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SUPACHANUN WANAPU:A SEMANTIC SEARCH MODEL FOR
LEARNING OBJECTS WITH INDIVIDUAL CHARACTERISTICS.
THESIS ADVISOR : ASST. PROF. SUPHAKIT NIWATTANAKUL, Ph.D.,

222 PP.

PERSONALIZED RECOMMENDATION MODEL/ CLSSIFICATION MODEL/

DECISION TREE/ LEARNING OBJECTS/LEARNING STYLES

This research aims to design and develop a semantic search model for
learning objects (LOs) with individual characteristics to improve the quality of search
results by adding the learning style of users and the content type of LOs
characteristics for semantic search. The research procedure consists of three parts: (1)
the part to develop the LOs knowledge base, (2) the part to develop the LOs
recommendation module with individual characteristics, and (3) the part to develop
the LOs semantic search module with individual characteristics.

The results of this research can be discussed as follows. The first part is to
create LOs knowledge base consisting of LOs metadata and thesaurus. The LOs
metadata contain 7 elements for describing the general features and the content type
features. The thesaurus that related to the Chemistry subject at high school level was
collected and generated by using SKOS (Simple Knowledge Organization System).
This thesaurus consists of 224 controlled words. The second part is to develop the
LOs recommendation module with individual characteristics based on data mining
techniques for creating the recommendation rules. Also, it was found that the final

model obtained from introducing the principle of majority rule for selecting the best



tree-based classification rules (using algorithm C4.5 or J48) resulted in the effective
recommendations model with an average total of recall for all sub-models as high as
88.5%. In the final part, the LOs semantic search module with individual
characteristics is developed based on weight indexing by using Rank Sum technique.
The process of matching between the keywords with LOs using recommendation
rules and then ranking the result is used for presenting the results to users. This work
was found that these methods, the lists of LOs recommended to users are on average
shorten to 52.2% as compared with using only the recommendation rules.

To evaluate the LOs semantic search model with 4 different individual
characteristics that are learning styles, gender, grade level, and science favorite, two
processes were undertaken.Firstly, to evaluate the LOs recommendation module with
individual characteristics, the data were collected from 1,586 secondary and high
school students in NakhonRatchasima Province. It was found that the average of
precision, recall, and F-measure was 57.1%, 93.9% and71.0%, respectively, Secondly,
to evaluate the LOs semantic search module with individual characteristics against
645 LOs simulated from LOs knowledge base using three keywords that are chemical
formula, atom, and ion. This was a test compiled on user preferences against
semantic search, and the result also provided 100.0% of precision, 79.6% of recall,

and 86.9% of F-measure.
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e R N N N R e e e e e e e R
def get_match_model2(): def matching(model, lo):
models = [ resu'l.t_:
with open('®2_model_pattern2.csv', 'r') as f: for x in 'ABCDEFGH":
if model[x] == Llolx):

reader = csv. reader(f)
result.append(x)

reader.next(} " U
return resu

reader.next(}
for r in reader:
x = {'medel_name': rl@l, ae

2

ranking_dict():

'‘a': r51, 'B': rl6l, 'C': rI7I, ranking = []
‘D' r8l, 'E': rlol, *F': r[10], for x 1rrrange(1, a):
'G'r rl11],'H': rl12], 'I°: rF(131} ranking.append({'name': '%s' % x, 'lo': setl(}), ‘rel':[1})

models.append (x)
# print rle]
return models

def get_lo_info():
lo_info = []

return ranking

def get_predefined_lo_to_models():
predefined = {}

with open('®3_L0_data_Casel_Perth.csv', 'r') as f:

reader = csv.reader(f)
reader.nexti()
for 1 in reader:

reader = csv. reader(f) if 1[1] :n_predefinsd:
reader.next () predefined[1[1]].append{1[8])
for r in reader: else:

t=1 predefined[1[1]] = [1l[a]]

"lo_id': r[el,

YA “sshshshs' % (r[2], r[3]1, r[8], r[71),
¢ "wswsss' % (r[10], rl12], r[13]),

'C'r 'Ss%s%s%s' % (r[15], r[17]1, rl181, r[190),
: “eshshs' % (r[21], rl22]1, r[24]),

'F': "Sesfsts
t "Sesfsts

"H': "ssws%s' % (r[18], r[22], r[27]),
: twsws' % (r[22]1, rl[271),

% (r[13], r[15], r[19]),
% (r(71, r(13), rl21l1},

b
lo_info.append(t)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| with open{®@3_L0_data_Casel_Perth.csv®, 'r°} as f:
|
|
|
|
|
|
|
|
|
|
|
|
: return lo_info

1
A
B
C
D
E': wswststsks' % (r[27], r[29], r[3e], r[31], r[33]
E
G
H
1

return predefined

los = get_lo_info()
models = get_match_model()
predefined = get_predefined_lo_to_modelsi()

# Function calculate weight
weight_lo = get_weight_infol)
# print weight_lo[5]

# Fuction Medels2
models2 = get_match_model2()
m2 = @ #key index array in models2

—_— e e e ———— — ————
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(Precision + Recall)

TP+TN
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output Original (19 input) Cooperation (11 inputs)
J48 RT RFT J48 RT RFT
Learning Style 42.65 % 42.02 % 45.38 % 49.16 % 53.78 % 52.10 %
Gender 54.41 % 53.78 % 56.51 % 58.61 % 62.61 % 61.55 %
Grade Level 56.51 % 55.67 % 60.08 % 61.76 % 67.23 % 69.75 %
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Average 51.42 % 51.37 % 53.89 % 55.82 % 60.14 % 60.08%
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Case 1. Case 2. Average

Itemsets | Features
J48 RT RFT J48 RT RFT J48 RT RFT
A (5)+2 3.10 7.25 5.67 3.26 557 7.35 3.18 6.41 6.51
A? G)+1 2.84 8.35 5.41 3.10 7.09 7.77 2.97 7.72 6.59
A G)+1 3.15 8.30 6.57 3.26 7.46 9.03 3.20 7.88 7.80
B (5G)+2 3.57 7.77 4,99 357 7.35 6.88 357 7.56 5.93
B? G)+1 3.10 7.88 4.88 3.10 6.88 751 3.10 7.38 6.20
B? G)+1 3.41 7.35 5.78 341 7.46 8.14 341 7.41 6.96
c (5)+2 3.41 7.51 6.83 3.15 6.67 7.67 3.28 7.09 7.25
c? G)+1 3.15 8.30 5.67 3.36 6.09 7.04 3.26 7.20 6.36
c? G)+1 3.20 8.35 4.99 341 6.51 7.56 331 7.43 6.28
AB (5)+4 3.94 5.51 5.15 352 457 7.35 3.73 5.04 6.25
APB? 5)+2 341 8.82 4,94 3.62 7.09 7.09 352 7.96 6.01
AB? (5G)+2 3.89 7.25 4.83 3.94 6.72 551 391 6.99 5.17
AB? (5)+3 3.52 7.98 4,99 3.62 8.40 7.20 3.57 8.19 6.09
AB® (5)+3 3.89 7.67 5.99 3.99 5.99 8.30 3.94 6.83 7.14
A’B (5G)+3 3.89 6.25 6.25 4.10 5.93 7.14 3.99 6.09 6.70
A’B (5)+3 3.47 9.61 5.46 4.04 6.78 6.41 3.76 8.19 5.93
AC (G)+4 3.83 7.30 5.99 4.15 6.57 741 3.99 6.93 6.7
AZC? (5)+2 3.20 7.46 5.99 3.62 6.25 7.20 341 6.85 6.59
AC? (5G)+2 3.57 7.04 6.09 3.73 6.83 7.41 3.65 6.93 6.75
AC? (5)+3 3.52 7.04 5.15 3.78 5.46 7.04 3.65 6.25 6.09
AC? (5)+3 3.62 751 572 3.83 6.62 6.83 3.73 7.06 6.28
AZC (5)+3 352 8.30 7.72 3.83 7.88 8.35 3.68 8.09 8.04
A’C (5)+3 3.78 10.24 5.88 4.10 9.35 6.88 3.94 9.80 6.38
BC (5)+4 415 8.51 5.15 4.41 8.72 6.51 4.28 8.61 5.83
B’C? (5)+2 3.62 8.77 5.36 3.78 6.25 6.67 3.70 7.51 6.01
BC? (5)+2 4.10 7.14 6.62 4.25 6.36 7.35 4.18 6.75 6.99
BC? (5)+3 4.10 8.93 7.09 3.62 8.04 751 3.86 8.48 7.30
BC? (5G)+3 4.20 6.04 6.14 3.73 6.99 6.99 3.97 6.51 6.57
BC (5G)+3 3.78 7.35 6.67 4.04 6.83 7.14 3.91 7.09 6.91
BC (5)+3 4.15 7.25 6.41 441 6.99 7.56 4.28 7.12 6.99
ABC (5G)+6 452 8.77 557 4.15 7.2 7.62 433 7.98 6.59
A’B’C? (5)+3 341 7.83 5.78 4.10 6.46 6.57 3.76 7.14 6.17
A’BC? (5)+3 431 8.77 6.20 4.46 6.30 7.93 4.39 7.54 7.06
Average 3.65 7.83 5.82 3.77 6.84 7.3 3.71 7.33 6.56

Remark: number in the column “Feature” = (Grouping-based method) + Apriori-based method
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ms1an 4.16 vuavesdu lidaduls (Size of Trees) vosdmuuMUndoya (Classification

Model) $1LUNAWNTNAADY DANOI NN LAZANATDL

Proportional size of tree
Case 1 Case 2 by J48
Exp. Model Case 1 Case 2
J48 RT RFT J48 RT RFT RT RFT RT RFT
Exp. B1 LS 1,129 | 3,337 2,241 | 1,033 3,497 2,145 3.0 2.0 3.4 2.1
Gender 1,057 | 3,073 2,017 | 1,041 3,321 1,921 2.9 1.9 3.2 1.8
Level 1,125 | 2,705 2,361 | 1,009 3,081 1,673 2.4 2.1 3.1 17
SciF 1,057 | 3,033 1,969 | 1,065 3,025 1,881 2.9 1.9 2.8 1.8
Exp. B2 LS 787 | 2,170 1,398 787 2,167 1,418 2.8 1.8 2.8 1.8
Gender 657 | 1,717 1,218 654 1,850 1,187 2.6 1.9 2.8 1.8
Level 638 | 1,788 1,148 636 1,720 1,132 2.8 1.8 2.7 1.8
SciF 646 | 1,889 1,312 823 1,988 1,203 2.9 2.0 2.4 15
Exp. B3 LS 1,016 | 3,433 3,225 999 3,593 3,073 3.4 3.2 3.6 3.1
Gender 888 | 3,521 2,717 917 3,565 2,581 4.0 3.1 3.9 2.8
Level 1,057 | 3,949 2,429 | 1,054 3,761 3,309 3.7 2.3 3.6 3.1
SciF 1,057 | 3,177 2,693 948 3,501 2,529 3.0 2.5 3.7 2.7
Exp. B4 LS 1,169 | 4,209 2,881 | 1,161 3,625 3,097 3.6 25 3.1 2.7
Gender 1,057 | 3,737 2,001 | 1,065 4,001 2,049 35 1.9 3.8 19
Level 1,161 | 2,561 2,089 | 1,161 2,657 1,841 2.2 1.8 2.3 1.6
SciF 1,129 | 3,553 2,369 | 1,121 3,433 2,281 3.1 2.1 3.1 2.0
Average 977 | 2,991 2,129 967 3,049 2,083 3.1 2.2 3.1 2.1
NAMIH 4.16 A1N309A0UFVYRY vinaveIdu lddaduls

(Size of Trees)UDIRMUVIWUNTOYA(Classification Model) 3ntios lnmnldun danesiiy
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Taefinundesmvesduaungnanaumnuiosay  61.74 Tagwu @uuuges  PFSD i
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Classification Rules | Majority Rule Based (#rules) Decreasing
Sub-Model | ™50 cibe (#rules) Rules (%)
4Ts | 3Ts | 2Ts 1Ts | Total

PMSF 2,068 35 | 107 170 460 772 62.67
PMSD 1,960 25 | 119 186 445 775 60.46
PMHf 2,298 43 | 146 179 458 826 64.06
PMHD 2,190 41 | 154 177 460 832 62.01
PFSF 1,958 20 96 177 432 725 62.97
PFSD 1,850 13 | 102 87 442 644 65.19
PFHF 2,188 35 | 133 170 445 783 64.21
PFHD 2,080 40 | 119 182 456 797 61.68
IMSF 1,790 12 92 162 422 688 61.56
IMSD 1,682 19 75 179 428 701 58.32
IMHF 2,020 21 | 102 206 455 784 61.19
IMHD 1,912 17 | 125 187 450 779 59.26
IFSF 1,680 11 63 167 406 647 61.49
IFSD 1,680 10 66 162 418 656 60.95
IFHF 1,910 17 97 173 438 725 62.04
IFHD 1,802 17 98 186 460 761 57.77
CMSF 1,846 7 77 187 419 690 62.62
CMSD 1,738 11 86 161 425 683 60.70
CMHF 2,076 13 | 112 189 453 767 63.05
CMHD 1,968 27 96 196 446 765 61.13
CFSF 1,736 6 58 159 416 639 63.19
CFSD 1,628 7 54 180 410 651 60.01
CFHF 1,966 14 84 192 431 721 63.33
CFHD 1,858 14 | 105 162 429 710 61.79

Average 20 99 174 438 730 61.74

% Decreasing Rules
66.0

63.8
63.05

61.5

59.3

57.77

The Average of Decreasing Rules = 61.74%
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ﬁ"lﬁ'iﬂﬂillﬁﬂieliuzi"lﬂuﬂﬂﬁVI?JGI’JLHJ“]JEJ’E)EJHJ‘L! PMSF
Learning Objects Recommender No.

Characteristics 1 2 3 4 5
LOsC1 Video Y Y/N Y/N Y/N Y/N
LOsC2_Animation Y Y/N Y/N YI/N Y/N
LOsC5_Graphic N Y/N YIN YIN YIN
LOsC6_Simulation Y Y Y Y Y/N
LOsC9_Overview Y Y Y Y/N Y/N
LOsC11_Chapter N N N N N
LOsC12_Summary Y Y Y Y Y/N
LOsC14_ Fact N N N N YI/N
LOsC16_Process N N Y/N Y/N Y/N
LOsC17_Procedure N N Y/N YI/N Y/N
LOsC18_Demo Y Y Y Y Y/N
LOsC20_Example Y YI/N YIN
LOsC21_Exercise N N Y/N Y/N Y/N
LOsC23_Description Y YIN Y/N
LOsC26_Time N N N YIN Y/N
LOsC28_Sound Y Y Y Y/N Y/N
LOsC29 Place Y Y Y Y/N Y/N
LOsC30_Motivation N N N N N
LOsC32_Assignment N N N YIN YIN
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The structure of Keywords
Category

Level 1 Level 2 Level 3

B {A, B, C E} {A, B, C, {E, J,D}} {AB, C’{{DI%’G{,‘]HI;:’};’ M, N},

{D,{G, F},{H, I}, | {D,{G, F}, {H, 1}, {E, {B, A C},

Keywords | D {D,G,H, E}

{E,B,J}} {J, K, L, M, N}}}
{J,K,L,{M, O, P}, | {J,K,L,{M, O, P} {N, {Q, S}},
J|UKLMNEY | N oy {E B D}} {E.B.{D, G, H}}}
# LOs Related 331 473 595
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Tagldngmsuuzihdwunaudnuuges (Sub-Model)

# Recommend # Related LOs

Sub-Model LOs B D 3
PMSF 46 20 19 22
PMSD 27 17 17 12
PMHF 17 7 7 10
PMHD 52 19 17 25
PFSF 19 9 6 11
PFSD 66 23 27 32
PFHF 9 4 3 7
PFHD 20 10 7 9
IMSF 9 6 7 6
IMSD 14 8 4 10
IMHF 10 5 3 4
IMHD 11 7 6 4
IFSF 4 2 1 2
IFSD 14 5 5 10
IFHF 18 6 8 11
IFHD 43 24 16 24
CMSF 10 7 5 6
CMSD 9 5 4 5
CMHF 68 27 33 38
CMHD 16 6 5 8
CFSF 21 9 11 11
CFSD 47 19 18 20
CFHF 50 25 14 25
CFHD 45 20 20 23
Average 27 12 11 14
% Decreasing | 55.6 | 59.3 | 48.1
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