
Given a granary of barley, if 

each man receives 7 sila of 

grain, how many men can be 

given a ration? 
 

(A granary has a capacity of 2400 gur, 

and 1 gur=480 sila) 
 

Sumer, 4th Millennium BCE  Source: 

(Swetz, 2009) 

What year do you think this problem is from? 
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Pilot I: Setup 
Å Fall 2006, Knowing and Learning course 

ÅVideotaped 9th grade class using Cognitive 

Tutor Algebra at ñAcademically Unacceptableò 

urban Texas school. 



Pilot I: Lessons Learned 
ÅClassroom moving from ñteacher-centeredò to 

ñcomputer-centeredò 
ïCTA program takes large role in determining 

sociomathematical norms 

ïStudents struggle with verbal interpretation of stories & 

adjusting to this ñstyleò of algebra problems 



PSLC Learnlab Summer School 

ÅAttended PSLC Summer School at Carnegie Melon 

University 

ÅWrote Letter of Intent, in part based on data from 

Pilot I 

Å$10,000 grant + RA support 

ÅPSLC project is in partnership with Tony Petrosino, 

Jim Greeno, & Milan Sherman 

 



Key Question:  
Why Put Mathematics in Context? 

ɆȰ4ÒÁÎÓÆÅÒ  
    0ÒÏÂÌÅÍȱ 
 
 
ɆAccessibility 
 
 
ɆMotivation  
 

 

Algebra: Symbol 
Precedence View 

Verbal Facilitation 
Situation Facilitation  

Algebra: Verbal 
Precedence 

View 

When will I 
ever use this? 

Three justifications 

outlined in (Boaler, 1994) 



ÅExploratory interview study with 

Cognitive Tutor-style algebra 

word problems on linear functions 

ÅNormal, Personalized, Generic 

Language 

ÅDetailed descriptions of 5 students 

solving problems while thinking 

out loud 

Pilot II: Setup 



ÅNotions of ñpersonalizationò and ñsituation 

facilitationò take a back seat to other issues in the 

solving of word problems relating to 

sociomathematical norms (Cobb et al., 2001): 
ïAmbiguous problem statements 

ïDifficulties with vocabulary/interpretation 

ïIssues with symbolization 

ïUse of informal, arithmetic-based strategies 

Pilot II: Lessons Learned 



ÅLearning through participation in complex, social 
systems 
ÅSchool has own norms, practices, & standards of 

performance 
ÅñContextò includes learners, teachers, curriculum, 

physical environment; conceptual, material & 
representational resources 
ÅCommunities, like school, have the power to shape 

what counts as mathematics 
ÅMathematical representations as tools imbedded in 

social activity - used to promote participation 

Theoretical Framework: Situated Cognition 

 (Brown, Collins, & Dugid, 1989; Greeno, 

1991; 1997; 2007; Greeno & Hall, 1997) 



Research Questions 

What are the affordances & constraints of 
story problems with respect to the common 
justifications for putting mathematics in 
context? 

How does personalization of story problems 
ÁÆÆÅÃÔ ÓÔÕÄÅÎÔÓȭ ÐÒÏÂÌÅÍ-solving? 

How is use of informal vs. formal strategies 
and symbolic representations imbedded in 
the larger system of school mathematics? 



Dissertation Study: Method 

ÅConduct Pre-Interview (15-30 min) 
ïInterests and everyday use of mathematics  

ÅWrite Problem Set 
ïProblems of 5 different types (normal, personalized, generic, 

abstract, normal w equation) 
ïFirst two parts result unknown, then write equation and start 

unknown. 

ÅConduct Problem-Solving Interviews (45 min- 1 hr) 
ïStudents asked to think aloud, give explanations, and 

respond to interviewer probes while solving problems 

ÅTeacher Interview 
ÅAnalysis of Participant TAKS scores 
ÅSpent school year in classroom 



Dissertation Study: Analysis 



Dissertation Study: Analysis 



Dissertation Study: Analysis 

ÅInter-coder reliability scores (Cohenôs kappa) between 

0.79 and 0.95 (substantial-almost perfect agreement) 

were obtained for each category: 

Strategies & Mistakes: Result Unknown 

Strategies & Mistakes: Start Unknown 

Issue with Story Interpretation (Reading) 

Use of non-coordinative approaches 

Activation of situational knowledge 

Answer Intended/Unintended/No Response 

Categories of Responses to set interviewer questions 



Dissertation Study: Results 
ÅHow do students use math in everyday life, and do 

these activities connect to concepts from algebra? 

ïMost students gave arithmetic scenarios (adding 

prices, counting money) 

14 

7 

3 

3 
2 

How do you use math in your 

everyday life? Shopping/

Counting Money
Do not use

Cooking

At work

When using

technology

6 

6 

4 4 

4 

1 
2 

2 
2 

Where do you see and deal 

with numbers? 

Finance

Travel

In Sports

Playing

Games



Dissertation Study: Results 
ÅHow do students use math in everyday life, and do 

these activities connect to concepts from algebra? 

ïMost students gave arithmetic scenarios (adding 

prices, counting money) 

ïWith probing we found situations students thought 

about in terms of rate of change. 

ñThere's stuff like, this unit has 1000 health and 

does 100 damage per attack. And then the other 

units have they might have 10,000 health and they 

might to 20 damage per attack. If I have them 

attack each other, who will win?ò 



Dissertation Study: Results 

ÅStudents had issues reading and interpreting story 

problems (16% of time). 

 

 

ñThe 1.25 is theéper minute, how much it costs per minute. But I 

think that óinitialô is plus tax, or the whole thing together.ò 



Dissertation Study: Results 

ÅSituational knowledge rarely (4% of blocks) explicitly activated 

during problem solving 

Å20 total instances; 9 productive, 11 unproductive or disruptive 

 

Productive Disruptive 

ñI donôt know what to 

put, because if thatôs 

money I canôt put per 

minute because that 

would be outrageously 

expensive, I don't think 

anybody would buy a 

cell phone.ò 

S:  The number of students getting A or B in algebra class 

is given by the equation y = .25x where x is the total 

number of students taking algebra. If 40 students earned 

an A or B in Algebra last year, how many total students 

were enrolled? 

I:  So how did you get 80 for that one? 

S:  Just times the 40 students times 2, because thereôs 

always a half that doesn't get the full stuff done, pretty 

much thereôs so many students and then, it divides how 

many students get an A or a B. 



Dissertation Study: Results 

ÅWhen asked to name the easiest problem they 

solved, students usually chose a personalized 

problem (82% of time). 

 

 

 

ÅStudents most often named abstract and generic 

problems as most difficult. 

ñWell, that made me remember what I worked 

on, so I did what I usually do at my work.ò 

ñIt didnôt give much information, and it's not interesting. Like, 

when the problem is interesting you want to figure it out because 

youôre curious to find outé youôre not just doing because youôre 

asked to do a question.ò 



Dissertation Study: Results 

ÅMore concrete problem types elicited more 

informal strategies and fewer no response errors. 

N=33 N=64 N=71 N=153 



Dissertation Study: Results 

ÅMost students (79%) did not use equation solving for 

start unknowns, even though they were explicitly 

required to write symbolic equation. 

ïFor scenarios like   275=4x+175, used 

informal/invented arithmetic strategies, especially 

for story problems. 

 
You have 175 songs downloaded onto your iPod from Limewire 

and iTunes. You download 4 more every week. If you have 275 

songs, how many weeks have passed? 



Dissertation Study: Results 

ÅDifferences found between symbolic 

representation by itself, versus with a story that 

is purely ñdecorative.ò 
 

 

 

 

 

 

vs. y = 4x + 175 

The distance a machine called the Crawler 

has traveled from its hangar is given by the 

equation y= 4x+175, where x is the 

number of seconds the machine has been 

moving. In how many more seconds will 

the Crawler reach the launching pad, 

which is a total of 275 feet from the 

hangar? 



Dissertation Study: Results 

ÅThese problems had the highest success rates (61%), 

however when asked to interpret the parameters of 

the equation in terms of the story, students had little 

success. 

 

 

 

 

 

 

The distance a machine called the Crawler 

has traveled from its hangar is given by the 

equation y= 4x+175, where x is the 

number of seconds the machine has been 

moving. In how many more seconds will 

the Crawler reach the launching pad, 

which is a total of 275 feet from the 

hangar? 



Dissertation Study: Results 

ÅThese problems had the highest success rates (61%), 

however when asked to interpret the parameters of 

the equation in terms of the story, students had little 

success. 

 

 

 

 

 

 

The distance a machine called the Crawler 

has traveled from its hangar is given by the 

equation y= 4x+175, where x is the 

number of seconds the machine has been 

moving. In how many more seconds will 

the Crawler reach the launching pad, 

which is a total of 275 feet from the 

hangar? 

ñIt could have already 

started at 4 feet... and 

175 could equal the 

time it took for it to go 

4 feet.ò 



Dissertation Study: Results 

ÅStudents used ñnon-coordinativeò approaches (12-

28% of time) to solve story problems, such as 

randomly plugging in numbers, seeking an answer 

that ñlooked right.ò 

An object moves at 

1500 mph. It has 

already moved 500 

miles. How far will it 

have moved total 30 

minutes from now? 

I: Can you tell me what you think this 

story is about?  

S: I have no idea. So, if it moves at 

one thousand five hundred miles per 

hour, that meanséso I think I would 

just divide 500 and 30. Iôm not sure. 

Alright, so 16. So maybe for that one, 

16 miles? 



Dissertation Study: Results 

ÅSense-making is impacted by new socio- 

mathematical norms relating to standardized tests. 

ñAnd I was just putting in 43 times .23. I came up with 9.89 so that doesnôt work. 

Because I think itôs trying to find, like, how many minutes she can be on the phone 

to add up to 7.87. Iôm gonna go with (d) because it says if her bill was 38.13 

dollars, and itôs trying to find how many minutes sheôs talking and so you just 

divide it by .23, and I came up with 165.7 minutes.ò 



ÅSample size of 24 students 

ÅOnly one content area of story problems (linear 

functions) 

ÅInterview setting is not perfectly matched to either 

classroom setting or standardized test setting 

ÅReadability level of problems not systematically 

analyzed 

Dissertation Study: Limitations 



Dissertation Study: Implications (RQ#1) 

 
 
 
 
 

 

 

 

 

 

 

 

 

ÅCurricula & assessments using traditional story problems not 

always related to participation in applied mathematical activity 

ÅPush beyond thinking of problems as ñcontextualizedò or ñnot 

contextualizedò ï how do different types of contextualization 

mediate participation structures? 

ñTransfer Problemò Accessibility 

1. Problems unrealistic/ambiguous 

2. Students use non-coordinative 

approach cued by school setting 

3. Stories misrepresent use of  key 

concepts & representations; 

students misunderstand use 

1. Verbal Facilitation: Students 

struggle to interpret stories & 

form situation model from text 

2. Situation Facilitation: Students 

rarely use RWK & use non-

coordinative approaches 



ÅReasoning about familiar quantities has a place in algebra 

instruction - increased access & motivation 

ÅHowever, need other approaches to making math relevant 

to studentsô lives to better match school versus ñreal lifeò 

participation structures (i.e. Chazan, 1999): 
ïExtended experiences modeling with mathematics 

ïMultiple interpretations, strategies, representations valued 

and compared in explicit discussion 

ïAssessment more in line with this type of contextualization 

Dissertation Study: Implications (RQ #2) 



ÅDevelopment of flexible choice of conceptual frames 

should be explicit focus of algebra instruction 
ïFunction as action, process, object (Briedenbach et al., 1992) 

ïVariable as fixed unknown, set (Chazan, 1999) 

ïArithmetic and algebraic methods (Koedinger & Nathan, 

2004) as having complementary strengths 

ÅAlgebra instruction should promote the adoption of 

more productive epistemological frames 
ïUse & understand representational tools in ways valued in 

other social systems 

ïIncreased understanding of how algebra can be used as a 

tool to model the world 

Dissertation Study: Implications (RQ #3) 



Research Activities 

Dissertation Study 

Manuscript 1: 
Justifications for 

Contextualization 
(AERA 2010 & Learning 

and Instruction) 

Manuscript 2:  
Impact of 

Personalization  

(AERA 2011) 

Manuscript 3: 
Conceptions of 

Ȱ&ÕÎÃÔÉÏÎȱ Ǫ Ȱ6ÁÒÉÁÂÌÅȱ 
(NCTM 2011) 

Computer Study 

Manuscript 1: 
Impact of 

Personalization  in 
Cognitive Tutor  

Manuscript 2:  
Impact of Readability 

Level in Cognitive Tutor  

UTeach  Classroom 
Observation Study 

Manuscript 1: 
Pilot of 83 

observations 
(Teacher Educator) 

 

Manuscript 2:  
350 observations 

(In Gates/MET 
Project Report being 

released this Fall) 

The Future (U-W) 

Tangibility for T&L of 
Mathematics Study 

IDIOM Study on Math 
Reasoning/Proof 



End of Presentation 
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Problem Types 

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 hanger, moving toward the 

launching pad. 

Normal + 

Equation 

The distance a machine called the Crawler, travels in feet is 

given by the equation y = 4x+75, where x is the number of 

seconds that have passed.. 

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 minute that you play. 

Generic An object is moving at 4 feet per second, and has already 

moved 175 feet. 

Abstract y=4x+175 



Problem Parts 
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 hanger, moving toward the launching pad. 

Result 

Unknown 

How far will the Crawler be from the hanger in 30 

more seconds?  

Result 

Unknown 

How far will the Crawler be from the hanger in 2 

more minutes?  

Write 

Equation 

Write an algebra rule that represents this story using 

symbols.  (What do each of your symbols mean?) 

Start 

Unknown 

In how many more seconds will the Crawler reach 

the launching pad, which is a total of 600 feet from 

the hanger? 



ÅPalm (2006) describes these elements as ñthe aspects of real-

life situations considered to be important in their simulation.ò   

0ÁÌÍȭÓ &ÒÁÍÅ×ÏÒË ÆÏÒ !ÕÔÈÅÎÔÉÃÉÔÙ 

A. Event F. Circumstances 

B. Question  F1. Availability of external tools 

C. Information/data 

 C1. Existence 

 C2. Realism 

 C3. Specificity 

 F2. Guidance 

 F3. Consultation and collaboration 

 F4. Discussion opportunities 

 F5. Time 

D. Presentation 

 D1. Mode 

 D2. Language 

 F6. Consequences 

G. Solution requirements 

H. Purpose 

E. Solution strategies 

 E1. Availability 

 E2. Experienced plausibility 

 H1. Purpose in the figurative context 

 H2. Purpose in the social context 



Dissertation Study: Participants 

Å24 students and 1 teacher from urban Texas school 

that had been rated ñAcademically Unacceptable.ò 

ÅRegular-level algebra classes of 1 teacher (53%) 

Å54% (65%) Hispanic, 33% (22%) White, 13% 

(11%) African-American 

ÅEconomically Disadvantaged: 79% (75%) 

Å62.5% passed math TAKS (62%) 

Å79% passed reading TAKS (80%) 



Dissertation Study: Method 

ɆCoding categories also developed for student 
responses to pre-determined questions: 

Pre-Determined Questions 

Why do you think you learn about algebra in 9th grade? 

Why do you think you learn about story problems? 

What is the purpose of representing a story with a symbolic 
equation? 

How do you use math in your everyday life? 

Where do you see and have to deal with numbers? 

Which of the problems you solved did you find easiest/hardest?  
Why? 



Dissertation Study: Results 

Coding Category Alternate Hypothesis p-value Direction? d 

Non-Coordinative 

Approaches 

Not use non-

coordinative> Use non-

coordinative 

0.631 

(NS) 

yes 0.21 

Verbal Interpretation  Many verbal issues < 

few verbal issues 

0.405 

(NS) 

no 0.32 

Activate RWK 

Productively 

Use real world > other 

students 

0.257 

(NS) 

no 0.67 

Informal Strategies Informal strategy 

students < other 

students 

0.110 

(NS) 

yes 0.78 

Equation Solving Equation solving 

students > other 

students 

0.458 

(NS) 

yes 0.25 

Welchôs t-test (two samples with unequal variance) ï Bonferonni correction applied ï Cohenôs d 


