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[Abstract]

As the demand for distance education increases, it is necessary to present a problem solving path
through a learning tracking algorithm in order to support the efficient learning of leamers. In this
paper, we proposed a problem solving path of wvarious difficulty levels in various subjects by
supplementing the existing learning tracking algorithm. Through the data set obtained through the path
for solving the learner's problem, the path through the prim’s minimum Spanning tree was secured, and
the optimal problem solving path through the recursive neural network was suggested through the path
data set. As a result of the performance evaluation of the contents proposed in this paper, it was
confirmed that more than 52% of the test subjects included the problem solving path suggested in the

problem solving process, and the problem solving time was also improved by more than 45%.
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I . Introduction
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Fig. 1. Global Distance Education Sales Trend[1]
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II. Background

1. Knowledge Tracking Algorithms
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Lesson 1: Mo x|x HAFEE 23S

Overview

n this lesson, learners of all ages get an introductory experience with coding and computer science
in a safe, supportive environment. This lesson has been dasigned for young leamers, ages 4-10
ut can be adapted for older leamers using the differentiation suggestions provided

Purpose

[This lesson introduces the core CS concepts of coding and programming (using blocks), as well as
imple debugging techniques

Agenda
"7z
= 2dis &)
Debrief
Celebrate
Next Steps
Extended Learning
Beyond an Hour of Code
AEBII(5E)
Setting the Stage
25 (30-45 )
Differentiation Suggestions

Fig. 2. Al-based learning program screen in
code.org [10]
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2. Recursive neural network and Spanning tree
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1) Recursive neural network
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Fig. 3. Recursive Neural Network Processing Process
[Conceptual Schematic][12]
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2) Spanning tree
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Sort the weights of all edges in ascending
order

4

Select the least weighted vertex from the
vertices of the selected edge
Avoid creating cycles, repeat until all vertices
are selected

Fig. 4. Kruskal MST Algorithm[13][14]
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Pick a random edge
Select the least weighted vertex from the
vertices of the selected edge
Avoid creating cycles, repeat until all vertices
are selected

Fig. 5. Prim’s MST Algorithm[13][14]
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III. Research Proposal

1. Overview of Proposals
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2. Proposal for Problem Solving Path Algorithm
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Algorithm: Create a data set (P')
learner's problem solving records:
input: graph G, weight w1~w5, vertex v
output: Spanning Tree S’ with w
algorithm)

containing the

(use Cruscal

S'<-G
Under the weight of Sort G
# apply Prim’s algorithm among MSP
for sorted edge w(i,j)EE[G]
# weight of edge connected to vertex Ij w:
Delete some of the lines
connected to the edge by weight (Edge(S’, (i,j)))
Until all vertices contained in for V[S'] arrive at
d, which is the end of the program:
If there is no edge connected to d in if S,
(Edge(S’, (i,j))) is reconnected.
end
end

Fig. 6. Algorithm for gathering various path for
problem solving
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Algorithm: An algorithm that suggests an optimal
path for the learner's problem solving

input:

Problem dataset (record difficulty and type by
problem) Learner's problem-solving paths data set
(P

Function used: Hyperbolic tangent function (tanh)
output:

Creation of an optimal path model for presenting
problem solving methods (Path)
Input value at each time point: tPre (input_t)
Hidden state at point t: hs_t (hidden_state_t)
Length of input data: SLenght
Result value: output
hs_t=0
for tPre in SLenght:

output=tanh(tPre, hs_t) #Calculate through hidden
state for each point and then substitute it in the
result

hs_t=output #Complete the calculation of the
hidden state at the present time

Fig. 7. Algorithm for problem solving path using
reflexive neural network
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all_hs_t = []

for tPTr in inputs:
output= np.tanh(np.dot(Wx,tPTr + np.dot(Wh,hs_t) +
b) # Wx * Xt + Wh = Ht-1 + b(bias)
all_hs_t.append(list(output))
print(np.shape(all_hs_t))
hs_t = output
allhs_t = np.stack(all_hs_t, axis = 0)

Fig. 8. Part of the code to check the hidden state of
the recursive neural network
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3. Experiment and performance evaluation
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Problem: Presenting 2 levels of tests with n learning
progress elements and 2 tasks of similar content for
each level in Arduino.

P1~Pn: Index by process
w: weight for each index

Level 1:
-Connect LED to pin 6 and light it
void setup()
{
pinMode(6, OUTPUT);//P1(w=1)
}

void loop()

{
digitalWrite(6, HIGH)://P2(w=2)
delay(1000); //P3(w=3)
digitalWrite(6, LOW)://P4(w=4)
delay(1000); //P5(w=5)

}

-Connect LED to pin 7 and light it

Level 2:

-Connect LED to pin 6 and illuminate with analog
void setup()

{

}

void loop()
{
for(int i=0;i<255;i++)(///P1(w=1)
analogWrite(6,i)://P2(w=2)
delay(10)://P3(w=3)
}

}
Connect LED to pin 5 and turn off the analog light

Fig. 9. Presenting problems for performance evaluation
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Fig. 10. Formula for measuring the efficiency of an algorithm
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Table 1. Performance evaluation result1 (Availability)

G 1 2 3 4 5) 6 7 8 9 10
% |48 |50 | 59 | 49 | 60 | 52 | 51 | 49 | 50 | 51
G :Group

%: Percentage of solutions including problem solving path

Tz AR5 53 a84S FY5P) il
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Table 2. Performance evaluation result2
(Computational Costs)
[Unit: Minute]

G 1 2 3 4 5 6 7 8 9 10

T1 |10 | 11 | 105| 9 12 |10 | 98| 9 10 | 11

T2 |15 |17 | 16 | 14 | 16 | 15 | 149 14 | 15.2| 162
G :Group

T1: Time of solutions including problem solving path

T2: Time of solutions without problem solving path
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IV. Conclusions
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