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Abstract

This study investigated primary mathematics teachers’ technological, pedagogical, and content
knowledge (TPACK) and attitudes towards information and communication technology (ICT)
integration in mainland China during the post-pandemic period. Quantitative data were collected
through a web-based self-determined questionnaire. Statistical analysis was performed using
independent sample t-tests, and Mann-Whitney U tests to assess gender and teaching experience
in years. Spearman’s correlation test also examined the relationship between TPACK and teachers'’
attitudes towards ICT integration. The findings revealed that most mathematics teachers had
adequate non-technology-related knowledge but lacked technology-related knowledge.
However, they were willing to incorporate digital technologies in their teaching after experiencing
large-scale online teaching. There was no significant gender or teaching grade differences in
TPACK, but teaching experience positively correlated with TPACK. The study emphasizes the
importance of assessing teachers’ practical circumstances before introducing TPACK development
programs. Finally, the implications for teachers, educators, and policymakers were discussed at

the end of this paper.
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INTRODUCTION

Last a decade, many studies have investigated the
relationship between TPACK and the integration of ICT
in classroom teaching (Harris, 2016; Smith et al., 2016).
Some researchers asserted that teachers” TPACK and
their attitudes were at the core of the success of ICT
integration in classroom teaching (Hughes, 2013; Neil
Selwyn, 2021; Scherer et al., 2018). In China, TPACK
framework has gained significant attention from
researchers, and studies have been conducted to explore
its applicability and effectiveness in the Chinese context
(Hossain et al., 2021). This highlights the importance of
understanding and promoting the use of technology in
education in China, as well as the need for continued
research on the role of TPACK in ICT integration in
classroom teaching (Dong et al., 2015; Liu et al., 2014).
This paper deals with the lack of TPACK among primary
mathematics teachers in mainland China and their
attitudes toward ICT integration in classroom teaching
during the post-pandemic period. The paper aims to

investigate the level of TPACK and attitudes toward ICT
integration among mathematics teachers and identify
any gender or teaching grade differences.

Research Background

In 2012, the Chinese government implemented the
national education development of the 12t five-year
plan (Ministry of Education of the People’s Republic of
China, 2012). The government expected that the
intervention of the policy in the educational field could
facilitate ICT integration in classroom teaching and
teachers’ ICT competencies (Zhang et al., 2018). Since the
implementation of the policy, many researchers
examined the factors impacting the effectiveness of ICT
integration in classroom teaching. Mainly, the factors
have been categorized into two aspects: internal factors
(e.g., teachers” ICT competencies, teacher Dbeliefs,
attitude to ICT integration, and knowledge) and external
factors (e.g., infrastructures, software, funding, and
school management) (Zhang et al., 2018). From an
external perspective, the Chinese government invested

© 2023 by the authors; licensee Modestum. This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).

B mao.li@monash.edu (*Correspondence)


https://doi.org/10.29333/ejmste/13346
http://creativecommons.org/licenses/by/4.0/
mailto:mao.li@monash.edu
https://orcid.org/0000-0001-6512-319X

Li / Chinese mathematics teachers’ TPACK and attitudes toward ICT integration

Contribution to the literature

e Thestudy’s findings and recommendations provide new insights into the challenges and opportunities of
integrating digital technologies in mathematics teaching during the post-pandemic period.

e The study first combined TPACK instrument and ICT attitude instrument to measure primary
mathematics TPACK and attitude toward ICT integration and underlines the significance of measuring
teachers’ attitudes towards ICT integration and how this can inform the design and implementation of
effective TPACK development programs. This study provides a deeper understanding of TPACK of
primary mathematics teachers in mainland China, and their attitudes towards ICT integration in the

classroom, during the post-pandemic period.

e Also, this study can inform teacher education and policymakers to develop and implement more effective
TPACK development programs tailored to primary mathematics teachers” specific needs.
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Figure 1. Proportion of primary schools that met standards
for laboratory instruments in mathematics (Source:
Author’s own elaboration)

an amount of money on building ICT infrastructures and
network since the beginning of the 21st century. An
obvious example is that the proportion of primary
schools that met the standards for laboratory
instruments in mathematics surged from 54.19% to
95.96% (see Figure 1) from 2013 to 2020 in mainland
China (Ministry of Education of the People’s Republic of
China, 2019). In other words, in 2020, most Chinese
primary schools had sufficient resources (e.g.,
computers, experimental mathematics instruments,
interactive whiteboard, and projectors) for mathematics
classroom teaching.

While the Chinese government has made significant
progress in improving the educational infrastructure
and resources for ICT integration in classroom teaching,
some researchers remain skeptical about the success of
this integration. For instance, Chen et al. (2019) surveyed
3730 Chinese K12 teachers and pointed out that the
government ignored the internal factors and had an
insufficient evaluation on the whole process of
educational reform. Additionally, Chen et al. (2019)
asserted that ICT integration in classroom teaching was
influenced by five main factors: application attitude,
ICT-based teaching abilities, utilization frequency,
application environment and degree of help. In contrast,
Sang et al. (2011) debated that two significant factors
came into play in the ICT integration: teachers’ belief and
attitudes toward computers in education. Indeed, these
researchers have a resonance that the factors influencing
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ICT integration were complicated and interrelated
instead of solving problems by merely improving
infrastructures (Chen et al., 2019; Liu et al., 2014; Sang et
al., 2011).

In recent years, some researchers advocated that
mathematics teachers” TPACK played a crucial role in
the transformation of traditional education and pointed
out that the level of mathematics teachers” TPACK was
positively linked to the effectiveness of ICT integration
in classroom teaching (De Freitas & Spangenberg, 2019;
Getenet et al., 2016; Liu et al., 2015). However, many
primary mathematics teachers lacked TPACK in
mainland China (Liu et al., 2015). It could be said that it
is still challenging for primary mathematics teachers to
integrate ICT into classroom teaching. Simultaneously, it
also could be said that the goal of ICT integration is far
from the Chinese government’s anticipation. Previously,
researchers have focused on the relationship between
mathematics teachers’ TPACK and ICT integration (Chai
etal., 2011; Simsek & Sarsar, 2019). Differently, this study
examines the relationship between mathematics
teachers’ TPACK and their attitudes towards ICT
integration and the impact of large-scale online teaching
on primary mathematics teachers’ TPACK and attitudes
towards ICT integration during the post-pandemic
period in mainland China. Additionally, some studies
have involved mathematics teachers’” TPACK with
different subjects’ teachers (Chai et al., 2019; Schmidt et
al.,, 2009). By contrast, this study explicitly targets
primary mathematics teachers in mainland China who
have experienced large-scale online teaching due to the
COVID-19 pandemic. Importantly, this study is
conducted in the post-pandemic period when schools
have reopened after large-scale online teaching, which is
a unique context that differs from previous studies (De
Freitas & Spangenberg, 2019; Getenet et al., 2016; Liu et
al., 2015).

In 2020, the outbreak of COVID-19 dramatically
influenced the primary educational domain in mainland
China. Large-scale online teaching has pushed teacher
education to re-evaluate what key competencies the
future mathematics teachers need to be equipped to
effectively motivate millennium learners and adapt to
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the change of contemporary education (Konig et al.,
2020). Currently, as schools reopen after the pandemic, it
is important to understand the impact of large-scale
online teaching on mathematics teachers’ TPACK and
attitudes towards ICT integration. Nevertheless, it is
insufficient to  teacher education concerning
understanding the mathematics teachers’” TPACK and
their attitudes during the post-pandemic period. The
unfamiliarity with mathematics teachers” TPACK and
attitudes could negatively impact on the development of
teacher education. Li (2012) contended that it is crucial
to understand teachers’ practical situation for teacher
education, and the misjudgment of the teacher’s actual
situation will lead to the failure of teacher training.
Moreover, research has shown that teachers’ TPACK
plays a critical role in successfully integrating ICT into
teaching (Koh et al., 2010). However, more research
needs to be conducted on mathematics teachers” TPACK
and attitudes towards ICT integration in mainland
China, especially during the post-pandemic period.
Therefore, it is crucial to understand the impact of the
pandemic on mathematics teachers’ TPACK and
attitudes towards ICT integration and to develop
effective strategies to improve their skills in this area.
The lack of mathematics teachers” TPACK and attitudes
towards ICT integration has become a significant
problem in contemporary education, especially in the
post-pandemic period.

Therefore, this study aims to explore mathematics
teachers” TPACK, their attitudes toward ICT integration,
and their relationship after large-scale online teaching.
The research questions formulated for this study will
shed light on the perceptions of mathematics teachers in
Chinese primary schools towards TPACK and ICT
integration and how these relate to their demographic
factors, such as gender, teaching experience, and
teaching grade. By providing valuable insights for
teacher education programs, policymakers, and school
administrators, ultimately enhancing the quality of
primary mathematics education in mainland China.
Also, this study could contribute to the effective
integration of ICT into mathematics teaching in the post-
pandemic period and expand the existing literature on
TPACK research in the context of primary mathematics
education in mainland China. The following sections of
this paper will provide an overview of the theoretical
framework, research design and methodology, data
analysis methods, results, and discussion, which
collectively aim to answer the research questions and
contribute to the existing literature on the impact of
large-scale online teaching on primary mathematics
teachers” TPACK and attitudes towards ICT integration
in mainland China during the post-pandemic period.

Research Questions

1. What are the mathematics teachers’ TPACK

perceptions in a Chinese primary school?

2. What are the mathematics teachers’ attitudes
toward ICT integration in their classroom
teaching after large-scale online teaching?

3. How might the mathematics teachers’
demographic  factors  (genders, teaching
experience, and teaching grade) relate to their
knowledge domains of TPACK framework?

4. What are the relationships between the
mathematics teachers’” knowledge domains of
TPACK framework and their attitudes toward
ICT integration?

LITERATURE REVIEW

Theoretical Framework

TPACK, which built on the notion of pedagogical
content knowledge (PCK) (Shulman, 1986) has been
widely recognized as an essential competency to 21st
century’s teachers (Chai et al., 2019; Mishra & Koehler,
2006; Okumus et al., 2016). Moreover, as a fundamental
theoretical framework, TPACK was introduced into
many educational studies to comprehend pre-service
and in-service teachers’” knowledge required for ICT
integration (Angeli et al., 2016; Chai et al., 2013). Many
researchers believed that TPACK framework delineates
what knowledge teachers have to be equipped to
integrate ICT into classroom teaching effectively and
how they could improve this knowledge (Schmidt et al.,
2009; Stoilescu, 2015; Voogt et al., 2016). In the TPACK
framework, three basic knowledge interact and form
seven components of TPACK (Figure 2) (Mishra &
Koehler, 2006). Koehler et al. (2013) defined the seven
components, as follows:

1. Technological knowledge (TK): TK is the
knowledge concerning a diversity of technologies,
which contains traditional technologies (e.g., pen

Technological
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Technological - Technological
Pedagogical T&chnc;lo(?lcal Content
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Figure 2. Components of TPACK framework (Mishra &
Koehler, 2006) (http://tpack.org)
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and paper) and digital technologies (e.g.,
interactive whiteboard, online teaching and
learning platforms, applications).

2. Content knowledge (CK): CK refers to teachers’
knowledge regarding the subject matter. It is
teachers’” knowledge concerning a specific subject
matter to be taught or learned.

3. Pedagogical knowledge (PK): PK is defined as
teachers’ knowledge concerning teaching and
learning methods. It includes knowledge in
classroom management, student evaluation,
student learning, and developing teaching plans.

4. PCK: PKC is similar to Shulman’s (1986)
definition that teachers” knowledge of pedagogy
is the ability to teach unique content.

5. Technological content knowledge (TCK): TCK
refers to comprehending the matter in which
content and technology mutually impact and
restrict. It suggests that teacher need to
understand that they can utilize a specific
technology to cope with subject-matter learning in
their field.

6. Technological pedagogical knowledge (TPK):
TPK is the knowledge that teachers can utilize
different technologies to produce a positive
impact on teaching and learning. This
encompasses understanding the pedagogical
restrictions and affordances of various
technologies as they are associated with
disciplinarily pedagogical designs.

7. TPACK: TPACK is the knowledge that teachers
need to be equipped with to integrate technology
into their teaching in a specific content domain. It
is an understanding of interactions among three
basic components: TK, CK, and PK.

TPACK framework has gained significant attention
from researchers around the world for its potential to
improve teaching and learning outcomes through
effective integration of technology in education
(Valtonen et al., 2017). Abbitt (2011) contended that the
TPACK framework could make a difference in the pre-
service teacher education (e.g., the utilization of the
TPACK framework to assess and design pre-service
teacher preparation programs). Moreover, the TPACK
framework has also been introduced in different subject
domains to understand teachers’ abilities to integrate
ICT. For example, in Australia, Prodromou (2015)
investigated the relationship between mathematics
teachers” TPACK and their ability for teaching statistics.
Prodromou (2015) asserted that the development of
mathematics teachers” TPACK was the antecedent of
effectively applying mathematics teaching software to
motivate students. In Australia, an increasing number of
researchers believed that TPACK is the essential
competence that mathematics teachers need to be
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equipped in the 21st century (Loong & Herbert, 2018;
Prodromou, 2015).

In other countries, many researchers also believe that
the TPACK framework plays an essential role in
mathematics teacher education in the information age,
such as in the USA (Smith et al., 2016) in South Africa
(De Freitas & Spangenberg, 2019). It can be said that the
practicability and significance of the TPACK framework
have successfully attracted an increasing number of
researchers’ attention to investigate the profiles of pre-
service and in-service teachers’ TPACK. More
importantly, as a contextualized synthesis of teacher
knowledge, TPACK framework could be utilized to help
teachers effectively integrate ICT in classroom teaching,
thus better positively impact on student engagement
and motivation to learn (Harris & Hofer, 2011; Mishra &
Koehler, 2006, Okumus et al., 2016). Nevertheless, most
studies were based on western countries” contexts, such
as Turkey and the USA and rarely focused on the
Chinese context (Scott, 2021).

TPACK in Mainland China

In mainland China, TPACK research mainly focused
on the whole picture of teacher education instead of a
specific subject domain such as mathematics teachers’
TPACK. For example, Liu et al. (2015) investigated 2728
Chinese K12 in-service teachers’ TPACK, which
included primary and secondary all subjects’ teachers.
They found that these K12 in-service teachers’” genders
and ages were the significant elements, which could be
utilized to predict teachers’ TPACK (Liu et al., 2015). On
the one hand, Chinese K12 male teachers had a strong
sense in CK; nevertheless, female teachers had a strong
sense in PCK. On the other hand, beginning teachers
were perceived as more confident in TK than
experienced teachers. Notably, the researchers indicated
that the majority of K12 teachers lacked TPACK, and the
lack of TPACK among the teachers prevented them from
effectively integrating ICT in their classroom teaching
(Liu et al., 2015). Furthermore, Wu et al. (2019) surveyed
2567 K12 teachers to explore the relationship between
ICT integration and K12 schools” ICT supporting
conditions in mainland China. The result revealed that
rural schools and wurban schools faced different
dilemmas regarding the development of ICT integration.
In rural areas, the schools faced both external barriers
(e.g., insufficient infrastructure and inadequate funding)
and internal barriers (e.g., the lack of TPACK among
teachers) (Wu et al., 2019). By contrast, in the urban area,
schools had ample resources (e.g., network and
hardware). Nevertheless, urban teachers lacked
technology-related abilities (e.g., TK, TPK, TCK, and
TPACK) and attitude toward ICT integration, thus rarely
utilizing these resources in their classroom teaching (Wu
etal., 2019).
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These studies focused on the overall evaluation of
teachers’ TPACK. There is insufficient empirical TPACK
research linked to different disciplines and stages of
compulsory education in mainland China (Zhang et al.,
2018). While there have been some studies on the
TPACK of K12 teachers in general, few have focused on
TPACK of primary mathematics teachers specifically.
Given the importance of TPACK in effective ICT
integration and the increasing use of online teaching due
to the COVID-19 pandemic, it is crucial to explore
TPACK of primary mathematics teachers in China.
Doing so can inform teacher education programs and
provide insights into how to better support teachers in
effectively integrating technology into their classroom
teaching. Therefore, there is a pressing need for more
empirical research on primary mathematics teachers’
TPACK in mainland China.

Barriers of ICT Integration in Classroom Teaching

It is widely acknowledged that digital technologies
play a significant role in improving students’ learning
outcomes in the current era (Alabdulaziz, 2021; Alneyadi
et al., 2023). The factor influencing ICT integration in
classroom teaching is crucial to educational
informatization (Wu et al., 2019). However, since the
beginning of the 2Ist century, ICT integration
encountered various obstacles in many countries due to
their different educational contexts (Noori, 2021). For
instance, Lawrence and Tar (2018) pointed out that in
some African countries such as Nigeria, there were seven
factors, which prevented ICT adoption and integration
in teaching: insufficient ICT knowledge, time limitation,
unwillingness to change, the complexity of ICT
integration, poor infrastructure, inadequate training,
insufficient access and the lack of technical supports. In
Afghanistan, no stable internet, lack of a stable power
supply and lack of enough TK were the main problems
in ICT integration in teaching and learning (Noori et al.,
2022). In Australia, researchers believed that the primary
barriers to the uptake of ICT and ICT utilization were
problems with insufficient teacher confidence with ICT
integration and fear of utilizing ICT (Skues &
Cunningham, 2013). In the United Arab Emirates,
Hamad et al. (2022) investigated the experiences of
science teachers in integrating STEM approaches into
their teaching and the challenges they face in doing so,
such as documentation, curriculum content, and lack of
supportive guidelines. They found that the biggest
challenge for science teachers in integrating STEM
approaches into their teaching is external challenges
(e.g., the lack of supportive guidelines) (Hamad et al.,
2022). Moreover, in mainland China, Zhang et al. (2018)
claimed that the internal and external factors triggered
the obstacles. The external factors encompassed
insufficient funding for equipment, the weakness of
school leadership, inadequate resources, and the lack of
professional training (Bingimlas, 2009; Tay et al., 2014;

Wu et al., 2019; Zhang et al., 2018). By contrast, internal
factors were linked to teachers’ beliefs, ability and
attitude toward ICT integration (Blundell et al., 2020).

Although various barriers to ICT integration existed
in different contexts, there was a similar phenomenon
among them: many teachers lacked knowledge,
attitudes, and skills to integrate ICT into their classroom
teaching (Lawrence & Tar, 2018; Skues & Cunningham,
2013; Zhang et al, 2018). Therefore, it could be
contended that in the information age, understanding
teachers’ capacity to integrate ICT and their attitudes
toward ICT integration play a crucial role in the success
of ICT integration in classroom teaching (Dong et al.,
2015). To achieve the goal, many researchers believed
that involvement of TPACK framework in teacher
education is of importance because it could be used to
explain ability that teachers need to be equipped for ICT
integration in classroom teaching (Janssen & Lazonder,
2016; Stein et al., 2020). Simultaneously, they have faith
that teachers” TPACK and their attitudes toward ICT
integration also come into play in the transformation of
traditional classroom teaching (Janssen & Lazonder,
2016; Kadioglu-Akbulut et al., 2023; Stein et al., 2020;
Wang & Zhao, 2021). Accordingly, as an innovative and
profound theoretical framework, TPACK is essential to
development of contemporary education.

Teachers” Attitude Toward ICT Integration

As a crucial element of ICT integration in classroom
teaching, teachers’ attitudes toward ICT integration have
been frequently discussed in many studies since the
appearance of educational technology (Bindu, 2017; Gu
et al., 2013; Scherer et al., 2018). Despite decades of
discussion, the definition of teachers’ attitudes toward
ICT integration is of the inconclusiveness and
inconsistency in the academic world. Some researchers
associated teachers’ attitudes with their behavior to
account for the utilization of ICT, classroom activities
and ICT-related material (Zhang et al., 2008). These
researchers believed that teachers” attitudes toward ICT
integration could be distinguished into two interaction
aspects: object-oriented ICT attitudes and behavior-
oriented ICT attitudes (Zhang et al., 2008). These
researchers found that participants’ attitudes toward
digital technologies could be employed to predict the
frequency of ICT utilization (Zhang et al., 2008). For
instance, if teachers are interested in the interactive
whiteboard, they will likely use it in their classroom
teaching. By contrast, Scherer et al. (2015) hold different
views and debated that the proper way to identify
teachers’ attitude toward ICT integration should be
based on the functions of the technologies. They pointed
out that teachers’ attitudes toward ICT integration
involved multidimensional factors including the
usefulness of ICT for teaching and learning, the benefits
of ICT usage for teaching performance, and students
learning outcome (Scherer et al., 2015). In other words,
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Scherer et al. (2015) have faith that the attitudes toward
ICT integration depend on what benefits technologies
could be provided for teachers and students. It is
apparent that these researchers defined teachers’
attitudes toward ICT integration according to teachers’
behavior and the function of digital technologies.
However, these categories are difficult to explain
teachers’ attitudes toward ICT integration in classroom
teaching accurately because of the insufficient
consideration on classroom elements (e.g., classroom
presentation, activities, teaching and learning resources
preparation). By contrast, van Braak’s (2001) category,
attitudes toward computers in education, is more
suitable for studies related to ICT integration in the
classroom environment.

van Braak (2001) categorized teachers’ attitudes into
two aspects: attitudes toward computers in education
scale and the general attitudes toward computers scale.
He believed that teachers’ attitude was an explanatory
concept that could help comprehend the teachers’
behavior toward computers (van Braak, 2001). van Braak
et al. (2004) pointed out that on the one hand, teachers’
general computer attitudes scale could be utilized to
predict teachers’ supportive computer use. For instance,
teachers who liked work with computers were likely to
prepare worksheets by computers (van Braak et al,
2004). On the other hand, the attitudes toward
computers in education scale could be applied to predict
class use of the computer (van Braak et al., 2004). An
obvious example was that the teachers who believed that
technology could make a difference in students’
creativity were more willing to utilize computers for
classroom teaching. It can be safely said that van Braak
(2001) category crystallized the specific role of teachers’
attitudes in ICT integration in classroom teaching. Last a
decade, some researchers introduced the attitudes
toward computers in education scale to measure and
understand teachers’ attitudes toward ICT integration in
classroom teaching. In mainland China, Sang et al. (2011)
examined 820 primary teachers’ attitudes by utilizing
van Braak’s (2001) design. They argued that based on the
Chinese context, teachers’ attitudes toward ICT
integration were influenced by three main factors:
school-level factor (e.g., subject factor, infrastructures,
school cultures, and leadership), social background
factor (e.g., family background, economic status), and
national level factor (e.g., the educational policy,
curriculum reform) (Sang et al, 2011). It can be
contended that this result highlighted the significance to
take complex models into account to investigate
teachers’  attitudes  toward ICT  integration.
Simultaneously, it underpinned the necessity to narrow
down the research scope from the whole picture to
specific discipline in different education levels, such as
primary mathematics teachers. The study introduced
van Braak (2001) attitudes toward computers in
education scale to investigate primary mathematics
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teachers’ attitudes toward ICT integration. The scale
assesses several dimensions of attitudes towards
technology, including perceived usefulness, perceived
ease of use, anxiety, enjoyment, and risk-taking.
Previous studies have used this scale to investigate
teachers’ attitudes towards technology integration in
different contexts and subject domains (Ozdamli &
Cavus, 2011). This scale can provide valuable insights
into primary mathematics teachers’ attitudes towards
technology integration in China, and how these attitudes
may have changed due to the COVID-19 pandemic.

METHOD

Research Design

Based on the deductive theory, researchers utilize
previous theoretical ideas in a specific field to answer the
research questions or deduce hypotheses (Bryman,
2016). This quantitative research project was designed as
survey research with a deductive and positivist stance,
and it employed a self-administered questionnaire (web-
based and structured) to collect data. There were two
practical reasons why the study chose the survey design
and employed the web-based questionnaire. First, the
research design considered two considerations:
convenience and time limitation. The web-based survey
solved these dilemmas (Dillman, 2014). Second, in the
past, the questionnaire as an effective method has been
widely utilized to examine pre-service and in-service
teachers” TPACK and their attitudes in different contexts
such as Australia (Petrea & Yehuda, 2019), South Africa
(De Freitas & Spangenberg, 2019), China (Chai et al.,
2013), Finland (Valtonen et al., 2017). These prior
experiences were robust evidence to prove the
reasonability of applying questionnaires to collect data.
Hence, introducing the questionnaire was a feasible and
reliable way to help the researcher effectively measure
the teachers’” TPACK and attitudes. Moreover, the
researcher used a web-based application to design the
questionnaires and generated QR code and link for
participants to access the questionnaires. Then, the
researcher used WeChat to deliver the web-based
questionnaire because it was a convenient way for
mathematics teachers to participate in the questionnaire.
Studies have shown that it is crucial to provide
participants with a convenient way to take part in the
questionnaires because of its favorable influences on
response rates (Bryman, 2016; Layder, 2013). Finally, the
software package statistical package for the social
sciences (SPSS, version 28) was employed for descriptive
and inferential analysis.

Participants

As Cohen et al. (2018) mentioned, non-probability
samples are convenient and less expensive for data
collection. Therefore, during the post-pandemic period,
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the study applied the convenience sample strategy to
recruit the participants from an urban primary school in
Chongqing (southwest China).

In mainland China, pre-service teachers need up to at
least four years of professional development to become
in-service primary teachers (Li, 2012). During the four
years, pre-service teachers are trained to be qualified
teachers and obtain different primary teacher
certifications, such as English and mathematics teacher
certifications (Li, 2012). Thus, in most primary schools
(typically in urban areas), different disciplines have
different professional teachers (e.g., mathematics
teachers, Chinese teachers, and English teachers). In this
study, a convenience sample was used as it was a
practical and cost-effective method of gathering data
during the post-pandemic phase. Non-probability
samples, such as convenience sampling, are frequently
used in research because they are convenient and can
give valid results under certain conditions, such as when
the research is exploratory, or the sample is
homogeneous and very large (Cohen et al., 2018; Etikan
et al., 2016). In this case, the study focused only on in-
service mathematics teachers in one primary school in
Chongqing, China. The utilization of a convenience
sample was determined to be a pragmatic and
economical approach in contrast to a probability sample,
which would have demanded a comprehensive
exploration of potential participants across various
primary schools and geographical locations (Etikan et
al., 2016). However, it is essential to note that the
generalizability of the findings may be limited due to the
small sample size and non-random sampling method
employed in this study. Therefore, caution should be
exercised when extrapolating these results to other
populations.

Data Collection

In this primary school, there were 34 in-service
mathematics teachers, and all these teachers were
invited to participate in the questionnaire voluntarily.
Eventually, thirty-one valid questionnaires were
collected, and three teachers rejected to participate in the
study. It represents that the response rate was
approximately 91.20%. The response rate of 91.20%
indicates that a significant proportion (high level) of the
population of in-service mathematics teachers in this
primary school participated in the study (Cohen et al.,
2018; Layder, 2013). Hence, it can be said that the 31
mathematics teachers could represent the population of
mathematics teachers in this primary school. However,
it is important to note that the population of 34 in-service
mathematics teachers is not representative of the whole
population of interest in mainland China. Consequently,
the outcomes of this study may possess restricted
generalizability in more extensive settings, thereby
necessitating caution when applying them to other
contexts.

Additionally, the samples covered all grades (from
grade one to grade six) in this primary school. In
questionnaire design research, two primary elements
need to be considered when doing data collection: the
data collection tools and the questionnaire delivery way
(Cohen et al., 2018; Punch & Oancea, 2014). To deal with
the two primary issues, the researcher used
Wenjuanxing (WJX) and WeChat to collect data. WJX is
a SurveyMonkey-like online platform in mainland
China. Hence, the researcher applied WJX to design the
web-based questionnaires and generated the QR code
and link for participants to access the questionnaires.
WeChat is a WhatsApp-like social media, and in this
primary school, teachers communicate and collaborate
with colleagues in everyday work via WeChat. Hence,
WeChat was a convenient way for mathematics teachers
to participate in the questionnaire. The questionnaires
were distributed via WeChat, and this strategy
contributed to the high response rate.

The Instrument

Reliability and validity

The study introduced the questionnaires designed by
Schmidt et al. (2009) and van Braak (2001) to gauge the
mathematics teachers” TPACK and attitudes toward ICT
integration in classroom teaching. There were three parts
to the questionnaires. In the first part, the questionnaire
collected the mathematics teachers’ demographic
information, including three items (gender, years of
teaching experience, and teaching grade). The second
part measured mathematics teachers” TPACK (Schmidt
et al., 2009). There were 37 items in this part, categorised
into seven dimensions: seven TK items, three CK items,
seven PK items, four PCK items, four TCK items, five
TPK items, and seven TPACK items. Moreover, the
participants completed the 37 questions via the five-
point Likert scale (strongly disagree, disagree, neither
agree nor disagree, agree, and strongly agree). In the
third part, attitudes toward computers in education scale
(van Braak, 2001) was introduced to examine
mathematics teachers’ attitudes. There were 12 items in
this part, designed based on the five-point Likert scale.

The instrument’s validity and reliability play a
significant role in research (Bryman, 2016; Cohen et al.,
2018). In this research project, the validity and reliability
of the questionnaires were identified. The questionnaire
(Schmidt et al., 2009; van Braak, 2001) was based on
piloting questionnaires, which help to identify and
eliminate confusing or unreliable questions, prevent
irrelevant questions, and ensure a clear structure (Gray,
2018). In addition, the questionnaire was based on
Cronbach’s alpha reliability analysis and factor analysis.
In TPACK part, the internal consistency of the seven
dimensions was as the following: TK (0.82), CK (0.85),
PK (0.84), PCK (0.85), TCK (0.80), TPK (0.86), and
TPACK (0.92) (Schmidt et al, 2009). Also, the
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questionnaire (Schmidt et al., 2009) was introduced and
validated via confirmatory factor analysis (CFA) in
different contexts, such as Turkey (y2/df=2.21,
RMSEA=.05, SRMR=.08) (Cetin & Erdogan, 2018),
Finland (y?=863.2, p<.01, CFI=.98, RMSEA=.063)
(Valtonen et al, 2017), and Singapore (x*=1079.55,
x2/df=2.60, p<.001, TLI=945, CFI=.951, SRMR=.045)
(Chai et al., 2011). Hence, it can be said that the scale’s
validity has been tested and validated in various
contexts. Moreover, the ICT attitude part had high alpha
reliability of 0.89 (van Braak, 2001). It is worth noting
that the questionnaires used in this research project have
been widely used in various studies in different
countries, including China (Liu et al., 2015), indicating
their robust reliability and validity.

Piloting

The questionnaires (Schmidt et al., 2009; van Braak,
2001) were used based on the Chinese context. Hence,
several examples were used after some items to help
participants accurately understand the meaning of the
questions. For example, the original item from Schmidt
et al. (2009) is “I know how to solve my own technical
problems”. The author added the examples in this item
as the following: I know how to solve my own technical
problems (e.g., teaching software cannot be used
normally, PPT needs to insert video animation and so
on). Moreover, although the instrument was adopted
from previous valid and reliable questionnaires, its
reliability and validity still need to be verified because of
the translation of the questionnaires from English to
Chinese. On the one hand, a professional translation
panel was established. A Chinese teacher (in China) and
my colleague (in Australia) were invited to collaborate
via Zoom to translate the questionnaires accurately and
authentically. Three of us have same mother language
(mandarin) and second language (English). On the other
hand, for testing the reliability of questionnaires
(Chinese version), The researcher invited 30
mathematics teachers in another primary school to do
the piloting test. CFA cannot be used to test the validity
of the scale due to the limited samples (Byrne, 2016). The
internal consistency (Cronbach’s alpha reliability
analysis) was performed in Table 1. It is evident that
according to Cohen et al. (2018) alpha coefficient
guideline, the internal consistency in the majority of
subscales was reliable. Therefore, it could be concluded
that the questionnaire (Chinese version) was of
reliability and validity in this study (Appendix A).

Data Analysis

In the TPACK data analysis part, the researcher
employed descriptive analysis methods to analyze the
variables of TPACK to answer research question one.
Therefore, the means (M) and standard deviations (SD)
of seven TPACK framework elements were calculated,
evaluated, and compared with previous studies’
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Table 1. Cronbach’s alpha analysis for reliability
Research variables Cronbach’s alpha Numbers of items

TK .793 7
CK 723 3
PK .705 7
PCK 738 4
TCK 743 4
TPK 734 5
TPACK .860 7
Attitudes to ICT 813 12

findings. Second, to answer research question two, the
study analyzed the means, standard deviation, median,
and mode of the variables of teachers’ attitude scale to
articulate mathematics teachers’ current attitudes
toward ICT integration. Subsequently, the study
introduced inferential analysis to answer research
questions three and four. The independent sample T-test
(de Winter, 2013) and Mann-Whitney U test (Ruxton,
2006) were applied to gauge the influences of gender
differences on the mathematics teachers” TPACK. Also,
the researcher utilized descriptive analysis methods to
measure the seven elements of TPACK framework
according to the mathematics teachers’ teaching
experience in years. This analysis helped the study
understand the mathematics teachers’ TPACK according
to their various teaching experiences. Additionally, this
analysis was the antecedent of further evaluation
(independent sample T-test and Mann-Whitney U test)
to reveal the relationship between teachers’ teaching
experience and TPACK. In addition, independent
sample t-test and Mann-Whitney U test were employed
to analyze grade differences’ influences on the
mathematics teachers” TPACK (Cohen et al., 2018).
Finally, the study used Spearman’s rank correlation
analysis to reveal the relationship between the
mathematics teachers” knowledge domains of TPACK
framework and their attitudes toward ICT integration.

RESULTS

The results were delineated according to the four
main research questions in the same order. The grades,
teaching experience, and genders of the mathematics
teachers were demonstrated in Table 2, providing a
summary of the characteristics of the study participants.

What are the Mathematics Teachers’ TPACK
Perceptions in a Chinese Primary School?

Table 3 illustrates that scores of seven TPACK
dimensions are relatively high, and they are all above the
mid-point three. Moreover, the mathematics teachers
were strongly confident of their PCK (M=4.02, SD=.36)
and PK (M=4.00, SD=.38). On the contrary, they rated
themselves as comparatively unconfident in TK
(M=353, SD=.63) and TPACK (M=3.58, SD=58).
Remarkably, the mathematics teachers perceived that
they were the weakest in TCK (M=3.40, SD=.60). It is
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Table 2. Demographic information

Table 4. Mathematics teachers’ attitudes toward ICT

Variable Frequency Valid percentage integration description

Grade Items n Mean Median Mode SD
1-3 19 61.3 41 31 4.00 4 4 1.03
4-6 12 38.7 42 31 419 4 4 48
Total 31 100.0 43 31 4.06 4 4 .57

Teaching experience 44 31 419 4 4 .54
0-5 years 8 25.8 45 31 4.32 4 4 .60
6-10 years 5 16.1 46 31 4.00 4 4 .78
11-15 years 6 19.4 47 31 419 4 4 .70
16+ years 12 38.7 48 31 416 4 4 .78
Total 31 100.0 49 31 4.35 4 4 49

Gender 50 31 3.97 4 4 .84
Male 7 22.6 51 31 4.32 4 5 .70
Female 24 77.4 52 31 3.35 3 3 1.02
Total 31 100.0 Mean score of items  4.09 4.17 4.17¢ 46

Table 3. Mathematics teachers” TPACK statistics

Types Numbers (n) Items M SD
TK 31 4-10 3.53 .63
CK 31 11-13 3.91 49
PK 31 14-20 4.00 38
PCK 31 21-24 4.02 .36
TCK 31 25-28 3.40 .60
TPK 31 29-33 3.81 .50
TPACK 31 35-40 3.58 .58

evident that the mean scores of the non-technology-
related dimensions (CK, PK, and PCK) are greater than
the mean scores of the technology-related dimensions
(TK, TCK, TPK, and TPACK). Therefore, the data
suggest that TPACK training needs to pay more
attention to mathematics teachers’ technology-related
abilities.

What are the Mathematics Teachers’ Attitudes
Toward ICT Integration in Their Classroom Teaching
After Large-Scale Online Teaching?

Table 4 demonstrates the attitudes information
collected from the mathematics teachers. According to
Table 4, except the item50 (M=3.97, SD=.84) and the
lowest mean score of item52 (M=3.35, SD=1.02), the
mean scores of other ten items (83.30% of total) in this
scale are all greater than four (agree), particularly the
highest score of item49 (M=4.35, SD=.49).

Meanwhile, Table 4 shows that the mean score of all
items (M=4.09, SD=.46) is slightly over four (agree).
Furthermore, 11 of 12 items (91.70% of total) are four
(agree) in the median, and only item52 is three (neither
agree nor disagree). Although the mode of item52 is
three (neither agree nor disagree), the mode from item41
to item50 (83.30% of total) is four (agree), especially the
mode of itemb1 is five (strongly agree). Accordingly, it is
apparent that during the post-pandemic period, the
mathematics teachers had a high positive perception of
ICT integration in their classroom teaching.

Note. 2Multiple modes exist & the smallest value is shown

How Might the Mathematics Teachers” Demographic
Factors (Genders, Teaching Experience, and Teaching
Grade) Relate to Their Knowledge Domains of
TPACK Framework?

Table 5 and Table 6 delineate the relationship
between mathematics teachers” gender and TPACK.
Table 6 shows that there is a statistically significant
difference in TK (p=.007) between female (n=24) and
male (n=7) teachers, which means the null hypothesis
should be rejected. Nevertheless, according to Fritz et al.
(2012), the effect size (ES) is small (ES=.49). Moreover,
there is no significant difference between female and
male teachers for the other six knowledge domains of the
TPACK framework: CK, PK, PCK, TCK, TPK, and
TPACK (p>.05 for all), which means the null hypothesis
should be accepted. ES for these variables are relatively
small, ranging from .19 to .72. According to Cohen’s d
(Cohen et al., 2018), ESs in Table 5 can be considered
small. This indicates that although there may be slight
differences between male and female teachers regarding
their CK, PK, PCK, TCK, TPK, and TPACK scores, these
differences are not large enough to be statistically
significant. The result suggests that gender difference
may not be an essential factor influencing mathematics
teachers” TPACK. Therefore, teachers’ gender may not
be an important factor in developing TPACK training
programs for mathematics teachers.

Furthermore, Table 7 demonstrates that the teachers
(N=8) who have zero-five years of teaching experience,
rated themselves less than other mathematics teachers in
PK (M=3.77, SD=.30) and PCK (M=3.78, SD=.21). Also,
the teachers (n=5) who have six-10 years of teaching
experience were most confident in TK (M=3.86, SD=.29),
TCK (M=3.85, SD=.22), and TPK (M=4.04, SD=.46)
despite gaining the lowest scores in CK (M=3.53, SD=.56)
and TPACK (M=3.26, SD=.62). On the contrary, the
teachers (n=6) who has 11-15 years of teaching
experience, expressed the most unconfident in TCK
(M=3.13, SD=.44) and TPK (M=3.70, SD=.39).
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Table 5. Independent samples t-tests result concerning gender difference

Descriptive information

Levene’s test t-test for equality of means

Gender Number Mean SD F Sig. t df Sig. (2-tailed) ES

PK Male 7 4.06 .28 .60 44 44 29 .66 .19
Female 24 3.99 41

PCK Male 7 418 .24 2.63 a2 1.38 29 18 .59
Female 24 3.97 .38

TCK Male 7 3.64 .50 1.29 27 1.20 29 24 52
Female 24 3.33 .62

TPK Male 7 4.09 .34 1.52 23 1.68 29 .10 72
Female 24 3.73 52

TPACK Male 7 3.84 .53 .01 94 1.37 29 18 .59
Female 24 3.50 .59

Attitudes toward ICT  Male 7 419 A1 .10 .75 .63 29 54 27
Female 24 4.06 48

Note. ES: Effect size

Table 6. Non-parametric tests 2 independent samples tests result concerning gender difference

Gender n  Meanrank Sum of ranks Mann-Whitney U Wilcoxon W~ Z  A.sig. (2-tailed) ES:7% = (%)2
TK Male 7 24.14 169 27 327 -2.709 .007 49
Female 24 13.63 327
CK Male 7 14.21 99.5 715 99.5 - .61 542 11
Female 24 16.52 396.5
Note. A: Asymptotic
Table 7. Teaching experience in years & TPACK descriptive statistics
Teaching TK CK PK PCK TCK TPK TPACK
experience in years M SD M SD M SD M SD M SD M SD M SD
0-5 years (n=8) 346 48 383 4 377 30 378 21 363 53 385 42 370 34
6-10 years (n=5) 386 29 353 56 383 26 390 42 38 22 404 46 326 .62
11-15years (n=6) 3.76 42 394 44 417 23 429 10 313 44 370 39 381 45
15+ years (n=12) 333 8 411 48 415 44 408 40 321 71 375 63 351 .73

However, these teachers obtained the highest scores
in PK (M=4.17, SD=.23), PCK (M=4.29, SD=.10), and
TPACK (M=3.81, SD=.45). Finally, the teachers (n=12)
who have more than 15 years of teaching experience,
were most confident in CK (M=4.11, SD=.48); however,
they gained the lowest score in TK (M=3.33, SD=.85). The
data uncovered that teacher with different teaching
experience had various strengths and weaknesses in the
seven elements of TPACK framework. There is,
therefore, a clear need to further examine the
relationship between mathematics teachers’ teaching
experience and TPACK.

Table 8 and Table 9 shed light on the relationship
between teachers’ teaching experience and their TPACK.
First, the data reveals that with a large ES, there is a
significant difference in CK (p=.047, ES=-1.15) between
teachers who have six-10 years of teaching experience
and teachers who have more than 15 years of teaching
experience.

Moreover, Table 7 illustrates that the mathematics
teachers who have 11-15 years of teaching experience
rated themselves as more competent in PK and PCK than
the teachers who have zero-five years of teaching
experience. Importantly, further analysis has shown that
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a statistically significant difference also can be found
between the two groups of teachers in PK (p<.05, ES=-
1.45) and PCK (p<.01, ES=.86).

Further, the mathematics teachers who have six-10
years of teaching experience were significantly different
from the teachers who have 11-15 years of teaching
experience in TCK with a medium ES (p=.011, ES=.77). It
is evident that teaching experience plays an essential role
in predicting mathematics teachers” TPACK. Therefore,
it can be safely said that mathematics teacher education
should take teachers’ teaching experience into account
when designing TPACK professional development
programs.

Finally, Table 8 and Table 9 also reveal the
relationship between lower-grade mathematics teachers
(grade 1-3, n=19) and higher-grade mathematics
teachers (grade 4-6, n=12) for the seven elements of
TPACK framework. Interestingly, there is no statistically
significant difference between the two groups of
teachers in all elements of the TPACK framework (p>.05
for all) except PCK (p=.024). However, ES of PCK
(ES=41) is small. Thus, like gender difference, the
authors believes that grade difference probably is not an
essential factor in TPACK teacher training.
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Table 8. Independent samples t-tests result concerning teaching experience in years & grade level

Teaching Descriptive information Levene’s test t-test for equality of means
experience in years n Mean SD F Sig. t df  Sig. (2-tailed) ES
TK 6-10 years 5 3.86 .29 2.767 117 1.326 15 .205 71
15+ years 12 3.33 .85
CK 6-10 years 5 3.53 .56 139 714 2167 15 .047* -1.15
15+ years 12 411 48
PK 0-5 years 8 3.77 .30 837 378 2678 12 .020* -1.45
11-15 years 6 417 .23
TPACK 6-10 years 5 3.26 .62 739 412 -1.719 9 120 -1.04
11-15 years 6 3.81 45
Grade level
CK Grade 1-3 19 3.84 48 016 .900 -1.02 29 316 -.38
Grade 4-6 12 4.03 .52
PK Grade 1-3 19 3.93 37 .098 756  -1.348 29 188 -.50
Grade 4-6 12 412 .38
TCK Grade 1-3 19 3.37 .65 1.464 236 -.398 29 .694 -15
Grade 4-6 12 3.46 .54
TPACK Grade 1-3 19 3.56 49 3.276 .081 -.232 29 818 -.09
Grade 4-6 12 3.61 72

Note. *p<.01 (2-tailed) & *p<.05 (2-tailed)

Table 9. Non-parametric tests 2 independent samples tests result concerning teaching experience in years & grade level

Teaching in years  n MR SR  Mann-Whitney U Wilcoxon W  Z A sig. (2-tailed) ES: 7% = (%)2
PCK 0-5 years 8 45 36 <.001 36 -3.202 .001 .86
11-15 years 6 115 69
TCK 6-10 years 5 87 435 1.5 22.5 -2.547 .011 77
11-15 years 6 375 225
TPK 6-10 years 5 75 375 7.5 28.5 -1.392 164 42
11-15 years 6 475 285
Grade level
TK Grade 1-3 19 14.87 2825 92.5 282.5 -.877 .380 .16
Grade 4-6 12 17.79 2135
PCK Grade 1-3 19 13.16 250 60 250 -2.257 .024 A1
Grade 4-6 12 205 246
TPK Grade 1-3 19 1595 303 113 303 -.041 967 .01
Grade 4-6 12 16.08 193

Note. MR: Mean rank; SR: Sum of ranks; & A: Asymptotic

What are the Relationships Between the Mathematics
Teachers” Knowledge Domains of TPACK Framework
and Their Attitudes Toward ICT Integration?

Table 10 indicates a moderately significant
relationship between the mathematics teachers” attitudes
toward ICT integration and their TPACK domain
knowledge (r=.448, p=.011). However, the mathematics
teachers’ attitudes insignificantly related to the other six
elements of TPACK framework: TP, CK, PK, PCK, TCK,
and TPK (p>.05 for all).

This finding is robust evidence to prove that some
non-TPACK factors probably influenced mathematics
teachers’ attitudes toward ICT integration. Although
limited relationship could be found between teachers’
attitudes and their TPACK in this study, the result
revealed some positive relationship among the seven
elements of TPACK framework.

Table 9 has shown that there is a moderately positive
significant relationship between TK and TPACK (r=.509,
p=-003) as well as PK and TPACK (r=.460, p=.009).
Remarkably, TPACK has the highest positively
significant relationship with TPK (r=.643, p<.001).
Furthermore, there are several other moderately positive
significant relationships can be found: TPK and TK
(r=.555, p=.001), TPK and TCK (r=.452, p=.011), TCK and
TK (r=.439, p=.013), PCK and PK (r=.489, p=.005), and
PK and CK (r=398, p=.027). These complicated
relationships between different elements reveal crucial
information that the seven elements of TPACK
framework are likely to be reciprocal and synergistic.
There is, therefore, a clear need that TPACK training
should take all seven elements of TPACK framework
into account, and TPACK training should be
differentiated according to mathematics teachers’
practical situations.
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Table 10. TPACK & attitudes toward ICT integration Spearman’s correlation results

TK CK PK PCK TCK TPK TPACK
TK Correlation coefficient 1
Sig. (2-tailed)
CK Correlation coefficient -.123 1
Sig. (2-tailed) 511
PK Correlation coefficient  .125 .398* 1
Sig. (2-tailed) 503 .027
PCK Correlation coefficient .192 321 489 1
Sig. (2-tailed) .301 .078 .005
TCK Correlation coefficient  .439* -174 104 .042 1
Sig. (2-tailed) .013 .35 579 .823
TPK Correlation coefficient .555** -.08 316 .048 452* 1
Sig. (2-tailed) .001 .67 .083 .796 .011
TPACK Correlation coefficient .509** 126 A460%* 216 204 .643%* 1
Sig. (2-tailed) .003 5 .009 243 27 <.001
Attitudes toward ICT integration ~Correlation coefficient .255 .046 254 -.199 .032 .289 448*
Sig. (2-tailed) 167 .804 168 .283 .865 115 .011

Note: *Correlation is significant at .05 level (2-tailed) & **Correlation is significant at .01 level (2-tailed)

DISCUSSION

Weakness of Current Primary Mathematics Teachers

Table 3 revealed the profiles of the mathematics
teachers” TPACK in the primary school, and it also
uncovered the relationship between these teachers’
technology-related factors (TK, TPK, TCK, and TPACK)
and non-technology-related factors (PK, CK, and PCK).
In this primary school, the mathematics teachers tended
to perceive themselves as having sufficient confidence in
PCK, PK, and CK. In other words, the mathematics
teachers believed they had enough mathematics
knowledge and knowledge regarding teaching and
learning methods (e.g., classroom management, student
evaluation, student learning, and developing teaching
plans). Moreover, they also rated themselves in strong
confidence to effectively utilize pedagogy to deliver
mathematics curriculum. This finding echoed previous
studies concerning in-service teachers” TPACK (Koh et
al., 2014; Liu et al., 2015). However, in this study, the
mathematics teachers” TPK was slightly lower than PCK,
PK, and CK, which is different from Liu et al. (2015).
They claimed that Chinese in-service K12 teachers
perceived that they were insufficient in TPK (Liu et al.,
2015).

Nevertheless, in this study, many mathematics
teachers (87.10% of the total) claimed that they were
willing to use digital technologies to improve their
classroom teaching quality. Even 74.20% of mathematics
teachers responded that they could choose a diversity of
technologies to enhance their teaching approaches.
Thus, to some extent, the result indicates that after large-
scale online teaching, mathematics teachers expressed
relatively confident in teaching with digital technologies
(e.g., utilizing DingTalk to manage the classroom,
applying Seewo interactive whiteboard to teach, using
mathematical software to assist classroom teaching).
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In summary, the result uncovered that during the
post pandemic period, the mathematics teachers lacked
confidence in technology-related knowledge: TK, TCK,
and TPACK. However, they were relatively confident in
utilizing digital technologies to improve their teaching
methods. Interestingly, there was a phenomenon in this
primary school that the mean scores of all technology-
related factors (TK, TPK, TCK, and TPACK) were
dramatically less than the non-technology-related
factors (PK, CK, and PCK). The phenomenon could also
be found in previous studies (De Freitas & Spangenberg,
2019; Liu et al., 2015). With a similar view to Dong et al.
(2015) and Wu et al. (2019), the author believes that
insufficient technology-related knowledge could hinder
ICT integration in their classroom teaching and lead to
teacher professional development failure in the digital
era. Therefore, it could be argued that mathematics
teacher training should pay more attention to the
development of the four knowledge domains (TK, TPK,
TCK, and TPACK) and systematically design TPACK
professional development projects according to the
practical training needs of primary mathematics
teachers.

An Urgent Need in Mathematics Teacher Education
During the Post-Pandemic Period

In this research project, the instrument from van
Braak (2001) was introduced to gauge the mathematics
teachers’ attitudes toward ICT integration in their
classroom teaching. According to Table 4, the mean
score of items is significantly high, and it is dramatically
greater than the mean score conducted in the previous
study with the same scale in mainland China (Sang et al.,
2010). Additionally, 11 items” (91.7%) median is four
(agree), and ten items’ (83.3%) mode is four (agree).
Notably, all mathematics teachers believed that digital
technologies” involvement could help students better
understand geometric concepts (item49), and further
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analysis has shown that there is a statistically positive
relationship between this item and teachers’ mean scores
of items (r=2547, p=.001). Accordingly, the author
believes that there is a clear need to explore relationship
between teachers’ attitudes toward digital technologies
and geometry teaching in the future. Eventually, the
analysis of three dimensions (mean, median and mode)
statistically proved that during the post pandemic, most
of the mathematics teachers in this primary school are
willing to change their teaching approaches and adopt
new technologies in their classrooms.

Furthermore, this result also emphasized the
significance of teachers’ attitudes in ICT integration in
classroom teaching. Previous studies underlined that
favorable attitudes toward ICT integration in teaching
could positively impact the willingness to adopt change
and the frequency of ICT utilization in the classroom
(Sang et al., 2011; van Braak et al., 2004). In this study,
the finding echoed this concept. Although many
mathematics teachers lacked the technology-related
ability (e.g.,, TK, TPK, TCK, and TPACK), they still
expressed their willingness to apply digital technologies
in their classroom teaching during the post-pandemic
period. Therefore, with similar perspectives of previous
studies, the author advocates that teachers’ attitudes
toward ICT integration need to be evaluated before
implementing ICT integration projects (Baturay et al.,
2017; Bindu, 2017). It can be safely said that there is an
urgent need to measure mathematics teachers’ attitudes
toward ICT integration during the post-pandemic
period before implementing TPACK development
programs because it helps to understand how willing
and ready mathematics teachers are to incorporate
digital technologies in their teaching practices. This
information is crucial for the successful implementation
of TPACK development programs, as teachers with
positive attitudes toward ICT integration are more likely
to engage in professional development activities and
adopt new teaching practices involving technology
(Chai et al., 2010; Voogt et al., 2013). On the other hand,
teachers with negative attitudes may resist the
implementation of ICT integration programs and may
require additional support and training to overcome
their barriers to technology adoption (Angeli &
Valanides, 2009; Ertmer & Ottenbreit-Leftwich, 2010).
Therefore, measuring teachers’ attitudes toward ICT
integration can help to inform the design and
implementation of effective TPACK development
programs that address the specific needs of mathematics
teachers during the post-pandemic period.

Needs to Design Differentiated Training for Primary
Mathematics Teachers

The novel and important finding of the current study
revealed the relationship between the mathematics
teachers” TPACK and their three demographic factors:
gender, teaching experience and teaching grade.

Gender

Previous studies found that there was a statistically
significant difference between male and female teachers
in teachers’ CK, PCK (Liu et al., 2015), TK, TCK (Baturay
et al., 2017; Koh et al., 2014), and TPACK (Koh et al.,
2014). For example, Baturay et al. (2017) found that male
teachers perceived that computers were more proper to
themselves and more capable of technology-related
tasks than female teachers. By contrast, Liu et al. (2015)
pointed out that many Chinese K12 in-service female
teachers believed that they were more capable than male
teachers in using a diversity of teaching methods to
deliver learning content (PCK). When the study
narrowed the sample from all subjects’ teachers to
primary mathematics teachers, the result is different
from some previous studies. In this study, male teachers
and female teachers have different advantages and
disadvantages in the seven components of TPACK
framework. Male mathematics teachers were confident
in solving technical problems and utilizing a diversity of
digital technologies. Female mathematics teachers
believed that they were more capable of mathematics
CK. However, there is no significant difference in CK,
PK, PCK, TCK, TPK, and TPACK. Although significant
gender difference exists in the mathematics teachers’ TK,
ES=49 is small. Thus, it can be said that gender
difference has a limited influence on the mathematics
teachers” TPACK. This result is consistent with the
previous finding conducted by Chai et al. (2019).
Therefore, it could be argued that gender difference is
not an essential consideration in the mathematics
teachers” TPACK development program.

Teaching experience

Based on the teaching experience classification in
years (see Table 7), the young mathematics teachers
(zero-five years) perceived that they lacked knowledge
in classroom management, student evaluation and
teaching strategies. On the contrary, the experienced
mathematics teachers (11-15 years and 15+ years)
believed that they could utilize a diversity of teaching
approaches to engage and motivate students, yet
unconfident in applying digital technologies such as
interactive whiteboard and mathematics software. This
finding echoed the previous studies that senior teachers
were confident in CK and PCK; however, they were
unwilling to use digital technology in their classroom
teaching (Koh et al, 2014; Liu et al, 2015). More
importantly, according to Table 8 and Table 9, the
author found that teaching experience could be
employed to predict mathematics teachers’ TPACK
because, among the four groups, their relationships
existed a statistically significant difference in CK (ES=-
1.15), PK (ES=-1.45), PCK (ES=.86), and TCK (ES=.77). It
can be said that the result manifests the importance of
teaching experience factor in developing TPACK
training programs for mathematics teachers.
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Therefore, mathematics teachers’ teaching experience
should be considered as an essential element in
mathematics teachers’ TPACK professional
development. This underscores the importance of
designing TPACK training programs that consider the
different needs of teachers at different stages of their
careers (Ertmer et al., 2012).

Teaching grade

Previous studies lacked evidence to explain the
influence of the teaching grade to teachers’ TPACK. Koh
et al. (2014) suggested that it is necessary to examine the
relationship between teaching grade and teachers’
TPACK for effectively designing teacher TPACK
development programs. For filling the research gap, this
study preliminarily investigated teaching grade
influence on mathematics teachers’ TPACK. The
mathematics teachers were divided into two groups:
teachers (n=19) from grade one to grade three, teachers
(n=12) from grade four to grade six. The result suggests
that except PCK (p=.024, ES=.41), there is no statistically
significant difference in the other six knowledge
domains between the two groups of teachers. It is
apparent that teaching grade is hard to be utilized to
predict mathematics teachers” TPACK. Therefore, it
could be contended that teaching grade classification
(grade 1-3 and grade 4-6) is not an essential factor that
should be considered in designing the TPACK
development programs. It is worth, however, to noting
that this study has a small sample size, and it may also
be worthwhile to conduct further research with larger
sample sizes and more diverse populations to better
understand the relationship between teaching grade and
TPACK.

Enlightenment of the High-Level Positive Correlation
Relationship

According to Table 10, the data suggests that in the
TPACK framework, the seven elements have multiple
sets of positive correlations with each other. However,
the mathematics teachers’” attitude toward ICT
integration is only positively related to TPACK
knowledge domain. The result uncovers that the seven
components of TPACK are not mutually exclusive;
instead, each of the seven components impacts others.
For instance, if the mathematics teachers lacked TK, it
could negatively influence their TCK, TPK, and TPACK.
This result is consistent with the previous studies
(Angeli & Valanides, 2009; De Freitas & Spangenberg,
2019; Sang et al, 2010). Moreover, the positive
relationship between these elements implies that
mathematics teachers’ TPACK need to be reviewed as an
integrative perspective instead of the independent
element (Angeli et al., 2016). Although the mathematics
teachers’ attitudes toward ICT integration positively
correlate with their TPACK knowledge domain, the
correlation coefficient is small (Spearman’s correlation
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coefficient=.448). In other words, during the post-
pandemic period, some mathematics teachers with
insufficient technology-related knowledge also had
positive attitudes toward utilizing digital technologies
(e.g., Seewo interactive whiteboard, DingTalk and
mathematics teaching software) in their classroom
teaching. However, there is insufficient evidence to
explain what reasons led to the positive relationship
between mathematics teachers’ TPACK and their
attitudes towards ICT integration in classroom teaching
and why the correlation coefficient is low. This hints that
other factors probably influenced mathematics teachers’
attitudes toward ICT integration. For instance, their
attitudes might be influenced by the traditional culture,
teaching environment (Sang et al., 2011), and the online
teaching experience during the pandemic (Bryson &
Andres, 2020). Therefore, while the positive relationship
between mathematics teachers’ TPACK and their
attitudes towards ICT integration is noteworthy, it is
essential to recognize that other factors could be at play
(Tondeur et al., 2017). Further investigation is needed to
fully understand this relationship.

CONCLUSIONS

Based on TPACK framework, this study focused on
Chinese primary mathematic teachers’ TPACK and
examined their attitudes toward ICT integration. The
result provides teacher education with current
information concerning primary mathematics teachers’
TPACK and their attitudes during the post-pandemic
period. The results can also benefit mathematics teacher
education and help mathematics teachers better
integrate ICT into their classroom teaching. In addition,
this study expands TPACK research boundary because
it brought Chinese primary mathematics teachers into
TPACK research field.

This study explored mathematics teachers” TPACK
and their attitudes, and the conclusion could be linked to
three aspects. First, in this Chinese primary school, the
mathematics teachers believed they lacked technology-
related knowledge and were confident in non-
technology-related  ability. = Therefore, =~ TPACK
professional training should focus on improving
mathematics teachers’ TK, TPK, TCK, and TPACK.
Second, during the post-pandemic period, most of the
mathematics teachers in this primary school expressed
positive  attitudes to applying various digital
technologies (e.g., Seewo interactive whiteboard and
DingTalk) in their classroom teaching. Third, concerning
mathematics teachers” demographic factors (gender,
teaching experience, and grade), teaching experience is a
crucial factor, which needs to be considered in their
TPACK development. On the one hand, young teachers
were confident in using digital technologies yet felt
insufficient in non-technology-related knowledge (CK,
PK, and PCK).
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On the other hand, experienced mathematics teachers
believed they lacked technology-related knowledge to
effectively integrate ICT into their classroom teaching.
Furthermore, correlation analysis (see Table 10) shows
that the seven components of TPACK framework were
reciprocal and synergistic. Therefore, it could be argued
that before implementing any TPACK development
program, it is necessary to evaluate mathematics
teachers’ practical situations. Based on these findings,
the study emphasizes the importance of evaluating
mathematics teachers’” practical situations before
implementing TPACK development programs. This
evaluation can help identify the specific training needs
of different groups of mathematics teachers and guide
the development of differentiated TPACK training
programs that are tailored to meet those needs. These
programs should focus on improving mathematics
teachers’ technology-related knowledge, including their
TK, TPK, TCK, and TPACK, as well as their non-
technology-related knowledge, such as CK and PCK. By
providing differentiated TPACK training programs,
teacher educators can help mathematics teachers
integrate digital technologies into their classroom
teaching more effectively, which could ultimately
improve student learning outcomes.

Implications

Based on the discussion above, the implication could
be associated with two aspects. From a technology-
related perspective, most mathematics teachers are
willing to adopt new approaches, fresh perspectives, and
digital technologies (e.g., Seewo interactive whiteboard,
DingTalk, and mathematics software) during the post-
pandemic period in their classroom teaching in this
primary school. Thus, policymakers should invest in
providing digital technologies and infrastructure in
schools to facilitate technology integration in primary
mathematics education. This could include providing
access to interactive whiteboards, mathematics software,
and online platforms that support remote and hybrid
learning models.

Also, policymakers should review and revise
primary mathematics teacher education curricula to
ensure that mathematics teachers receive adequate
training and support in developing their technology-
related competencies. This could involve introducing
new courses or updating existing ones to include
training in using digital technologies in teaching
mathematics. Also, during post-pandemic period,
mathematics teachers still lack technology-related
capacities such as TK, TCK, PCK, and TPACK. These
studies suggest that there is a need for ongoing
professional development to improve teachers’
technology-related capacities, which could potentially
include targeted TPACK development programs
(Tondeur et al., 2012). Hence, it is evident that teacher
education should focus more on developing

mathematics teachers” technology-related competencies
during post-pandemic period.

Paying more attention to technology-related
competencies does not mean other dimensions of
TPACK framework are insignificant. Therefore, there
also are three implications from a non-technology
perspective. First, the study found that young
mathematics teachers with zero-five years of teaching
experience require more support in improving their
TPACK, particularly in areas of CK and PCK. Second,
the analysis did not reveal any significant gender or
teaching grade differences. Based on these findings, the
paper suggests that TPACK development programs for
mathematics teachers should be tailored to their specific
training needs rather than a one-size-fits-all approach.
This is in line with the argument put forth by (Niess et
al., 2009). For example, it is necessary to design TPACK
development programs for young teachers to advance
their PK and PCK (Hofer & Grandgenett, 2012). Third,
experienced mathematics teachers need more support
and help from TPACK development programs to
improve their technology-related abilities such as TK,
TCK and TPK (Ertmer et al., 2012; Koh et al., 2010). By
doing so, mathematics teachers can be better equipped
to integrate ICT effectively in their classroom teaching
and enhance student learning outcomes.

Limitation and Future Research

There are three limitations to this research project.
First, the sample size is small, thus triggering the limited
generalization of the results. Hence, the conclusion
concerning the relationship between mathematics
teachers’” demographic factors (gender, teaching
experience and teaching grade) and TPACK needs more
participants to verify its universality and reliability.
Therefore, future studies can recruit more participants to
increase the sample size. This can improve the statistical
power of the analysis and enhance the generalizability of
the findings (Cohen et al., 2018). Second, the study relied
on self-reported data, probably subject to social
desirability bias. Participants may have responded in a
way; they believed to be more socially acceptable rather
than their actual attitudes and beliefs. A mixed-methods
approach that combines quantitative and qualitative
data could provide a more comprehensive
understanding of the research problem. Therefore,
further research could focus on the development of
TPACK measurement. To obtain a more accurate and
authentic understanding of mathematics teachers’
TPACK, an innovative hybrid measurement method that
incorporates both subjective and objective approaches
should be developed. Third, the instrument used in this
study did not use CFA to assess its construct validity due
to the small sample size. Byrne (2016) mentioned that
CFA is a valuable technique that can help researchers to
test their theoretical models, assess construct validity,
and improve reliability and precision of their measures.
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Hence, future studies can recruit more participants
and conduct CFA on their instruments to evaluate the
construct validity based on different contexts.
Additionally, this study lacks evidence to explain what
reasons led to the positive relationship between
mathematics teachers’” TPACK and their attitudes
towards ICT integration in classroom teaching and why
the correlation coefficient is low. It seems that some non-
TPACK factors influenced the mathematics teachers’
attitudes toward ICT integration. As a result, future
research could explore the relationships between
TPACK and attitudes while examining other potential
factors that could affect primary mathematics teachers’
attitudes towards integrating ICT, such as policy
involvement, traditional cultural influences, and
experiences with large-scale online teaching.
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APPENDIX A: MATHEMATICS TEACHERS’ TPACK & ATTITUDES TOWARD ICT
INTEGRATION QUESTIONNAIRE

Part One: Demographic Information

1.

t£71 (Gender)

e % (Female)

o 5 (Male)

o JEBLMA/HRIZH (Non-binary/gender diverse)
o XEZZE (Prefer not to say)

2. EHEL (Teaching grade)

3.

O —4%2K (Grade one)
Z 2R (Grade two)
=42 (Grade three)
AL (Grade four)
FFLL (Grade five)
O ARER (Grade six)

EHER (Years of teaching experience)
e 0-5 £ (Years)

e 6-10 £F (Years)

e 11-15 4 (Years)

o 15 LI E (Above 15 years)

O
O
O
O

Part Two: TPACK Scale

Survey of teachers’ knowledge of teaching and technology (Schmidt et al., 2009)

Technological knowledge (TK) {§ BB AR£1IR

4.

I know how to solve my own technical problems (e.g., teaching software cannot be used normally, PPT needs
to insert video animation and so on). HE:EEEBEADBAN, ( W AFERHEABEIERER, PPTREERBAN
M BEE), AR
o BBZUANIAME  (Strongly disagree)
e FIAE (Disagree)
o BETRINE AR (Neither agree nor disagree)
e A (Agree)
o 5BZUIAME (strongly agree)
I can learn technology easily. H A LMRE 5 % SE R KA.
o HBZUANIAE  (Strongly disagree)
e FIAE (Disagree)
o BEFIAETAKRI (Neither agree nor disagree)
o A (Agree)
o 5BZUIA[E (Strongly agree)
I keep up with important new technologies. ZRERIREZNEERAKEMD.
o BBZUNIAME (Strongly disagree)
e TIAE (Disagree)
o BETNINET AR (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIAME (Strongly agree)
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7. 1frequently play around with the technology (e.g., learning different functions on DingTalk). & E FRER
BOR (5150: SR ETE] E R RIBITIEE).
o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BETNINET AR (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIAME (Strongly agree)

8. Iknow about a lot of different technologies. 3 T f#1R 2 FE#I{E R UK.
o HBZUITIAME (Strongly disagree)
e FIAE (Disagree)
o BETINE AR (Neither agree nor disagree)
o AE (Agree)
o HBZUIA[E (Strongly agree)

9. Ihave the technical skills I need to use technology. E A FERE BB AR FHERIEE.
o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BERINET AR (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIA[E (Strongly agree)

10.1 have had sufficient opportunities to work with different technologies. H#& B BHN = EAAENERE.
o BBZUITIAME (Strongly disagree)
e FIAE (Disagree)
o BFINETAKRI (Neither agree nor disagree)
e IA[E (Agree)
o 58ZUIA[E (Strongly agree)

Content knowledge (CK) EF511R

11.1 have sufficient knowledge about mathematics (e.g., mathematics concepts, methods, principles, knowledge
of mathematical history, etc). HH BBWHFHIR ( HFER, 7%, RIE, HFLMRE).
o HBZUANIAME  (Strongly disagree)
e TIAE (Disagree)
o BEITNNEHARRX (Neither agree nor disagree)
e A (Agree)
o 5@ZUIA[E (Strongly agree)

12.1 can use a mathematical way of thinking. HAI A A#HFEARXERZ DA
o HBZUAFIAE (Strongly disagree)
e FIAE (Disagree)
o BEFIAETAKRI (Neither agree nor disagree)
o 1A[E (Agree)
o HBZUIA[E (Strongly agree)

13.1 have various ways and strategies of developing understanding of mathematics. EFJHFHIRAHEBE
RT3 AFIRAE.
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o BBZUANIAE (Strongly disagree)
e FIAE (Disagree)
o BETNINET AR (Neither agree nor disagree)
e AE (Agree)
o 5BZUIAME (Strongly agree)
Pedagogical knowledge (PK) 3% 401

14.1 know how to assess student performance in a classroom. H&NE WA IRE 1PN FERIFTRI.
o BBZUANIAE (Strongly disagree)
e FIAE (Disagree)
o BETNINET AR (Neither agree nor disagree)
e AE (Agree)
o 5BZUIAME (Strongly agree)

15.1 can adapt my teaching based upon what students currently understand or do not understand. 3 7] LIR{E 2
4 BATRRIIANIR N Z EF AN KB EIL V.
o BBZUANIAE  (Strongly disagree)
e FIA[E (Disagree)
o BETINE AR (Neither agree nor disagree)
o A (Agree)
o HZUIA[E (Strongly agree)

16.1 can adapt my teaching style to different learners. 3 7] LUBZEEH WA F N LUEN ARIHZE S &,
o BBZUANIAME  (Strongly disagree)
e FiAE (Disagree)
o BEFIANETAKRI (Neither agree nor disagree)
o A (Agree)
o 5BZUIA[E (Strongly agree)

17.1 can assess student learning in multiple ways. A LA £ A X1 EZERZF 1B R.
o HBZUAFIAE  (Strongly disagree)
e FIAE (Disagree)
o BEFIANETAKRI (Neither agree nor disagree)
e A (Agree)
o 5@ZUIA[E (Strongly agree)

18.1 can use a wide range of teaching approaches in a classroom setting. A AR E FEASHEENRFET
A
o HBZUANIAME  (Strongly disagree)
e TIAE (Disagree)
o BFIANETAKRI (Neither agree nor disagree)
o A (Agree)
o 5BZUIA[E (Strongly agree)

19.1 am familiar with common student understandings and misconceptions. FFBFZEHEZ I T EILWEIR, T
TRZEEEZIPHNHNRERSER.
o BBZUNIAME (Strongly disagree)
e FIAE (Disagree)
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o BFINET AN (Neither agree nor disagree)
e IA[E (Agree)
o HBZUIA[E (Strongly agree)
20.1 know how to organize and maintain classroom management. %08 3N o] B IR E ML RHREZ K.

o HBZUITIAME (Strongly disagree)
e FIA[E (Disagree)
o BFINETAKRY (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIAME (Strongly agree)

Pedagogical content knowledge (PCK)ZEEI IR

21.1 can select effective teaching approaches to guide student thinking and learning in mathematics. HRE%EFA
MAHZ T ERIERFAMBERLERET), REPENRFLEIUE.
o BBZUAIAME (Strongly disagree)
e FIA[E (Disagree)
o BETNINE AR (Neither agree nor disagree)
o IA[E (Agree)
o 58ZUIAE (Strongly agree)

22.1 can help my students to understand the content knowledge of mathematics through various ways without
using technology. HEEE T ERAERBEANER T, BEZMHAREENFZEEBHFIMR.
o BBZUITIAME (Strongly disagree)
e TIAE (Disagree)
o BEFIANE AR (Neither agree nor disagree)
o 1A[E (Agree)
o HBZUIA[E (Strongly agree)

23.1 can engage students in solving real world problems related to mathematics without using technology. &g
AEREREREANIERT, 87 5 B 74 AR 4 JE h 32 0.
o BBZUANIAME  (Strongly disagree)
e FIA[E (Disagree)
o BETNINE AR (Neither agree nor disagree)
e A (Agree)
o 5@ZUIA[E (Strongly agree)

24.1 can facilitate a meaningful discussion about the mathematics content students are learning without using
technology. HEEAFERERRAER N, BRUARFEN EEFINUFRTHITAEXITIE.
o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BFIANETAKRI (Neither agree nor disagree)
e A (Agree)
o 5BZUIA[E (Strongly agree)

Technological content knowledge (TCK) B &{EREANERREIR

25.1 know about technologies that I can use for understanding and doing mathematics (e.g., Sketchpad, Excel,
mathematics resources in Seewo interactive whiteboard). ¥ 7 fi# o] LA SR £ BhER AR U2 2R UE B EAR (5
JUATEIRR, Excel, Ak EEMIBFRREFS).
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o BBZUANIAE (Strongly disagree)
e FIAE (Disagree)
o BETNINET AR (Neither agree nor disagree)
e AE (Agree)
o 5BZUIAME (Strongly agree)

26.1 can utilize ICT (e.g., Seewo interactive whiteboard, PPT, and DingTalk) to demonstrate mathematics
knowledge and concepts. HEEFEREREAR (HlN: FXEBFBW, PPT, £]5]%F) EMHFIRFEZ.
o HBZUNIAE  (Strongly disagree)
e FIA[E (Disagree)
o BETNINET AR (Neither agree nor disagree)
e AE (Agree)
o 5BZUIAME (Strongly agree)

27.1 know the technology needed for doing educational research (e.g., Smart Education of China and CNKI).
MEMBAEAERFTENEREAN BN EXREELFLAHLRSFE - AX).
o BBZUAIAME (Strongly disagree)
e FIA[E (Disagree)
o BETINE AR (Neither agree nor disagree)
e IA[E (Agree)
o HZUIA[E (Strongly agree)

28.1 am able to use technologies to solve real world problems. &% {5 {5 BB A Sk R I SLH FR A9 I0] 2.
o BBZUITIAME (Strongly disagree)
e FIAE (Disagree)
o BEFIANET AR (Neither agree nor disagree)
o A (Agree)
o 5BZUIA[E (Strongly agree)

Technological pedagogical knowledge (TPK)E & {§ REARMEFEEIR

29.1 can choose technologies that enhance the teaching approaches for a lesson. FgFIF{E BRAMIERNEF
T3
o HBZUANIAE  (Strongly disagree)
e FIAE (Disagree)
o BERINE AR (Neither agree nor disagree)
o A (Agree)
o 5BZUIA[E (Strongly agree)

30.1 can choose technologies that enhance students’ learning for a lesson. H&EFIFAE B R A NRERS, REF
ERIFSIEE
o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BETNINET AR (Neither agree nor disagree)
e AE (Agree)
o 5BZUIA[E (Strongly agree)

31. My teacher education program has caused me to think more deeply about how technology could influence
the teaching approaches I use in my classroom. ZJTIF L ERAMBE SR RAFNTEMENAF A
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o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BETNINET AR (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIAME (Strongly agree)

32.1 am thinking critically about how to use technology in my classroom. EAFETEAM, #3141 B E N[ 7E 1R
2 FERERRER.
o BBZUITIAME (Strongly disagree)
e FIA[E (Disagree)
o BFINETAKRN (Neither agree nor disagree)
o A (Agree)
o HZUA[E (Strongly agree)

33.1 can adapt the use of the technologies that I am learning about to different teaching activities. FBEfFFKF >
AUE RN R EIA BRI FED .
o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BERINET AR (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIA[E (Strongly agree)

Technological pedagogical content knowledge (TPACK) B&{ERBHARNEREEMIR

34.1 can teach lessons that appropriately combine mathematics, technologies, and teaching approaches. F#&7E #
FRE MBS ERRR, BEMANAZTTA.
o BBZUITIAME (Strongly disagree)
o AIAE (Disagree)
o BEFIANET AR (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIA[E (Strongly agree)

35.1 can select technologies to use in my classroom that enhance what I teach, how I teach, and what students
learn. HEEBHERE LRI BEGERRAKFEENLFZNS, XELFA XM EZENZIRNA.
o HEZUAFIAE  (Strongly disagree)
e FIAE (Disagree)
o BEFIAETAKRI (Neither agree nor disagree)
o 1A[E (Agree)
o 5@ZUIA[E (Strongly agree)

36.1 can provide leadership in helping others to coordinate the use of content, technologies, and teaching
approaches at my school and/or district. HEEBHE P RRUBMNESEERRARINEETLFS.
o HBZIAFIAE  (Strongly disagree)
e TIAE (Disagree)
o BAFRINEARY (Neither agree nor disagree)
e AE (Agree)
o 5BZUIA[E (Strongly agree)
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37.1 can choose technologies that enhance the content for a lesson. HREBAH S ENEBRRAREIERREZHFN
A
o HBZUANIAE  (Strongly disagree)

e TIAE (Disagree)

o BIFRINEARY (Neither agree nor disagree)
e IA[E (Agree)

o 58ZUIAE (Strongly agree)

38.1 can formulate in-depth discussion topics about the mathematics content and facilitate students” online
collaboration with appropriate tools (e.g., DingTalk, Wechat, & TencentMeeting). H#EHIE F EFEAITIEHE
FEIARE, FBIMETE (Flan: £75], ME BRI BZEEMNRERBRARELSIFEFES.

o BBZUANIAE  (Strongly disagree)

e TIAE (Disagree)

o BETRINE AR (Neither agree nor disagree)
e IA[E (Agree)

o 58ZUIAE (Strongly agree)

39.1 can set authentic problems related to mathematics topics and present them through the computers to engage
my students. HREIRESHZETBHERMOE, A BIEBRBRARINLER, REIZESEHFFS].
o BBZUAIAME (Strongly disagree)

e FIA[E (Disagree)

o BETINE AR (Neither agree nor disagree)
o AE (Agree)

o 58ZUIAME (Strongly agree)

40.1 can design student-centred learning that integrates knowledge of mathematics, technologies, and
pedagogies. HAEEEAFRINRAMEBRBARKRITUZENPONEFRE.
o BBZUANIAME  (Strongly disagree)

e FIA[E (Disagree)

o BFINETAKRI (Neither agree nor disagree)
o 1A[E (Agree)

o 5BZUIA[E (Strongly agree)

Part Three: ICT Attitude

Attitudes toward computers in education scale (Braak, 2001)
Attitude toward ICT integration:
41. The computer provides opportunity for improving the learning performance. {§ B AN ERANRSFEEF
RGUR 7 RN,
o BBZUANIA[E  (Strongly disagree)
e TIAE (Disagree)
o BFIANETAKRI (Neither agree nor disagree)
e AE (Agree)
o 5BZUIA[E (Strongly agree)
42. The efficiency of the learning process is increased through the use of computers. {ERE RRAERSFLEN
FUER.

o HBZUANIAE  (Strongly disagree)

27 /29



Li / Chinese mathematics teachers’ TPACK and attitudes toward ICT integration

e FIAE (Disagree)
o BFINETAKRY (Neither agree nor disagree)
o 1AE (Agree)
o HBZUIA[E (Strongly agree)
43. The computer increases the level of creativity of students. EBINiZ = T F 4RI QS TIKF.
o BBZUITIAME (Strongly disagree)
e FIA[E (Disagree)
o BETNINET AR (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIAME (Strongly agree)
44. The computer used as a learning tool, increases student motivation. EBR{EA—T¥ ST H - 18I 7 F4EMF
A,
o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BETINE AR (Neither agree nor disagree)
o A (Agree)
o HZUIA[E (Strongly agree)
45. The pre-service teacher should be provided with strong computer skills and practice during his/her training,.
HIRZYI N EREERIE BB, AAERIETERNZIEREA.
o BBZUANIAME (Strongly disagree)
e FIA[E (Disagree)
o BFINETAKRY (Neither agree nor disagree)
e IA[E (Agree)
o 58ZUIA[E (Strongly agree)
46.Students with learning difficulties can strongly benefit from the didactic possibilities which the use of
computers entail. BT LUBT E S EREAEANBEHFE PRRESFZRERNZ W AT
o BBZUANIAME  (Strongly disagree)
e FIA[E (Disagree)
o BFINETAKRY (Neither agree nor disagree)
e A (Agree)
o 5BZUIA[E (Strongly agree)
47. Computer knowledge and practical experience should be more integrated in the curriculum. {§ B ARHIRF
SSEANNZESMBEERED.
o HBZIAFIAE  (Strongly disagree)
e FIAE (Disagree)
o BEFIAETAKRI (Neither agree nor disagree)
o 1A (Agree)
o 5@ZUIA[E (Strongly agree)
48. The functioning of a computer is an important object of study for primary school students. BB FERZ/NF
FEIN—NEZBM
o HBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
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o BETNINET AR (Neither agree nor disagree)
o AE (Agree)
o HBZUIA[E (Strongly agree)
49. The use of computer helps students better understand geometric concepts. {8 Fi &8 fixi o] IAFE B 4 B8 47 it IR 2
ARG v
o BBZUITIAME (Strongly disagree)
e FIA[E (Disagree)
o BFINETAKRN (Neither agree nor disagree)
o 1A[E (Agree)
o 5BZUIAME (Strongly agree)
50. Computers can help the teacher to apply differentiation among the students. E2 [N Y 55 FHREES BhZUM X F 4 i
TTEF 2L
o BBZUANIAE  (Strongly disagree)
e TIAE (Disagree)
o BERINET AR (Neither agree nor disagree)
o AE (Agree)
o HZUIA[E (Strongly agree)
51.1t is essential that children start getting acquainted with practical knowledge of computers in primary school.
BFINNZF AT ERRANSEAM IR RER.
o BBZUAIAME (Strongly disagree)
e FIAE (Disagree)
o BFINETAKRY (Neither agree nor disagree)
o AE (Agree)
o 58ZUIAME (Strongly agree)
52.The direction of modern science education is impossible without the introduction of the computer in the
learning process. FLCRIZHBEN A DBEATHERRAEZEIIBEPRIEA.
o BBZUANIAME  (Strongly disagree)
e FIA[E (Disagree)
o BFINETAKRY (Neither agree nor disagree)
e A (Agree)
o 5BZUIA[E (Strongly agree)

https://www.ejmste.com
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