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1) Blended Learning in Higher Education 
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Backgrounds

2) Academic Analytics 
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- Derived from business intelligence (Goldstein & Katz, 2005)

- A new tool to respond to increased concerns for accountability in higher education and 

to develop actionable intelligence to improve student success and learning environment 

(Campbell, DeBlois, and Oblinger, 2007) 

- Examples: Early Warning System such as Course Signal of Purdue Univ. 

Academic Analytics 

Data-driven Approach 

Guides course redesign and to 
implement evidence-based 

decision in higher education



Backgrounds

2) Academic Analytics 
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Centers on the learning process 
including analyzing relationship between 

learner, content, institution, and education 

Educational 
Data Mining

A speculative prospecting for riches to find 

hidden patterns without a preconceived 

hypothesis

Learning
Analytics 

Reflects the role of 

data analysis at an 

institutional level

Academic 
Analytics 

A scientific, hypothesis-driven approach 

using a particular dataset to solve a 

practical academic problem 

1.  Baepler, P., & Murdoch, C. J. (2010). Academic analytics and data mining in higher education. International Journal for the 

Scholarship of Teaching and Learning, 4(2), 17.

2. Siemens, G., & Long, P. (2011). Penetrating the fog: Analytics in learning and education. Educause Review, 46(5), 30–32.
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02. Research Purposes



Research Purposes and questions 02

1) To what extent are university instructors and students 
using the LMS for their teaching and learning? 

2) What are the most and least used activities in the LMS 
across diverse courses and colleges?

Level and Patterns of Online Activity left in Moodle LMS

Classification of Blended Courses

1) What usage patterns and clusters emerge across blended 
learning courses, when mining students' participation data 
related to online learning activities?

2) What are the demographic and instructional characteristics 
of blended learning courses? 
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Methods

1) Research Contexts
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Academic Affairs Office 

All Registered Courses

Moodle-based LMS

All Recorded Online Learning Behaviors

One Large Data Set

Course 
ID

Couse Demographic Variables of 
Online Learning Activities



Measurement Scale    

Activity Items (Variable)

Number of 
uploads

Number of 
replies 

or submits

Number of 
short 

replies 

Number of 
views 

or downloads
Interaction Type

1 Announcements
Instructor O

Instructor-led activity: 
Mostly instructors upload posts, 
while students download and 
read. 

Students

2 Links
Instructor O

Students

3 Lecture Notes
Instructor O

Students

4 Resources
Instructor O O

Interactive activities: 
Anybody can post and share 
information

Students O O

5 Question & Answer
Instructor O O O O

Students O O O O

6 Discussion Forum
Instructor O O

Instructor-guided, 
Student-centered Activities: 
Given instructors’ initiation 
students work individually 

and/or in group.

Students O O

7 Quiz
Instructor O

Students O

8 Group Project
Instructor O O O O

Students O O O O

9 Wikis
Instructor O O

Students O O

10 Assignment Submission
Instructor O

Students O

Measurement Scales of 10 Learning Activities

Methods

1) Research Contexts
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Class Size Log-in Frequency
Per Course

Log-in Frequency
Per Student

Very Skewed Heavy-tailed Distributions

Variables Min Max Mean SD

Class Size (# of students) 2 301 33.00 33.66

Log-in Frequency per Course 8 21,414 1,398.62 1,918.00

Average Log-in Frequency per Student 2 375 39.75 33.01

Descriptive Statistics of 2, 639 Blended Learning Courses

Methods

2) Descriptive Statistics (n=2,639) 
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Variable Min Max Mean SD

Number of Activity Items 1 8 2.49 1.3

Methods

2) Descriptive Statistics (n=2,639)
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Number of Activity Items 



Learning Activity Min Max Mean SD Skewness Kurtosis

1 Number of Announcements 0 132 6.64 9.26 3.208 20.154

2 Number of Links 0 72 .32 2.57 14.971 312.540

3 Number of Lecture Notes 0 176 3.74 9.69 5.158 51.865

4 Number of Resources 0 596 11.87 21.49 12.222 263.560

5 Number of Q&A 0 280 2.95 14.25 12.089 183.950

6 Number of Discussion Postings 0 2810 6.45 75.32 24.442 788.773

7 Number of Quiz Items 0 215 .61 8.34 17.818 366.003

8 Number of Group Works 0 1612 17.52 88.42 8.226 91.714

9 Number of Wikis 0 15 .01 .313 42.921 2005.642

10
Number of Assignment

Submissions
0 36 .95 2.82 4.972 32.731

Methods

2) Descriptive Statistics (n=2,639)
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Announcement Links
Lecture 
Notes Resources Q&A

Assignment 
SubmissionWikis

Group 
WorkQuiz

Discussion 
Forum

Overall, very Skewed Heavy-tailed Distributions

Methods

2) Descriptive Statistics (n=2,639)
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Binary Analysis of 10 Learning Activities (Usage: Yes OR No)

Methods

2) Descriptive Statistics (n=2,639) 
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Methods

3) Datamining process
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Data extraction

4,416 courses

• A totla of 90 variables 

2,639 courses

• Demographics
• Major Activity variables
• Minor Activity variables

Parsimonious case deletion
• Data-mapping 
• Organizing  
• Cleaning 

Descriptive Statistics 

Strategic Case Deletion
• Sementation
• Case filtering

(Strategic case deletion)  

Pre-processing

Post-processing

612 courses

• Demographics
• 5 Major Activity variables
• 5 Minor Activity variables

Latent Class Analysis
• Undergrad vs Grad
• Major vs Selective
• Class Size
• Log-in Frequency
• Diversity of 

Learning Activity

Cross Analysis



Methods

3) Datamining process
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OR OR OR OR OR OR OR OR

Inclusion Rule 1. If at least one of the major activities belongs to Top 25% quartile
Inclusion Rule 2. If at least one of the minor activities belongs to Yes group 

Resource Announcements Q&A Lecture
Notes

Assignment
Submission

Group
Work

Links Discussion
Forums

Quiz Wikis

5 most frequently used Activities 5 lease frequently used activities

25% 25% 25% 25% 25%
Yes Yes Yes Yes Yes

50%
75%

100%
No

Exclusion Rule. If both Resource and Announcements belong to Bottom 50% quartiles

AND

Resource Announcements

25%
50%
75%

100%

N = 2,639

N = 1,804

N = 612



• General features : Class Size, Log-in Frequency, and Learning Activity
• Almost equally divided into 4 quartiles by using the median score

Course Type Members Case

Small 3~21 151

Medium 22~35 155

M-L 36~64 151

Large 65~301 155

Class Size

Median = 35 students

Average Log-in 

Frequency

Course Type Log-in Case

Rarely 8~32 137

Occasionally 33~44 166

Frequently 45~66 160

Very Frequently 67~245 149

Median = 45 times

Course Type Activity Case

Not diverse 2 137

Little diverse 3 166

Somewhat Diverse 4 160

Very diverse 5~8 149

Median = 3 activities

Diversity of 

Learning Activity

Methods

3) Datamining process  n=612 
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• Skewed & Heavy-tailed Distribution
• Categorical and Binary Data
• Conditional Independence

AnnouncementsResources Q&A Lecture 
Notes

Assignment 
Submission

LinksGroup Works Forums Quiz Wikis

Latent Class Analysis

Assumptions Satisfied

Methods

3) Datamining process  n=612
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Undergraduate
: 493 courses (80.6%)

Graduate
: 119 courses 

(19.4%)

Major Foundation
: 67 (10.9%)

Liberal Arts
: 181 (29.6%)

Major Specific 
: 245 (40.0%)

Special
: 60 (9.8%)

General
: 59 (9.6%)

Total
N = 612 (100%)

Undergraduate
n = 493 (80.6%)

Graduate
n = 119 (19.4%)

• Majority were Undergraduate-Level Major Specific & Liberal Arts
• Graduate-level courses nearly equally divided

Methods

3) Datamining process  n=612
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Methods

4) Data Analysis (n=612) 
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Number of 

Classes

AIC BIC aBIC Chi-Square LMR

(p-value)

Entropy

2 6689 6817 6725 1172 121 (p < .05) .671

3 6681 6875 6736 1148 37.53 (p = .53) .610

4 6682 6943 6756 1042 27.97 (p < .05) .666

5 6678 7005 6770 1013 41.99 (p = 1.0) .661

6 6681 7075 6792 959 37.87(p = .77) .703

• No single right answer to “How many latent classes are there?”
• Compared the model fit and determined 4 latent classes

6600

6650

6700

6750

6800

6850

6900

6950

7000

7050

7100

2 classes 3 classes 4 classes 5 classes 6 classes

AIC

BIC

aBIC

The Smaller, The Better
• Akaike Information Criterion (AIC)
• Bayesian Information Criterion (BIC)
• the adjusted BIC (aBIC)

p < .05 Good Model Fit
• Lo-Mendell-Rubin (LMR)

The Closer to 1, The Better
• Entropy



Variables Segmentation Latent Class 1 Latent Class 2 Latent Class 3 Latent Class 4

Resources

1 (8~11) .239* .367* .092 .118*

2 (12~17) 236* .272* .500* .311*

3 (18~24) .244* .192* .204* .277*

4 (25~401) .281* .169* .203 .293*

Announcements

1 (4~5) .051 .000 .692* .332*

2 (6~9) .286* .303* .308 .170*

3 (10~15) .273* .313* .000 .288*

4 (16~82) .390* .383* .000 .210*

Q&A
1 (0) .296* .436* .824* .511*

2 (1~280) .704* .564* .176 .489*

Lecture Notes
1 (0) 1.000 .243* .919* .893*

2 (1~48) 0.000 .757* .081 .107*

Assignment Submission
1 (0) .498* .458* .000* 1.000

2 (1~24) .502* .542* 1.000* .000

Group Works
1 (0) .709* .755* .949* .929*

2 (1~) .291* .245* .051 .071

Links
1 (0) 1.000 .744* 1.000 1.000

2 (1~) 0.000 .256* .000 .000

Forums
1 (0) .988* .870* .977* .981*

2 (1~) .012 .130* .023 .019

Quiz
1 (0) .957* 1.000 1.000 1.000

2 (1~) .043 .000 .000 .000

Wiki
1 (0) .996* .982* 1.000 .996*

2 (1~) .004 .018 .000 .004

LCA Probability Analysis

Methods

4) Data Analysis (n=612) 
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Methods

4) Data Analysis (n=612) 
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04. Results

1) Overall Patterns of Online Activity 



04. Results

2) Classification of BL courses



Class 4
• 309 courses
• 50.5%

Class 1
• 149 courses
• 24.3%

Class 2
• 110 courses
• 18.0%Class 3

• 44 courses
• 7.2%

Significantly higher usage of 
• Q&A
• Group Works

Significantly higher usage of 
• Lecture Notes
• Links
• Discussion Forums

All activities  showed somewhat 
less usage than the other 3 classes.

Significantly higher usage of 
• Resources
• Assignment Submission

Inactive and Immature

Communication or 

Collaboration  

Delivery or Discussion 

Sharing or Submission

Results

2) Classification of BL courses

04



Variables

Class 1

(n = 149, 24.3%)

Class 2

(n = 110, 18.0%)

Class 3

(n = 44, 7.2%)

Class 4

(n = 309, 50.5%)
𝐗𝟐, F

C type D type S type I type

Class Size

Small (3~21) 27 (18.1%) 25 (22.7%) 17 (38.6%) 82 (26.5%)

12.314
Medium (22~35) 38 (25.5%) 30 (27.3%) 12 (27.3%) 75 (24.3%)

M-L (36~64) 43 (28.9%) 25 (22.7%) 10 (22.7%) 73 (23.6%)

Large (65~301) 41 (27.5%) 30 (27.3%) 5 (11.4%) 79 (25.6%)

Log-in

Frequency

Rarely (8~32) 18 (12.1%) 7 (6.4%) 9 (20.5%) 103 (33.3%)

174.176**
Occasionally (33~44) 20 (13.4%) 8 (7.3%) 14 (31.8%) 124 (40.1%)

Frequently (45~66) 58 (38.9%) 38 (34.5%) 13 (29.5%) 51 (16.5%)

Very Frequently (67~245) 53 (35.6%) 57 (51.8%) 8 (18.2%) 31 (10.0%)

Diversity of 

Learning Activity

Not diverse (2) 0 (0.0%) 0 (0.0%) 0 (0.0%) 127 (41.1%)

452.479**
Little diverse (3) 36 (24.2%) 14 (12.7%) 30 (68.2%) 162 (52.4%)

Somewhat diverse (4) 86 (57.7%) 36 (32.7%) 13 (29.5%) 17 (5.5%)

Very diverse (5~8) 27 (18.1%) 60 (54.5%) 1 (2.3%) 3 (1.0%)

While Class Size was almost equally divided, both Log-in Frequency and Diversity of 
Learning Activity were significantly different among the 4 groups.

Data Post-processing 

Results

2) Classification of blended learning courses
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[Communication or Collaboration] Class 1 = 149 courses (24.3%)
• Significantly higher usage of Q&A and Group Works
• Relatively high usage of Resources, Announcements, and Assignment Submission
• Mostly Undergraduate-level major-specific courses (n=66, 44.3%) from College of 

Social Sciences (n=15, 10.1%), Education (n=11, 7.4%), and Liberal Arts (n=11, 7.4%) 
• Higher level of Log-in Frequency per student
• Diverse  learning activities provided

Type C

Results

2) Classification of blended learning courses
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[Delivery and Discussion] Class 2 = 110 courses (18.0%)
• Significantly higher usage of Lecture Notes, Links, and Discussion Forums
• Relatively high usage of Resources, Announcements, Q&A, and Assignment Submission
• Mostly Undergraduate-level major-specific courses (n=43, 39.1%) from 

College of Engineering (n=11, 10.0%) and Social Sciences (n=11, 10.0%) 
• Higher level of Log-in Frequency per student
• Very diverse (5 or more) learning activities provided

Type D

Results

2) Classification of blended learning courses
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[Sharing or Submission] Class 3 = 44 courses (7.2%)
• Significantly higher usage of Resources and Assignment Submission 
• No usage of any other functions
• Mostly Undergraduate-level major-specific courses (n=26, 59.1%) from 

College of Education  (n=8, 18.2%) and Business Administration (n=5, 11.4%) 
• Relatively low level of Log-in Frequency per student
• Learning activities were less diverse

Type S

Results

2) Classification of blended learning courses
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[Inactive or Immature] Class 4 = 309 courses (50.5%)
• Except resources and assignment submission, there was almost no usage of online lea

rning activities
• Mostly undergraduate-level major-specific courses (n=110, 35.6%) from College of 

Biz Administration, Social Sciences, Liberal Arts, Education, and Natural Sciences

Type I

Results

2) Classification of blended learning courses

04



05. Conclusion and Discussion



Conclusion and Discussions05

1

2

Online behavior data tracked from LMS indicated the adoption level 

and patterns of blended learning implementation effectively.

 Showing “adoption and early implementation” (level 2) in the blended 

learning adoption spectrum (Grahamet al., 2013).

 Indicating clear reduction of f2f classroom hours by online teaching 

components should be provided and guided to faculty members as a 

strategy to promote blended learning. 

Latent Class Analysis clustered 612 courses into four types with C-D-S-I. 

 C(Communication or Collaboration: 24.3% 

 D(Delivery or Discussion): 18%

 S(Sharing or Submission): 7.2%

 I (Inactive or Immature): 50%

Active 

Passive engagement of online technology

3
The data-driven approach in institution-level helps academic leaders and staffs 

monitor the whole status of BL and to invest developing LMS in a strategic way. 

 Requiring to develop a model that fits to the ecological nature of diverse classes, 

and the advanced technologies that support diverse pedagogical models. 
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