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research methods in learning sciences. Nowadays, the development of learning analytics, driven by big
data, has given rise to the "new empiricism" paradigm that points to complexity. This data—intensive
research, primarily focusing on complex system modeling, seeks to open the "black box" of learning, and
explore the interaction and evolutionary mechanism of learning. This paper systematically reviews and
compares learning theories, research paradigms, and related practices in the four major stages of
development in the field of the learning sciences, aiming to promote the theoretical and practical
integration and innovation in the learning sciences.
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Towards the Basic Theories of Teaching Transformation in the Digital Age:
Digital Pedagogy

HUANG Ronghuai, HU Ying, LIU Mengyu, PAN Jingwen, ADARKWAH Michael
(National Engineering Research Center of Cyberlearning and Intelligent Technology,

Beijing Normal University, Beijing 102200)

[Abstract] With the development of emerging technologies such as artificial intelligence, the
application of digital technology in education is deepening. Whether the use of technology can effectively
improve the learning effect and teaching quality remains a global hot topic, especially in terms of
effective methods, applicable objects, and effective scenarios, where evidence is still insufficient.
Therefore, there is an urgent need to study the laws of digital learning and teaching under the digital
transformation of education. The key to the transformation of digital learning is how technology facilitates
learning, and its mechanisms can be summarized into three levels: technology application, skill extension,
and human-machine collaboration. The key to the digital transformation of teaching is that technology
serves effective teaching. In order to achieve this goal, it is necessary to follow the basic laws of teaching
and learning in the digital age: (1) the essence of teaching is a bilateral activity between teaching and
learning; (2) the role of technology is to effectively empower teaching and learning; (3) the root of digital
teaching lies in the digital pedagogy. Based on the exploration of the basic laws of teaching and learning
in the digital era, the research further clarifies that the basic path for the comprehensive teaching reform
is the development of digital pedagogy, which specifically contains four dimensions: (1) technology —
enabled deep learning; (2) green and robust digital learning environments; (3) evidence—oriented teaching
practices; (4) human—-machine collaborative education with mutual trust.

[Keywords] Technology—empowered Learning; Digital Transformation of Teaching; Digital Pedagogy;

Deep Learning; Human—Machine Collaborative Teaching



