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Abstract

:

Experiential activities are the most direct form of ecological teaching, so outdoor education is an important way of learning. Through direct observation and life experience, students will learn about the ecological environment, understand the importance of the ecological environment, raise their awareness of environmental protection, and put into practice the protection of the ecological environment. This study involved plant teaching activities that incorporated school plant learning paths into environmental education, so that students could learn about flora, experience nature, and take care of the environment. We created an augmented reality application for use in schools that takes the user on an ecological tour of the plants in the diet of butterflies. The application formed the localized and special mobile learning content in a school. Students were allowed to walk out of the classroom and use their mobile device to engage in autonomous learning, and we then determined their acceptance of the augmented reality application. Through this application we were able to tell whether students were able to adapt to learning with technology combined with traditional teaching methods. This application was tested on a group of elementary school students, who were then interviewed using quantitative and qualitative research methods to understand the users’ feedback.
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1. Introduction


1.1. Research Background and Motivation


The concept of sustainable development was first coined by ecologists in reference to the balance between natural ecology and its level of exploitation to arrive at ecological sustainability. However, the growth of industrial and economic development in recent years has led to increasingly serious global crises such as the greenhouse effect and ozone depletion, threatening the ecology of the earth [1]. In 1972, the United Nations Conference on the Human and Environment issued the “Stockholm Declaration” [2], which drew human attention to environmental issues and led to concern and research on environmental education. In 1987, the World Commission on Environment and Development (WCED) released “Our Common Future” [3]. Agenda 21 [4], adopted by the United Nations Earth Summit in 1992, emphasizes the importance of education as a means of building the concept of sustainable development, incorporating it into the education system at all levels, enhancing the skills of people in solving social and environmental problems and heightening environmental awareness through education, from the basic education level to the adult education level. Both environmental protection and sustainability require education for people to foster the right attitudes and take the right actions. It is also incumbent upon the international community to make environmental education an essential part of global citizenship and action [5,6,7,8].



Today, however, most children grow up in urban areas and lack opportunities to interact with, observe and care for their environment, and to have a deep sense of its changes. Exposure to the natural environment during childhood can inspire an emotional attachment to nature and help build environmental awareness and sensitivity to shape future environmental actions. Only when a person can feel and care for the environment around him, and develop a sense of concern for the land and environmental identity, can he become a responsible environmental citizen. It is all the more important to educate our children on how to become responsible environmental citizens in the future [9,10,11,12]. There are two ways in which environmental education can be integrated into school teaching. One is the single-subject interdisciplinary integrated environmental curriculum [7,8], in which materials related to the environment are extracted from various fields of study and combined into a complete curriculum. The other is the multi-subject integrated environmental curriculum [8], which incorporates appropriate environmental themes or components into existing curricula in various areas. Taiwan in 2003 established environmental education as one of the Grade 1–9 Curriculum themes, and developed a curriculum and operational guidelines to fully demonstrate the spirit and content of environmental education [13,14,15]. As for children, growing up is the focus of their lives and interacting with their surroundings is a fundamental skill that they gradually learn to adapt to society. As environmental education is one of the six major topics in the Grade 1–9 Curriculum and is therefore integrated into all learning areas, this study adopts a multi-subject integration approach and focuses on incorporating environmental education into the field of science and technology.




1.2. Research Purpose


Most of the educational grants in Taiwan are distributed to urban students and aboriginal students. Small rural schools that do not serve either of these groups have limited educational resources. Consequently, characteristic localized courses that reduce the rural–urban gap cannot be developed. Teaching in rural schools is limited by a lack of computer hardware and teachers with less satisfactory professionalism and teaching ability. Rural students thus do not have the opportunity to fulfil the ideal educational goals or commonly use information technology. The aforementioned findings indicate the trend and expectation of educational reform in Taiwan. Accordingly, this project was conducted in a primary school in a rural area of Taiwan by walking out of the classroom and using mobile devices to engage in autonomous learning. The purpose of the project was to use the phenomenon of augmented reality (AR) to facilitate experiential learning in line with the environmental education curriculum. Therefore, this study aimed to use interactive AR in mobile learning devices that are lightweight and easy to use, supporting learning materials for understanding school plants and helping teachers meet the requirements of the primary school curriculum. The objectives of this part of the project were to assess the ways in which the AR devices are used by teachers and learners, and how and whether their use expands the effect and meaning the devices have on learning about the environment, and their attitudes towards learning about the environment. Thus, this study was conducted to respond to the following two questions:




	
How to develop an outdoor learning guide application that allows students to learn about the campus trees?



	
Which factors will affect students’ intention to use the proposed AR-based application?








The rest of this paper is organized as follows: Section 2 describes the literature review of the study. The research model and hypotheses are proposed in Section 3. Section 4 discusses research methodology. Section 5 discusses the results obtained. Finally, Section 6 contains the conclusions.





2. Literature Review


2.1. Augmented Reality Technology


Augmented reality, known as AR, refers to the projection of virtual information, such as images, texts, video, and sounds, on the display through which user receives the information visually, i.e., overlapping virtual information onto the user’s viewing device through which the user experiences the real world. It is a concept between the real environment and the virtual environment. Milgram et al. [16] regarded the real environment and virtual environment as a closed continuum as depicted in Figure 1. Towards the virtual end of the spectrum, it is called the augmented virtuality (AV) and mixed reality (MR) falls between the two. In the figure, the far left is a purely real environment, and the far right a purely virtual environment; everything in between is mixed reality, in which both real and virtual objects are present. The position of a user interface in this closed set is determined by the number of computer-generated elements in the user environment. Moreover, the far left represents a user interface entirely in the real physical world, whereas the far right represents a virtual environment entirely generated by computer. Between the extremes are AR, which refers to a real world augmented by virtual items, and augmented virtuality, which refers to an immersive virtual environment with elements from the real world.



In addition, Azuma [17] defined AR as an environment containing both virtual and real-world elements, and this definition is widely accepted by academics. By this definition, AR encompasses real and virtual items, real-time interaction, and a three-dimensional environment. By contrast, because VR fully immerses users in a computer-generated virtual environment, users cannot see the real environment around them. AR has been applied for guided tours of museums, outdoor tourist attractions, and school campuses, enabling users to instantaneously acquire information regarding an educational or tourist venue. An image generated from AR requires the support of image recognition technology to integrate real and virtual objects. That is, the augmented content must be seamlessly superimposed on a real object so that the object can be vividly simulated on the display of a device. Thus, the AR application was designed to enable users to enjoy the fun of image scanning and recognition and thus afford them a unique visual experience and access to in-depth multimedia resources relating to the items on display.




2.2. M-Learning and U-Learning


The rapid development of Internet technology and mobile devices has had a significant impact on the practical application of teaching. With the aid of Internet technology and mobile devices, students can access more information about the learning environment for their learning activities. Mobile learning, also known as M-learning, refers to the acquisition of knowledge through the use of mobile devices [18,19]. Usually, mobile devices are characterized by their high mobility, e.g., lightweight smartphones. Such a learning approach not only extends the learning space beyond the classroom, creating a meaningful learning experience, but also allows for appropriate adjustments according to the level of students, greatly enhancing learners’ motivation [19]. M-learning, however, is often limited by the size of the device and therefore provides only memorable narrative knowledge [20]. Ubiquitous learning, also known as U-learning, overcomes its shortcomings by using environmental awareness technology to guide students through the real world and help learners finish their learning activities [21,22]. M-learning and U-learning is applied to a wide range of fields and learners of all ages, and is even treated as a form of lifelong learning. In such an emerging learning environment, learners are not constrained by time and space; they can access relevant resources and uninterrupted learning services at any time and any place, as long as they are interested in learning, with personalized learning guidance and learning content also available. Mobile technology has created a learning environment rich in learning resources and has facilitated the exchange of information and learning interactions in the learning process, thereby boosting learners’ learning efficiency and achieving the goals of self-learning and self-examination.



U-learning requires good learning strategies and mobile information technology to enable learners to learn everywhere, and it is only through authentic learning that knowledge can be constructed and learned in a practical way. For learners, learning about nature and ecology is about living on the ground, caring for, and understanding one’s hometown and land from the perspective of one’s own community and school, so that learning can be integrated with life and activities can be closely linked to the environment. From the learner’s point of view, the real-life contextual activities range from basic memorization, to the analysis, application and synthesis of knowledge, to the assessment of learning, all within a contextual context. By placing ecological teaching in life, learning can take place anytime and anywhere, and by using mobile devices to deliver the required language information to learners in an appropriate manner, learners can quickly respond to the context of life and secure solutions to their problems. To sum up, this study utilized wireless Internet technology to introduce the concept of U-learning into the teaching of the outdoor ecological environment in primary schools to facilitate students’ learning and enhance their awareness of and interest in the ecological environment. Through this study and the use of information technology, the ubiquitous environment was applied to practical teaching strategies, offering a different option and approach to teaching in the future. M-learning capitalizes on the high mobility of mobile devices and can be integrated into multimedia platforms to provide a geographically unconstrained U-learning experience. M-learning has its place in both the teaching of teachers and the independent learning of students, and is particularly suitable for the application of M-learning digital materials in teaching activities because of the diverse and interactive nature of mobile learning aids, which can enrich students’ learning, and the portability and high mobility can remove the constraints of traditional classrooms. Therefore, the M-learning digital materials are combined with curriculum activities to extend the diversity of teaching and learning in order to improve learners’ learning attitude and revitalize teaching and learning.




2.3. Augmented Reality-Based Learning


With the advent of mobile devices and the maturity of AR technology in recent years, new opportunities have opened up for the development of technology education [23,24]. Through the combination of mobile tour applications and augmented reality (AR) technology, smart devices such as tablets and smartphones can make learning more interesting and enable more diverse interaction modes. Learners interact directly between real environments and virtual objects, allowing users to manipulate virtual information intuitively, which not only reinforces the immersion of the learner, but also helps students to immerse themselves in the learning content, making it easy for users with little experience in computer use to learn. Students can also learn through the 3D perspective in AR, visualizing abstract things and enhancing the learning of cognitive content and procedural operations. By combining virtual digital information, text, images, and other data in a real environment, AR is a real-time interactive tool that can help complement information lacking in the physical environment and assist learners in learning abstract concepts and constructing knowledge [16]. Recent research in the field of AR-assisted science has been widely applied to astronomy [25,26], mathematics [27], science [28], STEM education [29], and environmental education [30,31,32,33]. In particular, Tarng et al. [30] developed the Augmented Reality Butterfly Ecological Learning System (ARBELS) using AR technology combined with a mobile device and a GPS positioning system to raise virtual butterflies in the vicinity of food plants and nectariferous plants on campus as a background. The ARBELS has been tested and found to resolve the traditional learning difficulties caused by difficulty in observing butterflies, making it easy for users to observe butterflies and giving them an immersive experience. Based on these studies, it can be assumed that AR technology has been effectively applied in the field of environmental education and has been effective in sharpening learners’ perspectives and learning outcomes.



The application of AR to education can be mainly separated into four categories as shown in Figure 2: (1) Popularization of information technology and the Internet have made the methods through which people collect travel information more diverse. Additionally, mobile services provide the timeliest information. Apps relevant to travel tour systems and 3D scenes have been developed to respond to the needs of the market. Tourists’ performance expectancy and the social influence of AR applications were discovered to have a positive influence on the intention to use such applications. (2) AR has been integrated and combined with teaching methods, for example in mobile learning, aided learning, and teaching strategies. (3) AR has been used in the design of teaching games. (4) AR has been used to aid the learning of particular groups, such as children with retardation and students with hearing difficulty. The purposes of these four types of application differ. In the first type, AR is applied to evaluate and compare system effectiveness, and the AR used is of the highest technical level. In the second type, AR is highly connected with educational courses and employed to assist, by using scaffolding, the achievement of teaching outcomes such as learning motivation, performance, and attitude among students. The most common example of the second type is the memorization of English vocabulary, followed by learning of geometry and science. In the third type, AR is employed in an interactive learning model. Finally, in the fourth type, AR helps students to complete learning and developmental tasks and is used for training.




2.4. Development of Mobile Augmented Reality System


Smart devices are usually equipped with a camera as well as mobile positioning and wireless Internet access. This study employed these features in a cross-platform mobile AR application with markerless AR [34,35] and location-based service (LBS) capabilities. The system architecture comprises three major parts: the client, server, and AR system as depicted in Figure 3. The server and its database were first established to provide AR mobile tour services. Two modes were developed for users of the cross-platform AR mobile tour application: LBS AR [36] and markerless AR. Relevant service elements were compiled to perform background services. Thus, in the LBS AR mode, the application maintains backend connections with the server, transmitting the latitude and longitude of the user’s current location. When the latitude and longitude of a user attraction are detected, the application immediately displays a location marker with which the user can interact. Through such interaction, the user can acquire information about an attraction, including the distance between the user and the attraction. Moreover, in the markerless AR mode, the user takes a photo of an object and gains access to multimedia information about the object. In this manner, both modes integrate virtual images into a real-world setting, providing an interactive guided tour to users of the application. The Cordova plugin of Wikitude SDK [37,38] was used to establish the cross-platform AR mobile tour system’s backend data interface, which is connected and synchronized with the server and database.




2.5. Technology Acceptance Model


The Technology Acceptance Model (TAM) was proposed for determining users’ acceptance of new information systems. The TAM is thus a behavioral intention model and was developed by Davis according to rational action theory in 1986 [39]; the model is illustrated in Figure 4. The TAM was proposed as an effective behavioral model. The model is used to explain users’ acceptance of new information systems in computer technology and can analyze the various factors affecting acceptance simultaneously. The external factors affecting users’ internal belief, attitude, and intention can be determined, thereby understanding factors influencing the use of information technology. The factors affecting people’s use of information technology have been investigated by numerous scholars. For example, the TAM model has been used as the theoretical basis for investigating users’ adoption of technology in two dimensions, namely perceived usefulness and perceived ease of use. The TAM has also been used to investigate user intention and adoption among application users.





3. Research Model and Hypotheses


3.1. Hypothesis Development


In this study, we employed the TAM as a theoretical basis to study users’ adoption patterns in terms of perceived usefulness and perceived ease-of-use, and used the TAM as a basic research framework to look into app users’ willingness and adoption behavior. Based on many previous TAM-related studies [39,40,41,42,43,44,45,46], this study inherits the relevant research results and constructs a blueprint for the research to be explored. Therefore, we integrated external factors such as age and experience into the research framework of Venkatesh et al. and TAM of Davis et al. Some appropriate modifications were made to the model according to the situations and needs of our research.



	(1)

	
When the user’s knowledge of the new technology is limited, subjective norms have more influence, but when the system development is complete and the user becomes proficient, attitudes have a more significant effect on behavioral intentions than subjective norms.




	(2)

	
The TAM assumes that perceived usefulness and perceived ease-of-use are key factors that influence individuals’ attitudes towards using information systems. An individual’s attitude toward using will influence his or her intentions to use, which will in turn determine the actual behavior of using the information system.




	(3)

	
The TAM is used to understand the factors that contribute to a user’s acceptance or rejection of a computer information system. Theoretical support is provided not only as a predictor of user behavior but also as an explanation of that user behavior.




	(4)

	
The TAM suggests two main dimensions, “perceived ease-of-use” and “perceived usefulness,” in individuals’ perceptions to predict and explain why users accept or reject the system. The two major variables that affect individuals’ acceptance of technology are “perceived ease-of-use” and “perceived usefulness.” Moreover, these two major aspects not only directly affect users’ attitudes towards using, but further influence users’ behavioral intentions to use the technology system.




	(5)

	
Perceived usefulness (PU): refers to “the extent to which individuals believe how useful information technology systems would be, which will not only enhance the user’s PU of the system, but also create positive attitudes such as trust in the system.” The dimension applied in this study indicates that when elementary school students are satisfied with the quality and quantity of their learning experience via the mobile learning system, they perceive that the system does help them strengthen their learning. Thus, the degree of PU is a reflection of the degree to which students themselves can actually learn via this system.




	(6)

	
Perceived ease-of-use (PEU): is defined as “the degree to which individuals perceive how easy it is to use the information technology systems, which will not only enhance the user’s PEU of the system, but also create positive attitudes such as confidence in the system.” In this study, when users perceive the interactive learning interface of the mobile learning system as easy to use rather than difficult, the degree of PEU also reflects the degree of students’ mastery and familiarity with the system.




	(7)

	
Attitude toward using: In this study, it refers to users’ positive or negative perceptions of the learning experience with the information technology system in terms of its interface environment, quality, and operation, which is expected to have an impact on students’ intentions to use the system.




	(8)

	
Behavioral intention to use: In this study, it refers to the frequency of users using the information technology learning system in the future.







Therefore, the following hypotheses are as follows:



Hypothesis 1 (H1a).

The Gender variable has a positive effect on the PU of the Campus Tree Guide application.





Hypothesis 2 (H1b).

The Gender variable has a positive effect on the PEU of the Campus Tree Guide application





Hypothesis 3 (H2a).

The Age variable has a positive effect on the PU of the Campus Tree Guide application.





Hypothesis 4 (H2b).

The Age variable has a positive effect on the PEU of the Campus Tree Guide application





Hypothesis 5 (H3a).

The Information Experience variable has a positive effect on the PU of the Campus Tree Guide application.





Hypothesis 6 (H3b).

The Information Experience variable has a positive effect on the PEU of the Campus Tree Guide application





Hypothesis 7 (H4a).

The Digital Literacy variable has a positive effect on the PU of the Campus Tree Guide application.





Hypothesis 8 (H4b).

The Digital Literacy variable has a positive effect on the PEU of the Campus Tree Guide application





Hypothesis 9 (H5).

The PEU of the Campus Tree Guide application affects the PU of the application.





Hypothesis 10 (H6).

The PU of the Campus Tree Guide application affects students’ use attitude toward the application.





Hypothesis 11 (H7).

The PEU of the Campus Tree Guide application affects students’ use attitude toward the application.





Hypothesis 12 (H8).

The students’ use attitude toward the Campus Tree Guide application affects their intention to use the application.






3.2. Research Architecture


The research architecture is as shown in Figure 5, containing external variables, internal variables, and behavioral intentions. The questionnaire completed by the students collected the basic information of the students and assessed perceived AR app usefulness, use attitude, perceived ease of use of the AR app, and app use attitude. The questionnaire data were analyzed to determine whether the app use intention of the students can be increased.





4. Methodology


4.1. Sampling Procedures


To assess the proposed model presented in Figure 5, the target participants for the project were the students in a primary school in a rural area of Taiwan. In particular, a questionnaire was administered to all 80 students in this elementary school. A total of 80 questionnaires were obtained, from which these 77 responses were valid. The students acquired relevant knowledge through a teaching process that enabled them to practice at a learning site by using a portable mobile device. The students acquired knowledge by autonomously engaging in mobile learning. We observed the problems encountered by the students outside the classroom at any time and obtained solutions to those problems. We undertook the roles of observer and recorder when teaching the course content. During participant observation, close attention was paid to the students’ responses during operational learning; these responses were the data source. Students in each grade were randomly selected and qualitatively interviewed about their acceptance of mobile learning. Furthermore, we analyzed the sample data by using IBM SPSS Statistics Base version 22.0 for windows. The descriptive statistical results of 77 questionnaires that analyzed the demographic characteristics of the respondents, such as personal information, experience of using information applications, and digital literacy background information are depicted in Table 1. As the number of students who had ever used a mobile phone (92.2%) or mobile applications (88.3%) before accounted for a relatively high proportion, this indicated that the popularizing rate of mobile learning is relatively high at present, and the inference may be directly related to whether the parents of students let their children use 3C electronic products’ concepts and habits. The questionnaire shows that those who have used smartphones are no longer age-related. There is a common use phenomenon in all age groups. Six students have never used a smart phone, and only nine students have never used a mobile app. The results of the questionnaire also show that the ability to search for information on the Internet is mainly in the middle and upper grades, and the inference and student information courses are only related to the middle grades.




4.2. Instrument


A questionnaire was the instrument to collect the dataset. The instrument consisted of a questionnaire with five dimensions designed to measure the adequate reliability and validity of the study. The questions were answered by students following their action learning using the AR app. Moreover, the measuring scale for the constructs included in the project was shown in the Appendix A. The questionnaire had five dimensions: (1) basic information of the students (gender, age, experience of using information applications, and digital literacy); (2) perceived usefulness of the AR application; (3) perceived ease of use of the AR application; (4) attitude toward using the AR application; and (5) factors related to AR application use intention. The questionnaire was divided into seven parts and contained 32 questions. Among them, the students were asked to rate the importance and feasibility of each indicator according to a 5-point Likert scale, with anchors of 1 (strongly disagree) and 5 (strongly agree) [47].





5. Results and Discussion


5.1. System Demonstration


The guide is one interactive guide application tool based on geographic locations to enhance the real views. The use of sensor e-compass and GPS can mark virtual objects on the screen of smart phones, so that users can understand the current direction via smart phones and click on the information object on the screen in order to acquire tree-related information. The users will see a radar map, photo of scenic area, and information on the screen while the radar map obtains the current mobile direction primarily through java script linking with the e-compass or gyro sensor of mobile phones as shown in Figure 6. Users will find out the direction in the east, south, west, and north, as well as see the quantity of scenic areas established on current system. Users will also see other scenic area objects by rotating on the spot as shown in Figure 7. When users click on the scenic area containing interesting objects, the objects will appear.




5.2. Scale Validity and Reliability


5.2.1. Discriminant Validity


Discriminant validity is tested by Pearson’s correlation value. Pearson’s correlation coefficients are calculated to determine the correlations between the following variables: external variables, perceived usefulness (PU), perceived ease of use (PEU), app use attitude (Att), and app use behavior intention (BI). The Pearson Correlation coefficient is a measure of linear correlation between two sets of data. The correlations in the table below are interpreted in the same way as those above, such that the result always has a value between −1 and 1, with –1 indicating a perfect negative correlation, +1 indicating a perfect positive correlation, and 0 indicating no correlation at all. Pearson’s correlation coefficients were calculated to determine the correlations between variables. The analytical results as depicted in Table 2 indicated strong correlations between the external variables and four main constructs. The results show that every pairs of the variables are significantly correlated at the level of 0.05. Additionally, the constructs were highly correlated with each other. This verified that the main dimensions in the research framework were significantly correlated, verifying the TAM.




5.2.2. Reliability Analysis


Cronbach’s alpha is a measure of scale reliability, and is a convenient test used to estimate how closely related a set of items are as a group. Theoretically, Cronbach’s alpha results should give you a number from 0 to 1. The general rule of thumb is that a Cronbach’s alpha of 0.70 and above is good, 0.80 and above is better, and 0.90 and above is best. Higher reliability indicates that measurement errors are smaller. In this research, Cronbach’s α is calculated to determine the consistency of the PU, PEU, Att, and BI scale and is found to be 0.819, 0.818, 0.847, and 0.731, respectively. That is, from Table 3, the questionnaires of this study measured consistency in these four constructs.





5.3. Variance Analysis: One-Way ANOVA Test and Scheffe’s Method


When more than three groups exist, ANOVA can be used to determine whether a continuous variable differs significantly between the groups. We employed ANOVA to determine whether age had significant effects on PU, PEU, Att, and BI. We employed ANOVA to examine the age variable, the item “Easy to download Applications,” and the variance of the four dimensions; all variables were discovered to be statistically significant according to Table 4. ANOVA indicated that age and the four dimensions were all statistically significant. That is, the following results were obtained from Table 4:




	
The perceived usefulness in the group of students aged 12 years was significantly different from that in all other age groups.



	
The perceived ease of use in the group of students aged 13 years was not significantly different from that in the group aged 12 years. That in all other age groups differed significantly from that in the 12-year-old group.



	
The application use attitude in the group of students aged 8 years was significantly different from that in the 12-year-old group. That in all other groups was not significantly different from that in the 12-year-old group.








Scheffe’s method is a post-hoc test used in analysis of variance. After we have run ANOVA and got a significant F-statistic, we can run Sheffe’s test to find out which pairs of means are significant. Scheffe’s test corrects alpha for simple and complex mean comparisons. Complex mean comparisons involve comparing more than one pair of means simultaneously. Therefore, multiple comparisons were conducted using the post hoc Scheffé method. The results are shown in Table 5 for the external variable (age) and Table 6 for the variable “Easy-to-download Applications.” We also discovered the following:




	
The item “Easy-to-download Applications” was not significantly correlated with perceived usefulness.



	
The item “Easy-to-download Applications” was significantly correlated with perceived ease of use only in the anchors “strongly agree” and “agree.”









5.4. Hypotheses Model Test


The independent t-test is an inferential statistical test that determines whether there is a statistically significant difference between the means in two unrelated groups. Moreover, regression analysis can be used to determine the power of an independent variable (X) to explain or predict a dependent variable (Y). We conducted regression analysis to discover the validity of our twelve hypotheses.



5.4.1. The Independent t-Test Results


In this section, we analyze whether PU, PEU, Att, and BI are different between students with differing demographics (gender, experience of using information applications, and digital literacy background information). The significance is used to select and judge whether the average of the four main dimensions is significantly different. In this independent t-test, the significance threshold is traditionally set at p = 0.05 and SPSS gives us the significance levels of the differences in means. Table 7 shows that the four aspects of the students’ ability to use the mobile app, the computer equipment at home, the ability to search for information on the Internet, and the experience of using e-mail, will benefit from the PU and PEU of this AR application significantly. In addition, whether the learners of this school have computer equipment in their homes is the main significant difference in the aspect of Att.




5.4.2. Regression Results for H1a, H2a, H3a, and H4a


The correlations between constructs were statistically significant. Therefore, this study further investigated the relationships between the external variables, PU, PEU, Att, and BI. To verify the hypothesized relationships between the independent and dependent variables in our research framework, regression analysis was conducted between pairs of the aforementioned five factors. In particular, a regression analysis was performed, with an external variable as an independent variable and PU as dependent variable. Table 8 presents the regression results used to test the hypotheses. Regression analysis of external variables and PU indicated that the standardized coefficients of all independent variables were negative except for digital literacy. The effect of age on PU (H2a) was significant and extremely strong (p < 0.001). Moreover, digital literacy had a significant effect on PU (H4a) (p = 0.026).




5.4.3. Regression Results for H1b, H2b, H3b, and H4b


Table 9 provided results from the regression analysis for H1b, H2b, H3b, and H4b. As indicated in Table 9, regression analysis of external variables and PEU indicated that the standardized coefficient  β  of all independent variables were negative except for digital literacy. The effect of age on PEU (H2b) was significant and extremely strong (p < 0.001); no significant correlations were discovered for the other factors.




5.4.4. Regression Results for H5


Regression analysis of PEU and PU indicated that the standardized coefficient    β     of PEU was 0.741 and t = 9.568 (p < 0.001) in Table 10. This indicated that the effect of PEU of use on PU was positive; that is, students who perceived the app to be easier to use also perceived it to be more useful. Thus, the hypothesis H5 was supported.




5.4.5. Regression Results for H6 and H7


The hypotheses H6 and H7 were tested by regressing both PEU and PU on Att. Table 11 provided results from the regression analysis for both H6 and H7. Regression analysis of the effect of PEU and PU on Att indicated that the standardized coefficients     β     of PEU and PU were 0.693 (p < 0.001) and 0.738 (p < 0.001), respectively; both PEU and PU have a significant influence on A tt. Thus, PEU and PU positively affected Att.




5.4.6. Regression Results for H8


Regression results for H8 are presented in Table 12. Regression analysis of Att and BI indicated that the standardized coefficient was 0.611 and t = 6.687 (p < 0.001). Thus, the effect of Att on BI was positive. The analytical results thus indicated that the hypotheses in our research framework were supported and the model was significant.




5.4.7. Hypotheses Results of the proposed TAM


In summary, quantitative analysis and a questionnaire were conducted on the basis of the TAM. The results as depicted in Table 13 indicated that students who gave a higher rating to PU also had a more positive attitude toward using the application. The stronger PEU score among the students was correlated with more positive application use attitude. We discovered that students with stronger application use and positive attitude had higher intention to use the app. Furthermore, the results of hypothesis testing indicate that the proposed TAM has moderate predictive power when investigating the acceptance of using the app. This finding is consistent with the literature and shown in Table 13 and Figure 8.






6. Conclusions


We designed a method of creative teaching that combines an AR app with self-designed teaching materials. The application enables schools to develop special and local-oriented teaching materials for mobile learning. The subject of the application was the plant diet of butterflies, an issue related to ecological conservation and teaching children about their neighboring natural creatures. Children can learn about nature by using and integrating new technology. The AR application developed in this study combines videos, special effects, and AR. In addition to providing visual and auditory experiences, tactile stimulation is also achieved. There, the results can serve as a reference for teachers hoping to develop similar teaching materials. Besides this, we used the TAM to evaluate the effect of the developed app on the students, and through SPSS analysis of the questionnaire data, we verified the hypotheses as follows:




	
Age and digital literacy affect the PU of the AR application. The results suggested that PU was weaker among the older students in the elementary school. A negative correlation in the data also indicated that the younger students felt more strongly that the AR app was useful.



	
The digital literacy of the students was assessed on the basis of their experience of using mobile phones and tablets, ability to search for information on the Internet, ability to use email, ability to use a word processor, experience of using smartphone applications, and whether they agree with statement “Easy to download Applications.” Students with weaker digital literacy perceived the AR app to be more useful. Thus, digital literacy was positively correlated with perceived usefulness.



	
The correlations of PU with student gender and experience of using information apps were nonsignificant.



	
Age affects PEU of AR application. The results suggested that older students perceived the AR application to be less useful, which differs from the general belief of scholars. We speculate that this could have been because younger students are more likely to follow teachers’ instructions and because the system operation function was not difficult. Alternatively, it could have been because younger students considered the level of difficulty to be different from that considered by older students.



	
PEU positively affects PU of AR application. The results indicated that students who perceived the AR application to be easier to use also perceived the app to be more useful. This result is consistent with the literature.



	
PU positively affects app use attitude. The results indicated that students who perceived the usefulness of the AR application to be higher also had a more positive attitude toward using the application. This is consistent with previous findings.



	
PEU positively influences application use attitude. Stronger PEU among the students was correlated with more positive app use attitude. This result was in agreement with the literature.



	
Application use attitude positively affects application use intention. We discovered that students with stronger application use attitude had higher intention to use the application. This finding is consistent with the literature.








Moreover, teachers can give students in rural areas a different learning experience through the assistance of information technology. Students’ class participation and passion for learning can be enhanced by the use of such technology. Students with relatively poor academic performance will no longer be outsiders during class. Mobile learning can also cultivate the confidence of students in their ability to use information apps. Moreover, it can enable rural students to adapt to teaching methods implemented using new information apps, ensuring their technological development. Finally, we hope that the integration of information into teaching beliefs in Taiwan will be more complete and friendly.
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Appendix A. Student Questionnaire Questions


Personal Information


	
Gender



	
Age







Experience of Using Information Applications


	
Do you have computer equipment at home?



	
Is the computer at home connected to the Internet?



	
Have you ever used a mobile phone or tablet?







Digital Literacy Background Information


	
Do you search for information online?



	
Do you use email?



	
Do you use word processing software?



	
Have you ever used mobile applications?



	
In order to meet your needs for mobile vehicles, do you think it is easy to download the application and use it?







Perceived Usefulness


	
I think using this AR application can speed up my learning.



	
I think using this AR application can improve my learning effectiveness.



	
I think using this AR application will make it easier for me to understand the learning content.



	
I think using this AR application can improve my learning skills.



	
I think using this AR application is helpful for my study.







Perceived Ease of Use


	
The download method provided by this AR application is very easy for me to use.



	
The interface function provided by this AR application is very easy for me to use



	
The learning screen provided by this AR application is clear and easy to understand to me.



	
The teaching function provided by this AR application makes it easy for me to complete learning.



	
This AR application is very convenient to use, which makes me think it is usable and easy to use.







Attitudes Toward Using


	
When using this AR application, I prefer to use computers, mobile phones, and other mobile vehicles to learn.



	
When using this AR application, I am confident that I can keep up with the development trend of new technology.



	
When using this AR application, I can learn happily.



	
When using this AR application, I don’t feel anxious about learning.



	
Because this AR application is easy to use, I prefer to use computers, mobile phones, and other mobile vehicle-related devices to learn.



	
Because this AR application is easy to use, it gives me confidence that I can keep up with the development trend of new technologies.



	
Because this AR application is easy to use, it allows me to study happily.



	
Because this AR application is easy to use, so I don’t feel anxious about learning







Behavoral Intentions to Use


	
If I have the opportunity, I hope to use this AR application frequently.



	
If there is a chance, I am happy to let more people know about this AR application.



	
If there is an opportunity, I hope that the learning content of other subjects can also develop AR applications.



	
If I have the opportunity, I hope to use mobile vehicles for augmented reality courses.
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Figure 1. Reality–Virtuality Continuum. (Source: Milgram & Kishino’s [16]). 
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Figure 2. Classification diagram of AR-based learning applications. 
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Figure 3. Mobile Augmented Reality System Architecture. 
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Figure 4. The TAM (Davis, 1986) [39]. 
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Figure 5. The research architecture of proposed TAM. 
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Figure 6. Application Functions and students exploring the campus’ natural ecology by using the AR application. (a) First page that shows all functions; (b) Students explore campus natural ecology. 
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Figure 7. AR views and scenic information expanded view. (a) AR views and radar map; (b) Information Expanded View. 
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Figure 8. Structural results of the proposed TAM (Significant at: * p ≤ 0.05; ** p ≤ 0.01). 
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Table 1. Profile of participants.






Table 1. Profile of participants.





	
External Variables

	
Items of External Variable

	
Frequency

	
Percentage






	
Personal information

	
Gender

	
Male

	
44

	
57.1




	
Female

	
33

	
42.9




	
Age

	
7

	
8

	
10.4




	
8

	
11

	
14.3




	
9

	
11

	
14.3




	
10

	
12

	
15.6




	
11

	
11

	
14.3




	
12

	
10

	
13.0




	
13

	
14

	
18.2




	
Information experience

	
Do you have computer equipment at home?

	
56

	
72.7




	
Is the computer at home connected to the Internet?

	
52

	
67.5




	
Have you ever used a mobile phone or tablet?

	
71

	
92.2




	
Digital literacy

	
Do you search for information online?

	
60

	
77.9




	
Do you use email?

	
41

	
53.2




	
Do you use word processing software?

	
47

	
61.0




	
Have you ever used mobile applications?

	
68

	
88.3




	
In order to meet your needs for mobile vehicles, do you think it is easy to download the app and use it?

	
Strongly agree

	
52

	
67.5




	

	
Agree

	
16

	
20.8




	

	
Neither agree nor disagree

	
6

	
7.8




	

	
Disagree

	
3

	
3.9




	

	
Strongly disagree

	
0

	
0
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Table 2. Pearson’s correlation results.






Table 2. Pearson’s correlation results.





	

	

	
External

Variable

	
PU

	
PEU

	
Att

	
BI






	
External

variable

	
Pearson correlation

	
1

	
−0.437

	
−0.487

	
−0.469

	
−0.317




	
Significance(2-tailed)

	

	
0.000 ***

	
0.000 ***

	
0.000 ***

	
0.005 **




	
N

	
77

	
77

	
77

	
77

	
77




	
PU

	
Pearson correlation

Significance(2-tailed)

N

	
−0.437

0.000 ***

77

	
1



77



	
0.741

0.000 ***

77

	
0.693

0.000 ***

77

	
0.495

0.000 ***

77




	
PEU

	
Pearson correlation

Significance(2-tailed)

N

	
−0.487

0.000 ***

77

	
0.741

0.000 ***

77

	
1



77

	
0.738

0.000 ***

77

	
0.435

0.000 ***

77




	
Att

	
Pearson correlation

Significance(2-tailed)

N

	
−0.469

0.000 ***

77

	
0.693

0.000 ***

77

	
0.738

0.000 ***

77

	
1



77

	
0.611

0.000 ***

77




	
BI

	
Pearson correlation

Significance(2-tailed)

N

	
−0.317

0.005 **

77

	
0.495

0.000 ***

77

	
0.435

0.000 ***

77

	
0.611

0.000 ***

77

	
1



77








Variables of Significance (** p ≤ 0.01, *** p ≤ 0.001).
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Table 3. Cronbach’s analysis for Constructs.






Table 3. Cronbach’s analysis for Constructs.





	Constructs
	Cronbach’s Alpha





	PU
	0.819



	PEU
	0.818



	Att
	0.847



	BI
	0.731
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Table 4. One way ANOVA variance results.
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External Variable

	
Constructs

	
Sum of Squares

	
df

	
Mean Square

	
F

	
p






	
Age

	
PU

	
14.832

	
76

	
1.176

	
8.680

	
0.000 ***




	
PEU

	
15.272

	
76

	
1.111

	
7.238

	
0.000 ***




	
Att

	
13.457

	
76

	
0.687

	
4.770

	
0.000 ***




	
BI

	
11.644

	
76

	
0.506

	
2.758

	
0.018 *




	
Easy-to-download Applications

	
PU

	
14.832

	
76

	
0.932

	
4.420

	
0.007 **




	

	
PEU

	
15.272

	
76

	
1.053

	
5.088

	
0.003 **




	

	
Att

	
13.457

	
76

	
0.581

	
2.473

	
0.068




	

	
BI

	
11.644

	
76

	
0.286

	
0.857

	
0.467








Variables of Significance (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001).
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Table 5. The Scheffé method results for the external variable “Age.”
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Constructs

	
I(Age)

	
J(Age)

	
Mean Difference

(I-J)

	
Standard Error

	
p

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
PU

	
7

8

9

10

11

13

	
12

	
0.80000

	
0.16534

	
0.002 **

	
0.1951

	
1.4049




	
12

	
0.99091

	
0.15230

	
0.000 ***

	
0.4337

	
1.5481




	
12

	
0.88182

	
0.15230

	
0.000 ***

	
0.3246

	
1.4390




	
12

	
0.65000

	
0.14924

	
0.008 **

	
0.1039

	
1.1961




	
12

	
0.60909

	
0.15230

	
0.022 *

	
0.0519

	
1.1663




	
12

	
0.60000

	
0.14432

	
0.014 *

	
0.0720

	
1.1280




	
PEU

	
7

8

9

10

11

	
12

	
0.85000

	
0.17405

	
0.002 **

	
0.2132

	
1.4868




	
12

	
0.78182

	
0.16032

	
0.002 **

	
0.1952

	
1.3684




	
12

	
0.83636

	
0.16032

	
0.001 ***

	
0.2498

	
1.4230




	
12

	
0.70000

	
0.15711

	
0.006 **

	
0.1252

	
1.2748




	
12

	
0.63636

	
0.16032

	
0.024 *

	
0.0498

	
1.2230




	
Att

	
8

	
12

	
0.63182

	
0.16140

	
0.027 *

	
0.0413

	
1.2224




	
BI

	
8

	
13

	
0.54383

	
0.14779

	
0.048 *

	
0.0031

	
1.0846








Variables of Significance (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001).
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Table 6. The Scheffé method results for the external variable “Easy to download the app”.
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Constructs

	
I

(Easy to Download the App)

	
J

(Easy to Download the App)

	
Mean Difference

(I-J)

	
Standard Error

	
p

	
95% Confidence

Interval




	
Lower Bound

	
Upper Bound






	
PEU

	
Strongly agree

Strongly agree

Strongly agree

	
Agree

Neither agree nor disagree

	
−0.2447

0.45513

	
0.24698

0.17934

	
0.805

0.102

	
−0.9517

−0.0581

	
0.4620

0.9684




	
Disagree

	
0.35096

	
0.11892

	
0.040 *

	
0.0106

	
0.6913








Variables of Significance (* p ≤ 0.05).













[image: Table] 





Table 7. The Independent t-Test Results.
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	External Variables
	PU
	PEU
	Att
	BI





	Gender
	0.329
	0.209
	0.892
	0.546



	Do you have computer equipment at home?
	0.113
	0.040 *
	0.026 *
	0.048 *



	Is the computer at home connected to the Internet?
	0.957
	0.539
	0.245
	0.778



	Have you ever used a mobile phone or tablet?
	0.396
	0.377
	0.119
	0.222



	Do you search for information online?
	0.001 ***
	0.005 *
	0.064
	0.005 **



	Do you use email?
	0.000 ***
	0.012 *
	0.092
	0.253



	Do you use word processing software?
	0.178
	0.792
	0.881
	0.328



	Have you ever used mobile applications?
	0.008 **
	0.004 **
	0.126
	0.282







Variables of Significance (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001).
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Table 8. Regression results for H1a, H2a, H3a, and H4a.
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	Standardized

Coefficients       β   
	Adjusted

R Square
	F
	t
	p





	Gender
	−0.113
	0.013
	0.966
	−0.983
	0.329



	age
	−0.437
	0.180
	17.682
	−4.205
	0.000 ***



	Information Experience
	−0.115
	0.013
	1.006
	−1.003
	0.319



	Digital literacy
	0.254
	0.052
	5.155
	2.271
	0.026 *







Variables of Significance (* p ≤ 0.05, *** p ≤ 0.001).
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Table 9. Regression results for H1b, H2b, H3b, and H4b.
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	Standardized

Coefficients       β   
	Adjusted

R Square
	F
	t
	p





	Gender
	−0.145
	0.021
	1.606
	−1.267
	0.209



	age
	−0.487
	0.227
	23.380
	−4.835
	0.000 ***



	Information Experience
	−0.167
	0.028
	2.145
	−1.464
	0.147



	Digital literacy
	0.082
	0.007
	0.503
	0.709
	0.480







Variables of Significance (*** p ≤ 0.001)
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Table 10. Regression results for H5.
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	Standardized

Coefficients     β   
	Adjusted R Square
	F
	t
	p





	PEU
	0.0741
	0.544
	91.550
	9.568
	0.000 ***







Variables of Significance (*** p ≤ 0.001).
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Table 11. Regression results for H6 and H7.
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	Standardized

Coefficients     β   
	Adjusted

R Square
	F
	t
	p





	PU
	0.693
	0.473
	69.242
	8.321
	0.000 ***



	PEU
	0.738
	0.538
	89.441
	9.457
	0.000 ***







Variables of Significance (*** p ≤ 0.001).
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Table 12. Regression results for H6.






Table 12. Regression results for H6.













	
	Standardized

Coefficients      β   
	Adjusted

R Square
	F
	t
	p





	Att
	0.611
	0.365
	44.715
	6.687
	0.000 ***







Variables of Significance (*** p ≤ 0.001).













[image: Table] 





Table 13. Hypotheses Results of the proposed TAM.
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	Hypotheses
	Results





	H1a
	Not supported



	H1b
	Not supported



	H2a
	Supported ***



	H2b
	Supported ***



	H3a
	Not supported



	H3b
	Not supported



	H4a
	Supported *



	H4b
	Not supported



	H5
	Supported ***



	H6
	Supported ***



	H7
	Supported ***



	H8
	Supported ***







Significant at: * p ≤ 0.05; *** p ≤ 0.001.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
@





media/file4.png
Highest integration Needed higher
with the curriculum development technology

Interactive learning mode Auxiliary training






nav.xhtml


  sustainability-13-06283


  
    		
      sustainability-13-06283
    


  




  





media/file16.png
Gender Attitude towards
using the Campus
Tree Guide App

Perceived usefulness
ree

0.000%* 0.000%*

0.319

‘ Information Experience L0A147

0.026

for Campus Tree use the Campus Tree
uide App Guide App

‘ Digital Literacy l 0.480






media/file2.png
l— Mixed Reality (MR)ﬁ

ented Augmented

Real Augl Virtual
Environment Reallty (AR) Virtuality (AV) Environment





media/file5.jpg
Server
End

AR
System

~ JSON Database

Wikitude SDK. Wikitude Studio
Cordova Plugin

= ]

Lot
¢ B

Image Transformation






media/file3.jpg
Highest integration Needed higher
with the curriculum development technology

Interactive leamning mode: Ausiliay trining






media/file1.jpg
— Mbcad Reality (MR} —

- -

—_— —————
Real Augmented Augmented Virtual
Environment

Reality (AR) Virtuality (AV) Environment





media/file7.jpg
Perceived

Usefulness 1

External Atitude Beluviorl Actul System

Variables Toward Using Inentions o Use Use
Perceived

Ease of Use






media/file10.png





media/file12.png





media/file9.jpg
Digial Litescy.

Perceived usefulness Atitude towards.
for Campus Tree. e using the Campus
Guide App. “Tree Guide App

ne s
Perceived ease of use Behavior intention to
for Campus Tree | 17 / use the Campus Tree:
Guide App. Guide App.






media/file0.png





media/file14.png
| mmmmecw, mEE
BRSE. TRWRBME,
Axcwi.

A\






media/file8.png
Perceived
Usefulness | l

External Attitude Behavioral Actual System
Variables Toward Using Intentions to Use Use

Perceived
Ease of Use






media/file11.jpg





media/file6.png
o Q <_’ Q

i

|

! Using Framework 7 to build

i GUIS for hybrid application

=’ Network @

i

i

| |

i

; HTTP &

! JSON Data

i Server >

! L}

:‘ e JSON Database

LBS AR

! Markerlgss Wikitude SDK Wikitude Studio
g AR Cordova Plugin

i ma|
i identification
i
i @ — e =
i = T
! — omomen e

S Image Transformation

1
’





media/file15.jpg
Perceived usefulness Atitude towards

for Campus Tree  ————— using the Campus
Guide App Tree Guide App.
Perceived ease of use Behavior intention to
for Campus Tree ~ *** ‘use the Campus Tree
Guide App Guide App






