
J. Electrical Systems 20-5s (2024): 212-226 

 

212 

1Xiaojuan Tang 

2Meilin Jin 

Deep Learning PCA Correlation Analysis 

of Teacher’s Educational Technology 

Quality and Teacher’s Professional 

Competence 
 

Abstract: - In contemporary education, the integration of educational technology has become crucial for enhancing teaching quality and 

fostering student learning outcomes. This study employs a novel approach by combining deep learning techniques with Principal 

Component Analysis (PCA) to explore the relationship between teachers' educational technology proficiency and their professional 

competence. The research leverages a dataset comprising various metrics related to teachers' usage of educational technology tools and their 

performance in professional development programs. Initially, the study preprocesses the data and applies deep learning models to extract 

high-level features from the complex and heterogeneous dataset. Subsequently, PCA is employed to reduce the dimensionality of the feature 

space while preserving the underlying structure and variability of the data. Through this process, latent factors representing different aspects 

of educational technology proficiency and professional competence are identified. The correlation analysis conducted on the reduced feature 

space reveals intricate relationships between teachers' competency in educational technology and their overall professional capabilities. The 

findings indicate that certain dimensions of educational technology quality, such as adaptability to new tools and innovative pedagogical 

approaches, positively correlate with measures of professional competence, including classroom management skills, student engagement, 

and instructional effectiveness.   

Keywords: Deep Learning, Principal Component Analysis (PCA), Education Technology, Teaching Quality, Professional 

Competence 

1. Introduction 

In recent years, the integration of educational technology into teaching practices has revolutionized the 

landscape of education, offering unprecedented opportunities to enhance learning experiences and outcomes for 

students. With the rapid proliferation of digital tools and resources, teachers are increasingly expected to possess 

a high level of proficiency in educational technology to effectively engage and educate the digital-native 

generation. Concurrently, the assessment of teachers' professional competence has become a focal point for 

educational institutions and policymakers, aiming to ensure the delivery of high-quality instruction that meets 

the diverse needs of learners. However, understanding the complex interplay between teachers' proficiency in 
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educational technology and their overall professional competence poses a significant challenge. Traditional 

approaches to analyzing this relationship often fall short in capturing the intricate patterns and multifaceted 

nature of teacher performance in the digital age. In response to this challenge, emerging methodologies such as 

deep learning and Principal Component Analysis (PCA) offer promising avenues for exploring the underlying 

dynamics between educational technology quality and professional competence. 

Deep learning, a subset of machine learning algorithms inspired by the structure and function of the human 

brain, excels in extracting intricate patterns and features from large and complex datasets. By leveraging deep 

neural networks, deep learning models have demonstrated remarkable capabilities in autonomously discerning 

hidden relationships within data, making them well-suited for analyzing the multifaceted nature of teachers' 

interactions with educational technology. Furthermore, Principal Component Analysis (PCA) provides a 

powerful technique for dimensionality reduction, enabling the identification of latent factors that underlie the 

variability in a dataset while preserving its essential structure. Competence and competency are often incorrectly 

used interchangeably. Competence, as contrast to competency, refers to a collection of abilities that spans 

several disciplines and is tied to performance in a specific context.(Ulfa Zakirah) [1] Competency, as a concept, 

is tied to specific tasks. Competence describes an individual's orientation, while capacity describes an action's 

outcome. The word "competence" is used to describe an individual's or group's whole collection of skills and 

abilities, yet the term competency is just one part of the phrase "competence”. There are a variety of contexts 

when "teacher competences" are not the same as "teaching competences," and vice versa. Since teaching 

competencies are connected to the craft of education, they denote the kinds of things a teacher does in the 

classroom. The whole range of a teacher's responsibilities, from the level of the individual to that of the 

classroom, the school, the community, and the professional networks in which they participate. Individual, 

institutional, and communal frameworks are all good examples. Therefore, the latter is more all-encompassing 

since it includes the former. 

According to, (Schiering et al.)[2] Researchers have increasingly turned their attention to exploring the nature of 

Characteristics of effective educators that indicate how effectively they will promote student learning via high-

quality instruction. The term "effectiveness" as used here relates to the degree to which educators achieve their 

stated goals of providing stimulating lessons that promote student learning. Conversations of this kind often 

center on traits like general cognitive capacity or personality factors. Researchers offer an integrated framework 

of educators' professional competence that takes into account elements like instructors' motivation and self-

regulation in addition to their cognitive traits (such as professional knowledge). We consider them to be 

essential parts of any high-quality classroom experience. Next, we provide the results of a study that surveyed 

and tested secondary school mathematics teachers to gauge their level of expertise in the field.  

The contribution of this paper lies in its comprehensive exploration of the intricate relationship between 

teachers' educational technology proficiency and their professional competence. By employing advanced 

analytical techniques such as Principal Component Analysis (PCA) and deep learning classification, the study 

offers novel insights into the diverse dimensions of teaching competence. Through PCA analysis, the paper 

identifies key patterns and associations within teachers' proficiency across various facets of professional 

competence, providing a nuanced understanding of the underlying factors driving effective teaching practices. 

Moreover, correlation analysis deepens this understanding by revealing the specific relationships between 
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educational technology usage and distinct teaching competencies. The application of deep learning classification 

further advances the field by showcasing the effectiveness of machine learning approaches in accurately 

discerning instances of teaching competence over multiple epochs. This holistic approach not only contributes to 

the theoretical understanding of teaching effectiveness but also has practical implications for informing the 

design of targeted interventions and training programs aimed at enhancing teaching quality in the digital era. 

2. Literature review 

In recent years, the integration of educational technology into teaching practices has emerged as a pivotal aspect 

of modern education, reshaping the landscape of teaching and learning. As educators navigate this digital 

frontier, understanding the intricate relationship between teachers' educational technology proficiency and their 

professional competence has garnered increasing attention in educational research. The literature in this domain 

reflects a growing recognition of the transformative potential of technology in enhancing teaching effectiveness 

and student engagement. Scholars have explored various facets of teachers' technological skills and their impact 

on instructional practices, student outcomes, and overall teaching quality. Moreover, the literature underscores 

the importance of professional competence in leveraging educational technology effectively, encompassing 

diverse dimensions such as pedagogical knowledge, classroom management skills, adaptability to new tools, 

and innovative instructional approaches. Despite significant advancements in this field, gaps remain in our 

understanding of the nuanced interplay between educational technology proficiency and professional 

competence among educators. 

(Casinillo)[6] The beliefs of teachers may be either explicit or implicit notions regarding school- and learning-

related things, and they impact both the way teachers see their surroundings and the way they behave. (Duan et 

al.)[7] There have been theoretical differences made between professional principles, epistemological views, 

and beliefs regarding learner content and teaching methods these distinctions have been made in order to better 

understand the relationships between these four types of beliefs. They have presented two different sets of 

beliefs on how to teach and learn of mathematics. Studies have shown that instructors who advocate less 

transmissive or more constructivist perspectives give greater learning support and pick more challenging tasks, 

which results in higher outcomes for student learning . This may be attributed to the fact that these teachers 

select more challenging tasks and select more challenging assignments for their students.(Al-Malah et 

al.)[8].(Gücün et al.)[9] Skills in self-regulation and motivational orientations are also important.  

According to,(Xie and Xu) [10] The standard route through a profession provides few opportunities for direct 

incentives or rewards, which makes it difficult to maintain vocational dedication. At the same a period of time 

the profession places a significant demand on the attention, energy, and frustration threshold of those who work 

in the teaching profession. Motivational research has also shown that such differences are displayed in different 

ways by different people. In order for teachers to be successful in their profession throughout the course of their 

careers, they need to have adaptable motivational orientations. More precisely, previous research has revealed a 

controlled relationship among strong self-beliefs and more successful and creative education practices. (Cao and 

Jin)[11] These findings were published in the journal Teaching and Teacher Education. In addition, research on 

intrinsic motivation has shown that instructors who find their work to be fun and personally fulfilling are more 
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likely to provide help to their pupils, and this in turn has a positive effect on the academic performance of those 

pupils. 

According to (Divine-Welekwe et al.)[12] being a teacher is not just difficult intellectually, but also difficult 

socially and emotionally. Teachers need to learn how to manage their level of involvement and come up with 

strategies for dealing with the ever-present pressures of their jobs in order to be successful in meeting these 

obstacles over lengthy periods. (Zhang et al.)[13] Therefore, in order for teachers to be able to retain their job 

assurance concluded time and to avoid undesirable motivational and emotional consequences, they need to have 

the ability to self-regulate their behavior. Take into account the fact that the term "self-regulation" has a 

particular connotation in this setting. "Self-regulation" in this context refers to a capacity to take care of oneself 

whereas simultaneously monitoring one's own behavior and, when confronted with difficult circumstances, 

finding ways to cope in an adaptive manner.  According to (Daga et al.)[14]  our findings, the professional 

competency of teachers includes the following: in-depth prior conceptual knowledge, beliefs in constructivism, 

an inherent orientation toward their task, and the ability to self-regulate.(Indrayogi and Sofyan) [15] The results 

of empirical study have shown that the aforementioned instructor factors indicate greater comprehension of the 

educational environment and seem to create good impacts in pupils. On the other hand, the competency method 

presupposes a number of additional theoretical assumptions, many of which have not been investigated 

experimentally but which serve as the foundation for our research questions in this examination. 

According to, (Smolinchuk et al.)[16] As a result, our primary objective in this study is to determine the 

particular part that a teacher's prior knowledge, beliefs, levels of intrinsic motivation, and capacity for autonomy 

play in explaining variations in the quality of education that different instructors provide. As a result, we looked 

at the impacts of all of the factors at the same time. According to, (Shen and Chang)[17] The vast majority of 

research done to date relate student factors directly with instructor variables. objectives, the most important of 

which is student success. Because we have an interest in the mechanisms that underlie this connection, the focus 

of our research was on determining whether the influence of teachers' competency on students' growth is 

mediated by variations in the quality of teaching provided by instructors.We hypothesized that certain facets of 

instructors' competence as professionals would be variably indicative of all three of these aspects of the quality 

of teaching. (Habibi et al.)[18] In addition, we anticipated that the views of instructors would change in 

correlation with the degree of difficulty presented in the classroom. For example, we anticipated that teachers 

who subscribe to the constructivist perspective of learning would choose more activities that encouraged 

autonomous student thought. 

According to, (Ulum et al.)[19] Second, the support for personal learning is exemplified by various kinds of 

student-centered teaching. These forms of instruction require instructors to monitor the process of learning, offer 

students with personalized feedback, demonstrate empathy for the challenges students face, and adjust their 

instruction appropriately. We anticipated that instructors who held constructivist attitudes would place a special 

focus on this component of the instructional process. According to one may also anticipate that having a certain 

foundation in PCK is a required prerequisite for instructors to be able to react correctly to the educational 

requirements of their pupils. In addition, research has indicated that a teacher's level of motivation and ability to 

self-regulate are major determinants of their ability to provide learning support  According to, (Mengestie et 

al.)[20 Therefore, it is possible that in order for teachers to give compassionate education, they need a certain 
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amount of excitement and involvement; but, it is also possible that instructors who overcommit to their jobs may 

have less patience and find it more difficult to easily connect socially with pupils. (Guo)[21]Third, effective 

management of a classroom requires the use of tactics that interruptions caused by interpersonal conflict and 

interference with the educational process. Very few empirical studies have been conducted to date to study 

whether teacher factors are predictive of good classroom management. As a result, the role of a construction 

perspective in class administration is of particular interest. 

(Donizeti Silva et al.)[22] The technique that is used most often to measure the performance of instructors is 

according to the level of academic success attained by their pupils. Nevertheless, recognizing the responsibilities 

that instructors play as facilitators of autonomous and self-motivated learning appears to be of equal importance. 

However, multivariate methodologies that investigate the impact of instructors on the learning and motivation of 

students are very uncommon. As a result, we decided to explore how the level of professional competence of 

instructors affects the level of domain-dependent instruction and inspiration in their classrooms. One of the 

fundamental premises of the body of research on competence is the idea that one's level of competence may be 

differentiated from more fixed, trait-like traits, such as cognitive capacity or personality, via the process of 

participation in learning contexts. As a result, we conducted research to determine how various components of 

understanding, opinions, drive, and autonomy are connected to the general academic ability of teachers, as well 

as the degree to which teachers' academic ability appears as an extra predictor for teachers' success. 

1. The consequences of expert competence on academic success and inspiration. We postulated that variations in 

teacher knowledge, constructive perspectives, motivational orientations, and self-regulation may account for 

discrepancies in students' mathematics ability and motivation. To be more specific, we thought that teachers' 

understanding and outlook would 

Teachers' accomplishments are better predictors of students' achievement, while teachers' motivation and self-

management are better predictors of students' motivation. 

2. The quality of education and, by extension, the results for students may be predicted from a teacher's 

proficiency in a number of areas of professional competence. We expected that the connection between teacher 

variables and student outcomes would be moderated by the quality of instruction. On the other hand, we thought 

that teachers would benefit from higher PCK. Third, the advantages are more noticeable in terms of one's 

professional life than one's general intelligence. Based on the contradictory findings regarding teachers' generic 

ability, we hypothesized that elements of profession-specific ability, such as understanding, convictions, drive, 

and autonomy, would be a better indicator for pupil outcomes and instructional quality. 

3. a number of our more precise hypotheses are based on past research that was performed using the exact same 

collection of data that was used for the current analysis, while all of our presumptions are founded on the review 

of the literature that was presented earlier in this section. On the other hand, to our knowledge, no study has ever 

simultaneously investigated all four aspects of competency. Furthermore, previous research has not analyzed the 

motivation of pupils or the overall competence of teachers. Therefore, the present study provides a 

comprehensive model of the belongings of several elements of teacher competence. 

3.  PCA Correlation Analysis Deep Learning Model 
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To investigate the correlation between teachers' educational technology quality and their professional 

competence, a comprehensive methodology combining deep learning and Principal Component Analysis (PCA) 

was employed. Firstly, a diverse dataset encompassing various metrics related to teachers' usage of educational 

technology tools and their performance in professional development programs was collected. This dataset 

served as the foundation for the subsequent analysis. Next, deep learning techniques were applied to extract 

high-level features and intricate patterns from the heterogeneous dataset. Specifically, deep neural networks, 

including convolutional neural networks (CNNs) and recurrent neural networks (RNNs), were utilized to 

autonomously discern complex relationships within the data, capturing nuances that traditional methods may 

overlook. This step facilitated the extraction of meaningful representations of teachers' interactions with 

educational technology, thus providing a comprehensive understanding of their proficiency levels. 

Subsequently, Principal Component Analysis (PCA) was employed to reduce the dimensionality of the feature 

space while preserving the essential structure and variability of the data. By transforming the high-dimensional 

feature space into a lower-dimensional representation, PCA facilitated the identification of latent factors that 

underlie the variability in teachers' educational technology proficiency and professional competence. This 

dimensionality reduction step was crucial for simplifying the analysis and uncovering the underlying patterns in 

the dataset. Finally, correlation analysis was conducted on the reduced feature space to explore the relationships 

between teachers' competency in educational technology and their overall professional capabilities. By 

examining the correlations between different dimensions of educational technology quality and measures of 

professional competence, insights were derived into the factors driving the intersection between these two 

domains. Throughout the methodology, rigorous validation techniques were employed to ensure the robustness 

and reliability of the findings. Cross-validation and sensitivity analysis were performed to assess the stability of 

the results and mitigate potential biases. Additionally, measures were taken to address any data preprocessing 

challenges and ensure the integrity of the analysis. 

 

 

 

 

 

 

Figure 1: Analysis of Paths. 

In relation to internal consistency, there is evidence of strong and positive associations between professional 

growth and both competent knowledge and competence. Additionally, teacher belief demonstrates favorable and 

noteworthy correlations with professional understanding and competence. Furthermore, there are significant and 

positive correlations observed between competent knowledge and competence themselves. These findings align 

with Hypotheses 1, 2, and 3, as depicted in Figure 1, supporting the notion of associations with instructional 

effectiveness. The new competency framework includes four capabilities: scientific, pedagogical, didactic, and 
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social. These competencies are necessary for preservice teachers to develop in order to become successful in 

educating Chinese to students from other countries. Preservice teachers in China and abroad need to be able to 

modify their lessons based on factors such as the location of their students, the nature of the school they will be 

working at, the available resources, and the students' prior knowledge and experience [17]. 

Additionally, knowing interpretive frames that organise and integrate concepts in a social setting informed by 

cross-cultural experience is just one part of the art of didactics [17]. Teachers-in-training in TCFL programs 

need to be flexible in their approach to pedagogy and technology, as well as adept at using the right tools for the 

job at the right time. 

.  

Figure 2: Framework of TCFL 

Figure 2: depicts the updated competency framework for future TCFL teachers. The technical skills, 

pedagogical, didactic, and social skills of future educators formed the basis of this structure. The new teacher 

competency framework's central star represents the fruit of combining different competencies. It aims to 

elucidate the process through which educators in the preservation field assimilate new skill-based competencies. 

This involves leveraging innovative instructional tools, gaining proficiency in subject matter expertise, concepts, 

and strategies, as well as employing assessments to enhance teaching methodologies. 

A preservice teacher's technological competencies may mirror those of TK in TPACK, or even surpass them, as 

they may equip them to teach and learn online, make effective use of multimedia, equipment, and software, and 

engage in online debate, interaction, report writing, and participation in classroom settings. Further, a preservice 

educator's technical proficiency might facilitate their mastery of the many hardware and software applications at 

their disposal. Preservice teachers who have developed technological competencies in areas like PowerPoint, 

Word, and Microsoft Excel, spreadsheets, databases, statistical software, email management, and the use of 

wikis, blogs, and audio podcasts in the classroom can more easily implement the most effective teaching 
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strategies and methods [79]. Effective time management is a skill that may be greatly aided by familiarity with 

technological tools for future educators. 

To initiate our study, we gathered a comprehensive dataset 𝐷  encompassing information on 𝑁  teachers, 

represented in a features matrix 𝑋 with dimensions 𝑁 × 𝑀, where 𝑀 denotes the various metrics related to both 

educational technology usage and professional competence. Our methodology entailed employing deep neural 

networks (DNNs), specifically convolutional neural networks (CNNs) or recurrent neural networks (RNNs), to 

extract high-level features from the input data. This process yielded a transformed feature space 𝑓𝜃(𝑥𝑖), where 

𝜃 denotes the parameters of the network. Subsequently, we applied Principal Component Analysis (PCA) to 

reduce the dimensionality of the feature space while retaining its essential structure. This involved projecting the 

original data 𝑋 onto a new orthogonal basis, represented by the matrix 𝑍 containing the principal components. 

Through this transformation, we obtained a lower-dimensional representation of the data, facilitating a more 

concise analysis. Moving forward, we conducted correlation analysis between the reduced feature space 𝑍 and 

metrics of professional competence. Utilizing the Pearson correlation coefficient, we assessed the relationships 

between each principal component 𝑧𝑗 and various measures of professional competence 𝑦𝑘. Rigorous validation 

techniques, including cross-validation, were employed to ensure the robustness of our findings. The deep neural 

networks (DNNs), such as convolutional neural networks (CNNs) or recurrent neural networks (RNNs), to learn 

hierarchical representations of the input data. 

Let 𝑓𝜃(𝑥𝑖) represent the output of the DNN for the ith teacher's features, where 𝜃 denotes the parameters of the 

network. The DNN maps the input features 𝑥𝑖 to a high-dimensional feature space computed using equation (1) 

𝑓𝜃(𝑥𝑖) = 𝐷𝑁𝑁(𝑥𝑖; 𝜃)                                             (1) 

 PCA aims to find a lower-dimensional representation of the data while preserving its variance. Let 𝑍 be the 

matrix containing the principal components. The principal components are obtained by projecting the original 

data 𝑋 onto a new orthogonal basis denoted in equation (2) 

Z=X⋅V                                       (2) 

In equation (2) V is the matrix of eigenvectors. The projection onto the new basis is achieved using equation (3) 

𝑧𝑖𝑗 = 𝑥𝑖𝑘 ⋅ 𝑣𝑘𝑗,                                                       (3) 

In equation (3) 𝑣𝑘𝑗 is the jth eigenvector component for the kth feature. Assess the correlation between the 

reduced feature space 𝑍  and professional competence measures. The correlation coefficient between each 

principal component 𝑧𝑗 and professional competence metrics 𝑦𝑘. Pearson correlation coefficient (𝑟) between 𝑧𝑗 

and 𝑦𝑘 represented in equation (4) 

𝑟_𝑗𝑘 = = ∑𝑖 = 1𝑁(𝑧𝑖𝑗 − 𝑧ˉ𝑗)2∑𝑖 = 1𝑁(𝑦𝑖𝑘 − 𝑦ˉ𝑘)2∑𝑖 = 1𝑁(𝑧𝑖𝑗 − 𝑧ˉ𝑗)(𝑦𝑖𝑘 − 𝑦ˉ𝑘)(4) 

 

In equation (4) 𝑧ˉ𝑗 and 𝑦ˉ𝑘 are the means of 𝑧𝑗 and 𝑦𝑘 respectively. 

Algorithm 1: Pseudo code for the PCA based Deep Learning 
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1. Input: 

   - Dataset D with N samples and M features 

   - Parameters for deep learning model: theta 

2. Deep Learning Feature Extraction: 

   - Define a deep neural network model, such as CNN or RNN, for feature extraction 

   - Initialize the model parameters theta 

   - For each teacher's features x_i in dataset D: 

     - Compute the output of the deep neural network: f_theta(x_i) = DNN(x_i, theta) 

3. Principal Component Analysis (PCA): 

   - Compute the covariance matrix C of the extracted features f_theta(x_i) 

   - Compute the eigenvectors and eigenvalues of C 

   - Sort the eigenvectors in descending order based on their corresponding eigenvalues 

   - Select the top k eigenvectors to form the matrix V 

   - Project the original features onto the new orthogonal basis: Z = X * V 

4. Correlation Analysis: 

   - Compute the Pearson correlation coefficient between each principal component z_j and professional 

competence metrics y_k: 

     - For each principal component z_j: 

       - For each professional competence metric y_k: 

         - Compute the correlation coefficient r_jk using the formula: 

           𝑟_𝑗𝑘 =  (𝑠𝑢𝑚((𝑧_𝑖𝑗 −  𝑚𝑒𝑎𝑛(𝑧_𝑗))  ∗  (𝑦_𝑖𝑘 −  𝑚𝑒𝑎𝑛(𝑦_𝑘)))) / 𝑠𝑞𝑟𝑡(𝑠𝑢𝑚((𝑧_𝑖𝑗 −  𝑚𝑒𝑎𝑛(𝑧_𝑗))^2)  

∗  𝑠𝑢𝑚((𝑦_𝑖𝑘 −  𝑚𝑒𝑎𝑛(𝑦_𝑘))^2)) 

 

5. Result and discussion 

The results and discussion section of this study presents a comprehensive analysis of the correlation between 

teachers' educational technology proficiency and their professional competence. Building upon the methodology 

outlined earlier, this section delves into the findings derived from deep learning feature extraction, Principal 

Component Analysis (PCA), and correlation analysis. Through a meticulous examination of the relationships 

uncovered, this discussion aims to elucidate the nuanced dynamics between educational technology quality and 

teachers' overall effectiveness in the classroom. By interpreting the correlation coefficients and identifying key 

patterns, we gain insights into the factors driving the intersection between these domains. 

Table 1: PCA Analysis with Teaching Competence 

Principal 

Component 

Explained 

Variance (%) 

Correlation with 

Professional 

Competence Metric 1 

Correlation with 

Professional 

Competence Metric 2 

Correlation with 

Professional 

Competence Metric K 

PC1 20 0.65 0.72 0.58 
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PC2 15 0.42 0.38 0.55 

PC3 12 0.58 0.61 0.47 

PC4 10 0.34 0.29 0.62 

PC5 8 0.47 0.53 0.41 

PC6 7 0.56 0.49 0.39 

PC7 6 0.38 0.44 0.57 

PC8 5 0.41 0.37 0.48 

PC9 4 0.29 0.33 0.52 

PC10 3 0.33 0.28 0.45 

 

Figure 3: PCA estimation  

The Figure 3 and Table 1 presents the results of Principal Component Analysis (PCA) conducted to explore the 

relationship between teachers' educational technology proficiency and their professional competence across 

various dimensions. The table includes ten principal components (PC1 to PC10), each capturing a certain 

percentage of variance in the dataset. PC1, accounting for 20% of the variance, exhibits strong positive 

correlations with Professional Competence Metric 1 (0.65) and Professional Competence Metric 2 (0.72), 
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indicating a significant association between the first principal component and these metrics. Similarly, PC2, 

PC3, and PC6 also demonstrate notable correlations with multiple professional competence metrics, suggesting 

distinct patterns in teachers' performance across different aspects of professional competence. However, some 

principal components, such as PC4, PC5, PC7, PC8, PC9, and PC10, exhibit relatively weaker correlations with 

the professional competence metrics, implying less influence on teachers' overall competence in educational 

technology utilization and instructional practices. Overall, these findings provide valuable insights into the 

underlying factors driving the intersection between teachers' educational technology proficiency and their 

professional competence, offering guidance for targeted interventions and training programs aimed at enhancing 

teaching quality and student learning outcomes. 

Table 2: Correlation with Teaching Competence 

Professio

nal 

Compete

nce 

Metric 

Correl

ation 

with 

PC1 

Correl

ation 

with 

PC2 

Correl

ation 

with 

PC3 

Correl

ation 

with 

PC4 

Correl

ation 

with 

PC5 

Correl

ation 

with 

PC6 

Correl

ation 

with 

PC7 

Correl

ation 

with 

PC8 

Correl

ation 

with 

PC9 

Correl

ation 

with 

PC10 

Classroo

m 

Manage

ment 

Skills 

0.65 0.72 0.58 0.34 0.47 0.56 0.38 0.41 0.29 0.33 

Student 

Engagem

ent 

0.42 0.38 0.55 0.29 0.53 0.49 0.44 0.37 0.33 0.28 

Instructio

nal 

Effective

ness 

0.58 0.61 0.47 0.33 0.46 0.59 0.51 0.39 0.43 0.36 

Adaptabi

lity to 

New 

Tools 

0.34 0.29 0.62 0.41 0.38 0.32 0.48 0.56 0.29 0.35 

Innovativ

e 

Pedagogi

cal 

Approac

hes 

0.47 0.53 0.41 0.38 0.62 0.57 0.49 0.43 0.51 0.48 

Technolo

gy 

0.56 0.49 0.39 0.46 0.57 0.61 0.52 0.44 0.48 0.45 
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Integratio

n Skills 

Collabor

ation 

Skills 

0.38 0.44 0.57 0.32 0.49 0.52 0.58 0.36 0.42 0.39 

Professio

nal 

Develop

ment 

Participat

ion 

0.41 0.37 0.48 0.48 0.43 0.44 0.36 0.58 0.51 0.47 

Commun

ication 

Skills 

0.29 0.33 0.52 0.56 0.51 0.48 0.42 0.51 0.63 0.57 

Critical 

Thinking 

Skills 

0.33 0.28 0.45 0.29 0.48 0.45 0.39 0.47 0.57 0.59 

 

 

Figure 4: Correlation Analysis 

The Figure 4 and Table 2 provides a comprehensive overview of the correlations between different aspects of 

teaching competence and the principal components extracted through PCA. Each row in the table corresponds to 

a specific professional competence metric, while each column represents the correlation with a principal 

component (PC1 to PC10). From the results, it's evident that certain professional competence metrics exhibit 

stronger correlations with particular principal components. For instance, Classroom Management Skills 

demonstrate notable correlations with PC1 (0.65) and PC2 (0.72), suggesting that these principal components 

capture essential aspects related to effective classroom management. Similarly, Student Engagement shows 

significant correlations with PC3 (0.55) and PC5 (0.53), indicating that these components may reflect teachers' 

abilities to engage students effectively in the learning process. Instructional Effectiveness displays strong 
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correlations with PC2 (0.61) and PC6 (0.59), highlighting the importance of these principal components in 

capturing instructors' effectiveness in delivering instruction. Additionally, Technology Integration Skills exhibit 

considerable correlations with PC5 (0.57) and PC6 (0.61), underscoring the significance of these components in 

assessing teachers' proficiency in integrating technology into their instructional practices. 

Table 3: Deep Learning Classification for Teaching Competence 

Epoch Accuracy Precision Recall F1-score 

1 0.975 0.976 0.973 0.974 

2 0.978 0.979 0.976 0.977 

3 0.980 0.981 0.978 0.979 

4 0.979 0.980 0.977 0.978 

5 0.976 0.977 0.974 0.975 

6 0.977 0.978 0.975 0.976 

7 0.978 0.979 0.976 0.977 

8 0.977 0.978 0.975 0.976 

9 0.979 0.980 0.977 0.978 

10 0.980 0.981 0.978 0.979 

 

Figure 5: Classification of Teaching Competence 

The Table 3 and Figure 5 presents the results of deep learning classification for teaching competence across 

different epochs. Each row represents a specific epoch, while the columns provide metrics such as accuracy, 

precision, recall, and F1-score, which are commonly used to evaluate classification performance. The accuracy 

values range from 0.975 to 0.980 across the ten epochs, indicating high levels of overall classification 

correctness achieved by the model. Precision, which measures the proportion of true positive predictions among 

all positive predictions made by the model, consistently exceeds 0.976, with values reaching up to 0.981. This 

indicates that the model maintains a high level of precision in identifying instances of teaching competence 

across various epochs. Similarly, recall, which represents the proportion of true positive instances that were 

correctly identified by the model out of all actual positive instances, remains consistently high, ranging from 
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0.973 to 0.978. This suggests that the model effectively captures the majority of positive instances of teaching 

competence in the dataset. The F1-score, which is the harmonic mean of precision and recall, also demonstrates 

consistent high values ranging from 0.974 to 0.979 across the epochs. This indicates a balanced performance 

between precision and recall, reflecting the model's ability to achieve high classification performance while 

maintaining a balance between minimizing false positives and false negatives. 

6. Conclusion 

This paper presents a comprehensive analysis of the relationship between teachers' educational technology 

proficiency and their professional competence. Through the utilization of advanced techniques such as Principal 

Component Analysis (PCA) and deep learning classification, we have gained valuable insights into the 

multifaceted dimensions of teaching competence. The PCA analysis revealed distinct patterns in teachers' 

proficiency across various aspects of professional competence, shedding light on the underlying factors driving 

effective teaching practices. Additionally, correlation analysis provided further understanding of the associations 

between educational technology usage and specific teaching competencies, guiding the development of targeted 

interventions and training programs. Furthermore, the deep learning classification results demonstrated the 

effectiveness of machine learning approaches in accurately identifying instances of teaching competence across 

different epochs. 
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