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ND Learning Analytics Infrastructure 
●  One Application Load Balancer for  

balancing the traffic load to Open 
LRW 
 

●  One Application Load Balancer for 
balancing the traffic load to Open 
Dashboard 
 
 
 



Open Dashboard Application 
●  Open source Java-based web application framework for visualizing student 

activity in a course 
●  LTI compatible 
●  Instructor facing 
●  Installation requirement: 

○  Recommended operating system is GNU/Linux (Debian/Ubuntu/RHEL) 
○  Git 
○  Java Development Kit 8 
○  Maven 3 
○  MongoDB 2.6+ 

●  Open Dashboard Github Repository 

 

 



ND Open Dashboard Implementation 
●  Open Dashboard (test):  

○  One t2.medium instance running 
Amazon Linux AMI 

○  T2 instances are low cost with 
burstable CPU performance 
abilities 

○  T2.medium offers 2 vCPUs and 
4GB of RAM 

○  Amazon Linux AMI is supported 
and maintained by AWS 

○  Future prod environment: deploy 
Auto Scaling group policy 

 
 
 



Open LRW Application 
●  Open source Java-based Learning Record Warehouse for event capturing 
●  xAPI / Caliper compatible 
●  Ability to capture events from multiple sources 
●  Installation requirement: 

○  Recommended operating system is GNU/Linux (Debian/Ubuntu/RHEL) 
○  Git 
○  Java Development Kit 8 
○  Maven 3 
○  MongoDB 2.6+ 

●  Open LRW Github Repository 

 

 



ND Open LRW Implementation 
●  Open LRW (prod) with auto scaling: 

○  Minimum: one t2.medium instance 
running Amazon Linux AMI 

○  Maximum: two cross zones 
t2.medium instances running 
Amazon Linux AMI 

○  Scaleup: add 1 instance when  
70%<=  CPU Utilization < +infinity  

○  Scaledown: remove 1 instance when 
-infinity <= CPU Utilization < 20% 

○  Load testing: 175 requests/second 
 
 
 



ND MongoDB Implementation 
●  MongoDB Cluster 

○  One primary and two secondary 
nodes 

○  Three cross region nodes for high 
availability 

○  Each node has two vCPUs, 4GB 
RAM, and 20GB Storage 

○  MongoDB 3.6 
○  Running in MongoDB Atlas VPC and 

isolated from public network 
○  Current storage usage: 468.24MB 

for 19,268,731 statements 
 
 



Sakai xAPI Provider Application 
●  Provides support for Sakai to work with Open LRW 
●  Registers activity statements in Sakai 
●  Sakai then sends the xAPI statements to the connected Open LRW 
●  Allows you to configure from which tool you want to capture the activities into 

Open LRW 
●  Sakai xAPI Provider Github Repository 

 



Ability to capture student online learning 
activities from Sakai in real-time  

After implementing Open LRW, MongoDB, and Sakai xAPI Provider 



Activity 
Statement 



Sample Activity Statement from Sakai 
This statement describes 
that “Xiaojing Duan” 
submitted and scored 
“10.0” points on the 
“Introduction” assessment 
at 13:54:53 on 
2017-06-26.  

  



Sample Visualization of Data from Sakai 

Sample bar chart shows different students’ scores on the “Introduction” quiz. 



Sample Activity Statement from H5P 
This statement describes that 
“Xiaojing Duan” answered the 
“H5P True or False Example: 
Climate and Natural 
Vegetation” question and 
scored “1.0” point at 18:47:45 
on 2017-05-26. 

(H5P is a tool for creating and 
delivering rich and interactive 
learning objects. ) 

 

  



Sample Visualization of Data from H5P 

Sample radar chart shows different students’ scores on different H5P questions. 



Sample Activity Statement from Kaltura 
This statement describes that 
“Xiaojing Duan” watched 50% 
of the “Video1-Introduction” 
at 16:12:16 on 2017-08-15. 

(Kaltura is a video platform 
for delivering and storing live 
and on-demand videos.) 

 

  



Sample Visualization of Data from Kaltura 

Sample gauge chart shows the maximum length of the “Video1-Introduction” 
watched by different students. 



Sample Activity Statement from Moodle 
This statement describes that 
“Albert Einstein” viewed the 
“Announcements” forum in 
the “Learning Analytics” 
course on the “Hello World” 
Moodle site at 
1530915989000 (18:26:29 on 
2018-07-06). 

(Like Sakai, Moodle is an 
open source learning 
management system.) 

 

  



Sample Visualization of Data from Moodle 

Sample bar chart shows the types and number of activities taken by different 
students in Moodle. 



Sample Visualization of Combined Data  

Sample bubble chart shows the total number of activities taken by different 
students on various learning platforms over time. 



Open Dashboard Demo 

This aggregated view shows the total number of activities each student had 
over time. 



Open Dashboard Demo 

This detailed view shows a student’s activity by type, time of day, and day of 
week. 



Our Initial Project: Moreau Analytics 

Challenge: How can we ensure everyone has the opportunity to thrive? 
●  98% of our first year students are retained to the second year. 
●  How can we identify and help the 2% (~40 students) who don’t 

continue?  
 
Goal: Liberate the data with our Learning Analytics process to boost every 
students’ potential to thrive (without risk of harm) in the Moreau First Year 
Experience (FYE) course. 



The Process We Followed 



Course Design in Sakai 

●  Enabled Sakai as the single hub for all the students’ work 
●  Created device-friendly Coursework page  
●  Used visual and language cues on course sites 
●  Centralized content in “Super Site” for easy maintenance 

and click recording 
●  Created custom role for instructors 
●  Embedded data collection 



Open LRW In Action 



Midterm Identification: 52 students 
 Grades Comparison Report 

 
 
 

      Early Identification: 39 students 
Weeks 1-6 Homework Deficiency Report 

 

Since 16 students appeared on both reports, our final set of at risk student was 75. 
 
 



Top Down  
Advisor 

Requests 
Appointment 

Bottom Up 
Student  

Notification 
 

Midterm Notification 
 
 

Early Notification 



Midterm Boost:  
Advisor Face-to-Face 

Data Informed Discussion 
 

Early Boost:  
Personalized Learner 

Action Plan 



Students Thrived after Boosting 



Report 



Scenario #1 
 

Program director, Instructors, Course designers:  When 
do students work on the course online?  
 
Program director, Instructors, Course designers:  What 
are the course workload rhythms for the day/week/semester 
schedule?  



Hourly Activity Count 

Hourly Activity Count by Day of Week 

Weekly Activity Count 



Scenario #2 
 
Program director:  Are instructors following the rubrics for 
grading? 
 
Program director:  Is the grading consistent across different 
sections?  
  
Student:  Is my instructor grading fairly?  





Scenario #3 
 

Program director:  Which sections had the most missed 
assignment submission ?  
 
Course designer: Which assignment had the most missed 
submission?  



Missing Submissions by Section 

*Only 119 missed submissions out of 28,742 possible submissions for the entire course 
* 



Scenario #4 
 

Program director:  Are students engaging with the course 
materials?  
 
Program director, Course designers:  Which course 
materials are most engaging?  
 
Program Director, Course designers:  What is the optimal 
timing for a selected course content? 



Clicks on Content Resources 



Scenario #5 
 

Instructor:  Who didn’t do the course readings before class? 
   
Instructor:  Does students’ class participation match their 
online preparation? 
 
 



Total Content Resource Clicks by Student 

Detailed Content Resource Clicks by Student 



Scenario #6 
 

Instructor:  Did my students watch all the required videos? 
 
Instructor:  How much of the video did they watch? 
 



Minutes of Video Watched by Student 



 

 

 

 

What We Learned 

●  Our work is scalable to other large credit-granting courses, especially the first-
year gateway courses  

●  The Sakai/Open Learning Record Warehouse/Tableau connection has allowed 
us to easily collect and analyze data and produce useful customized reports for 
administrators, instructors, advisors, and researchers 

●  The design of the course is crucial in removing student barriers to learning, 
collecting good data, and enabling analysis 

●  We can help our students thrive by utilizing learning analytics  

●  Patience is required as your knowledge and expertise grow in this area 



Challenge: “Can we help the underserved/underprepared special population 
(Science & Engineering Scholars) and also support the general population?”  

Margaret Dobrowolska, Associate Dean for Undergraduate Studies 
 

Goal: identify underperforming Science Technology Engineering Mathematics 
(STEM) students as early as possible, boost their potential to thrive, and improve 
the overall STEM retention rate 
 
 
Method: scale the Moreau Analytics process both horizontally and vertically 
 
 
 

 

Our Current Project: STEM Analytics  
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Moreau First 
Year 

Experience 

Introduction 
to Chemical 
Principles I 

All First Year 
Students  

All Science & 
Engineering 

Students 

Calculus A 
Calculus B 

Calculus I 
Calculus II 

All Science 
Preprofessional 

& Biology 

All Engineering, 
Chemistry and 

Physics 

Biology I 
Biology II 

All Science  
Pre Professional, 
Biology, BioChem 

Chemical 
Principles for 

Majors 

All Chemistry 

 
Engineering 
Physics I: 
Mechanics 

 

All Engineering 

Horizontal Scaling: Multiple STEM Courses 

Introduction 
to 

Engineering 
Systems 

All Engineering 
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Vertical Scaling: Deeper Analysis 

1 
•  Overall course performance analysis 

2 
•  Individual assessment performance 

analysis 

3 
•  Assessment Item Analysis 



 
●  Is there an achievement gap between the Science & Engineering (S&E) 

Scholars and the rest of the student population in the Introduction to Chemical 
Principle course? 
 

●  Did the treatment program boost the S&E Scholars’ performance?  
 
●  What’s the best feature for identifying the underserved and underprepared 

S&E Scholars?  
 
 

 
 
 
 

Overall Course Performance Analysis 



This dashboard compares the overall course performance between different 
groups of students.  



This chart indicates a negative correlation between the Academic Readiness 
(AR) score and the course calculated grade.  



 
●  How did the S&E Scholars perform on individual assessment in the 

Introduction to Chemical Principle course? 
 

●  Compared to other groups, which assessment did the S&E Scholars 
demonstrate a performance gap?   

 
 

 
 

 
 
 
 

Individual Assessment Performance Analysis 



This chart compares the performance gap between different groups on Exam 1. 



 
●  What is the difficulty index for each question item in an assessment? 

 
●  What is the discrimination index for each question item in an assessment?  

 
●  Do the questions demonstrate difficulty consistency between different groups 

of students?  
 
 

 
 
 
 
 

Assessment Item Analysis 



This dashboard shows the stats and distribution of Exam 1 scores.  



This graph shows the difficulty and discrimination indexes of each item in Exam 1. 
Item Analysis Reference 

  



This chart shows the difficulty index of each item in Exam 1 for the S&E Scholars. 



This dashboard shows the total attempts and correct counts for each item in 
Homework set 9. 
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THANK YOU! 
 
QUESTIONS?  

Contact information for the team: 
 
- Patrick Miller (pmiller@nd.edu ) 
 
- Xiaojing Duan (xduan@nd.edu) 
 
- Alex Ambrose (gambrose@nd.edu) 
 
- Kevin Abbott (kabbott@nd.edu) 
 
	
	

	
	
		


