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Abstract

:

The COVID-19 pandemic in late 2019 has severely affected the education sector. In order to avoid clustering, higher education has begun to implement a large number of e-learning courses. Although modern technologies are relatively mature, learning outcomes do not entirely depend on advanced technologies. The purpose of this study is to explore how self-directed learning and the information literacy of university students affect their e-learning attitude, and to understand the variables that mediate their effects on the learning effectiveness. This is a survey research and a survey questionnaire was used to collect data. A total of 714 valid samples were retrieved. A confirmatory factor analysis was used to determine the reliability and validity of each variable, and the latent variable modeling was utilized to test the research hypotheses. The results showed that self-directed learning and information literacy had a significant positive impact on e-learning attitudes and learning effectiveness, and e-learning attitudes had a significant positive influence on the learning effectiveness. Through the structural model verification analysis, it was found that e-learning attitudes are the main intermediary mechanism among all of the variables. By comparing multiple intermediary variables, it was found that self-directed learning, as an independent variable, exerted indirect effects on the learning effectiveness through e-learning.
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1. Introduction


Nowadays, network technology and service innovation are gaining momentum. In recent decades, the development of science and technology has changed people’s behavior patterns and lifestyles [1]. The internet provides diversified services and applications in communication, searching, shopping, multimedia, information exchange, etc., making the internet an essential part of life.



Technology advancements not only change the living environment, but also the lives of individuals. Digital natives is one of the names that refer to individuals born in the last decades of the 20th century [2]. Growing up in a world surrounded by mobile phones, internet, computers, and video games, these individuals have developed a set of features that adhere to the world around them. These features are multitasking, a preference for graphic over textual content, and heavy use of the internet, to name a few [3]. Thompson pointed out that the internet changed the lives of college students and affected their future development, and also believed that they could not live without it. The internet has become indispensable to a student’s life. A university student would need a personal computer, even though he cannot afford it, in order to accomplish learning assignments, access the internet to enroll in university courses, and search for information, etc. Previous studies observed that students utilize the internet mainly to search for information needed for learning tasks, to chat online, and manage websites or social networking pages. The internet is a learning tool for college students used to obtain learning resources, in accordance with their learning requirements [4].



Moreover, in the contemporary information-based society, it has become a basic requirement for individuals to acquire timely information. The current international trend in education development involves the application of knowledge and the skills in information technology in object teaching [5]. E-learning is a global learning method which covers students at all ages. Students are now able to study, in accordance with their aptitude [6]. The globalization of e-learning facilitates the acquisition of knowledge, according to the needs of the students, which boosts their competitiveness. Extensive use of information technology tools could improve the learning effectiveness, promote active learning, and develop the desire for lifelong learning. The effective use of information technology tools, the application of learned knowledge and skills to various learning areas, and the improvement of the overall learning effectiveness should be the central topic of information education [7].



Prior to the COVID-19 pandemic, e-learning was promoted in higher education in numerous ways, such as MOOCs and the flipped classroom [8]. However, the pandemic forced higher education to stop physical classes and prevented students from reaching university campuses, to learn. The use of distance learning to help students continue to education became the world’s leading teaching activity, or even the only sustainable form of education [9]. As a result, there has been a huge change in higher education, and the use of distance learning technology has increased significantly, that is, the long-promoted digital teaching model is finally widely used in the world because of COVID-19. Consequently, e-learning courses in universities aim at replacing classroom teaching. In order to ensure the quality of e-learning courses, to increase public recognition, to encourage the participation of teachers and students, and to promote the realization of continual learning, the development of e-learning needs to be integrated with formal education, to help students learn, based on their ability and realize their goal of lifelong learning [10]. E-learning provides a flexible environment for education providers to help cultivate college students’ actual digital learning ability through the use of readily available resources [11].



The present study believes that it is important to determine whether college students in Taiwan, during the COVID-19 pandemic, could adapt to e-learning and actively use digital resources to enrich their knowledge and skills. As the learning environment is increasingly diverse, understanding whether the information literacy of university students can improve their e-learning attitudes is an important research object. Moreover, it is important for educators to ensure the learning effectiveness of digital resources. Based on these, the present study constructed a theoretical model to explore the relationships between self-directed learning, information literacy, e-learning attitudes, and the learning effectiveness.




2. Literature Review and Hypotheses Inference


Self-directed learning is defined as proactive and independent learning. Basic learning skills can be employed to improve one’s ability to self-train, develop a strong learning confidence, and increase the desire to carry out plans and activities for learning [12]. Self-directed learning is diverse and variable, and scholars have varied viewpoints on it [13], giving it plenty of definitions. Self-directed learning is a learning process, in which students are determined to actively study, make plans for learning activities, and put what they learned into practice, to achieve their goals. Self-directed learning is an independent learning activity that is carried out systematically to achieve learning goals. It is a process that involves making judgments about one’s learning needs, establishing learning goals, searching for manpower and learning materials, selecting learning strategies, and evaluating learning results without obtaining help from others. This process also involves setting learning goals, estimating needs, forming plans, putting them into effect, and accomplishing goals [14].



According to Christie et al., self-directed students are individuals who can figure out their learning needs and establish their respective aims and motives to pursue success when they find unsolved problems or want to acquire skills and information. In order to meet the learning goals, individuals pay extra attention to the relevant information, learn the required knowledge and skills, and evaluate the acquired knowledge and skills until the goals are achieved. In view of this, self-directed learning is an independent learning activity [15].



People with information literacy are “those who have the ability to find the required information with great efficiency and use it to solve related problems” [16]. It is not only valuable in the workplace, where technology is needed to acquire certain skills and techniques, but also in daily life activities for problem solving. New information technologies emerge one after another. Weiner described individuals with information literacy “as those who have the ability to acquire and evaluate information, to meet one’s information needs” [17]. In other words, it involves the efficient acquisition and evaluation of the needed information. Information literacy is needed to efficiently communicate and interact with the outside world by using information and its carrier. It is essential that individuals appreciate the value and power of information and evaluate its appropriateness.



With the innovation of information technology, information literacy has acquired increasingly extensive definitions. It is closely related to functional literacy, and includes the ability to read and use information in daily life, realize personal needs for information, obtain information to make decisions, and learn new information technology and knowledge. Moreover, it is vital to understand the nature of information and the diversity of its forms, become familiar with the methods of information acquisition, and be able to evaluate, explain, organize, and integrate information. In order to obtain as much information as needed, individuals should learn to operate tools and systems for information retrieval, processing, and dissemination through the use of computers, media systems, and networks. The 21st century can be characterized as an information era, in which information literacy is considered essential. People are not born with information literacy, but acquire it through education, learning, and application. Information literacy, apart from the traditional skills of reading, writing, and counting, also involves the ability to perceive, retrieve, organize, and use the obtained information [18].



This study believes that information literacy can facilitate individuals to develop their own opinions and experience the pleasure of pursuing knowledge. It will not only prepare individuals to become lifelong students, but will also allow them to pursue knowledge and to become motivated in learning throughout their lives. Information literacy is also described as the ability to know, find, evaluate, organize, and use the information needed [18]. Information literacy can motivate an individual to continuously search for knowledge and make one a lifelong learner. Several studies have observed the importance of information literacy and its benefits to individuals, companies, and organizations [19].



Learning attitudes refer to one’s orientation towards learning all kinds of things. It is acquired and developed over time. A positive learning attitude can be obtained through various means, including tutorials, and formal education. Cultivating students with a positive learning attitudes is highly beneficial to learning. Generally speaking, learning attitudes refer to one’s internal state of readiness, and is composed of three components, including cognition, affect, and intention. Learning attitudes include one’s attitude towards the education curriculum, class, preview lessons, examinations, and reading scales; meanwhile, learning attitudes include those towards learning activities, teachers, campus, identification, and ceremonies [20]. Aryadoust et al. defined learning attitudes as an individual’s perception towards learning activities, and is the result of experience obtained through learning without conscious thinking or mental activity [21]. Therefore, learning attitudes are the tendency to react favorably or unfavorably to instructors, textbooks, and general learning environments



Generally speaking, learning attitude refers to one’s internal state of readiness, and is composed of three components including cognition, affect, and intention. Learning attitude involves interaction among teachers, classmates, and the learning environment, in order to expound one’s ability, experience, and background. A positive attitude is the ideal foundation of learning. Pruet et al. defined “computer attitude” as an individual’s general opinion on computers, and one’s likelihood and long-term behavioral tendency to use it. “Computer attitude” is one of the important variables that influence computer learning. Students’ attitudes affects their learning results and the acquisition of computer skills [22]. According to Demirdag, “computer attitude” is a multi-dimensional concept, having affective, cognitive, and behavioral components, and involves people’s feelings, faith, and behavior towards computer use [19].



Cazan et al. described learning effectiveness as the degree to which individuals acquire knowledge, skills, affection, and other capacities through learning or training in a certain field, for a certain period of time [23]. Further, Scherer and Siddiq defined learning effectiveness as the learning behavioral results through the process of teaching and self-study [24]. Furthermore, Riemer and Schrader considered the learning effectiveness as a fundamental indicator or a measure of whether students realize their predetermined learning goals (e.g., test scores or behavior changes) [25]. Gregory et al. divided the learning effectiveness into learning retention and the learning effectiveness. The former refers to the impression, understanding, and application of learning contents after a period of time, while the latter refers to the impression, understanding, and ability to apply learning contents [26].



The evaluation of the learning effectiveness can be divided into two categories: one is the test or evaluation of trainees’ learning results; the other is the trainees’ satisfaction in learning, change in their learning behavior or attitude, and after-class performance [24]. Panter and Williford [27] categorized learning assessments into direct and indirect assessments. While direct assessments examine student work products, straight from the student, indirect assessments examine the secondary information about what students have learned (e.g., student opinions about what they learned or course-taking patterns within a department). Panter and Williford highly recommended using multiple methods to assess the learning effectiveness, and further asserted that course grades were poor measures of the learning effectiveness, especially across different courses or disciplines, for several reasons: the grading criteria and standards are matters decided by the individual instructor, the grades in one course cannot be assumed to be equivalent to grades in other courses. Therefore, the present study used self-perceived questionnaires to collect data of the learning outcomes instead of course grades.



In terms of the online learning behavior, learning behavior is closely related with academic performance. Previous studies have found that better online learning results and a higher level of participation in all kinds of learning activities, led to a better academic performance. A research on the relationship among individuals, teams, as well as organizational learning, and learning performance, showed that learning behavior had a significant positive relationship with learning performance [28].



The above literature indicated that college students who are active in self-learning and are responsible for their learning results, are more likely to care about the learning effectiveness, and cultivate computer skills and information literacy in a time when e-learning is prevalent. They are also likely to hold an open attitude towards various mobile devices and computer equipment, actively face and pursue learning challenges, and improve learning deficiencies. In addition to learning assignments, these students are better in solving daily life problems by making use of information literacy. Therefore, college students who are good at self-directed learning have a better information literacy and a positive attitude to computer-oriented e-learning, allowing them to acquire knowledge and learning achievements. In addition, college students with a higher information literacy are good at using information technology tools, and understand the advantages of e-learning, which can be used to overcome challenges in learning and in daily life. They tend to employ digital information media and devices to obtain the knowledge they need, allowing them to obtain a good performance in the learning effectiveness.



To mitigate the spread of a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is the cause of the coronavirus disease 2019 (COVID-19), the Central Epidemic Command Center, Nation Health Command Center (CECC) enacted a series of nonpharmaceutical interventions. School closures were among the most consistently applied of these interventions. School closures were not limited to Taiwan. By mid-April, 192 countries had closed schools, affecting more than 90% (nearly 1.6 billion) of the world’s students [29]. At this time, e-learning opened up learning opportunities for students at all levels. Physical courses were replaced by online courses. Without actual contact with instructors, students’ self-directed ability has become an important driving factor for learning. In addition, the success of digital learning also depends on the students’ information literacy and a positive attitude towards learning with computers. In view of this, the following hypotheses are put forward:



Hypothesis 1 (H1).

In an e-learning environment during the pandemic, self-directed learning has a significant positive impact on the information literacy of university students.





Hypothesis 2 (H2).

In an e-learning environment during the pandemic, self-directed learning has a significant positive impact on the e-learning attitudes of university students.





Hypothesis 3 (H3).

In an e-learning environment during the pandemic, self-directed learning has a significant positive impact on the learning effectiveness of university students.





Hypothesis 4 (H4).

In an e-learning environment during the pandemic, information literacy has a significant positive impact on the e-learning attitudes of university students.





Hypothesis 5 (H5).

In an e-learning environment during the pandemic, information literacy has a significant positive impact on the learning effectiveness of university students.





Hypothesis 6 (H6).

In an e-learning environment during the pandemic, e-learning attitudes have a significant positive impact on the learning effectiveness of university students.






3. Method


3.1. Research Framework


Based on a literature review, the theoretical deduction, and the logical deduction of past studies and the literature, this study proposes six research hypotheses (see above). In order to ensure that the research logic is clear, and the main relationships among independent and dependent variables and the role of intermediary variables are easily understood, the research framework is constructed (see Figure 1).




3.2. Research Participants


This study recruited students enrolled in day school and in the continuing education department at a university in Taipei, as participants. The general size of the student numbers enrolled in this university is accounted as the top three in Taiwan. The total number of students is around 30,000, the number of faculty members is around 3000, and the number of academic departments is as many as 60. The participants were affiliated with the colleges of law, business administration, social sciences, agriculture, environment design, and education. Considering the large number of students enrolled in the two school systems, there are plenty of pluralistically-developed students. Therefore, this study collected and synthesized as many questionnaires as needed, to meet the requirement of the quantitative research. In addition, the two school systems of this university enjoy complete information devices, and the students are endowed with relatively ample resources to understand e-learning; thus, students from this university were chosen so that the main research variables can be better explained. According to Krejcie and Morgan, the minimum of a representative sample depends on the size of a sample population [30]. In this study, the minimum valid sample size is 384.



The present study developed and administered a structured questionnaire. The questionnaire was distributed from November to December 2020. With the help of teachers and administrative staff, 400 questionnaires were distributed to students enrolled in day school, and 600 to students from the continuing education department. A total of 756 questionnaires were returned, among which 42 with exactly the same answers were regarded as invalid questionnaires. All in all, 714 questionnaires were analyzed with an effective recovery rate of 71.4%, which is more than the minimum requirement for a representative sample size, as suggested by Krejcie and Morgan. Among the participants, 57% (n = 403) were females and 43% (311) were males. Further, 46% (328) of the students were from the day school and 54% (386) were from the continuing education department. Lastly, 59% (423) were freshmen and sophomores, and 41% (291) were junior and senior students, at the time of the survey administration.




3.3. Research Instrument: The Questionnaire


The scales used in the questionnaires were adapted from foreign journals and/or books, which have been found to have a good reliability and validity. The “self-directed learning” scale was developed by Caffarella and Caffarella [31]; a total of four items were included in the present study, which are: (1) I can set my learning plans and arrange the learning contents; (2) I can figure out my learning needs and know which are the urgent ones; (3) I know what I want to learn; and (4) I can adjust my pace when I fall behind.



For “information literacy”, four items were adapted from Çoklar, Yaman, and Yurdakul [3], which measure the variables being observed, and the psychological perception of the participants in forming constructs. The items are: (1) I have the knowledge of where to look for the required information; (2) I know how to use electronic resources to reach the information; (3) I can systematically organizing the gathered information to form problem solutions; and (4) I access and use information legally.



Meanwhile, the scale for “e-learning attitude” was adapted from Loyd and Gressard’s [32] research and measured the students’ cognitive reactions in e-learning. The items include: (1) E-learning can provide flexible learning contents to meet my learning needs; (2) E-learning can coordinate my time and further facilitate my study; (3) I am interested in acquiring new knowledge by e-learning; and (4) I am willing to enhance my learning effectiveness through e-learning.



For “learning effectiveness”, the items were adapted from Paas et al. [33] which measure the learning results through subjective cognition. The items are: (1) I have a better understanding of the professional knowledge of this course; (2) I feel a sense of fulfillment during the process of studying; and (3) I can apply the knowledge and skills I learned in this course.



Since the structural equation model (SEM) was employed for the data analysis in this study, only a small number of precise items were needed to process the latent variables, as observed variables. According to Kenny, each latent variable is composed of two to four observed variables; additional items are unnecessary, they will only result in a poor model fit, and will not increase the explanatory capability [34]. Therefore, the number of observable variables of the latent constructs in this research did not exceed four. Bentler and Chou argued that the number of samples must be at least five times of the estimated parameters, which should be about two of the questionnaire items [35]. The questionnaire in this research has 15 questions; thus, only 150 valid samples are needed. The 714 valid samples were received, and therefore exceeded the requirement.



The subjective cognition was analyzed to measure the participants’ subjective feelings, since the variables studied in this research cannot be measured by objective indicators; therefore, the questionnaire was designed as a self-administered questionnaire, which is a relatively effective way to obtain accurate information. Moreover, the items were scattered in the questionnaire, to avoid the common method variance (CMV) [36].




3.4. Analysis of the Variable Characteristics


It is almost impossible to have a true normal distribution, based on the collected sample data in the survey studies. However, statistically, to determine the multivariate and univariate normality of given sample data, Statistical Product and Service Solutions (SPSS Version 21.0) software was used to determine the skewness and kurtosis of the data, as well as the Mardia co-efficient. First, in this study, since the absolute value of the skew obtained was less than three and that of the kurtosis was less than 10, the samples of this study are considered in accordance with the univariate normal distribution [37].



Second, according to Bollen, if Mardia’s coefficient is less than p (p + 2), where p equals the number of observed variables, then the combined distribution of the variables is multivariate normal [38]. Such a criterion has been widely used to determine whether sample data are normally distributed multivariate and hence appropriate for the structural equation modeling [39,40,41]. In this study, there are 15 observed variables, so the control value is 15 × (15 + 2) = 255. It can be seen from Table 1 that Mardia’s coefficient was 77.213, which is less than 255. Therefore, the data of this research could be estimated by the structural equation model using the maximum likelihood estimation.





4. Results


4.1. Confirmatory Factor Analysis and the Reliability and Validity Analyses


The confirmatory factor analysis (CFA) is a part of the SEM analysis. The results of the CFA showed that the standardized regression weights reached over 0.5 and the squared multiple correlation (SMC) was more than 0.25; these indicate a good adaptability. Moreover, the composite reliability and the average variance extracted (AVE) of the constructs reached over 0.6 and 0.5, respectively, as shown in Table 2, indicating that the convergent validity of the variables selected in this study has a good performance.



In addition to the convergent validity, the correlation coefficient of each latent variable was compared with the square root of its AVE. If the latter is larger than the former, it indicates that the theoretical constructs have a poor tightness and that they cannot become easily mixed up [42]. As shown in Table 3, all square roots of the AVE were higher than the correlation coefficients; thus, the variables in this research have a good discriminant validity.




4.2. Structural Model and Hypotheses Testing


Following the CFA, the hypotheses of this study were further tested and corrected using the Bollen–Stine bootstrap method. Figure 2 shows that there is a good model fit. In addition, the following values were obtained: chi-square value = 105.539; degree of freedom = 84; ratio of the chi-square to the degree of freedom = 1.304; goodness-of-fit index (GFI) = 0.987; adjusted goodness of fit index (AGFI) = 0.978; comparative fit index (CFI) = 0.997; non-normed fit index (NNFI) = 0.996; incremental fit index (IFI) = 0.997; root mean square error of approximation (RMSEA) = 0.021; and standardized root mean square residual (SRMR) = 0.048. All indexes met the standard of the SEM [43], confirming that the structural model in this research has a good fit.



The hypotheses in this study were estimated using the bootstrap method, and the results showed that the standardized path coefficient met the standard of significance; therefore, all hypotheses are supported. The standardized regression coefficient and significance are shown in Table 4.



To further explore the mediated relationship among self-directed learning, information literacy, e-learning attitude, and the learning effectiveness, the bootstrap method and visual basic language were employed to calculate the different confidence intervals of the direct effects, the individual indirect effects, and the three independent indirect effects [44]. Table 5 shows that the confidence interval range of the self-directed learning on the learning effectiveness excluded zero, indicating that a direct effect exists. Moreover, the confidence interval of the e-learning attitudes, as a mediator variable (Path a) in the relationship between the self-directed learning and the learning effectiveness, excluded zero, indicating that there was a significant indirect effect. The confidence interval ranges of the information literacy and the e-learning attitude as mediator variables (Path b) in the relationship between self-directed learning and the learning effectiveness, also excluded zero, indicating that the significant indirect effects exist. Furthermore, the confidence interval ranges of the information literacy, as a mediator variable (Path c) in the relationship between self-directed learning and the learning effectiveness, excluded zero, indicating that an indirect effect exists significantly. Because of the existence of the direct effects, it was found that the partial mediated effects varied; that is, Path a is different from Path b, and Path b is different from Path c. Although Paths a and b had significant effects, the indirect effect of Path c was stronger.





5. Discussion


Based on the results of the analysis, the variables had a significant positive relationship amongst each other. That is, self-directed learning can actually improve information literacy, e-learning attitudes, and the learning effectiveness, which are in line with the work of Sumuer [45], Morris [46] and Robinson and Persky [47]. However, this study further discovered that the development of self-directed learning not only accumulates information literacy, but also develops positive e-learning attitudes, leading to the learning effectiveness. This information is important for educational and administrative personnel because it is necessary to understand the characteristics of students, in order to stimulate their learning motivations and incorporate proper learning activities, while introducing e-learning courses.



In addition, the present study found that both information literacy and e-learning attitudes have significant positive impacts on the learning effectiveness. Our findings of the relationship between information literacy and the learning effectiveness are supported by existing studies, such as those by Hamutoglu, Savaşçı, Sezen-Gultekin [48], and Chang and Chen [49]. Even though past studies have conflicting arguments concerning the relationship between e-learning attitudes and the learning effectiveness [50], our findings are parallel to Ho and Kuo [51], Elfaki1, Abdulraheem, and Abdulrahim [52], and Dewi and Hasibuan [53]. Our findings indicate that when preparing e-learning lessons, teachers should ensure that their students study actively, stimulate their information literacy, and improve their learning attitudes in class. Moreover, to further improve the learning effectiveness, the learning activities of university students after class should make use of computers or the internet, to allow them to acquire the technological knowledge and become familiar with a different information environment.



It is worth mentioning that information literacy and e-learning attitudes were found to be intermediary variables. This research was the first to test both, as intermediary variables, and the first to use the multiple mediation statistical method to explore the strength of each mediation effect. Due to this, a new conclusion was made; that is, self-directed learning can improve the learning effectiveness through e-learning attitudes and/or information literacy. More interestingly, it was found that although information literacy and e-learning attitudes exerted significant indirect effects on the learning effectiveness, the strength of its effect was lower, compared to the influence of self-directed learning on the learning effectiveness. Therefore, the best strategy to increase the learning effectiveness is by developing activities that would stimulate the students’ self-directed learning.



This research believes that there are two reasons for this result. One is the statistical limit; the indirect effect is equivalent to the product of the path coefficient, and it becomes weaker as the number of path coefficients increases. The other reason is related to teaching strategies. Proper teaching strategies for improving information literacy and e-learning attitudes should be chosen, because every student is unique. One strategy may be the best for some students but it may not be effective for others. Because of the limited resources, educators should also consider the characteristics of their students and apply different teaching methods. Although both information literacy and e-learning attitudes can be introduced to achieve the learning effectiveness, teachers should be able to distinguish which would be best for a particular type of student.




6. Conclusions and Recommendations


Although higher education institutions have been offering online courses for many years, the demand for online learning increased, due to the COVID-19 pandemic. Even as the pandemic slows down, technology-enhanced learning is likely to remain a critical part of higher education. This study attempts to explore the e-learning outcomes through the lenses of learning experiences during the COVID-19 pandemic. We believe that the results can help reimagine education and accelerate changes in learning and teaching.



This study aims to explore the relationship among self-directed learning, information literacy, e-learning attitudes, and the learning effectiveness of students enrolled in day school and in the continuing education department of a university in Taipei City, Taiwan. The research hypotheses were put forward, according to literature and theories. The results showed that (1) self-directed learning and information literacy had a significant positive impact on e-learning attitudes and the learning effectiveness, and e-learning attitudes also had a significant positive explanatory power on the learning effectiveness; (2) e-learning attitudes is the main intermediary mechanism among all of the variables, and (3) self-directed learning, as an independent variable, exerted indirect effects on the learning effectiveness through e-learning.



Modern educators often use e-learning as an aid, hoping to improve learning. This study was the first to explore the students’ self-directed learning and information literacy and their effects on e-learning. In order to achieve the best learning effectiveness, several variables must be explored to formulate the best learning strategy for each type of student. Education administrative personnel can employ different e-learning strategies under different school systems to further improve e-learning in the future.



As educators, we will need to establish and activate automatic emergency mechanisms for e-learning, in times of a public health crisis [54]. While this outbreak is not over, all educators and students need to face more obstacles and challenges in future teaching and learning [55]. The data of this study shows that most of the information literacy of university students has a good foundation, when the self-directed learning ethos of higher education is becoming more and more prosperous, then e-learning can be more effective, even if human beings face more time and space difficulties in the field of education, they have the opportunity to overcome and continue their learning activities in the form of e-learning.



We further recommend that university faculties should continue to improve their online teaching skills so they can incorporate useful strategies or learning activities into their e-learning courses, in order to enhance the students’ information literacy. Furthermore, at the administrative level, the universities need to provide (1) systematic support and tutoring, especially for students in their first years at university, to develop competences, such as autonomy, digital competence, and self-regulation [56], and (2) sound infrastructures to support online teaching and learning activities, in order to comply with the trends of online learning [57].



Future research can focus on the satisfaction, acceptance, and behavior of students towards e-learning. The multiple meditation model in this research has a great explanatory power, but better models could still be designed in the future. The diversity of university students or the particularity and professionalism of different departments may influence the learning effectiveness. In addition, open interviews and opinions of educators should also be considered so that new research models can be made based on educational theories and the nature of e-learning. It is also suggested that different research orientations be considered. Through these, this research believes that the comprehensiveness of e-learning in the new era can be fully described.







Author Contributions


Conceptualization, Y.-K.K. and J.-H.W.; methodology, Y.-K.K. and L.-A.H.; software, Y.-K.K.; validation, J.-H.W. and T.-H.K.; formal analysis, Y.-K.K.; investigation, Y.-K.K.; resources, T.-H.K.; data curation, Y.-K.K. and T.-H.K.; writing—original draft preparation, Y.-K.K. and T.-H.K.; revision of the manuscript, Y.-K.K. and L.-A.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent was obtained from the participants included in the study. All surveys collected were numbered and remain anonymous. Should participants wish to withdraw from the study, they could contact the authors during or after the study, their data would be removed from the data analysis. The procedures used in this study adhere to the tenets of the Declaration of Research Ethics Committee Office in Taiwan. All procedures performed in the studies involving human participants were in accordance with the ethical standards of the institution.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon reasonable request.




Acknowledgments


Special thanks to Hui-Chuan Shih of 100-Translation Academic Consulting Firm for the professional language editing service.




Conflicts of Interest


The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.




References


	



Gupta, A.; Vanbever, L.; Shahbaz, M.; Donovan, S.P.; Schlinker, B.; Feamster, N.; Rexford, J.; Shenker, S.; Clark, R.; Katz-Bassett, E. SDX: A software defined internet exchange. ACM SIGCOMM Comput. Commun. Rev. 2015, 44, 551–562. [Google Scholar] [CrossRef]

	



Prensky, M. Digital natives digital immigrants. In On the Horizon; MCB University Press: Bingley, UK, 2001; Available online: http://www.marcprensky.com/writing/Prensky%20-%20Digital%20Natives,%20Digital%20Immigrants%20-%20Part1.pdf (accessed on 20 October 2022).

	



Çoklar, A.N.; Yaman, N.D.; Yurdakul, I.K. Information literacy and digital nativity as determinants of online information search strategies. Comput. Hum. Behav. 2017, 70, 1–9. [Google Scholar] [CrossRef]

	



Thompson, P. How digital native learners describe themselves. Educ. Inf. Technol. 2015, 20, 467–484. [Google Scholar] [CrossRef]

	



Williamson, B. Digital education governance: Data visualization, predictive analytics, and “real-time” policy instruments. J. Educ. Policy 2016, 31, 123–141. [Google Scholar] [CrossRef]

	



Nielsen, W.; Miller, K.A.; Hoban, G. Science teachers’ response to the digital education revolution. J. Sci. Educ. Technol. 2015, 24, 417–431. [Google Scholar] [CrossRef]

	



Selwyn, N. Data entry: Towards the critical study of digital data and education. Learn. Media Technol. 2015, 40, 64–82. [Google Scholar] [CrossRef]

	



del Arco, I.; Mercade-Mele, P.; Ramos-Pla, A.; Flores-Alarcia, O. Bibliometric analysis of the flipped classroom pedagogical model: Trends and strategic lines of study. Front. Educ. 2022, 7, 1022295. [Google Scholar] [CrossRef]

	



Blake, H.; Bermingham, F.; Johnson, G.; Tabner, A. Mitigating the psychological impact of COVID-19 on healthcare workers: A digital learning package. Int. J. Environ. Res. Public Health 2020, 17, 2997. [Google Scholar] [CrossRef]

	



Peters, M.A.; Roberts, P. Virtues of Openness: Education, Science, and Scholarship in the Digital Age; Routledge: England, UK, 2015. [Google Scholar]

	



Sevillano-García, M.L.; Vázquez-Cano, E. The impact of digital mobile devices in higher education. J. Educ. Technol. Soc. 2015, 18, 106–118. [Google Scholar]

	



Oxford, R.L. Teaching and Researching Language Learning Strategies: Self-Regulation in Context; Taylor & Francis: Oxfordshire, UK, 2016. [Google Scholar]

	



Harasim, L. Learning Theory and Online Technologies; Taylor & Francis: Oxfordshire, UK, 2017. [Google Scholar]

	



Gould, N.; Taylor, I. Reflective Learning for Social Work: Research, Theory and Practice; Routledge: London, UK, 2017. [Google Scholar]

	



Christie, M.; Carey, M.; Robertson, A.; Grainger, P. Putting transformative learning theory into practice. Aust. J. Adult Learn. 2015, 55, 9–30. [Google Scholar]

	



Savery, J.R. Overview of problem-based learning: Definitions and distinctions. Interdiscip. J. Probl. Based Learn. 2006, 1, 9–20. [Google Scholar] [CrossRef]

	



Weiner, S. Information literacy and the workforce: A review. Educ. Libr. 2011, 34, 7–14. [Google Scholar] [CrossRef]

	



Torras, M.C.; Saetre, T.P. Information Literacy Education: A Process Approach: Professionalising the Pedagogical Role of Academic Libraries; Chandos Publishing: Cambridge, UK, 2016. [Google Scholar]

	



Demirdag, S. Examining the computer attitudes and internet attitude of substitute teachers: Self-confidence towards ICT. Int. J. Psycho-Educ. Sci. 2016, 5, 89–100. [Google Scholar]

	



Chao, C.Y.; Chen, Y.T.; Chuang, K.Y. Exploring students’ learning attitude and achievement in flipped learning supported computer aided design curriculum: A study in high school engineering education. Comput. Appl. Eng. Educ. 2015, 23, 514–526. [Google Scholar] [CrossRef]

	



Aryadoust, V.; Mehran, P.; Alizadeh, M. Validating a computer-assisted language learning attitude instrument used in Iranian EFL context: An evidence-based approach. Comput. Assist. Lang. Learn. 2016, 29, 561–595. [Google Scholar] [CrossRef]

	



Pruet, P.; Ang, C.S.; Farzin, D. Understanding tablet computer usage among primary school students in underdeveloped areas: Students’ technology experience, learning styles and attitudes. Comput. Hum. Behav. 2016, 55, 1131–1144. [Google Scholar] [CrossRef]

	



Cazan, A.M.; Cocoradă, E.; Maican, C.I. Computer anxiety and attitudes towards the computer and the internet with Romanian high-school and university students. Comput. Hum. Behav. 2016, 55, 258–267. [Google Scholar] [CrossRef]

	



Scherer, R.; Siddiq, F. Revisiting teachers’ computer self-efficacy: A differentiated view on gender differences. Comput. Hum. Behav. 2015, 53, 48–57. [Google Scholar] [CrossRef]

	



Riemer, V.; Schrader, C. Learning with quizzes, simulations, and adventures: Students’ attitudes, perceptions and intentions to learn with different types of serious games. Comput. Educ. 2015, 88, 160–168. [Google Scholar] [CrossRef]

	



Gregory, S.; Scutter, S.; Jacka, L.; McDonald, M.; Farley, H.S.; Newman, C. Barriers and enablers to the use of virtual worlds in higher education: An exploration of educator perceptions, attitudes and experiences. J. Educ. Technol. Soc. 2015, 18, 3–12. [Google Scholar]

	



Panter, A.; Williford, L. Introduction to Student Learning Outcomes Assessment. Available online: https://oira.unc.edu/wp-content/uploads/sites/297/2017/07/Introduction-to-SLO-Assessment.pdf (accessed on 19 June 2020).

	



Ma, J.; Han, X.; Yang, J.; Cheng, J. Examining the necessary condition for engagement in an online learning environment based on learning analytics approach: The role of the instructor. Internet High. Educ. 2015, 24, 26–34. [Google Scholar] [CrossRef]

	



Donohue, J.M.; Miller, E. COVID-19 and School Closures. JAMA J. Am. Med. Assoc. 2020, 324, 845–847. [Google Scholar] [CrossRef] [PubMed]

	



Krejcie, R.V.; Morgan, D.W. Determining sample size for research activities. Educ. Psychol. Meas. 1970, 30, 607–610. [Google Scholar] [CrossRef]

	



Caffarella, R.S.; Caffarella, E.P. Self-directedness and learning contracts in adult education. Adult Educ. Q. 1986, 36, 226–234. [Google Scholar] [CrossRef]

	



Loyd, B.H.; Gressard, C. Reliability and factorial validity of computer attitude scales. Educ. Psychol. Meas. 1984, 44, 501–505. [Google Scholar] [CrossRef]

	



Paas, F.; Tuovinen, J.E.; Tabbers, H.; Van Gerven, P.W.M. Cognitive load measurement as a means to advance cognitive load theory. Educ. Psychol. 2003, 38, 63–71. [Google Scholar] [CrossRef]

	



Kenny, D.A.; Kenny, D.A. Correlation and Causality; Wiley: New York, NY, USA, 1979; Volume 4. [Google Scholar]

	



Bentler, P.M.; Chou, C.P. Practical issues in structural modeling. Sociol. Methods Res. 1987, 16, 78–117. [Google Scholar] [CrossRef]

	



Hinkin, T.R. A brief tutorial on the development of measures for use in survey questionnaires. Organ. Res. Methods 1998, 1, 104–121. [Google Scholar] [CrossRef]

	



Kline, R.B. Principles and Practice of Structural Equation Modeling; Guilford Publications: New York, NY, USA, 2015. [Google Scholar]

	



Bollen, K.A. A new incremental fit index for general structural equation models. Sociol. Methods Res. 1989, 17, 303–316. [Google Scholar] [CrossRef]

	



Vlachopoulos, S.P.; Michailidou, S. Development and initial validation of a measure of autonomy, competence, and relatedness in exercise: The Basic Psychological Needs in Exercise Scale. Meas. Phys. Educ. Exerc. Sci. 2006, 10, 179–201. [Google Scholar] [CrossRef]

	



Walker, J.D.; Baepler, P. Measuring social relations in new classroom spaces: Development and validation of the social context and learning environments (SCALE) survey. J. Learn. Spaces 2017, 6, 34–41. [Google Scholar]

	



Pezirkianidis, C.; Karakasidou, E.; Lakioti, A.; Stalikas, A.; Galanakis, M. Psychometric properties of the depression, anxiety, stress scales-21 (DASS-21) in a Greek sample. Psychology 2018, 9, 2933–2950. [Google Scholar] [CrossRef]

	



Farrell, A.M. Insufficient discriminant validity: A comment on Bove, Pervan, Beatty, and Shiu (2009). J. Bus. Res. 2010, 63, 324–327. [Google Scholar] [CrossRef]

	



Jackson, D.L.; Gillaspy, J.A.; Purc-Stephenson, R. Reporting practices in confirmatory factor analysis: An overview and some recommendations. Psychol. Methods 2009, 14, 6–23. [Google Scholar] [CrossRef]

	



Hayes, A.F. Beyond Baron and Kenny: Statistical mediation analysis in the new millennium. Commun. Monogr. 2009, 76, 408–420. [Google Scholar] [CrossRef]

	



Sumuer, E. Factors related to college students’ self-directed learning with technology. Australas. J. Educ. Technol. 2018, 34, 29–43. [Google Scholar] [CrossRef]

	



Morris, T.H. Self-directed learning: A fundamental competence in a rapidly changing world. Int. Rev. Educ. 2019, 65, 633–653. [Google Scholar] [CrossRef]

	



Robinson, J.D.; Persky, A.M. Developing self-directed learners. Am. J. Pharm. Educ. 2020, 84, 847512. [Google Scholar] [CrossRef]

	



Hamutoglu, N.B.; Savaşçı, M.; Sezen-Gultekin, G. Digital literacy skills and attitudes towards e-Learning. J. Educ. Future 2019, 16, 93–107. [Google Scholar] [CrossRef]

	



Chang, N.; Chen, L. Evaluating the learning effectiveness of an online information literacy class based on the Kirkpatrick framework. Libri 2014, 64, 211–223. [Google Scholar] [CrossRef]

	



Daryazadeh, S.; Yavari, M.; Madani, S.; Taghavi-Ardakani, A.; Azadchahr, M.J.; Farshad, S. Correlation between the e-learning attitude and academic achievement of medical students in clinical levels. Educ. Res. Med. Sci. 2021, 10, e120391. [Google Scholar] [CrossRef]

	



Ho, L.; Kuo, T. How can one amplify the effect of e-learning? An examination of high-tech employees’ computer attitude and flow experience. Comput. Hum. Behav. 2010, 26, 23–31. [Google Scholar] [CrossRef]

	



Elfaki1, N.K.; Abdulraheem, I.; Abdulrahim, R. Impact of e-learning vs traditional learning on students’ performance and attitude. Int. J. Med. Res. Health Sci. 2019, 8, 76–82. [Google Scholar]

	



Dewi, R.S.; Hasibuan, S.H. Relationship between attitudes toward e-Learning method and learning achievement in English language study program students at FKIP UMSU. Bp. Int. Res. Crit. Linguist. Educ. (BirLE) J. 2019, 2, 550–558. [Google Scholar] [CrossRef]

	



Tomczyk, Ł.; Walker, C. The emergency (crisis) e-learning as a challenge for teachers in Poland. Educ. Inf. Technol. 2021, 26, 6847–6877. [Google Scholar] [CrossRef] [PubMed]

	



Geng, S.; Law, K.M.; Niu, B. Investigating self-directed learning and technology readiness in blending learning environment. Int. J. Educ. Technol. High. Educ. 2019, 16, 1–22. [Google Scholar] [CrossRef]

	



del Arco, I.; Flores, Ò.; Ramos-Pla, A. Structural model to determine the factors that affect the quality of emergency teaching, according to the perception of the student of the first university courses. Sustainability 2021, 13, 2945. [Google Scholar] [CrossRef]

	



Ramos-Pla, A.; del Arco, I.; Flores, Ò. University professor training in times of COVID-19: Analysis of training programs and perception of impact on teaching practices. Educ. Sci. 2021, 11, 684. [Google Scholar] [CrossRef]








[image: Sustainability 14 16794 g001 550] 





Figure 1. The research framework. 
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Figure 2. Standardized structural modeling and hypotheses testing. 
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Table 1. Univariate and multivariate normality test.
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	Variable
	Min
	Max
	Skew
	c.r.
	Kurtosis
	c.r.





	Effectiveness 3
	2
	5
	−0.004
	−0.047
	−0.269
	−1.465



	Effectiveness 2
	1
	5
	−0.183
	−1.995
	0.784
	4.275



	Effectiveness 1
	1
	5
	0.017
	0.191
	0.175
	0.957



	Attitude 4
	1
	5
	−0.674
	−7.352
	1.085
	5.919



	Attitude 3
	1
	5
	−0.568
	−6.195
	0.488
	2.659



	Attitude 2
	1
	5
	−0.618
	−6.747
	0.848
	4.625



	Attitude 1
	1
	5
	−0.605
	−6.602
	1.190
	6.489



	Literacy 4
	1
	5
	−0.044
	−0.477
	−0.428
	−2.337



	Literacy 3
	1
	5
	−0.509
	−5.557
	0.565
	3.080



	Literacy 2
	1
	5
	−0.468
	−5.106
	0.400
	2.180



	Literacy 1
	1
	5
	−0.174
	−1.899
	0.014
	0.078



	Self 4
	1
	5
	−0.252
	−2.750
	0.228
	1.245



	Self 3
	1
	5
	−0.240
	−2.622
	0.297
	1.622



	Self 2
	1
	5
	−0.064
	−0.694
	0.438
	2.388



	Self 1
	1
	5
	−0.337
	−3.681
	0.610
	3.327



	Multivariate
	
	
	
	
	130.514
	77.213
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Table 2. Confirmatory Factor Analysis and Convergent Validity.
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Construct

	
Item

	
Parameter

Significant

Estimation

	
Factor

Loading

	
Parameter

Reliability

	
Composite

Reliability

	
Convergent

Validity




	
UnStd.

	
S.E.

	
t-Value

	
P

	
Std

	
SMC

	
CR

	
AVE






	
Self-directed

learning

	
Self 1

	
1.000

	

	

	

	
0.746

	
0.557

	
0.933

	
0.778




	
Self 2

	
1.291

	
0.050

	
26.072

	
***

	
0.919

	
0.845

	

	




	
Self 3

	
1.325

	
0.050

	
26.758

	
***

	
0.942

	
0.887

	

	




	
Self 4

	
1.290

	
0.050

	
25.645

	
***

	
0.906

	
0.821

	

	




	
Information

literacy

	
Literacy 1

	
1.000

	

	

	

	
0.807

	
0.651

	
0.898

	
0.688




	
Literacy 2

	
1.049

	
0.041

	
25.522

	
***

	
0.850

	
0.723

	

	




	
Literacy 3

	
1.063

	
0.042

	
25.546

	
***

	
0.850

	
0.723

	

	




	
Literacy 4

	
1.150

	
0.048

	
23.993

	
***

	
0.810

	
0.656

	

	




	
E-learning

attitude

	
Attitude 1

	
1.000

	

	

	

	
0.728

	
0.530

	
0.880

	
0.648




	
Attitude 2

	
1.092

	
0.052

	
20.983

	
***

	
0.822

	
0.676

	

	




	
Attitude 3

	
1.157

	
0.053

	
21.680

	
***

	
0.853

	
0.728

	

	




	
Attitude 4

	
1.182

	
0.057

	
20.689

	
***

	
0.810

	
0.656

	

	




	
Learning

effectiveness

	
Effectiveness 1

	
1.000

	

	

	

	
0.780

	
0.608

	
0.853

	
0.659




	
Effectiveness 2

	
1.148

	
0.053

	
21.555

	
***

	
0.803

	
0.645

	

	




	
Effectiveness 3

	
1.122

	
0.050

	
22.597

	
***

	
0.851

	
0.724

	

	








Note: *** p < 0.001.
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Table 3. Correlation coefficient and discriminant validity.
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	CR
	AVE
	E-Learning Attitude
	Self-Directed

Learning
	Information

Literacy
	Learning

Effectiveness





	E-learning

attitude
	0.880
	0.648
	(0.805)
	
	
	



	Self-directed

learning
	0.933
	0.778
	0.479
	(0.882)
	
	



	Information

literacy
	0.898
	0.688
	0.503
	0.530
	(0.830)
	



	Learning

effectiveness
	0.853
	0.659
	0.627
	0.498
	0.580
	(0.812)







Note: The diagonal value is the square root of the AVE of the constructs.
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Table 4. Standardized regression coefficients and their significance.
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Parameter

	
Estimate

	
Lower

	
Upper

	
P






	
Information

literacy

	
←

	
Self-directed

learning

	
0.530

	
0.446

	
0.596

	
0.008




	
E-learning

attitude

	
←

	
Self-directed

learning

	
0.296

	
0.220

	
0.372

	
0.008




	
E-learning

attitude

	
←

	
Information

literacy

	
0.347

	
0.255

	
0.436

	
0.008




	
Learning

effectiveness

	
←

	
E-learning

attitude

	
0.407

	
0.273

	
0.527

	
0.008




	
Learning

effectiveness

	
←

	
Self-directed

learning

	
0.145

	
0.070

	
0.240

	
0.011




	
Learning

effectiveness

	
←

	
Information

literacy

	
0.298

	
0.179

	
0.400

	
0.008
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Table 5. Multiple mediation model testing and the comparative analysis.
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	Parameter
	Estimate
	Lower
	Upper
	P





	Self → Attitude → Effectiveness (Path a)
	0.111
	0.065
	0.162
	0.008



	Self → Literacy → Attitude → Effectiveness (Path b)
	0.069
	0.041
	0.105
	0.008



	Self → Literacy → Effectiveness (Path c)
	0.146
	0.081
	0.204
	0.008



	Path a compared to Path b
	0.042
	0.002
	0.089
	0.023



	Path b compared to Path c
	−0.077
	−0.148
	−0.003
	0.038



	Path a compared to Path c
	−0.035
	−0.124
	0.062
	0.438



	Direct effects
	0.405
	0.244
	0.561
	0.008
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