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Abstract: In recent decades, the integration of technology, particularly data logging, has become a
cornerstone of effective science teaching, placing increased emphasis on the cultivation of teachers’
Technological Pedagogical Content Knowledge (TPACK). While the TPACK framework has garnered
attention in science education, limited research has explored the interplay of TPACK components
within a constructivist context, particularly in the context of data-logging-supported chemistry
class. To bridge this research gap, this study conducted a comprehensive survey on TPACK with
181 pre-service chemistry teachers, probing their TPACK as it pertains to data logging. Results from
both exploratory and confirmatory factor analyses underscored the reliability and validity of the sur-
vey instrument. Subsequently, structural equation modeling was employed to illuminate the intricate
relationships among various facets of TPACK. Findings suggested a sequential developmental pattern
within TPACK, with teachers’ Technological Pedagogical Knowledge (TPK), Technological Content
Knowledge (TCK), and Pedagogical Content Knowledge (PCK) all exerting a positive influence on
their overall TPACK. Moreover, this study unveiled a significant correlation between pre-service
chemistry teachers’ data-logging TPACK and their capacity for design thinking. Interestingly, gender
differences in TPACK were negligible. In light of these findings, this study not only contributes to our
understanding of TPACK development but also has practical implications for nurturing pre-service
chemistry teachers’ proficiency in TPACK when using data-logging.
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1. Introduction

Since its inception, the Technological Pedagogical Content Knowledge (TPACK) frame-
work has garnered considerable attention in teacher education, serving as a pivotal frame-
work for enhancing educators’ professional competence and guiding teacher training
initiatives [1]. 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 [2,3].

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 [1,4-7]. These studies provide valuable
insights into exploring the developmental trajectory of TPACK. Quantitative research
has primarily concentrated on creating instruments to assess teachers’ TPACK [8-10],
acknowledging the inherent complexity in establishing connections between the TPACK
model’s structure and its constituent elements. Furthermore, the distinctive characteristics
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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 [5,9,11]. To enhance overall TPACK proficiency, it is imperative to
implement targeted strategies across various dimensions. Consequently, researchers should
consider multiple factors, including gender and design thinking, that exert influence on
TPACK levels [12-15].

Nonetheless, research on tracing the developmental trajectory of TPACK remains
limited, with its findings subject to ongoing examination and validation. The identification
and comprehension of these seven factors remain intricate theoretical facets that necessitate
further refinement. Furthermore, there is currently a dearth of TPACK assessment tools
tailored to specific technologies in science education. Thus, it is imperative to develop
TPACK measurement instruments for specific disciplines and technologies, enabling the
assessment of teachers” TPACK proficiency in those specific domains.

Given the aforementioned research gaps, this study employs a quantitative research
approach to assess and discuss the pre-service teachers’ TPACK levels in using data-logging
in chemistry classes and their relationship with design thinking. Additionally, it evaluates
the reliability and validity of the questionnaire and the suitability of the seven-factor model
in the context of data-logging supported chemistry classes. Ultimately, the study endeavors
to provide implications for the developmental pathway of TPACK in technology supported
chemistry education.

2. Literature Review
2.1. The Composition and Framework of TPACK

The TPACK framework, illustrated in Figure 1, consists of three components: Content
Knowledge (CK), Pedagogical Knowledge (PK), and Technological Knowledge (TK). Ad-
ditionally, 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) [16]. Within the theoretical
framework of TPACK, Mishra and Koehler [1] underscored the pivotal role of technology in
subject-specific instruction when delineating these seven TPACK variables. For definitions
and examples of these seven components, please refer to Table 1.
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Figure 1. TPACK framework.
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Table 1. TPACK component definition and examples.

TPACK Component Definition Example

Teachers’ knowledge about the subject matter to be ~ Chemistry teachers should have enough
CK .

learned or taught. knowledge of chemistry.

Teachers’ deep knowledge about the processes and  Such as classroom management, student learning
PK . : . .

practices or methods of teaching and learning. style and student evaluation.
TK Teachers’ knowledge about applying technology Such as data-logging technology, the Internet, the

tools and resources. use of computer software, and hardware.

Teachers knowledge O.f P edagogy 'that ' Such as finding the best way to help students
PCK applicable to the teaching of specific content. . N

- understand the concept of chemical equilibrium.

(Excluding TK)

Teachers’” knowledge about the manner in which ~ Such as allowing students to use data-logging
TCK technology and content are reciprocally related. technology to record data and to explore the

(Excluding PK) influencing factors of chemical reactions.

Teachers” knowledge of the existence, components,

and capabilities of various technologies as they are

used in teaching and learning settings, and Such as data-logging technology used in teaching
TPK . . : , A ;i

conversely, knowing how teaching might change  and students’ learning evaluation.

as the result of using particular technologies.

(Excluding CK)

Teachers’” knowledge emerges from interactions Such as the application of data-logging technology,
TPACK among content, pedagogy, and technology specifically for salt hydrolysis, in the context of

knowledge.

inquisitive teaching.

Researchers have strived to underpin the TPACK framework outlined by Mishra and
Koehler [1] 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 [17-19].

For instance, Schmidt [20] and Sahin [21] undertook factor analyses in their research,
identifying seven factors. Nevertheless, the process of extracting each factor individually
during the analysis lacked standardization and 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. [22] assessed the TPACK levels of 1185 pre-service
teachers in Singapore utilizing a modified questionnaire derived from Schmidt et al. [20].
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 [22]. Findings have surfaced in other studies employing factor
analysis [23-25].

Building on these earlier findings, Cox and Graham [17] embarked on an exploration
of the TPACK framework, shedding light on the characteristics of several components.
Subsequently, Chai et al. [26] 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. [26] 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
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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. This study aims to contribute to this ongoing endeavor by conducting exploratory
and confirmatory factor analyses.

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 [27,28]. 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 [6]. 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 developmen-
tal trajectories of TPACK factors within the divergent perspectives outlined above. While
Mishra and Koehler [1] advocate for the transformative view of TPACK and offer a theoreti-
cal framework for it, empirical validation of this perspective remains scarce [29-31]. Studies
employing structural equation models to probe the interconnections within the TPACK
knowledge domain have produced somewhat inconclusive results [22,32-34]. While the
prevailing body of research aligns with the second developmental pathway, some investi-
gations have indicated that TCK, TPK, and PCK may not directly and positively influence
TPACK [6,32,33].

For instance, Dong et al. [33] 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. [22] observed that
other factors positively predicted teachers’ TPACK, but CK and PCK did not exhibit such an
effect. Pamuk et al. [34] 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. Consequently, this study seeks
to further explore and corroborate these findings through the application of a structural
equation model.

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 [26,35-39]. Currently, the most commonly
used method to measure TPACK is self-reporting [6,37,38,40,41]. Self-report tools offer the
advantage of quickly and inexpensively gathering large amounts of quantitative data [42].
However, in addition to the inherent limitations of self-reporting, such as social expectation
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bias, response bias, subjective or misunderstood items, and response limitations due to
fixed-choice problems [42], there are specific issues with current self-report methods used
to measure TPACK [35]. 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 [36,39,43] 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 [34]. 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 [1], is currently the most widely used self-report
tool for assessing TPACK [20]. This scale has demonstrated good reliability and validity
and has served as a benchmark for many subsequent studies. For example, Chai et al. [26]
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. [22]. This
is because different disciplines 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 [17],
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, re-
searchers have also focused on measuring the levels of the seven factors in TPACK through
self-report measures [44,45]. These studies often categorize teachers into different stages,
such as recognition, acceptance, adaptation, exploration, and promotion [46]. 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. [45]
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 [47]. 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 [47]. Data-logging is now widely used in chemistry
classes and plays a vital role in course design [48]. 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
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targeted strategies for the enhancement of various factors, researchers have begun to
investigate the various factors that influence TPACK levels [49-51]. In most studies, gender
has been found to have no significant impact on teachers’ TPACK levels [14]. However,
some research in the field of computer technology indicates that men may have a higher
level of technical knowledge (TK) compared to women [52,53]. 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 [54]. On the other hand, subjective 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 [49].
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 [51,55]. Design thinking (DT) refers to the cognitive processes under-
taken by teachers when designing technology-integrated chemistry curricula. It reflects
teachers’ intentions and beliefs in actively integrating knowledge from various perspectives
for curriculum design [56,57]. In traditional teaching approaches, teachers often view
teaching as the transmission of information and may not give adequate attention to design-
ing 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 [26], 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 corre-
lation between teachers” TPACK levels and design thinking [15,55,58]. However, empirical
studies on design thinking as an influencing factor of TPACK are currently limited.

Therefore, this study aims to analyze the correlation between teachers’ TPACK levels
and design thinking, with the objective of providing empirical data to support these
perspectives. By exploring the relationship between design thinking and TPACK, this
study seeks to shed light on the importance of design thinking in enhancing teachers’
TPACK and inform the development of effective strategies for integrating technology in
chemistry education.

3. Research Purpose and Questions

Building upon the literature review, this study adopts the TPACK seven-factor model
as its theoretical foundation, shaping the TPACK scale tailored for preservice chemistry
teachers integrating data-logging technology in chemistry classes. The study aims to
address the following research questions:

1.  Does the survey demonstrate the reliability and validity in measuring preservice
chemistry teachers” TPACK related to data-logging technology?

2. What are the levels of the seven TPACK factors specific to data-logging technology
among preservice chemistry teachers and what is the developmental trajectory char-
acterizing the acquisition of TPACK in data-logging technology among preservice
chemistry teachers?

3. Do gender and design thinking exert any discernible influence on these levels?
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4. Methods
4.1. Participants

This study recruited 181 pre-service chemistry teachers from a reputable university in
Guangdong Province. The participants are majoring in chemistry education. The major
aim is to cultivate future chemistry teachers. Initially, 181 pre-service teachers participated
in the survey. The final validation rate is 100. The participant cohort comprised 135 females
and 46 males, all in their third year of a 4-year university program. These individuals
had successfully completed mandatory chemistry courses and teacher education-related
modules, equipping them with fundamental knowledge and pedagogical skills in chemistry.
Additionally, they were introduced to data-logging technology and TPACK concepts as
part of a dedicated course. All the participants volunteered to attend the study, were well
informed of the content of the research, and were allowed to quit the research at any time.

4.2. Instrumentation and Procedures

In this study, two instruments were employed: the TPACK survey developed by Chai
et al. [43] and an assessment tool designed to gauge design thinking in the context of
chemistry teaching. To tailor the TPACK survey to the specific context of this research,
adaptations were made. It focused on two key aspects: content-related components specific
to the field of chemistry (CK, TCK, PCK, and TPACK), and technology-related components
pertaining to data-logging technologies (TK, TCK, PCK, and TPACK). The revised survey
consisted of 24 items, with each TPACK component featuring 3 to 5 items. Responses were
recorded on a 7-point Likert scale. The TPACK survey’s reliability was evaluated using
Kronbach’s alpha values, which ranged from 0.79 to 0.93, signifying a satisfactory level of
internal consistency.

The assessment tool designed to evaluate design thinking in chemistry teaching,
previously utilized for assessing experienced chemistry teachers in middle schools, also
exhibited strong reliability, with a Kronbach’s alpha value of 0.92. To enhance content
validity, the research instrument underwent a meticulous evaluation by an education
professor with expertise in TPACK. This assessment encompassed the scientific rigor of
each factor dimension, the precision and relevance of item design, and the accuracy and
standardization of item expression. The questionnaire was then refined based on expert
feedback to ensure its validity and readiness for use in the formal research phase.

During the course, the instructor, who also served as the first author of this study,
commenced by presenting the course objectives and outlining the expectations for the
pre-service chemistry teachers. Subsequently, each participant received a survey tool com-
prising seven TPACK subscales and Instructional Design Thinking subscales. The instructor
guided the participants through each questionnaire item, offering clarifications whenever
necessary, prior to their completion of the survey. On average, it required approximately
25 min for participants to finish the questionnaires. Importantly, all participants engaged
in the study willingly, resulting in a total collection of 181 questionnaires.

Following the course, participants were tasked with crafting a chemistry lesson that
drew from the principles of data-logging technology experiments. They were encouraged to
submit their instructional designs for evaluation. Moreover, as part of a deeper exploration
into the influence of TPACK on instructional design, two participants were randomly
selected for unstructured interviews. During this interview, the interviewer engaged in a
more open-ended and flexible conversation with the interviewee. The goal was to allow the
interviewee to speak freely and express their thoughts and experiences related to TPACK
without being constrained by specific questions.

4.3. Data Analysis

To address the first research question, we initiated a two-step process. First, Principal
Component Analysis (PCA) using the variance maximum rotation method was used to
scrutinize the seven-factor structure of our tool. Subsequently, a Confirmatory Factor Anal-
ysis (CFA) was conducted to further validate this seven-factor structure. As recommended
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by Hair et al. [59] and Kline and Santor [60], it is prudent to consider multiple fit indices to
assess the acceptability of model-data fit. In this study, we examined five indices: x?/df
(less than 3.0), Comparative Fit Index (CFI) (greater than 0.90), Tucker-Lewis Index (TLI)
(greater than 0.90), Root Mean Square Error of Approximation (RMSEA) (less than 0.07),
and Standardized Root Mean Square Residual (SRMR) (less than 0.08).

Convergent validity was assessed using the factor loadings obtained from both PCA
and CFA, while the results of the model fit test offered insights into the discriminant
validity of TPACK. Additionally, standardized factor loadings enabled the calculation
of Average Variance Extracted (AVE) and Construct Reliability, two other indicators of
aggregate validity. AVE is computed as the sum of the squares of all standardized factor
loadings divided by the number of items. Construct reliability is derived by summing the
squares of each factor loading and the error variance terms for each factor [59]. To evaluate
discriminant validity, we compared the square root of AVEs with the estimated correlations
between factors.

If the measurement model demonstrated an acceptable fit, we proceeded to conduct a
higher-order Confirmatory Factor Analysis to address the second research question. This
involved testing the goodness-of-fit of the “second-order” structure of the TPACK seven-
factor model to ascertain whether the data supported Mishra and Koehler’s model. The
assessment criteria and procedures remained consistent with those outlined in the first
research question, following the guidelines provided by [59].

To address the second research question, we employed a Structural Equation Model
(SEM) after hypothesis formulation and confirmation of the measurement model based
on our literature review. The SEM entailed a path analysis to investigate the relationships
between the seven TPACK model variables and determine the influence of independent
variables on dependent variables. In addition to fulfilling the model fit criteria stipulated
by Hair et al. [59], we assessed whether the structural model met specific assumptions
by scrutinizing path coefficients. Path coefficients, representing standardized regression
coefficients (beta), indicated a positive influence relationship when greater than 0 and a
negative influence relationship when the opposite was true. To evaluate the measurement
relationship of the model, we looked for significant Pearson correlation values and stan-
dardized factor loading coefficients above 0.5, which are indicative of a robust measurement
relationship.

For the third research question, we conducted a descriptive statistical analysis to
gauge the average level of data-logging TPACK among pre-service chemistry teachers.
Subsequently, we utilized a t-test to explore significant differences in each data-logging
TPACK component between different genders. Furthermore, a Pearson correlation anal-
ysis was performed to examine the association between the scores of each data-logging
TPACK component and the scores of the chemistry instructional design thinking gauge.
All analyses were conducted using widely recognized data analysis software, specifi-
cally SPSS (Statistical Package for Social Sciences) 25.0 and AMOS (Analysis of Moment
Structures) 22.0.

5. Results and Discussions
5.1. Reliability and Validity of Data-Logging TPACK Survey

To examine the first-order structure of TPACK, we conducted an exploratory fac-
tor analysis utilizing principal component analysis with the variance maximum rotation
method, employing SPSS 25.0 software. This analysis encompassed the dataset comprising
25 items from the TPACK survey. Outlying items were removed from consideration, re-
sulting in the identification of seven distinct factors. To ascertain the appropriateness
of the data for factor analysis, we conducted an applicability test for all items. The
outcomes revealed a Kaiser-Meyer-Olkin (KMO) value of 0.94 and a highly significant
Bartlett’s sphericity test (x? = 4320.58, p < 0.001), affirming that the data were well-suited for
factor analysis.
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Following the removal of items with factor loadings below 0.5, we retained a total of
24 items. The cumulative variance accounted for by the seven factors amounted to approxi-
mately 84.47% (individual factor interpretations are presented in Table 2), signifying an
interpretative capacity for TPACK. Furthermore, factor loadings for each item ranged from
0.53 to 0.85, all surpassing the 0.50 threshold, thereby confirming acceptable convergent
validity at the item level. Additionally, Cronbach’s alpha values for each factor exceeded
0.85 (as detailed in Table 2), indicative of the questionnaire’s outstanding reliability.

To address the second and third research questions, which involved formulating
hypotheses and confirming the measurement model based on the literature review, we
employed a Structural Equation Model (SEM). This SEM was instrumental in conducting
a path analysis and deriving TPACK scores, facilitating the exploration of relationships
between the seven variables of the TPACK model and the assessment of how independent
variables influenced dependent variables.

Table 2. Results of exploratory factor analysis, confirmatory factor analysis, and reliability analysis.

. . Interpretation
Factor Item EFA Loading CFA Loading 4 Rate/%
I'have sufficient knowledge of chemistry. 0.85 0.75
I can think in a chemical way. 0.79 0.86
CK 0.87 114
I'have many approaches to present my understanding
. 0.70 0.85
of chemistry.
I can fie51gn effective learning tasks to extend students 0.77 0.77
thinking.
Ican g1.11de students to adopt appropriate learning 0.58 0.86 0.86 73
PK strategies.
I know how to choose effective teaching methods to
guide students to study and think about the teaching 0.53 0.87
content.
Ican recognize and correctly use common sensors with 075 0.82
data-logging.
TK I can properly use the data collector of the data-logging.  0.75 0.94 0.91 11.3
Ican properly use the data processing software of 0.79 0.88
data-logging.
Even without using data-logging, I can help students 0.76 0.89
understand chemistry knowledge in other ways. ' '
Even without using data-logging, I can help students
. 0.88 0.88
overcome chemistry myths. 091 16.3
PCK
Even without using data-logging, I can guide students
. 0.82 0.93
to construct chemistry knowledge.
Even without using data-logging, I can guide students
. . 0.83 0.87
to solve real problems in chemistry.
I can conduct chemical experiments using data-logging.  0.75 0.84
I 1 hemist inciple using data-logging. 0.67 0.91
TCK can explore chemistry principle using data-logging 0.94 111
I can select the appropriate data-logging sensor based
. . 0.71 0.87
on the specific chemical content.
‘I know how to use data-logging to optimize classroom 0.70 0.87
instruction.
TPK I can design student learning tasks with data-logging. 0.70 0.89 0.92 96
I can use data-logging to help students understand 0.65 091

concepts or principles.
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Table 2. Cont.

Factor

Item

EFA Loading

CFA Loading

Interpretation
Rate/%

TPACK

I can design topics related to chemistry content and
facilitate student autonomy through appropriate
data-logging.

0.60

0.87

I can create real problem situations related to chemistry
knowledge and use data-logging to engage students in
learning.

0.74

0.90

I can plan activities around chemistry content and help
students use data-logging for collaborative learning.

0.77

0.87

I can design chemical inquiry activities based on
data-logging to help students understand chemical
knowledge or principles.

0.79

091

I can integrate chemistry content, data-logging and
teaching methods to design student-centered
instruction.

0.72

0.87

0.95 17.4

Notes: AVE = Y'A2/n, n is the number of items per construct; Construct Reliability = (EN2/((EN)? + (21 — A2).

In order to ensure the validity of the structural model, it was imperative to assess
whether it met the criteria for model fit, in line with the guidelines established by Hair
et al. [59]. Furthermore, we scrutinized the path coefficients to determine if the structural
model adhered to specific assumptions. These path coefficients represent standardized
regression coefficients (betas) and signify either positive or negative influence relationships.
A path coefficient greater than 0 indicates a positive influence, while the converse suggests
a negative influence.

The measurement relationship within the model was evaluated by examining the
significance of Pearson correlation values and the standardized factor loading coefficients.
A significant correlation and a standardized factor loading coefficient exceeding 0.5 were
indicative of a robust measurement relationship (Table 3). In summary, the utilization of
SEM enabled a comprehensive examination of the TPACK model’s variables and their
interrelationships while adhering to stringent criteria for model fit and evaluating measure-
ment relationships.

Table 3. Results of differentiate validity.

CK PK TK PCK TPK TCK TPACK

CK 0.82

PK 0.79 ** 0.83

TK 0.60 ** 0.69 ** 0.88
PCK 0.66 ** 0.79 ** 0.59 ** 0.89

TPK 0.59 ** 0.73 ** 0.73 ** 0.62 ** 0.89
TCK 0.58 ** 0.79 ** 0.79 ** 0.61 ** 0.84 ** 0.87
TPACK 0.66 ** 0.73 ** 0.73 ** 0.65 ** 0.86 ** 0.82 ** 0.88

Note: The diagonal line is the AVE arithmetic square root; ** p < 0.01.

The results of the confirmatory factor analysis revealed significant correlations among
the first-order factors of TPACK, illustrating a robust pairwise correlation structure that
aligns well with the TPACK model, as depicted in Figure 2. Building upon the seven-factor
TPACK model, we constructed and tested a “second-order” structural model employing
high-order confirmatory factor analysis. The outcomes of this analysis affirmed that the
second-order structural model aligns effectively with the data (Figure 3). This assertion is
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substantiated by the following fit indices: x2/df =2.05 (well below 3.00), RMSEA = 0.07
(below the 0.08 threshold), SRMR = 0.04 (below the 0.08 threshold), IFI = 0.94 (exceeding
0.90), TLI = 0.93 (surpassing 0.90), and CFI = 0.94 (surpassing 0.90).

0.79

Figure 2. First-order pairwise correlation structure diagram of data-logging TPACK.

Data-logging TPACK System

0.87 0.92
0.73 0.82  0.74

0.90 0.88

Figure 3. Second-order structure diagram of data-logging TPACK.

Furthermore, the load values of each factor in the second-order model range from 0.77
to 0.94, all surpassing the 0.50 threshold. This underscored the robust explanatory power
of each first-order factor concerning the higher-order factor, offering strong support for the
validity of the “second-order” structural model.

5.2. Descriptive Analysis of Pre-Service Teachers” TPACK Levels

To further assess the level of each factor, the average scores of participants in the seven
factors were calculated (Table 4). Based on the data analysis in the table, using the definition
method proposed by Niess et al. [46], all factors of data-logging TPACK for preservice
chemistry teachers were found to be above average, with scores averaging around 5. This
indicates that the levels of these factors fall between adaptation and exploration, suggesting
that preservice chemistry teachers have a solid understanding and competency in data-
logging TPACK.

Table 4. The level of chemistry preservice teachers” data-logging TPACK.

Factor CK PK TK PCK TPK TCK TPACK

Mean 5.02 4.90 4.88 5.14 5.00 5.17 4.95
S.D. 0.96 0.84 0.94 0.97 0.97 0.99 0.97
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Overall, the teachers’ data-logging TPACK score was 4.95, which falls in the middle
range. This could be attributed to the emphasis on integrating data-logging technology with
chemical knowledge and teaching methods during the training on data-logging technology.
As aresult, preservice teachers possess a certain level of awareness and ability to incorporate
data-logging technology in chemistry teaching, but it may not be at an advanced level.
For instance, in the collected instructional designs, some of them primarily focus on
teachers’ explanations without fully engaging students” active involvement. However, a
small number of instructional designs do predict and discuss the experimental results of
data-logging technology through group collaboration.

The score for two-dimensional integrated knowledge was higher than that of single-
dimensional knowledge, indicating that participants were more confident in their under-
standing and ability to apply two-dimensional integrated knowledge. For example, in
the collected instructional designs, most designers were able to effectively utilize teaching
strategies such as POE (Predict, Observe, Explain) and ECIE (Explore, Create, Investi-
gate, Evaluate) to leverage the advantages of data-logging technology in teaching. This
could be attributed to the participants’ emphasis on the effective integration of single-
dimensional knowledge in courses such as Chemistry Didactics, Chemistry Instructional
Design, and Modern Educational Technology. As a result, the participants were well-versed
in two-dimensional integrated knowledge such as PCK, TPK, and TCK.

Among the knowledge components of a single dimension, CK received the highest
score. Additionally, PCK and TCK, which are integrated with CK, also received higher
scores. This suggests that preservice teachers have a higher level of confidence in their
professional knowledge and understanding of chemistry. They are also able to provide
more in-depth and accurate explanations of chemistry knowledge in instructional design.
This could be attributed to the fact that the participants have completed the four major
chemistry courses and have developed a deeper understanding of the subject.

In addition, TK scored the lowest of all knowledge. Limited by the integration of data-
logging technology, the topics of the instructional design were not innovative, indicating
that the participants were not familiar with data-logging technology. In addition, some of
the collected instructional designs only use the form of data-logging technology, and the
in-depth analysis and value mining are rarely discussed. TK in this study is limited to data-
logging technology, and its instrument structure is relatively complex. In addition, previous
participants only had preliminary exposure to how to integrate data-logging technology
into chemistry classroom and lacked systematic understanding of data-logging technology
knowledge and confidence in practical operation. Therefore, some attention should be paid
to data-logging technology in the education of preservice chemistry teachers.

5.3. Structural Equation Model of TPACK Componts

In line with both the integrated and transformative perspectives of TPACK, a path
model for TPACK can be constructed, as illustrated in Figure 4. In the integrated view,
factors such as TK, PK, CK, TCK, TPK, and PCK exhibit direct and positive effects on
teachers’ TPACK. Conversely, the transformative view posits that TK, PK, and CK have
direct and positive effects on teachers’ TCK, TPK, and PCK, which in turn have direct
and positive effects on teachers’ TPACK. This leads to the establishment of the following
assumptions, as summarized in Table 5.

The path analysis was executed using AMOS 22.0 software to explore the hypothetical
path model of TPACK, as illustrated in Figure 4. The outcomes of this analysis revealed
that the revised model aligned well with the data, as indicated by favorable fit indices,
including x%/df, RMSEA, SRMR, TLI, and CFIL. This strong alignment underscored the
reliability and appropriateness of the structural equation model for rigorous hypothesis
testing. The culmination of this analysis is unveiled in Figure 5, where solid lines signify
the significant relationships that corroborate earlier research findings. Conversely, dashed
lines denote suggested, albeit empirically insignificant, connections unearthed in our study.
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For a comprehensive overview of these relationships between TPACK dimensions, please
consult Table 6, which succinctly summarizes the path coefficients.

‘ A

o‘o

Figure 4. TPACK frame structural equation model for data-logging technology.

Table 5. Hypotheses for the TPACK Development Model.

Hypothesis No. Hypothesis

H1 CK has a direct and positive effect on PCK
H2 CK has a direct and positive effect on TCK
H3 PK has a direct and positive effect on PCK
H4 PK has a direct and positive effect on TPK
H5 TK has a direct and positive effect on TCK
Hé TK has a direct and positive effect on TPK
H7 PCK has a direct and positive effect on TPACK
H8 TCK has a direct and positive effect on TPACK
H9 TPK has a direct and positive effect on TPACK
H10 PK has a direct and positive effect on TPACK
H11 CK has a direct and positive effect on TPACK
H12 TK has a direct and positive effect on TPACK

Figure 5. TPACK developing framework.
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Table 6. Path coefficients of the TPACK structural equation model.

Hypothesis Path Estimate p Values Fit or Not
H1 CK—PCK / / No
H2 CK—TCK 0.19 * Yes
H3 PK—PCK 0.73 i Yes
H4 PK—TPK 0.43 o Yes
H5 TK—TCK 0.69 o Yes
Hé6 TK—TPK 0.44 i Yes
H7 PCK—TPACK 0.17 ** Yes
H8 TCK—TPACK 0.28 ** Yes
H9 TPK—TPACK 0.53 ** Yes

H10 PK—TPACK / / No
H11 CK—TPACK / / No
Hi12 TK—TPACK / / No

Note: **p < 0.001, ** p < 0.01.

These path analysis results served to validate the intricate interplay among various
facets of TPACK, lending robust support to our hypotheses that stem from the integrated
and transformative perspectives on TPACK. Such insights significantly enhance our com-
prehension of the factors that shape teachers’ TPACK and bear considerable implications
for the advancement of educational practices and professional development efforts.

The data presented above indicate that, with the exception of hypotheses H1 and
H10-H12, all other hypotheses have been substantiated. In simpler terms, aside from the
insignificant relationships observed between CK and PCK, the remaining pathways in
the model align harmoniously with our initial hypotheses. This alignment provides sub-
stantial support for the transformative perspective of TPACK and does not lend credence
to the integrated perspective. The study findings shed light on the significant impact of
the two-dimensional fusion knowledge encompassing TK, CK, and PK on TPACK. These
dimensions exerted direct influences on TPACK, thereby strongly underpinning its de-
velopment. Notably, among these three sources, TK emerged as the most influential, as
evidenced by its substantial path coefficient, signifying its paramount impact on shaping
TPACK. Additionally, the results revealed that TK and PK directly influenced teachers’
TPK, while TK and CK directly affected teachers” TCK. Furthermore, PK was observed to
exert direct effects on teachers’ TPK. It is important to note that these findings also high-
lighted interrelationships among the three single-dimensional knowledge factors (CK, PK,
and TK).

Nevertheless, it is imperative to highlight that our investigation revealed a lack of
a significant relationship between CK and PCK. This finding suggests that teachers did
not perceive a substantial impact of CK on their PCK. Moreover, the direct effect of CK
on TPACK was also found to be statistically insignificant. Several plausible explanations
may elucidate this lack of significance. First and foremost, it is conceivable that CK alone
does not suffice for the cultivation of PCK. Mere possession of CK, in this context, does
not necessarily translate to proficiency in employing teaching strategies tailored to convey
that knowledge effectively (PCK). This discovery resonates with prior studies that similarly
failed to establish a predictive link between CK and PCK among Chinese preservice
teachers [26,33]. Second, disparities in outcomes may be attributed to variations in item
design. In our study, the CK items in the survey placed a greater emphasis on chemical
thinking methodologies and subject comprehension, which diverged from the CK items
emphasized in other investigations [6,32]. These distinct emphases within CK items can
yield varying impacts on PCK, potentially accounting for the divergence between our
findings and those of certain previous studies [6,32]. Lastly, it is worth considering that the
incongruity between our research findings and the hypothesized model could be attributed,
at least in part, to the relatively modest sample size employed in our study. Random factors
may introduce some degree of error into research findings, and the observed inconsistency
may, in part, be an outcome of this limitation.
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5.4. T-Test of Gender Differences

Among the 181 preservice teachers who took part in this study, 46 were male, while
135 were female. The research explored the participants’ data-logging TPACK and explored
potential variations based on their gender. The findings for each factor are meticulously
detailed in Table 7. Furthermore, the study conducted an in-depth analysis of discrepancies
between these groups, encompassing not only the overall scale but also factors such as CK,
PK, TK, PCK, TPK, TCK, and the holistic TPACK construct (Table 7).

Table 7. Findings regarding the teachers’ levels of data-logging TPACK in terms of gender.

Factor Gender N M SD t p
I 4 2 1.

CK Male 6 028 0 2.14% 0.034
Female 135 4.93 0.90

PK Male 46 5.01 0.93 0.94 0.348
Female 135 4.87 0.81
Mal 4 .14 1.02

TK ae 6 > g 221 % 0.029
Female 135 4.80 0.90

PCK Male 46 5.46 1.09 956 * 0.011
Female 135 5.04 0.91
Mal 46 5.16 1.10

TPK ae 116 0.252
Female 135 4.95 0.92

TCK Male 46 5.36 1.13 133 0.187
Female 135 5.12 0.94
Mal 46 5.10 1.08

TPACK ae 1.29 0.200
Female 135 4.89 0.93
Male 46 5.21 0.90

TPACK General 2.03 0.066
Female 135 4.92 0.75

Note: * p < 0.05.

As detailed in Table 7, both male students (with an average score of M = 5.21) and
female students (with an average score of M = 4.92) displayed elevated levels of proficiency
in the comprehensive TPACK scale. A t-test analysis was executed to ascertain the statistical
significance of the disparity between these two groups, resulting in a non-significant
outcome (t = 0.424, p > 0.05). In simpler terms, gender did not emerge as a significant
determining factor in relation to data-logging TPACK proficiency. Both female and male
preservice teachers reported similar levels of effectiveness in this regard.

Moreover, there were no significant differences in mean scores between male and
female preservice teachers concerning factors such as PK, TPK, TCK, and the holistic
TPACK construct (p > 0.05). This suggests that both female and male preservice teachers
exhibited comparable elevated levels of proficiency in these facets, akin to their data-logging
TPACK effectiveness.

However, gender disparities were evident in the areas of CK, TK, and PCK (as out-
lined in Table 7). Specifically, male preservice teachers demonstrated a heightened level
of competence in CK, TK, and PCK compared to their female counterparts. This disparity
may be influenced by gender-related self-efficacy and cognitive styles, with male preser-
vice teachers generally exhibiting greater confidence in their knowledge, particularly in
technology-related domains.

5.5. Correlation Analysis of Design Thinking and TPACK

A correlation analysis was conducted to explore the relationship between design
thinking and the seven facets of data-logging TPACK, as presented in Table 8. The anal-
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ysis unveiled a noteworthy positive correlation between the seven TPACK components
and design thinking. This observation suggested that the development of data-logging
TPACK in preservice chemistry teachers plays a pivotal role in enhancing their capacity to
employ higher-order thinking skills, enabling the integration of knowledge from diverse
dimensions when designing courses. Additionally, the cultivation of thinking skills dur-
ing the design refinement and reflection process contributes significantly to elevating the
data-logging TPACK proficiency of preservice chemistry teachers.

Table 8. The correlation between design thinking and data-logging TPACK.

CK PK TK PCK TPK TCK TPACK

DT 0.65 ** 0.79 ** 0.66 ** 0.60 ** 0.66 ** 0.55 ** 0.76 **
Note: ** p < 0.01.

Among the seven dimensions within the TPACK model, it is worth noting that the
correlation coefficient between Pedagogical Knowledge (PK), TPACK, and design thinking
(DT) exceeded 0.7, signifying a particularly strong connection. This underscores the crucial
role of design thinking in fostering the development of teaching and learning principles,
practices, and strategies. Moreover, it underscores the effective utilization of data-logging
technology in chemistry instruction. Emphasizing the theory and methodology of “teach-
ing and learning” becomes imperative, as it propels instructional design thinking to a
higher echelon. Simultaneously, the advancement of knowledge concerning teaching prin-
ciples and strategies, coupled with the adept use of data-logging technology in chemistry
instruction, greatly augments educators’ design thinking acumen.

In interviews conducted with participants, they conveyed that TPACK facilitated a
more systematic approach to instructional design. When crafting courseware, teachers
could strategically fuse essential knowledge with related expansions, thereby enriching
the teaching content and fostering critical thinking within the classroom. This, in turn, im-
proved the overall quality of lessons. Furthermore, the utilization of technology paved the
way for the creation of self-directed learning materials, facilitating systematic comparisons
of chemical knowledge both horizontally and vertically. This approach further fostered
systematic thinking within the realm of chemistry education.

6. Conclusions and Implications

This study aimed to explore the structure, developmental pathway, and influential
factors within the data-logging TPACK framework. The study yielded three key findings.
First, it successfully established acceptable levels of both convergence validity and discrim-
inant validity, substantiating the validity of the seven-factor TPACK model. This validation
provides robust evidence for the soundness of this model’s construction. Second, the results
of the structural equation model analysis unveiled that the developmental trajectory of
data-logging TPACK among preservice chemistry teachers aligns harmoniously with the
transformative perspective. However, it was noted that CK did not exert a direct influence
on PCK, a finding congruent with the views expressed by Chai [26] and Dong [33]. Third,
this study revealed that the level of data-logging TPACK of preservice chemistry teachers
exceeded a moderate threshold. Additionally, it found a mutually reinforcing relationship
between data-logging TPACK and design thinking. Notably, gender did not emerge as a
significant variable with regard to TPACK proficiency.

By successfully bridging the subject specialization in chemistry with the technical
domain of data-logging technology, this research significantly contributes to our under-
standing of the TPACK framework’s structure, developmental trajectory, and influen-
tial factors. It lays a robust theoretical foundation for the sustainable growth of teach-
ers’ proficiency in integrating professional technology into their pedagogy. Further-
more, it assists preservice teachers in forging meaningful connections between diverse
knowledge domains.
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6.1. Deepen the Basic Research of TPACK

Suggestions for basic research on data-logging TPACK include the following three
points. First, there is a need to examine the data-logging TPACK of teachers at different
stages of development. The relationship between various factors of TPACK is complex,
and this study focused on preservice teachers. It is important to investigate whether the
seven-factor model of TPACK is applicable to teachers at different stages beyond preservice
teachers and further validate its development. Second, it is important to explore the
TPACK of teachers with different levels of technical expertise. This study only included
data-logging technology knowledge, but it would be valuable to investigate whether the
development path of TPACK differs under other technologies. This can be explored through
adapted questionnaires and further research. Third, efforts should be made to improve
the validity of the questionnaire. The positive self-reporting scale items used in this study
may have influenced participants’ responses and affected the validity. Additionally, the
varying number of items for each factor in the questionnaire resulted in different levels
of accuracy. Adjustments can be made in the questionnaire design to minimize positive
suggestions and ensure validity. Furthermore, it would be beneficial to unify the number
of items for each factor to ensure consistency and accuracy. Moreover, when optimizing
the questionnaire design, it is important to clarify the concepts corresponding to the seven
factors in TPACK. This will help participants accurately distinguish these factors and
express subject and technology specificity in a specific and rigorous manner. Controlling
the total number of items will also contribute to achieving good reliability and validity.
These considerations can serve as a reference for adapting questionnaires in related research.
Lastly, follow-up research can consider incorporating qualitative research methods such
as classroom observation, in-depth interviews, or collection of instructional designs and
teaching reflections [61]. This approach can provide a bottom-up summary of the structural
model and development path of TPACK, as well as explore strategies to promote the
generation of TPACK.

6.2. Develop the Research on the Current Status of TPACK

The suggestions for researching the current state of data-logging TPACK include
the following three points. First, the participants and region selected in this study had
certain limitations, and the research time was before the preservice teachers’ practice,
which failed to represent the actual situation of all preservice chemistry teachers. In the
follow-up study, samples can be taken from many places, questionnaires of this study can
be improved, and preservice teachers at different educational stages or in-service teachers
with different attributes can be examined and compared, so as to make the data more
representative [45]. Second, the relationship between chemistry teachers’ TPACK and their
technological environment support and teachers’ concept can be further quantitatively
investigated [49,54]. Third, this study mainly adopted quantitative research methods, and
the subsequent research can use gauges to assign scores to the teaching design [61], so as to
make the measurement more comprehensive, realize the mutual verification of data, and
enhance the reliability and validity of the research.

6.3. Improving Teacher Education on TPACK

The suggestions for chemistry teacher education primarily include the following
three points. First, there is a need to adjust the cultivation system that focuses solely on
single-dimensional knowledge. In this study, the score for single-dimensional knowledge
was significantly lower compared to two-dimensional composite knowledge. This could
be attributed to the depth of chemistry knowledge and theoretical teaching knowledge,
which may lead to the neglect of technological knowledge. To address this, chemistry
specialty courses can consciously establish the relationship between professional knowl-
edge, teaching knowledge, and technological knowledge. For example, combining college
chemistry knowledge with middle school chemistry knowledge can help clarify concepts.
In chemistry specialty experiment courses, sensors such as pH meters and conductance
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meters can be associated with data-logging technology knowledge. In education courses,
relevant knowledge can be analyzed and practiced in depth, incorporating micro-practice
and heterogeneous sharing within the same class. Emphasizing the study of technology
courses and improving curriculum and material settings, as well as practical teaching
scenarios, is also crucial. Schools can increase technology investments to enhance the
hardware equipment for data-logging technology experiments, providing more practical
teaching opportunities for preservice chemistry teachers.

Second, it is important to strengthen the cultivation of integrated knowledge. Normal
university students can be guided to develop an organic integration of TPACK based on the
seven-factor model. Ideas of integrating CK, PK, and TK can be infused into the classroom
to deepen the understanding of TPACK among preservice chemistry teachers. In course
learning, situations that promote the integration of CK, PK, and TK can be created. For
instance, in courses related to data-logging technology experiments, students can be guided
to not only learn about experimental principles and operations but also to think about how
to leverage the advantages of data-logging technology to innovate and enhance chemistry
teaching through classroom interactions, homework assignments, and the development of
complete instructional designs.

Third, it is essential to focus on the development of design thinking. Considering the
mutual promotion between the seven factors of TPACK and design thinking, the TPACK
level of preservice chemistry teachers can be enhanced through the manifestation and
deepening of design thinking. In courses such as chemistry teaching theory and chemistry
instructional design, college teachers can adopt a cooperative learning approach. Each
group can select teaching content and teaching strategies, integrate appropriate technology,
and engage in instructional design, display, and reporting. This process can follow a
cycle of “design-practice-reflection-redesign-practice”. Within their groups, preservice
teachers can deepen their design thinking through communication and reflection on their
designs. They can then broaden their thinking through learning and evaluation with other
groups. This approach helps preservice chemistry teachers continuously improve their
TPACK level.

7. Limitations and Future Research

It is important to note that the study may not have ensured the representation of all
preservice chemistry teachers in China. The participants in this study were selected from
a single school and grade using a convenient sampling method, which may have limited
regional representation. Additionally, the sample size was relatively small, with only
181 subjects, which may not accurately reflect the overall situation of all preservice chem-
istry teachers in China. Furthermore, the study was conducted in the second semester of the
junior year, and the participants had not yet completed all teacher-related courses or gained
practical teaching experience. Therefore, the data may not fully reflect the TPACK level
of preservice chemistry teachers after they have completed their entire teacher education
program. We also acknowledge that the scope of technological knowledge in this study was
limited to data-logging technology, which may restrict the generalizability of the findings.
While data-logging technology is indeed a significant modern technology in chemistry
experiment teaching, not all teacher education programs include it in their curriculum.
As a result, the level of preservice teachers’ data-logging TPACK may be closely tied to
the specific courses they have taken. Moreover, apart from data-logging technology, there
are various other information technology applications such as multimedia equipment and
network resources that are utilized in chemistry teaching. However, these technologies
were not included in this study. Therefore, the conclusions drawn from this study can only
be applied to the TPACK level of preservice chemistry teachers in relation to data-logging
technology and may not be generalizable to other technologies. Further research is needed
to explore the TPACK measurement for other technology-specific domains. This study
primarily measured the level of data-logging technology TPACK among preservice teachers
using quantitative and self-report methods, which may require further validation. The
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questionnaire used in this study had a certain degree of positive bias, which means that the
research results were greatly influenced by the subjective perspectives of the participants.
This may have an impact on the validity of the study. Additionally, the number of items for
each factor in the questionnaire was different, leading to differences in the accuracy of each
item. This issue should be further addressed and optimized in future studies. Moreover,
this study focused on the declarative level of data-logging technology TPACK and did not
assess the performance-based TPACK level of preservice teachers through interviews, in-
structional design evaluations, teaching records, or other materials. The mutual verification
of data was not achieved in this study, which may limit the comprehensive understanding
of preservice teachers’ TPACK level in relation to data-logging technology.
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