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Carnegie Learning 
Quick Facts 

We provide innovative, research-
proven Grade 6 through Algebra 
II mathematics 

Product suite is completely 
aligned with CCSS and are 
consistent with the Standards for 
Mathematical Practice   

Over half a million students in 
2,000 school districts across the 
country 



•  $6 million study funded by US DOE shows 
Carnegie Learning nearly doubles student math 
gains 

•  Co-founder John Anderson recognized by 
National Academy of Sciences 

•  Continually study how real students and 
practitioners engage with mathematics 

•  25 years of data and millions of students 

25 years of research 



MATHia Implementation 

Blended implementation 

Software used 2 days/
week 

Text, collaborative 
activities 3 days/week 

Parallel tracks 
Teacher-paced classroom 

Student-paced software 



Effectiveness at scale 
•  Gold Standard study 

•  Funded by US Dept. of Education 
•  Competitive application 

•  Conducted by RAND Corporation 

•  Algebra 1, blended implementation 

•  Randomized by school 
•  Schools paired prior to randomization 

•  Within site: school size, race, FRL, ELL, etc. 

•  McGraw-Hill Acuity prealgebra pretest, algebra posttest 

•  Middle and High Schools 

•  All schools in study for 2 years (2 cohorts) 

•  No significant difference in first year; significant 
improvement in second year 



Cognitive Tutors 
Modeling at the knowledge component level 



Learning results from 
what the student does 
and thinks and only from 
what the student does 
and thinks. The teacher 
can advance learning 
only by influencing what 
the student does to 
learn. 

Guiding principle 

Herb Simon 



Cognitive Tutor 
principle 

The more we understand about 
how students think and learn, the 
better we can help them think and 
learn 



Intelligent Tutoring Systems 



MATHia Adaptation 

!  Model Tracing: 
!  Tracks and provides feedback on individual student strategies 
!  Provides Immediate feedback at each step through a solution 

!  Diagnoses misconceptions leading to error and presents feedback 
to correct the misconception 

!  Knowledge Tracing: 
!  Tracks students growth in knowledge at a low level 
!  Picks problems for each student, based on individual student needs 
!  Zone of proximal development 

!  Continuous formative assessment: 
–  Each step is assessed and contributes to our knowledge about the 

student 
–  Teacher reports emphasize areas that they can work on with students 
–  Assessment is part of instruction 
–  Mastery learning drives pacing and problem selection 

Cognitive  
Model 



Model Tracing 
Students solve problems in different ways 

To know what the student is thinking, you need to understand the process, 
not just the answer 

Show your work 



Student strategy 1 Kevin Gluck 



Student strategy 2 



Knowledge tracing 

What is learned? Knowledge 
components! 



Learning curve 



Splitting knowledge components 



Using data to 
understand teaching 
with technology 

•  Online developmental math 
•  University of Phoenix 

•  Two course sequence 

•  MATHia required 
•  Adaptive, mastery-based instruction 

•  Contextual hints and immediate feedback 

•  Unlimited access to tutor.com (TDC) 
•  16,000+ students 
•  Complete logs of: 

•  Student interactions with software 

•  Chat dialogs through tutor.com 



Human tutors are 0.79 sigma more 
effective than no tutoring and not the 2.0 
sigma found in the Bloom (1984) studies. 
The second surprise is that step-based 
tutoring is almost as good as human 
tutoring, with a 0.76 mean effect size.  

vanLehn (2011) 

Systems approach 
What if humans and ITS work as as partners? 



Human resources are both 
under-used and over-used 

80% of students 
never use TDC 

1% of students use 
42% of TDC time 



Intelligent handoffs between 
teachers and ITS 

1.  Why do students access human assistance? 

2.  What human assistance is most effective? 
– How can we help teachers to be more efficient in helping 

students. 



Q1: Why do students request 
human assistance? 

A: Not just because they’re stuck 



Information v. Affirmation 

•  Information video •  Affirmation video 



Information v. Affirmation 

•  Tutor Hi. How can I help you today?      
•  Student: hello I am stuck on  a problem I will 

load it so you can see      
•  Student: I just need to know how to type the 

expression in the answer box      
•  Tutor: Okay, you need plug 4.2 in 1/2h(6+4) 
•  4.2 is height right?      
•  Student yes i'm going to try it       
•  Student 4.2 goes where      
•  Tutor in h. since 4.2 is height      
•  Student: would it been in ()      
•  Tutor it will be 21  
•  1/2(4.2)(6+4) =21      
•  Student: ok got cha      
•  Tutor: so, that is it. 

•  Tutor: hi! what can I help you with today?      
•  Student: Do you know how to do a factor 

table?      
•  Tutor: Hmm I am familiar with it. Is there a 

problem that you wanted to go over, that you 
could write on the board for us?      

•  Student This looks like an easy one, but I am 
not sure so I just want to make sure I 
understand this correctly   

•  Student: To check this table is all you do 
multiply the top row by the 7x and see if it 
matches the bottom row? Is this right? 

•  Tutor: Yeah everything looks good to me. Great 
job!     

•  Student: I was hoping that I did this right. 



Factors provided by MATHia 

•  Cognitive: 
– Hints 

– Errors 

– Timing 

– Skill mastery 

•  Non-cognitive 
– Boredom 

– Frustration 

– Confusion 

– Engaged concentration 

– Carelessness 

– High-level motivation 
•  Gaming the system 
•  Off-task 



Q2: What kind of assistance 
helps students? 



TDC users are more likely to complete the course 

χ2(1) = 76.4, p < .001  
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Conclusion: Building 
recommendation systems 

•  Intelligent Tutoring Systems are very effective, but they will not 
replace teachers 

•  Teachers have both cognitive and affective influence 

•  Better understanding of what leads students to ask for 
assistance and about what ITSs can tell teachers will improve 
the teacher/ITS instructional system 


