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Abstract: Educational digital transformation has been elevated to a national strategic priority, with the
development of teachers’ digital-intellectual thinking emerging as a critical determinant of transformation
effectiveness. In practice, however, teachers commonly encounter a dilemma characterized by “learning without
application” and “superficial application” when engaging with intelligent technologies. Although teachers
perceive themselves as competent in evaluating online information, their actual performance frequently falls short
of effective implementation. Furthermore, while self-efficacy in information literacy enhances teaching
engagement, the process of technology integration is accompanied by complex emotional experiences. Existing
research predominantly examines singular dimensions such as teachers’ information literacy or technology
acceptance, thereby failing to uncover the systemic mechanisms underlying retardant effects. By introducing
cognitive ecology theory and employing literature analysis, questionnaire surveys, and in-depth interviews, the
retardant effects impeding the development of teachers’ digital-intellectual thinking were systematically
diagnosed. The findings indicate that these retardant effects manifest primarily in four forms: cognitive inertia
fixation, data—meaning construction fracture, human—machine collaborative perception misalignment, and
professional identity narrative disruption. These manifestations are rooted in a structural imbalance among
individual cognitive schemas, technological environment provision, and community-of-practice ecologies.
Accordingly, an ecological transition pathway was designed, encompassing “cognitive restructuring—
environmental enabling—ecological synergy.” This study deepens the understanding of the developmental
patterns of teachers’ digital-intellectual thinking, extends the applicability of cognitive ecology theory within the
field of educational digitalization, and provides actionable diagnostic tools and practical implementation strategies
for teacher training and the construction of school-based digital—intellectual ecologies.

Keywords: Cognitive ecology theory; Teachers’ digital-intellectual thinking; Retardant effects; Transition
pathways; Educational digitalization

1. Introduction

The underlying logic of the educational system is being reshaped by educational digital transformation (Li &
Xue, 2025; Wang et al., 2025). In 2022, the teacher digital literacy industry standard was promulgated by the
Ministry of Education, which delineated a standard framework for teachers’ digital literacy in the new era across
five dimensions: digital awareness, digital technology knowledge and skills, digital application, digital social
responsibility, and professional development. For the first time, the 20" National Congress of the Communist Party
of China proposed the initiative to “advance educational digitalization and build a learning society and a learning
powerhouse for lifelong learning for all”, thereby endowing educational digitalization with a renewed mission in
the construction of a modern socialist country. Against this backdrop, the development of teachers’ digital—
intellectual thinking has emerged as a critical determinant of transformation effectiveness.

In practice, however, teachers commonly encounter a dilemma characterized by “learning without application”
and “superficial application” when engaging with intelligent technologies (Omar et al., 2025). Although teachers
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perceive themselves as competent in evaluating online information, their actual performance evaluations have
revealed no significant improvement, with a notable discrepancy between perceived competence and actual
performance (Pavlounis et al., 2025). Teachers’ digital literacy exhibits a structural feature of “stronger digital
awareness and digital ethics, weaker digital knowledge and digital competence”; significant differences in digital
literacy levels are observed across teaching seniority and school segments; and the development of dimensions
such as digital awareness, digital technology knowledge and competence, digital application, and professional
development remains unbalanced (Hamurcu, 2026; Liu et al., 2025). This retardant phenomenon in the
development of digital-intellectual thinking reflects a more profound issue: the renewal of teachers’ cognitive
systems is not a mere process of skill acquisition, but is deeply embedded in the complex interplay among
individual cognitive habits, technological environment provision, and organizational cultural ecology (Tam, 2025;
Tsagari & Armostis, 2025). It has been noted that educational digitalization imposes unprecedented pressure and
challenges on teachers’ professional growth; in the process of higher education digital transformation, university
teachers, constrained by instrumental rationality dependence, insufficient digital literacy, and identity crises, have
been trapped in a situation of “forced passive transformation” (Garrison & Oddone, 2026). However, existing
research predominantly examines singular dimensions such as teachers’ information literacy or technology
acceptance, thereby failing to uncover the systemic mechanisms underlying retardant effects, and remains deficient
in an integrative theoretical framework to guide the design of pathways for breaking through these predicaments
(Chen et al., 2025a).

Cognitive ecology theory emphasizes that cognitive activities occur as a dynamic coupling of agents,
environments, and technologies, thereby providing a fitting theoretical lens for understanding the dilemmas in the
development of teachers’ digital-intellectual thinking. The formation mechanisms of technological cognition in
educational contexts have been examined from the perspective of cognitive ecology by certain scholars; learning
pathways for teachers’ deep learning have also been explored from the standpoint of ecosystem theory; and the
enhancement of teachers’ digital literacy has been scrutinized from an educational ecology perspective, with the
argument that certain educational ecological principles ought to be followed (Celik Coban & Biiyiikdereli Atadag,
2026). In view of this, cognitive ecology theory was introduced into research on teacher professional development.
Based on a systematic diagnosis of the manifestations and roots of retardant effects in the development of teachers’
digital-intellectual thinking, an ecological transition pathway of “cognitive restructuring—environmental
enabling—ecological synergy” was designed for exploration—wherein cognitive restructuring is oriented toward
the renewal of teachers’ data literacy and attitudes toward intelligent technologies (Athanassopoulos et al., 2026);
environmental enabling emphasizes the shift of intelligent platforms from functional aggregation to cognition-
adaptive design (Sari & El Islami, 2025); and ecological synergy points to the systematic adjustment of teaching
research institutions and evaluation mechanisms (Chen et al., 2025b; Clarke et al., 2025; Xiao et al., 2026)—so as
to provide theoretical references and practical implications for teachers to break through cognitive barriers and
achieve professional growth in the digital intelligence era.

2. Literature Review and Theoretical Framework
2.1 Connotations and Research Progress of Teachers’ Digital-Intellectual Thinking

Digital-intellectual thinking is conceptualized as an advanced cognitive capacity possessed by teachers within
digital and intelligent educational contexts, through which data literacy, artificial intelligence literacy, and critical
thinking are integrated for the understanding, reasoning, and decision-making of educational and instructional
problems, with an emphasis on cognitive restructuring in human—machine collaboration. The concept of
“technology-enhanced cognition” has been proposed in related studies, suggesting that intelligent technologies are
capable of extending and amplifying teachers’ cognitive functions. With respect to teachers’ information literacy,
it has been argued that teachers must first acquire the necessary media literacy skills and pedagogical knowledge
before effective integration into teaching can be achieved. Empirical studies, however, have revealed that although
teachers report increased confidence following training participation, performance assessments indicate that skills
have not improved correspondingly, with a significant discrepancy observed between perceived competence and
demonstrated ability. The evaluation index system for information literacy of master of education students
constructed by Chen et al. (2025b) similarly indicated that their information awareness and ethical levels were
relatively strong, whereas information knowledge and skills, as well as information behavior and innovation,
remained comparatively weak. Xie et al. (2026) identified information literacy self-efficacy as the primary factor
promoting engagement in information-based teaching, with emotions serving as parallel mediators in this process.
The comparative study conducted by Aillerie et al. (2025) in France and Peru revealed the significant impact of
teacher training and educational policies on the implementation of media and information literacy. Further research
found that urban—rural disparities, gender differences, and experience variations played notable roles in teachers’
academic information interactions.

In summary, the majority of existing studies remain confined to the descriptive level of technological functions,
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and lack a systematic explanation for the dynamic generation and developmental stagnation mechanisms of
digital-intellectual thinking. How to accurately assess and effectively enhance teachers’ digital literacy and
competencies continues to attract widespread attention, and a more integrative theoretical perspective is urgently
needed.

2.2 Retardant Effects in Teacher Professional Development

Existing studies on retardant effects have predominantly been approached from single dimensions. At the
individual level, cognitive inertia, technology anxiety, and low self-efficacy have been identified as major internal
factors; unprecedented pressure and challenges have been imposed on teachers by educational digitalization, and
the subjectivity of university teachers has been obscured under the combined effects of technological acceleration,
professional inertia, and institutional discipline (Aillerie et al., 2025). At the organizational level, administrative
mandate-driven implementation, the disconnect between training and practice, and lagging evaluation mechanisms
have been repeatedly cited; significant differences in digital literacy have been observed among teachers with
varying years of service, professional titles, and subject backgrounds, and the “three-not” dilemma (not being able,
not being willing, and not being daring) persists. At the institutional level, the homogenization of policy supply
and uneven resource allocation have exacerbated regional disparities, and the enhancement of digital literacy
among rural and township teachers has been confronted with practical predicaments such as cultural erosion and
supply-demand obstruction.

Although such studies have revealed multiple manifestations of retardant effects, these manifestations have
rarely been examined within a unified framework that investigates their interactive relationships. While certain
scholars have explored pathways for teachers’ deep learning or constructed three-dimensional analytical models
based on ecosystem theory (Xiao et al.,, 2026), the question of “why significant differentiation in teacher
development occurs under identical policy and technological conditions” has not been adequately addressed, and
an ecologically holistic solution remains lacking.

2.3 Cognitive Ecology Theory

Cognitive ecology theory originates from ecological psychology and distributed cognition research, whereby
cognition is understood as an emergent phenomenon within an ecosystem constituted by cognitive agents, artifacts,
social interactions, and cultural practices, with an emphasis on the dynamic matching of “affordance” and
“effectiveness”. In educational research, this theory has been employed to examine the formation mechanisms of
artificial intelligence cognitive dependency and the intrinsic mechanisms of digital empowerment (Lin, 2026). Its
introduction into research on teachers’ digital-intellectual thinking entails that technological platforms, teaching
research institutions, peer networks, and school cultures are to be regarded as constituent elements of the cognitive
ecology, and that retardant effects and transitions are to be examined from the three-dimensional interactive
perspective of “individual-technology—community.”

On this basis, a three-dimensional analytical framework of “cognitive agent—technological environment—
community of practice” is constructed. The cognitive agent dimension focuses on teachers’ knowledge structures,
cognitive schemas, and professional agency, self-efficacy and emotions jointly influence engagement in
information-based teaching. The community of practice dimension includes teaching research collaboration, inter-
school networks, and institutional incentives—as demonstrated by Aillerie et al. (2025), training and policies exert
significant influences on the implementation of media and information literacy.

The dynamic logic underlying the three-dimensional framework lies in the following: whether technological
“affordances” can be perceived and utilized by teachers depends on whether existing schemas of the cognitive
agent are compatible with them—sociodemographic variables have been found to significantly influence the level
of information literacy enhancement. The community of practice, in turn, plays a moderating role between the two:
strongly collaborative communities mediate the perception and meaning-making of technological affordances,
whereas weakly collaborative or homogenized communities reinforce cognitive inertia, resulting in technological
affordances that are “available but not adopted.” Retardant effects are essentially the self-locking of the system
when “mismatches” occur across the three dimensions. Within this framework, the cognitive agent dimension
focuses on teachers’ knowledge structures, cognitive schemas, and professional agency; the technological
environment dimension encompasses the architecture of intelligent teaching platforms, data feedback mechanisms,
and adaptive push design; and the community of practice dimension includes teaching research collaboration,
inter-school networks, and institutional incentives. The three dimensions interact with one another in pairwise
fashion, constituting a dynamically evolving cognitive ecosystem, in which mismatch in any single dimension
may result in holistic developmental obstruction. This framework provides a theoretical anchor for subsequent
empirical analysis and pathway design.
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3. Research Methods
3.1 Research Design

A sequential explanatory mixed-methods design was adopted for this study, which was implemented in three
phases. In the first phase, a cross-sectional questionnaire survey was administered, aimed at diagnosing, on a
relatively large scale, the current status of retardant effects and their influencing factors in the development of
teachers’ digital-intellectual thinking; the identification checklist for retardant phenomena across the dimensional
components is presented in Table 1. In the second phase, a longitudinal multi-case qualitative study was conducted,
through which the generative mechanisms of retardant effects and the micro-processes of ecological transition
were revealed via continuous tracking of typical teachers and their respective schools. In the third phase, a quasi-
experimental action research was carried out, in which the transition pathway of “cognitive restructuring—
environmental enabling—ecological synergy” was implemented in selected schools to verify its effectiveness.
Cognitive ecology theory was applied throughout the entire process as a meta-theory for data analysis and
framework construction.

Table 1. Identification checklist for retardant phenomena across dimensional components

Retardant Behavioral Signals Typical Utterances
Phenomenon
Learning without .. . “I learned it, but I don’t know how to use
gy Sharp decline in account activity .
application it.

Attention paid to others’ practices while

S . “I’1l wait until it matures.”
remaining inactive

Wait-and-see attitude

“I’'m a subject X teacher; I can’t handle

Identity narrowing Treatment as someone else’s responsibility »
technology.
Superficial application Use of only the simplest functions “Isn’t PowerPoint sufficient?”
“No i tin st t fi
Low self-efficacy Abandonment after one or two attempts o mp rovemevrvla;nsselrlldfn performance

The cognitive agent dimension corresponded to the four scales of cognitive inertia, meaning-making,
collaborative perception, and identity narrative in the questionnaire, as well as interview narratives, through which
knowledge structures, schema updating, and professional agency were measured. The technological environment
dimension relied on platform logs and classroom observations, in which the degree of technological affordance
matching was captured through indicators such as the frequency and types of function calls, operation depth, modes
of system recommendation adoption, and degree of algorithmic understanding. The community of practice
dimension was examined through interviews, teaching research records, and institutional documents, in which peer
exchanges, digital-intellectual issues in teaching research activities, leadership expectations, and evaluative
orientations were investigated. Tri-dimensional data were cross-referenced through a mixed-analysis matrix,
thereby enabling ecological attribution of retardant effects; subsequent results were also presented dimension by
dimension along this framework.

3.2 Research Subjects and Sample

The research subjects covered teachers from primary and secondary schools, vocational colleges, and higher
education institutions, as shown in Table 2. In the first phase, stratified purposive sampling was adopted, whereby
24 schools of different types across six provinces in the eastern, central, and western regions were selected. A total
of 832 questionnaires were distributed, with 816 valid responses retrieved, yielding an effective response rate of
98.1%. The inclusion criteria were as follows: teaching duties were undertaken, and at least one semester of
experience with intelligent education platforms had been accumulated. In the second phase, a multi-case design
was employed, in which 8 teachers with information saturation and typical characteristics, along with their
respective schools, were selected from the first-phase sample as units of analysis. Case selection followed the
principle of maximum variation, encompassing individuals with good technological adaptation as well as those
with significant retardant effects, and school ecologies with disparate resources. In the third phase, experimental
and control groups were established in 2 partner schools, involving 42 teachers, and a one-semester comparative
intervention of the pathway was conducted.

3.3 Data Sources and Collection Procedures

Four types of data sources were included. First, a self-developed diagnostic questionnaire on retardant effects
in teachers’ digital-intellectual thinking was administered, which covered dimensions such as cognitive inertia,
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knowledge updating, professional motivation, and environmental support. Through pretesting and item analysis,
the Cronbach’s a coefficient for the overall scale was found to be 0.89, with subscale a values ranging between
0.82 and 0.91. Second, a semi-structured interview protocol was employed, which focused on teachers’ interaction
narratives with technologies and communities; each interview session lasted 60-90 minutes, and lesson reflection
logs and teaching research records were collected simultaneously. Third, classroom observation records and back-
end logs from intelligent teaching platforms were obtained, from which behavioral traces such as technology usage
frequency, functional preferences, and dwell time were extracted. Fourth, school documents and policy texts were
gathered, including informatization development plans and school-based teaching research institutional documents.
All data were collected under informed consent; interviews were audio-recorded in full and transcribed, and
platform logs were anonymized.

Table 2. Basic sample information (n = 816)

Characteristic Variable Category Proportion (%)
Gender Male 35.7
Female 64.3
<5 years 25.0
. 6-15 years 40.0
Years of teaching 16-25 years 250
>26 years 10.0
Primary 35.0
Junior high 25.0
School level Senior high 20.0
Vocational/Higher education 20.0
Eastern 35.0
Region Central 33.0
Western 32.0
Urban high-quality 25.0
Urban ordinary 30.0
School type County-town 25.0
Rural 20.0

3.4 Data Analysis Procedures

Quantitative data were analyzed using SPSS 27.0, through which descriptive statistics, difference tests, and
hierarchical regression analyses were conducted to identify key predictive variables of retardant effects.
Qualitative data were analyzed using reflexive thematic analysis, with initial coding performed back-to-back by
two coders, and data management facilitated by Nvivo 14. The coding process was guided by the deductive logic
of the “cognitive agent—technological environment—community of practice” framework, while remaining open to
emergent themes. Constant comparison across categories was conducted until no new themes could be generated
from additional cases. Reliability assurance measures included the following: an inter-coder consistency
coefficient (x) of 0.83 was achieved; preliminary interpretations were fed back to participating teachers for member
checking; and thick descriptions of contextual details were provided to enhance transferability. Quantitative results
and qualitative findings were cross-referenced and integrated through a mixed-analysis matrix, thereby enhancing
convergent validity.

4. Research Results

Through questionnaire surveys (n = 816) and classroom observations, the retardant effects in the development
of digital-intellectual thinking among teachers of different age groups were diagnosed. The results are presented
in Table 3 and Table 4.

4.1 Cognitive Inertia Fixation

The principle of “not altering the original teaching process” was prioritized in instructional design by 72.3% of
teachers when using technology. As revealed by classroom observations, the average frequency of active
invocation of learning analytics dashboards by teachers was 1.2 times per class session, with 83.5% of such
invocations serving attendance tracking purposes, and only 6.8% being used for cognitive diagnosis or learning
analysis. Among teachers with more than 5 years of teaching experience, this fixation tendency was found to be
more pronounced, with the proportion of technology use expansion being 21.4 percentage points lower than that
of novice teachers.
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4.2 Data—Instructional Meaning Construction Fracture

In an experimental task involving the design of remedial instruction based on error-distribution heatmap data,
only 24.1% of teachers were able to propose clear instructional adjustment strategies. Of the teachers, 41.6%
remained at the descriptive level of “pointing out error distributions,” and 34.3% were unable to establish any
connection between data and instructional actions. As indicated by questionnaire self-reports, the proportion of
teachers who endorsed the statement “I can understand the data, but I do not know what it tells me to change”
reached 58.7%, which was considerably higher than the proportion who reported “inability to operate the data
analysis system” (21.3%).

Table 3. Core indicators and detection rates of the four types of retardant effects

Retardant Type Key Indicators Data
Priority given to maintaining original teaching processes 72.3%

Average frequency of active invocation of learning dashboard per 1.2
Cognitive inertia fixation single class session times
Proportion of invocations used for attendance tracking 83.5%
Proportion of invocations used for cognitive diagnosis 6.8%

Ability to propose teaching adjustment strategies based on error data ~ 24.1%
Ability only to describe data distributions without linking to actions 41.6%

Data—meaning construction fracture Self-reported “not knowing what the data indicate should be 58.7%
changed” ’

Self-reported “inability to operate the data analysis system” 21.3%

Direct adoption of system scores in essay evaluation 41.8%

Never using system suggestions in essay evaluation 37.6%

Human-machine collaborative Ability to make independent judgments in conjunction with system 20.6%
perception misalignment suggestions ’

Self-reported “not understanding” or “completely not
- = . 63.2%
understanding” algorithmic logic
Mean score (5-point scale) for “Technology makes me doubt the 389

Professional identity narrative core value of the teaching profession” ’

disruption Proportion scoring >3 on this item 68.2%

Willingness to reduce the use of intelligent tools if conditions permit  46.5%

Table 4. Differences in retardant effects across teacher groups

Comparison

. . Groups Indicator Value Significance
Dimension
Years of teaching S years vs. novice Difference in proportlop of 21 4.percentage i
teachers technology use expansion points lower

Skills-oriented vs. theory-

Professional type oriented teachers Mean score of identity doubt 4.21 vs. 3.52 p<0.01
Years of teaching 10-20 years (core Propgrﬂog willing to reduce 5439, )
teachers) intelligent tool use

Note: The hyphen (-) denotes not applicable.
4.3 Human—-Machine Collaborative Perception Misalignment

Taking the intelligent essay scoring system as an example, teachers’ usage behaviors were found to exhibit a
distinctly bipolar distribution: 41.8% of teachers “directly adopted system scores as final evaluations,” while 37.6%
“never used system suggestions,” with a total of 79.4% of teachers being in a state of collaborative misalignment.
The proportion of teachers able to make independent judgments in conjunction with system suggestions was only
20.6%. As revealed by in-depth interviews with misaligned teachers, 63.2% of respondents reported being “not
familiar” or “completely unfamiliar” with the decision-making logic of the algorithms.

4.4 Professional Identity Narrative Disruption

On the questionnaire item “Digital-intelligent technologies make me doubt the core value of the teaching
profession,” the mean score was 3.89 (on a 5-point scale), with 68.2% of respondents scoring 3 or above. This
mean score was significantly higher among skills-oriented teachers than among theory-oriented teachers (4.21 vs.
3.52, p < 0.01). In response to the question “If conditions permit, would you be willing to reduce the use of
intelligent tools?” 46.5% of teachers expressed avoidance tendencies, with this proportion being highest (54.3%)
among the group with 10-20 years of teaching experience.
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4.5 Key Statistical Tests

As shown in Table 5, correlation analyses revealed that all three dimensions—cognitive agent, technological
environment, and community of practice—were significantly negatively correlated with retardant effects (r =
—0.52, —0.38, and —0.41, respectively; all p < 0.01). Hierarchical regression analyses indicated that, after
controlling for years of teaching and school level, the three dimensions jointly explained 38% of the variance in
retardant effects (AR? = 0.38), with the cognitive agent demonstrating the strongest predictive power (8 =—0.41),
followed by community of practice (f = —0.26) and technological environment (f = —0.22); all predictors reached
statistical significance (p < 0.01). Difference tests further confirmed that the mean score for identity narrative
disruption was significantly higher among skills-oriented teachers than among theory-oriented teachers (4.21 vs.
3.52, t = 4.86, p < 0.01), and that the overall mean score of retardant effects was significantly higher among
teachers with 10-20 years of teaching experience than among those with less than 5 years (3.76 vs. 3.12, t=5.13,
p <0.01), constituting a high-risk group characterized by superimposed retardant effects.

Table 5. Main statistical test results

Test Type Core Result Significance
Cognitive agent—retardant correlation r=-0.52 p<0.01
Technological environment-retardant correlation r=-0.38 p<0.01
Community of practice—retardant correlation r=-0.41 p<0.01
Joint explanatory power of three dimensions AR*=0.38 p<0.01
Identity disruption: skills-oriented vs. theory-oriented 4.21 vs. 3.52 ¢=4.86, p <0.01
Retardant effects: 10-20 years vs. <5 years 3.76vs.3.12 t=5.13,p<0.01

4.6 Interview Corroboration of Retardant Effects

The interview findings were mutually corroborative with the quantitative results. Representative cases are
presented in Table 6.

Table 6. Representative interview excerpts and quantitative correspondences for the four types of retardant
effects

Retardant Type Representative Interview Excerpt Quantitative Correspondence
The teacher invoked the dashboard only 7
times throughout the semester, all for
attendance tracking; full-sample detection
rate: 72.3%.

“I already know in my mind where students will get
Cognitive inertia stuck; going through the data again is just a waste of
time” (18 years of teaching in the Chinese language).

“The system only tells me half the class got it wrong, but

Meanin,; . Lo . Belongs to the 41.6% group that “can
8 it doesn’t distinguish whether it’s a carry error or a &8t X % group .
construction . . » . only describe data distributions”; system
decimal-point error” (12 years of teaching in . . o
fracture g operation score ranked in the top 30%.
mathematics).
. .l use the system scores to satisfy 1nspect%0n Explains the polarization between 41.8%
Collaborative requirements, then manually re-grade everything and . . o
L ,s . direct adoption and 37.6% complete
misalignment keep both sets of scores” (8 years of teaching at a
. neglect.
vocational school).
“Students can generate reports with artificial intelligen .
. Students can generate reports . N cligence Identity doubt mean score: 4.8; mean
Identity more clearly than I could teach in a whole semester— . .
. . : . i score for skills-oriented teacher group:
disruption what use is my experience anymore?” (22 years of

teaching in accounting at a higher vocational school). 4.21.

In summary, the detection rates of the four types of retardant effects, from highest to lowest, were as follows:
cognitive inertia fixation (72.3%), meaning construction fracture (58.7% self-reported), identity narrative
disruption (68.2% agreement), and collaborative perception misalignment (79.4% at the behavioral level).
Significant differentiation was observed across different groups, with teachers having 10-20 years of teaching
experience and skills-oriented teachers constituting a high-risk group characterized by superimposed retardant
effects.

5. Conclusion
The retardant effects in the development of teachers’ digital-intellectual thinking are a systemic product of tri-

dimensional imbalance among the cognitive agent, technological environment, and community of practice,
manifesting as cognitive inertia, lagging knowledge updating, and dissipation of professional motivation. The
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ecological transition pathway, guided by cognitive restructuring as a precursor, supported by environmental
enabling, and safeguarded by ecological synergy, is capable of effectively breaking through the retardant cycle
and promoting the adaptive development of teachers’ digital-intellectual thinking. At the theoretical level,
cognitive ecology theory was systematically applied to research on teachers’ digital-intellectual thinking, an
integrative analytical framework was constructed, and the understanding of the mechanisms underlying teachers’
cognitive transformation in the digital age was deepened. At the practical level, it is recommended that teacher
education institutions and schools establish an integrated support system of “diagnosis—empowerment—linkage”:
regular diagnosis of digital-intellectual thinking should be conducted, cognitive scaffolds should be provided for
teachers, intelligent platforms should be shifted from functional aggregation toward cognition-adaptive design, a
fault-tolerant, dialogic, and shared teaching-research ecology should be fostered, and the development of digital—
intellectual thinking should be incorporated into formative assessments of teacher professional growth.

In the context of the continuing acceleration of educational digital transformation, the cultivation of teachers’
digital-intellectual thinking is by no means a task to be accomplished in a single day, nor can it be achieved
through isolated breakthroughs. Only through holistic observation of teacher development within its situated
cognitive ecology and systematic adjustment can the endogenous forces for the co-evolution of teachers and
intelligent technologies be genuinely activated.
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