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ABSTRACT

Technological education is a critical component of STEM education, and technological knowledge forms the essential
foundation for project-based learning and interdisciplinary practice. However, there is a significant gap in teachers'
understanding of technological knowledge in STEM disciplines, leading to a lack of necessary knowledge when students engage
in practical activities. To address this issue, this study deconstructs the internal structure of technological knowledge based on
philosophical discussions of technology. First, using modular theory, technological knowledge is divided into three modules:
design knowledge, transformation or production knowledge, and operation and usage knowledge. Second, considering the
iterative relationships between technological artifacts, a relational model is established to describe the interactions among
technological knowledge modules at different levels of artifacts. Finally, this framework integrates the philosophical perspectives
on the classification of technological knowledge.
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1 Introduction

With the rapid advancement of global science and technology, a highly skilled workforce in science, technology,
engineering, and mathematics (STEM) is crucial for national competitiveness'. Therefore, STEM education in primary and
secondary schools has received increasing attention in China. However, compared to science, mathematics, and
engineering, technological education in Chinese schools has garnered less attention, and its implementation faces
significant challenges. One of the key issues hindering the effective implementation of STEM education is the insufficient
development of technological knowledge among STEM teachers and their lack of technological literacy”, which has
become one of the major obstacles to the high-quality implementation of STEM education®.,

Knowledge is the foundation of thought™, and the core component of education. It plays a crucial role in curriculum
structure, teaching practices, and student learning. From an epistemological perspective, understanding the connotation
of technological knowledge and clarifying its internal structure are key to successfully conducting project-based learning
and interdisciplinary practice. Therefore, this study, based on relevant research in the philosophy of technology and
modular theory, constructs a framework for classifying technological knowledge around the design, production, and use
of technological artifacts, providing valuable reference for the development of STEM education.

2 Classification of Technological Knowledge Modules Based on Modularity Theory

To investigate the technological knowledge in STEM curricula, it is necessary to first address the fundamental question
of what technological knowledge is. Only then can we filter out technological knowledge from the vast array of
knowledge and information. Davis argues that technological knowledge is embedded in the processes of designing,
making, and using technological artifacts, and that it is also a crucial component of technological education. Therefore,
exploring the design, production, and use processes of technological artifacts is one of the main tasks of technological
education. The core content of technological education is to help students develop a profound understanding of the
essence of artifacts through the analysis of their "structure" and "function." By engaging in structured activities such as
"investigating, dismantling, assembling, connecting, and evaluating simple products,” students gradually build a mental
model of the structure-function relationship of artifacts. This model facilitates the transition to more open-ended learning
activities such as "designing and producing finished products.” The teaching process of technological education can thus
be summarized into three module stages: the design knowledge stage, the modification or production knowledge stage,
and the usage knowledge stage.

Modularity Theory, proposed in 1997 by C. Baldwin and K. Clark of Harvard University in their paper Managing in the
Age of Modularity, refers to the ability of system components to be separated and reassembled. In technological practice,
the application of modularity has expanded beyond traditional industries such as automotive manufacturing and has
increasingly been applied to the design process of technological artifacts. The fundamental premise of modularity theory
is that objects have both decomposability and integrability, making these characteristics essential for the modular
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classification of technological knowledge. In reality, the structure of technological artifacts dynamically evolves from
integration to modularization and back to integration. Based on this, it can be inferred that the process of designing,
modifying, and producing technological artifacts is also a process of modularizing technological knowledge.

Based on the above theory of modularity and the three-stage changes in the teaching process of technological
education, technological knowledge can be decomposed into three modules: design knowledge, modification or
production knowledge, and operation and usage knowledge. This classification aligns with the perspectives of scholars
such as Lin Runyan and Wu Guolin, who, after reviewing the viewpoints of foreign scholars like Carpenter®™, Mitcham'®,
Vincenti”, Faulkner®, Roboh®, and Davis"”, proposed similar classifications. Among these, the design knowledge module
can be further divided into external functional knowledge and internal structural knowledge in subsequent discussions.

3 Establishing the Relationships Among Technological Knowledge Modules Based on the Iterativity of
Technological Artifacts

Although the technological knowledge framework based on modularity theory provides new insights, it still has
limitations. One major issue is that if different technological artifacts are considered, the same technological activity may
correspond to different technological behavior modules, leading to confusion in the classification of technological
knowledge. For example, during the process of making a fan, the technological knowledge involved could be classified
under the modification and production module of the fan, or it could correspond to the operation and usage modules of
components such as capacitors and motors. In this case, it becomes unclear to which module the "technical know-how"
belongs. This issue can be explained by the iterativity of technological artifacts, as described by Richard Grandy, which
means that technological artifacts are generated by other artifacts and typically require multiple iterations to be
created"". As in the example above, the fan, as a technological artifact, is made up of lower-level technological artifacts
such as capacitors and motors, and it can also be used as a cooling tool in higher-level technological artifacts such as
computer cases or projectors. Therefore, to create a more logically coherent framework for analyzing technological
knowledge, it is necessary to highlight the technological artifacts referred to by each technological behavior module. This
also implies the need to clarify the relationships between different technological artifacts. Based on this analysis, this
study reorganizes the relationships among technological knowledge modules from a top-down perspective, considering
the iterative nature of technological artifacts, as shown in Figure 1.

The framework shown in Figure 1 first presents the four categories of technological knowledge modules
corresponding to each technological artifact, as well as the internal connections between these modules. Technological
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34 Yi Pan and Yuli Dong

knowledge modules can be mainly divided into four parts: external functional knowledge, internal structural knowledge,
modification or production knowledge, and operation and usage knowledge. Among these, "internal structural
knowledge" and "external functional knowledge" refer to the intrinsic properties of each technological artifact. They
represent two dimensions through which we understand technological artifacts, corresponding to Cross and Meyers'
definition of the dual nature of technological artifacts"?. Around this dual nature, humans engage in the "modification or
production" and "operation and usage" of technological artifacts. "Modification or production" is based on "internal
structure," while "operation and usage" is based on "external function." Thus, the internal connections among the four
types of technological knowledge modules are established.

Furthermore, the framework illustrates the external relationships of technological knowledge modules across different
levels of technological artifacts. Each technological artifact does not exist in isolation; the essence of "iteration" lies in the
way the "external functional knowledge" of a secondary technological artifact is determined by and selects the "internal
structural knowledge" of the higher-level artifact, thus linking technological artifacts of different levels. This linking
process represents the interaction between "operation and usage knowledge" of a secondary technological artifact and
"modification or production knowledge" of a higher-level technological artifact. Both processes occur simultaneously
within the same technological activity, but they focus on different technological artifacts.

4 Classification of Technological Knowledge Based on Technological Knowledge Modules

Based on the aforementioned classification of technological knowledge modules, it can be observed that the three
categories of technological knowledge align with and encompass the refined classifications proposed by various
technology philosophers, such as Vincenti"®, Roboh™, and Davis"®. In the context of Chinese science textbooks, these
categories can be specifically summarized as follows: internal structure knowledge within design knowledge includes
structural composition, structure-function, and material knowledge; external functional knowledge within design
knowledge includes functional knowledge, purpose knowledge, and socio-technical knowledge; modification or
production knowledge includes production rules, means-ends knowledge, and process data; operation and usage
knowledge includes usage rules, technological principles, and technical tricks. Ultimately, the study synthesizes and
organizes these into the classification table of technological knowledge, as presented in Table 1.

Table 1 Classification of Technological Knowledge

Design Knowledge Modification or Production Knowl- Operation and Usage Knowledge
Internal Structural Knowledge External Functional Knowledge edge
Structural Composition Functional Knowledge Production Rules Usage rules
Structure-Function Purpose Knowledge Means-Ends Knowledge Technological principles
Material Knowledge Socio-Technical Knowledge Process Data Technical tricks

5 Conclusion

Based on the modularity theory and the three-stage changes in the technological education process, technological
knowledge can be decomposed into three modules: design knowledge, modification or production knowledge, and
operation and usage knowledge. Among these, the design knowledge module can be further divided into internal
structural knowledge and external functional knowledge. When applying these knowledge modules, it is important to
consider the technological artifacts they correspond to, in order to avoid confusion caused by the iterativity of
technological artifacts. Finally, this technological knowledge framework integrates the discussions of philosophers of
technology on the classification of technological knowledge, providing a epistemological reference for the
implementation of technological education within STEM education.
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