
Motivations 

This is the first math class to use a flipped 
model at CSULB, so we wanted to 
compare and contrast student 
performance in the conventional 
classroom model versus the flipped 
classroom model.  

Introduction 

We will be using Markov Chains to analyze 
grade trends between both flipped and 
conventional Linear Algebra classes. 

 

Method 

We used grade data from both class 
models to track the performance of 
individual students throughout the class. 

We used this information to create 
stochastic matrices for test grades and 
overall grades for both the flipped and 
conventional models.  This will serve as 
the matrix P in the Markov Chain. 

Probability Vectors and the 
Stochastic Matrix 

Note in this example that 5 
students scored an A on test 1. Of 
those 5, 2 scored A’s on test 2, 2 
scored B’s, and 1 scored a C. 

This data is represented with the 
vector <2/5, 2/5, 1/5>. 

This type of vector, where all of 
the entries are nonzero, and add 
up to 1, is called a probability 
vector. 

Similar vectors are made for the B & C 
grades, and these vectors are placed in a 
matrix 

A matrix whose columns are made up of 
probability vectors is known as a 
Stochastic Matrix.  

This example is based on the above data 

The experimental Stochastic Matrices 
were derived from three data points 
representing test scores and cumulative 
grades. The average of these matrices 
were used in the final calculations. 

For xi , we used the last 
known grade 
distribution for the 
flipped class and placed 
them into a vector with 
each letter grade 
corresponding to a row. 

Results 

Resulting predictions based on flipped grade trends 
• Mode of B 
• Average grade of 2.2 

 
Resulting predictions based on conventional grade trends 

• Modes of C & D 
• Average grade of 2.01 

Conclusion 

The data suggests that a student enrolled in a 
flipped class will tend to score higher on average 
than in a conventional class. 

Addendums 

With our limited amount of data we were not 
able to create a conclusive statement about the 
distribution of grades in the flipped classroom. 

It should also be noted that the withdrawals 
were counted as fails, which contributed to the 
high number of F's for both classes. 
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Markov Chains 

A Markov Chain is a method used to 
predict future outcomes in a trending data 
set.  
 

The Markov Chain is generalized by the 
equation Pxi= xi+1.  P is a stochastic matrix, 
which depicts data migration between 
domain values, xi is the last known data 
set, and xi+1 is the data set to be predicted. 

Calculations 
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