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Abstract: The theory-practice gap in Technological Pedagogical Content Knowledge (TPACK) application remains
a critical challenge for pre-service teacher education, particularly in rural and multi-ethnic contexts where instruc-
tional resources and context-specific examples are limited. As the first phase of designing, developing, and eval-
uating a project-based TPACK mobile learning module (TPACK-Pj), this study conducted a mixed-methods needs
analysis to inform the development of a design framework. Quantitative data from 100 pre-service teachers and
qualitative insights from 5 focus group participants were analyzed to identify current TPACK skill levels, instruc-
tional challenges, learning needs, and learning preferences. Results showed that pre-service teachers have mod-
erate TPACK skills (M = 3.15), high perceived instructional challenges (M = 3.87), strong practice-driven learning
needs (M = 4.30) and mobile learning preferences (M = 4.36). A significant positive correlation existed among chal-
lenges, needs, and preferences (r = 0.546-0.840, p < 0.001). No gender differences in TPACK skills were found, but
males reported significantly higher challenges, needs, and mobile preferences (all p < 0.05). Based on these findings,
this study proposed a design framework for the TPACK-Pj module, including five evidence-based design principles,
a design-principle-to-technical-function mapping, and a scientifically structured modular architecture. The frame-
work is designed for implementation on the Chaoxing platform, a widely used mobile learning system in China that
offers both mobile app and web-based access, ensuring replicability and scalability. This study contributes a design-
oriented, empirically grounded technical framework to the field of information and education technology, serving
as the foundation for subsequent module development, usability testing, and effectiveness evaluation.

Keywords: TPACK; Pre-Service Teachers; Mobile Learning; Platform-Based Design; Teacher Education; Digital
Technology Application

1. Introduction

With the advent of the Fourth Industrial Revolution (4IR), the field of education has been greatly impacted.
Technology has changed the way people learn and teach [1-3]. For pre-service teachers, they not only need to
acquire specific subject content knowledge and pedagogical knowledge but also must master the approaches of
applying technology in teaching [4,5]. This is in line with the emergence of Education 4.0. Education experts use
the term Education 4.0 to describe how to integrate technology into the learning process. Education 4.0 requires
pre-service teachers to master technology to be integrated into the learning process [6]. The Standards for the
Professional Competence of Teachers of Primary Education Students and the Standards for the Professional Com-
petence of Teachers of Secondary Education Students issued by the Ministry of Education of the People’s Republic
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of China (MOE) highlight the importance of the skills to integrate technology in teaching process for pre-service
teachers. Unfortunately, pre-service teachers have very little practical experience in selecting and integrating tech-
nology. Research has shown that pre-service teachers are not well-prepared to effectively integrate technology [7].
Therefore, strengthening teacher education and integrating it with digital literacy and pedagogical technology has
become a priority in teacher education [6].

In the pre-service teacher training, the Technological Pedagogical Content Knowledge (TPACK) framework
is a widely used model. It was expanded by Mishra and Koehler in 2006 based on Shulman’s Pedagogical Con-
tent Knowledge (PCK) framework [8]. The TPACK framework consists of three basic components, which are con-
tent knowledge (CK), pedagogical knowledge (PK), and technological knowledge (TK), as well as the four cross-
components formed among them, namely technological pedagogical knowledge (TPK), pedagogical content knowl-
edge (PCK), technological content knowledge (TCK), and technological pedagogical content knowledge (TPCK). The
TPACK model indicates that a teacher’s knowledge is complex and diverse [8]. Since the TPACK framework was pro-
posed, it has been widely applied in the field of teacher education [9-11].

However, pre-service teachers encounter challenges in integrating technology due to factors such as lack of
time, resources, and supports [12,13]. Research has shown that pre-service teachers have a good grasp of TPACK
knowledge, but they encounter significant difficulties in converting this knowledge into practical operational
skills [14-16], especially in rural and ethnic regions, such as southwest China [17,18]. In these regions, infras-
tructure and resources are relatively limited, so the curriculum is more focused on theoretical teaching rather than
practical operations [19,20].

One possible solution to the difficulties of TPACK skills training for pre-service teachers is to integrate a train-
ing module where pre-service teachers can learn online via mobile devices and communicate with instructors
and peers. Due to its convenience, flexibility and interactivity, mobile learning has become a bridge between
formal and informal learning, more specifically, between formal classroom learning and informal learning [21].
Mobile learning breaks the limitations of time and space, enabling pre-service teachers to access teaching con-
tent, cases, micro-lesson resources and technological support anytime and anywhere [22]. This flexible learning
can promote the continuous accumulation and update of technological knowledge (TK). Meanwhile, PjBL (Project-
Based Learning) is a student-centered and problem-oriented learning approach that offers practical opportunities
for pre-service teachers to integrate technology into their teaching. PjBL emphasizes the integration of knowledge
into actual projects [23]. Research has shown that PjBL can promote the development of TPACK skills by enabling
pre-service teachers to engage in authentic and hands-on teaching design tasks [23,24]. The mobile learning plat-
form combined with PjBL can enable pre-service teachers to learn integrated TPACK knowledge flexibly and per-
sonally in practice and enhance TPACK skills. However, without a systematic and theoretically grounded instruc-
tional design, mobile learning initiatives risk becoming fragmented or technology-driven rather than pedagogy-
driven [25].

To better design and develop the project-based TPACK mobile learning module (TPACK-Pj), the most important
step is to analyze the needs of the learners. The needs analysis phase is included in the first phase of the Design and
Development Research (DDR) proposed by Richey and Klein (2014) [26], followed by the design and development
phase and the implementation and evaluation phase. The aim of this study is to identify the needs of the TPACK-Pj
mobile learning module for pre-service teachers, thereby determining the design framework of TPACK-Pj module.
Specifically, this study intends to answer the following three questions:

RQ1: What is the current TPACK skill level of pre-service teachers?

RQ2: What issues do pre-service teachers face when acquiring TPACK skills, and what are their learning needs
and preferences?

RQ3: How to form the design framework of the TPACK-Pj module?

The TPACK-Pj module constructed in this study was developed based on the Chaoxing platform, a widely used
learning platform in higher education in China that can be accessed through both web pages and mobile app. By
developing based on the existing platform without customized software development, the cost for the promotion
and use of this module has been reduced.
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2. Literature Review
2.1. Technological Pedagogical Content Knowledge (TPACK) in Teacher Education

Mishra and Koehler (2006) developed Technological Pedagogical Content Knowledge (TPACK) framework (Fig-
ure 1) from Shulman’s (1986) description of pedagogical content knowledge (PCK), which clarifies that content
knowledge (CK) and pedagogical knowledge (PK) are the main focus of teachers’ knowledge. Mishra and Koehler
added technological knowledge as the third major knowledge to the PCK model, emphasizing teachers’ understand-
ing of the interaction between educational technology and PCK to use technology for effective teaching. Thus, there
are three basic components in TPACK framework, which are CK, PK, and TK. The interaction between and among
these three basic components are represented as technological content knowledge (TCK), technological pedagog-
ical knowledge (TPK), pedagogical content knowledge (PCK), and technological pedagogical content knowledge
(TPACK) [8], they are also crucial in this model.

Technological
Pedagogical Content
Knowledge
(TPACK)

Technological

Technological
Pedagogical

Content

Pedagogical
Content
Knowledge

(PCK)

Contexts

Figure 1. The TPACK framework and its components [8].

In previous studies, many researchers have explored TPACK in teacher education. Empirical studies indicate
that developing TPACK is a complex and challenging process, particularly for pre-service teachers with little class-
room experience [27]. Recent studies continue to show that although pre-service teachers often demonstrate basic
digital skills, they find it difficult to successfully incorporate technology into instructional design and teaching prac-
tice [28]. During the process of developing TPACK, pre-service teachers need to constantly try, make mistakes
and obtain feedback in real or simulated teaching scenarios [29]. Therefore, appropriate instructional approaches
need to be adopted to enable pre-service teachers to acquire TPACK skills in real classroom teaching rather than
just TPACK knowledge.

2.2. Project-Based Learning for TPACK Skills Development

Through engaging students in engaging experiences, project-based learning (PjBL) is a student-centred method
of instruction that helps students understand and apply concepts. PjBL is a technique to boost student interest and
assist in their comprehension of key concepts [23]. PjBL emphasizes students’ self-directed learning and collabo-
ration in real, meaningful projects, thereby developing students’ skills that are needed in the 21st century. Since
project-based learning was proposed, it has been widely concerned and studied by the educational community.

PjBL offers pre-service teachers an opportunity to practice and internalize TPACK in real tasks. For example,
pre-service teachers engaged in project-based micro-lesson design must select digital tools that align with specific
pedagogical strategies (e.g., collaborative learning) and content goals (e.g., science inquiry), this process directly
cultivates the instructional TPACK skills required for classroom teaching.

Research has demonstrated that PjBL effectively promotes TPACK skills development when it is structurally
designed for instructional practice [10]. Key instructional design features of effective PjBL for TPACK include clear
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scaffolding for instructional design, opportunities for peer and teacher feedback on technology-integrated tasks,
and reflective practice on instructional decisions [30]. Without these instructional supports, PjBL can be ineffec-
tive: pre-service teachers may focus on technological tool use at the expense of pedagogical quality, or experience
cognitive overload when tasked with integrating multiple knowledge domains into instructional design [6]. This
highlights the need for PjBL instructional design that is grounded in pre-service teachers’ actual instructional chal-
lenges and needs.

2.3. Mobile Learning in Teacher Education

With the rapid development of mobile technology, mobile learning (or m-learning) has become an important
trend in the field of education. It refers to the learning carried out across time and place through mobile devices
such as smartphones and tablets, emphasizing flexible, personalized and sustainable learning experiences [31]. Due
to its convenience, flexibility and interactivity, mobile learning provides significant support for the improvement
of TPACK skills of pre-service teachers [32]. Mobile learning supports the iterative, context-dependent nature of
instructional design: pre-service teachers can draft micro-lesson plans on mobile devices, access digital tool tuto-
rials for classroom use, and receive timely feedback during the design process-all outside of the traditional lecture
hall [33]. In contexts where pre-service teachers have limited access to formal computer labs, mobile learning be-
comes an even more critical instructional resource for TPACK skills development [34].

However, if mobile learning merely focuses on content delivery rather than skill training, then its effect on the
development of TPACK skills will be greatly diminished [35].

Recent studies have emphasized the necessity of integrating mobile learning with instructionally focused ped-
agogical approaches (such as PjBL, task-based learning), which focus on real instructional design tasks [25]. For
pre-service teachers, this means that the mobile learning module must be designed to support the entire instruc-
tional design process, from micro-lesson planning to the practice of digital tools to feedback and revision, rather
than just delivering the TPACK theory or technical tutorials.

2.4. Needs Analysis for Instructional Design in Teacher Education

Needs analysis is a foundational step in instructional design [36]. In teacher education, needs analysis has
been used to identify gaps between pre-service teachers’ current competencies and desired professional outcomes,
thereby informing the design of targeted learning experiences [36].

Recent design-oriented research further emphasizes the role of needs analysis in ensuring alignment among
learner characteristics, instructional strategies, and technological features [37]. Mixed-method approach that com-
bines quantitative surveys with qualitative interviews or focus group discussions are considered particularly effec-
tive, as they allow researchers to capture both broad trends and in-depth learner perspectives [38].

Despite extensive research on TPACK, relatively few studies have systematically employed needs analysis as
a foundation for designing TPACK-oriented learning interventions, particularly in mobile and project-based con-
texts [39]. Moreover, empirical research focusing on pre-service teachers in China remains limited, especially re-
garding their current TPACK skills, perceived challenges, and learning needs prior to instructional design [40]. Itis
noteworthy, as technology integration in teacher education is shaped by context-specific factors such as curriculum
structures, institutional conditions, and pedagogical expectations within the Chinese education system [41]. Al-
though national policies increasingly emphasize the development of digitally competent teachers, there is still very
little knowledge about how Chinese pre-service teachers engage with technology-integrated instructional design
tasks, including micro-lesson development, in mobile and project-based learning environments [42]. Therefore,
context-sensitive needs analysis research is needed to inform the localized design of project-based TPACK mobile
learning module aligned with the practical realities of teacher education in China.

3. Methodology
3.1. Research Design

This study adopts a mixed-method research design that integrates both quantitative and qualitative approaches
to investigate Chinese pre-service teachers’ current TPACK skills and their needs of TPACK-Pj mobile learning mod-
ule. The mixed-method approach is particularly suitable for studying educational phenomena that require both
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statistical generalization of perception and in-depth exploration of complex experiential aspects [43]. Quantitative
data were collected through a self-assessment questionnaire (N = 100) measuring pre-service teachers perceived
TPACK skills, challenges, learning needs, and learning preferences. Although self-reported data is widely accepted
in needs analysis studies, they are subject to potential response bias. This limitation is acknowledged and will be
addressed in future studies by adding objective performance assessments. Qualitative data was obtained through
a focus group discussion with 5 participants to further explore their experiences, challenges, and expectations, as
well as learning environments and devices, given that the proposed module is intended to support a micro-lesson
design course. It was designed to extend the questionnaire findings by exploring design-related aspects that could
not be adequately captured through closed-ended items. The integration of quantitative and qualitative findings
provided a comprehensive understanding of learners’ needs and served as the empirical basis for module design.

3.2. Research Participants

In the needs analysis phase, the participants are the target users whose needs must be systematically identified.
Therefore, purposive sampling technique was used in this study. A total of 100 pre-service teachers participated in
this research. These pre-service teachers were senior students from the Aba Teachers College, who had taken the
micro-lesson design course in the 2024/2025 academic year. They are majoring in education, covering areas such
as Chinese, mathematics, English, physics, chemistry and biology education. Most of them have taken basic com-
puter courses or multimedia courseware production courses and have also taken courses on subject instructional
pedagogy or general education. The participants generally possess basic technological operation skills, such as cre-
ating PPT or making short videos. The demographic information of participants is shown in Table 1. Although the
sample of 100 pre-service teachers from a single institution is adequate for descriptive and correlational analyses,
we also recognize that this would limit its general applicability. The findings should be interpreted in conjunction
with similar situations in rural teacher education institutions and this limitation will be addressed in future large-
scale research.

Table 1. Participants’ demographic information.

Demographic Info Category N Percentage (%)
Male 43 43%

Gender Female 57 57%
Below 19 14 14%

Age 20-21 69 69%
22-23 17 17%

Total 100 100%

Subsequently, 5 pre-service teachers were purposively selected from the 100 pre-service teachers to partici-
pate in the focus group discussion. Before the discussion began, all participants clearly understood the research
objectives, how their data would be used, and their commitment to protecting their privacy. After the participants
confirmed these details, each participant signed a written consent form. Additionally, the academic and ethical
committee of the university reviewed and approved the study to ensure it met ethical standards.

3.3. Research Instruments
3.3.1. Integrated Needs Analysis Questionnaire

To identify pre-service teachers’ current TPACK skill levels, instructional challenges, learning needs, and learn-
ing preferences, the integrated needs analysis questionnaire with 43 items was used as the instrument. The ques-
tionnaire was based on the TPACK framework, mobile learning theory, and project-based learning principles. The
questionnaire integrated a TPACK skills self-assessment component with additional needs analysis components.
The TPACK skills self-assessment items were adapted from the validated TPACK assessment instrument developed
by Schmidt etal. (2009) [44]. The needs analysis components were developed according to the themes determined
by Utami et al. and Nousheen et al. in the literature on needs analysis [45,46].

The original TPACK items were rephrased to emphasize skill-oriented and practice-based abilities while main-
taining the original factor structure. The needs analysis components were developed to identify pre-service teach-
ers perceived challenges in acquiring TPACK skills, learning needs, and mobile learning preferences for mobile
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learning module design. These items were adapted from literature [45,46]. A 5-point Likert scale, with 1 indicating
“strongly disagree” and 5 indicating “strongly agree”, was used to measure each item. Before the questionnaire was
distributed, it was reviewed by 2 experts in the field of quantitative research to determine the face validity and
content validity. The structure of the questionnaire is shown in Table 2.

Table 2. Structure of the integrated needs analysis questionnaire.

Category Number of Items Example of Items Total of Items

I'am able to use a variety of digital technologies to support teaching and learning

TK skills 1-7 o 7
activities.

CK skills 8-10 I am ablfe to accurately apply subject content knowledge when planning and delivering 3
instruction.

PK skills 11-16 I am able to assess students’ learning performance using appropriate instructional 6
methods.

PCK skills 17-19 1 am able to §§lect appropriate teaching strategies to help students understand 3
subject-specific concepts.

TCK skills 20-23 1 am able to use digital technologies to support students in understanding and solving 4
subject-related problems.

TPK skills 24-28 Iam able to u;e‘tgchnologles to support and improve students’ learning during 5
classroom activities.

TPCK skills 29-33 I am able to design and implement lessons that effectively integrate content, pedagogy, 5
and technology.

Challenges 34-37 Ifind it difficult to integrate technology, pedagogy, and content in lesson planning. 4

Learning needs 38-40 I need more opportunities to practice TPACK skills through project-based tasks. 3

Learning preferences 41-43 I prefer short, task-based learning activities delivered via mobile devices. 3

Overall 43

3.3.2. Focus Group Discussion Guide

To complement the questionnaire data and to obtain more in-depth needs for TPACK-Pj mobile learning mod-
ule design, a semi-structured focus group discussion guide was adopted. The focus group discussion focused on
four instruction-focused themes: (1) micro-lesson design challenges, (2) desired TPACK-Pj module content, (3)
preferred mobile learning features, and (4) project-based learning expectations. The discussion lasted for 60 min
and was recorded throughout.

3.4. Data Collection

The questionnaire was distributed online (100% response rate), with anonymous responses to ensure honesty.
The focus group discussion was conducted face-to-face.

3.5. Data Analysis

Before the main study, 20 undergraduates from Aba Teachers College participated in the pilot study. The re-
search showed that the questionnaire had good internal consistency, with Cronbach’s a coefficients all above 0.7,
which met the 0.70 criteria set by Brown [47]. Table 3 presents the reliability of each subscale:

Table 3. The Cronbach’s a of the questionnaire.

Category Cronbach’s a
TK skills 0.882
CK skills 0.900
PK skills 0.915
PCK skills 0.906
TCK skills 0911
TPK skills 0.933
TPCK skills 0.946
Challenges 0.932
Learning needs 0.951
Learning preferences 0.895
Overall 0.952

Given the multi-dimensional nature of the TPACK framework, exploratory factor analysis (EFA) was conducted
separately for each subscale to examine construct validity within the current sample. The KMO values for all seven
subscales exceeded 0.60, and Bartlett’s tests of sphericity were statistically significant (p < 0.001), indicating that
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the data were suitable for factor analysis. For each subscale, a single-factor structure emerged with eigenvalues
greater than 1, consistent with the original theoretical design. When all items were entered simultaneously, the
correlation matrix did not meet factorability assumptions, likely due to the relatively small sample size (N = 100)
in relation to the number of observed variables and the theoretical distinctiveness of the seven TPACK components.
Therefore, subscale-level validation was considered methodologically appropriate.

The quantitative data were analyzed using SPSS 27.0. Descriptive statistical analysis (mean, standard devia-
tion) was mainly employed to analyze the data on TPACK skill level, challenges, learning needs and preferences.
The equal-interval classification method was used to divide the mean scores of the 5-point Likert scale into three
categories: high (3.68-5.00), medium (2.34-3.67), and low (1.00-2.33). This classification was only used for de-
scriptive interpretation.

Pearson correlation analysis was conducted to examine relationships among key instructional variables. Be-
fore correlation analysis, Shapiro-Wilk normality tests were conducted to verify data distribution. Although all
variables reached statistical significance in the Shapiro-Wilk test (p < 0.001), the over-sensitivity of the test un-
der medium sample size (N = 100) was considered. Combined with skewness (-0.725 < skewness < 0.723) and
kurtosis (-0.869 < kurtosis < 1.849) indicators, all variables met the widely accepted loose normality criterion in
social science research (|skewness| < 2, |kurtosis| < 4). Therefore, all variables were confirmed to be approximately
normally distributed, which satisfied the precondition of Pearson correlation analysis. All statistical tests were two-
tailed with a significance level of a = 0.05, and missing data were handled via listwise deletion (missing rate < 2%).
Independent sample t-test was used to examine gender differences.

Qualitative data were analyzed with thematic analysis [48], following six steps: familiarization, initial coding,
theme collation, theme review, theme definition, and report writing, focusing on instructional design needs that
complement quantitative findings. Data were integrated using joint displays to facilitate the systematic integration
of quantitative and qualitative findings [38].

4. Results

The analysis phase focuses on understanding pre-service teachers’ views to guide the design of the TPACK-Pj
module. This was achieved via self-reported questionnaires and focus group discussion. The entire process re-
vealed levels of TPACK skills, instructional challenges, learning needs and mobile learning preferences, all of which
require support in the pedagogical field.

4.1. Needs Analysis Finding
4.1.1. TPACK SKkills and Instructional Challenges

Descriptive statistics (Table 4) revealed moderate overall TPACK skills (M =3.15, SD = 0.57) among pre-service
teachers, with mean scores across TPACK dimensions ranging from 3.02 (TK skills) to 3.22 (PK skills, TPK skills),
indicating balanced but underdeveloped skills for technology-integrated instruction. In contrast, participants re-
ported high perceived instructional challenges (M = 3.87, SD = 0.96) in micro-lesson design. This suggests that many
pre-service teachers have faced significant difficulties when engaging in technology-integrated instructional tasks.
Compared to the various dimensions of TPACK skills, the responses regarding the challenge dimension showed
greater differences, which can be seen from the larger standard deviation. This indicates that pre-service teachers
experienced differences in their experiences of challenges, with some reporting moderate difficulties and others
considering effective technology integration as a significant barrier to quality micro-lesson design.

Table 4. Descriptive statistics of TPACK skills components and needs analysis (N = 100).

Category N Min Max Mean (M) SD

TK skills 100 1.00 5.00 3.02 0.66
CK skills 100 1.00 5.00 3.03 0.74
PK skills 100 1.67 5.00 3.22 0.60
PCK skills 100 1.67 5.00 3.18 0.66
TCK skills 100 1.50 5.00 3.18 0.63
TPK skills 100 1.80 5.00 3.22 0.63
TPCK skills 100 1.20 5.00 3.21 0.63
Overall TPACK skills 100 1.45 5.00 3.15 0.57
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Table 4. Cont.

Category N Min Max Mean (M) SD

Challenges 100 1.00 5.00 3.87 0.96
Learning needs 100 2.00 5.00 4.30 0.68
Learning preferences 100 3.00 5.00 4.36 0.61

Note: All items were measured on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree). M = mean; SD = standard deviation.

The results of the focus group discussion indicate that pre-service teachers lack the ability to integrate technol-
ogy, pedagogy and content to design micro-lesson. Participants reported that while they possessed basic technolog-
ical knowledge (TK) and pedagogical knowledge (PK), they struggled to make intentional instructional decisions
that align these domains for micro-lesson design.

As one participant said:

“I tried using PowerPoint and CapCut for micro-lesson demonstrations, but I really don’t know how to inte-
grate technology into the course content in a way that supports teaching goals.” (Participant 1)

Another key instructional challenge identified was limited experience with technology-integrated instructional
design practice: participants reported that conventional instruction focused on theoretical knowledge of TPACK
and digital tools, with few opportunities for hands-on micro-lesson design practice. Time constraints and limited
access to contextually relevant instructional examples (e.g., micro-lessons for rural/multi-ethnic classrooms) were
also cited as significant instructional challenges, as one participant 2 stated:

“We learn about digital tools in class, but we don’t have time to practice using them for actual micro-lesson
design, and there are no good examples of how to do this for the classrooms we will teach in.” (Participant

2)
Similarly, participant 4 noted:

“I don’t know when it’s best to use technology to present instructional content.” (Participant 4)

4.1.2. Learning Needs and Mobile Learning Preferences

Participants reported strong practice-driven instructional learning needs (M = 4.30, SD = 0.68) and very strong
mobile learning preferences (M = 4.36, SD = 0.61) which is the highest mean score in the study (Table 3). Learn-
ing needs centered on three areas: hands-on project-based micro-lesson design practice, step-by-step instructional
scaffolding, and contextually authentic examples. Mobile learning preferences focused on short task-based activi-
ties, flexible resource access, and mobile-enabled collaborative project work. The relatively high mean scores for
these items indicate that pre-service teachers perceived practical engagement and instructional scaffolding as es-
sential for effective TPACK skills development.

Qualitative findings elaborated two key learning needs: instructional scaffolding and timely formative feed-
back. The participants emphasized that project-based tasks were considered more effective than individual tech-
nical training, as they could simultaneously utilize technological, pedagogical, and content knowledge. Several par-
ticipants emphasized the necessity of having support during the learning process. For instance, participant 3 said:

“I think step-by-step supports and real micro-lesson examples would help me learn faster” (Participant 3).

This finding aligns with the results of the questionnaire survey and indicates a strong need for step-by-step
learning supported by examples and instructional guidance. Group discussion and hands-on projects were viewed
as effective ways to enhance both technological and pedagogical understanding. For example, participant 2 ex-
plained:

“I hope to improve my skills through group discussion and project-based learning” (Participant 2).
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As for mobile learning preferences, participants reported that mobile learning formats were particularly ap-
pealing due to their accessibility and flexibility. Moreover, participants consistently emphasized the importance of
receiving feedback on lesson design and teaching tasks. As participant 3 said:

“I need feedback on my lesson design to know what to improve” (Participant 3).

Participants also emphasized the need for rural/multi-ethnic context relevance in all module content and tasks.

4.1.3. Correlation Analysis

Pearson correlation analysis was used to investigate the correlations between TPACK sub-skills, overall TPACK
skills, instructional challenges, learning needs, and mobile learning preferences. Normality assumptions were con-
firmed prior to analysis. The findings are reported in Table 5:

Table 5. Correlation Matrix of Key Instructional Variables (N = 100).

Variable 1 2 3 4 5 6 7 8 9 10 11
1.TK skills 1

2.CK skills 0.754** 1

3.PK skills 0.672** 0.790** 1

4.PCK skills 0.593** 0.683** 0.861** 1

5.TCK skills 0.615** 0.621** 0.823** 0.877** 1

6.TPK skills 0.571** 0.563** 0.802** 0.814** 0.935%* 1

7.TPCK skills 0.624** 0.654** 0.863** 0.830** 0.891** 0.930%* 1

8.0verall TPACK skills 0.810** 0.816** 0.933** 0.893** 0.917** 0.898** 0.929** 1

9.Challenges 0.044 0.063 -0.141 -0.136 -0.173 -0.197* -0.147 -0.105 1

10.Learning needs 0.055 0.065 -0.066 -0.145 -0.167 -0.151 -0.094 -0.071 0.548** 1
11.Learning preferences 0.028 0.088 -0.057 -0.116 -0.202* -0.181 -0.1 -0.081 0.546** 0.840** 1

Note: N = 100. Pearson correlation coefficients are reported. **p < 0.05; *p < 0.01 (two-tailed).

As shown in Table 5, results revealed that all TPACK sub-skills were strongly and positively intercorrelated
(ranging from r = 0.563 to r = 0.935, p < 0.01), indicating that pre-service teachers’ proficiency in one TPACK sub-
skill was closely associated with their skills in others. Overall TPACK skills were also strongly and positively corre-
lated with all TPACK sub-skills (ranging from r = 0.810 to r = 0.933, p < 0.01), suggesting that sub-skills collectively
contribute to pre-service teachers’ overall TPACK skills.

Additionally, the results revealed a significant positive correlation among perceived instructional challenges,
learning needs, and mobile learning preferences (all p < 0.01). Most notably, needs and preferences were very
strongly correlated (r = 0.840), indicating high alignment between what participants needed and how they pre-
ferred to learn. Challenges were positively correlated with both needs (r = 0.548) and preferences (r = 0.546),
meaning pre-service teachers with greater challenges expressed stronger needs and mobile learning preferences.

4.1.4. Gender Difference

Gender differences in overall TPACK skills were not statistically significant, according to the independent sam-
ples t-test (Table 6), t(98) = 0.64, p = 0.523, meaning males and females possessed comparable TPACK skills. Simi-
larly, no significant gender differences were observed in TPACK sub-skills (all p > 0.05).

Table 6. Gender differences in TPACK skills and instructional variables (N = 100).

Variable Male (n=43) M £ SD Female (n =57) M + SD t df 1 Cohen’s d
TK skills 3.16 £ 0.54 2.91+0.72 1.95 98 0.054 0.39
CK skills 3.16 £ 0.69 2.94+0.76 1.44 98 0.152 0.29
PK skills 3.20 £0.55 3.23 £0.65 -0.22 98 0.829 -0.04
PCK skills 3.17 £0.54 3.19£0.74 -0.17 98 0.867 -0.03
TCK skills 3.17£0.58 3.18 £0.68 -0.04 98 0.967 -0.01
TPK skills 3.22+0.56 3.22 £0.69 0.02 98 0.986 0
TPCK skills 3.24+0.48 3.19+£0.72 0.38 98 0.708 0.08
Overall TPACK skills 3.19+0.49 3.12+0.62 0.64 98 0.523 0.13
Challenges 434092 3.52£0.84 4.67 98 <0.001 0.94
Learning needs 4.60 +£0.71 4.07 £0.57 411 98 <0.001 0.83
Learning preferences 4.65+0.57 414 +0.54 4.56 98 <0.001 0.92

Note: 1 = male, 2 = female. Two-tailed independent sample t-test were conducted. Cohen’s d values represent effect sizes.
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However, males reported significantly higher perceived instructional challenges (t(98) = 4.67, p < 0.001), learn-
ing needs (t(98) =4.11, p < 0.001), and mobile learning preferences (t(98) = 4.56, p < 0.001) than females. Large
effect sizes were observed for gender differences in instructional challenges (d = 0.94), learning needs (d = 0.83),
and mobile learning preferences (d = 0.92), indicating substantial practical differences. In contrast, effect sizes for
TPACK skills domains were trivial to small (d = -0.04 to 0.39).

4.2. From Needs Analysis to a Design Framework

Based on the needs analysis findings, this section presents a design framework for the TPACK-Pj mobile learn-
ingmodule. The framework s organized into four interconnected components: design principles, a design-principle-
to-technical-function mapping, modular architecture, and implementation considerations for the Chaoxing plat-
form.

4.2.1. Design Principles

Based on the above analysis results, five design principles are proposed. Each one directly addresses the spe-
cific results of the needs analysis. Table 7 summarizes these principles and the empirical evidence that supports
them.

Table 7. Evidence-based design principles for the TPACK-Pj module.

Principle

Description

Empirical Evidence

P1: Intentional, Fading
Scaffolding

Provide structured support and gradually
reduce the scaffolding support as the
pre-service teachers’ skills improve.

1. Moderate overall TPACK skills (M = 3.15) suggest foundational knowledge
exists, but integration skills need support.

2. Qualitative data showed strong demand for “step-by-step supports and
real micro-lesson examples.”

P2: Authentic,
Context-Embedded Project
Tasks

The project tasks must be authentic and
closely integrated with the specific context,
enabling the participants to apply them in
their future professional practice.

1. High instructional challenges (M = 3.87) are linked to a lack of context-
specific examples.

2. Participants noted “no good examples of how to do this for the classrooms
we will teach in.”

P3: Formative Feedback

Integrate peer feedback and instructor
feedback, delivered in ways that are timely,
specific, and actionable.

1. Strong learning needs (M = 4.30) centered on feedback.
2. As one participant put it: “I need feedback on my lesson design to know
what to improve.”

P4: Mobile-first Design

Design for mobile devices as the primary
access point, with short and focused
activities.

1. Mobile learning preferences scored highest among all variables (M = 4.36).
2. Rural infrastructure constraints make mobile access more practical than
computer labs.

P5: Gender-responsive
Inclusivity

Address attitudinal and emotional
differences between male and female
learners without assuming skill gaps.

No gender differences in TPACK skills, but males reported significantly
higher challenges, needs, and mobile preferences. This suggests
instructional design should consider the different starting points in terms of
confidence and motivation.

These principles are not meant to be applied in isolation. They work together: authentic project tasks (P2)
provide the context for fading scaffolding (P1); mobile delivery (P4) enables timely feedback (P3); and gender-
responsive strategies (P5) ensure that all learners can engage fully with the module.

4.2.2. Design-Principle-to-Technical-Function Mapping

Design principles become actionable only when translated into specific technical features [49]. Table 8 maps
each principle to a set of technical functions and shows how those functions can be implemented using the Chaoxing
platform.

The reason for choosing the Chaoxing platform to implement the TPACK-Pj module was that it supported offline
functionality, and all resources (such as text and videos) can be downloaded for offline use. It had a low-bandwidth
optimization feature, which compressed the materials and video resolution to make the operation smoother. In
addition, it also supported cross-device synchronization, including learning progress, peer-reviewed assignments
and feedback. Automatic synchronization can be achieved through cloud storage. However, there were also some
challenges in implementing this platform, such as students’ unfamiliarity with functions like tasks and peer eval-
uations. To address these obstacles, the module conducted a “platform introduction” in the first week. This mod-
ule followed a technical process of content upload, task allocation, interactive activities, feedback, and progress
statistics. To enhance intelligence and engagement, this module integrated Al-based auxiliary teaching analysis to
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achieve personalized scaffolding, as well as gamification elements such as progress rewards to improve motivation,
which aligned with current educational technology trends [50,51].

Table 8. Design-principle-to-technical-function mapping with Chaoxing platform implementation.

Design Principle

Technical Function

Learning Activities Example

Chaoxing Platform Implementation

P1: Intentional, Fading
Scaffolding

Phase-based task
unlocking; template
library; progress
tracking and reminders

Micro-lesson design broken into
three phases: (1) topic selection,
(2) CK/PK/TK mapping, (3) full
integration.

1.Task Points: Set video/chapter tasks as prerequisite learn-
ing objectives; students must complete Phase 1 tasks to unlock
Phase 2.

2.Chapters: Organize content in sequential order; students
can view their learning progress; teachers receive automatic
notifications for incomplete tasks.

P2: Authentic,
Context-Embedded
Project Tasks

Context-specific case
library; peer showcase;
discussion forums

Participants analyze a
micro-lesson video recorded in a
rural school, then adapt it for
their own subject area.

1.Materials: Upload prepared video cases of rural/multi-ethnic
classroom instruction to the course materials section.

2. Discussion Forum: Students post case analysis and respond
to peers; supports text, image, audio, and video uploads.

3. Group Tasks: Students submit final micro-lesson videos to
group; supports peer viewing and commenting.

P3: Formative
Feedback

Peer review rubrics;
instructor comment
interface; revision
tracking; feedback
notifications

After submitting a draft lesson
plan, participants receive
rubric-based feedback from at
least two peers and one
instructor.

1. Assignments with Peer Assessment: Enable peer review
in assignment settings; set review deadline after submission
deadline; students receive random peer submissions to evalu-
ate using teacher-defined rubric; final score averages peer rat-
ings

2. Instructor Grading: Instructors can modify peer scores and
add written/audio comments.

3. Notifications: Students receive push notifications when
feedback is available.

P4: Mobile-first Design

Micro-learning
modules; responsive
interface; just-in-time
reminders

Complete a 7-min module on
selecting appropriate digital
tools for rural science teaching.

1. Xuexi Tong Mobile App: Native i0S/Android app of Chaoxing
platform with complete course functions.

2.Messages: Push notifications for course updates, task re-
minders, and feedback notifications directly to mobile devices.
3. Tasks: Students can view and complete learning tasks on
mobile; the progress of the tasks can be synchronized across
different devices.

P5: Gender-responsive
Inclusivity

Flexible grouping;
customizable
participation modes

All participants can freely choose
their groups. One can receive
encouragement from others.

1. Group Tasks: Teachers can set group formation meth-
ods, fixed groups, student self-selection, leader-formed groups,
or random groups, allowing students to choose collaboration
mode that suits their comfort level.

2. Quick Response and Random Selection: Optional interactive
elements for students who prefer competition; can be used as
optional rather than mandatory activities.

3. Discussion: Peer encouragement through comment
threads.

4.2.3. Modular Architecture

The TPACK-Pj module was designed as a 16-week micro-lesson design course that systematically develops
pre-service teachers’ TPACK skills. Rather than treating TPACK as an unchanging knowledge system, the module
structures learning experiences to progressively build competence across the seven TPACK dimensions. Figure 2
provides an overview of this architecture, illustrating the step-by-step process from basic knowledge to compre-
hensive integration and application.

As shown in Figure 2, the module progresses from foundational knowledge (Phase 1, Weeks 1-3) to integra-
tion awareness (Phase 2, Weeks 4-6), then to scaffolded design practice (Phase 3, Weeks 7-12), followed by enact-
ment through micro-teaching practice(Phase 4, Weeks 13-14), and concludes with consolidation and development
(Phase 5, Weeks 15-16). It followed a progressive skill-building logic grounded in cognitive load theory and scaf-
folding theory. It progressed from foundational knowledge (TK, PK, CK) to integrated knowledge (PCK, TCK, TPK)
and finally to comprehensive TPACK applications. This layered structure ensured gradual complexity and scientific
alignment with pre-service teachers’ developmental levels.

To illustrate how the TPACK-Pj module operates in practice, a case example is provided here. A pre-service
teacher majoring in junior high school chemistry first entered the learning of Module 1, which included basic knowl-
edge of TK, CK, and PK. Then, the learner moves on to Module 2, further understanding how to integrate these
components into PCK, TCK, and TPK. In Module 3, the learner will conduct practical exercises. The learner will be
required to complete a project-based micro-lesson design task, using virtual simulation software like No Book and
generative Al to design and produce a 10-min micro-lesson video on “The Preparation of Chlorine Gas”. With the
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scaffolding support of this module, case examples, as well as peer and teacher feedback, the learner revises and
improves the lesson plan, forms a micro-lesson production script, and completes the micro-lesson video produc-
tion. Finally, in Module 5, the learner will present the final work and reflect on it. This case demonstrates how this
module gradually supports pre-service teachers in moving from basic knowledge to fully achieving the integration
of TPACK.

1 1
1 I
i |
i —  — — — — e i
! |

I
i Week 1-3 — Week 4-6 —_— Week 7-12 —— Week 13-14 —— Week 15-16 !

I
1 |
! |
1 ]
3 |
1 {
| : Module 1 Module 2 Module : Module 4 Module 5 i
! ] 5 Micro-lesson 2 !
! :  Foundation Integration dasi Practice Showcase i
! esign !
3 |

I
1 1
| I
1 I
! |
1 I
! TK, PK, CK TPK, PCK, TCK TPACK Enactment !
1 I
1 I
| .
1 I
I I
1 I
I ]
1 I
1 1
| I

Figure 2. The modular architecture of the TPACK-Pj module.

5. Discussion
5.1. The Theory-Practice Gap (RQ1)

The study found that the TPACK skill level of pre-service teachers was at a medium level, which is consistent
with the results of previous studies [52]. Participants possessed foundational TK, PK, and CK in isolation but lacked
the ability to synthesize these domains, reflecting the TPACK theory-practice gap [28,53]. The prevalence of this
gap in this study highlights the limitations of the common, theory-oriented TPACK instructional approach used in
rural/multi-ethnic teacher education programs. Given that micro-lesson design is a fundamental teaching task that
pre-service teachers in China undertake, this issue is particularly crucial. High perceived instructional challenges
stemmed from limited context-specific examples, insufficient practice, and lack of scaffolding, unique to southwest
China’s rural/multi-ethnic context [52,54].

5.2. Learner Needs and Preferences (RQ2)

Participants reported strong practice-driven learning needs and very high mobile learning preferences, em-
phasizing hands-on micro-lesson practice, scaffolding, and timely feedback. These priorities align with construc-
tivist [55] and show that pre-service teachers value pedagogy over tool access alone [35].

A strong positive correlation between needs and mobile learning preferences indicates pre-service teachers
prefer mobile-based, practice-oriented support, which is highly suitable in rural contexts with limited computer
access [34]. In addition, pre-service teachers also stated that they need formative feedback to determine their
improvement directions [24,56], as well as contextual resources [54].

Regarding gender differences, this study did not find significant differences in the TPACK skill levels between
male and female pre-service teachers, which is different from previous studies, such as Lu et al. and Yang et
al. [57,58]. This might be due to differences in sample and measurement instruments. However, this is not an
isolated case. As the latest Kosiol and Ufer’s research shows, there is no significant gender difference in the overall
dimension of TPACK [59]. This also illustrates the contextual nature of educational research. Since the samples were
pre-service teachers from a university in a multi-ethnic area in southwestern China, most of whom came from rural
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areas and had limited access to educational resources, the overall level showed no significant difference. However,
male pre-service teachers scored higher than female pre-service teachers in terms of challenges, learning needs,
and mobile learning preferences. This is consistent with the research of Gambari et al. [60]. This might be related
to the relatively conservative attitude of female pre-service teachers when facing new technologies [61]. At the
same time, this also indicates that when designing the TPACK-Pj module, attention should be paid to the emotional
experiences of pre-service teachers of both genders [62].

5.3. The TPACK-Pj Design Framework (RQ3)

The design and development of the mobile learning module should be based on learners’ needs and empirical
evidence [63]. This study was based on the analysis of the needs of pre-service teachers and designed the TPACK-Pj
mobile learning module based on the Chaoxing platform. This was presented in Section 4.2.

The mapping from findings to design principles to technical functions provides a level of specificity that is often
missing in TPACK intervention studies. Rather than stopping at principles, the framework shows how to implement
them using an existing platform that many teacher education institutions already use. This addresses a common
criticism of educational technology research that it produces insights that are difficult to translate into practice.

Compared with the existing studies, this framework had its unique features. Firstly, most TPACK training pro-
grams focused on well-resourced settings, while this framework was specifically designed for rural and multi-ethnic
environments, and its design principles were derived from the needs analysis in such environments. Secondly, the
principles proposed in this study correspond to specific platform functions, making implementation easier, which
is different from the general design principles proposed in existing studies. Finally, this module was placed in the
micro-lesson design course and lasted for 16 weeks, respecting the actual structure of the teacher education project,
making it more likely to be adopted than independent interventions.

In this study, five design principles of TPACK-Pj module were proposed, namely Intentional, Fading Scaffold-
ing (P1), Authentic, Context-Embedded Project Tasks (P2), Formative Feedback (P3), Mobile-first Design (P4), and
Gender-responsive Inclusivity (P5). Correspondingly, these five principles have been implemented on the Chaoxing
platform, covering functions such as Task Points, Chapters, Materials, Discussion Forum, Group Tasks, Assignments
with Peer Assessment, Instructor Grading, and Messages. The reason for choosing the existing platform Chaoxing
for module design is that, on the one hand, there is no need to develop new software especially; on the other hand,
this platform can be accessed through the web as well as the mobile app (Xuexi Tong app), which is very convenient.
Moreover, this platform has been widely used in higher education in China, making it easy to promote the modules.

5.4. Limitations

Several limitations should be noted. Firstly, the research sample was limited to 100 pre-service teachers from
a normal university in southwestern China. The sample was selected from a single institution and had a small size,
which limited the generalizability of the research findings. Additionally, the data in this study mainly came from
self-reported questionnaires, which were highly subjective and might not fully reflect the true situation. There-
fore, future research is recommended to expand the sample size and use multiple instruments to collect data to
mitigate these limitations. For example, including classroom observations, analyzing lesson plans, and analyzing
micro-teaching videos, etc.,, to supplement the self-report data. Additionally, the design framework proposed in
this study has not yet been implemented and evaluated. In the next stage, pilot implementation, pre- and post-tests,
user acceptance evaluation, and usability evaluation will be conducted to evaluate the technical feasibility and im-
plementation effectiveness.

6. Conclusions

This study aims to identify the needs of the TPACK-Pj mobile learning module for pre-service teachers, thereby
determine the design framework of TPACK-Pj module. This study focused on pre-service teachers from rural, multi-
ethnic southwest China. A mixed-method approach was employed to conduct the needs analysis, which is the first
phase in designing, developing and evaluating the TPACK-Pj mobile learning module.

The findings revealed that participants had moderate TPACK skills, with balanced but underdeveloped integra-
tion skills across dimensions. They also reported high instructional challenges, particularly in synthesizing technol-
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ogy, pedagogy, and content when designing micro-lessons. Qualitative data further reveal that pre-service teachers
are aware of how to use technological tools, but they have difficulty integrating them with teaching intentions and
content. Participants expressed strong practice-driven learning needs and very strong mobile learning preferences,
desiring step-by-step guidance, authentic contextual examples, timely feedback, and hands-on project-based learn-
ing opportunities. A strong correlation was found between needs and preferences, indicating that what learners
wanted to learn and how they wanted to learn were closely aligned. Regarding gender differences, no significant
differences were found in TPACK skills, but significant differences were observed in perceived challenges, learning
needs, and mobile preferences, suggesting that instructional design should attend to attitudinal rather than skill
differences.

Based on the above findings, this study proposes a TPACK-Pj module design framework based on the Chaox-
ing platform. This framework consists of five design principles: (1) intentional, fading scaffolding; (2) authentic,
context-embedded project tasks; (3) formative feedback; (4) mobile-first design; (5) gender-responsive inclusivity.
Correspondingly, these five principles have been implemented on the Chaoxing platform, covering functions such
as Task Points, Chapters, Materials, Discussion Forum, Group Tasks, Assignments with Peer Assessment, Instructor
Grading, and Messages, which makes the framework actionable and replicable. This module is incorporated into a
16-week micro-lesson design course to enhance the TPACK skills of pre-service teachers.

This study has made contributions both in theory and practice. In terms of theory, this study can enrich the
theory of mobile learning design. By conducting empirical needs analysis, it can obtain the issues of learners in
acquiring TPACK skills, and also lays an empirical foundation for the subsequent development and evaluation of
modules. In terms of practice, this study presents a context-based, mobile-supported TPACK skills development
framework, providing supplementary resources for teacher education development and help build sustainable dig-
ital teaching capacity in under-resourced areas.
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