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The Technological Pedagogical Content Knowledge (TPACK) framework consists of three components: Content

Knowledge (CK), Pedagogical Knowledge (PK), and Technological Knowledge (TK). Additionally, it encompasses

four composite factors that arise from the intersection of these three components. These composite factors include

Pedagogical Content Knowledge (PCK), Technological Content Knowledge (TCK), Technological Pedagogical

Knowledge (TPK), and Technological Pedagogical Content Knowledge (TPACK).

TPACK  teacher  education

1. Introduction

Since its inception, the Technological Pedagogical Content Knowledge (TPACK) framework has garnered

considerable attention in teacher education, serving as a pivotal framework for enhancing educators’ professional

competence and guiding teacher training initiatives . TPACK, a crucial measure of teachers’ pedagogical content

knowledge in integrating technologies, consists of three primary factors and four composite factors that arise from

their intersection. Prior research has validated the viability of this seven-factor structure within the TPACK model 

.

To bolster teachers’ overall TPACK proficiency, targeted strategies across various domains are recommended.

Numerous scholars have dedicated their efforts to probing the development of teachers’ TPACK and engaging in

comprehensive discussions regarding the structural interplay among TPACK components . These studies

provide valuable insights into exploring the developmental trajectory of TPACK. Quantitative research has primarily

concentrated on creating instruments to assess teachers’ TPACK , acknowledging the inherent complexity in

establishing connections between the TPACK model’s structure and its constituent elements. Furthermore, the

distinctive characteristics of various disciplines result in variations in teaching tools and methodologies employed in

the classroom. While most pre-service teachers possess a foundational understanding of TPACK, their proficiency

levels require further refinement, as indicated by assessments of their TPACK competence . To enhance

overall TPACK proficiency, it is imperative to implement targeted strategies across various dimensions.

2. Technological Pedagogical Content Knowledge of
Teachers

2.1. The Composition and Framework of TPACK
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The TPACK framework, illustrated in Figure 1, consists of three components: Content Knowledge (CK),

Pedagogical Knowledge (PK), and Technological Knowledge (TK). Additionally, it encompasses four composite

factors that arise from the intersection of these three components. These composite factors include Pedagogical

Content Knowledge (PCK), Technological Content Knowledge (TCK), Technological Pedagogical Knowledge

(TPK), and Technological Pedagogical Content Knowledge (TPACK) . Within the theoretical framework of

TPACK, Mishra and Koehler  underscored the pivotal role of technology in subject-specific instruction when

delineating these seven TPACK variables.

Figure 1. TPACK framework.

Researchers have strived to underpin the TPACK framework outlined by Mishra and Koehler  with empirical

evidence that aligns with the theoretical characterization of its components. However, early investigations

encountered challenges in disentangling the seven components articulated in the framework through the use of

self-assessment questionnaires intended to gauge teachers’ TPACK proficiency. These challenges were primarily

attributed to the interplay within the framework .

For instance, Schmidt  and Sahin  undertook factor analyses in their research, identifying seven factors.

Nevertheless, the process of extracting each factor individually during the analysis lacked standardization and
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rigor, and the research sample size was too modest, thereby constraining the robustness of their findings. Similarly,

certain large-scale TPACK surveys have struggled to exhibit strong structural validity through factor analysis. For

example, Koh et al.  assessed the TPACK levels of 1185 pre-service teachers in Singapore utilizing a modified

questionnaire derived from Schmidt et al. . Their exploratory factor analysis yielded only five factors, with CK

and TK identified as distinct factors. The remaining technology-related factors (TPK, TCK, and TPACK) were

conglomerated into one factor, while non-technology-dependent PK and PCK were grouped as another factor .

Findings have surfaced in other studies employing factor analysis .

Building on these earlier findings, Cox and Graham  embarked on an exploration of the TPACK framework,

shedding light on the characteristics of several components. Subsequently, Chai et al.  expanded upon Cox and

Graham’s conceptual analysis by leveraging exploratory and confirmatory factor analysis. They effectively identified

all seven factors and unearthed additional factors associated with the second CK. Notably, it is essential to

acknowledge that all teachers in Singapore receive training to instruct the second topic, which aligns with the

second CK. However, not all educators possess training in the second teaching discipline. To substantiate the

TPACK theoretical framework, Chai et al.  further refined the initial questionnaire and assessed the TPACK

levels of pre-service teachers in Asia. Through exploratory and confirmatory factor analysis, they successfully

elucidated seven meaningful variables. These studies collectively highlight that, while the theoretical framework of

TPACK is becoming clearer, and empirical research is furnishing support for its seven-factor model structure, it

remains an intricate construct necessitating continued development and validation to comprehensively unravel its

seven facets.

2.2. Factor Structure Relationship of TPACK

Efforts to bolster teachers’ overall TPACK have prompted the proposal of targeted developmental strategies for

various factors. Researchers have conducted comprehensive discussions concerning the structural interplay

among TPACK factors and have explored pathways to cultivate teachers’ TPACK. However, the academic

community grapples with two perspectives regarding the development and structural relationships of TPACK

factors . The first perspective, known as the integrated view, posits that the central component of the TPACK

framework emerges from the integration of a teacher’s other knowledge components (CK, PK, TK, PCK, TPK,

TCK). Accordingly, TPACK is intricately linked to each of these domains, with a high level of TPACK expected to

correlate with elevated levels of TPK, TCK, PCK, TK, PK, and CK. In contrast, the second perspective, known as

the transformative view, accentuates the convergence of knowledge components into a distinct and intricate

knowledge construct. According to this view, TPACK represents a unique form of knowledge that transcends the

amalgamation of its individual constituents. In the transformative view, TK, PK, and CK do not exert direct influence

on TPACK; instead, TPK, TCK, and PCK have a direct impact on the formation of TPACK . These contrasting

viewpoints reflect divergent interpretations of the relationships among the various components of TPACK,

underscoring the complexity inherent in understanding the formation of TPACK.

Further research is essential to elucidate the structural relationships and developmental trajectories of TPACK

factors within the divergent perspectives outlined above. While Mishra and Koehler  advocate for the
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transformative view of TPACK and offer a theoretical framework for it, empirical validation of this perspective

remains scarce . Studies employing structural equation models to probe the interconnections within the

TPACK knowledge domain have produced somewhat inconclusive results . While the prevailing body of

research aligns with the second developmental pathway, some investigations have indicated that TCK, TPK, and

PCK may not directly and positively influence TPACK .

For instance, Dong et al.  conducted a comparative analysis of pre-service teachers and in-service teachers,

revealing that TPK and TCK served as robust predictors of TPACK, while PCK exhibited no direct impact on

TPACK. Additionally, they discovered that CK had no direct effect on PCK among pre-service teachers. Similarly,

Koh et al.  observed that other factors positively predicted teachers’ TPACK, but CK and PCK did not exhibit

such an effect. Pamuk et al.  contended that TCK, TPK, and PCK, with TPK and TCK being the most influential

contributors, exerted a more positive influence on TPACK compared to TK, PK, and CK. While these studies have

offered empirical support for the examination of the TPACK developmental pathway, the research on path analysis

of TPACK remains relatively limited, and the findings have yet to achieve consensus.

2.3. TPACK Measurement Tools

The development of measurement tools for assessing teachers’ TPACK has garnered significant attention in

research due to the uncertainties of the relationship between the TPACK model structure and its internal factors 

. Currently, the most commonly used method to measure TPACK is self-reporting . Self-

report tools offer the advantage of quickly and inexpensively gathering large amounts of quantitative data .

However, in addition to the inherent limitations of self-reporting, such as social expectation bias, response bias,

subjective or misunderstood items, and response limitations due to fixed-choice problems , there are specific

issues with current self-report methods used to measure TPACK . First, a major problem is the lack of a

common definition for each factor within TPACK, leading to greater heterogeneity in self-report tools. Second, self-

report questionnaires evaluating TPACK tend to be lengthy  with around 30 to 50 items, which can be time-

consuming and stressful for participants to complete. Third, some tools exhibit an uneven distribution of items

across each subscale, resulting in different measurement accuracies for different factors . Fourth, very few self-

report instruments consider the specific educational contexts and teachers’ use of technology, as they often

prioritize universality over contextual considerations. These challenges highlight the need for improved

measurement tools that address the specific issues associated with self-reporting TPACK.

The TPACK measurement scale developed by Schmidt, based on the seven-factor model proposed by Mishra and

Koehler , is currently the most widely used self-report tool for assessing TPACK . This scale has demonstrated

good reliability and validity and has served as a benchmark for many subsequent studies. For example, Chai et al.

 modified Schmidt’s scale by converting the original five-point scale into a seven-point scale. They also improved

the differentiation of each knowledge component by revising the item descriptions, such as adding descriptions of

“no use of technology” to the PCK items. Such modifications can contribute to better reliability and structural

validity. Additionally, investigations into specific pedagogical uses of technology can enhance the structural validity

of the TPACK self-report tool, as demonstrated in the work by Koh et al. . This is because different disciplines
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have distinct characteristics, and the teaching tools and techniques employed in the instructional process can vary.

Moreover, TPACK is a type of knowledge that is closely tied to specific curriculum themes and teaching practices

, thus necessitating the consideration of particular educational contexts when assessing TPACK. It is important

to acknowledge the influence of these contexts on teachers’ TPACK and to develop measurement tools that

account for these contextual factors. This can help ensure the accuracy and relevance of TPACK assessments in

various educational settings.

2.4. Current Status of TPACK and Design Thinking for TPACK

In addition to the mentioned studies on the composition and structure of TPACK, researchers have also focused on

measuring the levels of the seven factors in TPACK through self-report measures . These studies often

categorize teachers into different stages, such as recognition, acceptance, adaptation, exploration, and promotion

. Furthermore, they differentiate between in-service teachers and pre-service teachers in assessing TPACK

levels. Studies examining the TPACK levels of in-service teachers have shown that although teachers generally

have some understanding and willingness to integrate technology into their teaching practices and have reached

the stage of adaptation, their overall TPACK levels have not reached high-level exploration and promotion. For

instance, Yeh et al.  found that science teachers, while having a certain understanding of TPACK, still need to

strengthen their application and innovative abilities in their teaching practices. Moreover, considering the distinct

characteristics of different subjects, there are variations in the teaching tools and techniques employed in different

subject areas.

In data-logging techniques, physical parameters are sensed, measured, and recorded in experimental situations

using electronic instruments . The data can be recorded remotely by the data logger and input into a computer.

The data can be shown in tables and graphs, and recent specialist data-logging software also enables in-depth

data analysis. It is now possible to complete the entire cycle of data collection, storage, display, and analysis in a

variety of experimental situations . Data-logging is now widely used in chemistry classes and plays a vital role in

course design . However, it is still unknown if teachers are able to integrate the course materials and data-

logging technology well.

Based on the aforementioned results, it is clear that the TPACK levels of both in-service and pre-service teachers

are not satisfactory. To improve overall TPACK levels and develop targeted strategies for the enhancement of

various factors, researchers have begun to investigate the various factors that influence TPACK levels . In

most studies, gender has been found to have no significant impact on teachers’ TPACK levels . However, some

research in the field of computer technology indicates that men may have a higher level of technical knowledge

(TK) compared to women . Early studies examining the factors influencing TPACK can be categorized into

objective and subjective factors. Objective factors primarily refer to TPACK-related training courses and

technological support in the teaching environment.

However, research suggests that even after removing the barriers to teachers’ use of technology, there is no

significant change in their integration of technology into teaching practices . On the other hand, subjective
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factors pertain to teachers’ basic concepts of integrating technology. Specifically, it refers to teachers’ acceptance

of using technology in teaching activities to optimize teaching effects. Some researchers have linked teachers’

TPACK levels to their beliefs and argue that teachers’ initiative and emphasis on integrating technology in teaching

have a significant impact on the development of their TPACK . Considering these factors can help inform the

design of professional development programs and interventions aimed at enhancing teachers’ TPACK levels. It is

important to address both objective and subjective factors, such as providing relevant training and support, while

also fostering positive beliefs and attitudes towards technology integration in teaching.

Indeed, the lack of design thinking has been identified as the third-order obstacle to technology integration,

following the first-order technological obstacle and the second-order teacher belief . Design thinking (DT)

refers to the cognitive processes undertaken by teachers when designing technology-integrated chemistry

curricula. It reflects teachers’ intentions and beliefs in actively integrating knowledge from various perspectives for

curriculum design . In traditional teaching approaches, teachers often view teaching as the transmission of

information and may not give adequate attention to designing learning environments and activities that promote

students’ knowledge construction. However, the rapid pace of technological change presents new challenges to

traditional teaching methods. Several studies have highlighted that TPACK is essentially design knowledge , and

design thinking is a crucial aspect to consider among the factors influencing TPACK. Some researchers have

conducted correlation analyses between design thinking and teachers’ TPACK levels, and the results have

demonstrated a significant correlation between teachers’ TPACK levels and design thinking . However,

empirical studies on design thinking as an influencing factor of TPACK are currently limited.
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