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Motivation

Problem: Normal quiz apps, e.g. Quizlet, Kahoot, help you study on the
go, but how do you prioritize what to study?

Solution: Knowledge tracing predicts what a student knows so we can
recommend what they need to study.
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Deep Knowledge Tracing

Predict the probability that a student will answer a question correctly given their
previous answers to other questions.
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Deep Knowledge Tracing
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Deep Knowledge Tracing
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Deep Knowledge Tracing LSTM

Model: A stack of Long Short-Term Memory cells that remember past data.
Trained by backpropagation.

it = o(zU' + hy W) Input Gate
fi = o(z U7 + by W) Forget Gate
0 = a(a:tUO -+ ht_1W") Output Gate
C; = tanh (a:tUg - ht_IWQ) Cell Update
1 — Ci = o (fi* Ci_1 + 14 * Cy) Cell State
I h: = tanh(C}) * oy Hidden State




Deep Knowledge Tracing
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Deep Knowledge Tracing
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* -1 values are masked (ignored) because that skill was not assessed at that time step



Deep Knowledge Tracing

Backpropagation
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Modeling - Hyperparameters Defined

Batch Size:
e Number of training

—@ / / examples used with one
o’o interaction of the neural
> < N\ network
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AA AA Number of Layers:

e number of hidden layers
o Ex.image: 3
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Hidden Size:
e Number of neurons within
each hidden layer
o Ex.image: 4




Modeling - Evaluation Metric

AUC values Test quality
0.9—1.0 Excellent
0.8-0.9 Very good

TPR 0.7—0.8 (io'od

0.6—-0.7 Satisfactory

0.5-0.6 Unsatisfactory
FPR
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Modeling - Results

Batch Size Optimization
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#train
batch_val [1]
batch_auc = []
def batch_test():
count = 2
while count < 8:
BATCH_SIZE = 2**count
batch_val.append(BATCH SIZE)
print (BATCH SIZE)
train_loader = get_data_loader('../data/2009_skill
test_loader = get_data_loader('../data/2009_skill ]

logging.getLogger().setLevel (logging.INFO)

# Initialize and train model
dkt = DKT(NUM_QUESTIONS, HIDDEN_SIZE, NUM_LAYERS)
dkt.train(train_loader, epoch=50)

# Evaluate model

auc = dkt.eval(test_loader)
batch_auc.append(auc)
print("auc: %.6f" % auc)

count+=1



Modeling - Results con.

Number of Layers Optimization

Hidden Size Optimization
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Number of Layers Test Values

Maximum auc value is: 0.716986
Optimal Number of Layers is: 1

Hidden Size Test Values

Maximum auc value is: 0.784084
Optimal Hidden Size is: 20







API (Marjorie)
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APl - POST/update database

“student id” : “alb2c3d4”,
“history”: [
{
“timestamp”:
“2021-10-03T10:33:54.073001+00:00",
“skill id”: “skill A”,
“score”: O
}I
{
“timestamp”:
“2021-10-04T10:33:54.073001+00:00",
“skill id”: “skill C”,
“score”: O
}I
{
“timestamp”:
“2021-10-05T10:33:54.073001+00:00",
“skill id”: “skill B”,
“score”: 1

Request body

Example Valve Schema

“student_id": “string”,
“history™: [
{

"skill _id": "string”,
"score®: o,
"timestamp”: "2021-12-82702:52:30.6082"
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APl - POST/update database

Request body
0:{

Example Value Schema "Skill_ﬁd":
"score" :

“student_id": “string”,
“history®: [ "timestamp" :

"skill _id": "string”,

"score”: o,
"timestamp®: "2021-12-82782:52:30.6082"

: I |
"skill_id" :

"score" :

"timestamp" : atetime.datetime

7 JOU
"skill_id" :

"score" :

"timestamp" : "datetime.date




student_id skill_id score timestamp

Filter [Fitter  [Filter |Fitter

afgjhi skil_LA 0 2021-12-08 01:19:00
St d t afgjhi sk B 1  2021-12-08 01:19:00
u e n afgjhl skill_C 1 2021-12-08 01:19:00

shhaik1 skill_B 0 2021-12-08 01:22:00
1 2021-12-08 01:22:00

0 2021-12-08 01:22:00

R e C O r d S shhaiki  skill_C

shhaik1 skill_A




API - Validation of Values

Server response
Request body =54 Code Details

422

Ermror: Unprocessable Ent|ty
"student_id": "abkbi",
"history”: [
L
"skill_id": "skill_B",
"score": 2,
"timestamp"”: "2021-12-86T02:37:05.520Z"

Response body

: "0 or 1 are the only acceptable values.”,
: "value_error”




API| - GET/predict

“student id”: “alb2c3d4”,
“predictions”: {
“skill A”: 0.9,
“skill B”: 0.1,

“skill C”: 0.54,

Outputs:

Request body

Example Value Schema

“student_id": “string"

H

Probability student will answer a
question with each skill correctly



API| - GET/predict

Request body

Predictions

Example Value Schema
sl
"skill_A" :

“student_id": “string"

}
"skill_B" :

< ] B B -




Future Work

Train model on actual ITS data

Integrate preprocessing and model with API

Deploy the API in Production

Evaluate more recent modeling methods (SAKT, AKT, etc)
Use reinforcement learning for recommendations



