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Context Personalization

Matching instructional components with OO O A A 1
personal interests andexperiences (e.g., sports,
gaming, movies, etc.).

You work at a furniture store You work at a video game
and make $10.50 per hour. ‘ store and make $10.50 per
How much money will you hour. How much money will

make in 5 hours? you make in 5 hours?

Domain: Algebra |
- Issues with motivation (Lovelesset al., 2009)
- Implications for access Moses & Cobb, 2001)
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Context Personalization

- Educators, researchers, and curriculum developers
believe interest-based adaptions are effective

- Personal interest an important way to help struggling
students according to teachers (Fiveg Manning, 2005

- Curricula present engaging problem contexts to
motivate students

e In 2001, silver compact cars and silver sports cars outsold black
cars by a ratio of 5 to 3.
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CARNEGIE LEARNING MATHia SOFTWARE

We Personalize Learning

O0AOOIT Al EUAO
Personalization is the key to conms

why it is a driving design element i our revoll key tO COmbatIng StUdent
of the curricula from assessments to choices boredom and anXIety

appearance of the software to suit individual

AAT OO | AOEAI A

No Choice

No Choice

No Choice

No Choice




Context Personalization

_ittle experimental evidence  suggests that
personalization interventions can actually support

earning.
Study Outcome
Cordova &Lepper, 4th & 5h grade arithmetic | Learning (Delayed Post
1996 test)

Anand & Ross, 1987 | 5" & 6™ grade fractions | Learning (Transfer)
Lopez & Sullivan, 1992| 2nd & 5" grade arithmetic | Immediate Post-test

Davis-Dorsey, Ross, & | 7" grade arithmetic Immediate Performance
Morrison, 1991

Bates& Weist, 2004 4th grade arithmetic No effect
Caker& Simsek 2010 | 7t grade arithmetic No effect
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Theoretical Framework

Personalization may be effective for learning
because:

. Activates topic interest
. Reduction in extraneous cognitive load

N 7 Pal N 7 ~ Pal

experiences
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Interest

Impacts attention (McDaniel et al., 2000) persistence (Ainley
etal., 2002),engagement (Flowerdayet al., 2004),task
Involvement and perceivedcompetence (Durik &
Harackiewicz, 2007),and utility value (Hulleman et al., 2010).

Value -related (i.e. associated affective states) and
knowledge -related (i.e. associated prior knowledge)
components (Renningeret al., 2002

Facilitates connections between story contexts and
mathematical concepts (Renningeret al, 2002)

Interest activated by personalization may impact
attentional and motivational variables



Cognitive Load

Types of Cognitive Load Gwelleret al., 1998):

- Intrinsic  z associated with inherent difficulty of
Instructional materials

. Germane z devoted to processing and construction of
schemas

- Extraneous z generated by manner in which materials
are presented

Personalization may support learning by reducing
extraneous cognitive load
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Grounding

Process by which learners relate mental structures to
external objects (Nathan, 2008)

Grounded representations concrete & familiar, similar
to physical objects and everyday experiences

- Redundancy with everyday knowledge supports
Inferences (Koedinger, Alibali, & Nathan, 2008)

Initial concrete grounding useful for promoting
conceptual understanding (Goldstone & Son, 2005)

Personalized problem scenarios may provide
additional grounding due to context familiarity
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Issues with Personalization

More abstract representationspromote transfer toa
variety of situations more than concrete, perceptually
rich representations (Sloutskyet al., 2004)

0AOOI T Al E U A Gdliciive detdils 6 A DE AO
distract learners (Schraw& Lehman, 2001)

2 A OA A Odegrabiediffiddlties  6- modifications

that decrease immediate performance can actually
Improve learning (Schmidt & Bjork, 1992




e

Research Questions

How does context personalization impact
performance , efficiency , andlearning In
Algebra I?

Under what conditions Is personalization
most effective?

. Particular skills/problems?
. Particular subgroups of students?
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Research Overview

Study 1 =) Study 2

24 Algebral Students 145 Algebral Students

Think -alouds solving Randomized control unit
normal & personalized replacement in CTAZ

story problems normal or personalized
condition

Impact on performance, Impact on performance,
strategies, mistakes response measures
learning




Study 1: Method

24 ninth grade Algebra | students

Conducted prenterview with each student on their
Interests and everyday use of math/numbers

Problemsolving session where students solve 1 normr
& 2 personalized story problems while thinking aloud

Regression models to examine performance

Coding of strategies anc
mistakes (kappa > 0.8)
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Problem Types & Parts

Normal

A machine called the Crawler, which moves space shut

travels atarate of 4 feet per second. The Crawler is
currently 175 feet from the hangar, moving toward the

launching pad.

a) (Result Unknown): How far will the Crawler be from the
hanger in 20 more seconds?

b) (Result Unknown) : How far will the Crawler be from the
hanger in 1 more minute?

c) (Write Equation): Write an algebra rule that represents
this situation using symbols.

d) (Start Unknown): In how many more seconds will the
Crawler reach the launching pad, which is a total of 275

feet from the hanger?

t



Problem Types & Parts

Normal

A machine called the Crawler, which moves space
shuttles, travels at the rate of 4 feet per second. The
Crawler is currently 175 feet from the hangar, moving

toward the launching pad.

a) How far will the Crawler be from the hanger in 20 more seconds?

b) How far will the Crawler be from the hanger in 1 more minute?

c) Write an algebra rule that represents this situation using symbols.

d) In how many more seconds will the Crawler reach the launching pad
which is a total of 275 feet from the hanger?

Personalized

Right now in Black and White 2 you have 175 evil poir
from doing evil deeds, and you gain 4 more evil points

every seconthat you play.

a) How many evil points will you have in 20 more seconds?

b) How many evil points will you have in 1 more minute?

c) Write an algebra rule that represents this situation using symbols.
d Il n how many more secondse
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Performance Differences

Student Level

- Low z under 50% correct

- Medium z 50-74% correct

- High z 75% or more correct
Problem (Linear Function) Difficulty

- Hard z under 50% success rate

- Medium z 50-74% success rate

- Easyz 75% or more success rate
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Performance Differences

Mixed effects logistic regression model

- Random Effects
.- Student ID
- Item (underlying linear function)

- Fixed Effects
. Problem type (normal or personalized)
. Problem part (RU, SU, write equation)
. Sudent performance level
. Problem difficulty
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Performance Differences

Easy Problem |Med Problem |Hard Problem
Low-Scoring | NS NS Personalization

Student increases
performancep<.01

(2% to 28%)

Medium- NS NS NS
Scoring

Student

High-Scoring Personalization
Student increases

performancep<.05
(59% to 9@%0)
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Srategies andMistakes

Normal vs. Personalized Stories:

/124 students got every part of their normal problem
wrong, but had success on personalized problems.
Reverse never true.

Fewerno response for personalized (14% N, 4% P)

More forward-driven informal strategies like trial and
error & repeated addition (15% N, 42% P)

Less likely to omit intercept term (44% N, 29% P) on
personalized problems
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Study 1. Summary

Personalization improves performance for struggling
students, and on hard problems

- May explain mixed results in literature

Personalization may impact how learners understand and
reason with story contexts

- More forward-driven strategies mirror problem action

- Less likely tomis-specify situation by omitting intercept
Evidence of expertise reversalike effect/distraction
Is performance increase a crutch or a scaffold?
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Research Overview

24 Algebral Students

Think -alouds solving
normal & personalized
story problems

Impact on performance,
strategies, mistakes

145 Algebral Students

Randomized control unit
replacement in CTAZ
normal or personalized
condition

Impact on performance,
response measures,
learning



Cognitive Tutor Algebra

Individualizes help, feedback, problem selection
Personalization may be particularly effective
Focus on story problems & multiple representations

(XS XS — ~Carnegie Learning's Cognitive Tutor

~
- =
Q| < 4 =
=
Lock Aresad Look Back Glossar Hint Done "
Scenario Worksheet
A rock dimber is currently on the side of a diff 67 feet off the ground. She can IMBING TIM HEIGHT ABOV
climb on average about two and one-half feet per minute. Quantity Name EERR EGG:ouNo "
1 When will she be 92 feet off the ground?
2 In twenty minutes, how many feet above the ground will she be? Unit MINUTES FEET
3 In 75 seconds, how far above the ground will she be? Expression T 25T + 67
4 Ten minutes ago, how far above the ground would she have been?
Queston 1 10 92 @ Graph Point 1
To write the expression, define a variable for the cimbing time and use this Question 2 20 117 @ Graph Point 2
variable to write a rule for her height above the ground. i )
Question 3 125 70.125 @ Graph Point 3
Queston 4 ~10 42 @ Graph Point 4
[Created 10/21/05 14:19)
Grapher Solver !
@2 Transformation a Simplificaion a =
2 Solve the equation for T
2.5T + 67 — 92
25T - 67 -67 ~ 92 -67 Subtract 67 from both sides
25T — 25
28 .. 2B
25 25 Divide both sides by 2.5
g = 930
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Study 2: Method

Within the Cognitive Tutor Algebra environment
145 ninth grade Algebra | students

Partmpants randomly assigned to two conditions In
51TEO O O, ET AAO -1 AAI O Al A

. Control : Receive normal problems for Unit 6
. Experimental : Receive personalized problems for Unit 6




Study 2: Method

Personalized problems written based on survey data
from area high schools (N=50) and interest data
collected from Study 1

4 Interest topic variations ertten for each problem

| Favorite Thing

_‘ Boring ; " Neutral |  Interesting | They’re my

l

| Computers
What do you like to do on the computer? (play games, facebook/myspace, Instant message, email,
keep up with news and info, buy things on ebay, and so on)

]
[(3&’(’5(}0-"{1 Aﬂta-?.d/? , K KA

'

/w'./ 5 f""‘“ )




Study 2: Method

- Upon entering Unit 6, students (both groups) rate
ET OAOAOO | AGAI EIT vy OI PEA
Experimental group got variation with highest interest

File Tutor GoTo View Help

1 - Interests Survey Instructor Preview

Q Formulz Chart (') Glossary

Table of Contents ) Lesson )(Problems
Test Question Tocl

Tell us how interested you are in each of several
topics by selecting an item from the list.

How much do you like watching movies?

) A It's Boring
() B It's Okay
& C llikeit

) D It's my favorite thing
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Study 2: Method

]
Original  An experimental liquid (LOT#XLHS-240) is being tested to
Problem determine its behavior under extremely low temperatures. Its

current temperature is -35 degrees Celsius and is slowly being
lowered by two and onehalf degrees per hour.

Food I T Ax Ol AA AO -A$i11AI A6O EO
behavior under extremely low temperatures. Its current
temperature is -35 degrees Fahrenheit and is slowly being
lowered by two and onehalf degrees per hour.

Sports A new sports drink is being tested to determine its behavior
under extremely low temperatures. Its current temperature is-
35 degrees Fahrenheit and is slowly being lowered by two and
one-half degrees per hour.

Movies 3
Stores 3



Study 2: Method

File Tutor GoTo View Help

You have just been promoted to assistant manager at
PAT-E-OH Fumiture Inc, and have received a raise to $10.50
per hour.

1. How much would you be paid if you worked five hours?

2. How much would you be paid if you worked 10 and 1/2 hours?
If you have not already done so, please fill in the
expression row with an algebraic expression for the total
pay. Then use the expression and the Solver to answer
questions 3 and 4 below.

3. How many hours must you work to make five hundred fifty
dollars?

4. In order to make $2,200.00, how many hours must you work?

To wnte the expression, define a vanable for the time worked
and use this vanable to write a rule for your total pay.

Question 1 S 52.5
Question 2 105 110.25
Question 3 52.381 550
Question 4 209.5238 2200
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Performance Effects

Personalization significantly improved accuracy (p <.05)
In Unit 6

Control Experimental
Correct 7% 81% *
Hint 4% 2% *
Incorrect 20% 17%

Tutoring environment tracked different concepts (KCs):
- Easy. entering a given, identifying units and quantities
- Medium : RU/SU, write expressionslopeonly
- Hard : Write expression with slope andintercept



. Performance Effects

- Significant impact for easy KCs (3% differencep <
.00) and hard KCs (10% differencep < .00)

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -

m Control

m Experimental
**k*

*k%k

Percent Correct

Easy Medium Hard






