
 

 

 

 

 

 

 

 

CORSO DI LAUREA IN ECONOMIA E MANAGEMENT 

CLASSE L-33 – SCIENZE ECONOMICHE 



1 INTRODUCTION ............................................................................................................................ 3 

1.1 LOG-DATA IN EDUCATION ..................................................................................................................... 6 
1.2 DATA AS A CHECK................................................................................................................................ 6 
1.3 DATA AS A TOOL ................................................................................................................................. 7 

2 EDUCATIONAL DATA MINING ....................................................................................................... 9 

2.1 HISTORY ............................................................................................................................................ 9 
2.2 EDUCATIONAL DATA MINING AND LEARNING ANALYTICS .......................................................................... 11 
2.3 MAIN METHODS AND TECHNIQUES ...................................................................................................... 12 
2.4 EDM APPLICATIONS .......................................................................................................................... 14 
2.5 PRESENT AND FUTURE ........................................................................................................................ 15 

3 IMPACT OF SCHOOL DIGITALIZATION: AN EXPERIMENTAL STUDY .............................................. 17 

3.1 ASSISTMENTS BY WPI ...................................................................................................................... 17 
3.2 RANDOMIZED CONTROLLED EXPERIMENT .............................................................................................. 18 
3.3 DATASET DESCRIPTION AND PREPARATION ............................................................................................. 21 
3.4 EXPLORATORY ANALYSIS ..................................................................................................................... 26 
3.5 LINEAR REGRESSION MODELS .............................................................................................................. 30 
3.6 MULTILEVEL ANALYSIS ....................................................................................................................... 35 
3.7 HIERARCHICAL MODELS’ SPECIFICATION ................................................................................................ 40 
3.8 RESULTS AND CONCLUSIONS ............................................................................................................... 44 
3.9 APPENDIX: FORMULAS ....................................................................................................................... 46 

4 ANALYSIS OF LOG DATA: GROUPS IDENTIFICATION .................................................................... 47 

4.1 DATASET DESCRIPTION & DATA PREPARATION ....................................................................................... 48 
4.2 METRICS DESCRIPTION AND SELECTION ................................................................................................. 51 
4.3 SCHOOLS’ DATASETS DESCRIPTION AND SELECTION ................................................................................. 58 
4.4 PRINCIPAL COMPONENTS ANALYSIS ...................................................................................................... 60 
4.5 CLUSTER ANALYSIS: GOAL SETTING AND PREPARATION ............................................................................ 61 
4.6 NON-HIERARCHICAL CLUSTERING ALGORITHM: K-MEANS ........................................................................ 63 
4.7 HIERARCHICAL AGGLOMERATIVE CLUSTERING ......................................................................................... 72 
4.8 MODEL SELECTION ............................................................................................................................ 78 
4.9 GENERALIZATION .............................................................................................................................. 79 
4.10 CONCLUSIONS.............................................................................................................................. 84 

5 REFERENCES................................................................................................................................ 88 



 







 

 



 





 

 



• 

• 



 

• 

• 



 

• 

• 

• 



• 

• 

• 

• 

• 



 

• 

• 

• 

• 

• 



 





 

 



 

• 



• 

• 



• 

 

 

 

 

• 

• 

• 

 

 



• 

 











 

 

 





𝒕 =
𝑿𝑨 − 𝑿𝑩

√𝒔𝑨
𝟐

𝒏𝑨
+

𝒔𝑩
𝟐

𝒏𝑩

  ~ 𝑻𝝂 

𝑋𝐴 = 𝑋𝐵

𝑋𝐴 <  𝑋𝐵



�̅�𝐶𝑂𝑁𝑇𝑅𝑂𝐿

�̅�𝑇𝑅𝐸𝐴𝑇𝑀𝐸𝑁𝑇

ν



�̅�𝐶𝑂𝑁𝑇𝑅𝑂𝐿

�̅�𝑇𝑅𝐸𝐴𝑇𝑀𝐸𝑁𝑇

ν



 



 

𝑭𝒊𝒏𝒂𝒍 𝑺𝒄𝒐𝒓𝒆𝒊 =  𝜷𝟎 +  𝜷𝟏  ∙  𝑪𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒊 +   …  𝜷𝒋  ∙  𝑷𝒓𝒆𝒅𝒊𝒄𝒕𝒐𝒓𝒊𝒋  … + 𝝐𝒊

β

β β

β β



Predictors (X) 1 2 3 4 5 Best 

Intercept 
0.319 

*** 

0.226 

*** 
0.123 -0.176 -0.402 ** 

-0.365 

** 

Condition (C) 0.130 ** 0.102 * 0.122 ** 0.076 0.748 ** 0.710 ** 

Condition_Percent_Correct  
0.383 

*** 
  -0.108  

Pretest_Percent_Correct   
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** 
   

Prior_Percent_Correct    
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1.115 

*** 

1.025 

*** 

Pretest_Avg_Seconds   -0.0001    

Prior_Avg_Seconds    -0.001 7.2e-05  
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C ∙ Condition_Percent_Cor-
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C ∙ Prior_Avg_Seconds     -0.002 * 
-0.002 

** 
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-0.002 

** 

RSE 0.2683 0.2528 0.264 0.2361 0.2226 0.2202 

Adjusted R2 0.0438 0.1512 0.07435 0.2599 0.3418 0.3564 

F value (significance) 4.53 ** 7.86 *** 3.06 ** 6.41*** 5.44 *** 7.09 *** 

From 0.1 to 0.05: *; from 0.5 to 0.01: **; beyond 0.01 *** 
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 0 1 2 3 Best 

Fixed Part      

Intercept -0.241 -0.131 0.28 0.137 0.375 * 

Condition (C) 0.405 * 0.262 -0.382 0.271 0.266 

Prior_Percent_Correct  0.55 ***  0.534 *** 0.37 *** 
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