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Abstract

:

The recent pandemic brought on considerable changes in terms of learning activities, which were moved from in-person classroom-based lessons to virtual work performed at home in most world regions. One of the most considerable challenges faced by educators was keeping students motivated toward learning activities. Interactive learning environments in general, and augmented reality (AR)-based learning environments in particular, are thought to foster emotional and cognitive engagement when used in the classroom. This study aims to compare the motivation and learning outcomes of middle school students in two educational settings: in the classroom and at home. The study involved 55 middle school students using the AR application to practice basic chemistry concepts. The results suggested that students’ general motivation towards the activity was similar in both settings. However, students who worked at home reported better satisfaction and attention levels compared with those who worked in the classroom. Additionally, students who worked at home made fewer mistakes and achieved better grades compared with those who worked in the classroom. Overall, the study suggests that AR can be exploited as an effective learning environment for learning the basic principles of chemistry in home settings.
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1. Introduction


The emergency caused by the recent pandemic showed the need to implement effective pedagogical approaches to keep students engaged and motivated during long periods of online learning [1]. To prevent a lack of motivation among students, educational institutions needed to integrate new modalities of teaching and learning into existing pedagogical resources through interactive technologies [2].



Previous studies in the field of education have provided solid evidence regarding the positive impact of interactive technologies for teaching and learning, including virtual reality (VR) and augmented reality (AR). These technologies are potentially effective in promoting affective and cognitive learning due to their capabilities to allow students the possibilities of changing visual perspective when observing educational objects and of interacting in real time with these objects [3,4,5,6]. In the case of AR, students have an additional possibility to interact both with real and digital objects integrated into the learning environment, which can lead to greater involvement in the learning tasks [7]. There is broad agreement among researchers that AR-supported teaching fosters motivation toward learning activities, which contributes to improved learning outcomes [8,9,10].



Despite the growing interest in using AR-supported teaching, little is known about whether this technology has an impact on students’ motivation and learning outcomes when used at home [11]. In this paper, we provide evidence from the study designed to evaluate the effectiveness of using AR during learning activities at home or in the classroom in terms of students’ motivation and learning outcomes.



This paper provides an overview of school and home learning environments, the effects of motivation in education, and the impact of AR in education (Section 2). Section 3 presents an overview of the AR-based learning application designed for this study, while Section 4 describes the research methodology. Section 5 presents the results of the system evaluation, and in Section 6 we discuss the findings. Finally, Section 7 summarizes the conclusions and contributions of this article.




2. Background


Success in education is influenced by numerous factors, with the learning environments at home and school being particularly significant. These environments can significantly affect a student’s motivation, which is a crucial element in education. Motivation impacts a student’s academic performance. Another emerging trend in education is the use of augmented reality (AR), which has the potential to transform how students learn and interact with the world around them. In this section, we provide an overview of these topics and examine their impact on modern education.



2.1. School and Home Learning Environments


Most distance learning is delivered via the Internet, which students can access from the comfort of their own homes or from public libraries [12]. Distance learning can be separated into two categories: synchronous and asynchronous delivery. Synchronous distance learning entails that students and their teachers have real-time interactions. Meanwhile, asynchronous distance learning occurs when the teacher and student engage in different places and at different times [13].



Several authors have contrasted the benefits and drawbacks of synchronous remote learning compared with face-to-face strategies. In terms of interaction, the school setting fosters relationships between teachers and students. While teacher-to-student interaction is critical for passing on information and providing feedback, student-to-student interaction occurs naturally at school. Both types of interactions are determinants of student perceived learning and satisfaction [14,15]. In the context of remote learning, this feeling of connection with teacher and peers must be mediated through technology. Furthermore, distractions are more difficult to control in distance learning, where interaction with teacher and peers decreases compared with in-class settings [12]. In at-home settings, student self-regulation is vital to deal with distractions [16]. Finally, insufficient Internet access, a lack of appropriate digital equipment, and a low degree of digital competency are all challenges faced during synchronous distant learning [17].



The limitations associated with distance learning have underscored the need to deploy instructional learning strategies adapted to at-home environments. These strategies should provide learning content to students, issue learning activities that foster motivation and engagement, implement necessary scaffolding support for students who lack self-regulation strategies, and facilitate interaction with the professor, peers, and learning content [18,19].




2.2. The Effects of Motivation in Education


Motivation is an internal state that drives a person to act in a certain way to achieve a specific goal. Motivation is seen as a critical component of learning performance. Students that are highly motivated are more likely to put more effort into their studies, resulting in better learning outcomes [20,21,22].



This goal-oriented behavior has been assessed by some educators through self-determination theory (SDT) [23]. According to SDT, motivation can be divided into two categories; intrinsic and extrinsic, both of which represent strong forces in determining who we are and how we act [24]. Extrinsic motivation refers to behaviors that result in outcomes such as rewards or avoided punishments but have a limited level of perceived autonomy. Intrinsic motivation is understood as an inner drive that propels a person to pursue an activity because the activity is aligned with their values or interests, they perceive a freedom of choice, and they believe that they can execute the activity successfully.



On the other hand, Keller’s theory [25] has recently been used to examine how a learning environment such as AR affects students’ motivation [26,27]. Keller’s framework considers four factors: attention, relevance, confidence, and satisfaction (ARCS). In this context, the theory states that the design process for a learning environment should aim to grab and maintain learners’ attention, then ensure that learning activities are matched with learners’ personal objectives and needs so that they are viewed as relevant by the student. Learners will gain confidence only once they feel in charge of and satisfied with the completion of learning activities.




2.3. Augmented Reality in Education


AR is a technology that merges the real and virtual worlds in real time, augmenting the real environment with computer-generated virtual items [28]. Since The Horizon Report [29] anticipated that AR would have a positive impact on learning, creativity, and education, AR has become one of the top educational technology trends. However, at the time, the technology was not completely available on consumer devices. Circumstances have changed in recent years. For instance, AR no longer requires specialized equipment and can be easily utilized on mobile devices; additionally, AR now allows multiple modes of interaction, making it potentially valuable in the design of various learning experiences. Consequently, educational researchers have increasingly explored potential opportunities for teaching and learning using AR [30,31]. The humanities and arts are among the most popular educational environments in which AR technology is used [32]; eHealth [26,33] has been successfully used to reproduce medical situations in controlled environments, and STEM (science, technology, engineering, and mathematics) subjects such as biology [34,35], physics [36], chemistry [37,38], and mathematics [39] have been useful mainly to simulate experiments.



The way AR is planned, deployed, and integrated into formal and informal learning environments has a direct impact on its educational usefulness [31]. High-quality learning experiences can be scarce, and interactions with the learning environment should aid rather than hinder the teaching-learning process. Learners’ emotional states, on the other hand, contribute to boosting students’ cognitive processes and learning outcomes after high-quality interactions with the learning environment are accomplished [29]. AR-based learning environments have been tested to determine their capacities to assist students in knowledge acquisition when it comes to learning affordances of AR technology [40,41]; knowledge retention [42]; enhancing spatial skills [43,44]; helping with spatial reasoning [45]; and solving given STEM problems [35,46]. Furthermore, there is growing interest in determining the influence of AR learning environments on student motivation. Some studies have used SDT motivation theory to investigate the impact of AR-based learning environments on student motivation [34,47]. Finally, some works explore the impact of AR on students’ motivation toward science learning [35,48,49]. Despite the large number of studies that examine the impact of AR in education, few have been evaluated in educational contexts other than classrooms, laboratories, and museums [50,51,52]. Therefore, the level of educational effectiveness that this technology can have in at-home settings is unknown.



The aforementioned studies were considered to set up the aim of this article, which is to analyze whether AR learning activities can keep students’ motivation and learning achievement at similar levels in two different learning settings: in classroom and at home.





3. Learning Application


We developed ReAQ, which is a marker-based AR learning application to practice basic chemistry principles, including chemical bonds and chemical reactions. The application was developed by applying the successive approximation model 2 (SAM2) [53,54] with the active participation of teachers from the educational institutions involved in this study. ReAQ was developed using Vuforia Augmented Reality Software Development Kit [55] combined with Unity 3D game engine [56]. With an Internet connection and a camera, ReAQ may be accessed from a PC or a mobile device. ReAQ was specifically designed to be user-friendly for children, whether they used it in the classroom or at home.



One of the most important requirements of the ReAQ application is to manage the progress of students when solving the exercises and give appropriate feedback on their performance. ReAQ’s graphical interface must be user-friendly and easy to use and must be adaptable to any screen resolution of a mobile device.



ReAQ was structured around three topics: (1) making up a chemical compound; (2) producing a chemical reaction; and (3) identifying chemical elements. These activities required students’ manipulation of 3D shapes (25 markers), each one representing a different chemical element, like hydrogen, chlorine, oxygen, etc. Students must solve several problems in each topic. When a problem is posed, students must choose the marker representing the chemical elements required, collide them if necessary, and either observe the simulated chemical reaction when answering correctly or receive feedback otherwise. At all times, the “Help button” is available for students to ask their instructor for clarification.



Figure 1 shows students using ReAQ to solve exercises. In the upper-left and the lower-right image, the goal is to form a metallic bond. The student makes a collision of two markers (carbon and iron) to form the steel metallic bond. When the edge of both markers is detected, the 3D element is activated and enlarged on the screen. Similarly, in the upper-right image, an explosive effect is triggered by the collision of two markers representing an acid and a base. Finally, the lower-left image shows the collision of two non-metallic elements (oxygen with hydrogen) to form water. ReAQ also displays some information on the screen revealing the electronegativity level (electrons) between the two elements (less than 1.7).




4. Research Design


The study uses an image-based AR application for practicing basic chemistry principles. The application was designed by the authors of this study following general principles stated by researchers exploring the impact of AR on education [35,49], with the aim of fostering students’ motivation toward interactive learning activities. The tool was enhanced with additional information of the activities’ learner-content interaction, with the aim of fostering students’ satisfaction and success [15]. Finally, the tool includes a log module, useful to assess the interactive behavior of the student with the tool.



The study compared the use of an AR-based learning tool in two learning settings: in class and at home. The learning setting (in class, at home) was used as an independent variable in a quantitative quasi-experimental/control group design.



The effect of the learning setting on students’ learning outcomes, as indicated by a knowledge exam on basic chemical topics, was investigated using a pretest/post-test approach. Logs containing the number of errors, calls for help, and time spent were compared to evaluate the differences in students’ involvement with the AR-based learning tool in the two learning contexts. Students completed the IMMS survey to investigate the impact of the learning environment on students’ motivation in terms of attention, relevance, confidence, and satisfaction with the learning activities given by the AR-based learning tool [57]. Finally, utilizing the learning environment as an independent variable, the study investigated the impact of motivation on students’ interactions with the AR-based learning tool.



The main research questions in this study try to explore whether AR technology can support guided learning activities at home by maintaining student motivation and learning outcomes at similar levels to those obtained by performing the same activities in a classroom:



RQ1: Is there a difference in the students’ learning outcomes based on the physical learning spaces that they used?



RQ2: Is there any difference in students’ motivation influenced by which of the physical learning spaces were used?



RQ3: Is there any difference in students’ interaction with the AR-based learning environment depending on which of the physical learning spaces were used?



RQ4: How does student motivation relate to students’ interaction with the AR-based learning environment?



4.1. Participants


Participants in this study were ninth grade students from various schools in Mexico. All schools use the same syllabus for the ninth grade chemistry course. In each school, participants were enrolled in the same chemistry course. The sample consists of 55 students (ages 13–15, M = 14.25, SD = 0.48). Of these, 24 were part of a control group (13 male, 11 females, ages 13–15, M = 14.25, SD = 0.509); 25 were part of the experimental group (12 males, 13 females, ages 13–15, M = 14.04, SD = 0.510), and six students were not considered in the analysis because they did not complete the tests. Whereas the control group used the ReAQ tool as a face-to-face activity, the experimental group used the ReAQ tool as a remotely guided activity.



All students and their parents received thorough information detailing the investigation’s goal as well as their right to remain in the study or withdraw at any moment. All participants who agreed to participate in the study signed a consent letter.




4.2. Measurement Instruments


4.2.1. Questionnaires


We completed knowledge pretests and post-tests to evaluate the success of the interventions on learners’ comprehension of chemical bonds and chemical reaction concepts. Both pretest and post-test contained 10 multiple-choice questions, valued at 1 point each. The researchers designed the test and teachers examined and validated their content. The following represents an example of a question from one of these exams.



Besides Hydrogen, what other element is part of Ammonia?



	(a)

	
Carbon




	(b)

	
Oxygen




	(c)

	
Nitrogen




	(d)

	
Phosphorus








4.2.2. Motivation Questionnaire


We evaluated the students’ motivation as they read the instructional material. For the evaluation, we used an IMMS survey [57]. IMMS contains 36 questions with 5-point Likert-scale items to measure motivation aspects in the ARCS model, which are: attention (12 items), relevance (9 items), confidence (9 items), and satisfaction (6 items).




4.2.3. Interaction Logs


Three types of learners’ interactions with the ReAQ tool were stored in log files: (1) the number of errors by each student while performing the learning activities; (2) the number of times each student requested clues within the learning tool; and (3) the time spent performing the required learning activities.





4.3. Procedure


A week before the study kickoff, all the students participating in the intervention received a lecture from their teachers regarding the topics in the activity. All the subjects in this study followed the same chemistry curriculum for Mexican students. Thereafter, all the students answered the pretest questionnaire. In the subsequent week, students in the control group received a mobile device with the application installed. Meanwhile, the students of the experimental group downloaded the ReAQ application to their own mobile devices from Google store or via a Web link.



The students received a file with instructions to install ReAQ on the device before they began any interaction with the app. The interventions lasted 20 min. Throughout this time, researchers were present in the control group while the students interacted with the application and responded directly when they needed technical help. For students in the experimental group, the application was installed on the device they used for remote learning. Students, teachers, and researchers all participated in the virtual session for the intervention. Students who needed technical or procedural help asked questions via videoconference or chat using the online platform. At the end of the interventions, students answered a 20-min knowledge post-test. After that, students had approximately 20 min to respond the motivation survey.





5. Results


This section presents the study’s results related to the research questions. The research questions were formulated to analyze whether AR learning activities could maintain students’ motivation and learning achievement at similar levels in two distinct learning settings: in class and at home.



5.1. Samples Equivalence


The Shapiro–Wilk test was used to confirm the normal distribution of the data collected in the pretest for the control group (n = 24, w = 0.159, M = 5.75, SD = 1.70) and the experimental group (n = 25, w = 0.163, M = 6.24, SD = 1.392). These findings suggested that the difference in scholars’ prior knowledge might be described by a normally distributed population. As a result, parametric tests might be employed to assess the remaining analyses.



An independent sample test was used to examine the prior knowledge of students in the control (classroom) and experimental (home) groups. Results (t [49] = −1.106, p = 0.275) demonstrated that there was no statistically significant difference between students in the control and experimental groups. Therefore, before the intervention, the students of both groups had similar previous knowledge about the topic of chemical bonds.




5.2. Research Question 1. Is There a Difference in the Students’ Learning Outcomes Based on the Physical Learning Spaces That They Used?


To ensure a normal distribution in the data from the control group, we applied a Shapiro–Wilk test for both the pretest (M = 5.75, SD = 1.700, w = 0.159) and post-test (M = 6.96, SD = 1.459, w = 0.492), with findings which described a normal data distribution. Based on the data from the pretest and post-test, a t-test paired sample was used to compare the learning results of students in the control group. The result revealed a statistically significant difference between the students’ knowledge before and after the intervention using the AR learning tool (t [24] = −4.608, p < 0.001). The effect size is d = 0.76, indicating that using the AR learning tool in face-to-face mode enhanced learning outcomes for students in the control group. This is considered a medium-effect size.



Data for the experimental group was also evaluated using the Shapiro–Wilk test, both for the pretest (M = 6.24, SD = 1.393, w = 0.163) and post-test (M = 7.88, SD = 1.424, w = 0.101) scores, indicating a normal data distribution. The t-test paired sample was conducted to compare the learning outcomes of the students of the experimental group based on the data from the pretest and post-test. The result (t [25] = −10.119, p < 0.001) when comparing the students’ knowledge before and after the intervention using the AR learning tool was statistically significant. The effect size is d = 1.09, highlighting that those students in the experimental group had improvements in the learning outcome by using the AR learning tool at home. This is considered a large-effect size.



A Shapiro–Wilk test was applied to determine the normal distribution of the data generated in the post-test, for the control group (n = 24, w = 0.492, M = 6.96, SD = 1.459) and the experimental group (n = 25, w = 0.101, M = 7.88, SD = 1.424), identifying a normal distribution. As a result, the variation in prior knowledge across students could be due to a population with a normal distribution. Based on the post-test data, an independent samples t-test was used to compare students’ learning improvements between the control (classroom) and experimental (home) groups. The result (t [49] = −2.238, p = 0.03) showed that there was a statistically significant difference when comparing the post-test data among students in the control and experimental groups, favoring the experimental arm of the study, with an effect size of d = 0.63, which is considered a medium-effect size.



The adoption of the ReAQ application technology resulted in an overall increase in knowledge, although the subjects in the experimental group had a significantly improved learning outcome compared with subjects in the control group.




5.3. Research Question 2. Is There Any Difference in Students’ Motivation Influenced by Which of the Physical Learning Spaces Were Used?


The instrument IMMS has a score range of 36 to 180 using a response Likert´s scale from 1 to 5. In the control group, the total scores ranged from 118 to 169, compared with 122 to 173 in the experimental group. With these results, we assume that the motivation of students of both groups was moderately high. Because the difference in motivation is from a normal distribution, we applied a Shapiro–Wilk test to assess the distribution of the difference in motivation between the two groups (W = 0.956, p-value = 0.062). As the results show a normal data distribution, we proceeded with the use of parametric tests for the remainder of the analyses.



The results of the two independent samples t-tests are shown in Table 1. Results from this comparison highlight a numerically higher degree of motivation in students in the experimental group (4.17) compared with those in the control group of the study (4.07); however, this difference did not reach statistical significance (t = −0.823, p < 4.15).



Table 2 shows descriptive data regarding motivation based on the ARCS model’s four subscales. The mean values for the attention and satisfaction subscales were significantly higher among students in the experimental group compared with those in the control group.



We used a Shapiro–Wilk test to investigate the difference between two teaching scenarios for each ARCS factor, concluding that the difference is due to a normal distribution: attention (W = 0.955, p-value = 0.13), relevance (W = 0.958, p-value = 0.081), confidence (W = 0.965, p-value =0.156), and satisfaction (W = 0.956, p-value = 0.064). We used an independent samples t-test to compare the training scenarios across the four parameters (see Table 2).



The results of the intervention revealed that both groups of students were motivated in the same way by the AR-based learning environment. When looking at the motivating elements examined by the IMMS instrument, statistically significant variations in attention and satisfaction were identified, favoring the experimental group in both cases.




5.4. Research Question 3. Is There Any Difference in Students’ Interaction with the AR-Based Learning Environment Depending on Which of the Physical Learning Spaces Were Used?


Table 3 illustrates descriptive statistics for the three types of interactions considered: number of errors, amount of help requested, and time spent on learning activities. The control group’s mean values for the three measures were found to be considerably higher when compared with the experimental group.



We ran a Shapiro–Wilk test on each of the three interactions to see if there was a difference when the two instructional scenarios were used. The difference between each factor in both teaching scenarios comes from a normal distribution. Independent samples t-tests were used to compare the teaching scenarios across the three types of interactions (Table 3).



The results of the intervention suggest that students from the experimental group made fewer errors, asked for fewer helping clues, and needed less time to complete their work compared with students from the control group.




5.5. Research Question 4. How Does Student Motivation Relate to Students’ Interaction with the AR-Based Learning Environment?


A Pearson product–moment correlation coefficient demonstrated a negative correlation between the attention and satisfaction factors and the number of errors students made in the experimental group. A high positive correlation was detected between attention and satisfaction factors and the time spent by students to finish their learning activities; there was also a slight correlation between relevance and confidence factors with the time variable. There was no correlation for any motivation factor with the amount of help students requested during the intervention (see Table 4).



A Pearson product–moment correlation coefficient demonstrated a negative correlation between confidence and satisfaction factors and the number of errors students made in the control group. There was no correlation for any motivation factor with the amount of help students requested during the intervention, nor with the time students spent completing the intervention (see Table 5).



Results suggest that, for the experimental group, attention toward the learning activities is higher when the students spend more time in the activities and make fewer mistakes. Similarly, results suggest that students who feel more satisfied with the learning activities tend to spend more time on the activities and make fewer mistakes.



Results in the control group show that the number of errors made by students is inversely correlated with their confidence and level of satisfaction.





6. Discussion


In this study, ReAQ, an AR application designed to learn basic chemistry principles, was presented and evaluated. The study was planned to compare the use of the same AR-based learning tool in two physical learning settings: in a face-to-face class and at home in a virtual class. The study aimed to identify possible differences in terms of motivation, learning outcomes, and students’ interactions with the AR-based learning tool. The main findings of this study, as well as their implications, are discussed below.



Results from this study show that the use of an AR tool in both physical and virtual learning environments increases student motivation. This finding is aligned with other studies which have used the IMMS instrument to measure motivation towards a significant number of AR-based learning environments, many of which have identified a positive impact on motivation [35,42]. However, our results revealed that there were substantial differences in the attention and satisfaction factors between groups, favoring the experimental group. These results partially contradict findings reported by recent studies which indicate low levels of satisfaction among students using online platforms [58,59]. To provide solutions to this problem, some researchers conducted empirical analysis to determine factors influencing student satisfaction in online educational environments. Several of these studies agree that teacher–student interaction is a determining factor for student satisfaction [59,60,61,62]. Regarding the attention factor, some researchers claim that in online environments students fail to maintain high levels of attention. [63,64] suggest that learning environments with high cognitive load and home distractions are among the main causes of the lack of attention in these educational settings [65,66]. Some researchers have suggested that teacher supervision in online environments avoids student distractions [67]. In our case, the effort to guide the students both at home and in the classroom could have contributed to the measures obtained in the factors of attention and satisfaction in the experimental group, which had a home setting. Further studies are needed to identify why this teaching support had a greater impact at home compared with in the classroom.



Our findings suggest that working at home with an AR-based learning tool confers a direct benefit in terms of learning outcomes compared to working in class with the same learning tool. Several authors have argued that students performing learning activities at home can have modestly better outcomes compared with those receiving face-to-face instruction at school [68,69]. However, other authors maintain a neutral position and affirm that factors such as teachers’ presence, the quality of content, or students’ social conditions are responsible for the impact of educational settings on learning outcomes [70,71]. Our results suggest that students working at home performed significantly better, made fewer errors, required less help, and needed less time to complete the activities compared with students who worked in a classroom setting. We also identified a positive correlation between the attention factor and the time spent on the activities and a negative correlation between the satisfaction factor and the number of errors made. These results suggest that motivational factors had a positive impact on learning outcomes. Further studies are required to establish whether our findings are due to learning affordances of AR technology, the learning setting used, or a combination of both.



Finally, we point out some of the study’s limitations: (1) the study was designed to evaluate short-term retention of basic chemistry concepts, and a long-term retention evaluation was not included, but we believe it would be highly valuable to assess the effectiveness of the AR-based application; and (2) collected data were self-reported.




7. Conclusions and Future Work


The results presented in this study lead us to conclude that the setting where learning activities are performed has an impact on different motivational factors and on learning outcomes. It seems that efforts to develop AR-based learning tools that attract students’ attention and help them feel satisfied will motivate students to spend more time on their activities and to complete them more carefully. This opens the possibility of conducting online guided learning activities that are at least as effective as those that are performed in a classroom. Future studies should explore the reproducibility of these findings across other STEM disciplines and with students of different academic levels.
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Figure 1. Student using the ReAQ learning application. 
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Table 1. Learning motivation among students in the control and experimental arms of the study.
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Variable

	
Group

	
n

	
Mean

	
SD

	
t






	
Motivation

	
Control group

	
24

	
4.07

	
0.389

	
−0.823




	
Experimental group

	
25

	
4.17

	
0.435
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Table 2. t-test results of the four factors of learning motivation for the two groups.
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Variable

	
Group

	
n

	
Mean

	
SD

	
t






	
Attention

	
Control group

	
24

	
4.09

	
0.53

	
−2.138 *




	
Experimental group

	
25

	
4.37

	
0.37




	
Relevance

	
Control group

	
24

	
4.17

	
0.48

	
1.462




	
Experimental group

	
25

	
3.96

	
0.51




	
Confidence

	
Control group

	
24

	
3.87

	
0.63

	
−0.344




	
Experimental group

	
25

	
3.93

	
0.59




	
Satisfaction

	
Control group

	
24

	
4.08

	
0.44

	
−2.286 *




	
Experimental group

	
25

	
4.46

	
0.40








* p < 0.05.
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Table 3. The interaction between the two groups of students was tested using a t-test.
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Measure

	
Group

	
Mean

	
SD

	
t






	
Number of Errors

	
Control group

	
5.71

	
2.116

	
2.676 **




	
Experimental group

	
4.28

	
1.595




	
Help requests

	
Control group

	
5.29

	
1.922

	
4.534 ***




	
Experimental group

	
3.04

	
1. 541




	
Time

	
Control group

	
14.75

	
1.219

	
3.452 ***




	
Experimental group

	
13.58

	
1.145








*** p < 0.01. ** p < 0.03.
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Table 4. Correlation results between motivational factors and students’ interaction with the AR-based learning environment in the experimental group.
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Measure

	
Motivation Factor

	
r

	
df

	
p-Value






	
Error

	
Attention

	
−0.621

	
25

	
0.001 ***




	
Relevance

	
−0.148

	
25

	
0.481




	
Confidence

	
−0.192

	
25

	
0.357




	
Satisfaction

	
−0.521

	
25

	
0.008 ***




	
Helps

	
Attention

	
−0.237

	
25

	
0.253




	
Relevance

	
−0.015

	
25

	
0.943




	
Confidence

	
−0.173

	
25

	
0.407




	
Satisfaction

	
0.213

	
25

	
0.308




	
Time

	
Attention

	
0.510

	
25

	
0.009 ***




	
Relevance

	
0.448

	
25

	
0.025 *




	
Confidence

	
0.458

	
25

	
0.021 *




	
Satisfaction

	
0.612

	
25

	
0.001 ***








*** p < 0.01. * p < 0.05.
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Table 5. Correlation results between motivational factors and students’ interaction with the AR-based learning environment in the control group.
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Measure

	
Motivation Factor

	
r

	
df

	
p-Value






	
Error

	
Attention

	
−0.261

	
24

	
0.218




	
Relevance

	
−0.381

	
24

	
0.066




	
Confidence

	
−0.132

	
24

	
0.540 *




	
Satisfaction

	
−0.436

	
24

	
0.033 *




	
Helps

	
Attention

	
−0.255

	
24

	
0.230




	
Relevance

	
0.004

	
24

	
0.984




	
Confidence

	
0.014

	
24

	
0.947




	
Satisfaction

	
−0.275

	
24

	
0.193




	
Time

	
Attention

	
0.044

	
24

	
0.839




	
Relevance

	
0.093

	
24

	
0.665




	
Confidence

	
−0.014

	
24

	
0.948




	
Satisfaction

	
0.254

	
24

	
0.230








* p < 0.05.
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