tutoring”  (vanLehn, 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)

By courtesy of Vincent Aleven, CMU



Why is an activity a; useful for an activity a.,.?

1. a;Is prerequisite to a;,
2.



what fruits do people eat in winter ?



Why is an activity a, useful for an activity a,?

Advance organizer :
a, pre-activates structures for a,




Why is an activity a; useful for an activity a.,.?

1. &, Is prerequisite to a,;
2. a. is pre-activates cognitive schema for a., ;
3.



Why is an activity a, useful for an activity a,?

Shitt Representation:
a, represents contents differently from a;

REPRESENTING

Grouping Model
A AN e AN

MurTiplicaTtion

Array

® & & &

e & & @

s & & @

Line

There is a large body of
empirical studies that show that
IS beneficial for learners to
switch between multiple
representations.
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http://www.psychology.nottingham.ac.uk/staff/sea/Ainsworth_Gilbert.pdf
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Why is an activity a, useful for an activity a,?

Shitt Representation:
a, represents contents differently from a;

Algebraic
formula

Graph Table

Concrete or Verbal
pictorial description
representation

http://www.nctm.org/classroom-resources/lessons/Graphical-Representations-for-the-Number-of-Hits/



Why is an activity a; useful for an activity a.,.?

1. a, Is prerequisite to a,;
2. a, is pre-activates cognitive schema for a, ,
3. a,q isvaries the representations used in a;
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Why did you take this class ?

A. | am passioned about education

B. | have been told it's an easy one

C. | had nothing on Tuesday morning

D. ' would like to create an EdTech start-up

NMoﬁvators : !

Extrinsic Intrinsic

+ Dadges « gold stars » auUtonomy s leaming
« COMpennaon « money be]éng.|nc‘] mastery
s o

¢ fear of fatlure « points :
; ~ *» curiosity = meamng
« fgar of « Tewards
» love ...

punishment «
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Gamification

(even in corporate training)
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Why is an activity a, useful for an activity a,?

Motivation:
a, frustrate learners so that they want to do a,

« what you Learned before enabled you to solve
problems so far, but here are new problems »



oA Wb~

Why is an activity a; useful for an activity a.,.?

a. is prerequisite to a,;

a, is pre-activates cognitive schema for a, -
a.. 1 is varies the representations used in a;

a. brings motivation for a,,



Why is an activity a, useful for an activity a,?

5X < 27
a 9
A chocolate bar costs 5 CHF. Aman walks 1 kmin5min.
How many bars can you buy for 27 CHF How many km can he walk in 27 min

Transfer
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Why is an activity a; useful for an activity a.,.?

a. IS prerequisite to a,

a. is pre-activates cognitive schema for a, ;

a..q is varies the representations used in a;

a. brings motivation for a, ,

a.. 1 practices the transter of skills acquired in a;



Why is an activity a; useful for an activity a.,.?

a. IS prerequisite to a,

a. is pre-activates cognitive schema for a, ;

a..q is varies the representations used in a;

a. brings motivation for a, ,

a.. 1 practices the transter of skills acquired in a;

a.,, summarizes in{as, ..., a}

N R wh =

a.., contrasts examples used in a1 and a,



How do people learn 7

[ by exploration, trial and error
v'by incremental mastery

* by verbal elaboration



