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Every aspect of our lives, from life-saving disease 
treatments, to national security, to economic stability 
and even the convenience of selecting a restaurant, 
can be improved by creating better data analytics 
through Data Science.

to  
education,
personalized



Talk Outline
• About E2Coach

o What is it? How does it work?
o Stats 250 Example Messages and Tools
o Changes from F13 to W14
o General Feedback

• Data Analyses
Estimating the Effect of E2Coach on Performance 

(F13/W14)

• Current Status
o EZCoach
o Sp14 No E2Coach Experiment  F14 E2Coach

• Questions



E2Coach
• E2Coach (Electronic Expert Coach) = web application 

that advises students through courses by delivering 
personalized messages and normative data graphics.

• Brings public health insights about motivation and 
behavior change to education.

• Implemented in large courses so students can receive 
more individual attention.

It allows us to say what we would like to say to each 
if they sat down with us for an expert coaching session.



E2Coach: Quick Video Intro

http://youtu.be/0oxXjEfCLvc



E2Coach: How does it work?

www.educause.edu/ero/article/e2coach-tailoring-support-students-introductory-stem-courses

Key Stats E2Coach Team members:
Omar Chavez, Patricia Chen, Brenda Gunderson 

Barsaa Mohapatra, Karen Nielsen, Eujain Ting, Jared Tritz



STEM Classes  F13/W14



The Stats 250 Class

• Intro to Stats & Data Analysis, 
one term, 4-credit course in applied statistical 
methodology from analysis-of-data viewpoint. 

• 3 hours of lecture, 1.5 hour computer lab weekly

• Enrollments: ~1700 students/term

• Coordinated: 6 lecture sections (~300 students), 
~60 computer labs (30 students)

• Mostly social-science sophomores, 
taking required course for major or a requirement.  



E2Coach Participation

• Enrollment was voluntary

• Two short surveys to sign up 

• Promo video shown in class to 
highlight purpose and perks 

Fall 2013: 1701 Students Winter 2014: 1735 Students

1386 (81.5%) Enrolled 1381 (79.6%) Enrolled



What do we tailor on?
• Knowledge of course and its structure

• Input from gradebook: HW scores, Lab Work, Exams

• Input from students
o Desired and expected grades

o Planned effort

o Self-efficacy, confidence, approaches to course

o Goals and interests

o Learning Styles Survey

o Resources Used

o Amount of Sleep



Unique Data Gathered:
Data on Learning Styles

Learning Styles and Strategies by: Felder, R.M., and Soloman, B.A. (n.d.). 
http://www.ncsu.edu/felder-public/ILSdir/styles.htm



Unique Data Gathered:
Data on Resources Used



Unique Data Gathered:
Data on Amount of Sleep



“Get Things Done” Lists



Messages

• Welcome
o Tips for class success

• Progress• Exam Related
o Preparation
o Results
o Reflection

• Try It! 
o Introduction of tools

• Surveys
o Learning styles
o Feedback



Progress Messages - Advice



Progress Messages - HW Data



Exam Messages - Reminders



Exam Results Messages



Where do I Stand? Grade Prediction



Where do I Stand? Grade Calculator



Students Coach Themselves
After first exam, students were asked to take time to reflect on 
their study habits. What would you do differently next time?



What would you do differently next time?
presented advice back when time to study for exam 2

- Go to office hours!

- Ask ANY questions on ANY topic you are unsure of at all.

- I want to do at least one stats problem every day. 

- Spend more time on each problem the first time through.

- I will start studying AT LEAST a week in advance. 
STOP WAITING UNTIL THE LAST MINUTE!

- I would like to set aside specific blocks of time for 
preparation in the two weeks prior to the exam.

Students Coach Themselves



Try It! Tools for Practice

Name That 
Scenario

and 

Problem Roulette



Name That Scenario



Problem Roulette





Students: What’s the Best Thing about E2Coach?

• Practice (Problem Roulette and Name That Scenario Applets)
Problem Roulette and Name that Scenario were especially helpful for practice problems, 
and guiding my studying for the final exam in particular. Great review tools!

• Grade Prediction
I liked the grade updates to see my progress and how I needed to adjust my study habits.
It was awesome to have information about how I was doing in the class automatically.

• Reminders
I liked all the reminders to do certain tasks.
It kept me on track.

What would you change? “nothing” or wanted “more.”

But … Does E2Coach Really Help Students?



Changes from F13 to W14

• Randomized controlled experiment 
with respect to the tailoring level

• As students signed up for E2Coach, alternated 
assignment to either HIGH or LOW tailoring level

• All messages present personalized information 
to HIGH, general information to LOW



Progress Message: High

● Personal name

● Report on their 
lab attendance 

● Student advice 
matched by sex

● Own GSI sharing



Progress Message: Low

● No name

● No reporting 
on lab attendance

● No student advice

● Lab make up 
form image and 
no reference to 
own GSI



W14 Experiment Results and Thoughts

• High Tailor Group was compared to Low Tailor group 
• Comparisons with like groups (based on usage level)

High Tailor / High Usage vs Low Tailor / High Usage
High Tailor / Med Usage vs Low Tailor / Med Usage 
showed no significant difference in course grade

• We were still NEW at this …
still learning about what students are sensitive to … 
need more data



Analysis Outline

● Definitions
● Estimating the Average Treatment Effect

○ Comparisons with ECoach Registered Participants
○ Comparisons with Non Ecoach Registered Participants



Definitions
● Ecoach Registered Student 

● Usage Ratio

● Low Group

● Medium Group

● High Group

● Propensity score

● Prognostic score

● Fullmatch 

● Response Variable - Final Course Grade



Outline of Analysis: 
Estimating Average Treatment Effect

1. Identify a treatment group and a control group
2. Estimate propensity score
3. Estimate prognostic score
4. Create the dissimilarity matrix with the 

mahalanobis distance
5. Find a full match (with restrictions on the propensity 

score)  using the R package, optmatch (Hansen and Klopfer)

6. Estimate average difference for the matched sets with 
alpha = 0.05 using xBalance (Hansen, Bowers and Fredrickson)



Selecting Groups

We split students into 4 groups:
1. Non ECoach registered students
2. Low group (bottom third usage ratio values)
3. Medium group (middle third usage ratio values)
4. High group (upper third of usage ratio values)

Note: Groups 2 - 4 are ECoach registered students



Selecting Groups

● Who are the ECoach registered students?
○ All students that completed the required ECoach 

Common Survey and also completed 
the required Stats specific Survey

○ These students were eligible to receive messages

● Who are the Non ECoach registered students?
○ The students that did not complete the two surveys
○ These students were not eligible to receive messages



Selecting Groups by messages read
● Usage Ratio (UR) 

= (# opened by student i) / (# released to student i)
e.g. if Mike read 13 messages out of 23 that were released his UR = 13/23 = 0.565

● Cutoff identified by quantile: q1/3 and q2/3

● Fall 2013
○ Low User UR in (0, 0.318]
○ Med User UR in (0.318,0.545]
○ High User UR in (0.545, 1]

● Winter 2014
○ Low User UR in (0, 0.409]
○ Med User UR in (0.409,0.615]
○ High User UR in (0.615, 1]



Distribution of Usage Ratios



Comparisons for Fall 2013 and Winter 2014

Treatment Control

high medium

high low

high non-registered

medium low

medium non-registered

low non-registered

We could just do a two-sample t-test and be done -- right?



On to matching...
● General rule: want to only use data that was 

available at the beginning of the term (before 
treatment) or at least could have been known at 
beginning of term but was collected over term.

● Matching on variables that can be affected by 
treatment can cause bias in an estimate of 
treatment effect - in particular, if you are matching 
on a variable related to the outcome of interest. 
(Steiner, Cook, Shadish, Clark, 2010)

● Students that register give us lots of data!
● Students that did not register have less data -

unfortunately...



On to matching...

Data available for all students: 
● Academic Level
● Index of Learning Style Dimensions (Felder, R.M., and Soloman, B.A.) 

Active/Reflective
Sensing/Intuitive 
Visual/Verbal
Sequential/Global 

● University of Michigan GPA
● Gender



On to matching...
Data available for ECoach registered Students = 

Data available for all students + more!
● Goal Grade
● Confidence in Academic 

Ability
● Subject Interest
● Confidence in Ability to 

Achieve Goal Grade
● Expected Frequency 

of OH Attendance
● Expected to have a study 

partner (yes or no)
● Major Declared
● Number of Semesters 

Completed
● Age

● Is student employed 
(FT, PT, no)

● Involved in Greek Life 
(yes or no)

● Involved in Sports 
(yes or no)

● Involved in Religious 
Activities (yes or no)

● Involved in Research 
(yes or no)

● Involved in Volunteering 
(yes or no)

● Involved in Music/Art 
(yes or no)

● Involved in Other 
Activities (yes or no)

● Post College Plans 
(job, grad school etc)

● Highest Level of 
Parent Education

● High School 
Cummulative GPA

● College (Nursing, 
LSA, Engineering, etc)

● Time_expectation 
for class

● Major



On to matching...
● Rather than match on covariates directly we collapse data 

into two scalars that we estimate based on observed data
○ Propensity Score – estimate of the probability an 

experimental unit (in this case a student) will elect to 
be part of the treatment group

○ Prognostic Score - Similar to propensity score 
but rather than estimate the probability of treatment 
assignment, it is an estimate of the outcome of 
interest (Final Course Grade)

● We found propensity scores use the same information 
differently than do the prognostic scores 
…more about this in a few slides



Propensity Scores
● Suppose subject Ti is a member of the treatment group 

with response g(Ti) (Final Course Grade), 
and subject Cj is a member of the control group 
with response g(Cj) (also Final Course Grade)

● Both Ti and Cj have the same propensity score prop(x) 

● Also assume there are no confounding variables

● Under these assumptions, E[g(Ti) - g(Cj)] is an unbiased 
estimate of the treatment effect
that is, the average difference, g(Ti) - g(Cj), is unbiased

● We used the largest complete set of variables available 
for both treatment and control groups



Propensity Score - how to calculate them...

1. Identify the treatment and control groups to compare.

2. Label treatment observations 1 or “T” and control 
observations with 0 or “C” - this is not explicitly in the 
data.  We must make this designation.

3. Build a model that estimates the probability a 
particular subject falls in the treatment group.  
We used Random Forest classifier but logistic regression 
also popular.

4. The estimated probabilities are the Propensity Scores.



Prognostic Scores

Prognostic Scores are somewhat similar to propensity scores 
with a few key differences.  Just as before:

● Suppose subject Ti is a member of the treatment group with 
response g(Ti) (final course grade), Cj is a member of the 
control group with response g(Cj) (also final course grade)

● Both Ti and Cj have the same prognostic score prog(x)

● Also assume there are no confounding variables

● Under these assumptions, E[g(Ti) - g(Cj)] is also 
an unbiased estimate of the treatment effect



Prognostic Scores - How to calculate them...

● Rather than use both treatment and control subjects to 
model the response, we use only the control group to 
model the response, g(Cj|X).

● Use model built with data from control group to predict 
g(Ti|X) for all the members of the treatment group.

● Set of predicted response values are the Prognostic Scores



Information used by the propensity and 
prognostic score - variable importance

Propensity Score Prognostic Score

● Learning Style scores (all four 
dimensions)

● Gender

● Number of Office Hours 
Expected to Attend During the 
semester

● Time expected to spend 
studying for the class at the 
beginning of the semester

● Goal Grade

● Confidence in One’s Ability to 
be Academically Successful

● Active/Reflexive and 
Visual/Verbal

● GPA



Still working on getting a good matching...

● After computing both the prognostic and propensity scores, 
every observation in the treatment and control groups has 
an ordered pair associated with it

(prop(x), prog(x))

● We then use R packages, optmatch, to create a full 
matching between members of treatment and control group

● But wait! propensity scores are in (0,1) and our prognostic 
scores are roughly in (65,97) - how to deal with this 
imbalance in the scale?



Computing Distance

● optmatch computes a Mahalanobis distance rather than Euclidean 
distance between observations

● Definition: Let X1 and X2 be two random vectors, then the 
Mahalanobis Distance between X1 and X2, denoted d(X1,X2) is:

d(X1,X2) = ( (X1 - X2)T S-1 (X1 - X2))1/2

where S is the covariance matrix of the components of X.

● Recall that in our case, X1 and X2 would be 2 component vectors: 
(prop(x), prog(x))



Saving the Distance Information

The dissimilarity information is 
then saved in a matrix as follows:

Suppose we have n treatment and 
m control observations, then 
the “dissimilarity matrix” we use 
is an nxm matrix whose i,jth entry 
contains the mahalanobis distance 
between treatment observation i
and control observation j. 

Dissimilarity Matrix

... Control 
Unit j

...

Treatment 
Unit i

d(xi,xj) ...

... ... ...



Full Match

● Informal Definition: full match is a matching method whereby 
a sample is subdivided “...into a collection of matched sets 
consisting either of a treated subject and any positive number 
of controls or a control subject and any positive number of 
treated persons.” (Hansen 2004) 

● Characteristics of full match: “Among matching techniques for 
observational studies, full matching is in principle the best, 
in the sense that its alignment of comparable treated and 
control subjects is as good as that of any alternate method, 
and potentially much better. “(Hansen 2004)

For details see “Optimal full matching and related designs via network flows” 
(Hansen 2006)



Results: ECoach Registered Students Only

Semester Comparison
estimated 
difference

p-value
95% 

Confidence 
Interval

sample 
size

n 
omitted 

from 
match

Fall 13 High - Low 2.89** 7.6e-5 (1.48, 4.32)
H = 409
L = 445

H = 1
L = 25

Fall 13 High - Med. 1.268* 0.015 (0.25,2.32)
H = 409
M = 410

H = 3
M = 10

Fall 13 Med. - Low 1.21* 0.061 (-0.05, 2.48)
H = 410
M = 445

M = 4
L = 12

Winter 14 High - Low 3.77* 2.3e-6 (2.24,5.29)
H = 429
L = 455

H = 0
L = 55

Winter 14 High - Med. 1.92* 0.0012 (0.77,3.06)
H = 429
M = 449

H = 7
M = 16

Winter 14 Med. - Low 1.62** 0.0614 (-0.33, 2.82)
M = 449
L = 455

M = 4
L = 29



Results: ECoach Users vs. Non-Registered Students

Semester Comparison
estimated 
difference

p-value
95% 

Confidence 
Interval

sample size
n omitted 

from 
match

Fall 13 High - Non 3.26* 2.7e-6 (1.94,4.58)
H = 336

Non = 303
H = 2

Non = 1

Fall 13 Med - Non 2.54* 8.9e-5 (1.29,3.78)
M = 381

Non = 303
M = 3

Non = 2

Fall 13 Low - Non 0.62* 0.36 (-0.70, 1.94)
L = 470

Non = 303
L = 0

Non = 0

Winter 14 High - Non 4.62* 3.8e-7 (2.90,6.34)
H = 432

Non = 312
H = 5

Non = 7

Winter 14 Med - Non 2.33* 0.01 (0.56,4.09)
M = 439

Non = 312
M = 0

Non = 8

Winter 14 Low - Non 0.83* 0.407 (-1.14, 2.79)
L = 450

Non = 312
L = 0

Non = 0



95% Confidence Intervals 
for Average Improvement in Final %



Meet Samantha ~ an average student
● Samantha is an average student that exists in two universes

● Universe 1: Samantha is taking STATS 250 during W14 term 
BUT in universe 1 there is no ECoach

● Universe 2: She is also taking STATS 250 but Ecoach exists 
and she is totally excited about receiving messages from 
Dr. Gunderson and reading other students testimonials. 
Her Usage Ratio = 0.85 (read 85% of released messages)

● Universe 1: expected grade is 89.4% (an A-)

● Universe 2: would expect her to score 
~ 89.4 + 4.62 = 94.02% on average (an A)

● Better to be in Universe 2 in her case!



Sp14: No E2Coach, 
but Interesting Experiment …

•Ran a controlled experiment to test an intervention 
developed by Patricia Chen (UM Psychology PhD Student)

• Intervention gets students to choose strategically among 
available class resources to plan their exam preparation

• Total number of participants in study = 137

• Out of 100 percentage points, students in Treatment Group 
scored an average of 3.7 percentage points higher than 
students in the Control Group (Mt = 87.9% vs. Mc = 84.2%), 
t (df = 132) = 2.48, p = .0145, and a 95% CI of (0.749, 6.67)

• Basis for expanded work in current F14 using EZCoach



F14: EZCoach + Canvas + 
Expanded Spring Experiment



F14: EZCoach + Canvas + 
Expanded Spring Experiment



F14: EZCoach + Canvas + 
Expanded Experiment (from Spring)



http://www.boozallen.com/content/dam/boozallen/media/file/The-Field-Guide-to-Data-Science.pdf

Requires a team

Art + Math + Code 
+ Sweat + Tears

Don’t forget to Play!



The Stats 250 E2Coach Story 
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The Stats 250 E2Coach Story

Thank you!  Questions?

Brenda Gunderson 
bkg@umich.edu 

Omar Chavez 
odchavez@umich.edu
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