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Step 1: Feature Engineering

Features Granularity Level
User Word Exercise
Student ID Vv
Word vV
Th gaged a student is, th ds sh t Countries v
€ more engagead a stuaent Is, tneé more woras sne masters. Format Vv
Type vV
Stud-Acc Mast-Word Devme . v
FR-EN ES-EN EN-ES FR-EN ES-EN EN-ES Time spent (exercise) vV
# Words Atiempled . 006% 008 008* 085 086* 080* # Exercises attempted v
ords Attempte -0. -0. -0. : : :
Time Spent 0.13%  0.14% -022%  073%  079%  0.61* # Words attempted vV
# Unique words attempted vV
# sessions vV
The more time a student Contextual factors such Time spent (tlteamlt“g) 5 y
: : : revious attempts
speno_ls on solvin an as thc_e device being use_d, 4 Correct times / /
exercise, the more likely learning type and exercise # Incorrect times v v
she will get it wrong. format impact a student’s Time elapsed Vv v
learning. Word-Acc | v, v
¢+ Std. timestamps (exercise) Vv Vv
FR-EN ES-EN  EN-ES -+ Std. timestamps (word) Vv Vv
Correlation  -0.16 * -0.18*  -0.18 * FR-EN ES-EN EN-ES ¢ Std. timestamps (session) Vv
' ' ' Avg. 9120 8631 8796 -+ Std. timestamps (word-session) v vV
- - Std. timestamps (word-correct) vV v
Client -+ Std. timestamps (word-incorrect) ~ / vV
Web 80.64 * 8544* 8568%
10S 86.45* 8790 * 88.10*
Android 83.92* 8488 * 88.92*
@ Repetition is useful and Session Metiods AUC Fi
necessary for a student to Lesson 9543 % 8703 % 8876+ : pR.EN  Baseline 077 0.28
- | | | Step 2: GTB 0.82* 0.4l
master a word. Practice 80.94 * 8392 * 84.19 * . : :
Test 82.19*  84.34%* 84.66 * Gradient Tree Bl 075 013
Format BOOSti n g ES-EN . o . &
FR-EN ES-EN EN-ES GIB 0.8 0.34
Reverse Translate 77.92* 8588 * 8542 * ,
# Previous attempts ~ -0.05*  -0.04 * -0.07 * Listen 78.30*  77.01 82.78 * EN-ES Baseline 0.77 0.19
Time elapsed 0.05*  0.06* 0.07 * Reverse Tap 902.51 ¥ 94.84* 0548 * GTB 0.82* 0.39 *

A student with a high-spacing learning routine is more likely to
learn more words than one with a low-spacing learning routine.

Gradient Tree Boosting is most effective with 9 of the
designed features, e.g.,learning type and exercise
format, for second language acquisition modeling.
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