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A B S T R A C T   

With the impact of COVID-19, many university students may not be able to learn English in the 
physical classroom in a traditional way. Students’ English learning effectiveness and outcome 
were threatened when English learning was forced to turn online. Thus, a variety of technological 
media and platforms to improve their learning outcomes are in need. Mobile learning (M- 
learning) that involves interacting with other devices through mobile devices and wireless net-
works can also be a solution to improve students’ online English learning effectiveness. In order to 
explore the learning behaviors and attitudes of university students when learning English with M- 
learning, this study integrated technology acceptance model and Stimulus Organism Response 
model including the concepts of perceived convenience, curiosity and self-efficacy in addition to 
the original technology acceptance model to verify university students’ usage cognition and 
attitude toward English M-learning. This study disseminated surveys to 10 targeted universities/ 
colleges and collected 1432 valid surveys. This study implemented Smart-PLS 4.0 to examine 
structural model and verify the hypotheses. Results indicated that perceived convenience have 
positive impact on perceived ease of use, perceived usefulness and attitude toward using; there is 
a significant and positive relationship among perceived ease of use, perceived usefulness, attitude 
toward using and intention to using; curiosity and self-efficacy have positive impact on intention 
to using. Based on the findings, this study further provides abundant theoretical insights and 
practical significance on language learning.   

1. Introduction 

The COVID-19 pandemic since 2019 has qualitatively and quantitatively changed English language learning in all perspectives 
[1–4], specifically in countries like China in which strict epidemic control, were enforce to effectively prevent the spread of the virus. 
Thus, various educational technologies extended by distant learning have become inevitable [5]. Distance learning is not simply a 
technological issue of switching the teaching context from the physical classroom to virtual classrooms. Distance learning has chal-
lenged teachers to disseminate knowledge more effectively via the virtual space and students to develop their own learning capacity to 
make the distance learning more diverse and effective [6–9]. In addition, as compared to other courses, it was more difficult to deliver 
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English language instruction effectively online [10,11]. Therefore, in order to better understand the effectiveness of students’ English 
language learning through the medium of technology, this study investigated the factors that impact students English language 
learning effectiveness through thee medium of technology. 

Studies on distance learning have reported some negative impacts on students online learning effectiveness. For example, the study 
by Aristovnik et al. [12] revealed that nearly half of the students surveyed reported that online learning courses were difficult for them 
to focus on and did not further help them understand the content of lectures and assignments. Some students surveyed in Aristovnik 
et al. [12] even stated that not going to school was equivalent to not learning. The study by Kuhfeld et al. [13] showed that teachers 
generally believed that online instruction increases the educational gap for disadvantaged students, most notably for public and 
private students. Moreover, studies on distance learning also found that the lack of physical education, extracurricular activities, and 
human interaction in distance learning space may cause more psychological stress for students and teachers are often not able to 
capture students’ moment to moment psychological status online and thus making the issues even more problematic Kuhfeld et al. 
[13]. Therefore, well-designed online learning courses that untilize new technological features (e.g., video recording function) are 
needed to improve students self-learning motivation, online learning effectiveness, and learning outcocme [14,15], specifically in 
English language online learning context. 

M-learning that involves interacting with other devices through mobile devices and wireless networks [16] can also be a solution to 
improve students’ online learning effectiveness. As mobile devices are portable and integrated into wireless networks, learners can 
learn at any time and space to enjoy the convenience, immediacy, and appropriateness of mobile technology [17]. Chang’s [18] study 
on the cloud-based M-learning also showed that cloud-based M-learning devices have the advantages of convenient access, high 
interactivity, individualization, self-regulated, and self-learning, which have a significant impact on increasing students’ interests in 
learning and creative performance. This suggests that M-learning can be effective in enhancing the effectiveness and motivation of 
English language learning. Therefore, this study aimed to investigate how students’ continuous intention to learning is enhanced when 
they use new technological media for M-learning. 

Past research on user behaviors in technology has mostly focused on cognitive [19] or attitude [20] bases, but it is insufficient to 
consider the type of new information technology. The past studies on Technology Acceptance Model (TAM) have mostly suggested that 
TAM has better explanatory power to explain users behaviors if external variables are effectively included [21, 22]. Yoon and Kim [23] 
extended the concept of perceived convenience to TAM and their study showed that perceived convenience is one of the external 
variables that affect the acceptance of wireless LANs; Hossain and Prybutok [24] also found that perceived convenience affects the 
persistence of radio frequency identification (RFID). Lai and Liew [25] also found that perceived convenience affects consumers’ 
intention to use gamified mobile payment platforms. Xu et al. [5] also found that perceived convenience affects consumers’ continuous 
intention to use tourism mobile applications in Mainland China. However, in the digital learning environment, in addition to the use of 
mobile devices and wireless networks, an appropriate M-learning system is needed to make learning more convenient and efficient for 
learners [26]. While TAM is widely used, there are also many studies that emphasized the combination of different models to enrich the 
TAM theories. In discussing students’ use of new technological media in English learning, the stimulus should lead to a change in 
learning mindset (organism) and subsequently lead to a change in usage behavior or behavioral intention (response). Through the 
combination of TAM and Stimulus Organism Response (SOR) model, this study will be able to explore more deeply the psychological 
changes and attitudes of students in learning English, discuss how to enhance students’ motivation and commitment in learning 
English from the perspective of stimulus, and effectively improve students’ English learning effectiveness and M-learning intentions. 
Therefore, this study will examine the impact of M-learning on continuous intention to use by incorporating the perceived ease of use 
and students’ curiosity towards new technological media. This study aims to address the following research question: What is rela-
tionship between perceived ease of use, perceived usefulness, usage attitude on university students’ continuous intention to use 
M-learning in English learning context? 

2. Literature review 

2.1. SOR model 

The concept of SOR model will help this study explain the changes in students’ mental cognition during the M-learning process and 
subsequent learning intentions and behavioral responses [27]. The SOR model helps explain the internal psychological changes caused 
by the individual being stimulated by the environment [28]. In order to confirm whether students using the new technology media 
would adopt M-learning which in turn would have an impact on the response to the continuous intention to use, this study used SOR 
model’s concepts of perceived convenience, perceived ease of use, and perceived usefulness as important antecedents in the stimulus 
part [29]. However, in organism, most previous studies have emphasized the psychological factors of intrinsic cognition. Although it is 
effective to show that stimulus is converted into explicit responses through intrinsic transformation, it should be expressed in sub-
sequent usage attitude [30]. The continuous intention to use of English M-learning depends on students’ usage attitudes on English 
M-learning and self-efficacy [26,31,32]. Therefore, this study will use self-efficacy and usage attitude as organism factors. 

2.2. Technology acceptance model 

Davis et al. [33] modified and proposed the model of TAM based on the Theory of Reasoned Action (TRA), and simplified the 
factors influencing attitudes into two external variables: perceived usefulness and perceived ease of use. Davis et al. [33] suggested that 
usage attitude impacts behavior intention and thus directly impacts the systems usage. However, usage attitude is mainly determined 
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by perceived usefulness and perceived ease of use. Thus, Davis et al. [33] removed the subjective norm from the TRA model to develop 
the TAM model. In essence, the two beliefs of perceived usefulness and perceived ease of use in TAM are important factors in computer 
acceptance behavior [34,35]. Meanwhile, Davis also argued that perceived ease of use and perceived usefulness are influenced by 
other external variables. Therefore, many studies have suggested that TAM will have better explanatory power on continuous intention 
to use if it extends to exogenous variables [36,37]. Exogenous variables cover factors that may affect information system adoption, 
such as Systems Quality [38], Critical Mass [39], Regulatory Support [40], Flow Experiences, Completeness, Accuracy, Information 
Quality [41], etc. 

Many empirical studies on TAM have found that users’ continuous intention to use is influenced by the perceived usefulness and 
ease of use. High perceived ease of use will relatively affect the perceived usefulness, which will in turn impact the continuous 
intention to use, leading to the actual adoption of technology [42,43]. Since Davis et al. [33] proposed TAM, many studies on tech-
nology adoption behaviors have widely adopted this model to explain individuals’ technological usage behaviors. Hao et al. [44] 
studied the factors influencing college students’ use of M-learning in Mainland China and found that pedagogical factors have an 
impact on students’ behavioral intention to use M-learning. Cheng [45] combined TAM and the Innovation Diffusion Theory (IDT) to 
investigate the behavioral intention to use M-learning of 486 learners and found that technological characteristics (including navi-
gation and convenience) and compatibility had a significant effect on the perceived usefulness, perceived ease of use, and perceived 
enjoyment. Hsia [46] investigated the factors influencing the use of M-learning of 176 university students in Taiwan and found that 
perceived usefulness, perceived ease of use, and perceived behavioral control all had significant effects on learners’ behavioral 
intention to use M-learning. Therefore, based on TAM, the following hypotheses are proposed in this study. 

H1. Perceived ease of use has a positive effect on the perceived usefulness of using M-learning. 

H2. Perceived ease of use has a positive effect on usage attitudes toward the use of M-learning. 

H3. Perceived usefulness has a positive effect on usage attitudes toward the use of M − learning. 

H4. There is a positive relationship between the usage attitude and the continuous intention to use English M-learning. 

2.3. Perceived convenience 

Brown [47] classified convenience into five dimensions: time, location, access, use, and implementation, to explain the conve-
nience of services and products provided to consumers, while Berry et al. [48] assessed the convenience of services in terms of the time 
invested and the effort required. In Yoon and Kim’s [23] study of wireless LAN, they used Brown’s [47] convenience as a basis and 
removed the two dimensions of access and use to include three dimensions in convenience: time, place, and execution. Yoon and Kim 
[23] have defined perceived convenience as the convenience of perception in time, location, and implementation when using wireless 
LAN. In recent years, many empirical studies have found that perceived convenience is an acceptance factor for new technologies or 
systems. For example, Chang et al. [45] found a strong positive correlation between perceived convenience and perceived ease of use in 
their study of mobile technology and English language learning among college students. Lai et al. [49] studied learners’ acceptance of 
e-textbook applications and found that perceived convenience impacted perceived ease of use. Mokhtar et al. [50] also found that 
perceived convenience impacted perceived ease of use in their study of teachers’ intention to use LMS. Chen and Tsai [51] investigated 
how consumers used personalized location-based mobile tourism application to conduct travel plan and they found a significant 
relationship between perceived convenience and perceived ease of use. Malik et al. [52] also found that perceived convenience affects 
perceived ease of use in their study of college students’ adoption intention for chatbot. Therefore, the following hypothesis is proposed 
in this study: 

H5. Perceived convenience positively affects perceived ease of use. 
Yoon and Kim [23] found that perceived convenience positively influenced perceived usefulness. Therefore, for those who use 

mobile technology for learning, the convenience of location and time is effective in enhancing students’ use of M-learning; when users 
perceive that it is meaningful to use mobile technology for learning, they also perceive it as useful [44, 45]. Bansah and Agyei [53] in 
their study assessing learners’ acceptance of LMS found that perceived convenience was positively correlated with perceived use-
fulness and perceived effectiveness. Jatimoyo et al. [54] in their study of consumers’ continuous intention to use online shopping 
service also found that perceived convenience and perceived usefulness were positively related. Wardana et al. [55] also found that 
perceived ease of use was significantly correlated with perceived usefulness and perceived usefulness was significantly correlated with 
the intention to use in their study of consumers’ intention to use e-wallet. Therefore, based on the above arguments, the following 
hypotheses were proposed in this study: 

H6. Perceived convenience has a positive effect on perceived usefulness. 
Gupta and Kim’s [56] study on online shopping found that perceived convenience positively influenced consumers’ intention to 

re-use online shopping, and Hossain and Prybutok’s [24] study also found that perceived convenience positively influenced intention 
to use RFID technology. Hsu and Chang [57] in their study of consumers’ intention to use Moodle system found that perceived 
convenience positively impacted consumers’ intention to use Moodle system. Lu et al. [58] also found that perceived convenience 
positively influenced consumers’ intention to use smart healthcare devices in their study on the use of smart healthcare devices. Huang 
and Chueh [59] also found that perceived convenience increased pet owners’ intention to use chatbot for veterinary consultations. 
Therefore, hypothesis 7 was proposed in this study: 
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H7. Perceived convenience of M-learning has a positive effect on the attitude toward using. 

2.4. Curiosity 

The concept of curiosity is derived from the Flow Theory. Individuals are often more willing to interact with their surroundings 
when they are immersed in flow [60, 61]. Hoffman and Novak [62] suggested that users could become immersed in flow when they are 
focused on the activities on the website. In contrast, the absence of flow can often lead to anxiety or boredom. Kashdan et al. [63] also 
suggested that curiosity can lead to flow and thus result in high levels of interaction. Therefore, when users are in a state of flow, 
curiosity about the use of the information system is also generated during interaction. Malone [64] argued that individual’s curiosity 
can often be aroused in a state of entertainment. This need for novelty is often considered as a concept of intrinsic motivation [65, 66, 
67, 68, 69]. In the Internet environment, the main factor that motivates people to explore and use the websites is not that consumers 
have interests in websites, but that they are curious about using websites through the variety of website content provided by website 
operators [70, 71]. Wang et al. [72] showed that making consumers feel curious is one important factor for them to keep visiting the 
website. Yang et al. [73] study on the effectiveness of AR technology on website advertising showed that AR technology used in 
shopping websites could increase consumer curiosity and attention to advertisements, and thus increase sales. Dai et al. [43] showed 
that curiosity had a positive effect on students’ intention to use MOOC platforms on a consistent basis, and Chang et al. [42] showed 
that curiosity had a positive effect on high school students’ intention to use PDA devices on a consistent basis. Similarly, a study by 
Israel et al. [74] found that consumers’ curiosity was stimulated by telepresence of smartphone-based virtual reality system (SBVR), 
which significantly enhanced their perceived usefulness and perceived enjoyment and increased their chances of booking a hotel. In 
other words, the perceived ease of use of the website platform on the English M-learning platform develops students’ curiosity about 
the content of the English learning platform and further develops the intention to use it. Therefore, the relationship between perceived 
ease of use, curiosity, and continuous intention to use in the context of English M-learning is expected to be as follow in this study: 

H8. Perceived ease of use has a positive effect on curiosity. 

H9. Curiosity has a positive effect on continuous intention to use. 

2.5. Self-efficacy 

Bandura [75] clarified the relationship between self-efficacy and motivation, stating that self-efficacy is a cognitive process that 
regulates behavior. He believed that motivation is an internal psychological process that leads people to a certain activity and allows 
them to stay engaged [76]. However, he also believes that motivation involves many cognitive activities, including thoughts about 
subsequent outcomes that are cognitive in nature, and reactions to goal setting and self-assessment that represent an individual’s 
self-efficacy [29]. The products of such a cognitive process become the driving force of the individual’s performance. According to 
Bandura, self-efficacy is an antecedent variable in the intrinsic process, and motivation is listed after self-efficacy. Some studies have 
also found that individuals’ creative self-efficacy has a significant positive effect on intrinsic motivation [77, 78]. 

However, in the learning framework proposed by Pintrich and Schrauben [79], they discussed the impact of the motivational 
components and the cognitive components on academic performance. The motivational beliefs defined by Pintrich and Schrauben [79] 
include components such as expectation, value, and emotion. The expectation component in the motivation beliefs is often referred to 
individual’s expectations on their own performance, self-efficacy, assessments on self-regulation and expectation on task completion 
such as self-evaluating “Can I do the job?” [4] This component is consistent with the concept of self-efficacy. The value component 
involves the individual’s commitment to the task and their beliefs about the importance, uniqueness, and interest of the task, e.g., Why 
do I want to do this job? Studies have found that when students have high expectations of their self-assessment or task success, they 
tend to be more effectively motivated to learn, which could in turn motivates them to use more cognitive and learning strategies to 
improve learning efficiency and effectiveness [80]. This is in line with the concept of intrinsic and extrinsic motivation as defined by 
Amabile [81]. It is worth noting that both Bandura’s social cognitive theory and Pintrich and Schrauben’s learning framework are used 
to examine academic learning. Thus, this study aimed to explore whether such a combined framework can be used to explore the 
applications and extensions of M-learning. 

In TAM, perceived usefulness is the basis of positive attitudes. Technology adopters who have a positive perceived usefulness on the 
technology often demonstrate confidence in adopting new learning tools that they are not familiar with [82–84]. In the SOR model, 
perceived usefulness can be regarded as the external stimulus for users to accept new technology. When users have positive perceptions 
on the stimulus of new technology, they are more likely to demonstrate kind perceptions on the use environment thus reducing their 
uncertainty and powerlessness on new technology [85]. Meanwhile, when users assess that new technology can be applied to learning 
tasks and achieve good results, it will effectively improve users’ learning ability and increase their confidence and expectation to 
complete learning tasks [86]. The same argument was also made by many scholars: when multimedia interactive technology is used as 
a learning tool to increase the richness of the learning environment, students can feel the joy of learning from the M-learning process 
and thus reducing their resistance and stress to learning and increasing their confidence in completing learning tasks [87]. Therefore, 
the following hypotheses were proposed: 

Davis [33] stated that self-efficacy is an important factor that influences an individual’s intention to use technology. Empirically, 
the findings of Valtonen et al. [88] and Li et al. [89] showed that an individual’s self-efficacy directly affects their intention to use new 
technologies. In other words, when an individual has a high level of self-efficacy, they are more likely to have higher behavioral 
intention to accept the challenge of uncertainty in unfamiliar contexts [90, 91]. In addition, many studies on the influence of 
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individuals’ intention to use information systems indicated that self-efficacy allowed people to believe that they have sufficient 
knowledge to solve their work problems [92, 93]. For example, Chung et al. [94] study found that nurses’ self-efficacy had a significant 
and positive effect on their intention to use online patient personal health records (PHRs). Joo et al. [95] study found that preservice 
teachers’ self-efficacy had an influence on their intention to use technology. Kwon et al. [77] in their study on secondary school 
teachers’ integration of mobile computing device also found that their self-efficacy for mobile technology predicted their integration of 
mobile computing device. Balapour et al.’s [96] study also found that patients’ self-efficacy influenced their intention to use the 
mHealth. Yamin et al. [97] also found that users’ self-efficacy predicted their intention to use the wireless sensor network application 
for medical assistance. In addition, research also found that people with higher self-efficacy strength are more likely to adopt 
e-learning [32]. For example, Bao and Shang [98] conducted a meta-analysis review on the relationship of self-efficacy and continuous 
intention of Web 2.0 platforms, and they found a medium-sized positive correlation. In other words, individuals with high self-efficacy 
are more likely to have a higher intention to adopt new information applications compared to individuals with lower self-efficacy. 
Therefore, based on the above findings, this study suggested that there is a positive relationship between self-efficacy and in-
dividuals’ intention to use new technologies. Therefore, based on the above arguments, the following hypotheses were proposed in this 
study: 

H10. Perceived usefulness has a positive effect on self-efficacy. 

H11. Self-efficacy has a positive effect on continuous intention to use. 
Based on the arguments above, we develop our research model as shown in Fig. 1. In this model, we integrate the SOR model and 

TAM, adding perceived convenience, self-efficacy and curiosity to the TAM to verify the effect of the stimulus variables on the or-
ganization variables, and the subsequent response variables. 

3. Methodology 

3.1. Sampling 

According to research aims, in order to understand students’ attitudes and status in M-learning, we used a questionnaire in this 
quantitative study to collect and analyze data. Since this study did not have a specific sampling frame, we are not able to employ a 
random sampling strategy to all potential M-learning users in Mainland China. This research was approved by the academic committee 
of Fujian Jiangxia University and complied with ethical standards. The researcher sought and got the consent of the participants to 
participate in the study. All participants accepted and voluntarily participated in the study after the researcher assured them of an-
onymity and that their responses were solely for academic purposes. In addition, Wang et al. [99] found that the effort expectancy on 
the intention to use M-learning moderates with the increase of age. Scholars also found that the determinants of users’ intention to 
revisit a website (e.g., perceived ease of use and perceived usefulness) are influenced by users’ experience of the website. Therefore, 
this study employed purposive sampling strategy to maximize the sampling effect and to reduce the sampling bias through the setting 
of conditions [4, 76]. First, the research target of study was the users who do not have many experiences in English M-learning and of 
similar age. After their actual participation in English M-learning, a scale was used to collect the constructs of the study to test the 
relationship between the variables in the model proposed in this study. Since university students often have to change classrooms and 
have more odd hours in between classes, in addition to the fact that there is often no wireless LAN on campus, it is particularly 

Fig. 1. Research framework.  
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appropriate for them to learn English through M-learning. To ensure that the results are representative, we expanded the sample size 
by following the recommendation of scholars that the sample size required for structural equation modelling should exceed 10–20 
times the size of the questions [100]. Also, considering the large base of the parent population, we increased the number of schools to 
obtain a larger sample of students. Therefore, a sample of 10 colleges and universities in mainland China was selected for this study. 
The questionnaires were collected from March 2022 to May 2022. A total of 2000 questionnaires were distributed to each college-
s/university, and 1432 valid questionnaires were obtained. Table 1 shows descriptive statistics of samples. 

3.2. Measures 

This study adopted a total of 19 items of the TAM concepts of perceived ease of use, perceived usefulness, usage attitude and usage 
intention in Daivs [33] and Venkatesh et al. [101], such as “Mobile English learning enhances my learning efficiency”, “It would be 
easy for me to become skillful at using the English learning system. I find the English learning system to be easy to use” and “Assuming 
that I have access to the English learning system, I intend to use it”. As for the perceived convenience, we adopted 4 items in the scale 
developed by Yoon and Kim [23], such as “It is convenient for me to complete a task by using the English learning system” and “I have 
access to the English learning system everywhere”. As defined in previous research, curiosity refers to the degree to which people are 
willing to interact with their environment when they are immersed in flow. This study adopted 2 items of curiosity from scale 
developed by Moon and Kim [102], such as “Mobile English learning stimulates my curiosity to learn English” and “Mobile English 
learning leads me to explore English”. Self-efficacy is an individual’s perception that they will achieve a goal before starting the 
necessary tasks. Self-efficacy has a considerable influence on the choice of tasks, level of task performance, effort made to finish tasks, 
and persistence regarding task performance. The scale developed by Rigotti et al. [103] was revised to integrate 6 items of higher 
reliability and validity, such as “I can remain calm when facing difficulties in my English learning because I can rely on my abilities” 
and “Whatever comes my way in my English learning, I can usually handle it”. 

4. Results 

4.1. Measurement 

Confirmatory factor analysis (CFA) was utilized to validate the proposed factor structure via Smart-PLS 4.0 and confirm whether 
modification is required. Detailed values of reliability and validity of the questionnaire are represented in Table 2. The reliability test 
for Cronach’s alpha of all items was above 0.7 [104]. The coefficient of Composite Reliability was up to the 0.7 suggested by Ref. [104]. 
Factor loadings of each observation item was more than 0.7, showing a good composite reliability. In terms of convergent validity, 
according to Ref. [105], the Average Variance Extracted of each dimension in this study was greater than 0.5. In the study, the cor-
relation coefficient of each dimension was less than the square root of the Average Variance Extracted, and all cross-loadings were all 
less than the factor loadings of the dimension as suggest by Ref. [104], demonstrating a good discriminate validity (in Table 3). 

4.2. Hypotheses testing 

Partial Least Squares-SEM was adopted as the main method for data analysis in this study, and BootStrap was taken to estimate the 
T-value of path coefficient [106], so as to estimate the results of hypothesis test proposed in this study. Stone-Geisser-Criterion (Q2), 
coefficient of determination (R2), and standardized root mean square residuals (SRMR) are used to assess the overall model fit. R2 

values were more significant than 0.20, Q2 values were above 0, and SRMR was less than 0.08 [107]. 

Table 1 
Descriptive statistics of samples.  

Characteristic Scale Number Percentage 

Gender Male 743 51.9 
Female 689 48.1 

Part-time job Yes 583 40.7 
No 849 59.3 

Scholarship Yes 582 40.6 
No 850 59.4 

First-generation college student Yes 863 60.3 
No 569 39.7 

Majors Social science 738 51.5 
Natural Science 694 48.5 

Dedication to class preparation Yes 943 65.9 
No 489 34.1 

Weekly study hours spent on major courses Less than 5 693 48.4 
5 to less than 10 372 26.0 
10 to less than 15 251 17.5 
15 to less than 20 63 4.4 
More than 20 53 3.7  
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After confirming that there is a certain reliability and validity for the measurement results, a hypothesis test was conducted. Fig. 2 is 
the structural model of this study, presenting the path coefficients between variables and the R2 of dependent variables in the model. 
Table 4 shows t-value, p value and f2 of each path. The results indicate the positive and significant effects of perceived convenience on 
perceived ease to use (β = 0.362, p < 0.001), perceived usefulness (β = 0.284, p < 0.001) and attitude toward using (β = 0.274, p <
0.001). So H5, H6 and H7 are supported. Moreover, the results show that relationship paths among perceived ease to use, perceived 
usefulness, attitude toward using and intention to using were positive and significant, which supporting H1, H2, H3, and H4. Similarly, 
perceived usefulness (β = 0.443, p < 0.001) has positive impact on self-efficacy and self-efficacy (β = 0.583, p < 0.001) has positive 
impact on intention to using, so H10 and H11 are confirmed. Finally, regarding the role of curiosity, the results indicate that perceived 
ease to use (β = 0.325, p < 0.001) has positive impact on curiosity and curiosity (β = 0.272, p < 0.001) has positive impact on intention 
to using; thus, H8 and H9 are supported. 

5. Discussion and conclusions 

Convenience is one of the important characteristics of M-learning, and few past studies have combined convenience with TAM to 
examine the effects of students’ use of technology as a medium for M-learning. Also, M-learning has become an important tool for 

Table 2 
Reliability and validity of all variables.  

Variables and Items Factor loadings Mean Percentages of the participants’ answer to the items 

1 2 3 4 5 

Perceived convenience (PC) AVE = .718 CR = .911 alpha = .893   
PC1 0.85 3.463 1.3 6.0 47.5 35.5 9.7 
PC2 0.86 3.419 0.9 9.7 45.5 34.5 9.4 
PC3 0.84 3.479 1.3 9.9 40.6 36.0 12.2 
PC4 0.84 3.361 1.0 13.2 45.4 29.4 10.9 
Perceived ease to use (PEU) AVE = .728 CR = .889 alpha = .853   
PEU1 0.86 3.298 1.9 11.7 49.1 29.4 7.9 
PEU2 0.85 3.577 0.6 6.0 41.4 38.9 13.1 
PEU3 0.85 3.594 1.3 5.8 39.4 39.5 14.1 
Perceived usefulness (PU) AVE = .714 CR = .909 alpha = .872   
PU1 0.85 3.547 1.0 6.0 39.2 44.7 9.1 
PU2 0.86 3.580 0.3 5.8 38.9 45.9 9.2 
PU3 0.84 3.567 0.8 5.4 39.9 44.3 9.7 
PU4 0.83 3.808 0.1 2.9 30.9 48.2 17.9 
Attitude toward using (AU) AVE = .710 CR = .907 alpha = .884   
AU1 0.82 3.478 2.5 8.1 38.1 41.8 9.6 
AU2 0.86 3.531 2.4 6.3 37.2 44.0 10.1 
AU3 0.85 3.558 1.3 6.7 39.2 40.6 12.2 
AU4 0.84 3.562 2.0 7.9 36.2 39.5 14.3 
Intention to using (IU) AVE = .781 CR = .914 alpha = .863   
IU1 0.89 3.650 1.1 3.0 38.7 43.9 13.2 
IU2 0.90 3.701 0.9 4.2 33.5 47.0 14.5 
IU3 0.86 3.640 1.3 5.3 34.1 46.9 12.5 
Self-efficacy AVE = .720 CR = .939 alpha = .893    
Self-efficacy 1 0.84 3.709 0.9 3.9 32.8 48.2 14.2 
Self-efficacy 2 0.85 3.786 1.1 3.3 29.8 47.4 18.4 
Self-efficacy 3 0.85 3.755 0.8 2.5 32.3 49.3 15.1 
Self-efficacy 4 0.85 3.725 1.1 3.1 33.6 46.4 15.7 
Self-efficacy 5 0.87 3.609 1.9 4.8 37.7 41.8 13.8 
Self-efficacy 6 0.83 3.527 2.8 5.5 39.7 40.1 11.8 
Curiosity AVE = .793 CR = .885 alpha = .833    
Curiosity 1 .898 3.501 3.8 6.2 38.6 39.1 12.3 
Curiosity 2 .883 3.650 2.9 4.8 33.1 42.9 16.4  

Table 3 
Discriminant validity.   

1 2 3 4 5 6 7 

1. PC 0.847       
2. PEU 0.713 0.853      
3. PU 0.646 0.732 0.845     
4. AU 0.630 0.720 0.732 0.843    
5. IU 0.657 0.728 0.745 0.732 0.884   
6. Self-efficacy 0.631 0.639 0.723 0.743 0.730 0.849  
7. Curiosity 0.663 0.711 0.762 0.744 0.721 0.712 0.891  
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students to learn English in the context of COVID-19. Therefore, this study used perceived convenience as an external variable to 
extend TAM, proposed and tested a TAM for English M-learning. The results of this study provided meaningful insights into the re-
lationships among the components of perceived convenience, perceived ease of use, perceived usefulness, usage attitudes, and 
continuous intention to use. Few studies in the past have examined the acceptance of M-learning after actual use of specific M-learning 
systems [17, 26]. Moreover, several review studies stated that further investigation on digital learning or M-learning that examines the 
relationship between perceived convenience and the TAM constructs is required based on various research perspectives [26, 86]. 
Therefore, the findings of this study may provide a reference for future TAM and M-learning research. 

First, the results of this study showed that perceived convenience positively influenced perceived ease of use, perceived usefulness 
and usage attitudes, which is in line with the hypothesis of this study. The findings of this study are also in line with the studies of 
Bansah and Agyei [53], Chen and Tsai [51] Lai and Rushikesh Ulhas [49], Mokhtar et al. [50] and Yoon and Kim [23] in that con-
venience not only affects usage attitudes towards the use of new technological media, but also their cognitive state of use. The findings 
are also consistent with the theoretical proposition of the SOR model, which states that individuals can effectively form positive 
perceptions and attitudes under the influence of external stimuli [27,108, 109, 110]. Scholars also point out that some past studies 
have applied the SOR model to examine individuals’ use of information technology to understand users’ perceptions and behaviors in 
using communication technology [111]. These arguments also suggested that the combination of SOR model and TAM is beneficial in 
explaining students’ attitudes and behaviors when using mobile for M-learning [112]. When users perceive that the use of technology 
will make their consumption or learning behaviors more effective, they will be more likely to demonstrate less uncertain and less 
anxiety about using the new technology and will be more engaged in using it [22, 109]. Based on above arguments, in the context of 
English M-learning, perceived convenience, perceived ease of use, and perceived usefulness are all important antecedents that in-
fluence usage attitudes and continuous intention to use. 

In addition, this study investigated the relationship between perceived ease of use, perceived usefulness, usage attitude, and 
continuous intention to use in traditional TAM to examine how English M-learning works in TAM. The results of this study showed that 
the relationships between perceived ease of use, perceived usefulness, attitude toward using, and continuous intention to use were 
positive and significant, implying that students have positive attitudes and perceptions during the use of English M-learning and the 

Fig. 2. Structural model.  

Table 4 
Results of paths.  

Paths β t-value p value f2 Results 

H1: Perceived ease to use → Perceived usefulness .483 3.766 <0.001 0.480 Support 
H2: Perceived ease to use → Attitude toward using .306 4.238 <0.001 0.050 Support 
H3: Perceived usefulness → Attitude toward using .529 8.943 <0.001 0.027 Support 
H4: Attitude toward using →Intention to use .526 7.775 <0.001 0.155 Support 
H5: Perceived convenience → Perceived ease to use .362 5.344 <0.001 0.493 Support 
H6: Perceived convenience → Perceived usefulness .284 3.562 <0.001 0.511 Support 
H7: Perceived convenience → Attitude toward using .274 5.735 <0.001 0.019 Support 
H8: Perceived ease to use → Curiosity .325 4.866 <0.001 0.292 Support 
H9: Curiosity → Intention to using .272 5.546 <0.001 0.059 Support 
H10: Perceived usefulness → Self-efficacy .443 6.388 <0.001 0.391 Support 
H11: Self-efficacy → Intention to using .583 8.621 <0.001 0.192 Support  
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technology medium of English M-learning was functional. The findings are consistent with the relationships between the variables in 
TAM proposed by Davis [33], Cheng [45], Hao et al. [44], Hsia [46] and Peng and Yan [22]. However, this study differs from the study 
by Yoon and Kim [23], who suggested that perceived ease of use positively affects intention to use, and this relationship was not 
discussed further in this study. This study used TAM to examine students’ cognitive and behavioral use of English M-learning and 
verified that the relationships between the main variables in TAM were also strongly positively significant in the context of education 
and learning research [22, 26, 112]. Particularly, the effect of perceived usefulness on attitude toward using was relatively larger than 
the effect of perceived ease of use. This finding is similar to that of previous studies, showing that while the ease of use of a learning 
technology medium may attract students to use it, it further enhances students’ attitudes and engagement in English M-learning when 
they perceive the technology to be useful [44,45,113]. 

In this study, the relationship between self-efficacy and curiosity was further discussed by combining the SOR model, which 
suggested that the operation of internal cognitive mechanisms effectively mediates the relationship between external stimuli and 
response behaviors. This study found that self-efficacy and curiosity had a positive and significant effect on continuous intention to use. 
This study also found that perceived ease of use and perceived usefulness had a positive effect on curiosity and self-efficacy, suggesting 
that the combination of the SOR model and TAM is beneficial in explaining students’ attitudes when using English M-learning and 
enhancing the effects of external stimuli [114]. The findings are consistent with Israel et al. [74] and Yang et al. [73] assertions that the 
only way to effectively transform external stimuli into positive responses and behaviors is through the operation of internal psy-
chological processes. Self-efficacy and curiosity, as a process mechanism when students use English M-learning, help to explain the 
black box of the psychological dimension between stimulus and behavioral response, illustrating the importance of the process 
perspective [32, 114]. Bigne et al. [108] emphasized that the individual’s assessment process of external stimuli is central to the entire 
model and influences subsequent decision making. 

6. Practical implications 

This study presents a number of theoretical implications for the integration between theoretical models and suggests possible 
recommendations for educational administrators based the findings. First, this study found that perceived usefulness is an important 
factor that affects users’ continuous intention to use English M-learning, so increasing the usefulness of mobile English learning 
systems will help increase users’ self-efficacy and continuous intention to use them. Therefore, increasing the convenience and ease of 
use of English M-learning will help increase usefulness and usage attitudes, which in turn will increase continuous intention to use of 
English M-learning. This study suggested that educational administrators can collaborate with organizations or individuals who 
provide M-learning. As argued by Bansah and Agyei [53], the technological innovation of learning management system should provide 
intuitive user interface, and the school needs to cooperate with the system developer in order to optimize the usage and improve 
students’ intention to use. Educational administrators understand students’ usage attitudes and perceptions when using M-learning 
devices, and can therefore work with designers to design, develop, or provide better services to improve the user interface for greater 
convenience [115,116]. 

Furthermore, for designers of English M-learning systems, this study provides suggestions for them to develop useful learning 
features such as learning guides, adaptive assessment, and control and recording of learning progress [53,116]. M-learning instruc-
tional designers or content providers should design content that is appropriate to the cognitive abilities and needs of users, and provide 
adequate, up-to-date, and useful information to enhance the effectiveness of M-learning [18,42]. In terms of ease of use, designers of 
M-learning systems should design user-friendly interfaces and intelligent input methods (e.g., handwriting recognition and natural 
language input) to reduce the use of complex hardware and software in order to allow novice users to quickly adapt to the system to 
improve the efficiency of M-learning use and to increase learners’ self-efficacy, curiosity, usage attitudes and continuous intention to 
use [43,45]. Furthermore, self-efficacy and curiosity play an important role in mediating between perceived ease to use, perceived 
usefulness and intention to use. In addition to enhance the use of technology, it is also necessary for teachers to provide richer English 
course design content [87]. For example, Dai et al. [43] demonstrated that instructors or designers must be prudent in advertising the 
courses to motivate learners to persist in learning the course and in turn to promote education equality. This study proposes that 
instructors should increase the number of interactive sessions and encourage students to apply English in their daily lives. As Hayat and 
Shateri [80] suggested, it is advisable to provide more supportive cognitions for college students to know not only what strategies to 
use, but also when and how to employ them. Instructors should also make students feel capable of completing course content and 
assignments while keeping learning English interesting by using real-time English dialogues and story reading to increase students’ 
engagement in learning [76, 77, 95]. 

In terms of convenience, in addition to the convenience of mobile devices and wireless networks in terms of time and place of 
learning, mobile learning system developers or content providers should provide users with the convenience of accessing the system 
and content and increase the convenience of the user implementation process in order to enhance the convenience of mobile learning 
[25]. 

7. Limitations 

Although this study presents many theoretical and practical implications, there are still many limitations that future researchers are 
expected to further improve. First, this study examines students’ attitudes and perceptions when using mobile learning in English 
language learning context. In addition to English language learning, there are more subject areas that can be included, such as STEM 
learning, professional course learning, and other foreign language learning. Therefore, in the future, researchers can include different 
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disciplines of M-learning to understand the learning effects of students’ use and non-use of M-learning, which will generate richer 
meaning. 

Furthermore, this study combines the SOR model to explore the theoretical extensions of TAM. Combining different theories and 
models will produce more diverse effects. Therefore, this study suggests that future researchers can incorporate different variables and 
theoretical models to extend TAM’s related models, whether they are used in M − learning or consumer behavior or not, which will 
help increase the theoretical richness of TAM. 

Finally, English language learning is considered an important language learning in Chinese universities. However, the various 
degrees of importance that different countries attached to English language learning may affect users’ usage attitudes and perceptions. 
Therefore, this study suggests that future researchers may conduct research in different regions and countries where non-English is the 
native language, such as Japan, Korea, and Vietnam, to examine students’ behavioral patterns when using English M-learning. 

Declarations 

Author contribution statement 

Michael Yao-Ping Peng: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data; 
Contributed reagents, materials, analysis tools or data; Wrote the paper. Yunying Xu: Conceived and designed the experiments; 
Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper. Cheng Xu: Contributed 
reagents, materials, analysis tools or data; Wrote the paper. 

Funding statement 

Yunying Xu was supported by The Research Start-up Funding from Guangdong Polytechnic Normal University [2022SDKYB027], 
Guangdong Province Education Department (Grant No. 2022KTSCX09). 

Data availability statement 

Data will be made available on request. 

Declaration of interest’s statement 

The authors declare no competing interest. 

References 

[1] L. Darling-Hammond, M.E. Hyler, Preparing educators for the time of COVID. and beyond, Eur. J. Teach. Educ. 43 (4) (2020) 457–465. 
[2] K. Gonzalez, The impact of school crises on students and families from a social justice perspective, in: J. Glanz (Ed.), Crisis and Pandemic Leadership: 

Implications for Meeting the Needs of Students, Teachers, and Parents, Rowman & Little field, 2021, pp. 113–124. 
[3] J. Hoofman, E. Secord, The effect of COVID-19 on education, Pediatric Clinics 68 (5) (2021) 1071–1079. 
[4] P. Xu, M.Y.P. Peng, M.K. Anser, Effective learning support towards sustainable student learning and well-being influenced by global pandemic of COVID-19: a 

comparison between mainland China and Taiwanese students, Front. Psychol. 12 (2021), 561289. 
[5] F. Xu, S.S. Huang, S. Li, Time, money, or convenience: what determines Chinese consumers’ continuance usage intention and behavior of using tourism mobile 

apps? Int. J. Cult. Tourism Hospit. Res. 13 (3) (2019) 288–302. 
[6] V. Gewin, Five tips for moving teaching online as COVID-19 takes hold, Nature 580 (7802) (2020) 295–296. 
[7] M.Y.P. Peng, Y. Feng, X. Zhao, W. Chong, Use of knowledge transfer theory to improve learning outcomes of cognitive and non-cognitive skills of university 

students: evidence from Taiwan, Front. Psychol. 12 (2021), 583722. 
[8] L. Sun, Y. Tang, W. Zuo, Coronavirus pushes education online, Nat. Mater. 19 (6) (2020) 687. 
[9] L. Zhou, S. Wu, M. Zhou, F. Li, ‘School’s out, but class’ on’, the largest online education in the world today: taking China’s practical exploration during the 

COVID-19 epidemic prevention and control as an example, Best Evidence of Chinese Education 4 (2) (2020) 501–519. 
[10] M.I. Kamal, S. Zubanova, A. Isaeva, V. Movchun, Distance learning impact on the English language teaching during COVID-19, Educ. Inf. Technol. 26 (6) 

(2021) 7307–7319. 
[11] J. Yao, J. Rao, T. Jiang, C. Xiong, What role should teachers play in online teaching during the COVID-19 pandemic? Evidence from China, Sci. Insigt. Edu. 

Front. 5 (2) (2020) 517–524. 
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