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Abstract: In this paper we present a mobile augmented reality (MAR) application supporting teaching
activities in interior design. The application supports students in learning interior layout design,
interior design symbols, and the effects of different design layout decisions. Utilizing the latest AR
technology, users can place 3D models of virtual objects as e.g., chairs or tables on top of a design
layout plan and interact with these on their mobile devices. Students can experience alternative design
decision in real-time and increases the special perception of interior designs. Our system fully supports
the import of interior deployment layouts and the generation of 3D models based on design artefacts
based on typical design layout plan design symbols and allows the user to investigate different
design alternatives. We applied John Keller’s Attention, Relevance, Confidence, and Satisfaction
(ARCS) learning motivation model to validate our solution to examine the students” willingness and
verify the ability of students to improve learning through MAR technology. We compared a sample
experimental group of N = 52 test-subjects with a sample of N = 48 candidates in a control group.
Learning indicators as learning interest, confidence, satisfaction and effective have been utilized to
assess the students’ learning motivation through the use of MAR technology. The learning results
have been determined by the independent sample ¢ testing. The significance of the post-test had a
p-value < 0.05 difference. The result of the study clearly shows that the reference group utilizing
MAR technology as a learning aid show a higher learning effectiveness as the control group. Thus,
we conclude that MAR technology does enhance students’ learning ability for interior design and
making appropriate design decisions.

Keywords: mobile augmented reality; mLearning; interior design; Augmented Reality (AR); Attention;
Relevance; Confidence; and Satisfaction (ARCS); learning motivation; ARCS; learning design

1. Introduction

The use of digital media supporting learning and integrating these into traditional teaching
methods has become mainstream of today’s learning designs [1-3]. In particular, applying augmented
reality (AR) in education is becoming increasingly popular, as it provides an interactive learning
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experience. It also allows embedding artificial computer-generated artefacts throughout the ‘real
world’, thus allowing students to experience learning content in the real world, rather than a 2D-based
system [4]. AR technology, in contrast to ubiquitous computation [5], mixes computer generated virtual
worlds with real-world scenes and creates imagery combining virtual and real worlds. AR enables also
amazing new interaction possibilities with the newly created world. The prevalence of smart phones in
terms of consumer penetration, makes these a platform of choice for AR applications. Their application
in educational settings allows a sense of presence and is fun to use for students. The positive effect,
value, the students’ pleasure of utilizing AR, and the enhancement of students’ attention has been
confirmed in today’s learning literature, as in for example [6].

We all know how difficult it is for people to imagine and understand 2D interior layout plans
without seeing the result in the real world or through a 3D simulation. Hence, AR technology seems
today the most suitable candidate to overcome this issue and has been continuously proposed for
interior design applications by several authors. To pick one example [7], uses a cell phone or tablets to
place and augment furniture interior spaces. These devices are not commonly available for students to
learn deployment layouts, interior design symbols, or the evaluation of alternative design layouts. In
this paper we present our application of mobile augmented reality (MAR) technology for learning
interior design students. Our solution takes advantage of the dramatic progress of digital AR technology,
and we rely solely on a tracking marker that is placed onto the deployment layout to define the interior
space and the interior design symbols in the room. Next, our system renders the complete 3D model of
virtual furniture on the mobile phone screen.

1.1. The Importance of Motivation in Learning

From the definition point of view, the meaning of ‘to be motivated” relates to be ‘moved to
do something’. Thus, when someone who is ‘energized’ or ‘activated’, he can be considered as
‘motivated’ [8,9]. This is related to optimal learning outcomes. To be motivated in learning is highly
correlated with learning effectiveness. A strong motivation allows people to focus on tasks for a
long time, and easily being immersed into the flow of experience. Factors underlying motivation
are attitudes and goals giving raise to action—it concerns the explanation (the ‘why?’) of actions
underlying the motivation. As pointed out by Ryan and Deci in [10], the orientation of motivation
concerns the underlying motivation can be dived into intrinsic and extrinsic types. Both have an
important impact on learning. Stating an example, a student can be highly motivated to do homework
out of curiosity and interest—or alternatively because he or she wants to procure the approval of
a teacher or parent. A student could be motivated to learn a new set of skills because he or she
understands their potential utility or value—or alternatively because learning the skills will yield a
good grade and the privileges a good grade offers [10]. Much internal motivation is driven by external
motivation. For example, the content of the textbook itself is interesting and thus arouses the interest
of learners’ internal learning and the motivation of active learning.

The performance created through the learning process refers to the benefits created by the
learner’s internal and external motivations. Motivation impacts students” behavior, and with increasing
motivation the learning performs increases. Both personal and environmental factors (input facets)
influence the level of effort, behavior performance, and teach outcomes (output facets) that learners are
willing to take. The more efforts learners undertake, the better they will perform. The better results
learners achieve, the stronger the motivation to continue with efforts to achieve even better results.
This phenomenon is cased the “virtuous circle of learning” [11].

1.2. Keller’s Attention—Relevance—Confidence—Satisfaction (ARCS) Motivational Learning Design Theory

John Keller proposed the Attention—Relevance-Confidence-Satisfaction (ARCS) motivation design
model in 1987 [12-15], which was divided into four factors relevant to improve the learning effectiveness
of students. ARCS emphasizes that the motivation of learners must be matched with the use of these
four factors in order to improve students’ learning performance. Instructional design and improvement
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1.4. Aims and Goals of this Study

Let’s focus firstly on the study underlying research questions. We aim at answering the following
research questions:

e Are Keller’s theories in motivational instructional design theories applicable for new digital
learning technologies such as MAR?

e In which ways does MAR-based technology improve the various components of Keller’'s ARCS
motivational theory consisting of Attention, Relevance, Confidence, and Satisfaction?

e Which methods are suitable to measure and verify Keller’s components in an experimental setting,
utilizing new innovative technologies?

e  How does MAR technology-based teaching design affect students” motivation, interest in learning,
learning satisfaction, learning outcomes, and behavior?

e In which ways can the design of interior design courses benefit from AR-based textbooks, and how
does the way of learning change?

To answer this question, we have developed an AR 3D image information display interface
on a mobile device as experimental teaching tool. We equipped it with AR technology, to instantly
display the spatial composition of an interior design including 3D artefacts as e.g., furniture accessories.
Our MAR teaching system simulates a teaching situation and incorporates different interior designs
and themed content to support learning tasks. It can be used for creating interior design layouts
(residential graphic design) and fitting of furniture. It has a 3D visual presentation of indoor design
layouts, as well as it has indoor space setting as e.g., ceiling, floor, wall, furniture design, decoration
design, orientation, lighting as a learning aid, etc.

To be able to quantify our research findings, we conducted a statistical analysis and compared two
groups of students: one group being trained with traditional teaching methods (control group), and
another being exposed to MAR-based learning (test- or experimental teaching group). The number of
samples in this study’s experimental teaching group was N = 52, while the sample size in the traditional
teaching control group was N = 48. We first assessed whether there is a significant difference in learning
performance between both groups. We wanted to test, if the experimental group’s final learning effect
is better than that of the control group. This would indicate that the use of MAR teaching material is
an important influencing factor for learning outcomes. We further use the ARCS model as a research
model to conduct regression analysis on the variables learning interest, learning attitude, confidence,
and satisfaction based on the evaluation of the test group utilizing MAR teaching materials. We want
to understand whether students” attitudes towards the use of MAR teaching materials is affecting
learning interest, confidence, satisfaction, and effectiveness. This is the main reason why we utilize the
ARCS theoretical framework to explain to what extent MAR teaching materials affect learning.

2. Literature Review

2.1. Augmented Reality (AR)

AR has been proposed by scholars such as Azuma [16] since the 1997s, and the concept of
AR system design theory went on to become mature and complete by now. Many companies and
research institutes actively developed applications and research in various fields. More recently, AR
technology with mobile devices and digital media in combination with a wide variety of partially
commercially available applications of AR education, entertainment, shopping, medical, military, or
museum navigation show the unpredictable prospects of AR. AR is a concept of mixing the “real world”
with a “virtual world” overlay. AR technology superimposes information into the real world through
a virtual scene. In virtual reality (VR) (systems as [17]), the consumer is immersed into a completely
artificial world—AR overcomes this shortcoming, and embeds virtual content into the real world.
AR has been used in the game industry, film industry, architectural design, industrial design, virtual
navigation, digital learning, sports, and digital content presentation (see e.g., [18]). The use of AR in
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classrooms has been discussed in [19]. It not only overlays the 3D image of the virtual object on the
real scene, but also create the perceived characteristics of the virtual and the real. Moreover, it allows
the 3D image to be presented in the computer from any angle to achieve a more realistic experience.
The newly created ‘reality’ combines virtual scenes with reality to a higher extend [8,20-22].

In addition, the user’s view of the real world through e.g., a translucent display merging real-world
with artificial 3D imagery creates a plausible new view of the world and completely new experiences
and perceptions of the real physical world. It allows users not only see the real world merged with
elements of the virtual world, but also creates many amazing possibilities for interactions. Sometimes
AR is referred to with the more general term mixed reality (MR). MR refers to a multi-axis spectrum
of areas that cover VR, AR, telepresence, and similar kinds of technologies, in contrast to ubiquitous
computational systems, which blend into the natural environment (e.g., [23] or [24]).

Obviously, the combination of AR applications and mobile devices creates more creative
instructional designs in education: real-time spatial calculus, 3D stereoscopic presentation, interactive
audio, video content, message sharing, object tagging, and intelligent agents. All of these novel services
surpass previous digital learning software which are mostly situated in the 2D space presented through
2D screens. MAR extends the AR paradigm through the addition of mobility, utilizing the screen of
a mobile device rather than see-through or head-mounted displays. MAR allows to display digital
information in the user’s field-of-view through the mobile phone display, and lets computer generated
objects virtually appear in the real physical world by displaying digital information in the user’s field
of view on the mobile’s display screen. Both, real physical world, and digital world are rendered
virtually in the same space [25]. AR is often understood as part of a MR continuum, with a focus on
augmenting the real world [16]. These aspects of AR can help students to learn and understand the
cultural environment to provide a rich and unique interaction experience.

More recently, AR technology is considered as a new design approach for architecture applications.
As aresult, a lot of AR experiments and research have been directed toward the architectural design
process [26,27]. AR as a next-generation interface provides a different way of interaction with digital
information. This new way to interact can be used to design better learning experiences. The definition
of AR by Azuma (see [16]) is relaxed to accommodate more prototypes that could help us understand
how AR can be used for education.

2.2. Learning Motivation Theory: The ARCS Model

ARCS is based on Keller’s systematic research approach, a design pattern of his motivation to
stimulate students’ learning motivation, and integrates motivation patterns proposed by motivation
theory, and related theories. In contrast to other methods as e.g., design thinking [28], he believes, that
textbooks not following any kinds of instructional designs, will not be attractive or in the focus of
learners, and their learning effects will be greatly reduced. Therefore, Keller [14] proposed the ARCS
motivation model, which can provide educators with the motivational needs of students and identifies
the design strategies for teaching, stimulates learning motivation, and effectively improves students’
learning and performance.

Four elements are proposed by Keller [14], which can help the instructor to motivate and maintain
the learner’s motivation for learning. The aim of ARCS is to help in the curriculum design or in
improving teaching. This model emphasises the motivation of the learner, which must be matched
with the use of these four elements to achieve increased stimulation of student learning.

ARCS integrates many motivational theories, whose main goal is to strengthen the systematic
teaching design, that the design of teaching materials can meet the participation and interaction of the
inspiring learners. Teaching design should also provide the application of theoretical, organizational
and practical aspects of teaching. The four factors A, R, C, and S are interlocking—they affect the
teaching effects of teachers. Teachers should utilize several ARCS factors in their teaching at the same
time, which allows students to learn following a benign cycle. The lack of mixing the different facets of
the ARCS model, will greatly reduce the overall teaching effect.



Sensors 2020, 20, 105 6 of 25

Keller emphasizes that ARCS has also a ‘diagnostic’ nature and a prescribing function, which
means that if learners are lacking in one or more of the ARCS aspects, there are ways to overcome these,
and integrate ways into the learning design in particular for these learners. The instructor can apply
a systematic teaching strategy to their inadequacies in order to improve the motivation of students
to improve their learning. The four elements and definitions of ARCS proposed by Keller and the
purpose of integrating the interior design curriculum of this study are illustrated in Table 1. The table
also provides a solution of how ARCS can be adapted in an experimental setting to measure and verify
the four components of the model through concrete variables.

Table 1. Four elements and definitions of Attention, Relevance, Confidence, and Satisfaction (ARCS)
model, following John Keller’s definitions [14].

Element Definition Variable Purpose
1. Use the learning materials provided by
Arouse the interest of students, mobile augmented reality (MAR) to arouse
A maintain the attention of Learning students’ interest in learning.
Attention students, and stimulate the interest 2. Observe students’ curiosity about the
curiosity of students. subject of learning, use time, and increase

their concentration.

Students develop relevant 1. Whether students are immersed in MAR

s Teaching to provide interior design learning.
R personal recognition based on . . 3
. design and 2. Does the student affirm the learning
Relevance the learning of new textbooks . : .
. method experience with MAR as the teaching
and past experience. .
material?
Arouse students’ expectations of 1. Students must use MAR to master the
C success and positive attitudes Learning steps of learning and be useful for learning.
Confidence towards students to help behavior 2. Students use the confidence and
students build self-confidence. concentration gained in MAR.

Students’ satisfaction and sense
of accomplishment in the
experience and results of

learning will enhance their
self-learning effectiveness.

1. Use MAR to let students start
Learning self-learning, gain greater satisfaction and
satisfaction sense of accomplishment, and produce
lasting learning interest.

S
Satisfaction

According to the ARCS motivation model [14], the four elements define the application purpose,
and classify the tools used in realizing the vision into four constructs, namely: 1. learning materials;
2. learning attitude; 3. learning platform; and 4. self-learning. These are the main four constructs to
create appropriate learning experiences and can be utilized to verify the motivational factors of the
learning design.

3. Mobile Augmented Reality (MAR) System

AR based interior design layouts introduce predetermined spaces in virtual layouts, which would
show up as a 3D overlay over the real physical world. AR based designs also include additional
augmented information and lets interior design symbols appear on e.g., a mobile screen. Our AR
software is capable of creating AR models out of interior design symbols as e.g., chairs, tables,
or similar artefacts.

The user-interface of our AR system was constructed based on our developed software tool.
The software generates 3D objects based on the interior design plan, it’s interior design symbols, and
then rendered in real-time as overlay of the physical world. We utilized Maya and Illustrator as tools
for creating interior plans, and associated 3D models, which are converted into the correct format for
AR real-time rendering. The overall process is presented in Figure 2.
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From a user-centered software design perspective, our newly developed system aligns with the
various learning steps that are typically utilized as part of traditional teaching methods, which is
described in further detail in Table 2. To accomplish this, we (1) have been editing the user-interface
components of the system in Unity; (2) build the 3D scene models of interior design objects; (3) developed
interactivity in Unity through script development; (4) built the AR recognition system, and created
markers to provide successful recognition of layout plans; (5) implemented interaction models to
enable the user to interact with 3D objects; (6) and tested the application prior release. The application
was exported for different target platforms, as e.g., Android Operating System or iOS.
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application was exported for different target platforms, as e.g., Android Operating System or iOS.

3.2. Interior Deployment Layout and Symbols

Multiple AR markers (or tags), which can be recognized by the camera were placed onto the 2D
interior scenes, which assisted in the creation of the 3D models on top of the interior plans. As soon
as these tags or markers appeared within the range of the camera, students saw the 3D augmented
images of the layout design plans. This helped students to understand the structure of the interior
space (see Figure 3a) more extensively. Students were able to move the mobile over the 2D interior
layout plans, compare different design decisions, and learn the symbols utilized in interior design.
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space (see Figure 3a) more extensively. Students were able to move the mobile over the 2D interior
layout plans, compare different design decisions, and learn the symbols utilized in interior design.
Different design decisions can be evaluated by moving different objects of the interior design to
different locations on the design layout, to evaluate design alternatives, as illustrated in Figure 3b.
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4. Research Design, Methods and Approach

The utilization of the MAR application is incorporated into the curriculum design of interior
design students, and we evaluated the effectiveness of student learning. To test learning effectiveness,
we divided different users into an experimental-group using our new system, and a reference-group
learning design symbols through traditional methods. We investigated the learning effectiveness and
knowledge of students after and before using the system to understand the impact of utilizing this
new technology on student learning outcomes. For several statistical analysis we have been utilizing
IBM’s Statistical Product and Services Solution (SPSS) V.25.

4.1. Research Phases

The overall research approach is presented in Figure 4. Different variables, control variables,
and experiments are evaluated for both user-groups through a self-evaluation in stage 1, followed
by a post-experiment evaluation in stage 3 of the study. The experimental group was exposed to an
AR-based teaching method in stage 2, while the control group was presented with a traditional way of
teaching. The experiment was carried out in three phases (see Figure 4):

e  phase 1 (pre-test stage): this phase was carried out one week before the experimental teaching,
and both—the experimental, and the reference group were tested for their knowledge in
interior design;

e  phase 2 (experimental teaching stage): during this phase, the experimental group received two
lessons (each of 40 min duration) of interior design teaching activities. We integrated our own
developed mobile based AR design system for this group. The control group was exposed to the
same teaching activities, however, we utilized traditional teaching activities to be able to compare
learning effect;

e phase 3 (post-experimental teaching stage): both groups—the experimental and reference group—Have
been tested after the 18th teaching week to identify the learning effectiveness, and the results of
our experimental way of teaching.

We tested variables such as pre-test scores for both test groups, and the execution of the
experimental teaching by educators. To verify our experiment, we imposed some restrictions in
our experimental design: first, both groups were taught by the same teacher, to exclude factors of
different ways and cultures of teaching; second, both test groups were subject to pre- and post-testing;
and thirdly, the same teacher was responsible to score the students’ outcome of alternative design
decisions, and students’ learning effect.

Our test-groups were composed of more than 100 students attending the second grade in
Department of Digital Media Design at the Ling Tung University in Taiwan. Thus, the number of
samples for the experimental group was N = 52, and the number of samples in the control group was
N = 48. The first group was the experimental group, where we integrated our newly developed MAR
design system into our curriculum of interior design learning. The control group was not exposed to
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our new way of experimental teaching as part of their curriculum. The interior design knowledge
test is presented in Appendix B of this publication. Each learning theme consists of different topics,
and each of these are evaluated. Students are tested through an examination before and after our
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Students understand the layout functions in interior design layout and plans;
4.3. Design of the Evaluation of Student’s Motivation through the ARCS Model

L .
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5. Students understand design symbols and placement of design objects as e.g., sofa, TV, bathroom,
closet, and other furniture components.

4.3. Design of the Evaluation of Student’s Motivation through the ARCS Model

The ABImedglparametars were evaluated through a questionnaire. Each of the fagegs,of the

model were evaluated through a different set of questions. Their analysis stages are presented in
Figure 5. BagddR6hh thedAIRES:mesdrs] (sue Tablieatgdlonougls agdestidimidivnasadheop tbp buedsertdheation

scale Bedakies reevd s sk Faer g F HBRITAL K ctggsionentheir analysis stages are presented in
Figure 5. Based on the ARCS model (see Table 1) elements and definitions, the proposed evaluation
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e  SATISFACTION —learning satisfaction (5 questions).
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4. Studying thesahiRiactionenf the famehshearning. thegsinne meansiimndetstapdwhether students
agree to use MAR, and then furthermore to evaluate the degree of likes and dislikes of MAR, and
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evaluation. If the option score is lower, the ability of students to cope with a particular aspect is poor.
The quantitative empirical model is shown in a structured from in Figure 6.

The different hypothesis underlying our research are listed below:

Hypothesis 1 (H1). “The use of MAR in teaching design and methods positively affect students’ interest in
learning”.

Hypothesis 2 (H2). “The use of MAR in teaching design and methods positively affect students’ learning
behavior”.
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Hypothesis 3 (H3). “The use of MAR in teaching design and methods positively affect students’ learning
satisfaction”.

Hypothesis 4 (H4). “The use of MAR in teaching design and methods positively affects student’s learning
outSHins 2919, 19, x FOR PEER REVIEW 14 of 26
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Figure 6. ARCS learning effectiveness statistical model, its parameters, and hypothesis.
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5.1. Evaluation of Learning Performance for Test and Control Group (Independent Sample t-Test Analysis)

The curriculum knowledge test for interior design included the following test for the following
five variables of student’s knowledge: (1) structure, (2) dimension, (3) flow, (4) layout, and (5)
symbol index. Several of these were obtained after the test. It is known from the data in Table 2, that
shows the results of the pre-test for both, experimental and control group, that the experimental
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description of the statistics for both groups but does not determine the differences between both groups.
This requires additional analysis, which is described within the following sections of the article.

Table 3. The control- and the experimental group’s knowledge measured before and after the interior
design test conducted by the teacher. It illustrates the overall learning performance of both groups,
but further statistic evaluation is required to identify the performance of each individual test group.

Number of Pre-Test Pre-Test Post-Measurement Post-Test
Test Item Group People Average Standard Average Standard
P 8 Deviation 8 Deviation
Test group 52 13.7308 2.12469 16.9423 1.88298
structure
Control group 48 13.8333 2.78547 15.1458 2.394
. . Test group 52 13.2308 2.20174 16.1346 1.69230
dimension
Control group 48 13.6250 2.65478 15.5208 2.36094
flow Test group 52 9.3077 1.66319 17.0000 1.83645
Control group 48 9.4375 1.59662 13.3542 2.12873
1 Test group 52 12.2692 2.89770 16.7885 2.32072
ayout
Control group 48 12.5625 3.12101 13.9167 3.16788
Test group 52 11.9231 2.65571 16.0385 1.94998
symbol
Control group 48 11.7083 2.79786 14.4792 3.11475

5.2. Determination of the Learning Ability of both Test- and Control Groups

To follow up statistical analysis presented in Table 2, we first needed to determine if the learning
ability of each group (experimental vs. control group) is similar or the same. We tested both groups
in parallel. In order to understand whether the difference between the two groups was of statistical
significance, we used the homogeneity test of the regression coefficient within the group to examine
whether there was any interaction between the pretest scores of the two groups. This was to confirm
whether learning abilities of both groups were the same. This could be tested through verifying if
regression lines within the group are parallel. We selected the one-way ANOVA to test whether the
two groups (experimental and control group) were homogenous. The results of the verification are
shown in Table 4. These tests indicated if the learning ability of both groups was the same. Thus,
the pre-test scores of both groups did not reach any significance via the homogeny test, which satisfied
the parallel tests. It indicated that the pre-test of the two groups had no interaction, and both groups
were statistically independent from each other.

It can be seen from Table 3 that the difference of experimental group and the control group in the
categories “structure” (F = 0.043, p = 0.836 > 0.05), “dimension” (F = 0.657, p = 0.42 > 0.05), and “flow”
(F=0.158, p = 0.51 > 0.05), “layout” (F = 0.237, p = 0.627 > 0.05), “symbol” (F = 0.155, p = 0.695 > 0.05)
are not significant. This satisfies the parallel check, indicating, that both groups were homogenous.
It is consistent with the homogeneity test of the regression coefficient within the group. It can be
determined that the exclusion of different classes will affect the pre-test results. Therefore, this study
can further adopt a single-factor covariate analysis: post-test scores can be based on variables to include
covariates for F-tests.

5.3. Evaluation of Learning Outcomes (Single Factor Covariate Analysis)

In the previous part of the statistical analysis, the results were used as covariates. The post-test
scores of both groups were used as the variables for the effectiveness check. The independent sample
single factor covariate analysis was performed. The statistical analysis showed a significant level
setting of 0.05 (within a 95% confidence interval). As can be seen from Table 5, the results of single
factor covariation analysis showed that the experimental group and the control group had significant
differences in “structure” (F = 17.828, p < 0.001), “flow” (F = 84.455.864, p < 0.001), “layout” (F = 27.030,
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p < 0.001) “symbol” (F = 3.357, p < 0.005). No significant difference can be seen for the category
“dimension” (F = 2.258, p > 0.05).

Significant differences can be seen for the category and there was no significant difference;
the “symbol” learning theme after MAR experiment teaching did not reach a significant difference.

Table 4. Summary of testing if the learning ability of both groups is the same, thus, if they are
comparable. This test was conducted in the pre-test stage of the experiment to test if both groups
are comparable and show same learning ability. Results show no significant difference between

both groups.
Variability
Test Item Source SS df MS F Value Homogeneity
Test Significance
structure Both groups in 0.263 1 0.263 0.043 0.836
pre-test stage
594.897 98 6.070
. . Both groups in
dimension 3.879 1 3.879 0.657 0.420
pre-test stage
395.839 98 5.903
flow Both groups in 0.421 1 0.421 0.158 0.692
pre-test stage
260.889 98 2.662
layout Both groups in 2147 1 2147 0.237 0.627
pre-test stage
886.043 98 9.041
symbol Both groups in 1151 1 1151 0.155 0.695
pre-test stage
Both groups in 727.609 98 7.425
pre-test stage
p > 0.05.

Table 5. One-way analysis of variance (ANOVA) summary table for two groups of learning outcomes.

Test Item Source SS df MS Fvalue  Significance
Difference between 80.554 1 80.554 17.828 0.000 ***
Structure groups 442806 98 4518
) ) Difference between 9.403 1 9.403 2.258 0.136
Dimension groups 408073 98 4164
Difference between 331.771 1 331.771 84.455 0.000 ***
Flow groups 384979 98 3928
Difference between 205.850 1 205.850 27.030 0.000 ***
Fayout groups 746.340 98 7616
Difference between 60.688 1 60.688 9.151 0.003 **
Symbol sroups 649.902 98  6.632

*p <0.05,* p < 0.01, ** p < 0.001.

According to the above test results, the experimental and control group are in the categories
“structure”, “dimension”, “flow”, “layout” and “symbol” met the homogeneity test of the regression
coefficient in the group by using the single factor covariate as analysis basis. The results of the single
factor covariation analysis showed that the experimental group and the control group had significant
differences in the categories “structure”, “flow”, “layout” and “symbol” indices. After adjusting the
adjusted averages, it was found that the experimental group was superior to the control group, while
the category “dimension” did not show a significant difference. This result can be used to demonstrate
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the difference in learning outcomes between both groups. The experimental group of students using
the MAR application as a learning aid achieved significant better learning outcomes than those in the
control group not using the MAR application.

6. Evaluation of Students” Motivation through the ARCS Questionnaire

6.1. Descriptive Statistic and Reliability of the Analysis

Firstly, the descriptive statistical data from the questionnaire (Appendix A) which was collected
from the experimental group show that the average value of each component of the ARCS model
(Figure 6) is the average of all the questionnaire scores of the standard deviation, and the average result
of each component in this study. As shown in Table 6, the average number of each component shows
that the experimental group students have a positive and satisfactory evaluation of each component of
ARCS after experimental teaching. This indicates that the experimental group students are affirmed by
the MAR teaching materials which are provided by the teacher. It also stimulates positive learning
interest, self-confidence, and learning satisfaction:

Table 6. Descriptive statistics of the ARCS model components for the experimental group.

Components Number Mean Standard Deviation
Learning interest 52 4.5808 0.20679
Teaching design 52 4.5269 0.17277

Learning behavior 52 4.5462 0.19449

Learning satisfaction 52 4.5769 0.20447

Learning performance 52 4.6462 0.17763
Valid N (excluded completely) 52

We evaluated the reliability and validity of our analysis and approach. To evaluate the reliability
levels of the study, we utilized the Cronbach value, which indicates with value of @ < 0.35 low
confidence; values between 0.35 < @ < 0.70 medium confidence, and an « value >0.7 a high reliability.
The reliability of the results of the statistical analysis of each facet were 0.929 for learning interest;
0.782 for textbook design and teaching method; 0.967 for learning behaviour and 0.900 for learning
satisfaction. The Cronbach « reliability levels of our study are above 0.7. Thus, overall the reliability of
the questionnaire in this study shows a high confidence coefficient. Within the acceptable range, it has
an inherent convergence consistency, indicating that it has a certain level of reliability.

Since the units of the variable measurements are the same in this study, as they are based on
the Likert five-point scale, the reliability can be measured by Cronbach’s a value. More generally,
Cronbach’s a value <0.35 shows a low confidence, 0.35 < & < 0.70 a medium confidence, and « value
greater than 0.7 means that the reliability is quite high. It represents the evaluation of the reliability of
the whole scale. The questions in this questionnaire show a high homogeneity and conform to the
standard [9].

6.2. Analysis of the Questionnaire Validity

In this study, SPSS was used for confirmatory factor analysis (ES) to determine the facet validity of
the questionnaire. The factor extraction was performed using principal component analysis (PCA) and
were verified by the varimax method of KMO (Kaiser-Meyer-Olkin measure of sampling adequacy)
and Barlett’s spherical verification. The KMO sampling suitability was 0.516. The square value of
the spherical check is 523.029, which is significant, and an indication that the questionnaire question
is applicable for a factor analysis. Through factor analysis, the previously set facet questions are
automatically aggregated into a single facet scale.

The measurement items of each facet can be converted into a single factor facet (the feature value
of each facet needs to be greater than 1), which has a certain level of validity. The decision on the
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number of factors is mainly based on the principle of the size of the special value. The characteristic
value represents the total variation that can be explained by a certain factor. The larger the value,
the stronger of the explanatory power are representing the factor.

In general, the eigenvalues need to be greater than the one to be considered as a factor. Through
the PCA [32] and the maximum revolving method, our research design has extracted four components.
The square of the rotation axis, and the load show a “learning behavior” value of 4.529; “learning
interest” value of 4.125; a “study satisfaction “value of 3.751; and “textbook design” a value of
2.976. The Eigenvalues of the components of the square of the rotation axis, and the load are all
greater than one (as shown in Table 7), indicating that the questionnaire has good validity from its
structural viewpoint.

Table 7. Factor analysis—rotation sums of squared loadings.

Total Variance Explained

Initial Eigenvalue Rotation Sums of Squared Loadings

Ingredients Sum Variance% Cumulative  Sum Variance% Cumulative%
Learning behavioral 5.594 27.972 27.972 4.529 22.647 22.647
Learning interesting 4.410 22.052 50.024 4125 20.627 43.274
Learning satisfaction 2.986 14.932 64.955 3.751 18.754 62.027
Teaching design 2.391 11.953 76.908 2.976 14.881 76.908

Extraction method: principal component analysis

6.3. Correlation between Learing Interest-Teaching Design-Behaviour-Satisfaction-Effectiveness (Analysis of the
Correlation Coefficients)

The study used Pearson correlation analysis to test the hypothesis of the two variables proposed
in our statistical model. According to the analysis results, the resulting correlation coefficient matrix
between the two variables was analyzed (see Table 6). Based on the empirical results of this study,
it was found that:

1. there was a significant positive correlation between the “learning interest” of the experimental
group and the MAR “teaching design”, with a correlation coefficient of 0.618;

2. the “learning interest” and “learning behavior” of the experimental group were significantly
positively correlated, with a correlation coefficient of 0.617;

3. there is a significant positive correlation between “learning interest” and “learning satisfaction”
in the experimental group with a correlation coefficient of 0.694;

4.  “learninginterest” and “learning” of the experimental group show a significant positive correlation

between the results with a correlation coefficient of 0.665.

As shown in Table 8, “teaching design” has a significant positive correlation with the “learning
satisfaction” (correlation coefficient of 0.618) and “learning effectiveness” (correlation coefficient of
0.393) of the experimental group. It also shows a correlation coefficient with learning behavior of 0.511
and is significant. We continued by validating Kintsch’s argument discussed in [14,33]: to increase
interest in learning, it is necessary to cut in from the two factors of the learner, namely, emotional
interest and cognitive interest. Emotional interest theory refers to the material that provides interesting
content on the content or theme of the textbook. Cognitive interest is that after the learner understands
the subject matter, intrinsic cognitive learning becomes more interesting and affects learning behavior
to create good learning performance [14,33].
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Table 8. Correlation analysis.

Learning Teaching Learning Learning Learning
Interest Design Behavior Satisfaction  Effectiveness
Pearson - - *k *k
Learning Correlation 1 0.618 (**) 0.617 (*%) 0.694 (**) 0.665 (**)
nerest Significance 0.000 0.000 0.000 0.000
(two-tailed) ’ ’ ’ ’
Pearson "~ o " o
Teaching Correlation 0.618 (**) 1 0.511 (**) 0.351 (*) 0.393 (**)
design Significance 0.000 0.000 0.011 0.004
(two-tailed) ' ’ ’ ’
Pearson " -~ . ok
Learning Correlation 0.617 () 0.511 () 1 0.501 (**) 0.618 (*)
behavior i
Significance 0.000 0.000 0.000 0.000
(two-tailed)
Pearson - ” o o
Learning Correlation 0.694 (**) 0.351 (*) 0.501 (**) 1 0.591 (**)
satisfaction P
Significance 0.000 0.011 0.000 0.000
(two-tailed)
Pearson *% £ £ %
Learning Correlation 0.665 (**) 0.393 (**) 0.618 (**) 0.591 (**) 1
effectiveness s
Significance 0.000 0.004 0.000 0.000

(two-tailed)

* When the significant level is 0.05 (two-tailed), the correlation is significant. ** At a significant level of 0.001
(two-tailed), the correlation is significant. Total number of exclusions = 52.

It is confirmed by our study that there is a positive relationship between learning interest and
appealing and interesting design of the content or material of the learning materials. The learner’s
cognition of MAR textbooks results in positive learning behaviors in the learning process (i.e., increases
the number of learning, etc., and shows satisfaction with the use of MAR). Thus, these alter the
effectiveness of students” learning. From the correlation coefficient analysis results, we can state,
that there is a positive correlation (significant existence) between the various components of our
research model.

6.4. Analysis Results and Key Findings through A Verification of Research Hypothesis

This section conducts the verification of the overall statistical model of our research through a
path analysis. Path analysis is a combination of regression analysis. In addition to regression analysis,
different functions are combined to form a structured model through a hypothetical research framework.
Through this analytical method, this study analyzes the relationships between the causes and effects of
the dependent and independent variables (e.g., y = f(x)) and analyzes the relationship between direct
or indirect effects between variables. Based on this analysis, R? is used as the percentage of the total
variation of the variable that can be explained by the independent variable and the regression model.
We use SPSS to perform the complex regression statistical analysis. We calculate the effect of single or
multiple independent variables on the direct influence of variables to obtain the (3 influence coefficient
and determine whether the path exists according to its significance or not. We adjust the R? value look
at the explanatory power analysis of this research model.

The following is a path analysis for the four research hypotheses in this paper:

Hypothesis 5 (H5). “The use of MAR in teaching design and methods positively affect students’ interest in
learning” (function 1: Learning interest = f {Textbook Design}): according to the ARCS theory proposed by
Keller, the factors influencing learning interest are teaching methods and textbook design in environmental factors
(referred to as “textbook design” in this study). Among them, p = 0.618, p < 0.001, R? = 0.383), the textbook
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design of MAR “textbook design” is positively affecting the factors of “learning interest” of the experimental
group students. The explanatory power is 38.3%, reaching a significant level, showing the H1 hypothesis is valid.

Hypothesis 6 (H6). “The use of MAR in teaching design and methods positively affect students” learning
behavior” (function 2: Learning Behavioral Performance = f {Textbook Design}): after regression statistics,
“teaching material design” is one of the factors affecting learning behavior (8 = 0.511, p < 0.001 is significant,
of which R? = 0.261). It can be seen that the textbook design of MAR “textbook design” is positively affecting
the factors of “learning behavior” of the experimental group students and reaches a significant level. The H2
hypothesis is established. It can be seen that the students in the experimental group are still affected by MAR
“teaching design” in terms of learning behavior.

Hypothesis 7 (H7). “The use of MAR in teaching design and methods positively affect students’ learning
satisfaction” (function 3: Learning Satisfaction = f {Textbook Design}): after regression statistics, “teaching
material design” is one of the factors affecting learning satisfaction (B = 0.351, p < 0.05 is significant), of which
R? = 0.123). It can be seen that the textbook design of MAR “textbook design” is positively affecting the factors
of “study satisfaction” of the experimental group students and reaches a significant level. The H3 hypothesis
is established. The learning satisfaction of the experimental group students is influenced by MAR “textbook
design”.

Hypothesis 8 (H8). “The use of MAR in teaching design and methods positively affects student’s learning
outcomes” (function 4: Learning effectiveness = f {Textbook Design}): after regression statistics, “teaching
material design” is one of the factors affecting learning outcomes (p = 0.393, p < 0.05 is significant, of which
R? = 0.155). The textbook design of MAR “textbook design” is positively affecting the factors of “learning
effectiveness” of the experimental group students, and it has reached a significant level. The H4 hypothesis is
established. The learning outcomes of the experimental group students are influenced by MAR “textbook design”.

From the results of the above regression analysis, it can be determined that MAR-based teaching
materials positively influences student’s learning interest, satisfaction, effectiveness for the group of
students that have been utilizing this technology. Students in the control group did not show the same
positive influence. Thus, integrating MAR technology into the classroom of interior design lectures
helps students in understanding 3D structures, dimensioning, tabular shape flows, interior symbols in
final interior design plans before their implementation in a real indoor design environment.

However, AR and the dynamic features it provides to support the interior design process affects
the students’ interest in learning indoor design, learning behavior, learning satisfaction, and learning
effectiveness. This is supported by the outcomes of our study. Thus, most of the students using our
MAR system show a high learning ability to recognize interior symbols and understand interior design
layouts and plans. They show an increased capability of imagining these spatially in 3D. During the
course of this experiment, students were excited and interested when confronted with the task to read
design layouts and plans using AR technology. We strongly believe, that AR has attracted the attention
of students and has successfully helped student to recognize different interior design symbols, and
have an increased understanding of the structure of interior design layouts and plans.

7. Conclusions and Discussions

For this study, we developed an augmented reality display interface on a mobile phone platform,
which was utilized to visualize interior design layouts and plans. AR technology enabled the instant
display of the spatial composition of interior designs and design artefacts as e.g., furniture accessories
over physical interior design plans. This technology was evaluated on its applicability as teaching
tool. The utilization of the tool as teaching aid has been examined throughout a complete one-semester
interior design course. We investigated whether the tool supports the learning experience, how it can
be integrated actively during the curriculum creation phase, and how it improves learning outcomes.
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7.2. Innovative Technologies such as Mobile Augmented Reality (MAR) Teaching Materials Increase Student’s
Interest in Learning

In educational research, it is known that the use of new innovative technologies lets new innovative
teaching modalities emerge and supports user (student) centred learning designs. This makes the
use of new technologies an attractive solution to efficiently increase learning experiences. Similarly,
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in common design research theory, as e.g., discussed in Dieter Rams” works [34], good designs are
innovative, and today’s possibilities for innovation are not, by any means, exhausted. Technological
development is always offering new opportunities for innovative designs. But innovative design always
develops in tandem with innovative technology, and can never be an end in itself [34]. Our results
confirm these claims, and the use of new innovative technologies such as AR-based teaching materials
improve the students’ interest in learning. As we expected at the beginning of the study, our proposed
research hypothesis Hypothesis 5 “the use of MAR in teaching design and methods positively affect
students’ interest in learning” has statistically been verified. One of the main key restrictions is whether
AR content meets the needs of teaching content to be delivered to students or not, which should be
part of the discussion when developing the overall learning design. While our study clearly indicates
that a MAR system supports the instructional design-centered needs of students, an overall restriction
is the question of whether the AR based material can attract the interest and focus of the learning for
the teaching subject. If this cannot be achieved, the learning effect will greatly be reduced. Thus, the
learning designer needs to evaluate weather AR is useful in teaching students in a particular context.

7.3. MAR Teaching Materials Increase Students” Motivation, in Particular Learning Behavior and Satisfaction

As we have been concluding previously, learning interest is enhanced through the application
of MAR-based teaching designs and methods. AR based interactivity and instant viewing of design
alternatives enhances learning interest. Students are fully immersed in the simulated interior design
situation, leading to an enhancement in their satisfaction and overall learning process. Our study
confirms that the students’ ability to understand different interior design strategies utilizing MAR
technology improves, and MAR technology improves students’ motivation, attention, and overall
increases the performance of learning behaviour. Thus, an AR-based textbook design, has positive
effect on learning behaviour, learning satisfaction, and learning effectiveness. This has been proven by
the linear regression analysis that we have been conducting and conforms our hypothesis Hypothesis 6
“the use of MAR in teaching design and methods positively affects students’ learning behaviour”,
and Hypothesis 7 “the use of MAR in teaching design and methods positively affects students’ learning
satisfaction”.

7.4. AR Technology Provides New Learning Experiences in terms of Understanding Learning Content
Understanding Spontaneous Learning Behaviours and Increased Learning Performance

We also would like to underline several other positive aspects that emerge based on our results:
first, students can self-study, thus they can guide themselves through improving their skills through
repeating different design approaches; second, through repeated practice in creating interior design
layouts, playing with design alternatives e.g., such as placing furniture and accessories differently, and
being presented with a 3D visualisation in the instant of the final layouts, students have an increase
sense of imagination as to what layouts look like when physically implemented; third, student develop
spontaneous learning behaviours by being exposed to instant visualisations of their interactive inputs.
This relates to indoor space settings, furniture placements, accessories in space, and auxiliary functions
such as lighting and the viewer’s orientation. These can be adjusted arbitrarily, and students develop a
playful way of spontaneous learning behaviours. This behavior supports the ability to understand
and inspire interior designs, the creation of design alternatives, and enhances the overall learning
satisfaction. It is obvious, that this leads to better learning outcomes [35]. Thus, we see our initial
hypothesis Hypothesis 8 “the use of MAR in teaching design and methods positively affects the
students’ learning outcomes”.

7.5. Increased Reinforcement of Students” Motivation through AR Technologies

Learning satisfaction is an evaluation of students’ learning outcomes and is an important factor
in learning motivation. Empirical research has shown that contextualized learning is possible by
integrating AR technology and its interactive functions. These allow students to experience simulated



Sensors 2020, 20, 105 22 of 25

situations of interior design alternatives, and to apply the knowledge and skills that they have
learned. This enhances learning satisfaction and reinforce student motivation. This study clearly
demonstrates that AR technology applied in teaching designs is feasible and effective through a
quantitative verification results of Keller’'s ARCS motivational design model.

7.6. Increased Student Subject Knowledge in Interior Design

Through our knowledge tests, which evaluated different aspects of knowledge in interior design,
we have also shown that the student’s subject knowledge improves through the introduction of MAR
technologies. Interestingly, while students improved in understanding facets such as structure, flow,
layout, and design symbols better, the knowledge around dimensioning did not significantly improve.
This might be explained by the nature of AR, which combines the strength of a physical representation
of layout plans overlaid by a virtual scene. Through this, the strength of AR lies in the added value
through providing interactivity, and graphics overlays. The ARCS motivation model can provide
educators with design strategies for identifying and understanding students’ motivational needs to
promote learning motivation and effectively improve student learning and performance. After the
experimental verification of this research, the students as a whole affirmed the systematic teaching
design of this research MAR (see Table 6), and it achieved the following criteria: (1) attracting attention,
(2) the teaching materials can be appropriately linked to the student’s learning experience, so as to
arouse the students’ learning motivation, (3) build confidence (4) satisfaction. Keller [13] emphasized
that the application of ARCS motivation model A, R, C, S four factors are interlinked, and the positive
direction of each link will definitely make the student’s learning a virtuous circle. This in particular
is of relevance for interior design students, as they need to be aware about spaces, and how these
spaces can be created. Thus, pre-imagination of possible design configurations, layouts, and how these
might look in reality is a major required skill set. This also includes the evaluation of different design
alternatives and provides the best possible interior design solution.

Not only did we prove that AR technology provides a useful tool for interior design students,
we have also been developing a method for evaluating and verifying the use of new innovative
technologies in a teaching setting following Keller’s motivational learning design model. The method
is exhaustively described in the method section of this article, and can be used for similar experimental
settings as part of analysis the use of technology other than AR. To conclude this study, we have proved
that AR technology in teaching improves students’ learning experience. We also developed an efficient
method in evaluating similar kinds of learning situations. The method is easily applicable for similar
kinds of experiments.
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Appendix A Student Questionnaire Questions

Personal Reason- Learning Interest

1. Ithink that learning interior design is interesting in the structure theme.

I think that learning interior design is interesting in the dimension theme.
I think that learning interior design is interesting in the flow theme.

I think that learning interior design is interesting in the layout theme.

AN

I think that learning interior design is interesting in the symbol theme.
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Learning Attitude for MAR Materials Design

AN

I can skillfully use the confents of the structural theme provided by MAR and fee] practical.
I can sklllfully use the contents of the size theme provided by MAR and feel practical.

ndix A: Student Questionnaire Questions

I can Skﬂl{\ Ii y use the content o rhe process theme provided by MAR and feel practical.
I can skillﬁﬂigﬁﬂﬁ%méléﬂﬁféﬂft@’ﬁf the layout theme provided by MAR and feel practical.
I can skﬂlfhhfrg bAH TR bICERE Kyt ﬁéﬂ%@ﬁ‘éi@?&%ﬂ@%x MAR and feel practical.

ink that learning interior design is’interesting in the dimension them
3.1 think that learning interior design is interesting in the flow theme.

Learning Behﬂ?)i@?‘&llkﬂﬂl?@fédmeﬂing interior design is interesting in the layout theme.

AR SN

5.1 think that learning interior design is interesting in the symbol theme.
I have confidence in learning the structure theme.

I have confideRta i e ArAS YRS EiRSstion theme.

an skillfully use the coptents,of the tructural theme provided by MAR and feel practical.
Ihave COI‘é‘ ceaIr-ll(s:l%l}Bll}g ahy %\){\El Tits (()%‘ﬁ{le s1zer¥ll\eme provided by MAR and feel practical.
T have corﬁ1d@n@]@11mllyeaqqﬁﬁgohlmtlefyhnptr¢heqﬁeme provided by MAR and feel practical.

Ih ni. i:fam sk1llfuliy use the C()PE1 ents of tl‘ﬁ aly t theme provided by MAR and feel practical.
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Learning Satisfaéﬁf’é’ﬂng Behavioral Confidence
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Appendix B

1. Thave confidence in learning the structure theme.

I am satisfiedhavd thnleRERINGthes I atrethenage.
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4.1 have confidence in Tearning the layout theme.
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Iam satlsfled with learnmg the layout theme.
Learning Satisfaction
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I am satisfied with learning the dimension theme.
I am satisfied with learning the flow theme.

I am satisfied with learning the layout theme.

5. lam satisfied with learning the symbol theme.
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