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kt R&D complex 

(Daejeon) 

kt Advanced Institute of Technology (AIT) at-a-glance 

 Developing future core technologies and services 

 Securing capability to lead the mid/long-term growth for the kt group 
R&D Goals 

Established Jan. 1984 (as an organization for business support head office) 

No. of R&D staffs 454 (as of Aug. 2013, doctoral degree 19%, masters degree 56%) 

No. of Patents 5,892 (as of Sept. 2013, 782 for global patents)  

kt R&D center 

(Gangnam, Seoul) 



• Fast and reliable communication services: from Bells to mobile broadband, to IT 

The Evolution of Telco Services 
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kt AIT: Research Divisions 

Infra Laboratory 

Service Laboratory 

Convergence Laboratory 

Future Technology  
Laboratory 

• Network Innovation (Wireline/Wireless) 
• SDN (Software Defined Network) 
• Next Generation Cloud Computing & Data Center 

• Media Technology  
• Virtual Goods 
• Software Engineering  
• Smart Home Service  

• Security & Surveillance 
• Next Generation Monitoring & Control, Smart 

Stadium 
• Smart Grid & Energy  
• Healthcare 

• Enabling Technologies  
• Intelligence and Big Data 
• Next Generation UI/UX 
• Smart Education 
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Proliferation of Online Activities 

 Business 

 Politics 

 Education 

 Entertainment 

 Household 

    Game Changing  



Face-to-Face Learning  Online/Blended 

Online Social Learning 

Online Courses 

E-books 

Educational Mobile Apps 



Intelligent Tutoring Systems 

• Assess student skills using domain models 

• Provide intelligent feedback 



LMS (Learning Management Systems) 

Google Trends

Moodle

Blackboard

.  .  . 



Naviance in USA 

 
 

 



   Massive Open Online Courses (MOOC) 

Google Trends



Data Poor  Data Rich 

Discussion Board 

Wiki  

Google Docs 

Smart Education



Big Data in Education: Potentials (NSF 2013) 

• Online courses that get better the more students use them 

• A revolution in education research -- “Internet-scale experimentation” 

with > 100,000 students 

• Personalized and adaptive instruction -- Identify students’ interests, 

prior knowledge, and misconceptions 

• Effective innovations -- increased access and democratization  

• Ability to predict which students are at greatest risk 
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Can online participation data predict performance? 

A predictive relation between discussion contributions and student 
performance in undergrad engineering courses [Yoo and Kim 2013] 

• What is the relationship between the degree of participation and the        
project performance?  

• What is the relationship between the kinds of words used by the student  
or coherency of sentences and the project performance?  

• What is the relationship between the expressions of emotion and the        
project performance?  

• What is the relationship between the style of participation in the              
discussion, as information seeking vs. giving, and the project performance?  

• What is the relationship between work pacing and work performance?  



Online Discussion Boards 

  

  



Can online participation data predict performance? 

Predictive Variables 

• What is the relationship between the degree of participation and project  
performance?  

     Number of participation/messages 

• What is the relationship between the kinds of words used by the student 
or coherency of sentences and the project performance?  

     Linguistic measures 

• What is the relationship between the expressions of emotion and the      
project performance?  

     Emotion words used 

• What is the relationship between the style of participation in discussions,   
such as information seeking vs. giving, and the project performance?  

    Contribution type or roles played  

• What is the relationship between work pacing and work performance? 

    Participation time and procrastination  



Degree of Participation 

Distribution of Number of Messages per Student Group (log-log scale) 



Message Content: Kind of Words Used 

Blue : positive 
Red: negative 
Violet: technical 
 

 



Message Content: Kind of Words Used 

Frequent Emotional and Psychological Words 

Positive emotion Negative emotion Certainty Achievement 

Word Frequency Word Frequency Word Frequency Word Frequency 
create 794 problem 1089 all 1510 able 2316 
like 754 low 781 sure 558 king 1252 
ease 727 numb 677 correct 494 create 794 
thank 649 fault 581 must 332 first 479 
sure 558 nag 437 never 249 acquire 405 
please 494 interrupt 383 every 223 try 347 
value 462 wrong 267 exact 180 work 344 
fine 297 fail 262 always 165 fail 262 
good 281 destroy 165 true 157 gain 256 
well 265 argue 146 fact 150 require 248 
ok 172 evil 109 certain 99 solution 132 
free 166 sorry 82 clear 98 better 126 
ready 159 worry 69 total 93 creative 117 



Roles Played: Information Seeker vs. Provider 

 

Question 

Answer 

Answer 

Question 

Answer 



Participation Time  

Degree of Participation over Time 



Procrastination 

Posting Time To Deadline (PTTD):  
   normalized distance between message posting time and project deadline

Smaller PTTD can indicate procrastination



Procrastination 

Posting Time To Deadline (PTTD): normalized distance between message posting time and deadline

Group A (high performer) posted messages earlier than Group B (low performer)



Pipeline for Data Analysis  



Data Pre-Processing 

Handling noisy data



Variable Generation 

Categories Metrics Variables Tool 

Participation quantity  Quantitative The number of Words, Sentences, Paragraphs, Me

ssages (Total, Initials, and Replies) 

Programming 

Work pattern Quantitative APTTD (Average Posting Time To Deadline) Programming 

Technical  Quantitative Technical terms Dictionary 

Information Roles Qualitative Question (Sink), Answer (Source) Speech Act Classifiers 

Linguistic  Quantitative Past, Present, Future tense and Negations, Swear 

words 

LIWC 

Qualitative Flesch Reading Ease Score, Type-token ratio, Con

creteness, Hypernym, Log Frequency 

Coh-Metrix 

Emotional & Psychol

ogical  

Qualitative Positive emotions, Negative emotions, Insight, Ca

usation, Discrepancy, Certainty, Tentative, Inhibiti

on, See, Time, Achievement, Assent 

LIWC 

Semantic factors Qualitative LSA sentence adjacent, LSA sentence all Coh-Metrix 

Situation Model  Qualitative Casual, Temporal, Spatial cohesion Coh-Metrix 



Result: 

Correlation 

Analysis 

Categories Metrics Variables Tool Correlation (Grade) 

Simple Meas

ures 

Quantitative Number of Words Programming 

  

-.09 

Number of Sentences -.10 

Number of Paragraph -.08 

Number of 

Messages 

  

Total  .17* 

Initial .13 

Replies .17* 

Time Quantitative APTTD  Programming .21** 

Technical Quantitative Technical terms Dictionary .08 

Speech Act Qualitative Question (Sink) Speech Act 

Classifiers 

.03 

Answer (Source) .22** 

Linguistic Qualitative Past tense LIWC -.09 

Present tense .10 

Future tense .08 

Negations -.11 

Swear words -.09 

Flesch Reading Ease Score Coh-Metrix -.08 

Type-token ratio -.06 

Concreteness -.08 

Hypernym -.08 

Log frequency -.07 
Psychological Qualitative Positive emotions LIWC .16** 

Negative emotions .10 

Insight -.01 

Causation .05 

Discrepancy .16 

Certainty .10 

Tentative .05 

Inhibition -.02 

See .06 

Time .01 

Achievement -.02 

Assent .02 

Semantic Qualitative LSA sentence adjacent Coh-Metrix -.07 

LSA sentence all -.05 

N = 173;  
*p < .05; **p < .01 



Summary of Multiple Regression Analysis  

Variables in the Equation 

Variable B Std. Error Beta 

Answer Role (Source) .47 .06 .48*** 

APTTD .20 .07 .20** 

Positive Emotion .02 .01 .13* 

Note: R=.57;  N = 173;  *p < .05;  **p < .01;  ***p < .001 

Important factors in predicting the grade  
- Qualitative dialogue features (the degree of information provided to others) and 
- How early students discuss their problems before the deadline
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Pipeline for Data Analysis  

 

 



Big Data Platform for Education 

• New Assessment Challenges  

– Continuous and formative assessment 

– Scalable and accessible approaches for handling large amounts of online data 

– Integrating new practices and traditional assessment 

 

 



PAWS: Pedagogical Assessment Workflow System 

• Exploit workflow technologies that have been used for large-scale 

scientific analyses in Physics, Earthquake science, etc 

– Share experiment/analysis process 

– Robust and repeatable analysis 

– Handle a large amount of data 

• Wings (Kim et al., 2008; Gil et al., 2011) 

– Knowledge-based workflow reasoning 

– Grid computing environment 

 E-Science Workflows   E-Learning Workflows 



PAWS Portal 



PAWS for Question-Driven Assessment 

 
Priority 

Rating 
Question 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

M 

H 

M 

H 

M 

M 

 

 

M 

H 

H 

L 

L 

M 

M 

L 

Which topics have been discussed in the last three semesters? 

Which topics do students ask the most questions about? 

Were all of the questions about topic x answered?  

Which questions were unanswered? 

Do students who participate more often receive better grades?  

Do gender and politeness affect participation?  

Do more motivated students perform better? 

Do more confident students participate more? 

Who are the mentors for topic x? 

Which students are confused about topic x? 

Is a student a mentor or help seeker? 

What are his/her strengths? 

Were there similar questions or answers in previous semesters? 

How long did students have to wait for an answer?  

How has student participation changed over time?  

How do currentonline activities differ from previous semesters?  



Category Workflow Description 

Analysis of online activities Composition of discussion data processing/ Classification steps 

Correlation between online  

activities & performance 

Composition of discussion data processing steps,  student profiles, 

and correlation analysis 

Correlation between online 

activities & self-assessment 

Composition of self-assessment survey,  student activity profiles, and 

correlation analysis 

Student profiling 
Composition of student information and discussion data processing/ 

classification steps 

Discussion profiling 
Composition of discussion data processing/classification steps and 

relation analysis 

Trend analysis Splitting of discussion data and iterative analysis 

Group comparison 
Composition of discussion data processing/ classification steps, 

student profiles and relation analysis 

Assessment Categories Identified with Instructors  
(Ma et al., ITS 2010) 

38 
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PAWS: User Selects An Assessment Question 

 



PAWS: User selects dataset to use 

40 



Which topics do students ask questions about? 

Number of Questions per Topic 

Number of Distinct Users per Question Topic 

Workflow:  

  pipeline for data analysis 

Report for teachers 



Compare Student Activities across Multiple Semesters 

Workflow:  

  pipeline for data analysis 
Report for teachers 



Finding Discussion Threads that Need Attention:  

Unanswered Questions 

– 70-75% of the predictions from the system were consistent 
with human answers (Ravi & Kim, AIED 2007) 

Question Question M1 

 
Question 

 
M2 

Answer 

Answer 

M2 

 

M1 

M3 

Question M1 

Answer 

Question 

Answer 

M2 

Question M1 

Answer 

Question 

M2 

M3 

M3 

M4 

1) whether the given thread contains questions 
2) whether the questions were answered or not 



Conclusion 

Big Data Platform for Education:  

    Scalable and Robust Analytics  

– Powerful tool for assessing impact of online technologies  

– Support continuous, robust/repeatable assessment  

– Make use of state-of-the-art NLP and machine learning tools 

– Combine traditional methods with computational analysis 

– Platform independent 

– Increase accessibility 



Outlook: Data Analytics for Education 

• Formative assessment  

• Support individualized and adaptive learning 

• Continuous feedback to students and teachers  

• Adaptive courses/ e-books 

• Information sharing 




