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Abstract. The aim of this research is to explore learners' learning behavior dif-
ferences in a customized augmented reality (AR) English learning system
(CARELS) by analyzing the learners' behavioral history. The results show that
male learners lost the scan directions of AR learning targets more often than
female learners, while female learners learning in one AR target was more care-
ful and detailed compared to male learners. One implication of these results is
that researchers should consider the gender difference, and give adaptive feed-
back or teaching materials when designing this type of AR English learning
system.

Keywords: Learning Behavior, Augmented Reality, English learning, lag se-
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1 Introduction

Language is the most essential medium of interpersonal communication. In the era of
globalization, English has become the most common language of international com-
munication [1]. English is also the mainstream language of the world today [2], there
is no doubt that English proficiency is an important communication skill. Taiwan is
an EFL (English as Foreign Language) English learning environment. According to
the education curriculum outline published by the Ministry of Education of Taiwan,
children start taking formal English courses from 3rd grade [3]. However, in the tradi-
tional English teaching environments, teachers usually explain the static contents of
the textbooks in a passive learning process [4]. This way of learning makes it hard for
learners to effectively apply what they have learnt to real life, and this situation still
needs to change. In recent studies many scholars have pointed out that it is important
to change the teaching methods and strategies to increase the motivation and interest
of learners to learn English [5, 6]. Moreover, it is crucial that different types of
knowledge become meaningful and better connected to real life during the learning
process [7]. In other words, the influences of learning scenarios are of vital im-
portance for EFL learners [8]. According the Spatial Contiguity Principle and Tem-
poral Contiguity Principle of 12 multimedia design principles proposed by Mayer [9]



corresponding and associated information can be generated immediately besides the
learning object. Augmented reality (AR) is a technology that combines virtual infor-
mation with the real-world image [10]. This technology allows the learning process to
better meet the principles proposed by Mayer [9].

2 Literature review

2.1 AR applied to education

AR involves importing the images, objects, and scenes generated by computers to the
real environment. Its purpose is to enhance the effect of perception. That is, the virtual
objects are added to the real environment. This technology must have three character-
istics: (a) combine the virtual and the real world, (b) be able to interact immediately,
(c) be necessary in 3D space [10]. Milgram, Takemura, Utsumi, and Kishino [11]
regarded real and virtual environments as a closed set as shown in Figure 1. The left
represents a purely real environment and the right represents a purely virtual envi-
ronment. Virtual reality attempts to replace the real world, while augmented reality
involves augmenting the virtual picture generated by computers into the real envi-
ronment.
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Fig. 1. The definition of AR proposed by Milgram et. al [11].

There are many applications of AR technology to language learning. For example,
Hsieh and Lin designed an AR system for English vocabulary learning which had
immersive learning outcomes. The experimental results showed that the learners were
willing to use the system. Chang, Chen, Huang and Huang also built an AR game-
based English vocabulary learning system. The above two English vocabulary learn-
ing systems are both based on AR technology, but the methods are different. The
former used English vocabulary magic books so that learners could scan the learning
objects in the books while the latter scanned the 3D learning objects directly to con-
duct learning. The advantage of the latter is that it can scan real objects in a real envi-
ronment. It does not need extra teaching objects. However, the above teaching sys-
tems are all only for simple English words or vocabulary. The applications of related
words or example sentences are lacking. In addition, it is inconvenient as additional
objects are required. Therefore, we developed a customized English learning system
based on AR technology. It is hoped that through the combination of the real situation
and the virtual information, the learning motivation and effectiveness of learners can
be enhanced.



2.2 Theinfluence of human factors in learning

It has been pointed out that important human factors include: gender differences, prior
knowledge and cognitive style [12]. The results of the experimental analysis show:
female learners more often and easily lose the direction of the problem than male
learners. Expert learners like to learn with flexible learning paths, while structured
content is more conducive among novice learners. In addition, people with different
cognitive styles like to use different search strategies [17]. Thus, the aim of this study
was to explore learners’ learning behavior through the lag sequential analysis (LSA)
method, with particular focus on gender differences.

2.3 Learners’ behavioral patterns

Cheng and Tsai [13] pointed out that analysis of learners’ learning behaviors is con-
sidered as an effective method for understanding how students behave in detail. It ha
been suggested to explore and analyze learning behaviors with different learning per-
formance of learners, to understand what the key points cause the difference between
high and low achieving learners [14-16]. Lag sequential analysis (LSA) can helps
researchers to examine the statistical significance of a certain behavior being followed
by another behavior, and a visualized diagram of behavioral patterns can be rendered
using this method [17]. Behavior transform patterns refers to the sequential relation-
ships between each types of coded topics. It can be determined by calculating the
statistical significance of a behavioral sequence of a certain behavior followed instant-
ly by another. Interestingly, there is much research that explore learners’ behavioral
patterns in different types of learning systems, but usually they focus on the relation-
ship of learning effectiveness between control groups and experiment groups, which
is only learning using different learning strategies. That is to say, most studies usually
discusses the differences of learner’s behavior on the learning strategies topic in kinds
of learning system.

However, if educators only teach students and analyze their behaviors with some
learning strategies but did not consider students’ personal differences, it may not
achieve the best teaching improvement. This study therefore explored learners’ be-
havioral transform patterns with a particular focus on gender difference.



3 Research method

3.1 Customized AR English learning system

To start learning English, students need to scan the learning target which is a real
object in the class or a picture in the English books content. When the identification is
completed, the interactive learning in the real object and the virtual teaching material
will be conducted. The operating procedures of the AR English learning system is
shown in Figure 2.
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Fig. 2. The operating procedures of the AR English learning system.

As stated above, after students scan the AR learning target, the system will show
the main learning object material (a real object in the class) and related learning ob-
ject material (a virtual object which is combining through AR) on the screen with
shining effects. Then, students can click the object they want to learn, and the word,
phrase or sentence function button will appear on the top center of the screen, the
process of operation as shown in Figure 3.



Fig. 3. Learning object selection.

When learners click the "word" button, the system will first split the word into let-
ters and read out each letter. Then, the word will be read out once. Next, the Chinese
meaning will be explained using a Chinese voice. If learners click the "phrase" button,
the teaching material of phrases will appear on the screen. The phrase will be read out
loud using English and the Chinese meaning will be explained using Chinese. In addi-
tion, the system gives simple phrases in the easy mode and give more difficult phrases
in the advanced mode. Finally, while learners click the "sentence™ button, the teaching
material of sentences will appear on the screen. Then, the sentence will be read out
using English and the Chinese meaning will be explained using Chinese voice. Ac-
cording the easy or advanced mode, the degree of difficulty of the sentence is also
different. Such design is to meet the Modality Principle of 12 multimedia design prin-
ciples proposed by Mayer [9]. The design allows the learners to use auditory and vis-
ual senses to receive a single message. This interface is shown in Figure 4.
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Fig. 4. The illustration of sentence function button.



3.2  Coding scheme and behavioral data collection

During the learning activity, the students' learning behaviors were all automatically
coded and recorded in the system. The definition of the code, and examples are pre-
sented in Table 1.

Table 1. The coding scheme and the definition for learning behaviors in the system.

Code Behavior

M Change learning mode.

\Y/ Change pronunciation voice.
W Open or close “Word’ function
P
S
H

Open or close ‘Phrase function
Open or close ‘Sentence’ function
Read explanation document.

SH Open or close ‘Explanation UI’

C1 Select ‘Main’ learning object

C2 Select ‘Related’ learning object

B1 "Word’ function button clicked
B2 "Phrase’ function button clicked
B3 ‘Sentence’ function button clicked
X Other

3.3  Experiment participants

There were a total of 4 classes with about 82 fifth grade elementary school pupils
whose average age was 11 who participated in this study. Of these 44 were male and
38 were female. In addition, they were learning English as a Foreign Language (i.e.,
EFL) and studied English for three hours per week in central Taiwan. The four classes
were taught by the same English teacher, a female teacher with more than ten years of
elementary school teaching experience. All students had previous experience of using
a Tablet Personal Computer and were familiar with using their fingers to draw on a
tablet.

4 Experiment Results

Based on the frequency transition tables, we then conducted sequential analysis and
further determined whether the connection between each sequence reached statistical
significance. The Z-score value of each sequence was calculated to determine whether
the continuity of each reached the level of significance and a Z-value greater than
+1.96 indicates that a sequence reaches the level of significance (p < .05) [17, 18]. In
that case, the codes obtained from the male students and female students yielded the
adjusted residuals tables (see Tables 2 and 3).



Table 2.

The results of sequential analysis of behaviors with male users.

Z-score M N W P S H SH C1 C2 Bl B2 B3 X
M -7.81 -7.81 124.56* -7.8 -7.8  -237 -7.29 -8.56 -9.86 -21.29 -13.02 0 -45
vV 124.56* -7.81 -7.81 -1.8 -7.8  -237 -729 -856 -9.86 -21.29 -13.02 0 -45
w -7.81 -7.81 -7.81 124.48* .78 -237 -7.29 -843 -9.86 -21.29 -13.02 0 -4.5
P -1.8 -71.8 -7.8 -7.8  124.56* -2.37 -7.28 -855 -9.85 -21.28 -13.01 0 -4.49
S -7.79 21.78* -7.79 -7.78 -7.78 -2.36 51.92* 9.92% 7.87* -21.17 -12.89 0 3.73*
H -237  -237 237 237  -2.37 21.8% 31.38% -26 -299 -646 -395 0 0.89
SH -7.46 98.62% -7.46 -7.45 -7.45 32.05% 2.34% -7.76 -9.42 -20.34 -12.43 0 -4.04
Cl -8.57 -7.77 -857 -857 -8.57 2.6 -573 8.69% -58 27.62* -4.14 0 -4.05
C2 -99 -978 -99 -9.89 -9.89 -3 -3.58 -1.36 22.85* 19.34* -6.25 0 -2.55
B1 -21.28 -21.28 -21.28 -21.26 -21.26 -6.46 -8.1 14.51* 13.87* 53.66* -12.35 0 -6.76
B2 -13.02 -13.02 -13.02 -13.01 -13.01 -395 -8.78 -2.24 -505 -16.83 78.6* 0 -3.66
B3 0 0 0 0 0 0 0 0 0 0 0 0 0
X -4.2 -4.2 -4.2 -4.19  -4.19 -1.27 8.9 -1.03 0.19 -1145 -7 0 78.85*

* < 0.05.
Table 3. The results of sequential analysis of behaviors with female users.

Z-score M A w P S H SH Cl C2 Bl B2 B3 X
M -6.23  -6.23 91.44* -623 -622 -1.87 -5.76 -8.77 -9.07 -13.69 -7.97 0 -3.95
Vo 9l44*% 623 623 623 -622 -1.87 576 -8.77 -9.07 -13.69 -7.97 0 -3.95
W -6.23 -623 -6.23 9144* 622 -1.87 -5.76 -8.77 -9.07 -13.69 -7.97 0 -3.95

-6.23 -623 -6.23 -6.23 91.35*% -1.87 -5.57 -8.77 -9.07 -13.69 -7.97 0 -3.95
S -6.21  l6*  -621 -621 -621 -1.87 32.95% 1.07 8.09% -13.66 -7.95 0 0.23

-1.87 -1.87 -1.87 -1.87 -1.87 13.87* 21.65* -1.77 -23 -4.11 -2.39 0 0.56
SH -5.92 72.02*% -592 -592 -591 24.06% 1.28 -8.34 -8.63 -13.02 -7.58 0 -3.18
Cl -8.79 -850 -879 -879 -878 -2.64 -6.66 2.5%* -9.15 36.36*% -0.81 0 -5.16
c2  9.13 -886 -9.13 -9.13 -9.12 -2.74 -357 -6.6 7.8% 2538% 4.34* 0 -3.76
Bl -13.68 -13.58 -13.68 -13.68 -13.67 -4.11 -2.34 27.74% 20.5% 10.48% -8.15 0 -2.07
B2 796 -796 -7.96 -796 -796 -2.39 -1.79 0.02 177 -11.77 48.96% 0 0.6
B3 0 0 0 0 0 0 0 0 0 0 0 0 0
X -3.62 -3.62 -3.62 -3.62 -3.62 -1.09 3.11* -123 05 -796 -4.63 0 54.93*%

< 0.05.

Furthermore, we deduced the behavior-transfer diagrams between male and female
students, which are presented in Fig. 5, respectively. This figure illustrates all se-
quences that have reached significance and the numerical values in the figures are the
sequences' Z-scores and the arrow indicates the direction of transfer for each se-

quence.
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Fig. 5. The behavioral transition diagram between male and female students.

According to the behavioral transition diagram, we found male and female students
demonstrated similar behavior sequences in the learning procedure, where — indi-

cates a unidirectional sequence and %5 indicates bio-directionality. However, 4 unidi-
rectional sequences were different for male students (blue line) and female students
(pink line), i.e., SH — SH, S — SH, S — C1, S — X and C2 — B2. These behavior
sequences demonstrate some interesting trends.

5 Discussion and conclusions

In the students’ learning achievement, no significant difference be-tween the two
genders were found. At first, by observing the behavior pattern associated graphs, we
found that male students were more active than female students when searching for

the next AR targets (S — C1, Z = 9.92). Then, according to the unidirectional se-

quences S — X (Z = 3.73), it was found that male students do something unrelated to

learning activities more often than female students after opening or closing the “sen-
tences function”. In other words, male students stray from AR learning activity easier
than female students. So, for the male students, it is suggested to add a correction
method or function in this type of AR English learning system, to help learners return
to the correct learning process during the learning activities. In addition, according to

the unidirectional sequences C2 — B2 (Z = 4.34), we can observe that female stu-

dents click the phrase button more often than male students after selecting related
object actions. From this result, female students’ concentration of attention is higher
than males' in this kind of AR English learning activity, because female students were
more likely to read extra related learning materials. Therefore, one could design some
suggested learning tips for the male students in this type of AR English learning sys-



tem to improve the level of detail in their learning process. It is also suggested to pro-
vide extra learning contents in the system for the female students.
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