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Introduction: Recent educational transformations have caused teachers to face difficulties in learning and adopting online tools to establish student course engagement (SCE). Thus, three significant problems are outlined in this research: lack of SCE in virtual classrooms, ineffective technology integration into pedagogy and lack of self-proficiency in technologies to enhance students’ academic performance. Moreover, three research questions emerged regarding the SCE, the teachers’ proficiency in technological, pedagogical and content knowledge (TPACK) for teaching, and the students’ academic performance. Hence, a framework that adopted the TPACK framework and the Student Course Engagement Questionnaire (SCEQ) was developed.

Methods: A developed mobile interactive system (MIS) integrated into the virtual classroom, determining factors that contributed to improving SCE, assessing teachers’ proficiency in teaching with technology from students’ perspectives, and assessing SCE and academic performance improvement. A quasi- experimental design was employed in the current research to collect quantitative data and for statistical analysis. Pretest-posttest experiments were conducted with 80 local university undergraduate students from two different groups, with and without developed MIS integration. Homogeneity among the participants was assured by distributing a pre-knowledge checking test before the actual experiment began. The TPACK and SCEQ surveys were distributed for further analysis.

Results: The SCE and TPACK R2 values are 0.111 and 0.748, respectively, indicating that SCE has low predictive power. However, the experiment results indicate that teachers’ proficiency in TPACK has a medium effect on SCE. Additionally, the student’s academic performance has shown significant improvement.

Discussion: Moreover, the current research suggested that content and technological knowledge are more vital than pedagogical knowledge in the virtual classroom. Therefore, the current research results indicated that the integration of developed MIS improves students’ SCE and academic performance significantly. The integration of the developed MIS in the virtual classroom also enhanced teachers’ proficiency in TPACK. Moreover, the change of perspectives when examining teachers’ TPACK proficiency provides more valuable insights as students benefited from the lessons directly.
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1 Introduction

Advanced technology is essential for supporting modern education. The evolution of technology enhances efficacy and convenience, leading to further improvements in the teaching and learning environment. It enriches the teaching and learning experience for teachers and students by offering a more versatile classroom setting and teaching and learning approaches that align with Education 4.0 for higher education (Qureshi et al., 2023). Thus, the roles of teachers and students underwent drastic changes. Despite modern technologies, teachers remain the key to selecting information and communication technologies (ICT) to enhance their teaching approaches. There are no specific rules or guidelines to follow for technology integration in their classrooms. However, the teacher’s prior experience and proficiency in operating ICT reflect their competencies in handling and integrating ICT (Molero Jurado et al., 2022). Therefore, integrating advanced technology does not always guarantee a positive teaching and learning experience. Although virtual classrooms have been the preferred choice due to the recent pandemic, bonding and building relationships between students and teachers is challenging (Nur Fitria, 2023). This research intends to outline three primary issues that surfaced because of the transformation of the classroom environment from physical to virtual classroom: (1) lack of student course engagement (SCE) in the virtual classroom, (2) ineffective technology integration into pedagogy, and (3) low teacher self-proficiency in technology because of the steep learning curve.

Several researchers have investigated students’ engagement, and their thoughts and findings differed (Al-Obaydi et al., 2023; Cayubit, 2022; Wong and Liem, 2022). In contrast to student engagement, SCE refers to the commitment a student makes to their academics. Therefore, there is a possibility that the SCE results in better academic performance. Additionally, the engagement between teachers and students is crucial for determining students’ academic performance in online classes. However, the students are not favorable toward the online synchronous sessions. Moreover, very few researchers attempt to measure engagement in specific courses (Oraif and Elyas, 2021). Hence, there is a need for this research to evaluate the SCE in the virtual environment by implementing the proposed mobile interactive system (MIS) into teaching.

The learning curve for every technology varies. It can be as simple as a laser pointer or as complex as an interactive whiteboard (IWB). Higher-end technology also provides users with top-notch functionalities and features, which often require them to undergo complex yet troublesome procedures to achieve the ideal outcome. Therefore, a teacher’s proficiency in implementing and handling technology is far more essential than the selection of technology. Mass involvement in technology might improve students’ academic performance in online classes (Noor et al., 2022; Younas et al., 2022). However, it lies with the foundation, where the self-proficiency of teachers in online technologies is on par (Bossman and Agyei, 2022). In the long term, it can negatively affect SCE and delivery. The teacher’s technology integration proficiency can influence SCE in the virtual classroom environment to a certain extent (Prakasha et al., 2023). This research also examines whether the technological, pedagogical and content knowledge (TPACK) of teachers affects the SCE due to technology integration in teaching.

The lack of pre-planning hindered the potential of technology, and the teachers had difficulties selecting appropriate technology to meet their teaching objectives (Alieto et al., 2024). Most academic institutions made the common mistake of overly idealistically focusing on nitpicking the most appropriate technology to support teaching and learning. Having teachers know how to operate specific technology does not necessarily translate into a higher level of technology integration. Teachers can effectively integrate the curriculum if they possess the necessary knowledge, skills, resources, and support. Therefore, this research aims to investigate the effectiveness of teachers’ proficiency by integrating the proposed MIS as a complementary tool into their pedagogy.

The findings from the previous sections illustrate the importance of SCE. It is closely related to the students’ academic performance. Students with better and more positive SCE tend to perform better academically, and vice versa. Hence, the SCE depends on their teachers’ pedagogy and the integration of technology in the classroom (Bossman and Agyei, 2022). The teacher with higher self-proficiency in teaching with technology will know how to pre-plan the use of technology in teaching and maximize its advantages.

Hence, this research formulated the following research questions:


	1. What factors influence teachers’ proficiency in integrating technology into the virtual classroom of higher education to improve SCE?

	2. How does the integration of the proposed MIS in the virtual classroom of higher education enhance teachers’ proficiency in teaching with technology from students’ perspectives?

	3. How does the integration of the proposed MIS in the virtual classroom of higher education impact the students’ academic performance and SCE?



As a result, the objectives of this research are as follows:


	1. To develop a framework that addresses technology integration, teachers’ proficiency in TPACK and SCE in the virtual classroom.

	2. To determine the teachers’ TPACK proficiency in teaching with the proposed MIS integrated into the virtual classroom from students’ perspectives.

	3. To evaluate the students’ academic performance and SCE with the proposed MIS integrated into the virtual classroom.



The research questions, objectives, methods, and contributions are outlined in Supplementary Table 1.



2 A literature review


2.1 Virtual classroom environment

The common practice for conducting synchronous online classes is through video conferencing. Video conferencing is, literally, a virtual face-to-face approach to coping with online classes. Moreover, it is an ideal approach to maintaining education during the COVID-19 pandemic, as it offers more convenience in monitoring students (Aldosari et al., 2022). The interaction between the teachers and the students in the virtual classroom is often minimal.

In addition, the presence of teachers or instructors in classes is crucial, regardless of whether the classroom is physical or virtual. They ensure the learning objectives are accomplished, making them irreplaceable by technology. During the transition to the virtual classroom, teachers continued to use traditional teaching methods, with minimal modifications to suit the new teaching and learning environment (Castelli and Sarvary, 2021). Therefore, the mode and the mean of teaching changed in the virtual classroom, forcing the teachers to comply and adapt to the new norm. Generally, it influences the lesson delivery approach of the teachers to align with their objectives. Despite these modern technologies playing a supportive role in education, assisting teachers in overcoming the challenges faced in online classes, the distinctiveness of the virtual classroom environment requires teachers to acquire new skills and knowledge (Lai et al., 2022b). Hence, teachers nowadays require a thorough understanding of technology, pedagogy, and subject content to plan and tailor the curriculum according to students’ needs and fully utilize the technology integrated into the classroom.



2.2 Technology integration in education

In modern education, technology is almost inseparable from the teaching and learning process. Technology can be classified into the following six types: communication, electrical, energy, mechanical, medical, and transportation (Pacey and Bray, 2021). This research will focus on the integration of communication and electrical technology in education, as these are commonly used technologies. In terms of communication technology, it can be smartphones and the Internet. Electrical technology encompasses computers, software, artificial intelligence, and audio and video technologies. Educators have been integrating these technologies into education for years, if not decades.

Furthermore, people should not treat modern technology as a complete replacement for conventional practices, despite the convenience it offers. In fact, technology integration in higher education should focus on providing different or alternate approaches instead of pursuing the most advanced solution. Therefore, claiming the technology as a betterment is rather too broad and vague. Technology integration in higher education is almost inseparable from the teaching environment, even during face-to-face class sessions. Do not forget that the recent pandemic catalyzed the education transition process. The drastic change in education causes institutions to struggle with unexpected challenges (Ali, 2020). Therefore, implementing educational technology, applications, and platforms complements the existing pedagogy and practice. It also allows the teachers to access online resources while conducting classes in the virtual classroom.



2.3 Technology pedagogical content knowledge framework

TPACK represents the knowledge teachers require to teach with technology, thereby enhancing and elevating the learning environment (Lai et al., 2024). Unlike the domains discussed earlier, TPACK encompasses the fundamentals of unique yet effective teaching with technology integration. It conceptualizes the content of the subject using technology and designs teaching methods and practices as supportive tools for delivering knowledge. TPACK is about how teachers use technology to express their thoughts in designing the lesson, identifying the technology that can enhance students’ understanding of the subject.

Based on the findings of previous studies examined, one significant limitation is the validity of the results. In addition, due to the self-assessment, the data collected from the survey questionnaire have a high likelihood of bias (Kosiol and Ufer, 2024). Teacher self-assessment of their TPACK knowledge domains does not necessarily justify the teacher’s actual knowledge proficiency regarding TPACK (Kosiol and Ufer, 2024). The teachers assessed their TPACK proficiency based on their perceptions, rather than seeking feedback from their students regarding their TPACK proficiency. It prevented teachers from fine-tuning their lesson plans according to students’ feedback, which in turn affected the teaching and learning experience. Therefore, teachers’ TPACK proficiency should be examined from students’ perspectives, rather than through self-assessment. This research will develop and distribute a fine-tuned TPACK survey to the students to gather their responses regarding their teachers’ TPACK in virtual classroom teaching.

In accordance with the post-pandemic phenomenon, conducting lessons through virtual classrooms has slowly become the norm. Disparities of technology and modern education emphasize the importance of teachers’ readiness in preparing teaching materials with their TPACK proficiency (Li, 2025). With the technology that has vastly developed nowadays, teachers’ proficiency in TPACK translates to their ability and efficacy in integrating technology into their teaching (Antony et al., 2025). Hence, adapting the technology and progressively exploring how it can help teach is a more practical approach. Therefore, technology-related elements such as TK, TCK, TPK, and TPACK are critical in determining teachers’ proficiency in integrating technology into their curriculum. This research proposed and developed a MIS. The teachers will then utilize the proposed MIS to support and enhance their teaching practices and content representations in the virtual classroom. From the TPK aspect, the teachers were required to maintain their students’ interest in the virtual classroom with the help of technology. From the perspective of TCK, the teachers had to utilize the integrated technology to present the subject’s teaching materials. However, due to the restriction on interactivity between teachers and students in the virtual classroom, examining the SCE is more feasible, as it reflects their interest and commitment to academic activities that have the potential to influence their academic performance positively.



2.4 Student course engagement

According to Handelsman et al., the students’ engagement leans more toward external factors such as the teaching and learning environment and practices (Handelsman et al., 2005). Therefore, it remains unclear whether the students are committed to the course. Thus, the Student Course Engagement Questionnaire (SCEQ) was developed to address the known issue. Introducing SCEQ is concerned with the instantaneous class atmosphere. Initially, the SCEQ should assess the engagement of the students who enrolled conventionally and physically (Handelsman et al., 2005). The SCEQ offers a clearer picture and overview of students’ engagement with their courses. Students can achieve better academic performance and higher satisfaction levels toward their courses if they thoroughly understand SCE satisfaction. Compared to NSSE and AUSSE, which were developed and tailored for specific countries coping with the culture and trends, SCEQ offered a more generic assessment for SCE.

On top of that, SCEQ is also viable for accessing online learning. The engagement in the online learning environment, which is closely related to it, remains unhindered by the course of study (Naiker et al., 2022). However, the level of engagement varies depending on the type of course content, delivery approaches and techniques. Therefore, the SCEQ is a preferred instrument for this research, based on previous studies and findings. It is essential to assess a student’s SCE, as it indicates a student’s commitment or interest in academic activities that can have a positive influence on their academic performance.



2.5 Interactive whiteboard

In the past, teachers invented the chalkboard to assist with teaching. The concept conveyed by the chalkboard makes it a crucial component of the educational technology puzzle. The chalkboard has evolved into an IWB in the modern era, sharing a similar appearance but improved with more functionalities. The IWB enables teachers to achieve better interactivity and engagement, as well as increased accessibility of information and multimedia representation of content (Jahangir et al., 2024). In addition, it helps teachers with better visualization capabilities in presenting content. It is a type of equipment that offers teachers an innovative teaching approach with effects on several senses (Uduak and Kasumu, 2022). It involves visuals, audio and interactions while operating the IWB. It enriches the lessons with a more vibrant environment and approaches, boosting the teacher’s teaching efficacy in teaching and digitalizing the teaching and learning process.

Meanwhile, students can engage in a constructive discussion in the presence of the IWB, encouraging collaborative learning (Shi et al., 2023). However, despite the benefits of IWB implementation, it has various drawbacks. The most significant disadvantage is the cost of the IWB. The purchase and maintenance costs of the IWB are relatively high when compared head-to-head with mobile technology. In addition, the IWB is a highly dependent piece of hardware that requires a complex setup, which can be troublesome for teachers. It also fell short due to a lack of technical support and insufficient training for teachers who use it in the classroom (Mokoena et al., 2022). The steep learning curve of IWB results in teachers having low efficacy in utilizing IWB for problem-solving during lessons (Mokoena et al., 2022). Although online classes recently became trendy, most teaching materials are still optimized for conventional face-to-face classroom teaching practices (Lai et al., 2022a). In fact, the effectiveness of IWBs in the classroom has yet to be proven due to the lack of empirical studies on them. Ironically, the teachers could not spare quality time for their students to use the IWB, which defied its purpose.



2.6 Screen share

The transformation of the classroom environment results in the physical face-to-face class being conducted in a synchronous online session. Hence, virtual whiteboards are necessary for synchronous online classes (Khan et al., 2021). Because of the nature of synchronous online classes, the tools used must be real time. In synchronous sessions, teachers often use screen sharing to present their teaching materials and content (Basilaia and Kvavadze, 2020). In addition, synchronous online sessions have become an increasingly essential part of online teaching platforms due to recent changes in the education trend. One of the most concerning aspects of the online teaching and learning mode is that most third-party software used during the COVID-19 pandemic involves synchronous online sessions (Dash et al., 2022). Therefore, the screen-sharing feature is an inseparable component that assists teachers in the virtual classroom, providing real-time interactions.

Furthermore, although someone may have given or distributed lecture slides to the students during a lecture session, the whiteboard often contains more valuable information (Rai, 2020). Hence, the teachers must utilize the digital whiteboard to present their teaching materials and the subject. Various video conference services are available for teachers to choose from for conducting classes in a virtual environment (Dash et al., 2022). However, regarding the content presentation using the digital whiteboard provided by these video conference platforms, teachers found it very inconvenient to use a mouse to write or draw (Heraty et al., 2021). It is preferable to use a smartphone or tablet as a medium to write on a digital whiteboard and screen-share with the class (Lai et al., 2022a). However, the screen-share is not always a pre-built feature for smartphones or tablets. Therefore, these prior studies depict that the screen-share feature is one of the vital elements of teaching in the virtual classroom environment. Therefore, the findings of prior studies indicated the need for a digital whiteboard in the virtual classroom. These studies also revealed that using a mouse to write on the digital whiteboard is troublesome. They cannot use their devices as digital whiteboards, and screen sharing is cumbersome. Hence, providing an all-in-one solution that transforms smartphones and tablets into digital whiteboards and offers screen-sharing services is crucial for conducting online classes.



2.7 Research gap

Researchers determined research gaps after conducting the literature review in the previous section. First, the researchers from prior studies adopted the TPACK framework to assess the proficiency of the teachers in the knowledge, specifically: (1) PK, (2) CK, (3) TK, (4) PCK, (5) TCK, (6) TPK, and (7) TPACK. Their proficiency in these knowledge domains reflected their ability to integrate technology effectively and their students’ academic performance. However, most related studies examined the TPACK framework from an educator’s perspective. Limited studies have investigated the TPACK framework from the students’ perspective. Hence, there is a need for the research to be more extensive to study the framework from a different perspective. The research gaps are tabulated in Supplementary Table 2.

The TPACK framework did not relate to the SCE factor, where technology and engagement are inseparable in online classes (Bond et al., 2020). SCE is vital in the virtual classroom and needs to be examined in conjunction with the TPACK framework (Mohammad Hisham et al., 2021). Therefore, it became necessary to research SCE alongside TPACK from a broader perspective.




3 Methodology

The current research adopted the TPACK framework and the SCEQ to design a framework that is fundamental in answering the research questions raised. Hence, a research framework is proposed, as illustrated in Figure 1.

[image: Venn diagram illustrating the TPACK framework. Three circles labeled Pedagogical Knowledge (PK), Content Knowledge (CK), and Technological Knowledge (TK) overlap, forming areas labeled TPK, TCK, and TPACK. Each area details teachers' knowledge required to integrate a proposed MIS in online teaching. Arrows from each section point to explanations of how MIS integration can impact teaching. A separate circle labeled Student Course Engagement (SCE) notes teachers' proficiency in utilizing MIS, reflecting student engagement. Overall, the diagram shows technology-related domains with the integration of MIS.]

FIGURE 1
 Proposed research framework.


The proposed MIS is considered the independent variable in the proposed research framework. Aside from the independent variable, there are five dependent variables: (1) TK, (2) TCK, (3) TPK, (4) TPACK, and (5) SCE. The researchers conducted the classes in two different settings to manipulate the independent variable: (1) an online teaching session without the proposed MIS integration (controlled condition) and (2) an online teaching session with the proposed MIS integration (experimental condition).


3.1 Research methods and activities

To achieve the stated outcomes, the current research methods and activities were conducted following four phases: (1) literature review, (2) development of the proposed MIS, (3) development of survey instruments, and (4) test of hypotheses formed. In Phase I, the team reviewed the literature on mobile application design, drawing on existing studies. This phase should gain findings and serve as the foundation for the design of the proposed MIS. They also planned hypotheses during this phase. Phase II saw the development of the proposed MIS, which included adequate features and a tailored user interface. They developed the proposed MIS with freehand digital writing and synchronous display features. In Phase III, the team discussed the quantitative method and analysis of the research survey instruments. The surveys adopted in the current research were the TPACK questionnaire and the SCEQ.

The adopted questionnaires were modified to fit the current research, and experts from related fields of study validated the questionnaire items. In Phase IV, the formulated hypotheses were assessed using various data analysis techniques to examine the proposed MIS’s effect on teachers’ proficiency in TPACK, students’ academic performance, and SCE. Figure 2 shows an overview of these phases.

[image: Flowchart detailing a four-phase process for developing and testing a mobile interactive system. Phase I involves reviewing studies to propose design and hypotheses, leading to formulating hypotheses and designing the system. Phase II focuses on developing the mobile interactive system with key features, resulting in a system with freehand digital writing and synchronous display. Phase III involves creating survey instruments by adopting constructs, resulting in questionnaires covering TPACK and SCEQ aspects. Phase IV conducts an experiment with university students, analyzing survey data to determine the system's impact on teaching proficiency, academic performance, and engagement.]

FIGURE 2
 Overview of methods, processes, and activities framework.


In the initial phase, the TPACK-SCE framework, which adopted the TPACK framework with the inclusion of SCE as an additional variable, was formed. The previous study focused mainly on technology integration (Habibi et al., 2020). The current research intended to provide a more thorough understanding of the interconnection between TPACK elements and their relationship with technology integration and SCE. Figure 3 displays the formulated TPACK-SCE framework.

[image: Flowchart depicting relationships between different knowledge types and student course engagement. Technological Knowledge (TK) leads to Technological Content Knowledge (TCK) and Technological Pedagogical Knowledge (TPK), which both influence Technological Pedagogical and Content Knowledge (TPACK). TPACK, in turn, impacts Student Course Engagement (SCE). Arrows marked H1 to H5 indicate the hypothesized relationships.]

FIGURE 3
 TPACK-SCE framework.


Therefore, the hypotheses of the current research can be formulated as follows:


H1: TK positively predicts TCK in the virtual classroom environment.
H2: TK positively predicts TPK in the virtual classroom environment.
H3: TCK positively predicts TPACK in the virtual classroom environment.
H4: TPK positively predicts TPACK in the virtual classroom environment.
H5: TPACK positively predicts SCE in the virtual classroom environment.


In the phase of proposing the design of the proposed MIS, the key features must adhere to the virtual classroom teaching needs. Hence, the proposed MIS utilized freehand digital writing to replicate the conventional whiteboard experience. Although an alternative like an IWB is available, it is bulky and has a high learning curve, making it unsuitable for virtual classrooms. Most importantly, it requires the teachers and the students to be physically present in the classroom to utilize it. Therefore, the IWB is not an ideal tool for virtual classrooms because of its technical and technological issues. The researchers designed the proposed MIS in this research with simplicity and a digital writing feature that helps to promote SCE with a low learning curve. Moreover, it is intended as a mobile application that uses the smartphone as a freehand digital writing board. The proposed MIS synchronous display feature allows the freehand digital writing board to be projected through all web browsers. It eases online teaching in the virtual classroom environment by replicating and mimicking the physical classroom environment. Therefore, the proposed design of the current study is the simplified replication of the digital whiteboard in the virtual classroom, excluding the complexities of its predecessor mechanism.

In the development phase of the proposed MIS, with considerations gathered from prior studies, the proposed MIS was developed as a mobile application for flexibility and extensiveness. As a software-based solution, it eliminates the high learning curve and technical support IWBs require. Compared to IWBs, the proposed MIS freehand digital writing board was a complementary tool for the teachers, assisting and enriching their teaching in the virtual classroom. Such a feature helps teachers convey their thoughts and knowledge to their students in the virtual classroom, providing similar experiences to those they had in the physical classroom. It reduced the learning curve drastically compared to IWB implementation. It only requires the teachers to use their fingertips or a stylus to write on their smartphone screen, which brings utmost simplicity and convenience while teaching in the virtual classroom. Additionally, the freehand digital writing board offers various customizations to help teachers adapt to different use cases and scenarios. The customization includes (1) stroke thickness selector, (2) stroke color selector, (3) eraser thickness selector, and (4) local storage for written/drawn work pieces. Aside from the core functionalities of the freehand digital writing feature, it can also share screens by offering a synchronous display feature. The synchronous display feature captures the screen of the installed device and displays it in real time on the chosen browser. The proposed MIS freehand digital writing feature is presented in Figure 4.

[image: Diagram of a selection sort algorithm step showing an array with elements 5, 3, 2, 4. Indexes 0 to 4 are written below. Current index `i` is 0, and `min` is 1. A yellow highlight indicates the comparison between elements, with arrows pointing to the elements being compared. Various color options are displayed at the bottom of the screen.]

FIGURE 4
 TPACK-SCE framework.


In feature wise, the proposed MIS freehand digital writing feature functions are illustrated in Figure 5. The leftmost icon is the “new drawing” function, where a new dedicated writing and drawing blank space will be created by clearing the existing used space. The function is shown in Figure 6. In addition to that, the second leftmost icon is the “stroke thickness selector” function, which allows the teachers to pick their preferred stroke thickness to fit different scenarios in the content representation of the subject matter. Similarly, the proposed MIS freehand digital writing feature also comprises the “eraser thickness selector” function, allowing the teachers to erase or edit the writings and drawings. The thickness selector for both stroke and eraser is shown in Figure 7. Moreover, the writing and drawings can be saved in the local storage of the smartphone device. The function is shown in Figure 8, whereas the saved location of the writings and drawings is shown in Figure 9. Finally, the rightmost icon in the screen sharing function in which the synchronous display feature of the proposed MIS will be prompted and triggered. It is illustrated in Figure 10.

[image: Icons on a gray toolbar, from left to right: a sun symbol on paper, a paintbrush, an eraser, a floppy disk, and a diamond above a rectangular shape on a purple background.]

FIGURE 5
 Main functions of proposed MIS freehand digital writing feature.


[image: Dialog box over a drawing app interface with a message prompting to start a new drawing, resulting in the loss of the current drawing. Options for "Cancel" and "Yes" are displayed.]

FIGURE 6
 New drawing.


[image: A digital drawing displays a gray background with three horizontal red lines near the top, middle, and bottom. In the center, there is a white, rectangular speaker with three visible circular elements. The top menu bar shows icons for drawing tools, and a color palette is at the bottom.]

FIGURE 7
 Thickness selector for stroke and eraser.


[image: A digital drawing showing the quadratic formula, \(x = \frac{-b \pm \sqrt{b^2 - 4ac}}{2a} \), with a save prompt overlay. The prompt asks if the drawing should be saved to the device gallery with "CANCEL" and "YES" options. Various drawing tools and color options are visible at the bottom.]

FIGURE 8
 Save drawing.


[image: File browser interface showing a file named "723e2ead-c963-45aa-..ae79025b8dc.png.jpg" under the "Pictures" folder in internal storage. File details include the date "31 Mar 07:42" and size "50.54 KB". A small thumbnail of a mathematical formula is visible.]

FIGURE 9
 Writings and drawings saved location.


[image: A screen sharing prompt is displayed over a digital whiteboard containing a quadratic formula: x equals negative b plus or minus the square root of b squared minus four ac, all over two a. The options are "Cancel" and "Yes".]

FIGURE 10
 Screen sharing.


As shown in Figures 11, a connection screen is prompted by agreeing to the screen share service. As the service starts, the synchronous display feature will be executed. The sample screen of the synchronous display feature is shown in Figure 12.

[image: Interface displaying a phone's IP address as 192.168.50.227 with port 8123, labeled "This Phone." Below are buttons for "Start Service" and a disabled "Start Record" button. Status reads "Service stopped."]

FIGURE 11
 MIS synchronous display connection screen.


[image: A screenshot shows a virtual meeting interface and a mobile screen interface outlined in a blue desktop background. The mobile screen displays numbers one, five, three, two, four at the top, with zero, one, two, three, four listed below. At the bottom, it reads i equals zero, min equals one, alongside various color options. The meeting interface includes a list of participants and chat interactions on the right.]

FIGURE 12
 Proposed MIS synchronous display feature.


The proposed MIS and its features are developed through an integrated development environment named Android Studio. It is software for developing and building Android-based applications with a graphical user interface. The proposed MIS is developed as a native Android mobile application that does not support operating systems other than Android-based devices. The choice of the built environment and supported operating system is based on the majority of the user base and the development cost. The Android Studio software is an open-source software ideal for development, as it is free to use. In terms of programming, the programming language used in developing the proposed MIS is Java. Therefore, Java version 1.8.0_311 is used to develop freehand digital writing and synchronous display features. In addition, Java is the chosen programming language because it is capable of socket programming. The socket programming in Java is mainly for the communication between applications that execute in different Java Runtime Environment (JRE). In this research, Java socket programming is required for the synchronous display feature, in which the smartphone or tablet screen will be screen-shared.

Survey instruments were developed in the following phase to assess the proposed MIS. The current phase used quantitative data collection and statistical data analysis approaches for TPACK-SCE framework validation. In addition, the identification of framework factors contributed to predicting teachers’ proficiency in TPACK based on students’ perceptions and its impact on virtual classroom engagement. The adopted constructs from previous research were modified and refined to ensure the validity and relevance of the survey’s content were achieved. Then, the sampling method and survey distribution process were outlined. Finally, quantitative data analysis was implemented to provide statistical insights. Figure 13 illustrates the overall process of the quantitative method.

[image: Flowchart depicting a research process with six stages: Survey Design (demographics, technology experience, items), Sampling Method and Size (non-probability, size > 80), Expert Reviews (five academics, survey tuning), Pilot Study (validity check, size > 30), Data Collection (online, ethics compliance, one semester), and Data Analysis (descriptive, model estimation and assessment). Arrows indicate the sequence of steps.]

FIGURE 13
 Overall picture of the quantitative methods process.


In terms of survey design, the questionnaire was prepared in English for the TPACK and SCEQ to facilitate ease of understanding. The adopted constructs were translated into scale items for the survey, respectively. The surveys were self-reported, and the constructs were fine-tuned to achieve the research objectives.

The TPACK survey was segmented into three main parts: (1) respondents’ details and academic background, (2) respondents’ experience with technology assistance, and (3) TPACK constructs’ items from students’ perspectives, which were designed with 5-point Likert Scales. The scales ranged from 1 to 5, indicating from “strongly disagree” to “strongly agree,” which is a commonly practiced measuring instrument in social science research (Taherdoost, 2019). The full version of the items is presented in the Appendix, while Supplementary Table 3 shows some of the original and modified scale items.

Technological knowledge (TK) emphasizes respondents’ beliefs and thoughts regarding their teachers’ integration of technology in their teaching. Aside from that, it also reveals the students’ preferences for technology after attending online classes via virtual classrooms, which serve them better. For instance, Table 1 shows a modified scale item from TK, “I prefer my lecturer to enhance online learning by using technological devices in his/her teaching (e.g., Smartphones, Tablets),” indicating the teachers’ proficiency in TK measurement from students’ perspective.


TABLE 1 Instruments for SCEQ constructs items.


	Constructs items
	Original scale items
	Modified scale items
	Sources

 

 	Study habit (SH)


 	SH1 	Going to the professor’s office hours or contacting him/her to review assignments or tests, or to ask questions. 	I am more likely to request a teacher to review my assignments or tests. 	
Nasir et al. (2020)



 	Performance (PE)


 	PE6 	No absenteeism except for accidents. 	I am more likely to be highly committed to the study. 	
Zhang (2020)



 	Participation (PA)


 	PA1 	Raising my hand or answering questions in class. 	I am more likely to raise my hand in online classes using emoticons or gestures to ask questions or voice my opinions. 	
Nasir et al. (2020)



 	Emotional (EM)


 	EM2 	Coming to class every day or logging on to the class web page regularly 	I am more likely to attend every scheduled online class. 	
Nasir et al. (2020)





 

In terms of technological content knowledge (TCK), it emphasizes respondents’ opinions about their teachers’ proficiency in enhancing the online learning experience in virtual classrooms, including technology integration. The technology integrated refers to the developed MIS of the current research. In this context, the modified scale item, “I prefer my lecturer to enhance online learning by utilizing MIS in developing knowledge for the subject that he/she teaches.,” depicts the thoughts of the respondents regarding the MIS integration and its utilization in developing knowledge for the subject.

Technological pedagogical knowledge (TPK) emphasizes respondents’ points of view regarding their teachers’ proficiency in enhancing online learning experiences by integrating the developed MIS. For example, one of the modified scale items, “I prefer my lecturer to enhance online learning by using MIS to enhance his/her online teaching effectiveness,” shows the students’ preferences toward their teachers’ effectiveness in integrating the MIS into their online lessons in the virtual classrooms.

In terms of TPACK, it emphasizes respondents’ thoughts regarding their teachers’ proficiency in escalating online learning experiences with developed MIS features. For instance, one of the modified scale items, “I prefer my lecturer to enhance online learning by integrating MIS in his/her virtual classroom that enhances the teaching and learning experience of the subject that he/she teaches in terms of what he/she teaches, how he/she teaches, and what I’ve learned.,” depicts the students’ preferences toward their teachers’ proficiency and efficacy in integrating MIS features into online lessons in the virtual classrooms.

The current research grouped the SCEQ survey’s scale items into three categories: (1) respondents’ details and academic background, (2) respondents’ online learning experience, and (3) SCEQ constructs’ items. A 5-point Likert scale survey was designed and prepared. The scales ranged from 1 to 5, representing “strongly disagree” to “strongly agree,” respectively. Table 1 presents some of the original and modified scale items; the full version of the items is presented in the Appendix.

Study habits (SH) in SCEQ represent the strategies for students to succeed in their learning. In their learning, it often relates to the effort and self-discipline that students exhibit. One of the modified scale items for SH is, “I am more likely to request a teacher to review my assignments or tests.” As for performance (PE), it emphasizes the students’ motivation to study and learn. PE is strongly related to how students perform academically. For instance, one of the modified scale items reads, “I am more likely to be highly committed to the study.” Moving on to PA, it highlights the students’ willingness and interest to interact with others, regardless of peers or teachers. For instance, “I am more likely to raise my hand in online classes, using emoticons or gestures to ask questions or voice my opinions.” In terms of EM, it depicts the students’ commitment to learning, where eagerness and self-drivenness are the qualities that best describe the known construct item. For instance, I am more likely to attend every scheduled online class.”

Five Malaysian higher education academicians reviewed the modified TPACK and SCEQ surveys used in the current research. These academicians were pioneers in social science studies and had extensive research experience. The forms and surveys were given to them digitally. Their feedbacks were acquired to serve and ensure the validity of the survey instrument.

Before conducting the experiment for the current research, a pilot test was conducted to verify the reliability of the questionnaires. The pilot test involved 40 undergraduate students from the same subject tutorial group. It fulfilled the minimum sample size requirement as suggested for parameter estimation. Throughout the pilot test, the developed MIS was integrated as an assisting tool for online teaching and learning in the virtual classroom. The pilot test lasted for 3 months, which is equivalent to one semester. By the end of the semester, the surveys were distributed to the participants, who had 30 min to complete them. To validate the reliability of the questionnaires’ constructs, the Statistical Package for the Social Sciences (SPSS) was used. The reliability of the questionnaires’ constructs is determined by Cronbach’s alpha, whose values commonly fall between 0 and 1. The closer the value is to 1, the better the reliability of the constructs. The Cronbach’s alpha value has a distinctive measurement benchmark for different degrees of construct reliability. The value >0.60 is considered acceptable (Khanal and Chhetri, 2024), >0.70 is considered good, >0.80 is considered better, and >0.90 and above is considered excellent (Taber, 2018). The reliability of the constructs in the pilot study for the TPACK and SCEQ surveys is shown in Tables 2, 3, respectively. In the meantime, the construct items of SCEQ in the current research were treated as a whole to cater to the extended possibilities of SCE.


TABLE 2 Reliability of TPACK survey.


	Constructs
	Abbreviations
	No. of items
	Cronbach’s alpha

 

 	Technological knowledge 	TK 	5 	0.956


 	Technological pedagogical knowledge 	TPK 	6 	0.950


 	Technological content knowledge 	TCK 	6 	0.921


 	Technological pedagogical and content knowledge 	TPACK 	6 	0.940




 


TABLE 3 Reliability of SCEQ survey.


	Constructs
	Abbreviations
	No. of items
	Cronbach’s alpha

 

 	Study habit 	SH 	8 	0.864


 	Performance 	PE 	6 	0.895


 	Participation 	PA 	6 	0.918


 	Emotional 	EM 	6 	0.656




 

After a pilot test, the experimenters tested the hypotheses of the current research. In terms of sampling techniques, nonprobability convenience sampling is a preferred sampling technique over probability sampling techniques. In the current research, students from a private higher education institution participated as respondents, and they were assigned to different tutorial groups. One of the groups had developed an MIS integrated when the experiment began. The non-probability convenience sampling technique is an ideal option for the current research experiment because its prerequisite sample size is not mandatory.

Aside from the sampling technique, the sample size is also vital for the validity, reliability, model fit, and statistical power in structural equation modeling (SEM) for the current research. Compared to covariance-based SEM (CB-SEM), partial least squared SEM (PLS-SEM) requires a smaller sample size. PLS-SEM only requires the “10 times” rule of thumb, which depends on the complexity of the research model, while CB-SEM requires at least 200 samples. Theoretically, PLS-SEM is more preferable over CB-SEM in this research as it focuses on the sample’s predictive power (Vukovi’c, 2024).

The constructs of the current research are solely reflective. In the meantime, the current research model comprises two construct types: (1) endogenous constructs and (2) exogenous constructs. In this context, the minimum sample size of the current research model is determined by the maximum arrowhead count that points to any latent variable in the path model of PLS. The minimum sample size for the current research model is the arrowhead count times 10, which is 50 samples, as the research framework of the current study has five arrowheads. The arrowhead count of the research framework is shown in Figure 14.

[image: Diagram showing a flow of concepts with labeled blue circles connected by arrows. The sequence is TK to TPK and TCK, converging into TPACK, and finally leading to SCE.]

FIGURE 14
 Arrowheads count of the research framework.


In the research experiment, 80 active undergraduate students enrolled in online classes participated as subjects. Due to their mode of class enrollment, they are well-suited to participate in the current research experiment. These participants were also enrolled in the same subject and taught by the same instructor. On top of that, none of the participants were told or informed about the integration of the proposed MIS. Its purpose is to ensure unbiased perceptions among the participants, thereby eliminating the possibility that the experiment’s results may be contaminated by unforeseen bias.

During research experiments, the 80 participants were divided into two groups: one group received instruction with the proposed MIS integration and the other group attended their online class without it. The experiment used an online platform to align with the core features developed in the proposed MIS. In the initial phase of the experiment, both groups took a pre-knowledge checking test. It is intended to examine the participants’ homogeneity of their prior understanding regarding the subject, as they were all at the same level. The test results were kept for the academic performance assessment of the participants in the later phase. The participants were asked to complete the test within 20 min via Google Forms. The participants attended online classes after completing and submitting the test. By the end of the semester, participants were given a post-knowledge checking test to assess their academic performance after the experiment period. The results of the test were compared with the pre-knowledge checking test results obtained at the beginning of the semester. The participants were requested to complete the test within 20 min via Google Forms. After completing the post-knowledge checking test, the participants were given a TPACK questionnaire, which assessed their teachers’ proficiency in the TPACK when conducting online lessons through virtual classrooms. Finally, the participants were given the SCEQ questionnaire to evaluate their SCE. The data acquired from the experiment were further analyzed.

In SEM, exogenous latent variables are independent variables and endogenous latent variables are dependent variables. PLS-SEM aims to develop exploratory theories or predict the purpose of research, focusing on maximizing endogenous constructs variance Hair et al. (2017). Hence, it is ideal for the current research as it involves predictions and theory development. In addition the reliability of the questionnaires in the current research, descriptive statistics regarding the respondents’ demographic data were also produced. To ensure the reliability, validity, and consistency of the TPACK-SCE framework, confirmatory factor analysis (CFA) and PLS-SEM using SmartPLS (v3.3.3) were implemented. On top of that, the formulated hypotheses were tested, and the structural framework of TPACK-SCE was estimated using PLS-SEM.

Regarding the validity measurement of the current research, the data collected from the distributed self-reported survey may be susceptible to common method bias, as the same respondent responded to both the dependent and independent constructs. Therefore, it is crucial to measure the reliability of the constructs. Since the constructs in the TPACK-SCE framework are reflective, examining internal consistency reliability is necessary when assessing the reflective measurement model. Cronbach’s alpha and composite reliability (CR) were used to evaluate the framework’s internal consistency reliability. Additionally, the measurement of convergent validity was applied, as it describes the degree to which the new scale aligns with other variables and measures of the same construct. The indicators’ outer loadings must be higher than 0.7, indicating statistical significance. The average variance extracted (AVE) values are higher than 0.5, showing sufficient convergent validity (Hair et al., 2017).

In addition to that, the measurement of discriminant validity is crucial in distinguishing between overlapping constructs that differ empirically from one another. The current research prefers the Heterotrait-Monotrait ratio of correlations (HTMT) because it offers a more stringent criterion with a higher detection rate and lower false-positive rate than Fornell and Larcker’s criterion (FLC) (Hair et al., 2017). In addition, HTMT also have a higher peculiarity and sensitivity rate up to 97–99%.

In terms of structural model estimation and assessment, the hypothesized relationships between constructs and the predictive capability of the TPACK-SCE framework were examined. The variance inflation factor (VIF) assesses the collinearity statistics of the structural model. Bootstrapping with 5,000 re-samples was used to investigate the significance of the path coefficient. It was intended to achieve path coefficient significance by fitting the recommended thresholds of 1.96 and 2.57 for a 5% and a 1% significance level, respectively (Hair et al., 2017). Regarding the predictive power of the TPACK-SCE framework, R2 explained the variance of the endogenous construct. The closer the value of R2 is to 1, the higher the accuracy of the framework prediction. Moreover, a formula: (R2 included –R2 excluded) / (1 – R2 included) was used to calculate the effect size f2. The effect sizes for enormous, medium, and minor effects are 0.35, 0.15, and 0.02, respectively (Lorah, 2018). In addition, Stone-Geisser’s Q2 was ideal for this research to assess predictive relevance as the TPACK-SCE framework is a reflective model (Hair et al., 2017). It can be evaluated through blindfolding. This technique involved omitting the data points of the endogenous construct’s items and removing the parameters using the remaining data points. If the Q2 value is greater than zero, it indicates that the endogenous construct has predictive relevance in the model. The Q2 values of 0.35, 0.15, and 0.02, respectively, represent substantial, medium, and small predictive relevance (Hair et al., 2017).




4 Results and discussion

The collected data were analyzed and presented accordingly. From a descriptive statistics perspective, the respondents’ demographic data were tabulated. It included 80 undergraduate students from a local private university who were enrolled in the same subject. These respondents were from two different tutorial sessions. Due to incomplete pre- and post-knowledge test submissions, two responses were removed. The tabulated data included the respondents’ gender, year of study and course major. Table 4 depicts the demographic distribution of the respondents.


TABLE 4 Demographic distributions of the respondents (n = 80).


	Category
	Sub-Category
	Frequency (n)
	Percentage (%)

 

 	Gender 	Male 	53 	66.3


 	Female 	27 	33.8


 	Year of study 	Year 1 	9 	11.3


 	Year 2 	41 	51.2


 	Year 3 	26 	32.5


 	Year 4 	4 	5.0


 	Course major 	Artificial intelligence 	22 	27.5


 	Bioinformatics 	1 	1.3


 	Business intelligence and analysis 	14 	17.5


 	Data communication and networking 	13 	16.3


 	Information technology and management 	2 	2.5


 	Security technology 	28 	35




 

Table 4 indicates that out of 80 respondents, 53 (66.3%) were male, more than half of the sample size. The female respondents were 27 (33.8%). Aside from that, most respondents were second-year students, accounting for 51.3%. The participants, as fourth-year students in this experiment, with only four of them, occupy 5%, which has the fewest respondents. In terms of the course major that respondents enrolled in, “Security Technology’ is the most enrolled course major with 28 respondents (35%).

Furthermore, regarding homogeneity for respondents’ groups, the respondents were assigned to two different tutorial sessions. The academic institution, which was treated as an uncontrollable factor in the current research experiment, assigned the tutorial sessions. Among the assigned tutorial sessions, the respondents from “1BV” were taught using the proposed MIS integration in the current research experiment, and the other group, “1AV,” without. To assess the homogeneity of the groups, a pre-knowledge checking test was administered to all respondents. Each respondent was required to answer 10 questions, totaling 15 marks. The collected data were analyzed using the SPSS 26 software through independent samples t-tests. Hence, Table 5 illustrates the group statistics result, and the independent t-test results of the pre-knowledge checking test are shown in Table 6.


TABLE 5 Group statistics.


	Source
	Group
	N
	Mean
	SD
	Std. error mean

 

 	Pre-knowledge score 	1AV 	33 	3.100 	2.071 	0.372


 	1BV 	47 	3.710 	2.301 	0.373




 


TABLE 6 Independent sample t-test.


	Source
	Equal variances assumption
	Levene’s test for equality of variance
	t-test for equality of means

 

 	 	 	F 	Sig. 	Sig. (two-tailed)


 	Pre-knowledge score 	Equal variances assumed 	0.006 	0.938 	0.232


 	Equal variances not assumed 	 	 	0.248




 

According to the group statistics results, the mean score of the pre-knowledge test of both groups is nearly identical, with a difference of 0.61. The difference between 1AV and 1BV was insignificant, with a p-value of Levene’s test for equality of variance of 0.938. Hence, 1AV and 1BV are homogenous with a p-value of 0.232 through a t-test for equality of means. The proof of homogeneity between 1AV and 1BV is vital, depicting that all participants have a similar level of understanding regarding the subject at the initial stage of the research experiment. Achieving homogeneity in both groups can ensure the comparison between the two groups is more viable.

In terms of CFA, the analysis was conducted using PLS-SEM path modeling, where all constructs in the framework were measured using SmartPLS. Initially, all latent variables must be connected without recursive arrows. Next, the outer loadings, AVE, and construct reliability were assessed using a factor weight scheme, as the PLS algorithm was implemented.

Furthermore, the indicator reliability of the reflective model was investigated. To assess it, outer loadings are essential, as they represent the estimated relationship between the indicators and their latent variable. Any latent variables that carried outer loadings values <0.7, which dissatisfied the threshold of outer loadings >0.708 (Hair et al., 2017), were removed. Thus, the assessed outer loadings of the research model, as shown in Supplementary Table 10, confirmed the estimated relationship between the indicators and their latent variable.

The study used Cronbach’s alpha to assess the internal consistency reliability of the current research reflective model. However, relying solely on Cronbach’s alpha is insufficient because it assumes that all indicators relate to the construct equally. The indicator count in the constructs could make the internal consistency reliability susceptible to underestimation (Hair et al., 2017). Therefore, when assessing reliability, CR is a more appropriate choice than Cronbach’s alpha, as it accounts for indicator loadings. On top of that, a CR value between 0.7 and 0.9 is considered adequate (Gefen et al., 2000). In Table 7, both Cronbach’s alpha and CR are presented, where the Cronbach’s alpha values for all constructs are nearly 1, and the CR values exceed 0.70. These values indicate that the framework’s constructs exhibit outstanding reliability.


TABLE 7 Cronbach’s alpha and CR.


	Code
	Cronbach’s alpha
	CR

 

 	SCE 	0.884 	0.916


 	TCK 	0.930 	0.955


 	TK 	0.946 	0.946


 	TPACK 	0.925 	0.952


 	TPK 	0,902 	0,939




 

Aside from internal consistency reliability, convergent validity is also essential to be assessed. Convergent validity also represents AVE. The value of AVE must be within the threshold, with a minimum of 0.50 for each construct Hair et al. (2017). According to the results in Table 8, the indicators of each construct in this research are related to the other indicators of the same construct.


TABLE 8 AVE.


	Code
	AVE

 

 	SCE 	0.685


 	TCK 	0.877


 	TK 	0.853


 	TPACK 	0.869


 	TPK 	0.837




 

Discriminant validity describes the measure of constructs that theoretically should be distinctive and not highly correlated with each other (Henseler et al., 2015). In the current research, the HTMT is implemented as an alternative with high detection and low arbitrary violation rates. The value of HTMT closer to 1 indicates a lack of discriminant validity. Most of the HTMT values in the current research meet the threshold requirement, which is <0.85, as shown in Table 9, representing sufficient distinguishability of the constructs from each other. The HTMT value threshold of 0.85 is considered the best, while 0.90 is considered acceptable (Gold et al., 2001). Table 9 presents the HTMT values for the current research.


TABLE 9 Heterotrait-monotrait (HTMT).


	Code
	SCE
	TCK
	TK
	TPACK
	TPK

 

 	SCE


 	TCK 	0.350 	 	 	 	


 	TK 	0.213 	0.801 	 	 	


 	TPACK 	0.365 	0.930 	0.788 	 	


 	TPK 	0.180 	0.877 	0.863 	0.788 	




 

As for the structural model assessment in the current research, it includes the predictiveness and relationships between constructs as the examined outcomes. First, the VIF is implemented to assess the collinearity. The threshold of the VIF is <5 to achieve low multicollinearity. The VIF values obtained in this research mainly fulfilled the VIF rule of five. These findings appear in Supplementary Table 14.


4.1 Hypotheses test

Bootstrapping with SmartPLS facilitated the estimation of path coefficients and t-values to test the research’s formulated hypotheses. The results are required to test the hypothesized relationships among the constructs. Table 10 shows the hypothesis test results.


TABLE 10 Hypotheses and summary of findings.


	Hypotheses
	Decision

 

 	H1 	TK is positively predicting TCK in the virtual classroom environment. 	Supported


 	H2 	TK is positively predicting TPK in the virtual classroom environment. 	Supported


 	H3 	TCK is positively predicting TPACK in the virtual classroom environment. 	Supported


 	H4 	TPK is positively predicting TPACK in the virtual classroom environment. 	Rejected


 	H5 	TPACK is positively predicting student course engagement in the virtual classroom environment. 	Supported




 

Based on the tabulated results, the hypotheses indicated a positive relationship between TK and TCK, as well as TK and TPK, with substantial significance levels of p ≈ 0.000 and p ≈ 0.000, respectively. TCK also has a positive relationship with TPACK, with the statistical significance p ≈ 0.000. Also, the relationship between TPACK and SCE is positive, with a statistical significance of p = 0.044. As a result, the research supports hypotheses H1, H2, H3, and H5. Table 11 presents a summary of the hypothesis findings.


TABLE 11 Result of hypotheses test.


	Hypotheses
	SD (STDEV)
	T-statistics (|O/STDEV|)
	P-values

 

 	[H1] TK - > TCK*** 	0.078 	9,480 	0.000


 	[H2] TK - > TPK*** 	0.048 	16.459 	0.000


 	[H3] TCK - > TPACK*** 	0.169 	4.773 	0.000


 	[H4] TPK - > TPACK 	0.212 	0.340 	0.734


 	[H5] TPACK - > SCE* 	0.165 	2.017 	0.044





*p < 0.05, **p < 0.01, ***p < 0.001.
 

Due to the relatively new nature of the teaching environment, technology plays a crucial role in modern education. From Table 10, H1 was supported as it explained the current virtual classroom teaching environment phenomenon. It reflected the importance of the teacher’s TK in utilizing the proposed MIS to present their teaching materials. The teacher had to possess sufficient knowledge in handling technology, including hardware and software, to display their teaching materials in the virtual classroom effectively. As indicated in Table 10, H1 demonstrated how the teachers’ proficiency in using the suggested MIS translated into their presentation of teaching materials in the virtual classroom (Tables 12, 13).


TABLE 12 Second step MICOM: compositional invariance.


	Code
	Original correlation
	Correlation permutation mean
	5.0%
	Permutation p-value

 

 	SCE 	0.974 	0.856 	0.429 	0.810


 	TCK 	1.000 	1.000 	0.999 	0.922


 	TK 	0.996 	0.997 	0.992 	0.261


 	TPACK 	1.000 	1.000 	0.999 	0.853


 	TPK 	1.000 	1.000 	0.999 	0.572




 


TABLE 13 Third step MICOM: equal mean results.


	Code
	Original difference
	Permutation mean difference
	2.5%
	97.5%
	Permutation p-value

 

 	SCE 	−0.373 	−0.002 	−0.437 	0.441 	0.079


 	TCK 	−0.173 	−0.005 	−0.440 	0.414 	0.424


 	TK 	−0.254 	0.002 	−0.446 	0.443 	0.277


 	TPACK 	−0.319 	−0.004 	−0.420 	0.440 	0.148


 	TPK 	−0.241 	−0.002 	−0.423 	0.421 	0.271




 

In addition, TK also reflected the proficiency of the teachers in terms of their teaching methods in the virtual classroom. The teaching methods in the virtual classroom included massive involvement of the technology, namely the proposed MIS developed in this research. The teacher’s understanding of the employment of the proposed MIS features in their teaching translated into their proficiency in TPK. As mentioned earlier in this research, most prior studies describe the essentials of the pedagogical aspect. In this research, the proposed MIS was used to assist the teachers’ teaching, in which technology positively influenced the teaching environment and methods. Therefore, the teachers’ TK is critical in determining the proficiency in integrating the proposed MIS into teaching in the virtual classroom environment. As mentioned earlier, the teaching and learning in the virtual classroom heavily rely on the technological perspective. Although the teachers could utilize and maximize the potential and capability of the proposed MIS, considering H1 and H2 alone were insufficient to explain the overall technology integration in the virtual classroom.

Despite the support for H1 and H2, teaching entails both presenting teaching materials and transferring knowledge between teachers and students. Therefore, examining the TCK and TPK alone did not provide a complete picture of the virtual classroom technology integration. Assessment of teachers’ TPACK elements was a necessity to determine their proficiency in utilizing technology in conducting online classes. The proposed MIS enhanced the presentation of teaching materials, or content-wise, from the TPACK-SCE framework perspective, which was supported. However, H4 was rejected because it suggested otherwise. Even though the classes were online, the teaching methods practiced were similar or identical to the physical class mode. It showed that the teachers were still in the early stages of adapting to the change in the teaching environment. The sudden transition in the teaching environment necessitated the reconstruction of the teaching plan within a short period, with limited insight, which may not have been feasible. The teachers were inexperienced in pre-planning their classes in the virtual classroom environment, particularly in integrating the proposed MIS developed in this research. Despite the difficulties the teachers faced while integrating the proposed MIS into their pedagogy, they presented their teaching materials using it. The proposed MIS, as a complementary tool for teachers in the virtual classroom, enhanced the presentation of the subject content. During the experiment with the integrated proposed MIS, teachers improved their TPACK proficiency in content presentation.

The teachers’ TPACK proficiency was considered in identifying its effect on the SCE. According to Table 10, the hypothesis was supported, indicating that the proposed MIS integration in the virtual classroom is an effective alternative medium that captures students’ interest in the subject. SCE in this research was not bound or limited to any specific forms. Thence, by investigating it as a whole, research showed that teachers’ improvement in teaching with technology was critical for ensuring the students were engaged and interested in the online class sessions.

Additionally, the data collected from distributed questionnaires for assessing teachers’ TPACK proficiency were gathered differently. Instead of evaluating from the teachers’ standpoint, the students’ perspectives were the primary focus of this research. It was relatively more reliable compared to the teachers’ self-assessment, mitigating possible biased input. Therefore, the support and rejection of the hypotheses were based on the students’ feedback, which is insightful for this research. As the students were participants in the experiment conducted in this research, the impact of integrating virtual classroom environment technology (proposed MIS) directly affected them.



4.2 Measurement of invariance of composite models

The measurement of invariance of composite (MICOM) results indicates an in-depth measurement invariance examination across participant groups: one with MIS integration in the virtual classroom and another group without. The MICOM findings ensure the constructs are measured equivalently across groups (Henseler et al., 2016). MICOM procedure involved: (1) configural invariance, (2) composite invariance, and (3) equality of composite mean values and variances. The current research is running MICOM in SmartPLS, and the configural invariance (Step 1) is automatically confirmed.

Proceeding to Step 2 involves the estimation of compositional invariance based on MICOM. It is tested using SmartPLS using a permutation test. The Step 2 result is shown in Table 12. The MICOM in SmartPLS uses permutation techniques; hence, the result presented is subtly different from the typical ones. On top of that, the permutation test is capable of controlling type I error (familywise error rate). The permutation test is adequate for the current research as its group-specific sample size difference is not huge (Hair et al., 2021). The results of the 1AV and 1BV groups are compared with the 5% quantile. The p-values of the permutation test should be larger than 0.05. It shows the correlation is not significantly lower than 1. The results shown in Table 12 fulfilled the criteria for which the compositional invariance is established.

Furthermore, the constructs’ quality of mean values and variance across groups is assessed to check whether full measurement invariance is achieved in the current research. In terms of the mean original difference, each of the constructs’ value should fall within the 95% confidence interval. The results were obtained via the comparison of the mean original difference to the lower and upper boundaries, which are 2.5 and 95%, respectively. Table 13 shows that the mean original difference results of the current research fall within the stated boundaries range, providing the initial evidence of invariance. Next, the composite variance results are shown in Table 14, where each of the constructs’ values should fall within the 95% confidence interval. The comparison of variance of the original difference between the two groups to the lower and upper boundaries is 2.5 and 95%, respectively. Therefore, the current research satisfied the requirement for full measurement invariance for each group based on the virtual classroom settings (with and without MIS integration).


TABLE 14 Third step MICOM: equal variance results.


	Code
	Original difference
	Permutation mean difference
	2.5%
	97.5%
	Permutation p-value

 

 	SCE 	0.388 	−0.045 	−0.800 	0.781 	0.562


 	TCK 	0.381 	−0.002 	−0.888 	0.810 	0.688


 	TK 	0.522 	−0.008 	−0.987 	0.989 	0.601


 	TPACK 	0.156 	−0.011 	−0.857 	0.789 	0.907


 	TPK 	0.143 	−0.011 	−0.781 	0.734 	0.886




 



4.3 Multi-group analysis

As measurement invariance is established, Multi-Group Analysis (MGA) is applied to examine the group comparisons. In Henseler’s MGA and permutation tests, a 5% significance level of p-value indicates a significant difference between groups in the specific path model (Henseler et al., 2016). The results of MGA are shown in Table 15. From the results, two out of five relationships were statistically different between Group 1AV (without MIS integration) and Group 1BV (with MIS integration). Two of the relationships are as follows: (1) relationships between TCK and TPACK and (2) relationships between TPK and TPACK. The p-value of these relationships is less than 0.05, which is 0.037 and 0.016, respectively.


TABLE 15 Permutation MGA results.


	Code
	Original (StudGroup_1)
	Original (StudGroup_2)
	Original difference
	Permutation mean difference
	2.5%
	97.5%
	Permutation p-value
	Significant difference

 

 	TCK - > TPACK 	0.283 	0.806 	−0.523 	0.005 	−0.457 	0.537 	0.037 	Significant


 	TK - > TCK 	0.755 	0.847 	−0.092 	−0.004 	−0.320 	0.272 	0.588 	Not significant


 	TK - > TPK 	0.821 	0.797 	0.023 	−0.001 	−0.218 	0.190 	0.867 	Not significant


 	TPACK - > SCE 	−0.326 	−0.201 	−0.124 	−0.006 	−0.526 	0.687 	0.426 	Not significant


 	TPK - > TPACK 	0.698 	0.047 	0.650 	0.001 	−0.595 	0.496 	0.016 	Significant




 

To gain more in-depth group-specific differences, bootstrap multigroup analysis is applied through SmartPLS. The MGA results are shown in Table 16, indicating that the path coefficients of the relationships between TCK and TPACK, and TPK and TPACK are significant, with a p-value of 0.030 and 0.013, respectively. In addition, the Welch-Satterhwaite test shows similar results in Table 17. In other words, these results suggest that the MIS integration in the virtual classroom environment places more emphasis on a teacher’s proficiency in using specific technology to enhance teaching and learning, enhancing content delivery by introducing new means for students to learn and engage.


TABLE 16 Bootstrap MGA results.


	Code
	Difference (StudGroup_1 - StudGroup_2)
	One-tailed (StudGroup_1 vs StudGroup_2) p-value
	Two-tailed (StudGroup_1 vs StudGroup_2) p-value
	Significant difference

 

 	TCK - > TPACK 	−0.523 	0.985 	0.030 	Significant


 	TK - > TCK 	−0.092 	0.623 	0.755 	Not significant


 	TK - > TPK 	0.023 	0.357 	0.714 	Not significant


 	TPACK - > SCE 	−0.124 	0.674 	0.652 	Not significant


 	TPK - > TPACK 	0.650 	0.007 	0.013 	Significant




 


TABLE 17 Welch-Satterthwaite test results.


	Code
	Difference (StudGroup_1 - StudGroup_2)
	t-value (|StudGroup_1 vs. StudGroup_2|)
	p-value (StudGroup_1 vs StudGroup_2)

 

 	TCK - > TPACK 	−0.523 	2.137 	0.038


 	TK - > TCK 	−0.092 	0.502 	0.619


 	TK - > TPK 	0.023 	0.214 	0.832


 	TPACK - > SCE 	−0.124 	0.415 	0.680


 	TPK - > TPACK 	0.650 	2.385 	0.021




 



4.4 Predictive accuracy, relevance, and effect size

In terms of predictive accuracy, the structural model was examined using R2, the coefficient of determination. The R2 values of the TCK and TPACK are 0.547 and 0.749, respectively, which indicate substantial predictor power (Cohen, 1988). However, the SCE has an R2 value of 0.111, indicating low predictor power. Since the TCK and TPACK show substantial predictor power, an R2 of SCE with at least 0.1 is acceptable (Ozili, 2022). Table 18 shows the R2 values. The f2 value was used to examine the effect size of the framework’s exogenous latent variables. It assesses the strength of the exogenous latent variable in explaining the endogenous latent variable. The classification of effect size strength is as follows: small (f2 = 0.02), medium (f2 = 0.15), and large (f2 = 0.35) (Lorah, 2018). Therefore, the formula’s value of f2 can be calculated as shown in Equation 1, and the f2 results are illustrated in Table 19.

f2=R21−R2      (1)


TABLE 18 R-square values.


	Code
	R-square

 

 	SCE 	0.111


 	TCK 	0.547


 	TPACK 	0.749




 


TABLE 19 F-square results.


	Code
	F-square

 

 	TCK- > TPACK 	0.914


 	TPACK- > SCE 	0.124




 

Thus, TCK substantially affects TPACK, with an f2 value of 0.914, which exceeds 0.35. Additionally, TPACK has a medium effect size on SCE, with an f2 value of 0.124, which is close to 0.15.

In addition, the Q2 values of the TCK, TPACK, and SCE are 0.475, 0.613, and 0.052, respectively, as shown in Table 20.


TABLE 20 Q-square results.


	Code
	Q-square

 

 	TCK 	0.475


 	TPACK 	0.613


 	SCE 	0.052




 

Statistically, considering the predictive accuracy of TPACK-SCE, TCK, and TPACK, all demonstrated significant predictive power, with R2 values of 0.56 and 0.748, respectively. Moreover, the TCK had a substantial effect on TPACK, with an f2 value of 1.011, which is above 0.35. Additionally, TPACK has a medium effect size on SCE, with an f2 value of 0.124, which is close to 0.15. Furthermore, the framework has high predictive relevance for TCK (Q2 = 0.486), TPACK (Q2 = 0.614), and SCE (Q2 = 0.052). Their academic improvement was examined through the difference in scores on pre- and post-knowledge checking tests. Although both groups of students were initially homogeneous, the students who participated in the online class with the proposed MIS integration in teaching scored better on the post-knowledge checking test. Through the paired-samples t-test conducted, the analysis results show that integrating the proposed MIS in teaching can significantly enhance their academic performance. The research thus fulfilled the objectives and answered the research questions.

Therefore, based on Chatelin et al.'s (2002) study, the predictive relevance is substantial if the Q2 is above 0 (Chatelin et al., 2002). Figure 15 illustrates the results of CFA and the structural framework assessment. Despite TK’s significant effect on TPACK, the TPK element was removed from the framework since it had no significant impact.

[image: Flowchart depicting relationships between different knowledge areas and student engagement. It shows Technological Knowledge (TK) leading to Technological Content Knowledge (TCK) and Technological Pedagogical Knowledge (TPK), which both contribute to Technological Pedagogical and Content Knowledge (TPACK). This leads to Student Course Engagement (SCE). Hypotheses (H1 to H5) are marked on each connection.]

FIGURE 15
 TPACK-SCE framework after measurement and structural analysis. *p < 0.05, **p < 0.01, ***p < 0.001. The line was removed due to the insignificant p-value.




4.5 Effect on teachers’ TPACK proficiency

The instructors had distributed a TPACK survey to the students by the end of the semester. The survey aimed to evaluate whether integrating the proposed MIS in the virtual classroom for online teaching would affect the teachers’ TPACK proficiency. Table 21 presents a comparison of the results between the 1AV and 1BV groups. It indicated that the effect of TCK on TPACK for Group 1AV was insignificant, with a p-value of 0.071. In contrast, the impact of TCK on TPACK for Group 1BV is statistically significant, with a p-value of approximately 0.000. In other words, the teachers from Group 1BV who conducted online classes to integrate the proposed MIS had higher proficiency in TPACK than Group 1AV because the proposed MIS assisted the teachers in terms of content representations in the virtual classroom.


TABLE 21 Comparison of path coefficient results for teachers’ proficiency in TPACK between two groups.


	Code
	Group
	SD (STDEV)
	T-statistics (|O/STDEV|)
	P-values

 

 	TCK - > TPACK 	1AV 	0.290 	1.806 	0.071


 	1BV 	0.158 	5.216 	0.000




 



4.6 Effect on student course engagement

An SCEQ survey was distributed to students at the end of the semester. The survey aimed to determine whether teachers’ proficiency would impact the SCE in TPACK when integrating the proposed MIS in the virtual classroom. Table 22 presents a comparison of the SCE results for the 1AV and 1BV groups. It depicted that the effect of TPACK on SCE for Group 1AV was insignificant, with a p-value of 0.301. In contrast, for Group 1BV, the effect of TPACK on SCE was statistically significant, with a p-value of 0.044. Hence, it showed that integrating the proposed MIS in the virtual classroom positively affected SCE.


TABLE 22 Comparison of path coefficient results for student course engagement between two groups.


	Code
	Group
	Standard deviation (STDEV)
	T-statistics (|O/STDEV|)
	P-values

 

 	TPACK - > SCE 	1AV 	0.212 	1.034 	0.301


 	1BV 	0.165 	2.017 	0.044




 



4.7 Effect on respondents’ academic performance

A post-knowledge checking test was distributed to the students at the end of the semester. The test is intended to evaluate whether integrating MIS into the virtual classroom would affect the students’ academic performance. All the respondents were required to complete the test. Table 23 presents the results of the students’ academic performance. The post-knowledge test mean score of 1AV is 3.806, whereas the 1BV’s mean score is 7.097. The difference in means score between 1AV and 1BV indicates a huge performance boost observed with the MIS integration in the virtual classroom environment. The paired-samples t-test results indicated that integrating the proposed MIS improved the students in Group 1BV academically. The paired-samples t-test’s p-value is statistically significant, with a value of approximately 0.000. The students from 1AV, who did not have the proposed MIS integrated into their virtual classroom lessons, did not show statistically significant academic improvement. The p-value for the paired-samples t-test result of 1AV is 0.088. Additionally, Table 24 presents the paired-sample t-test results comparing the pre-knowledge and post-knowledge check scores for 1AV and 1BV. The results indicate that 1BV (group with MIS integration) improved exceptionally, with Cohen’s d = 1.291, signifying a large effect size. Thus, the proposed MIS, used as a complementary teaching tool in the virtual classroom, positively influenced students’ academic performance.


TABLE 23 Paired-sample t-test for 1AV and 1BV.


	Source
	Group
	Mean
	SD
	Sig. (two-tailed)

 

 	Post-knowledge check 	1AV 	3.806 	2.239 	0.088


 	1BV 	7.097 	2.912 	0.000




 


TABLE 24 Paired-sample t-test results comparing pre-knowledge check and post-knowledge check scores of 1AV and 1BV.


	Group
	Pre-test
	Post-test
	Cohen’s d



	Mean
	SD
	Mean
	SD

 

 	1AV 	3.100 	2.071 	3.806 	2.239 	0.327


 	1BV 	3.710 	2.301 	7.097 	2.912 	1.291




 




5 Implication of study

The current research extends the existing studies of the TPACK framework by experimenting with and validating the involvement of SCE with the merging of SCEQ into the framework. Therefore, current research has enriched the literature by demonstrating that technology integration has a positive influence on SCE in the virtual classroom. Moreover, the findings of the current research contribute to the existing literature on technology integration and enhance students’ academic performance. Furthermore, this research also extends the study of TPACK by incorporating SCEQ, highlighting the different critical domains that are the focus in the virtual classroom. In addition, the study results from the students’ perspective indicated that teachers’ technological and content knowledge proficiency could enhance student academic performance. It also confirmed that the nature of education varies in different environments. The conventional beliefs and concepts in education, where pedagogy is the key, are not applicable in the virtual classroom environment. Additionally, teachers’ technology proficiency and content delivery quality carry a higher weight in the virtual classroom than pedagogy and mutual engagement.

In terms of practical implications for academic curriculum planners, teachers, and academic institutions, the results convey some valuable insights and a more in-depth understanding of technology integration in the virtual classroom from SCE and academic performance perspectives. People often perpetuate the misconception that the newest technology is always the best for academic institutions to stay on trend. Therefore, this research suggested that a dedicated technology with a low learning curve, serving specific functionalities, is preferred. This research helps curb the overwhelming technology selection issue and saves unnecessary time in adapting to unfamiliar technology. In terms of academic institutions that wish to preserve online classes as an alternative, current research can serve as fundamental technology integration in the virtual classroom for online classes. Additionally, current research suggests that online classes should focus on presenting the subject’s content. Based on the findings of the current research, teachers’ proficiency in TPACK—specifically in technological and content knowledge and its derived subdomains—was crucial for effective technology integration in the virtual classroom. With the help and support of dedicated technology, students can significantly enhance their academic performance. This research also shows that SCE is noticeable through teachers’ high proficiency in TPACK. Overall, the proposed MIS, as dedicated technology integration in the virtual classroom, enhances teachers’ proficiency in TPACK and technology integration, and improves students’ academic performance and SCE.



6 Limitations of study

In this research, several limitations are noticeable and require further consideration and assessment. First, one of the most significant limitations of this research is the small sample size of participants who participated in the experiment. Due to the sample size constraint, the results may not accurately represent the overall population, which could affect the validity of the results. Additionally, the experiment participants were all from the same university and faculty. Furthermore, this research experiment was conducted exclusively through the virtual classroom. Hence, the results and findings may not be representative of the online class phenomenon. Applying the same technology in the physical class does not directly reflect the results. Therefore, the direct application may not be feasible and raises doubts, as it is questionable from the aspects of the student’s academic performance, SCE, and the proficiency of technology integration, which is referred to in this context. Moreover, this research focused solely on the development of one dedicated technology to facilitate technology integration. Notably, the experiment of the current research was conducted in a non-random assignment manner with a single instructor, limiting the variations in results and possibilities. The survey instruments adopted in the current research were modified according to the current research requirements and needs; therefore, they might not be the perfect fit for all nations across the globe due to culture differences.



7 Future recommendation

Since the current research only involved experiment participants from the same university and faculty, having sets of participants from different demographic backgrounds can enhance the experiment results and produce different outcomes, providing more valuable insights. Hence, a larger sample of participants with varied demographic backgrounds is recommended to provide results and findings with greater accuracy and a smaller margin of error. Consequently, future research has to be more versatile when experimenting. Thus, the results will be more precise in addressing the core of technology integration in education, providing better insights and explanations about the relationship between technology integration and SCE. In addition, future studies can be more feasible for developing various techniques of different natures. On top of that, considering additional constructs and factors that would likely contribute to enhancing the explanatory power and the strength of the relationships related to SCE. It helps provide a more in-depth explanation of the low SCE R2 by comparing results side by side. Therefore, the gathered results and findings can be valuable for future educational technology development. In addition, the current research findings are geographically restricted to Malaysian educational institutions. However, the experiment conducted in this research only involved a virtual classroom environment. Neighboring countries such as Thailand and Indonesia might find this research feasible for their virtual lessons’ implementation and practicability.



8 Conclusion

The research study examined the proficiency of technology integration in the virtual classroom for higher education by introducing a proposed MIS in online teaching as a complementary tool. Additionally, the research examined teachers’ proficiency in integrating technology into their teaching by introducing the TPACK-SCE framework, which builds upon the adoption of the TPACK framework and SCEQ. The framework addresses three significant issues: the lack of SCE in the virtual classroom, the ineffectiveness of technology integrated into pedagogy and low teacher self-proficiency in technology because of the steep learning curve. According to prior studies, the teachers were mainly more proficient and confident in the related pedagogical elements of the TPACK framework. Those might be the case for teaching in the physical classroom environment. This research suggested otherwise, where content-related elements are more vital in online classes conducted in virtual classrooms. Moreover, teachers often felt confused about selecting a more suitable choice of education technology, given the freedom to choose. Therefore, there was only one option of technology integrated into this research to mitigate the chance of inappropriately integrating technology into teaching. Furthermore, the findings of this research indicated that the proposed MIS could improve SCE. The predictive accuracy, relevance and effect size results of TPACK-SCE demonstrated that enhancing teachers’ proficiency in TCK has a notable impact on their TPACK proficiency. The TCK and TPACK proficiency also affect the SCE. In other words, teachers’ TCK proficiency could raise their TPACK proficiency and SCE. However, for the student’s academic performance, it has a very significant effect on improving it. All in all, this research provides fresh insights into the possibility of enhancing engagement in the virtual classroom and teachers’ proficiency in integrating dedicated technology into their teaching.
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