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Abstract
 
Use of mobile technology is widespread, particularly among the younger generation. There is a huge potential for utilizing such technology in lecture classes with large numbers of students, serving as an interaction tool between the students and lecturers. The challenge is to identify significant adoption factors to ensure effective adoption of mobile technology to promote interactivity between students and lecturers. This paper aims to examine factors supporting the use of mobile wireless technology during lectures to promote interactivity between students and lecturers in Malaysia’s higher education institutions. A survey involving higher education students enrolled in on-campus academic courses in Malaysia was conducted with a sample size of 302. Factor analysis results identified five factors: independent variables System Usefulness (SU), User System Perception (USP), User Uncertainty Avoidance (UUA), System and Information Quality (SIQ), and dependent variable Mobile Wireless Technology Adoption for Interactive Lectures (MWT_AIL). All independent variables are positively associated to MWT_AIL, with UUA and SIQ having higher levels of significance compared to SU and USP. Respondents were selected from higher learning institutions from urban areas in Malaysia. Therefore results obtained are not representative of the entire higher education landscape in Malaysia, and future studies are warranted to include higher learning institutions located in rural areas. It is hoped that findings from this study will serve as a catalyst for future studies to be conducted, particularly among higher education researchers seeking ways to utilize technology effectively to enhance the learning experiences of students.
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Introduction
 
It is customary for higher education lectures to have large numbers of students, whether in traditional face to face classes or online classes. To enhance students’ learning experiences, initiatives must be taken to promote an open learning environment that encourages interactivity (Erickson & Siau, 2003; Reeves, 2006). Interactivity occurs when students are able to actively participate and provide feedback, and receive prompt responses from their teachers or friends (Sabry & Barker, 2009). However, time constraint makes it difficult for lecturers to encourage students to feedback or to address their queries (Dobson-Mitchell, 2011; Shen, Wang, Gao, Noval, & Tang, 2009). Tesch, Coelho, and Drozdenko (2011) identified the most common reason for students’ inattention is when they do not understand and lack opportunities to ask questions during lectures. Furthermore, students’ who are shy or prone to anxiety rarely if at all interrupt ongoing lectures to seek further clarifications, and computing technology utilised as an interaction tool may benefit these students (Cotner, Fall, Wick, Walker, & Baepler, 2008; Gan & Balakrishnan, 2014; Stowell, Oldham, & Bennett, 2010). Web 2.0 tools such as Twitter to gather students’ feedback (Elavsky, Mislan, & Elavsky, 2011), and classroom response systems (Blasco-Arcas, Buil, Hernandez-Ortega, & Sese, 2013) are able to effectively improve students’ participation (Hoekstra, 2008; Stowell & Nelson, 2007). 
 
Mobile technology has also provided much needed convenience for students to access learning materials, facilitate online group discussions (Lundin, Lymer, Holmquist, & Brown, 2010), enabling them to copy notes at a faster rate using laptops or tablets, and easing collaboration outside the classrooms (Kay & Lauricella, 2011). For instance, mobile applications such as Socrative provide lecturers with the means to conduct real-time assessments to gauge students’ understanding, and generate reports of students’ level of participation in online assessments and collaborative discussions. Classroom response systems (“Clickers”) allow lecturers to field multiple-choice questions on the whiteboard or via a computer projector in the classrooms, and students are to answer each question using a handheld transmitter. The benefit of using Clickers is their ability to summarize results in chart forms such as a histogram, thus allowing lecturers to know the exact percentage of students who answered correctly versus those who answered incorrectly. Lecturers can also view names of students who answered correctly and incorrectly. Tools such as Socrative and Clickers promote interactivity by providing a platform for lecturers to gather students’ responses not otherwise possible in classes with large number of students or students enrolled in online courses (Cobb, Heaney, Corcoran, & Henderson-Begg, 2010; Trees & Jackson, 2007). 
 
Students’ academic achievements represent a key aspect of teaching effectiveness (Webster & Hackley, 1997). Evidence suggests that using technology to facilitate interactions between students and lecturers does improve students’ results (Mayer et al., 2009; Morling, McAuliffe, Cohen, & DiLorenzo, 2008). Lectures that utilized computer systems that enable the students to attempt multiple choice questions and provide immediate results to their selected answers, coupled with further explanations from their lecturers, obtained better results in a retention and transfer test, suggesting that the use of such systems not only raises interactivity but also improve students’ academic achievements (Campbell & Mayer, 2009). Other benefits observed from using technology as a communication tool are improving students’ attention, participation and engagement, enabling group discussions among students, and an overall improvement to the quality of learning (Kay & LeSage, 2009; Wang, Shen, Novak, & Pan, 2009). 
 
However, the use of technology during lectures by students and lecturers has some drawbacks, for instance causing disruptions to lectures, loss of attention among students due to discreet exchanges of text messages and playing mobile games (Scornavacca, Huff, & Marshall, 2009). Additionally, incorporating a form of text-based messaging system to allow students to send their queries using their mobile devices may result in lecturers not being able to respond promptly to an avalanche of students’ queries (Kay & LeSage, 2009). As such, lecturers may not possess favourable views of using technology for teaching purposes. However, with proper regulations and etiquette in place, students can be guided to use mobile technology responsibly (Gaer, 2011). Alzaza and Yaakub (2011), and Mahat, Ayub, and Luan (2012) investigated Malaysian higher education students’ readiness to use mobile technology, and findings suggest that students possess sufficient knowledge and maturity to use such technology properly for learning purposes.
 
Storck and Sproull (1995) found little or no difference pertaining to students’ academic results between face to face and online classes. Key factors contributing towards students’ satisfaction with online classes are quality and timely interaction with their lecturers (Young & Norgard, 2006). Elements of online classes, for instance pre-recorded instructional videos and self-assessments, foster independence among students and allow students to learn at their own pace. Though technology such as video conferencing and online chat forums provide avenues for students and lecturers to interact in real-time, the formality of such platforms and the inconveniences of arranging chat schedules often limit interactions (Marra & Jonassen, 2001; Volery & Lord, 2000). Therefore, opportunities exist to utilise mobile applications developed for educational environments to ease interactions among students and lecturers. 
 
Rationale of Study
 
Large lecture classes with many students, rigid lecture hall seating arrangements, and online lecture classes cause difficulties for the students to ask questions when they face doubts or inability to understand the lecture subject (Cotner et. al., 2008; Dobson-Mitchell, 2011; Doran & Golen, 1998). Studies on the use of technology across higher learning institutions suggest that using technology improves interactions between students and lecturers, and students’ academic performance (d'Inverno, Davis, & White, 2003; Halloran, 1995; Poirier & Feldman, 2007; Rehman, Afzal, & Kamran, 2013). Concise delivery of the subject content, coupled with active students’ engagement and interactions, are deemed supportive of students’ learning efforts (Roopa, Bagavad Geetha, Rani, & Chacko, 2013; Sarwar, Razzaq, & Saeed, 2014). Students demonstrated positive perceptions for lecture classes that encourage them to actively participate and interact (Chilwant, 2012; Rehman, Afzal, & Kamran, 2013). However, as the results of these studies focused on using mobile applications designed for specific subjects, generalizability across the higher education spectrum are limited. It is therefore essential to investigate the students’ overall perceptions regarding use of mobile technology to promote interactive lectures. 
 
Literature on technology adoption studies of information systems, motivational, and cultural theories were reviewed to identify key adoption factors. Davis's (1989) Technology Acceptance Model's (TAM) perceived ease of use and usefulness as extrinsic factors are well supported across a wide range of studies, with recent studies pointing to the importance of intrinsic motivators such as enjoyment and self-efficacy  (Giesbers, Rienties, Tempelaar, & Gijselaers, 2013; Yoo, Han, & Huang, 2012). One of the key phases of the system development life cycle is system design, and systems with high-quality functionalities were deemed pivotal for ensuring success of information systems adoption (DeLone & McLean, 1992; Detlor, Hupfer, Ruhi, & Zhao, 2013). Cultural influences are gaining recognition in the field of system acceptances studies, with uncertainty avoidance from national cultural dimension theory (Hofstede, Hofstede, & Minkov, 2010) proving to be an important determinant of technology acceptance (Hwang & Lee, 2012). The present study thus extends TAM’s perceived ease of use and usefulness, and includes information quality, system quality, self-efficacy, enjoyment, and uncertainty avoidance to provide a holistic insight that incorporates not just extrinsic and intrinsic motivator factors, but also factors that represent system development and cultural influences.
 
Furthermore, it may be useful to investigate students’ preferences toward lecture sizes and barriers preventing them from asking questions during lectures, and their effects on mobile technology adoption. In addition, investigation on whether existing use of mobile messaging applications by students translate to higher levels of mobile technology adoption to promote interactivity during lectures.
 
 
Extrinsic Perceptions Toward Mobile Wireless Technology (MWT) - Ease of Use, Usefulness, Information Quality, System Quality
 
TAM hypothesized that perceived usefulness and perceived ease of use impact user attitude and behavioural intention toward subsequent acceptance of information systems (Davis, 1989). Perceived usefulness is the degree to which one believes using an information system will improve productivity, whereas perceived ease of use is the degree to which one believes using an information system will require minimal cognitive effort (Davis, 1989). TAM has been adopted and replicated in areas of students’ perceptions toward the incorporation of multimedia components (Saadé, Nebebe, & Tan, 2007) and mobile learning (Chong, Chong, Ooi, & Lin, 2011). Parveen and Sulaiman (2008) incorporated TAM, and included personal innovativeness and technological complexity as determinants of TAM’s perceived ease of use and perceived usefulness. Their results revealed both personal innovativeness and technological complexity to positively correlate with TAM’s perceived ease of use and usefulness as determinants of user intention.
		
Studies have acknowledged the importance of system design, and one of the models include the DeLone and McLean Information System success model (D&M). In the D&M model, the determinants that lead to intention to use and user satisfaction are information quality and system quality, which was later modified to include service quality (DeLone & McLean, 1992). Studies based on D&M model revealed both information and system quality to be important in determining user acceptance (Cheng, Liu, Song, & Qian, 2008; Wixom & Todd, 2005). A recent study researching consumers’ acceptance of Internet Protocol (IP) services proposed an integrated acceptance model, whereby perceived quality of service and perceived content quality constructs were included (Shin, 2009). Findings discovered significant positive effects from perceived quality of content and system toward behavioural intention (Shin, 2009).
 
Intrinsic MWT Adoption Factors
 
Social Cognitive Theory (SCT) was proposed as an attempt to explain human behaviour by placing importance on self-efficacy as a direct determinant of a person’s behaviour (Bandura, 1977, 2001). Self-efficacy is defined as an individual's personal confidence in one’s skills to use and interact with an instructor using MWT during lectures (Bandura, 2001; Holden & Rada, 2011; Pituch & Lee, 2006; Venkatesh, 2000). Pituch and Lee (2006) examined system characteristics that promote the adoption of e-learning, and found system functionality, system interactivity, system response, self-efficacy and Internet experience to be important determinants to perceived usefulness and ease of use, which leads to e-learning acceptance. The effect of user anxiety towards new technology and security concerns can directly reduce user self-efficacy, and thus negatively affect user adoption decisions (Yeow, YenYuen, & Tong, 2008). Holden and Rada (2011) further validated the importance of technology self-efficacy as having a positive influence on teachers’ technology acceptance.
 
Other intrinsic motivations come purely from an individual’s sense of enjoyment in performing a task, without the need for reinforcements (Scott, Farh, & Podaskoff, 1988). Motivational theory was applied to study the influence of perceived usefulness (extrinsic) and enjoyment (intrinsic) on intentions to use computers in the workplace, and both factors were found to have a strong correlation towards technology usage intention (Davis, Bagozzi, & Warshaw, 1992).  Findings from studies on online learning acceptance which combined TAM with intrinsic motivational factor (enjoyment) supported the integrated model predictive capability (Yi & Hwang, 2003; Zhang, Zhao, & Tan, 2008). Studies on online learning acceptance revealed intrinsic factor (i.e., enjoyment) to strongly impact user behavioural intention (Yi & Hwang, 2003; Zhang et al., 2008). A study to determine factors that lead to youth’s adoption of wireless technology extended TAM by including perceived safety, enjoyment and peer influence. All the variables were found to have positive influence on behavioural intentions to adopt wireless technology, which strongly supports the actual adoption (Kim, 2008).
 
Hofstede, Hofstede, and Minkov (2010) defined an individual's uncertainty avoidance as the degree of discomfort when dealing with uncertainties and ambiguities. Uncertainty can be described as the lack of predictability, of composition, and of information (Rogers, 2003). In the study of Lee, Garbarino, and Lerman (2007), the researchers examined how people from various countries differ in uncertainty avoidance and product uncertainty when using new products. Their findings revealed a significant relationship between product uncertainty and cultural uncertainty avoidance. Ayoun and Moreo (2008) examined the influence of uncertainty avoidance in hotel managers’ strategy development and found uncertainty avoidance had little influence on managerial approach. The study indicated that uncertainty avoidance level varies because of the different cultural background of managers (Ayoun & Moreo, 2008). The effect of uncertainty avoidance reduces when people are more experienced and younger (Lee et al., 2007). Rogers (2003) also added that technological innovation entails information, thus reducing the uncertainty of the cause and effect in problem solving. In a study of online banking responses to the culture of the society in which it operates, TAM and Hofstede’s cultural dimensions, i.e. power distance, individualism, masculinity and uncertainty avoidance, were applied (Singer, Avery, & Baradwaj, 2008). Results showed that culture has an important influence on online banking, and all four cultural dimensions influenced online bank websites' design (Singer et al., 2008). Another study on European e-government adoption found high levels of power distance and uncertainty avoidance to have negative impact on e-government acceptance (Aykut, 2009). 
 
MWT for Interactive Lectures	
 
Theory of Reasoned Action (TRA) was rooted in the social psychology field, advocating behavioural intention as a predictor of actual user behaviour (Fishbein & Ajzen, 1975). TRA proposes user attitude and subjective norm as determinants of behavioural intention (Ajzen, 1991). Attitude is one’s perception of the consequences of performing a set of behaviours, whereas subjective norm is the perceived social pressure regarding a person’s decision to perform a set of behaviours (Ajzen, 1991). The effect of attitude and subjective norm toward determining behavioural intention were inconsistent. Shih and Fang's (2004, 2006) study on e-banking acceptance revealed subjective norm to be insignificant as a predictor of behavioural intention. However, subjective norm was significant as a predictor of behavioural intention in a study of consumer halal food choices (Lada, Tanakinjal, & Amin, 2008), and teachers’ acceptance of e-learning (Yuen & Ma, 2008). In another study on e-banking adoption, subjective norm significance was supported, though user attitude had a stronger impact on adoption intention (Rouibah, Thurasamy, & Oh, 2009).
 
Likewise, behaviour is postulated as being determined by intention to use (Davis, Bagozzi, & Warshaw, 1989; Venkatesh, Morris, Davis, & Davis, 2003). In the present study, intention to use MWT for interactive lectures is defined as students and lecturers’ commitment to use MWT during lectures in the future as a tool to increase interactivity between them during lectures. A key difference has been noted in the concept of interaction and interactivity. Interaction focuses on communication behaviours while interactivity allows user to experience a series of interactions via technological mediums (Sutton, 2001). In higher education, lecture classes are the principal avenue for students’ and lecturers’ interactions. In this study, interactive lectures are defined as active interactions between students and lecturers during lectures using MWT, i.e., students sending messages to the lecturer freely during or after lecture classes ended, and lecturers viewing students’ messages and responding accordingly.
 
Aims and Hypotheses
 
The main aim of the study was to first identify factors supporting adoption of MWT to promote interactions between students and lecturers. Identifying the key adoption factors of MWT will provide higher education institutions in Malaysia a mechanism for MWT implementation as an interaction tool during lectures to overcome the shortcomings of large lecture classes and online classes. It is hypothesized that factors identified positively (independent variables) influence adoption of MWT for interactive lectures (dependent variable). In regards to respondents’ use of mobile messaging applications (such as WhatsApp), it is predicted that respondents who frequently have chat classes daily using such applications will be positively associated with factors promoting MWT adoption for interactive lectures compared to those who rarely or don’t use mobile messaging applications. Additionally, students that prefer smaller lecture size (less than 50 students) are expected to exhibit positive perceptions towards factors promoting MWT as an interactivity tool during large lecture classes, while those that prefer large lecture size or don’t mind the lecture size to have lower positive perceptions. Finally, respondents who face communication barriers during lectures, such as poor language skills or not wanting to interrupt the lectures are predicted to be positively associated with the factors for MWT adoption for interactive lectures.
 
Research Methods
 
Survey
 
Pilot test were conducted where ten selected students were gathered in a room to complete the survey questions. No more than ten minutes was required to complete the survey by the students, and feedback was gathered to refine the questions. The final survey comprised of four main sections:
 
	The first section consisted of six questions relating to respondents’ gender, age, higher learning institutions and educational details. The questions did not identify the respondents’ identity, thus ensuring respondents’ anonymity.

	The second section consisted of four questions relating to respondents’ type of mobile devices currently owned, means of Internet access, use of mobile messaging applications, and use of mobile devices for learning purposes.

	The third section consisted of two questions pertaining to respondents’ preference on lecture size, and the main barriers encountered that hinder communication with their lecturers during lectures (six checklist options were provided including an “other(s)” option).

	The last section consisted of five item statements for each of the constructs identified (usefulness, ease of use, self-efficacy, enjoyment, uncertainty avoidance, system quality, information quality, MWT adoption). Respondents can rate their level of agreement for each item statement using a 5-point Likert scale (1 = “Strongly disagree”, 3 = “Neutral”, and 5 = “Strongly agree”).

 
Respondents
 
A total of 304 on-campus Malaysian students of higher education participated in the study by completing an online survey.  Two sets of survey data from respondents who failed to complete the online questionnaire were removed. Of the remaining 302 remaining respondents, the average age was 22 years old (Nmales = 144, Nfemales = 158). The highest number of respondents were undergraduates, totalling 208 (Nscience = 118, Nnon-science = 90), followed by 67 diploma students (Nscience = 35, Nnon-science = 32), 23 postgraduates (Nscience = 16, Nnon-science = 7), and four foundation level students (Nscience = 4, Nnon-science = 0). All respondents owned at least one mobile device (Nsmartphone = 264, Nlaptop = 221, Nmobile phone = 98, Ntablet = 50, Nnetbook = 17, Ne-book reader = 6). Out of 302 respondents, 15 of them do not use their mobile devices for learning purposes. In regards to Internet access using their mobile devices, 79.1% respondents were able to access the Internet via a cellular network, and 95.7% respondents were able to through a Wi-Fi connection (Ncecullar network = 239, NWi-Fi = 289). None of the respondents used MWT to interact with their lecturers during lectures.
 
Data Collection Procedure	
 
Approval for the study’s survey of students of higher learning institutions in the country was obtained from University Malaya Research Ethics Committee in February 2014. Respondents were then recruited via email invitations sent to students at selected higher education institutions located in urban areas, and data were collected for approximately four months from April until July 2014. The email contained a hyperlink which took the respondents to the online survey hosted by Google Drive. An introductory statement to inform respondents about the aim of the study and assurance of confidentiality of their personal details was displayed first. Upon successful completion of the survey, the survey data were then saved into an Excel worksheet and respondents were directed to the “thank you” page. Data were then transferred from the Excel worksheet into the IBM SPSS Statistics 21 software and organized for statistical analysis.
 
 
Results
 
Factor Analysis
 
Constructs identified from reviews of acceptance models and theories for examining adoption of MWT for interactive lectures, i.e., Usefulness (U), Ease of Use (EU), Self-Efficacy (SE), Enjoyment (E), Uncertainty Avoidance (UA), System Quality (SQ), Information Quality (IQ), and MWT Adoption for Interactive Lectures (MWT_AIL), have five research items all loaded for exploratory factor analysis. The Kaiser-Meyer-Olkin value is 0.946, indicating that the sample size is adequate for factor analysis and Bartlett's test of sphericity result is significant (x2 = 8747.75, df = 528, p < 0.001).
 
A maximum likelihood analysis with direct oblimin rotation revealed that the construct's research items loaded into five factors: independent variables System Usefulness (SU), User System Perception (USP), User Uncertainty Avoidance (UUA), and System and Information Quality (SIQ), and dependent variable MWT Adoption for Interactive Lectures (MWT_AIL). Research items from enjoyment, self-efficacy and ease of use loaded together, strongly suggesting that intrinsic motivations (enjoyment and self-efficacy) for technology adoption are tightly interrelated, and self-efficacy, i.e., users’ self-confidence, is strongly related to their beliefs that using an information system will require minimal effort (ease of use).
 
Research items that fail to adequately measure the latent variables were removed from further empirical testing. Factor pattern coefficients for the five factors are presented in Table 1. 
 
 
Table 1
Factor loads for exploratory factor analysis with direct oblimin rotation.
	 
	SU	USP	UUA	SIQ	MWT_AIL
	U1	.775	.092	-.060	.045	.008
	U2	.799	.081	.004	.067	.005
	U3	.732	-.101	.207	-.042	-.024
	U4	.662	.095	-.002	.149	.022
	U5	.693	.196	-.021	-.009	.061
	EOU2	.320	.535	-.005	-.006	.054
	EOU5	.397	.451	-.078	.185	-.032
	SE1	.152	.587	-.098	.247	-.078
	SE3	.250	.558	-.065	.180	-.013
	SE5	.226	.472	-.069	.293	.022
	E1	.018	.817	-.006	.009	.043
	E2	.072	.621	.139	.098	.025
	E3	.015	.551	.245	-.051	.067
	E4	.048	.759	.137	-.028	.016
	E5	.058	.788	.058	.052	-.015
	UA2	.056	.013	.417	.258	-.026
	UA3	.036	.080	.736	.031	.060
	UA4	.165	.070	.728	.077	.071
	UA5	.082	.182	.585	.184	.045
	SQ2	-.049	-.002	.106	.495	.035
	SQ3	-.063	.191	.222	.473	-.023
	SQ4	.102	.186	.203	.419	-.091
	SQ5	.005	.316	.150	.418	-.105
	IQ1	.062	-.002	.034	.678	.125
	IQ2	.117	.058	-.021	.733	-.019
	IQ3	.029	-.127	-.006	.892	.041
	IQ4	-.006	.032	-.006	.905	-.020
	IQ5	.121	.148	-.025	.657	-.011
	MWT_AIL1	.104	-.125	.075	-.023	.734
	MWT_AIL 2	.028	-.073	.052	-.037	.803
	MWT_AIL 3	-.061	.005	-.022	.121	.871
	MWT_AIL 4	-.029	.129	-.032	.012	.861
	MWT_AIL 5	-.053	.115	-.059	-.005	.921

Note: Factor loadings > .40 are bold. SU = System Usefulness; USP = User System Perception; UUA = User Uncertainty Avoidance; SIQ = System and Information Quality; MWT_AIL = MWT Adoption for Interactive Lectures.
 
Based on the results of the factor analysis, reliability test was conducted to the factors and results are presented in Table 2. Cronbach’s Alpha scores showed all factors displayed acceptable internal consistencies (> 0.70). 
 
Table 2
Reliability analysis of each factors.
	Factors	Number of Items	Cronbach’s Alpha	Mean	Standard Dev.
		System Usefulness

	5	0.909	4.12	0.919
		User System Perception

	10	0.948	4.10	0.913
		User Uncertainty Avoidance

	4	0.869	3.58	0.967
		System and Information Quality

	9	0.921	3.80	0.844
		MWT Adoption for Interactive Lectures

	5	0.925	3.08	1.192

 
The covariance between each independent variable (SU, USP, UUA, SIQ) and the dependent variable (MWT_AIL) were calculated using Pearson’s correlation coefficient (two-tailed). Associations between the independent variables and dependent variable were positive. There was significant positive correlation between UUA and MWT_AIL (r = .233, n = 302, p < 0.01), and between SIQ and MWT_AIL (r = .149, n = 302, p < 0.01). On the other hand, SU (r = .139, n = 302, p < 0.05) and USP (r = .145, n = 302, p < 0.05) exhibit lower positive correlation with MWT_AIL.
 
Frequency of Daily Chat Sessions Using Mobile Messaging Applications
 
In regards to how often respondents use mobile messaging applications such as WhatsApp (i.e., number of chat sessions per day), 58.3% use them more than ten times a day, 21.2% use them not more than five times a day, and 16.2% use them between six to ten times a day. The remaining 4.3% of respondents don’t use mobile messaging applications. In order to investigate whether there are statistically significant differences between respondents’ frequency of chat sessions daily using mobile messaging applications and each of the factors identified, a series of one-way analysis of variance (ANOVA) was performed.
	
There was no statistically significant difference between respondents’ frequency of chat sessions daily and the System Usefulness (SU) factor (F(3,296) = 2.043, p = .108). The second ANOVA revealed a statistically significant difference between respondents’ frequency of chat sessions daily and the User System Perception (USP) factor (F(3,296) = 5.497, p = .001). A Tukey post-hoc test revealed that the mean for USP was statistically different between respondents who use mobile messaging applications more than ten times a day (4.2 ± .76) and those who use them not more than five times a day (3.9 ± .76, p = .029), and respondents who doesn’t use mobile messaging applications (3.5 ± .56, p = .012). There was a statistically significant difference between respondents’ frequency of chat sessions daily and the User Uncertainty Avoidance (UUA) factor as determined by one-way ANOVA (F(3,296) = 5.011, p = .002). A Tukey post-hoc test revealed that respondents who do not use mobile messaging applications exhibited higher levels of uncertainties (2.8 ± .57) compared to respondents who use them between six to ten times a day (3.5 ± .71, p = .046), and respondents who use them more than ten times a day (3.7 ± .85, p = .002). There were no statistically significant differences between respondents’ frequency of chat sessions daily and System and Information Quality (SIQ) factor (F(3,296) = 3.092, p = .027), and the MWT Adoption for Interactive Lectures (MWT_AIL) factor (F(3,296) = .229, p = .876).
 
Respondents’ Lecture Size Preferences
 
The mean scores of respondents who prefer smaller lectures with less than 50 students, large lectures with more than 50 students, and those who state that lecture size doesn’t matter is presented in table 3. 
 
Table 3
Means (standard deviations) of factors among students who prefer small lectures, large lectures and those who doesn’t mind the lecture size.
	Factors	Prefer small lecture size	Prefer large lecture size	Doesn’t mind lecture size
	(n = 214, 70.9%) 	(n = 20, 6.6%) 	(n = 68, 22.5%)
	SU	4.12 (.77)	3.75 (.98)	4.23 (.75)
	USP	4.12 (.76)	3.80 (.69)	4.12 (.75)
	UUA	3.58 (.83)	3.39 (.80)	3.63 (.81)
	SIQ	3.80 (.66)	3.58 (.64)	3.85 (.65)
	MWT_AIL	3.13 (1.09)	3.16 (1.10)	3.22 (1.15)

Note: SU = System Usefulness; USP = User System Perception; UUA = User Uncertainty Avoidance; SIQ = System and Information Quality; MWT_AIL = MWT Adoption for Interactive Lectures.
 
In order to investigate whether preference towards lecture sizes influences their perceptions on the use of MWT to promote interactivity during lectures, one-way multivariate analysis of variance (MANOVA) was performed between the factors SU, USP, UUA, SIQ and MWT_AIL, with students’ lecture size preferences. No significant multivariate effects were found between the subjects: F(10, 590) = .947, p = .490; Wilk's Λ = 0.969, partial η2 = .016.
 
Communication Barriers During Lectures
 
Respondents were asked to provide reason(s) preventing them from communicating with their lecturers during lectures when they do not understand subject content. Out of 302 respondents, 271 provided reason(s) preventing them from asking their lecturers (31 respondents stated that they do not face any problems of communication during lectures), with a total of 580 total responses. The most cited reasons were reluctance to interrupt the lecture (n = 124, 21.4%), followed by having no confidence (n = 119, 20.5%) and shyness (n = 107, 18.5%). These were followed by poor language skills (n = 89, 15.3%), afraid of sounding silly (n = 80, 13.8%) and lack of opportunity or time to ask questions during lectures (n = 61, 10.5%). The covariance between communication barriers encountered during lectures and factors for determining MWT adoption for interactive lectures were calculated using Pearson correlation coefficient (two-tailed). Table 4 present the results, and significant correlations are indicated.
 
Table 4
Correlations between communication barriers during lectures and factors of MWT_AIL
	Communication Barriers	Factors of MWT_AIL
	SU	USP	UUA	SIQ
	Not confident to ask questions in class.	.097	.166	.121*	.170
	Shy to ask questions in class.	.185	.206*	.286**	.307**
	Afraid of sounding silly.	-.011	.061	.233*	.123
	Poor language skills.	.204	.228*	.307**	.324**
	Did not want to interrupt the lecture or lecturer.	.114	.226*	.300**	.236**
	No opportunity or time to ask questions.	.298*	.217	.273*	.165

Note: SU = System Usefulness; USP = User System Perception; UUA = User Uncertainty Avoidance; SIQ = System and Information Quality; MWT_AIL = MWT Adoption for Interactive Lectures.
*p < .05 (two-tailed)
**p < .01 (two-tailed)
 
 
Discussion
 
The current study aimed to identify crucial factors for determining MWT adoption for interactive lectures, focusing on higher education students in Malaysia.  Based on reviews of literature on technology acceptance models and theories, key constructs deemed essential were identified. An online survey was conducted to elicit perceptions of MWT adoption to facilitate interaction between students and lecturers. Results from factor analysis using maximum likelihood analyses with direct oblimin rotation produced five factors: independent variables System Usefulness (SU), User System Perception (USP), User Uncertainty Avoidance (UUA), System and Information Quality (SIQ), and dependent variable MWT Adoption for Interactive Lectures (MWT_AIL). Items from system quality and information quality loaded together, with the resulting factor named SIQ, suggesting that distinctions between system quality and information quality may no longer be pivotal for mobile applications. Interestingly, ease of use, enjoyment and self-efficacy loaded together, with the resulting factor named USP. This affirms the significance of user beliefs or perceptions as an important technology adoption predictor (Park, Nam, & Cha, 2012; Shroff, Deneen, & Ng (2012).
 
In regards to the hypotheses formulated, the predictions that factors SU, USP, UUA and SIQ positively influence MWT_AIL were supported, with UUA and SIQ having higher levels of significance compared to SU and USP. The importance of usefulness (extrinsic factor), ease of use, and intrinsic factors conceptualized as enjoyment and self-efficacy has been consistently validated in many studies (Calisir, Altin Gumussoy, Bayraktaroglu, & Karaali, 2014; Padilla-Meléndez, del Aguila-Obra, & Garrido-Moreno, 2013; Tarhini, Hone, & Liu 2014). This may reflect a shift in the mind-set of higher education students adept with using Web 2.0 tools and mobile technology, indicative of confidence in their computing expertise. For instance, the variety and complexities of functionalities in Facebook does not prevent many from using it, and Facebook remains the most popular social media platform (Duggan, Ellison, Lampe, Lenhart, & Madden, 2015). This may be reflective of the quality and variety of services offered by Facebook, and that it provides instant gratification and enjoyment for its user.
 
Though findings from literature have consistently emphasize the importance of both intrinsic and extrinsic factors, the quality of mobile applications remains vital. Development of information systems such as an enterprise resource planning and decision support systems focuses greatly on the system analysis and design phases, an indication of the importance of system and information quality as predictor of acceptance (Olson & Staley, 2012; Van Valkenhoef, Tervonen, Zwinkels, De Brock, & Hillege, 2013). System and information qualities, such as reliability, flexibility, timeliness, input and output accuracy, and pleasing interface design are therefore essential. With the findings affirming system and information quality as a strong predictor of mobile technology acceptance, proper development methodology for mobile applications is therefore pivotal to aid mobile application developers in understanding user requirements.
 
Inclusion of uncertainty avoidance was driven by the gaining recognition of the influence of culture in technology acceptance. UUA's having the strongest significance strengthens the vital role of cultural dimensions in the field of technology acceptance, as supported by previous studies by Ayoun and Moreo (2008) and Aykut (2009). A recent study by Matusitz and Musambira (2013) proved that lower levels of uncertainty avoidance positively correlated to higher acceptance of cell phone subscriptions and internet use. Evidence was found to demonstrate uncertainty avoidance influencing consumer trust in online purchasing decision (Hwang & Lee, 2012). Though SU and USP positively associated with MWT adoption intention, its lower significance contradicts the findings of Gao, Moe, and Krogstie (2010) and Holden and Rada (2011) where ease of use and self-efficacy have strong positive significance. Differences in the level of significance may be attributed to Gao et al.'s (2010) qualitative study involving less than 30 university students, and Holden and Rada's (2011) study focusing on the perspective of secondary school teachers. 
 
In regards to the prediction that respondents who use mobile messaging applications frequently for chat sessions will exhibit stronger positive correlations with the factors identified compared to respondents who rarely or don't use such applications, results were varied. First, no statistical significant difference was found between respondents’ frequency of chat sessions daily to SU, SIQ and MWT_AIL. Secondly, higher levels of associations were revealed for groups of respondents who uses such applications more than ten times a day compared to those that uses less than five times daily for USP. Lastly, respondents who use such mobile applications at least six times daily have stronger positive associations to UUA (i.e. lower levels of uncertainty avoidance) compared to those that do not use such applications. However, only 4.3% of respondents does not use mobile messaging applications, thus rendering the results inconclusive. Clearly this contradicts the supposition that respondents who are already familiar with existing mobile applications will exhibit higher acceptance level of MWT as an interactive tool during lectures. 
 
Differences of lecture size preferences among three groups of respondents, i.e., those that prefer small lecture size, those that prefer large lecture size, and those who are neutral, revealed no significant differences with the factors identified. However, an analysis of the mean values of factors SU, USP, UUA and SIQ revealed higher means for groups that prefer small lectures and groups that are indifferent about lecture size compared to the group that prefer large lecture size. Mean values of MWT_AIL generally are the same for each group. The results obtained are plausible as preference for smaller lectures may be attributed to limitations that large lecture sessions cause. As students in higher education generally do not have a say in determining the maximum lecture size capacity, students who prefer smaller lecture size will exhibit higher positive inclination toward the use of MWT to facilitate interactions during lectures based on the mean scores. The means for MWT_AIL however don't reveal differences between these groups, and suggests that unfamiliarity with the use of any form of technology during lectures to facilitate interaction with their lecturers may be an influencing component. Therefore, the hypothesis that preference for smaller lecture size translates to higher adoption of MWT as an interaction tool during large lectures is inconclusive. 
 
In regards to the prediction that respondents who face communication barriers during lectures will have positive associations with each of the independent factors for MWT_AIL, results are varied. Barriers of shyness, poor language skill, and not wanting to interrupt lectures revealed positive associations of USP, UUA and SIQ towards MWT_AIL. Not having the opportunity or time constraint during lectures revealed significant correlation for SU and UUA towards MWT_AIL. Respondents who cite not having the confidence or afraid of sounding silly revealed only low positive associations for UUA towards MWT_AIL. Not possessing confidence or fear of sounding silly are attributes of insecurity or low self-esteem (Hermans, ter Laak, & Maes, 1972; Stein, 2010), and therefore may explain why the use of MWT may not make any difference. 
 
 
Conclusion
 
The study focused on Malaysian students from higher learning institutions located in urban areas to identify important factors of MWT to promote interactivity during lectures.  Results from factor analysis loaded items from system quality and information quality into a single factor, indicative of the insignificance of differentiating information quality and system quality in the study of mobile technology acceptances in higher education. Items from ease of use, enjoyment, and self-efficacy were grouped together in factor analysis, representing user perceptions or beliefs. This differs from previous studies of technology acceptances, and reflects a simplicity approach or mind-set among youths towards mobile applications, suggesting that confidence, ease of use and ultimately enjoyment in using mobile applications are tightly correlated as opposed to distinct entities. This reflects the importance of having clear and easy to understand instructions in mobile applications designed for learning purposes, to ensure that minimal cognitive efforts were required and thus improving self-efficacy and enjoyment. 
 
The findings also point to the growing influence of cultural factors, and the importance of system and analysis efforts as predictors of successful mobile technology adoption among students of higher education. Therefore, understanding user requirements in the development of mobile applications, coupled with a user-centred approach may reduce levels of uncertainty avoidance or hesitation, and therefore increase students’ willingness to adopt new mobile technology to support their learning activities. To summarize, the hypotheses that the factors identified (independent variables) positively influence adoption of MWT for interactive lectures (dependent variable) were supported, with uncertainty avoidance and system and information quality emerging as stronger predictors of MWT adoption.
 
The assumptions that students who are already familiar and using mobile messaging applications in their daily life will readily use applications designed for enabling them to send questions to their lecturers using mobile devices during lectures are not substantiated. While significant differences have been found between groups who uses mobile messaging applications, results suggest that user perceptions and their level of uncertainty are pivotal factors. As no previous research was found to study the association between the use of mobile applications and MWT adoption, this is an area where further research is justified. Differences in terms of lecture size preferences of the respondents does not suggest significant effects on use of MWT for interactive lectures. However, the higher means of factors SU, USP, UUA and SIQ associated with those who prefer smaller lecture size and those who don’t mind the lecture size is noteworthy and merits further in-depth research. Respondents with issues of low self-esteem, i.e., lack of confidence or afraid of sounding silly in front of their friends, revealed almost no associations towards MWT_AIL except for UUA. Unfortunately, an in-depth analysis of the specific causes underlying this finding is not possible within the scope of this study and deserves further research, particular on how students' positive and negative traits influence their decision to adopt MWT to increase interactivity during lectures.
 
Findings from this study underline the educational potential of MWT to promote interactive lectures, thereby enriching the learning process of students in the classroom or online classes. Quality of mobile application design and integration of useful features that are easy and fun to use are essential to instil user confidence and reduce uncertainties. It is hoped that the results in this study will serve as the platform for further research into the area of mobile technology, particularly in areas of students’ learning engagement, satisfaction, and knowledge retention. Taken together, the factors identified put forth direct associations towards MWT adoption intention. Future work of interest will involve further statistical analysis, namely confirmatory factor analysis and structural equation modelling. Another area of interest is the effect of students’ personalities in the study of technology behavioural intention, which holds much promise due to the dearth of research done in this area. Comparative studies in terms of gender or sciences versus non-sciences disciplines may also produce critical insights.
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Appendix: Survey items
 
Usefulness
	1.	MWT provides convenience for me to access learning materials anytime, anywhere.
	2.	MWT allows me to communicate with my classmates easily.
	3.	MWT allows me to communicate with my lecturers easily.
	4.	MWT allows me to collaborate in group assignments with my classmates efficiently.
	5.	Overall, MWT is a useful tool in my studies.

 
Ease of use
	1.	It is easy to learn on how to use MWT.
	2.	I frequently use MWT in my daily life.
	3.	Mobile chat/text messaging applications are easy to use.
	4.	Using MWT requires very little mental effort.
	5.	Overall, I find MWT easy to use.

 
Self-efficacy
	1.	I have the skill/knowledge to use MWT
	2.	I do not need to consult the user manual when using MWT.
	3.	I can communicate with my classmates comfortably using MWT.
	4.	I can communicate with my lecturers comfortably using MWT.
	5.	Overall, I am confident in using MWT.

 
Enjoyment
	1.	I like using MWT to communicate with friends and family.
	2.	Sharing message, pictures, videos, etc. online using MWT is fun.
	3.	I enjoy playing games on my mobile devices.
	4.	It is fun to surf the Internet using MWT.
	5.	Overall, I enjoy using MWT.

 
Uncertainty avoidance
	1.	I do not find it troublesome to use new mobile devices/applications.
	2.	I am willing to try use a mobile device/application even if overall reviews are not good.
	3.	I frequently download mobile applications.
	4.	I enjoy trying out new mobile applications.
	5.	Overall, I tend to use new MWT to look for new updates/tools/applications.

 
System quality
	1.	I rarely encounter system errors when using mobile devices/applications.
	2.	It is easy to recover from errors encountered when using mobile devices/applications.
	3.	I find it easy to get mobile applications to do what I want it to do.
	4.	Mobile chat application(s) which I am using has very good features.
	5.	Overall, quality of mobile applications’ functionalities is very important.

 
Information quality
	1.	My mobile devices’ operating system allows me to customize the way I prefer my data to be presented. 
	2.	I have no problem understanding mobile applications’ instructions.
	3.	My mobile operating system interface layout is attractive.
	4.	My mobile operating system generates output (data) that is easy for me to understand.
	5.	Overall, quality of data output generated by mobile applications is important.

 
MWT adoption intention
	1.	I prefer to ask questions during lecture by typing and sending the questions using mobile messaging application to my lecturer mobile device.
	2.	I prefer to respond to my lecturer questions during lecture by typing and sending the answers using mobile messaging application to my lecturer mobile device.
	3.	My lecturer should allow and encourage us to send or answer questions during lectures using mobile messaging application.
	4.	My university/college should promote the use of MWT to allow students and lecturers to communicate during lectures.
	5.	Overall, I prefer to use MWT to communicate with my lecturer during lecture sessions.
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