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Abstract: Many scholars indicated that augmented reality (AR) can effectively enhance 

learners' learning motivation and effectiveness. In addition, many researches showed that 

human factors will affect learning, such as prior knowledge, cognitive style and even gender. 

So, a customized AR English learning system was developed in this study. Also, we made a 

usability assessment analysis for this system. According to the results of the analysis, there are 

some significant differences between gender, education background and department when 

using the customized AR English learning system. 
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1. Introduction 
 
Taiwan is an EFL (English as Foreign Language) English learning environment. In Taiwan, a formal 

exposure to English is until entering elementary schools (Lu, 2012). In the traditional teaching 

environments, students learned English through explaining the rigid text of the textbooks by teachers. 

The English learning then can be conducted. But it is passive learning (Savignon, 1988). Looi et al. 

(2010) have used a context-aware ubiquitous learning system to record the situation of learners. It 

allowed teachers to rapidly understand students' learning process and individual differences and to 

develop a better teaching method. By this, students can get the needed information in appropriate timing 

(Chen, Lien, & Lu, 2009). According to the "Spatial Contiguity Principle" and "Temporal Contiguity 

Principle" of 12 multimedia design principles proposed by Mayer (2009), the learning effectiveness of 

learners will be increased if the corresponding and associated information is able to be immediately 

generated beside the objects at the time of scanning real objects.  

The augmented reality (AR) is a kind of technology that can combine the virtual information 

and the real image (Azuma, 1997). The technology allows that the learning process can more meet the 

above principles proposed by Mayer (2009). In addition, Chen and Macredie (2010) have proposed that 

human factors will affect learning, such as prior knowledge, cognitive style and even gender. So, this 

study has developed a customized English learning system based on AR technology, and then made a 

usability assessment analysis with it. According to the results of the analysis, we have found out there 

are some significant differences among different kinds of human factors.  Based on these findings, we 

can design these types of AR learning systems for the different kinds of users in the future and let the 

system more matching the characteristics of each person. 
 

 

2. Literature Review 
 

2.1 The problems of English learning 
 

In the past, second/foreign language learning relied upon teachers' lecturing to explain the learning 

materials of textbooks (Savignon, 1988). In other words, because the teaching time is limited, 
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traditional teaching is considered unable to enhance learning motivation and interest (Brown, Collins, 

& Duguid, 1989). Looi et al. (2010) have indicated that learning will be able to be conducted at any time 

and any place when technologies of context-aware and ubiquitous learning are imported. Thus, teachers 

can guide students to learn actively and attract their attention, and learners' ability of observation of the 

real world and the ability to actually solve problems can be enhanced (Chen, Lien, & Lu, 2009).  

 Among the technologies of context-awareness, RFID and QR code technologies have the 

disadvantages of information discontinuous problems. In this study, we use AR technology to 

implement an English learning system, and make a usability assessment with it. It is hoped that the 

learning motivation and learning effectiveness of learners can be enhanced. Thus, according to the 

results of the analysis, we will improve the AR English learning system. 

 

2.2 The influence of human factors in learning 
 

Chen and Macredie (2010) have proposed that human factors will affect learning, such as prior 

knowledge, cognitive style and even gender which may cause different effects. The main focus of 

personalized learning is to understand learners' individual factors, such as their extent and learning 

experience. Then, according to the learners' individual differences, the learning system can adjust the 

learning materials (Cho, Kim, & Kim, 2003). According to the previous studies, we added personalized 

content into the AR English learning system; it can allow users adjust the learning environment 

according to their preferences. In this study, we want to explore whether there are significantly 

differences in system usability assessment and using attitudes between different kinds of human factors, 

such as gender, knowledge background, using experience, etc. 

 

2.3 Customized AR English learning system 
 

A customized AR English learning system was proposed and designed by Hwang, Chen and Huang 

(2014). For customized design, the system adds the functions of related words and 3 learning scopes, 

i.e., phrases, sentences and related words. In addition, an easy mode and an advanced mode are 

provided. User can also choose the boy’s or girl’s pronunciation in the settings menu with their 

preference at any time. 

 When learners successfully scan an object, the screen will show the main teaching material and 

the related material. After the learners click the object that want to learn, the corresponding function 

buttons will appear at the top of screen. If learners click the function button, the system will read out the 

materials, and the Chinese meaning will be explained in Chinese voice. In addition, all users' behavior 

operation process will be recorded in a portfolio database by the behavior-code. The screenshots of the 

customized AR English learning system is as shown in Figure 1. 

 

 
Figure 1. The screenshots of Customized AR English learning system. 
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2.4 Nielsen usability assessment 
 

When a system is developed, it must be tested and evaluated by users. Then, developers can improve the 

system according to users' needs. Virvou and Katsionis (2008) indicated that system usability will affect 

the learners' performance and their perception. Greenberg, Fitzpatrick, Gutwin, and Kaplan (2000) 

pointed out that heuristic evaluation is the most rapid, cheap, and effective way to identify usability 

problems. In this study, Nielsen’s heuristic approach is selected because it is the most commonly used 

and can be effectively applied by both novices and experts (Nielsen, 1994a; Nielsen & Mack, 1994). 

Nielsen (1994b) assessment proposed 10 heuristics, such as interface design, system flexibility and 

efficiency, the system interactivity, etc. The details of the revised set of 10 heuristics (H) are as shown 

in Table 1. So, in this study, we hope to analyze users' opinion through the Nielsen assessment 

questionnaire and improve the customized AR English learning system in the future. 

 

Table 1: Nielsen's 10 heuristics (Nielsen, 1994b).  

 
 

 

3. Methodology 
 

3.1 Research design 
 

First of all, we collected relevant literatures. Then, we confirmed the specifications of the system and 

started to develop the system. When the system was developed successfully, we invited about 70 

students including college students and Masters of the information college to do a trial of the system, 

and let them fill out the Nielsen's assessment questionnaire. After the questionnaires being collected, the 

statistical software of SPSS 19 was used to analyze and explore the possible effect of different kinds of 

human factors on user usability of this system. Finally, in this paper, we will propose the amendments 

of system according to the analysis results and improve the customized AR English system in the future. 

The flow chart of our research process is as shown in Figure 2. 
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Figure 2. The research process. 

 

3.2 Questionnaire design 
 

In this study, the statistical software of SPSS 19 is used. And then the questionnaire is designed with 

Nielsen's 10 heuristics and 5-point Likert scale (Likert, 1932) where 1 is strongly disagree, 2 is disagree, 

3 is neither agree nor disagree, 4 is agree, and 5 is strongly agree. There are total 60 questions in the 

questionnaire, which include 5 positive questions and one reverse question for each Heuristic (H). 

 After collecting questionnaires, in order to confirm the reliability of the questionnaire, we 

conducted a questionnaire reliability analysis first. As shown in Table 2, the result shows that the 

Cronbach's Alpha values of all heuristics (H) are all higher than 0.8. It means the reliability of this 

questionnaire is good enough to do the following analysis. Then, to explore whether there are 

significantly differences between different kinds of human factors or not, the t-test and the analysis of 

variance (one-way ANOVA) are used. 

 

Table 2: The reliability of the questionnaire for each heuristic (H). 

Heuristics (H) Cronbach's Alpha Value 

H1 0.85 

H2 0.80 

H3 0.84 

H4 0.81 

H5 0.92 

H6 0.83 

H7 0.89 

H8 0.93 

H9 0.88 

H10 0.92 
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3.3 Population and sample 
 

The valid participants of the experiment are 65 information college students from a university in central 

Taiwan, including 35 students in department of Information Networking and System Administration 

(INSA), 16 students in Information Management (IM) and 14 students in Information Technology (IT). 

Among 65 students, there are 51 male users and 14 female users. In addition, there are 46 college 

students and 19 master students. The reason why we chose these students is trying to find out whether 

there exists significantly difference in usability and using attitudes among INSA, IM and IT 

departments in this customized AR English learning system. 

 

3.4 Data collection procedures 
 

The process of the experiment is listed as shown in Figure 3. At first, all participants have to watch the 

system operating instruction video. Afterwards, the participants login the customized AR English 

learning system with their accounts and passwords to use the system, as shown in Figure 4. The 

participants have to fill out Nielsen's Heuristic evaluation questionnaires. Finally, for each heuristic, we 

interview with particular users with low mean points after the questionnaire being analyzed. 

 

 
Figure 3. The process of the experiment. 

 

 

 
Figure 4. The situation during the experiment. 
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4. Data analysis and Results 
 

4.1 The 10 heuristics (H) differences between genders 
 

First of all, in order to verify the differences of the usability evaluation between genders, t-test is used. 

According to the analysis, it is found that the recognition mean values of male users had significantly 

higher than those of female users on H2 and H9; with t = 2.41 (p = 0.019 < 0.05) and t = 2.23 (p = 0.029 

< 0.05), and medium effect sizes d = 0.67 and d = 0.62, respectively. The recognition mean values of H2 

and H9 in male users (4.60 and 4.51) was higher while those of the genders in female users (4.26 and 

4.18) were relatively lower, as shown in Table 3. 

 

Table 3: The t-test results for genders. 

 
Gender N Mean S.D. t d 

H1 
male 51 4.61 0.44 1.58  

female 14 4.38 0.58    

H2 
male 51 4.60 0.43 2.41* 0.67 

female 14 4.26 0.56    

H3 
male 51 4.53 0.46 1.58  

female 14 4.30 0.61    

H4 
male 51 4.36 0.53 1.67  

female 14 4.10 0.51    

H5 
male 51 4.71 0.44 1.56  

female 14 4.42 0.65 
 

 

H6 
male 51 4.45 0.48 0.92  

female 14 4.31 0.60    

H7 
male 51 4.48 0.47 0.89  

female 14 4.31 0.66 
 

 

H8 
male 51 4.25 0.59 0.43  

female 14 4.16 0.92    

H9 
male 51 4.51 0.46 2.23* 0.62 

female 14 4.18 0.60    

H10 
male 51 4.54 0.51 1.87  

female 14 4.23 0.71    

*p<.05 

 

4.2 The 10 heuristics (H) differences between educational backgrounds 
 

Then, in order to verify the differences of the usability evaluation between different educational 

backgrounds, t-test is used. According to the result of analysis, it is found that the recognition mean 

values of college students had significantly lower than those of Masters on H1, H3 and H5; with t = 

-2.91 (p = 0.005 < 0.05), t = -2.80 (p = 0.007 < 0.05) and t = -2.27 (p = 0.027 < 0.05) , and medium effect 

sizes d = -0.73 , d = -0.66 and d = -0.56, respectively. The recognition mean values of H1, H3 and H5 of 

educational backgrounds in Masters (4.78, 4.69 and 4.83) were higher while those of educational 

backgrounds in college students (4.47, 4.40 and 4.58) were relatively lower, as shown in Table 4. 

 

Table 4: The t-test results for different educational backgrounds. 

 
Educational background N Mean S.D. t d 

H1 
college student 46 4.47 0.51 -2.91** -0.73 

Master 19 4.78 0.32     

H2 
college student 46 4.48 0.52 -1.50   

Master 19 4.64 0.33     
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H3 
college student 46 4.40 0.55 -2.80** -0.66 

Master 19 4.69 0.29     

H4 
college student 46 4.26 0.56 -1.21   

Master 19 4.43 0.44     

H5 
college student 46 4.58 0.54 -2.27* -0.56 

Master 19 4.83 0.32     

H6 
college student 46 4.43 0.53 0.14   

Master 19 4.41 0.46     

H7 
college student 46 4.40 0.54 -1.13   

Master 19 4.56 0.44     

H8 
college student 46 4.31 0.68 1.49   

Master 19 4.04 0.61     

H9 
college student 46 4.40 0.54 -1.25   

Master 19 4.57 0.42     

H10 
college student 46 4.41 0.61 -1.71   

Master 19 4.64 0.44     

*p<.05; **p <.01 

 

4.3 The effect of 10 heuristics (H) among different departments 
 

Next, in order to verify the differences of the usability evaluation among 3 departments (INSA, IM and 

IT) in the information college, analysis of variance (one- way ANOVA) is used as shown in Table 5. 

The results showed that the recognition mean values of H8 (aesthetic and minimalist design) among 3 

different departments has significantly difference in multiple comparisons (LSD) (p=0.41 < 0.05, F = 

3.36). The recognition mean value of H8 of departments in INSA is 4.31, while that of departments in 

IM is 3.88 and that of departments in IT is 4.29. It means that, for H8, the level of acceptance of students 

of INSA is higher than that of IM. And the level of acceptance of students of IT is higher than that of 

IM. But there is no significantly difference between INSA and IT. 

 

Table 5: The results of ANOVA for different departments on H8. 

 
Department N Mean S.D. F 

Multiple comparisons 

(LSD) 

H8 

(a) INSA 35 4.31 0.67 

3.36* 

(a>b) 

(b) IM 16 3.88 0.70 (c>b) 

(c) IT 14 4.29 0.53 
 

 
Total 65 4.23 0.67   

 
*p<.05 

 

 Finally, the results showed that H1 (visibility of system status), H3 (user control and freedom) 

and H10 (help and documentation) have significantly differences among 3 different departments in 

Post-Hoc test (Games-Howell), as shown in Table 6. The recognition mean (S.D., standard deviation) 

values of departments in INSA on H1, H3 and H10 were 4.48 (0.46), 4.36 (0.51) and 4.45 (0.52), while 

those of departments in IM were 4.48 (0.59), 4.51 (0.58) and 4.26 (0.74), and while those of 

departments in IT were 4.85 (0.23), 4.75 (0.24) and 4.80 (0.31). It means that, for H1 and H3, the level 

of acceptance of the students of IT is higher than that of INSA. For H10, the level of acceptance of the 

students of IT is higher than those of INSA and IM. But there are no significantly differences between 

INSA and IM. 

 

Table 6: The results of ANOVA for different departments on H1, H3 and H10. 

 
Department N Mean S.D. F 

Post Hoc 

(Games-Howell) 

H1 (a) INSA 35 4.48 0.46 3.63* (c>a) 
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(b) IM 16 4.48 0.59 
 

(c) IT 14 4.85 0.23 
 

 
Total 65 4.56 0.48 

  

H3 

(a) INSA 35 4.36 0.51 

3.28* 

(c>a) 

(b) IM 16 4.51 0.58 
 

(c) IT 14 4.75 0.24 
 

 
Total 65 4.48 0.50 

  

H10 

(a) INSA 35 4.45 0.52 

3.71* 

(c>a) 

(b) IM 16 4.26 0.74 (c>b) 

(c) IT 14 4.80 0.31 
 

 
Total 65 4.48 0.57 

  
*p<.05 

 

 

5. Discussions 
 

Firstly, we found that the recognition mean value of male users (4.60) is higher than that of female users 

(4.26) on H2. It means that male users feel the system is more in line with real-life logic than female 

users. In addition, the recognition mean value of male users (4.51) is also higher than that of female 

users (4.18) on H9. After interviewing with 2 male and 2 female users, the 2 female users pointed out 

that system operating instructions button can add some captions to make the explanation clearer. The 2 

male users thought that the buttons and menu contents shown in the system can be used in common 

sense easily. This result is coincided with theory proposed by Misu (2001), i.e., the male users often 

have more positive attitude than female users when using computer technology for learning and female 

users need more detailed documentation when using the computer technology. So, we can added more 

detailed explanations in this kind of customized AR English learning system for the female users in 

future to enhance the usability and satisfaction of the system. 

 Secondly, we found that the recognition mean values of college students and Master users were 

4.47 and 4.78 on H1, while those of them on H3 were 4.40 and 4.69, and while those of them on H5 

were 4.58 and 4.83. For all these three mean values of heuristics, Masters have higher values than 

college students. After interviewing with 8 college students and 8 Master users, for H1 (visibility of 

system status), all college students thought that it is difficult to recognize the “real learning object” and 

“virtual related learning object” when learning with this system. Conversely, the Master users thought it 

can easily recognize which “object” they were learning with the Chinese text materials. For H3 (user 

control and freedom), the respondents of college students said that they had no particular views on the 

choice of pronunciation style, but whether the pronunciation can be heard clearly or not is most 

important when learning with this system. However, the respondents of Master users thought that since 

the functions of this system are developed mainly for 5-6 grade elementary school students, this kind of 

design can make these students focus on system operating more intently due to the personalization 

setting functions. For H5 (error prevention), the respondents of college students suggested that the 

system can provide more text prompts on the inputted screen of the accounts and passwords before 

login the system. But, the Master users thought that the documentation for instructions has provided 

detailed explanation in the “system explanations interface”. From the above, the Master users have 

deeper observation and analysis than college students. The reason may be that the system development 

experiences and logical reasoning ability of the Master users in the information college are stronger 

than college students. This result is coincided with theories proposed by Chen and Macredie (2010) and 

Virvou and Katsionis (2008), i.e., the prior knowledge will affect the views of the system usability to 

this system. 

 Thirdly, we found that the recognition mean value of departments in IM (3.88) is lower than in 

INSA (4.31) and IT (4.23) on H8 (aesthetic and minimalist design). There were 3 respondents for each 

department. According to the results of interviews, all respondents of IM thought that the system's 

graphic design are not perfect and can be more refined. However, the respondents of INSA and IT 

thought that it is interesting of learning with AR technology while graphic design is secondary 

consideration. The reason for this situation may be the students of IM take art-related courses more than 
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those of INSA and IT. In addition, the students of IM were enrolled to school in commercial category 

more than those of INSA and IT. 

 Finally, we also found that the recognition mean values of H1, H3 and H10 on departments of 

IT were 4.85, 4.75 and 4.80 which were higher than those in departments of INSA and IM. The reason 

for this situation may be the students in the departments of IT take more programing courses than the 

students on the department of INSA and IM. Overall, most of users thought that the usability of this 

customized AR English learning is very well and interesting. 

 

 

6. Conclusions & Future Works 
 

This study has developed a customized augmented reality English learning system and completed a 

usability assessment of it. According to the results of the analysis, we found that some human factors 

(gender, educational background and departments) will certainly cause significant difference when 

using this type of AR learning system, and we will improve the current system from the results. 

 In the near future, we will invite 2 teachers in an elementary school in central Taiwan to provide 

100 English vocabularies suitable for grade 5 students and to conduct experimental teaching. The 

experimental subjects are 100 students of 4 classes, and the time for experiment is about total 8 weeks 

for 2 hours per week. All the operation process will be recorded in database so that further personalized 

preference analysis can be conducted in the future. 
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