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Context Personalization 
·Matching instructional components with ÓÔÕÄÅÎÔÓȭ 

personal interests and experiences (e.g., sports, 
gaming, movies, etc.). 

 

 

 

 

·Domain: Algebra I  
·Issues with motivation (Loveless et al., 2009) 

·Implications for access (Moses & Cobb, 2001) 

 

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

make in 5 hours? 

You work at  a video game 
store and make $10.50 per 

hour. How much money will 
you make in 5 hours? 



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 (Fives & Manning, 2005) 

·Curricula present engaging problem contexts to 
motivate students 
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Ȱ0ÅÒÓÏÎÁÌÉÚÁÔÉÏÎ ÉÓ ÔÈÅ 
key to combating student 
boredom and anxiety 
ÁÂÏÕÔ ÍÁÔÈÅÍÁÔÉÃÓȢȱ 



Context Personalization 
Little experimental evidence suggests that 
personalization interventions can actually support 
learning. 

Study  Domain  Outcome  

Cordova & Lepper, 
1996 

4th & 5th grade arithmetic Learning (Delayed Post-
test) 

Anand & Ross, 1987 5th & 6th grade fractions Learning (Transfer) 

Lopez & Sullivan, 1992 2nd & 5th grade arithmetic Immediate Post-test 

Davis-Dorsey, Ross, & 
Morrison, 1991 

7th grade arithmetic Immediate Performance 

Bates & Weist, 2004 4th grade arithmetic No effect 

Caker & Simsek, 2010 7th grade arithmetic No effect 



Theoretical Framework 
·Personalization may be effective for learning 

because: 

·Activates topic interest  

·Reduction in extraneous cognitive load  

·!ÂÓÔÒÁÃÔ ÉÄÅÁÓ ÂÅÃÏÍÅ Ȱgrounded ȱ ÉÎ ÃÏÎÃÒÅÔÅ 
experiences 



Interest 
·Impacts attention (McDaniel et al., 2000) persistence  (Ainley 

et al., 2002), engagement (Flowerday et al., 2004), task 
involvement and perceived competence (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 (Renninger et al., 2002) 

·Facilitates connections between story contexts and 
mathematical concepts (Renninger et al, 2002) 

·Interest activated by personalization may impact 
attentional  and motivational variables  

 



Cognitive Load 
·Types of Cognitive Load (Sweller et al., 1998): 

·Intrinsic  ɀ associated with inherent difficulty of 
instructional materials  

·Germane ɀ devoted to processing and construction of 
schemas 

·Extraneous ɀ generated by manner in which materials 
are presented 

·Personalization may support learning by reducing 
extraneous cognitive load  



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  



Issues with Personalization 
·More abstract representations promote transfer to a 

variety of situations more than concrete, perceptually 
rich representations (Sloutsky et al., 2004) 

·0ÅÒÓÏÎÁÌÉÚÁÔÉÏÎ ÍÁÙ ÁÄÄ Ȱseductive details ȱ ÔÈÁÔ 
distract learners (Schraw & Lehman, 2001) 

·2ÅÓÅÁÒÃÈ ÏÎ Ȱdesirable difficulties ȱ - modifications 
that decrease immediate performance can actually 
improve learning (Schmidt & Bjork, 1992) 



Research Questions 
·How does context personalization impact 

performance , efficiency , and learning  in 
Algebra I? 

·Under what conditions is personalization 
most effective? 

·Particular skills/problems? 

·Particular subgroups of students? 

 
 



Research Overview 

Study 1 
24 Algebra 1 Students 

Think -alouds solving 
normal & personalized 
story problems 
 

Impact on performance, 
strategies, mistakes 
 

Study 2 
145 Algebra 1 Students 

Randomized control unit 
replacement in CTA ɀ 
normal or personalized 
condition  

Impact on performance, 
response measures, 
learning 



Study 1: Method 
·24 ninth grade Algebra I students  

·Conducted pre-interview with each student on their 

interests and everyday use of math/numbers 

·Problem-solving session where students solve 1 normal 

& 2 personalized story problems while thinking aloud 

·Regression models to examine performance 

·Coding of strategies and 

mistakes (kappa > 0.8) 



Problem Types & Parts 
Normal A machine called the Crawler, which moves space shuttles, 

travels at a rate 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?  

 



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 points 

from doing evil deeds, and you gain 4 more evil points 

every second that 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) In how many more secondsé 



·Student Level 

·Low ɀ under 50% correct 

·Medium ɀ 50-74% correct 

·High ɀ 75% or more correct 

·Problem (Linear Function) Difficulty  

·Hard ɀ under 50% success rate 

·Medium ɀ 50-74% success rate 

·Easy ɀ 75% or more success rate 

 

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) 

· Student performance level 

· Problem difficulty  

Performance Differences 



  Easy Problem Med Problem  Hard Problem  

Low-Scoring 

Student 

 NS NS Personalization 

increases 

performance, p<.01 

(2% to 28%) 

Medium-

Scoring 

Student 

NS NS NS 

High-Scoring 

Student 

Personalization 

decreases 

performance, p<.05 

(96% to 73%) 

NS Personalization 

increases 

performance, p<.05 

(59% to 90%) 

Performance Differences 



Normal vs. Personalized Stories:  

·7/24 students got every part of their normal problem 
wrong, but had success on personalized problems. 
Reverse never true. 

·Fewer no 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 

Strategies and Mistakes 



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 to mis-specify situation by omitting intercept  

·Evidence of expertise reversalɀlike effect/distraction  

·Is performance increase a crutch or a scaffold? 

 



Research Overview 

Study 1 
24 Algebra 1 Students 

Think -alouds solving 
normal & personalized 
story problems 
 

Impact on performance, 
strategies, mistakes 
 

Study 2 
145 Algebra 1 Students 

Randomized control unit 
replacement in CTA ɀ 
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 



Study 2: Method 
·Within the Cognitive Tutor Algebra environment  

·145 ninth grade Algebra I students  

·Participants randomly assigned to two conditions in 
5ÎÉÔ ΰ Ȱ,ÉÎÅÁÒ -ÏÄÅÌÓ ÁÎÄ )ÎÄÅÐÅÎÄÅÎÔ 6ÁÒÉÁÂÌÅÓȱ 

·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 written for each problem  



Study 2: Method 
·Upon entering Unit 6, students (both groups) rate 
ÉÎÔÅÒÅÓÔ ÌÅÖÅÌ ÉÎ γ ÔÏÐÉÃ ÁÒÅÁÓ ɉÓÐÏÒÔÓȟ ÇÁÍÅÓȟ ÍÕÓÉÃȣɊ 

·Experimental group got variation with highest interest 



Study 2: Method 
Original  
Problem  

An experimental liquid (LOT#XLHS-240) is being tested to 
determine its behavior under extremely low temperatures. Its 
current temperature is -35 degrees Celsius and is slowly being 
lowered by two and one-half degrees per hour. 

Food ! ÎÅ× ÓÏÄÁ ÁÔ -Ã$ÏÎÁÌÄȭÓ ÉÓ ÂÅÉÎÇ ÔÅÓÔÅÄ ÔÏ ÄÅÔÅÒÍÉÎÅ ÉÔÓ 
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. 

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  ȣ 

Stores ȣ 



Study 2: Method 



Performance Effects 
·Personalization significantly improved accuracy (p <.05)  

in Unit 6  

 

 

 

 

·Tutoring environment tracked different concepts (KCs): 

·Easy: entering a given, identifying units and quantities 

·Medium : RU/SU, write expression slope only 

·Hard : Write expression with slope and intercept 

Control  Experimental 

Correct 77% 81% 

Hint  4% 2% 
Incorrect  20% 17% 

* 
* 



Performance Effects 
·Significant impact for easy KCs (3% difference, p < 

.001) and hard KCs (10% difference, p < .001) 
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