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Abstract  The shift towards more adaptable learning approaches in design education, particularly remote and 
online learning, has been significant following the pandemic. This study explores the integration of mobile 
augmented reality (MAR) in ubiquitous learning settings with a focus on interior design education. We involved 163 
undergraduate students in experiments to assess their use of MAR tools such as SketchUp and Fologram within 
Rhinoceros-Grasshopper. Their experiences were evaluated using the User Experience Questionnaire (UEQ), and a 
chi-squared test analyzed the relationship between these MAR tools and two educational models: the traditional 
classroom (Model-I) and the flipped classroom (Model-II). Results showed a preference for SketchUp across both 
models due to its user-friendly interface, while Fologram was preferred in the traditional classroom for its innovative 
features. The study underlines the importance of balancing advanced technology with effective teaching strategies to 
improve learning outcomes. Future research is recommended to enhance design education in distance-learning 
environments. 
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1. Introduction 

The outbreak of COVID-19 has greatly accelerated the 
shift toward online and remote learning, firmly 
establishing ubiquitous learning (u-learning) as the 
contemporary standard in education [1,2,3,4]. U-learning 
integrates education seamlessly into everyday life, 
enabling learning anytime and anywhere, supported by 
technologies [5,6] such as mobile devices and augmented 
reality (AR). This model is exceptionally advantageous for 
dynamic disciplines like interior design, providing 
personalized and immersive learning experiences. U-
learning allows students to learn at their own pace in 
various settings, shifting away from traditional, location-
bound education towards a flexible, learner-centric 
approach [7]. The incorporation of multimedia content and 
real-time communication tools fosters a transition from 
passive to active learning, enhancing engagement and 
retention [8,9,10]. 

Studies indicate that technologies such as building 
information modeling (BIM) and extended reality (XR), 
including augmented reality (AR), improve knowledge 
retention more effectively than traditional methods like 
presentations [11,12,13] With the widespread availability 

of mobile devices, mobile augmented reality (MAR) has 
gained popularity in educational settings due to its 
accessibility and cost-effectiveness [14,15]. For instance, 
in Singapore, the use of an AR application called MUSE 
allowed students to create virtual galleries, enriching their 
learning experience through multimedia elements [16]. In 
the interior design sector, MAR is invaluable for 
enhancing collaboration among designers, clients, and 
fabricators, streamlining the design process from concept 
to construction [17,18,19]. It addresses challenges such as 
accurately capturing client preferences, which are crucial 
for design decisions regarding style and color schemes 
[20,21]. Miscommunications in these areas can lead to 
client dissatisfaction; MAR mitigates this risk by 
improving visualization capabilities, allowing designers to 
present virtual representations of furniture within actual 
spaces, thus obviating the need for impractical physical 
models in remote settings [22]. 

Our study aims to assess the effectiveness of u-learning 
and MAR technologies in interior design education by 
comparing two educational models: the traditional 
classroom model (Model-I) and the flipped classroom 
model (Model-II). We seek to determine which MAR 
technologies best enhance motivation, engagement, and 
satisfaction, and which educational model is most 
conducive to u-learning environments within interior 
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design education. Through an analysis of student 
experiences, this research endeavors to refine educational 
models and offer insights into the successful integration of 
advanced technologies (specifically, MAR) and innovative 
teaching methods. 

2. Literature Review 

In traditional classrooms, the teaching approach is 
primarily teacher-centered, where instruction is mainly 
delivered through direct teaching methods [23]. The 
teacher is the central figure, often utilizing conventional 
tools like textbooks. Students typically assume a passive 
role, focusing on listening to lectures and teacher 
explanations. Homework in this model generally aims to 
reinforce classroom concepts through practice problems, 
reading, or predefined projects [24]. This model tends to 
limit student interaction and engagement with higher-
order thinking tasks during class time. 

In contrast, the flipped classroom model restructures the 
traditional educational approach. It requires students to 

first familiarize themselves with new material 
independently, often through online lectures and digital 
resources [24,25]. Classroom time is then dedicated to 
enhancing understanding through interactive activities 
such as discussions, problem-solving, and practical 
projects [26]. This approach leverages technology to allow 
students to access learning materials anytime and 
anywhere, thus enabling them to progress through course 
materials at their individual speed beyond the traditional 
classroom setting. The in-class time becomes a period for 
more dynamic and collaborative learning [27,28]. This 
model promotes continuous, independent learning and 
provides opportunities for personalized guidance from 
teachers during class [29]. 

Studies indicate that the flipped classroom model can 
substantially enhance academic performance, often 
resulting in higher exam scores and final grades 
compared to traditional methods [30]. Students engaged 
in flipped classrooms generally exhibit increased 
motivation, self-efficacy, and collaborative skills 
[25,27,31]. A detailed comparison of these two 
educational models is provided in Table 1. 

Table 1. Comparison of Traditional and Flipped Classroom Models 

Criteria Traditional Classroom Flipped Classroom References 
Approach Teacher-centered; instructor-led lectures Student-centered; active learning [2], [25] 

Teaching Format Lectures in class, homework for practice Lectures at home (videos), interactive and 
collaborative activities in class [24], [32] 

Tasks Passive listening, note-taking Active problem-solving, discussions [23], [29] 

Tools and Platforms Textbooks, whiteboard, physical handouts Digital content (videos), online platforms, 
interactive tools [24], [25] 

Learning Focus Understanding theoretical concept, memorization Practical application, real-world scenario, problem-
solving, critical thinking, creativity [27], [31] 

Student Engagement Often passive, limited interaction with teacher Actively engaged, interactive learning environment [28], [33] 

Collaboration Limited interaction among students; mostly 
individual work Encourages group work and peer interaction [7], [34] 

Assessment Individual assignment, traditional exams, quizzes Diverse methods including tests, projects, 
presentations [30], [35] 

 
Figure 1. Research framework 
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3. Methods 

3.1. Flipped Classroom Model in a Ubiquitous 
Learning Environment 

In designing a flipped classroom for interior design 
education that uses MAR tools, we organized the course 
into three main phases: pre-class, in-class, and post-class 
activities. The in-class activities were conducted in a 
hybrid setting, allowing students to either attend in person 
at the university or join online. Both the pre-class and 
post-class activities were conducted ubiquitously. We 
used MAR tools like SketchUp and Fologram, along with 
online platforms such as Zoom, Lentera Cloud, and 
YouTube. Figure 1 illustrates the research framework for 
our flipped classroom model within a u-learning 
environment, where students and teachers play various 
roles in each activity. 

3.1.1. Pre-Class Activities 
Access to learning resources: Students access necessary 

presentation files and videos uploaded to Lentera Cloud, a 
platform that facilitates the distribution of educational 
content across different locations. This ensures that 
students who need more time can review the materials at 
their own pace. Additionally, AR tutorials are posted on 
YouTube and notifications are sent through WhatsApp, 
which is also used for quick communications and 
scheduling meetings. 

Pre-class quizzes: To assess understanding, teachers 
create quizzes related to the AR content on Quizizz.com. 
Students can access these quizzes via smartphones or 
tablets, allowing them to review the material 
independently and complete tasks at their convenience. 

Collaborative online forums and groups: Students 
engage with online forums and social groups to discuss 
insights or ask questions about the AR tutorials they have 
completed. This fosters a collaborative environment 
among students and teachers, enhancing the learning 

experience. Such interactions not only deepen students' 
understanding of the material but also better prepare them 
for upcoming in-class activities. 

Preparation for in-class activities: Before class, students 
are expected to review all AR content and note any 
questions or challenges they might have encountered. This 
preparation helps teachers gauge the students' 
comprehension and tailor the class activities to meet 
individual needs, thereby enhancing the effectiveness and 
focus of the learning experience. 

3.1.2. In-Class Activities  
Content recap and AR-enhanced demonstrations: Each 

session begins by reviewing the pre-class materials to 
clarify any unresolved issues. Teachers then conduct live 
demonstrations on how to build interactive 3D models 
using MAR, allowing students to visualize their designs 
instantly on their mobile devices. To accommodate 
different internet speeds and learning paces, these 
demonstrations are recorded and later uploaded to 
YouTube for convenient student access. 

Group projects: Students are grouped to work on hands-
on projects that involve designing interior-related objects 
using tools such as SketchUp and Rhinoceros-Grasshopper, 
integrating MAR to enhance the understanding and 
visualization of their designs. This method not only applies 
their preliminary learning but also enhances teamwork 
skills through role-playing exercises (Figure 2). Teachers 
provide real-time guidance and encourage peer-to-peer 
support to overcome any technical challenges, further 
enriching the learning environment. 

Peer review and discussion: After project completion, 
each group presents their AR-enhanced designs to the 
class. This is followed by peer review sessions led by the 
teachers, where students critique and discuss each other's 
work. The focus of these discussions is to identify 
strengths and weaknesses in the designs, emphasizing how 
AR can improve the interior design process. This activity 
fosters constructive feedback and deepens students' 
understanding of AR applications in interior design. 

 

 
Figure 2. Examples of students' exploration and role-playing activities using MAR tools for SketchUp and Rhinoceros-Grasshopper 

3.1.3. Post-Class Activities 
Extended AR design task: After class, students are 

required to enhance their in-class projects. This involves 
adding more complex elements or rethinking the spatial 
design to refine their skills in AR design. To aid in this 

process, we provide students with additional tutorials on 
AR design tools, which support the development of their 
technical abilities and creativity. 

Peer and self-review: Students must upload their 
revised designs for another peer review. This stage 
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promotes a culture of constructive feedback and self-
assessment. We guide students to critically analyze their 
work and the work of their peers, based on specific criteria 
and insights gained from the extended AR design task. 
This helps enhance their evaluative skills and deepen their 
understanding of design principles. 

Post-class evaluation and feedback: To gauge 
knowledge retention and understanding, we assign 

additional quizzes and tasks through Google Forms, an 
efficient platform for managing and analyzing responses. 
Teachers provide detailed feedback on both the extension 
projects and students' reflective journals, aimed at further 
enhancing their learning and development. Screenshots of 
these online tests and questionnaires, which illustrate the 
tools used for assessment and learning support, are 
provided in Figure 3. 

 

 
Figure 3. Samples of online assessments and evaluations 

 

Figure 4. Assessment tools 

3.2. Assessments 
We utilized two types of MAR tools, SketchUp and 

Fologram, across two educational models: the traditional 
classroom model (Model-I) and the flipped classroom 
model (Model-II). To evaluate the effectiveness of these 
tools and methods, we collected student feedback through 
the User Experience Questionnaire (UEQ). Additionally, 
we conducted a chi-squared test to analyze the relationship 
between the MAR tools and the educational models. This 
analysis provided insights into student satisfaction, 
perception, and learning outcomes in relation to the 
educational models. The details of our research and its 
assessment tools are illustrated in Figure 4. 

3.2.1. Participants 
This study included undergraduate students from the 

interior design department at an Indonesian university 
during the 2021-2022 and 2022-2023 academic periods. 
These students participated in a compulsory 16-week 
course called "Digital Innovation," which consisted of 
both in-person and remote sessions lasting 120 minutes 

each. Initially, 199 students enrolled in the study, but after 
screening the surveys for completeness and reliability, 36 
were excluded, resulting in 163 participants. The 
experimental group comprised 82 students from the 2022-
2023 cohort, while the control group included 81 students 
from the 2021-2022 cohort. Predominantly, these students 
were in their sixth semester and were proficient in design. 
To assess the similarity in baseline knowledge between 
the two cohorts, we administered a pre-test, which resulted 
in a t-value of 1.23 and a p-value greater than .05, 
indicating no significant difference in initial knowledge 
levels, confirming the groups were well-matched for a 
comparative analysis. 

3.2.2. Experimental Procedures 
The study evaluated two educational models within a u-

learning environment, focusing on how students use MAR 
tools, specifically SketchUp and Fologram in Rhinoceros-
Grasshopper. In Model-I, the traditional approach, 
students followed the teacher’s instructions, engaged in 
class discussions, and completed individual assignments, 
culminating in a final task to create 3D models as defined 
by the teachers. This model provided clear guidance but 
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restricted creative freedom. Conversely, Model-II adopted 
a more dynamic approach, where students worked in 
groups on a final project without predefined outcomes, 
allowing them to choose their own designs and address 
unique challenges. This model promoted hands-on 
learning, teamwork, and peer interaction, aiming to create 
a more engaging and collaborative environment. At the 
course's conclusion, questionnaires were distributed to 
assess the effectiveness of the MAR tools in enhancing 
learning across these different educational approaches. 

3.2.3. Measurement Tools 
The User Experience Questionnaire (UEQ) is a 

commonly used tool in human-computer interaction that 

evaluates user engagement and satisfaction [36], [37]. It is 
designed to assess the subjective user experience of 
interactive systems, products, or services across six 
dimensions or scales (Figure 5). The UEQ includes 26 
questions, each representing a pair of contrasting attributes 
(e.g., "pleasant" vs. "unpleasant"), which users rate on a 
seven-point Likert scale [38]. It is important to highlight 
that positive attributes like "easy to learn" or "efficient" 
can be situated on either side of the scale, depending on 
the context. This setup helps gauge pragmatic quality 
(how well a product functions and supports task 
completion) and hedonic quality (how much personal 
enjoyment or stimulation the product provides). 

 

Figure 5. Scale structure of the UEQ [39] 

Responses to the UEQ are analyzed to produce 
quantitative data that compares different interactive 
systems. The analysis tools and the questionnaire are 
available on the UEQ's official website (https://www.ueq-
online.org/). To validate statistical results, particularly to 
determine if differences between expected and observed 
frequencies in our study data are significant, we used the 
chi-squared test [40], [41]. This test is essential for 
identifying relationships between categorical variables, 
such as the correlation between educational models 
(Model-I and Model-II) and preferred MAR tools 
(SketchUp and Fologram in Rhinoceros-Grasshopper). 
The chi-squared statistic (X2), is calculated using the 
formula (1) below: 

  (1) 
Where Oi is the observed frequency in each cell of a 

contingency table, Ei is the expected frequency, assumed 
under the null hypothesis, and the sum (∑) is taken over 
all cells in the table. To calculate the expected frequencies 
for a 2x2 contingency table, we can implement the 
formula (2) below: 

  (2) 
Where Eij is the expected frequency for cell in row i and 

column j, ri is the total of observations in row i, rj is the 

total in column j and r is the total number of observations. 
After calculating the chi-squared statistic, we compare it 
to a critical threshold from the chi-squared distribution 
table, which is determined by the degrees of freedom, 
usually calculated as (number of rows – 1) * (number of 
columns – 1) and the targeted significance level (e.g., 
0.05). If the calculated statistic is less than or equal to the 
critical value, the null hypothesis is not rejected, 
suggesting no significant difference or association 
between the variables. 

On the other hand, if the statistic surpasses the critical 
threshold, we reject the null hypothesis, signifying a 
significant association or relationship. Additionally, we 
gathered qualitative data by interviewing twenty randomly 
selected students to gain insights into their experiences, 
challenges, and suggestions. This qualitative feedback was 
analyzed to further understand the effectiveness of the 
MAR tools within the educational models. 

4. Results 

4.1. User Experience Questionnaire (UEQ) 
The UEQ employs a rating scale that ranges from 1 to 7, 

translating these ratings into values from -3 (incredibly 
poor) to +3 (exceptionally good). This scale facilitates a 
comprehensive evaluation of user experiences across 
various dimensions [36]. It is common to observe extreme 
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values, either greater than 2.0 or less than -2.0, reflecting 
the wide range of respondent opinions and priorities. A 
mean score exceeding 0.8 is viewed as favorable, one 
below -0.8 as unfavorable, and a score ranging from -0.8 
to 0.8 represents a neutral assessment [42,43]. The 
accuracy and reliability of these average scores are further 
assessed using confidence intervals; narrower intervals 
indicate greater precision in the results [43]. 

According to Table 2 and Figure 6, both SketchUp and 
Rhinoceros-Grasshopper received generally positive 
evaluations in attributes such as attractiveness, efficiency, 
dependability, and stimulation in Model-I. However, there 
were some notable differences. SketchUp’s clarity 
(perspicuity) was rated as "Below Average" (M=1.12, 
SD=0.67), indicating some challenges in ease of use. 
Conversely, SketchUp’s novelty received an "Above 
Average" rating (M=0.93, SD=0.54), suggesting that users 
found it relatively innovative. Rhinoceros-Grasshopper 
was highly praised for its novelty, rated as "Excellent" 
(M=1.72, SD=0.62). However, its clarity (perspicuity) 
scored the lowest among the attributes (M=0.76, 
SD=0.57), reflecting its complexity and the learning 
challenges associated with it. 

Table 3 and Figure 7 show that in Model-II, users had a 
positive perception of MAR tools in SketchUp across all 
dimensions. Stimulation was rated "Excellent" (M=1.74, 
SD=0.88), followed by attractiveness, efficiency, and 
dependability rated as "Good." Moreover, perspicuity and 
novelty received "Above Average" ratings. In contrast, 
Rhinoceros-Grasshopper showed lower average ratings 
across all dimensions. It scored lowest in perspicuity 
(M=0.20, SD=0.64), indicating users found the tool 
complex and challenging to understand. However, its 
highest rating was in novelty (M=1.59, SD=0.61), reflecting 
users' views of the tool as innovative and creative. 

In terms of confidence interval analysis, narrow 
intervals, as seen in the attractiveness and novelty ratings 
for both tools in both models, indicate consistent user 
perceptions. In contrast, wider intervals, particularly in the 
efficiency and stimulation ratings for both tools in Model-
II, suggest greater variability in user experiences. 
Generally, SketchUp displays wider confidence intervals 
than Rhinoceros-Grasshopper in Model-II, implying that 
the flipped classroom model may introduce more 
variability in how users perceive and interact with the tool, 
possibly due to their learning styles, pace, and interests. 

Table 2. Mean and Confidence Interval per Scale for Model-I 

MAR in SketchUp MAR in Rhinoceros-Grasshopper 

Scales Mean Std. 
Dev. N Confidence Confidence 

Interval Mean Std. 
Dev. N Confidence Confidence 

Interval 
Attractiveness 1.68 0.70 81 0.15 1.53 1.83 1.30 0.61 81 0.13 1.17 1.43 

Perspicuity 1.12 0.67 81 0.15 0.98 1.27 0.76 0.57 81 0.12 0.64 0.89 
Efficiency 1.49 0.81 81 0.18 1.31 1.66 1.26 0.69 81 0.15 1.11 1.41 

Dependability 1.51 0.70 81 0.15 1.36 1.66 1.13 0.75 81 0.16 0.97 1.29 
Stimulation 1.69 0.69 81 0.15 1.54 1.84 1.50 0.86 81 0.19 1.31 1.68 

Novelty 0.93 0.54 81 0.12 0.81 1.05 1.72 0.62 81 0.14 1.58 1.85 

Table 3. Mean and Confidence Interval per Scale for Model-II 

MAR in SketchUp MAR in Rhinoceros-Grasshopper 

Scales Mean Std. 
Dev. N Confidence Confidence 

Interval Mean Std. 
Dev. N Confidence Confidence 

Interval 
Attractiveness 1.72 0.95 82 0.21 1.52 1.93 1.22 0.75 82 0.16 1.05 1.38 

Perspicuity 1.62 0.80 82 0.17 1.44 1.79 0.20 0.64 82 0.14 0.06 0.34 
Efficiency 1.61 0.89 82 0.19 1.41 1.80 1.09 0.85 82 0.18 0.91 1.28 

Dependability 1.52 0.74 82 0.16 1.36 1.68 1.08 0.83 82 0.18 0.90 1.26 
Stimulation 1.74 0.88 82 0.19 1.55 1.93 1.32 0.92 82 0.20 1.12 1.52 

Novelty 1.05 0.55 82 0.12 0.93 1.16 1.59 0.61 82 0.13 1.45 1.72 

 
Figure 6. Six scales benchmark of the UEQ (Model-I) 
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Figure 7. Six scales benchmark of the UEQ (Model-II) 

 

Figure 8. Comparison of scale means of two distinct academic periods 

Table 4. The Result of Chi-Squared Test 

 
Observed Frequencies Expected Frequencies Eij Chi-Squared Points X2 

SketchUp Fologram Total SketchUp Fologram SketchUp Fologram 
Model-I 47 34 81 54.166 26.834 0.948 1.913 
Model-II 62 20 82 54.834 27.166 0.936 1.890 

Total 109 54 163     
 
The comparative analysis of MAR tools, SketchUp and 

Rhinoceros-Grasshopper, across two educational models 
(Model-I and Model-II) within a ubiquitous learning 
environment reveals distinct user experiences (Figure 8). 
In both models, SketchUp typically performs better, 
particularly in Model-II, where it shows significant 
improvement in pragmatic qualities such as perspicuity 
and efficiency. This suggests that Model-II may enhance 
SketchUp's usability, making it more comprehensible and 
efficient for users. On the other hand, Rhinoceros-
Grasshopper exhibits varied performance. In Model-I, it is 
noted for its high novelty, reflecting its hedonic quality. 
However, it scores lower in pragmatic qualities like 
perspicuity and dependability, indicating usability and 
reliability challenges. In Model-II, while it retains a high 
novelty score, Rhinoceros-Grasshopper continues to 
struggle with perspicuity, receiving a very low mean score. 
This indicates that flipped classroom model (Model-II) 
might not sufficiently address the complexities of 
Rhinoceros-Grasshopper for learners. 

4.2. Chi-Squared Test 
The chi-squared test was used to investigate the 

association between educational models (Model-I and 

Model-II) and students' preferences for different MAR 
tools. The test included additional UEQ questions to 
determine the preference for MAR tools, SketchUp or 
Rhinoceros-Grasshopper, using a scale from left to right. 
Preferences towards the left indicate a preference for 
SketchUp, while those towards the right suggest a 
preference for Rhinoceros-Grasshopper. According to 
Table 4, the chi-squared statistic of 5.688 exceeds the 
critical value of 3.841 (the threshold at a 0.05 significance 
level with one degree of freedom). This indicates a 
statistically significant association between the 
educational models and preferences for MAR tools, 
suggesting that the preference for SketchUp or 
Rhinoceros-Grasshopper is influenced by the educational 
model rather than occurring by chance.  

The significant results of the chi-squared test warrant 
further investigation into how and why each educational 
model influences MAR tool preference. To explore the 
factors leading to these preferences and to examine the 
specific attributes of each MAR tool that may make them 
more suitable for one educational model over another, we 
conducted qualitative research. This involved interviewing 
20 randomly selected students. The findings from these 
interviews will be discussed in the following section. 
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4.3. Student Interviews 
Interviews revealed that students generally prefer 

ubiquitous learning (u-learning) environments to 
traditional classrooms, attributing their preference to the 
engaging nature of MAR, which contrasts with the 
monotony of standard lectures. Students noted that MAR 
tools like Grasshopper and Fologram initially offer 
exciting, interactive experiences. However, one student 
highlighted the stress associated with the unpredictability 
and complexity of parametric design in Grasshopper, 
stating, “Initially, using parametric design in 
Grasshopper is fun due to its interactive and innovative 
features. However, I struggle to predict the outcomes of 
my 3D modeling, and this unpredictability becomes 
stressful over time. The learning process demands 
substantial time and effort, often requiring me to watch 
YouTube videos and seek other learning resources 
outside of class due to limited instructional time.” This 
comment reflects a shift from initial enthusiasm to stress 
due to the steep learning curve and the need for 
additional resources outside of class time. 

Another student preferred using recorded tutorials for 
learning, explaining, “I prefer watching recorded class 
tutorials rather than diving straight into 3D modeling and 
MAR. This way, I can practice with my friends at our own 
pace, pausing the video as needed to better understand the 
lessons and tutorials. Yet, remembering all the 
functionalities of the tools, especially in Grasshopper, 
remains challenging.” The flipped classroom model 
(Model-II) emphasizes self-paced, collaborative learning, 
which addresses some concerns but still presents 
challenges with tools like Rhinoceros-Grasshopper that 
require deeper understanding and more time to master. 
Relying only on online tutorials or recorded videos also 
has drawbacks, such as reduced direct interaction with 
teachers, making it difficult to ask questions when 
challenges arise. 

In terms of tool-specific feedback, students appreciated 
Fologram in Rhinoceros-Grasshopper for its support of 
multi-user experiences, enhancing collaborative 
interactions in AR, particularly beneficial in Model-II. 
Conversely, SketchUp was favored for its user-
friendliness and straightforward navigation, as one student 
expressed: “I love using SketchUp because it is easier to 
understand compared to Fologram and Grasshopper. 
However, I miss interacting with my models alongside my 
friends in SketchUp. Once I transfer my model to the MAR 
environment in the SketchUp viewer, I cannot edit it 
anymore.” Despite its ease of use and visual appeal, a 
significant limitation of SketchUp is its inability to edit 
objects in real-time within the AR environment, requiring 
a return to the desktop application for modifications, 
which lengthens and restricts the design process. 

5. Discussions 

The rise of MAR in u-learning is influenced by several 
factors such as task value, technological features, and 
pedagogical models. This section seeks to deepen our 
understanding of these dynamics by examining these three 
aspects, taking into account the results from both 

quantitative analysis of the UEQ and qualitative analysis 
from interviews. 

5.1. The Impact of Task Value on Students' 
Perception and Motivation 

The impact of task value on students' perception and 
motivation in educational settings, especially when using 
MAR technology, is profound. The design of these tasks, 
whether they align with students' end goals, personal 
interests, or fit their workflows, significantly influences 
their engagement and motivation.  

Tasks designed to foster creativity not only enhance the 
learning experience by making it enjoyable but also add 
meaning by allowing students to apply their knowledge in 
novel ways and develop a sense of ownership over their 
work. However, in traditional educational models (Model-I), 
tasks that are too rigid or overly predefined can limit 
creative exploration, potentially reducing student 
engagement and motivation. For instance, students often 
find SketchUp more engaging in Model-II than in Model-I 
due to the greater freedom to experiment and explore the 
tool. Conversely, with more complex tools like Rhinoceros-
Grasshopper, students appreciate the structured and guided 
tasks of Model-I, which help manage its steep learning 
curve and extensive functionalities. 

Collaboration also plays a crucial role, influenced by 
task value. Tasks that promote teamwork and collective 
problem-solving can significantly enhance the learning 
experience [7,44], especially in a u-learning environment. 
Collaborative tasks using MAR tools provide a platform 
for students to integrate diverse perspectives and skills, 
enhancing learning outcomes and motivation through 
peer interaction [12,45,46]. This approach is particularly 
effective in Model-II, where the structure of pre-class, 
in-class, and post-class activities emphasizes 
collaboration and peer review. Additionally, ensuring 
that tasks integrate seamlessly with MAR tools allows 
students to efficiently translate their ideas into action, 
enhancing both the effectiveness and enjoyment of the 
learning process [47,48]. For instance, SketchUp is often 
favored for its user-friendliness, which lets students 
concentrate on exploring design concepts rather than 
struggling with technology. 

Aligning tasks with students' future goals and interests is 
essential for maintaining motivation [24]. When students 
see a direct connection between their tasks, the use of MAR 
tools, and their personal or professional aspirations, they are 
more likely to be engaged and motivated. The relevance of 
these tasks to real-world applications and career paths 
increases their meaningfulness, boosting intrinsic 
motivation and commitment to learning. Furthermore, 
providing opportunities for students to receive feedback 
from industry professionals can bridge the gap between 
academic learning and professional requirements. 

5.2. The Impact of MAR Tools on U-learning 
Environments 

The integration of MAR technologies significantly 
influences student perception and motivation within a u-
learning environment. These tools affect learning through  
 

 



184 American Journal of Educational Research  

their technological features and the manner in which they 
are implemented in teaching strategies. SketchUp, known 
for its user-friendly interface, boosts student satisfaction 
across both educational models due to its ease of use and 
efficient navigation. These qualities lead to high ratings in 
pragmatic aspects such as usability and efficiency, 
enhancing overall student satisfaction. This positive 
experience with SketchUp generally encourages further 
exploration, fostering curiosity and self-directed learning. 
In Model-I, where traditional teaching methods prevail, 
SketchUp complements these methods effectively. 
However, the structured and predefined tasks in this 
model may restrict the level of stimulation and novelty 
experienced by students. In contrast, Model-II's 
collaborative settings, which provide greater freedom, 
allow SketchUp to foster more engagement and 
interaction among students. 

Fologram, paired with Grasshopper, offers advanced 
parametric and computational capabilities that allow for 
real-time 3D model manipulation [22,49]. This feature 
appeals to students' creative instincts, providing high 
levels of novelty and stimulation. However, Fologram's 
complex interface and steep learning curve pose 
challenges, especially in Model-II, where self-directed 
learning is emphasized. This often leads to lower 
perspicuity scores in the UEQ, indicating difficulties 
students face in navigating the tool. In a structured 
environment like Model-I, Grasshopper’s complexities are 
more manageable, resulting in a more positive perception. 
Additionally, the hedonic qualities of MAR tools, such as 
aesthetic appeal and the excitement they generate, play a 
crucial role in fostering creativity and exploration. Tools 
that are enjoyable and meet personal learning preferences 
are likely to be used more consistently, enhancing the 
educational experience across different models [1,24]. For 
instance, while some students prefer SketchUp for its 
visual simplicity, others might find Grasshopper's 
challenges more engaging. 

5.3. The Efficacy of Educational Models for 
an Enhanced U-learning Experiences 

The integration of MAR tools is transforming 
traditional teaching methods within the u-learning model 
[3,50]. In the conventional Model-I, MAR technology 
serves mainly as a supplementary tool, enhancing 
traditional teaching with 3D visualization and interactive 
simulations. While these features help clarify abstract 
concepts and improve design understanding, the 
predominantly teacher-led environment of Model-I may 
not fully leverage the interactive and immersive 
capabilities of MAR. This can result in underutilization of 
the technology, potentially leading to minimal 
enhancement in student motivation and perception [1,12]. 
Moreover, Model-I often prioritizes theoretical knowledge, 
which may encourage students to seek out online tutorials 
rather than engaging directly with practical applications, 
thus adding to the perceived complexity of the subject. 

In contrast, Model-II employs a flipped, collaborative 
approach that fosters a student-centered learning 
environment. This model encourages active participation 
[7,24], allowing students to freely explore MAR 
technology and apply it in practical scenarios. Such 

engagement not only deepens subject understanding but 
also enhances student motivation by involving them 
directly in the learning process [9,44]. Model-II also 
promotes collaboration and support among students, 
improving the learning experience through teamwork and 
peer assistance with MAR tools. This focus on 
collaboration enriches the user experience by emphasizing 
practical application and immediate feedback, supported 
by accessible tutorials and interactive class discussions 
[7,46]. Enjoyable and interactive learning experiences 
tend to enhance memory retention and comprehension, 
positively impacting educational outcomes [2,10]. 

6. Conclusions 

Reflecting on the key aspects discussed, we can draw 
several conclusions about the role of MAR in interior 
design education and the effectiveness of tools like 
SketchUp and Fologram in Rhinoceros-Grasshopper 
across different educational models: 

•  Impact of MAR: MAR has revolutionized interior 
design education, making it more practical and 
interactive. By integrating MAR, educators can 
create immersive experiences that bridge theoretical 
knowledge with real-world applications. This 
approach not only engages students but also allows 
them to experiment with and visualize their designs 
in real time, enhancing learning retention. 

•  Student engagement: The use of MAR significantly 
boosts student motivation and engagement. The 
interactive features of MAR tools captivate 
students' attention, encouraging deeper involvement 
in their projects and coursework. This heightened 
engagement is crucial for creating an effective 
learning environment. 

•  Tool-specific strengths: SketchUp is known for its 
user-friendly interface, SketchUp stimulates 
students and is ideal for both traditional (Model-I) 
and flipped classroom (Model-II) settings due to its 
ease of use. On the other hand, Rhinoceros-
Grasshopper with Fologram offers advanced 
parametric and computational design capabilities, 
adding a layer of novelty. Its complexity, however, 
may be more manageable in Model-I, where 
structured learning helps students navigate its 
features effectively. In contrast, the self-directed, 
exploratory nature of Model-II may present 
challenges due to its steep learning curve. 

•  Adaptation of teaching strategies: Educators should 
recognize the strengths and limitations of various 
MAR tools and adapt their teaching strategies 
accordingly. It is essential to choose tools that align 
well with the educational model, learning objectives, 
and student needs to fully leverage their educational 
potential. 

 
While this study provides insightful observations on the 

use of MAR in interior design education, its findings are 
specific to the context examined. These results may not 
directly apply to other educational settings or disciplines, 
highlighting the need for additional research to address 
these unique challenges.  
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Our research has shown promising results regarding the 
effectiveness of MAR tools in enhancing student 
experiences in interior design education. However, the 
findings must be considered within the context of the 
limitations posed by our sample size. To address this, 
further studies with larger and more diverse samples are 
necessary to confirm these results across different 
demographics and learning environments. Additionally, 
the employment of a broader spectrum of statistical 
analyses, including more advanced tests beyond the Chi-
square, will be crucial in substantiating the robustness of 
our conclusions and providing a more comprehensive 
understanding of how these technologies impact learning 
outcomes. 

7. Recommendations 

•  Enhance training for educators: To maximize the 
benefits of MAR tools like SketchUp and Fologram 
within Rhinoceros-Grasshopper, it's crucial to offer 
comprehensive training for educators. Training 
should focus on both the technical aspects of these 
tools and pedagogical strategies for integrating 
them effectively in both traditional and flipped 
classrooms. 

•  Develop custom learning modules: Create tailored 
learning modules that leverage the strengths of 
specific MAR tools. For instance, modules that utilize 
SketchUp can focus on basic design and visualization 
skills, while those that use Fologram can delve into 
advanced computational and parametric design 
techniques. This approach will help cater to varying 
student needs and learning paces. 

•  Foster collaboration with industry: Develop 
partnerships with MAR technology providers and 
professional design firms. Such collaborations can 
lead to internship opportunities for students, real-
world project engagements, and even direct 
feedback from industry professionals on curriculum 
and tool effectiveness. 

•  Evaluate and adapt to new technologies: Regularly 
assess emerging technologies and evaluate their 
potential integration into the curriculum. This 
proactive approach will keep the educational 
program current and relevant, ensuring that students 
are well-prepared for the evolving technological 
landscape in interior design. 
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