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ABSTRACT

Today, e-learning is considered as a transformational
Received: 19 June 2022 technology and an important tool in the process of education and educational activities. On
Reviewed: 12 September 2022 the other hand, the need to learn English as the first language in the world in order to
Revised: 24 October 2022 exchange information and communicate with other nations in order to use up-to-date
Accepted: 31 December 2022 knowledge is undeniable, so the use of information technology to produce and provide

educational services to improve English language teaching and learning is effective.
Identifying the effective factors in achieving learning is one of the important and researched

KEYWORDS: cases. Since the factors affecting learning are very wide and extensive, it is important to
E-learning identify these factors in solving the problems and shortcomings of the educational system.
Cognitive Style One of these factors is cognitive style. People use different learning styles according to their
English Teaching individual differences. Cognitive style can be defined as the way people process new
Machine Learning information and experiences in their minds; therefore, it is necessary to create a personalized

environment based on the cognitive style of individuals in order to better adapt the
educational strategy to the needs and abilities of the user and increase the efficiency of the

* Corresponding author learning process. In this research, Riding’s cognitive style, which divides people into two
5 ehsan.pazouki@sru.ac.ir dimensions, verbal-imagery and wholistic-analytic, is used as an effective factor in learning.
(+9821) 22970117 This study aims to predict the cognitive style of riding, based on the mouse movement of

users in a language teaching software. In this regard, the language training software was
designed and implemented, in which all the user's mouse movements are recorded on a
millisecond scale when reading the English text and using the media designed in the software.
Next, by using machine learning methods and interactive data stored from users while
working with the software, an intelligent model was presented that categorizes people in
two dimensions based on Riding’s cognitive style. This research is practical in terms of
purpose.
M In this study, Peterson’s cognitive style test is used to extract learners' cognitive
style with the aim of constructing labeled data. Also, individuals’ mouse data is recorded
when interacting with software, and artificial intelligence-based machine learning algorithms
and models are used to build intelligent models for classifying and predicting individuals'
cognitive styles. The process of training and building smart models is done through labeled
data. Finally, the models used are evaluated by comparing the results of the cognitive style
test and the outputs of the intelligent models. In the exams, male and female students aged
between 22 and 35, with bachelor's and master's degrees familiar with English participated.
Users stored interactive data was used as the input to the five classifiers of the
decision tree, neural network, nearest neighbor, support vector machine, and random forest.
Patterson test results were also used as labels for these models; thus, individuals were
categorized into two dimensions based on Riding’s cognitive style. The best classification was
related to the decision tree with 90% accuracy in the verbal-imagery dimension and 87%
accuracy in the wholist-analytic dimension of the results of this research.
According to the findings of this study, the designed language teaching system
can intelligently extract the cognitive style of people when reading the English passage with
appropriate accuracy. Therefore, in the future, the ability to provide personalized content in
accordance with the cognitive style of people can be added to the designed software.
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Fig. 1: Pictures related to the first part of the cognitive style test. Verbal questions "Are these objects natural?" Visual questions "Is this bigger this?”
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Table 2: Features extracted from data
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Time using text hints

g

Time using image hints

w

Time using audio hints

&>

Whole time using hints

L4l

Time spend on words

o

Time spend on questions

N

Time spend on text

o

Whole mouse movement

©

Whole return movement

10. Mouse return movement percentage
11. Words with return movement

12. Number of transitions between hints
13. Text words with return movement

14. Question words with return movement
15. Number of whole hints revisit

16. Number of using text hints

17. Number of using image hints

18. Number of using audio hints

19. Number of transitions between text and questions
20. Number of text hints revisit

21. Number of audio hints revisit

22. Number of image hints revisit
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24. Number of wholes using hints
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Fig. 7: Anomaly data detected by Isolated Forest on the feature “the number of
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Table 3: Selected features for each dimension and its resources
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Table 4: Required parameters for algorithms

polie Oloxpogs bl mle Y]
Values Definition Hyper parameters Algorithms
[gini, entropy] 005 b Jlee sl (o2 e Lo el S50
Function to measure the quality of a split Criterion Decision Tree
(1-10] S Gee Sl Goe Oty
Maximum depth of the tree from the root node to a leaf Max depth
39 s U Al arils il Iy 0,8 S5 a5 oladiged slows JBlas Sy oy S
(1-10] The minimum samples required to be at a leaf node Min samples Leaf
39 ey U Bl azils b 0,5 S5 a5 pladiged slaws JSlas GBS (3 yieS
[2-10] The minimum samples required to split an internal node Min samples split

[sqrt,log2,none]

[100-500]

[20,50,100]

[1,2,3]

[relu,tanh]

[adaptive,constant]

[RBF, Linear]

[0.1,1,10,100,1000]

[1-30]

[5,10,15,20,25,30]

[1-10]

[2-10]

[sqrt,log2,none]

[true,false]

O el 1y Sy olass ST
Maximum number of features to be split

Jowe plesl Glads slows

Number of times the whole training data is shown to the network

Sk aY slagyg,g olass
Number of neurons to use in the hidden layers
Sk sy
Number of layers between input layers and output layers
Joe jo eolaiul 050 (53l Jed &b
Function to map the inputs to the desired output
G50k Sy o5 b pog ol

Adaptive or constant learning rate

ool )90 J)JS @LT

Function to map the observations into some feature space
Hypermeter to control error
Bgad o gl Soo3 slaosls slaws

Number of nearest data for each sample

35 pands U all arils (b STy o) SO a5 pladiged slaws JBlas>

Maximum depth of the tree from the root node to a leaf

39 s 5 A8l LIS Ayl 0,5 S, 45 ladiges olass Jola

The minimum samples required to be at a leaf node

S s 5 A8y LIS Ayl 0,5 S, 45 ladiges olass JBlas

The minimum samples required to split an internal node
O ool 512 (S Sl S los
Maximum number of features to be split
Wosls (6,05 wiges sl (o)

Method for sampling data points (with or without replacement)

Max features

epoch sluxs

Number of epochs
S aY slagss

Hidden neurons

S Y olasws

Number of hidden layers

Ssledd &b

Activation function

G5l o,

Learning rate

FS et
Kernel
C yebly
C
asluon dlass

Number of neighbors

Max depth
Sy oS
Min samples Leaf
IS a8
Min samples split
Max features
@yl D2
Bootstrap

s .l.

Neural Network

Ol 10 il

Support Vector
Machines

Gliod op S0 3
K Nearest Neighbor

olay K>

Random Forest
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Table 5: Results of optimal values of parameters for five algorithms by stylistic dimensions
polde
values Fahlb el 95
Sred — N S-S Hyper parameters Algorithms
verbal-imagery wholist-analytic
entropy gini ) )QM SO JUEER
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10 2 Bos oyl
Max depth
2 3 Sy S
Min samples Leaf
4 5 SIS oy yaS
Min samples split
sqrt sqrt S5
Max features
400 500 epoch oloss erasaSh
Number of epochs Neural Network
50,20 50,100 Sl &Y s,y
Hidden neurons
3 3 She 4 slaws
Number of hidden layers
Tanh Tanh LS}L“)JL‘é G'U
Activation function
Constant Adaptive 5)159‘-1 Ca,
Learning rate
RBF RBF S &b Ol oy eile
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0.1 0.1 c )l“)li
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Number of neighbors K Nearest Neighbor
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4 g ., -
3 Sr oS
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Table 6: Details of participants in the cognitive style recognition test using the English language teaching system

o3l slass S ks Slre Gl il Sy

Number Mean SD Education
\g YYIAO A7AR ..\.Z)l as“’l*‘i’)lf —‘sml;.f;)lf
AANIES YV/fY VA Al gwlin I8 - wlis i
VY G YAIXD ATAYA Al ol )5 - i)l

Oy Sl S (9031 30 00iiS S 0 18 Fr (gl salcawsay Oljed 5l ol o,lel ¥ Jga
Table 7: Statistics of the scores obtained for 40 participants in the Peterson cognitive style test
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Sreas S
Imagery Analytic

S ryas = oW am (@ K S5 -, s (@l golis S slal 5l am jo 50 01381 Slol 3 Jlages Y S
Fig. 13: Frequency diagram of individuals in cognitive style dimensions a) wholist-analytic dimension, b) verbal-imagery dimension
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Table 8: Number of people by cognitive style dimensions based on a test performed on 40 participants (numbers in parentheses indicate the number of people in each

category)
VY5l i S35 S 5 00 VA5l eSS S 55 55 o500
wholist-analytic score more than 1.20 wholist-analytic score less than 1.19
O Sz - O) S l= V05l yeS (6 pgaim(oodS 0 03
Verbal-analytic (13) Verbal-wholist (10) verbal-imagery score less than 1.05
Q) S5z ~Grea A S 5= g Ve# 5l iy (6 90— (ooMS 0 pa
Imagery-analytic (9) Imagery-wholist (8) verbal-imagery score more than 1.06
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Fig. 14: The average number of hints used in the verbal-imagery dimension
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Table 9: T-test analysis of the significance of features for classifying verbal-visual dimensions
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Image hints (number)
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Time using audio hints (second)
[oe¥ -IAQ e Y ¥y () (2 sl sl
Text hints revisit (number)
[o0eY VV/AY £O/0 YA/Y FYIEY SV & 2555l 80
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Table 10: T-test analysis of the significance of features for classifying wholist- analytic dimensions
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TP+ TN

Accuracy = v (2)
Recall(R) = ——— (3)
Precision(P) = TPT-lI—JFP (4)
F1= 227 (5)



G5l Jae 0 bl p Sualy solid Sw (6 pgai- o dm aseis ol gl VY oo
Table 11: Results from the recognition of Riding cognitive style in the verbal-imagery dimension using five learning models
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ods e ) f1 )l o8 e ) f1 )l Machine learning model
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Decision tree
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Neural Network
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Support Vector Machines
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Random Forest
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Table 12: Results from the recognition of Riding cognitive style in the wholist-analytic dimension using five learning models
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