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Abstract 

 
This study designs an AR-Integrated Learning Map 

(ARILM) applied in Barclay Community Park that incorporates 
information communication technology (ICT) into outdoor 
education, by employing smartphones, tablet PCs, and wireless 
communication devices, students can use the audiovisual 
navigation to learning climate change in outdoor environments. 
Technology Acceptance Model (TAM) was used to addressing 
the usefulness and ease of use in ARILM; the results indicated 
that all of the various paths were significant which means the 
ICT integration is successful. 
 
Key words: ICT, Augment Reality (AR), Technology 
Acceptance Model (TAM), AR-Integrated Learning Map 
(ARILM) 

  
Introduction 

     
    The learning characteristics of the digital era are, ICT in 
everywhere, ICT in everything. Not only students are using 
mobile technologies to learning knowledge in classes, but also 
the government and schools are working on improving ICT 
environment for new extra learning in setting ICT.  
    Nowadays with the progression of science and technology, 
students are supported by these advantages to develop their 
critique capability and problem-solving competence [13] [10], 
hence in the era, it is essential to prepare students to educate 
themselves by bounteous resources [14]. Information and 
communication technologies (ICTs) needs to be integrated into 
teachers’ curriculum to help students have a fully new literacy 
in 21st-century, mentioned by International Reading 
Association, that stand the milestone for education to 
developing the application of ICTs [8].  

This trend pushes digital learning to the world stage all 
around corners. With a wireless network, communication 
equipment, and mobile devices, U-learning environment could 
project education from classroom to outdoor fields, providing a 
boundless learning assistance. High-resolution tablets improve 
the learning experience of students on sharing texts, images, as 
well as videos, that is Non-replaceable by other devices [9]. 
Now there are many mobile devices deployed by researchers 
outdoors for ecological education and scientific discovery 
educational activities; those studies obtain good expectations  
[2] [3] [4] [5]. 
    Abundant ICT such as wireless environment, virtual reality 
(VR), augmented reality (AR), as well as artificial intelligent 
(AI) now are applying into the courses and class. In Taiwan, a  

 
 
 
creativity number of primary schools introducing many ICT 
into creative design courses for years, for example, A 
ubiquitous learning concept was conducted successfully in a 
butterfly observation activities [2], and created a 
three-dimensional Virtual Reality Learning Environment for 
Field Trip (3DVLE(ft)) system for geographic studies[11].  

Nevertheless, even built the fruitful results, they are 
improving the creative design adopting new ICT continuously. 
Recently, some scholars developed a highly interactive 
cloud-classroom (HIC) system to estimate the crossing 
effectivities on knowledge, comprehension, and application in 
a materials science class compared with a traditional teaching 
methods [12]. In addition, users can use AR to create near-real 
3D scenes by loading virtual text, images, video, or even 
tracking the 3D scenes by touching the screen. AR allows users 
to explore the limitation of textbook, time-trapped picture or 
2D images.  

However, many teachers have no enough skill of using ICTs; 
in another side, ICTs developers are not familiar with 
education area, which makes obstruct on new teaching and 
learning. In particular, outdoor education is limited to 
knowledge extension in the past, ICT such as AR is an 
excellent tool to improve this weakness. 
 

Integrated ARILM in Outdoor Education  
 

This study designs an AR-Integrated Learning Map 
(ARILM) applied in Barclay Community Park that incorporates 
information communication into outdoor education, by 
employing smartphones, tablet PCs and wireless 
communication devices, students can use the audiovisual 
navigation to create an educational setting that includes 3D 
models, images, and audio elements, even in outdoor 
environments. Associated with increasing advantage of cloud 
technology, Internet and smart devices are performed in the 
various tasks. This study evaluated the performance of primary 
students who learned ARILM by using, ICT including 3D 
models, images, audio elements, map and AR software as 
shown in Fig. 1 and Fig. 2. The characteristics of ARILM are 
present in the following: 

 
A. Five learning topics in ARILM 
(1) The first person in science education in Taiwan ---The life 
story of Dr. Barclay and the establishment of Barclay Community 
Park; 
(2) Seeing the wilderness, the law is natural; 
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Fig. 3 AR-Integrated Learning Map (ARILM) Applied in Barclay 
Community Park Scenario. 

 
Discussion 

 
A new ICT application should be examined in its system 

performance, as well as the users’ experience, Technology 
Acceptance Model (TAM) was used in this study for 
addressing the ICT design and integration is successful. The 
evaluation questionnaire we referred is developed by Davis [1], 

three items are set for external variables: system performance, 
material quality, and interaction operation.   The characteristics 
of 190 students and their achievements and attitudes toward 8 
weeks’ science courses were analyzed. The analysis results are 
shown in Fig. 4. 

 
The analysis results indicated that all of the various paths in 

the TAM model were significant, the external variables of this 
study (system performance, material quality, and interaction 
operation) have good significance for ease of use and 
usefulness. To discuss the external variables, the regression 
effect reached a significant level of F (3,186) = 946.107 (P 
< .00), it showing system performance, the material quality and 
ease of use had a significant impact on usefulness. The overall 
R2 is 0.938, and the adjusted R2 is 0.938, indicating that this 
regression model can explain the 93.8% variation of usefulness. 
System performance has the best explanatory power for 
usefulness (β = 0.391, p = 0.000), followed by ease of use (β = 
0.329, p = 0.000), material quality (β =0.316, p=0.000). The 
results of the model verification pointed out that the three 
variables: system performance, material quality, and 
interaction operation had a positive and significant impact on 
usefulness.  

To examine the relationship between the effect of the ease of 
use with usefulness of the ARILM, the correlation coefficient 
calculated from TAM analysis was 0.329**. It shows if the 
students are highly perceived ease of using the ARILM, their 
attitudes will toward to more positive in the perceived 
usefulness of the ARILM. Another important issue in TAM 
theory is checking the relationship between the usefulness with 
willingness on new ICTs, from analysis of this study, the 
correlation coefficient of the effect of usefulness on the 
willingness to adopt the ARILM was 0.558**. The high 
correlation presents that if students are highly perceived the 
usefulness of the ARILM, they will adopt the ARILM more in 
the future. Our evaluation indicated that students’ satisfaction 
with and willingness to adopt the ARILM have a significant 
positive influence on the system. The results also demonstrate 
that the better students’ ability to apply ICTs, the higher their 
satisfaction and willingness to adopt the ARILM. 

 

 
 
Fig. 4 Technology Acceptance Model for AR-Integrated Learning 
Map (ARILM) applied in Barclay Community Park.  

Open the inside page of text. 

The first layer of text:  
In the community park, according to a 
subject of study, shown in Figure 1. After 
the students have finished reading, they 
can open the content of the next page 
directly. 

The second layer of text :  
After the students have finished reading, 
they can use the AR software of the mobile 
device to scan this area to watch the video 
or 3D models designed by the Institute for 
further in-depth study. Augmented reality 
scanning areas as shown in figure 2.  

Directly link to videos on 
YouTube after augmented 
reality scanning. 

The first or second layer of 
text: Any animal that appears 
on the map can be scanned, 
and students can intuitively 
discover the characteristics of 
the creature. From cooperative 
learning, they can discuss 
together to solve some myths 
about animal characteristics. 

Wireless multimedia devices 
●The field of wireless network. 
●Smartphone or tablet PC. 
●AR app. 

Underground spring film 

Underground Spring 

Where does the water 
of Dream Lake come 
from? 

(3) Uninvited guest in the park---exotic species; 
(4) Biological myths---insects and spiders; frogs and 
dragonflies; 
(5) The climate change impact on life. 

B. The system design flow 
 
(1) According to ARIML, which integrated the collective 
perception, professionals, tutors, and the community 
development association, teachers can use ARILM to build up 
the design process; 
(2) Teachers can transform their ICTs materials such as 
audiovisual records (M1-8) or 3D model (3D 1-8) which 
Implied the information of the learning highlight spots in the 
map; 
(3) The audiovisual materials can be saved in a public 
streaming playing platform like YouTube or personal server, 
after the linkage teachers can generate the corresponding AR 
which was linked with the platform(server); 
(4) Following the step 3, locate the AR in correct position on 
the ARILM, complete the scanning setting range, then 
AR-Integrated Learning Map (ARILM) Applied in Barclay 
Community Park was completed. 

 
C. System usage procedure 

 
(1) Before operating the ARILM, users need to download the 
AR decoding software(APP) and installed in the mobile device; 
then start from opening the camera function of the decoding 
software; 
(2) Scanning the AR areas on the map to decode the AR 
information, user’s mobile device will obtain the corresponding 
web address of the e-learning platform (or server), and links to 
the specific learning content automatically; 
(3) Browsing the audiovisual material or 3D model through the 
interface, user can navigate the particular learning content 
associated with the guide from teacher;  
(4) After the reviewing and guiding procedures, teacher can 

using group discussion, question/answer, or personal 
presentation to examine the learning benefit of ARIML. 
Teacher also could check their curriculum from the feedback of 
students, and then to modify the original design of suing ICTs 
and the specific learning content.   

 
A Scenario of ARILM Applied in Barclay Community Park  

 
At first, one teacher should participate in a training 

workshop which could enhance their ability on using ICTs, in 
particular the mobile device setting, audiovisual materials 
making, AR generating, and internet linking. Practice on ICTs 
incorporate into outdoor education is also the key issue in the 
training course, it could prepare a teacher who have well 
understanding on using the system, design a suitable 
curriculum, and gained a unique perspective and experience to 
apply ARILM. After the training, teacher should arrange their 
teaching schedule and paths based on ARIML, especially 
setting the wireless internet access facilities well in outdoor 
environment. 

students were taking to an outdoor education trip and 
equipped with the AR maps and mobile devices. During the 
outdoor trip, students were assigned to select one target they 
have interesting, such as an animal they wanted to study on the 
AR MAP, they can explore the target by scanning the map and 
navigating the audiovisual materials and 3D models. Students 
will gain the relevant knowledge, for example, why the animals 
need to be conserved, which biological characteristics among 
the bio-system by themselves. Teacher play an assistant role 
when the students had trouble on using ICTs but no answer 
about the learning contents. 

In the end of the class, learning assessment was taking by 
group discussion, question/answer, or presentation as teacher’s 
design, teacher could answer questions, present the knowledge 
of the learning contents, demonstrate the other information of 
ARILM which students did not browsed, and the usefulness of 
ICTs applied in ARILM. The Videos and 3D models in-depth 
study as shown in figure 3. 

 
 
Fig. 1 Five learning topics in ARILM applied in Barclay 
Community Park.  

 

 
Fig. 2 Simultaneous Learning Via Mobile Devices as Digital 
Content Transformation. 
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Abstract 
 

In the category of design education, the effective 
transmission and understanding of knowledge are the key 
elements for the success of design practice. Although the 
design teaching method is two-way communication between 
teachers and students, cognitive gaps in teaching contents often 
occur, especially in a product design course. In order to achieve 
consistency in cognition and teaching, this research took green 
household appliances as the example, and applied the Zaltman 
Metaphor Elicitation Technique (ZMET) and the Means-End 
Chain(MEC) Theory, in order to explore the experience and 
opinions of students in a design department. According to the 
analysis results, 27 common constructs were obtained, 
including 9 attributes, 10 consequences, and 8 values, and 3 
major expectation dimensions were summarized, namely 
“environmental sustainability”, “use feeling”, and “life & 
health”. Moreover, according to the consensus, the ACV 
connection model was confirmed. The results of this research 
can be provided to teachers as course guidance to develop 
green products and expand student’s opportunities to realize 
the specific goal of product design. 
 
Key words: Keywords: Consensus Map, Green Household 
Appliances, Means-End Chain (MEC), Zaltman Metaphor 
Elicitation Technique(ZMET) 

  
Introduction 

     
Good communication and interaction between teachers and 

students are important factors in maintaining the quality of 
product design and improving learning performance. At 
present, research on product design communication has 
received good support in general design practice (between 
designers and consumers) (Chen, 2004), but the teaching 
communication between teachers and students is rarely 
discussed (Liu & Lin, 2010). Some dilemmas have been found 
in product design courses, especially in technical and 
vocational education systems. Studies have shown that poor 
teaching methods can lead to student learning problems. The 
students at current vocational colleges are not all composed of 
undergraduates, which form students' inconsistency in design 
perception, ability, and behavior (Liu & Lin, 2010; You, Yang 
and Liao, 2007). For example, learning information is not easy 
to get based on a course, but it easily causes students to learn 
with a low attitude (Liao, 2004). In addition, students' own 

feelings and needs for the course are not clear and universal. 
Undoubtedly, an excellent teaching method covers the mutual 
understanding between teachers and students. From the 
teacher's perspective, students' cognition and ideas need to be 
explored and compared to one-way teaching methods. 

In order to improve the above problems, ZMET is a research 
method that effectively understands the hidden inner cognition, 
which is good at exploring the ideas, emotions, and behaviors 
chosen by people to summarize the internal consensus mode 
through image and language communication (Zaltman, 1997). 
ZMET has long been used in the field of design and education, 
as it can understand the learner's experience in the learning 
process and propose ways to improve learning efficiency and 
explain the behavior of learners (Liu & Lin, 2010). 
Furthermore, the three stages of confirming demand, concept 
development, and materialization often focus on product 
design courses (Chang and Chiang, 2014). Therefore, in order 
to make students' perceptions of product design more 
contextual, the appropriateness of students' behavior in the 
learning environment ultimately points to value according to 
the MEC theory (Haghighi and Jusan, 2012). MEC emphasizes 
product or service attributes that will evoke people’s 
perceptions, and the results will enhance their inner value 
(Gutman, 1982). On the whole, the main purpose of design 
education is to encourage students to form a sense of design and 
to internalize it into their individual traits through extensive and 
connected thinking (Jiang and Jou, 2017). A complementary 
perspective is presented in this study, which aims to explore 
students' understanding of the concept and image of demand for 
product design. 

 
Research Method 

 
A. Research Process 

Taking green home appliances as an example, this study 
explores students' intrinsic ideas and experiences in product 
design through ZMET and MGB so as to provide teachers with 
green product practice courses to increase students' 
understanding and efficiency. The relationship between 
students' constructs of green product design will be extracted 
through ZMET. The attributes, outcomes, and values between 
constructs will be classified, and a consensus map will be 
formed through MEC. The research process is shown in Figure 
1. 

 
Summary 

 
This study initiates an innovative outdoor education method 

called ARILM that integrates ICTs such as mobile device, AR 
contents and wireless internet environment within a map, it 
aims to helping outdoor education expand the diversity of 
practical use. There were 190 elementary students participated 
in this study and their feedback were collected and analyzed. 
These students expressed significant interest in using the 
ARILM to conduct outdoor educational activities. Our research 
shows that the design of outdoor education could be adjusted to 
integrate new ICTs, it also showed the ARILM applied in 
Barclay community park is highly acceptable for students, the 
future study should be extended to evaluate the learning 
achievement of learners. 

 
References 

 
[1] Davis, F. D.(1989) .Perceived Usefulness, Perceived Ease of Use, 

and User Information Technology, MIS Quarterly, 13(3), 319-33. 
[2] Hung, P. H., Hwang, G. J., Lee, Y.H., & Wu, T.H. (2011). The 

problem-refining progress of 5th graders' ubiquitous inquiry. 
International Journal of Mobile Learning and Organization, 
5(3/4), 255-267. 

[3] Hung, P. H., Hwang, G. J., Lin, I. H., & Hung, X. T. (2010). The 
development of a computerized ecology observation competence 
assessment. Advanced Materials Research Vols 108-111, 860-865. 

[4] Hung, P. H., Hwang, G. J., Su, I. H., & Lin, I. H. (2012). A 
concept-map integrated dynamic assessment system for 
improving ecology observation competences in mobile learning 
activities. Turkish Online Journal of Educational Technology, 
11(1), 10-19. (ISSN 2146-7242). 

[5] Hung, P. H., Lin, Y. F., & Hwang, G. J. (2010). Formative 
Assessment Design for PDA Integrated Ecology Observation. 
Educational Technology & Society, 13(3), 33-42. 

[6] Hwang, G. J. (2014). Definition, framework and research issues 
of smart learning environments-a context-aware ubiquitous 
learning perspective. Smart Learning Environments, 1(1), 4. 

[7] Hwang, G. J., Shi, Y. R., & Chu, H. C. (2011). A concept map 
approach to developing collaborative Mindtools for context-aware 
ubiquitous learning. British Journal of Educational 
Technology, 42(5), 778-789. 

[8] International Reading Association. (2009). New literacies and 
21st-century technologies: A position statement of the 
International Reading Association. Newark, DE: Author. 

[9] Johnson, L., Adams, S., & Cummins, M. (2012). The NMC 
horizon report: 2012 higher education edition. Austin, TX: The 
New Media Consortium. Retrieved March 31,2018, from 
https://www.nmc.org/publication/nmc-horizon-report-2012-highe
r-ed-edition/ 

[10] Jonassen, D. H. (1996). Computers in the classroom. Mindtools 
for critical thinking. Englewood Cliffs, New Jersey: Prentice-Hall, 
Inc. 

[11] Lin, M. C., Tutwiler, M. S., & Chang, C. Y. (2012). Gender bias 
in virtual learning environments: An exploratory study. British 
Journal of Educational Technology, 43(2), E59-E63. 

[12] Liou, W. K., Bhagat, K. K., & Chang, C. Y. (2016). Beyond the 
flipped classroom: A highly interactive cloud-classroom (HIC) 
embedded into basic materials science courses. Journal of Science 
Education and Technology, 25(3), 460-473. 

[13] Salomon, G., Perkins, D. & Globerson, T. (1991). Partners in 
Cognition: Extending Human Intelligence with Intelligent 
Technologies. Educational Researcher, 20, 2-9. 

[14] Sharples, M. (2000). The design of personal mobile technologies 
for lifelong learning. Computer and education, 34, 177-193. 

[15] Wei, X., Weng, D., Liu, Y., & Wang, Y. (2015). Teaching based 
on augmented reality for a technical creative design 
course. Computers & Education, 81, 221-234 

 
 
 
 


